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ABSTRACT

Snakebite is a serious medical, social and economic problem in many
parts of the world, especially in the tropical countries of South America, Africa
and Southeast Asia. There are approximately 3000 species of snakes in the world
known to date, out of which 410 species are poisonous to human. The number of

&

deaths due to snake bite in India is estimated to be about 15,000-20,000 per year.

Russell’s viper (Daboia russelli) is one of the most abundant species of
venomous snakes in South-East Asia and is responsible for a large number of
snakebite morbidity and mortality. An analysis of the snakebite cases in eastern
India reveals that death toll from Russell's viper envenomation is the highest in

Burdwan district of West Bengal, where 1301 deaths occur per year.

Apart from other components, venom of Russell’s viper is known to
contain different isoforms of phospholipase A, (EC 3.1.1.4). These PLA,s may
be classified as acidic, basic or, neutral on the basis of their elution profile from
ion-exchange columns. They hydrolyze glycerophospholipids at the sn-2
position of the glycerol backbone releasing lysophospholipids and fatty acids.
Venom PLA, enzymes in addition to digestion of prey exhibit wide varigties of
pharmacological effects such as neurotoxicity, cardiotoxicity, myotoxicity,
necrotic, anticoagulant, hypotensive, haemolytic, haemorrhagic and edema
inducing  activities. Each PLA, isoenzyme may exert different
pathophysiological effects by a wide range of mechanisms in snakebite victims.
Therefore, it remains a challenging task for the scientists to elucidate the
structure-function relationships of this class of venom protein. Moreover,
different PLA, enzymes from Daboia russelli venom have been purified and
characterized, but till date enough information is not available on anticoagulant

PLA,; enzymes from Daboia russelli venom of eastern Indian origin.

Circulatory system is one of the major physiological systems targeted by
anticoagulant PLAs of snake venom. Most of the death from Russell’s viper

envenomation in eastern India is attributed to prolonged blood coagulation time



of victims. Venom PLA,;s most likely affect blood coagulation through
hydrolysis of and/or binding to procoagulant phospholipids. In addition to
enzymatic mechanism of anticoagulant effect, strongly anticoagulant PLA,
enzymes also prolong blood coagulation by mechanism(s) that are independent
of phospholipid hydrolysis. However, the mechanism of anticoagulant action of
RVYV PLA; enzymes has still remained obscured. Studies on such anticoagulants
contribute to our understanding of ‘vulnerable’ sites in the coagulation cascade
which may further help us to design novel strategies to develop anticoagulant
therapeutic agents. Although during the last two decades significant progress has
been made in understanding the structure-function relationship and the
mechanism of some of these anticoagulants; however, there are still a large
number of questions remained to be answered as more new anticoagulants from

snake venom are being discovered.

In ancient Indian books, there are many plants that have been
recommended for use in snakebite therapy. Many of such plants have beén used
traditionally by the tribal populations and rural people of North-East India since
time immemorial, but without any scientific validation. Re-evaluation of these
plants of north-east India for their anti-snake venom activity, if any, will be a
more practical approach towards a better understanding of the medicinal
properties of these plants and a projected application of these plants as antidote

for snake venom to reduce the snakebite mortality rates.

For the ease of understanding, this thesis is divided into following eight

chapters.

Chapter I- This chapter deals the introduction part. This covers a brief
introduction about Russell’s viper, Russell’s viper envenomation cases in
different countries of South-east Asia including India, Russell’s viper venom
phospholipase A, enzymes, their classification, structure, functions and

evolution. This chapter also contains the aim and objectives of the present study.



fii
Chapter II- This chapter reviews the published literatures on snake venom

enzymes with a special emphasis on PLA; enzymes from Russell’s viper venom

and their mechanism(s) of action.

Chapter 111- This chapter covers the materials and methods, which includes the
materials used, techniques for sample preparation, isolation and purification
processes of different PLA; isoenzymes from venom of Russell’s viper (Daboia
russelli), and procedures for biochemical, biophysical and pharmacological

characterization of purified PLA; isoenzymes from Russell’s viper venom.
Chapter IV - Chapter VII- These four chapters include results part.

Chapter IV- This chapter includes the first objectives i.e., characterization of
isoenzyme pattern of phospholipase A; (PLAj;) enzymes of Indian Russell’s

viper (Daboia russelli) venom.

Chapter V- This chapter shows the results of isolation, purification, biochemical
and pharmacological characterisation of an acidic anticoagulant phospholipase
Ay (PLA;) enzyme (RVVA-PLA;-I) from venom of Russell’s viper (Daboia

russelli) of eastern India origin.

Chapter VI- This chapter describes the results of isolation, purification,
biochemical and pharmacological characterisation of a neutral anticoagulant

phospholipase A; (PLA;) enzyme (RVVN-PLA,-I) from Russell’s viper venom.

Chapter VII- In this chapter, the results of isolation, purification, biochemical
and pharmacological characterisation of a basic anticoagulant phospholigase A;
(PLA;) enzyme (RVVB-PLA;-I) from venom of Russell’s viper (Daboia

russelli) of eastern India origin has been described.

Chapter VIII- This chapter consists of discussion and conclusion part.

On the basis of elution profile of PLA; enzymes from ion-exchanges

(cation-exchange and anion-exchange columns), presence of twelve (12) basic,
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one (01) neutral and six (06) acidic PLA;s (total 19 PLA;s) in Russell’s viper
venom of eastern India origin was identified. To understand the biochemical
properties and mechanism of action of different PLA; isoenzymes from the same
venom, three anticoagulant PLA, enzymes possessing different overall charge;
Le., one acidic (RVVA-PLA,-I), one neutral (RVVN-PLA,-I) and one basic
PLA; (RVVB-PLA)-I) were isolated and purified to homogeneity by a
combination of ion exchange, gel filtration and RP-HPLC. By SDS-PAGE and
ESI/MS analyses, the molecular mass of RVVA-PLA>-I, RVVN-PLA;-I and
RVVB-PLA;,-I was determined as of 58.0 kDa (homodimer), 12.8 kDa
(monomer) and 6.7 kDa (monomer), respectively. The secondary structure of
these PLA,s was determined by CD spectra which showed strong o-helical
contribution which is well consistent with secondary structures of other snake

venom PLA; enzymes.

In this study, RVVA-PLA,-I and RVVB-PLA,-I showed preferential
hydrolysis of PC over PS or PE. However, the neutral PLA,;, RVVN-PLA,-I
showed substrate preference towards PS followed by PC and PE. Biochemical
characterization of these three purified PLA, enzymes reveals that RVVA-PLA,-
I is glycoprotein in nature while RVVN-PLA,-I and RVVB-PLA,-I are devoid
of any carbohydrate moiety. RVVA-PLA;-I, RVVN-PLA;-I and RVVB-PLA;-I
display their maximum catalytic activities at pH range of 8.0-8.5 and at a
temperature 37 °C. The effect of chemical inhibitors, neutralization study with
polyvalent antivenom and heat-inactivation of these three anticoagulant PLA;s
revealed that the anticoagulant activity of RVVA-PLA;-I and RVVB-PLA,-I is
exerted through a dual mechanism (a combination of enzymatic and non-
enzymatic way); however, the non-enzymatic mechanism of anticoagulant
activity of RVVN-PLA,-I is yet to understand. The membrane damaging

activities of these three PLA; enzymes are dependent on their catalytic activity.

The enzymatic mechanism of anticoagulant effect involves hydrolysis of
plasma phospholipids essential for blood coagulation process. In addition,
RVVA-PLA;-I and RVVB-PLA;-I also affected the blood coagulation process

non-enzymatically by inhibiting the coagulation factor Xa, even in absence of
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phospholipids/Ca’*. Therefore, they slowed down the process of thrombin
formation from prothrombin by the action of factor Xa. On the other hand, the
non-enzymatic mechanism of anticoagulant action of RVVN-PLA,-I is yet to be
discovered as it does not show any interaction with blood coagulation factor Xa,
Va, prothrombin or thrombin. However, further structural characterization of
RVVA-PLA;-I, RVVN-PLA;-I and RVVB-PLA;-1 is necessary for a better
understanding of the correlation between catalytic activity and pharmacological
properties. Our finding contradicts earlier reports suggesting higher

anticoagulant potency is associated mostly with basic PLA; enzymes.

Most of the toxic effects of PLA;s are dLle to the hydrolysis of membrane
phospholipids and therefore, membrane damaging properties of all the three
PLAjs were studied. RVVA-PLA;-I and RVVB-PLAj-1 preferéntially
hydrolyzed phospholipids of erythrocytes membranes compared to liver
mitochondrial membranes while RVVN-PLA,-I showed a preference for
hydrolysis of phospholipids of mitochondrial membrane compared to that of
erythrocytes membranes. It is very interesting to observe that RVVA-PLA;-I and
RVVB-PLA;-I preferentially hydrolyzes the phospholipids of erythrocyte
membrane compared to mitochondrial membrane even though the latter
possesses much greater percentage of PC on its outer leaflet (40.9 %) than the
outer leaflet of the former membrane (19 %). Therefore, our result suggests that
existence of significantly greater number of these two PLA,-sensitive domains in
the erythrocyte membrane as compared to the mitochondrial membrane might
have a relevance to the higher degree of phospholipid hydrolysis of the former
membrane. The similar argument may be put forwarded to show that RVVN-
PLA,-I sensitive domains exist more in mitochondri;d membranes than the
erythrocytes membranes. Moreover, these RVV-PLAss could not hydrolyze HT-
29 colon adenocarcinoma cell membrane phospholipids within 4 hours of
treatment though PC is the most abundant phospholipid in the cell membrane of
HT 29 cells. Amongst the tested membranes, the least hydrolysis of HT-29 cells
can again be explained on the basis that it is not the overall quantity of PC in a
membrane but either the availability of PC in a PLA»-sensitive membrane and/or

physicochemical properties of a membrane are the most important criteria in
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order to elicit the RVV-PLA;s-induced membrane damage. Although, the exact
nature of the membrane domain(s) responsible for binding with these PLA,
enzymes could not be identified; however, our study has provided enough
evidences in support of membrane domain hypothesis. Further studies to identify

the hature of these membrane domains are in progress.

The RVVA-PLA,-I, RVVN-PLA;-I and RVVB-PLA;-I did not show any
lethality or behavioral changes in BALB/c mice after 48 h of i.p. injection at
tested doses. Furthermore, immuno-diffusion test of RVVA-PLA;-I, RVVN-
PLA;-I and RVVB-PLA,-1 against commercially available polyvanent
antivenom against Russell’s viper venom documented their very week

immunogenic nature.

In this study, four plants which have been used traditionally by the local
people of North-East India were screened for anti snake venom effect. Methanol
extract of leaves of 4. indica, C. sinensis and X. Strumarium and root of A.
marmelos has showed significant inhibitory activity against crude RVV and also
against the three purified phospholipase A; (PLA;) enzymes of RVV. These four
plant extracts may be considered as highly promising source for the develgpment
of novel anti-snake venom drugs in future. They may be used in combination

with antivenom for a better management of snakebite cases.



DECLARATION

I hereby declare that the thesis entitled “STUDIES ON
ANTICOAGULANT PHOSPHOLIPASE A, (PLA;) ISOENZYMES FROM
INDIAN RUSSELL’S VIPER (Daboia russelliy VENOM” is an authentic
work carried out by me under the supervision of Dr. Ashis K. Mukherjee,
Professor, Department of Molecular Biology and Biotechnology, Tezpur
University, Assam- 784028. No part of this work had been presented for any
other degree or diploma earlier. Due to the unavailability of proper facility at
Tezpur University, following experiments/sample analyses were carried at other

institutes.

1. ESUMS analysis of protein samples were done in SAIF, CDRI,

Lucknow, India.

2. Circular diachroism (CD) spectroscopy and cell culture
(cytotoxicity) study were carried out at Indian Institute of

technology, Guwahati, Assam, India.

3. Animal experiments were done at Defence Research Laboratory,

Tezpur, Assam, India.

BQ\)Dg\\"\QQ %‘:’\A*

Place: Tezpur (Debashree Saikia)

Date: 20-12. 2012



TEZPUR UNIVERSITY

(A Central University)
DEPARTMENT OF MOLECULAR BIOLOGY AND BIOTECHNOLOGY
Tezpur-784028, Assam, India

Dr. A. K. Mukherjee, M.Sc, Ph.D Ph: 03712-267007/8/9 Ext. 5405 (O)

Professor E-mail: akm@tezu.ernet.in

CERTIFICATE OF THE SUPERVISOR

This is to certify that the thesis entitled “STUDIES ON
ANTICOAGULANT PHOSPHOLIPASE A, (PLA;) ISOENZYMES
FROM INDIAN RUSSELL’S VIPER (Daboia russelliy) VENOM” submitted
to the School of Science and Technology, Tezpur University in partial fulfilment
for the award of the degree of Doctor of Philosophy in Science is a record of
bonafide research work carried out by Ms. Debashree Saikia, Research Scholar
of Department of Molecular Biology and Biotechnology, Tezpur University,
Assam. under my supervision and guidance at Department of Molecular Biology

and Biotechnology, Tezpur University. Assam- 784028.

All help received by her from various sources have been duly

acknowledged.

The results embodied in the thesis have not been submitted to any other

University or, Institution for award of any degree or diploma.

\V’\,‘\.\/kf A~ € f\/\o,L

Pobws v
Place: Tezpur (Ashis Kumar Mukherjee)

Date: 2 0. V2. 22V~



TEZPUR UNIVERSITY

CERTIFICATE OF THE EXTERNAL EXAMINAR AND ODEC

This 1s to certify that the thesis entitled “STUDIES ON
ANTICOAGULANT PHOSPHOLIPASE A, (PLA,) ISOENZYMES FROM
INDIAN RUSSELL’S VIPER (Daboia russelliy VENOM” submitted by Ms.
DEBASHREE SAIKIA to Tezpur University in the Department of Molecular

Biology and Biotechnology under the School of Science and Technology in

partial fulfillment of the requirement for the award of the degree of Doctor of

Philosophy in Molecular Biology and Biotechnology has been examined by us

and found to be satisfactory.

The Oral Defence Evaluation Committee (ODEC) recommends for the

award of the degree of Doctor of Philosophy.

Signature of:

Principal Supervisor External examiner

Date: Date:



vii
ACKNOWLEDGEMENT

First and foremost, praises and thanks fto the ever-loving God, the
Almighty, for His showers of blessings throughout my research to complete the
PhD work successfully.

I am immensely pleased to place on record my profound and sincere
gratitude and heartfelt thanks to my PhD supervisor Prof. Ashis K. Mukherjee
for providing me a wonderful opportunity to work on snake venom PLA,
enzymes, which are considered as one of the most toxic components of a venom.
I love this area of research and enjoyed working with my supervisor. I will
always remain indebted to him for introducing me to this field and his valuable
guidance throughout my PhD work. I am deeply inspired by his dynamic vision,
dedication towards work, sincerity and motivation. I learnt the basics of
research from him. His unparallel knowledge over the subject helps me a lot to
shape my career. It was a great privilege and honour to work and study under

his able guidance.

I am thankful to Prof M.K. Choudhuri, the honourable Vice-Chancellor
of Tezpur University for providing me the opportunity to work in this astonishing
university located in my hometown. I always feel fortunate for this opportunity;

the institute provided a wonderful campus and environment for research work.

I sincerely acknowledge the financial support provided by Tezpur
University (Institutional Fellowship), UGC, New Delhi (Research Fellowship)
and CSIR, New Delhi (Senior Research Fellowship) to carry out this work.

I would like to thank the Head, Department of Molecular Biology and
Biotechnology, Tezpur University, my Doctoral Committee members. Prof. A.K.
Buragohain, Dr. T. Medhi and Dr. R. Doley and all the faculty members of niy
department for their valuable advice and constant encouragement to pursue the

present work.

1 also take this opportunity to thank Dr. P Chottoapadhyay from Defence
Research Laboratory, Tezpur for his kind help in animal experiments and Prof.

S.S. Ghosh from Indian Institute of Technology, Guwahati for providing me help



viii
in cell culture study and CD analysis. 1 am thankful to Ms. Bashabi Gogoi,
Department of English and Foreign Languages for editing the thesis.

I do thank Dr. K Hazarika, Dr. N Bordoloi, Mr. S. Kakoty, Mr. P.
Mudoi, Deepak da and Bania da for all the help they rendered me during my

stay.

-

I am privileged to have lab-seniors and lab-mates like Kishore da,
Pallabi ba, Sudhir, Jetendra, Rupamoni, Sourav, Vivek and Pranjal. I would also
thank Diganta, Rahul and all the research scholars of our department and

Biplob, Druba and Iftikar from Department of Chemical Sciences.

My heartfelt thanks go to my very close friends Clara and Santosh for
their help and unconditional support throughout my PhD work. I can’t forget the
contribution of Ajay. He is like a friend, well wisher, care taker as well as path
finder for me. I found him always near to me with all his love and support in

times I needed the most. Thanks.

I am thankful to my family. First of all, I am obliged to my beloved
mother. I dedicate this work to her. She is no more with us but she is always in
my soul. This work is the fruit of the seed planted by my mom. Mom I always feel
your unconditional love, care, support at each and every step of my life. I want
you as my mom in each and every birth. I am obliged to my father for his ;ove
and patience. He takes lot of pain for my work. It is their unceasing prayers,
blessing that I am able to complete my work. I am happy to have a younger
brother. He helped me a lot during the initial stage of my work and endless
support, love and care throughout the life. I am really fortunate to have my little
sister (baby). She is always with me with all her love, patience and care. It is
she, I find close to me at every step, both good and bad. I just want to say thanks

for whatever you did for me and always be with me like my shadow.

Finally, my thanks go to all the people who have supported me to

complete the research work directly or indirectly.

Place: Tezpur Do R gc‘;\iv/-

Date: 20.)2.200 (Debashree Sa}kia)



CONTENTS PAGE NO.

ABSTRACT i-vi
DECLARATION

CERTIFICATE OF SUPERVISOR

ACKNOWLEDGEMENT vii-viii
TABLE OF CONTENTS ix-xviii
LIST OF TABLES Xix-xxij
LIST OF FIGURES xxiii-xxx
ABBREVIATIONS XXxi
CHAPTERI: Introduction 1-39

1.1 Introduction |

(V5]

1.2 Snake envenomation: The snakebite problem

1.2.1 Epidemiology of snakebite in Asia 4
1.2.2 Epidemiology of snakebite in India 5
1.2.3 Epidemiology of snakebite in other countries 6
1.3 Indian Russell’s viper (Daboia russelli): Systematic classification and 7
distinctive features
1.3.1 Systematic classification 8
1.3.2 Distinctive feature 8
1.3.3 Description 8
1.3.4 Fang structure of Viperidae snakes including Russell’s viper 9
1.3.5 Distribution 10
1.3.6 Pathophysiological and clinical symptoms of Russell's viper 11
envenomation in human victims
1.4 Snake venom: In a broad-spectrum concern 13
1.4.1 Variation in snake venom composition and its impact on pathogenesis 15
1.4.2 Snake venom phospholipase A, (PLA;)enzymes: Classification, 16
structure and functions
1.4.2.1  Classification of Phospholipase A, (PLA;) enzymes 18
1.4.2.1.1 Classification of PLA; enzymes depending on their 21
ability to proloné blood clotting time
1.4.2.2  Structure and mechanism of action of snake venom 23
phospholipase A, enzymes
1.42.2.1 Structure of snake venom PLA, enzymes 23

1.4.2.3  The catalytic mechanism of snake venom PLA,; enzymes 26



1.5
1.6
1.7
1.8
1.9
1.10

1.11
1.12

1.4.2.4  Mechanism of action of snake venom anticoagulant PLA, s
on blood coagulation
1.4.2.5  Pharmacological properties of snake venom PLA, enzymes
Pharmacological Sites
Anticoagulant Region
Importance of identification of pharmacological sites
Purification of PLA, enzymes from snake venom
Origin and Evolution of PLA, Gene
Anticoagulant PLA, enzymes from snake venom: Potential candidates for
the developing of novel drugs against cardiovascular diseases
Role of medicinal plants in snakebite treatment

Aims and objectives of the present study

CHAPTER II: Review of Literature

2.1
22
23

24
2.5
2.6

2.7

Snake venom enzymes: A general consideration

Russell’s viper venom enzymes

Phospholipase A, (PLA;): A major enzyme of Russell’s viper venom
2.3.1 Membrane damaging property of the snake venom PLA;s

2.3.2 Anticoagulant property of snake venom PLA,s

Enzymatic activity and Pharmacological properties of PLA,s

Enzymatic activity and anticoagulant activity of PLA,s

Purification of phospholipase A, (PLA;s) enzymes from Indian Russell’s
viper (Daboia russelli) venom

Role of medicinal plants in snakebite treatment

CHAPTER III: Materials and Methods

3.1

32

Materials
3.1.1 Animals and housing conditions
Methods
3.2.1 Characterization of isoenzyme pattern of anticoagulant PLA,s of crude
Russell’s viper (Daboia russelli) venom of eastern India origin
3.2.1.1  Fractionation of crude RVV by cation exchanger
{CM Sephadex C-50) to identify the basic PLA,s
3.2.1.2  Fractionation of CM Sephadex flow through anion
exchanger (DEAE Sephadex A-50) to identify the ncutral
and acidic PLA,s
3.2.2 Purification of an acidic anticoagulant PLA, (RVVA-PLA,-I) from
Russell’s viper venom

3.2.2.1  Fractionation of CMIDEV by gel filtration chromatography

40-53
40
41
41
42
44
46
47
48

51

54-80

wn wn wn
wn wn s

w
(v ]

55



3.2.3

3.24

3.25

by using Sephadex G-50 column

3.2.2.2  Fractionation of CMIDEV-GFI by RP- HPLC

Purification of a neutral anticoagulant PLA, (RVVN-PLA,-I) from

crude RVV

3.2.3.1  Fractionation of CMIDEI by gel filtration chromatography
by using Sephadex G-50 column

3.2.3.2  Fractionation of CMIDEI-GFIII by RP- HPLC

Purification of a basic anticoagulant PLA, (RVVB-PLA,-I)

3.2.4.1  Fractionation of CM-AC-IV by gcl filtration chromatography
by using Sephadex G-50 column

3.2.4.2  Fractionation of CM-AC-IV-GFIII by RP- HPLC

Criteria of purity and determination of molecular weight of the

purified anticoagulant PLA,s

3.2.5.1  Gel Filtration Chromatography

3.2.5.2  Reverse-phase high performance liquid chromatography
(RP-HPLC)

3.2.53  Sodium dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE)

3.2.5.4  Electrospray ionization-mass spectrometry (ESI/MS)

Biochemical characterisation

3.2.6.1  Estimation of protein content

3.2.6.2  Estimation of carbohydrate content

3.2.6.3  Assay of phospholipase A; (PLA,) activity
3.2.6.3.1  Turbidometric Method
3.2.6.3.2  Titrametric Method

3.2.6.4  Assay of protease activity

3.2.6.5  Assay of acetylcholinesterase activity

3.2.6.6  Assay of adenosine monophosphatase (AMPase) activity

3.2.6.7  Assay of adenosine triphosphatase (ATPase) activity

3.2.6.8  Enzyme Kinetics
3.2.6.8.1  Substrate specificity of PLA; enzymes
3.2.6.8.2  Effect of substrate concentration on PLA, activity
3.2.6.8.3  Effect of enzyme concentration on PLA, activity
3.2.6.8.4  Determination of Km and Vmax for the enzyme

catalyzed reactions
3.2.6.8.5  Determination of temperature optimum for PLA,
catalyzed reactions )

3.2.6.8.6  Determination of pH optimum for PLA, catalyzed

reactions

60
60

61

Xi



3238

3.2.9
3.2.10

3.2.6.8.7 Circular dichroism

3.2.6.8.8 Heat inactivation study of PLA; enzymes

3.2.6.8.9 Chemical modification of PLA, enzymcs by pBPB

3.2.6.8.10 Chemical modification of PLA,; enzymcs by
other inhibitors

3.2.6.8.11 Fluorescence spectrophotometric measurements of
phospholipids-PLA; and coagulation factors-PLA,
interactions

3.2.6.8.12 Study of inhibitory cffect of PLA;s on prothrombin
activation by factor Xa: amidolytic activity assay of
thrombin generation

3.2.6.8.13 Effect of PLA, on amidolytic activity of factor Xa

Pharmacological Characterization

3.2.7.1  Assay of plasma clotting activity

3.2.7.1.1 Ca- clotting time

3.2.7.1.2 Prothrombin time test

3.2.7.1.3 Gas-chromatography analysis of liberated
fatty acids from plasma phospholipids

3.2.7.2  Direct and indirect haemolytic activity assay
3.2.7.3  In-vitro tissue damaging activity assay
3.2.7.4  Assay of Antibacterial activity of the PLA; enzymes

3.2.7.5 Isolation of chicken liver mitochondria

3.2.7.5.1 Assay of membrane damaging activity

3.2.7.5.2 Analysis of fatty acids released from membranes
by GC-MS

3.2.7.5.3 Enzymc immunoassay to determine the binding

of Russell’s viper venom-PLA ;s with membranes

3.2.7.6  Cytotoxicity assay on tumour cells

3.2.7.7  [nvivo animal experiments

3.2.7.7.1 Determination of toxicity on mice

3.2.7.7.2 Histopathological examination

Immunological Characterization
3.2.8.1 Immunological cross-reactivity

3.2.8.2 Enzyme-linked immunosorbent assay (ELISA)

Preparation of plant extract

Neutralization of catalytic activity and pharmacological properties of
purified PLA, enzymes

3.2.10.1 By polyvalent antivenom

3.2.10.2 By plant extract

67
67
67
68

68

69

69
70
70
70
70
71

72

73
73
74
75

76

76
77
77
78
78
78
79
79
80

80
80

Xit



3.2.11 Storage Stability of PLA, enzymes

CHAPTER IV: Isoenzyme patterns of phospholipase A, enzymes of
Russell’s viper venom
4.1  Separation of basic phospholipase A, (PLA,) enzymes by fractionation
of crude Daboia russelli venom through a cation exchanger
4.2 Fractionation of CM Sephadex C-50 unbound proteins through an anion

exchanger to separate the neutral and acidic PLA, isoenzymes

CHAPTER V: Isolation, purification, biochemical and pharmacological
characterisation of an acidic anticoagulant phospholipase
A, (PLA;) enzyme (RVVA-PLA,-I) from venom of
Russell’s viper (Daboia russelli) of eastern India origin
5.1  Purification of an acidic anticoagulant phospholipase A,
5.1.1  Fractionation of crude RVV through cation exchanger followed by
fractionation of CMI through anion exchanger
5.1.2  Fractionation of CMIDEV through gel filtration column
Sephadex G-50
5.1.3  Purification of an acidic PLA, by RP-HPLC of GFI
5.1.4  Assessment of purity and determination of molecular mass
of RVVA-PLA,-I
5.1.4.1Gel filtration chromatography and SDS-PAGE
5.1.4.2ESI/MS analysis of RVVA-PLA,-I
5.2 Biochemical Characterisation
5.2.1  PLA, specific activity
5.2.2  Dosc dependent PLA,; activity
5.2.3  Carbohydrate content
5.2.4  Substrate Specificity of RVVA-PLA,-I
5.2.4.1 Effect of substrate concentration on catalytic
activity of RVVA-PLA,-I
5.2.5 Determination of kinetics (Km and Vmax ) of PC hydrolysis
5.2.6  Optimum temperature
5.2.7  Optimum pH
5.2.8  Determination of secondary structure: Circular dichroism
spectroscopy
5.3  Pharmacological Characterization
5.3.1  Anticoagulant activity
5.3.1.1 Prothrombin time test

5.3.1.2 Plasma phospholipids hydrolysis and FFAs release

xiii

80

81-90

81

91-149

91
91

91

94
96

96
97
98
98
98
99
99
100

101
103
104
105

106
106
107
108



5.3.1.3 Binding of RVVA-PLA,-1 with different phospholipids
5.3.1.4 Binding of RVVA-PLA,-I with blood coagulation factors
5.3.1.5 Prothrombin inhibition assay
5.4  Direct and indirect haemolytic activity of RVVA-PLA,-I
5.5  In-vitro tissue damaging activity of RVVA-PLA,-1
5.6  Stability of RVVA-PLA,-I at 4 °C
5.7  Membrane phospholipids hydrolysis by RVVA-PLA,-I
5.7.1  Mitochondrial membrane phospholipids hydrolysis
5.7.2  Effect of RVVA-PLA,-I on erythrocytcs membrane
phospholipids hydrolysis
5.7.3  Binding study of RVVA-PLA,-I with membrane phospholipids
5.8  Effects of chemical inhibitors, antivenom and temperature on catalytic and
pharmacological properties of RVVA-PLA,-1
5.9  Other Pharmacological properties
5.9.1  Antibacterial activity
5.9.2  Cytotoxicity assay
5.10 In-vivo toxicity assay in BALB/c mice model
5.10.1 Lethality and in-vivo toxicity
5.10.2 Effect of in vitro blood coagulation
5.10.3 Effect on blood cells
5.10.4 Effect of RVVA-PLA,-I on serum parameters of mice
5.10.5 Histopathological study
5.11 Immunological cross reactivity
5.11.1 Immunodiffusion
3.12  Screening of Indian medicinal plants for anti snake venom activity
5.12.1 Neutralization by A-adirachta indica
5.12.2 Neutralization by Camellia sinensis, Xanthium strumarium

and Aegle marmelos

CHAPTER VI: Purification, biochemical and pharmacological
characterisation of a neutral anticoagulant phospholipase
A; enzyme (RVVN-PLA,-I) from venom of Russell’s viper
(Daboia russelli) of eastern India origin
6.1  Purification of a neutral anticoagulant phospholipase A,
6.1.1  Fractionation of CMIDEI through gel filtration column
Sephadex G-50
6.1.2  Purification of a neutral PLA, enzyme by RP-HPLC of GFIII
6.1.3  Assessment of purity and determination of molecular mass of
RVVN-PLA,-I

109
113
114
117
118
119
120
120
124

150-199

150
150

152
154

Xiv



6.2

6.3

6.4

6.5

6.6

6.7

6.1.3.1 Gel filtration chromatography and SDS-PAGE
6.1.3.2 ESI/MS analysis of RVVN-PLA,-1

Biochemical Characterisation of RVVN-PLA,-1

6.2.1  PLA,; specific activity

6.2.2  Substrate Specificity of RVVN-PLA,-I

6.2.3  Effect of substrate (PS) concentration on catalytic activity of
RVVN-PLA,-I

6.2.4  Effect of enzyme concentration

6.2.5  Carbohydrate content

6.2.6  Determination of Km and Vmax of PS hydrolysis

6.2.7 Optimum temperature

6.2.8  Optimum pH

6.2.9  Secondary structure determination by Circular dichroism

Pharmacological characterization of RVVN-PLA,;-I

6.3.1  Anticoagulant activity
6.3.1.1 Plasma clotting time
6.3.1.2 Prothrombin time tcst
6.3.1.3 Effect of RVVN-PLA,-I on plasma phospholipids

hydrolysis and FFAs release
6.3.1.4 Binding of RVVN-PLA,-I with different phospholipids
6.3.1.5 Interaction of RVVN-PLA,-I with blood coagulation
factor Xa, factor Va, prothrombin and thrombin

6.3.2  Direct and indirect haemolytic activity

6.3.3  In-vitro tissue damaging activity

6.3.4  Stability of RVVN-PLA,-I after storage at 4 °C

Membrane phospholipids hydrolysis by RVN-PLA,-1

6.4.1  Effect of RVVN-PLA,-I on mitochondrial membranes
phospholipids hydrolysis ’

6.4.2  Effect of RVVN-PLA,-I on erythrocyte membranes
phospholipids hydrolysis

6.4.3  ELISA: Binding study of RVVN-PLA,-I with membrane
Phospholipids

Effects of chemical inhibitors, antivenom and heating on catalytic and

pharmacological properties of RVVN-PLA,-1

Other pharmacological properties of RVVN-PLA,-1

6.6.1  Antibacterial activity

6.6.2  Invitro cytotoxicity assay on mammalian cells

In-vivo toxicity assay

6.7.1  Lethality and in-vivo toxicity in mice

154
155
156
156
157
157

158
159
159
161
162
163
164
164
164
164
166

167
168

170
171
172
173
173

177

181

185
185
186
188
188

xXv



6.8

6.9

6.7.2
6.7.3
6.7.4
6.7.5

Anticoagulant effect
Effect on blood cells
Effect on serum parameters

Histopathological study

Immunological cross reactivity

6.8.1

Immunodiffusion

Neutralization by plant extracts

6.9.1
6.9.2

Neutralization by AIPLAI

Neutralization by Camellia sinensis, Aegle marmelos and

 Xanthium strumarium

CHAPTER VII: A basic anticoagulant phospholipase A, enzyme

7.1

7.2

7.3

(RVVB-PLA,-I) isolated and purified from Daboia russelli

venom: its biochemical and pharmacological characterisation

Purification of a basic anticoagulant phospholipase A,

7.1.1

7.1.2
7.1.3

Fractionation of CM-AC-IV by Sephadex G-50 gel filtration
column

RP-HPLC of GFIII: Purification of a basic PLA;
Assessment of purity and determination of molecular

mass of RVVB-PLA,;-I

7.1.3.1 Gel filtration chromatography and SDS-PAGE
7.1.3.2 ESI/MS analysis of RVVB-PLA,-I

Biochemical Characterisation of RVVB-PLA,-I

7.2.1
7.2.2
7.2.3

NN
v
W

7.2.6
7.2.7
7.2.8

PLA, activity and substrate specificity

Carbohydrate content

Effect of substrate (PC) concentration on catalytic activity

of RVVB-PLA,-I

Effect of enzyme concentration

Determination of kinetics (Km and Vmax) of PC hydrolysis by
RVVB-PLA,-I

Optimum temperature

pH optima

Determination of secondary structure of RVVB-PLA,-I:

Circular dichroism spectroscopy

Pharmacological characterisation of RVVB-PLA,-1

7.3.1

Anticoagulant activity
7.3.1.1 Ca® clotting time of plasma and determination of plasma
phospholipids hydrolysis by GC analysis

7.3.1.2 Prothrombin time test

188
188
191
193
194
194
195
195
196

200-251

205
206
207
207
207
208

209
209

211

(O]
—
(o8]

213

214

214

214

214

Xvi



7.4

7.6

7.3.1.3 Binding of RVVB-PLA,-I with phospholipids
7.3.1.4 Binding of RVVB-PLA,-I with blood coagulation factors
7.3.1.5 Prothrombin inhibition assay

7.3.2  Direct and indirect hacmolytic activity

7.3.3  In-vitro tissue damaging activity

7.3.4  Stability of RVVB-PLA,-1at 4 °C

7.3.5  Mitochondrial membrane phospholipids hydrolysis
and FFAs release

7.3.6  Effect of RVVB-PLA,-I on erythrocyte membranes
phospholipids hydrolysis

7.3.7  Binding study by ELISA

7.3.8 Effects of different chemical inhibitors, antivenom and heat
inactivation study of RVVB-PLA,-I
7.3.8.1 Effects of chemical modification on PLA, activity
7.3.8.2 Effects of chemical modification on pharmacological activities
7.3.8.3 Effect of heating

7.3.9  Antibacterial activity

7.3.10 Invitro cytotoxicity assay on HT 29 cells

In-vivo toxicity assay of RVVB-PLA,-I

7.4.1  Lethality and in-vivo toxicity

7.4.2  Anticoagulant effect

7.4.3  Effect on blood cells

7.4.4  Effect on serum parameters

7.4.5  Histopathological study

Immunological cross reactivity

7.5.1  Immunodiffusion

Neutralization by plant extracts

7.6.1  Neutralization by AIPLAI

7.6.2  Neutralization by Camellia sinensis, Aegle marmelos

and Xanthium strumarium

CHAPTER VIII: Discussion

8.1
8.2

8.3

Importance and justification of the present study

Presence of PLA,; isoenzymes in Daboia russelli venom shows functional
diversification of venom-gland PLA, isoezymes

Purification of three PLA, enzymes from Daboia russelli venom

8.3.1  Molecular mass and homogeneity

Biochemical characterization of the three purified RVV-PLA;s
Pharmacological characterization of three purified PLA,s of RVV

252-281
252
253

255
255
258
260

XVii



8.5.1

8.5.2

8.53

8.5.4
85.5
8.5.6

All the three PLA;s in the present study represent the strong

anticoagulant activity

Mechanism of action of the anticoagulant activity

8.5.2.1 Correlation between catalytic and anticoagulant activity

8.5.2.2 Non-enzymatic mechanism of anticoagulant activity:

" Interaction of PLA,s with plasma phospholipids and

coagulation factor Xa

Mechanism of hydrolysis of membrane phospholipidé by the

RVV-PLA, enzymes

8.5.3.1 Correlation between catalytic activity and membrane
damaging activity

8.5.3.2 Differential hydrolysis of mitochondrial and erythrocyte
membrane phospholipids: does it reflect the differences
in PLA,-sensitive phospholipids composition of
biomembranes?

8.5.3.3 Why do these PLA,s fail to hydrolyze HT-29 cell
membrane phospholipids?

PLA,; specific tissue damaging activity

Antibacterial activity

The three PLA,s from RVV are non-lethal to mice

8.6  Weak immunogenic and non-toxic nature, and anticoagulant property

of these PLA;s suggest their therapeutic application in blood

coagulation disorders

8.7  Assessment for neutralization potency of plant extract in neutralizing

the catalytic and pharmacological properties of RVV-PLA,s

8.8  Future prospects of study of snake venom phospholipase A,s

Conclusion

List of References

Publications

260

261

261

263

265

265

268

~N
~
(#%]

274
275
276
278

279

280

282

284
318

xviii



LIST OF TABLES

Xix

Table No

Title

Page No

1.1

1.2

4.1

4.2

5.1

5.2

53

5.4

5.5

5.6

5.7

5.8

5.9

Frequency and statistics of snakebite (global
evaluation of snakebite)

Clinical features of Russell's viper envenomation in
Burdwan, eastern India

A Summary of isolation of basic PLA; enzymes of
crude Daboia russelli venom through CM Sephadex
C-50 column

A Summary of isolation of neutral and acidic PLA;
enzymes of crude Daboia russelli venom by
fractionation through DEAE Sephadex A-50 column

PLA; and anticoagulant activity of the three peaks
eluted from Sephadex G-50 gel filtration column
after the fractionation of CMIDEV

Summary of purification of the acidic anticoagulant
phospholipase A; (RVVA-PLA,-I)

Substrate specificity of the acidic anticoagulant PLA,
(RVVA-PLA,-I)

In vitro tissue damaging activity of crude RVV and
RVVA-PLA,-I

RVVA-PLA,-I induced swelling and phospholipids
hydrolysis of intact mitochondrial membrane either
in presence or absence of 2 mM Ca**

RVVA-PLA,-I induced haemolysis and
phospholipids hydrolysis of goat washed erythrocytes

Effects of heating, antivenom and chemical inhibitors
on catalytic, anticoagulant and membrane
phospholipids hydrolysis activities of RVVA-PLA,-I

Behavioural Changes, if any, in mice 48 h after the
administration of RVVA-PLA;-I at a dose of 0.2 mg

kg'1

The in vitro clotting time of blood and tail bleeding
time in mice post 48 h injection of RVVA-PLA,-I at
a dose of 0.2 mg kg™

13

83-84

87-88

93

95

100

118

122

126

131

136

137




XX

Table No

Title

Page No

5.10

5.11

5.12

5.13

5.14

5.15

6.1

6.2

6.3
6.4

6.5

6.6

6.7

The effect of RVVA-PLA>-I on different
haematological parameters of PLA; treated mice.

Effect of RVVA-PLA,-I on different parameters of
serum of albino mice

Screening of medicinal pldnts for anti-PLA, activity
of crude RVV and anti-anticoagulant activity of
RVVA-PLA5-I from North East India.

Percent inhibition of PLA, activity of crude RVV
and RVVA-PLA,-I by leaves extract of Camellia
sinensis, Xanthium strumarium and root extract of
Aegle marmelos.

Percent inhibition of anticoagulant activity of
RVVA-PLA,-1 by leaves extract of Camellia
sinensis, Xanthium strumarium and root extract of
Aegle marmelos

A comparison of anti-PLA, activity of polyvalent
antivenom and methanolic extracts of leaves of C.
sinensis and X strumarium and roots of A
Marmelos.

A summary of PLA, and anticoagulant activity of the
gel filtration peaks of CMIDEI

Summary of purification of a neutral anticoagulant
phospholipase A; (RVVN-PLA,-I) from RVV

Substrate specificity of RVVN-PLA;-1
In vitro tissue damaging activity of RVVN-PLA,-I

RVVN-PLA;-I induced swelling and phospholipids
hydrolysis of intact mitochondrial membrane either
in presence or absence of Calcium.

RVVN-PLA,-I induced haemolysis and
phospholipids  hydrolysis of goat  washed
erythrocytes.

Effects of heating, antivenom and chemical inhibitors
on catalytic, anticoagulant and membrane
phospholipids hydrolysis action of RVVN-PLA,-I

137

139

143

146-147

148

149

151

152

157
172

175

179

184




XXi

Table No Title Page No
6.8 Behavioural Changes, if any, in mice 48 h after the 189
administration of RVVN-PLA,-I
6.9 The in vitro clotting time of blood and tail bleeding 190
time in mice post 48 h injection of RVVN-PLA,-I
6.10 Effect of RVVN-PLA;-I on different haematological 190
parameters of treated mice
6.11 Effect of RVVN-PLA,-I on different parameters of 192
serum of BALB/c mice
6.12 Percent inhibition of PLA; activity of RVVN-PLA,-I 197
by different extract of Camellia sinensis, Aegle
marmelos and Xanthium strumarium
6.13. Percent inhibition of anticoagulant activity of 198
RVVN-PLA,-1 by different extract of Camellia
sinensis, Aegle marmelos and Xanthium strumarium.
6.14 A comparison of anti-PLA, activity of polyvalent 199
antivenom and methanolic extracts of leaves of C.
sinensis and X. strumarium and roots of 4. Marmelos
7.1 The PLA, as well as anticoagulant activity of the 202
three gel filtration peaks of CM-AC-V on Sephadex
G-50 column
7.2 Summary of purification of the basic anticoagulant 204
phospholipase A, (RVVB-PLA,-I) from Russell’s
viper venom.
7.3 Substrate specificity of the basic anticoagulant PLA, 207
(RVVB-PLA;-I)

7.4 In vitro tissue damaging activity of RVVB-PLA,-I 224
7.5 Russell’s viper basic PLAjinduced swelling and 227
phospholipids hydrolysis of membrane of intact
mitochondria either in presence or absence of

Calcium
7.6 RVVB-PLA,-I induced haemolysis and 231

phospholipids hydrolysis of goat washed erythrocytes




XXii

Table No

Title

Page No

7.7

7.8

7.9

7.10

7.12

7.13

7.14

8.1

Effects of heating, antivenom and inhibitors on
PLA,, anticoagulant and membrane phospholipids
hydrolysis action of RVVB-PLA;-I

Behavioural changes, if any, in mice 48 h after the
administration of RVVB-PLA,-I at a dose of 0.4 mg
kg'l

The in vitro clotting time of blood and tail bleeding
time in mice post 48 h injection of RVVB-PLA,-I at
a dose of 0.4 mg kg™

Effect of RVVB-PLA,-I on different haematological
parameters of PLA, treated mice.

Effect of RVVB-PLA>-I on different parameters of
serum of albino mice

Percent inhibition of PLA; activity of RVVB-PLA,-I
by different extract of Camellia sinensis, Xanthium
strumarium and Adegle marmelos.

Percent inhibition of anticoagulant activity of
RVVN-PLA,-I (1 pg protein) by different extract of
Camellia sinensis, Aegle marmelos and Xanthium
strumarium.

A comparison of anti-PLA, activity of polyvalent
antivenom and methanolic extracts of leaves of C.
sinensis and X. strumarium and roots of 4. Marmelos

Percent yield and molecular mass of different PLA,
enzymes purified from Russell’s viper venom

236

241

242

242

244

249

250

251

257




Figure No
1.1
1.2

1.3

1.4

1.5

1.6

1.7
1.8

1.9

2.1

4.1

4.2

4.3

4.4

LIST OF FIGURES

Figure legend
Indian Russell’s viper on the move
Fangs and venom secretion of Russell’s viper

Russell’s viper habitat in South-east Asia including
India

Classification of Phospholipase A, enzymes

Classification of anticoagulant phospholipase A,
enzymes of snake venom on the basis of their
anticoagulant potency

The stereo view of the main chain of the Russell's
viper toxin (RVV-VD)

The catalytic network in PLA> enzyme

An example of mechanism of action of
phospholipase A; enzymes

Effect of snake venom anticoagulant PLA, enzymes
in different stages of the extrinsic pathway of blood
coagulation.

Schematic representation showing the selective
activation of the extrinsic coagulation pathway by
prothrombin, Stypven and the thrombin time
clotting assays

CM Sephadex C-50 chromatography profile of
crude Russell’s viper (Daboia russelli) venom

Fractionation of unbound proteins from CM
Sephadex C-50 column (CMI) to DEAE Sephadex
A-50 to separate the neutral and acidic PLA,
enzymes of RVV

A flow chart showing the presence of different
PLA, isoenzymes in venom of Russell’s viper
venom of eastern India origin

Percent contribution of basic, acidic and neutral
anticoagulant PLAs in crude Russell’s viper
(Daboia russelli) venom.

xxiii

Page No

10

20
22

25

27

28

30

45

82

86

89

90



Figure No
5.1A

5.1B

5.2

5.3

5.4

5.5

5.6

5.7

5.8

5.9
5.10

5.11

5.12

5.13

5.14

5.15

5.16

Figure legend

Fractionation of CMIDEV through Sephadex G-50
gel filtration column

Calibration curve of Sephadex G-50 column
chromatography

Separation of gel filtration fraction GFI on a Waters
reverse-phase HPLC C,g-jt Nova Pak column

SDS-polyacrylamide gel electrophoresis of crude
RVV and RVVA-PLA,-I

ESI/MS of RVVA-PLA,-1 for molecular mass
determination

Dose dependent catalytic activity of RVVA-PLA,-I

Effect of substrate concentration on PLA; activity
of RVVA-PLA,-1

Determination of Km and Vmax of RVVA-PLA,-I
using Lineweaver-Burk plot

Effect of temperature on catalytic activity of
RVVA-PLA,-1

Effect of pH on catalytic activity of RVVA-PLA,-I
CD spectra of RVVA-PLA,-I

Dose dependent study of anticoagulant activity of
RVVA-PLA,-I (Ca-clotting time).

Effect of pre-incubation time on anticoagulant
activity of RVVA-PLA,-I (Ca-clotting time)

GC analysis of plasma phospholipids hydrolysis by
RVVA-PLA,-1

Interaction of RVVA-PLA,-I with PC, PS and PE

Interaction of RVVA-PLA,-I with PC in presence
of Ca®*

Spectroflurometric study of effect of heating on the
binding of RVVA-PLA,-I to phospholipid (PC)

XXiv

Page No
92

93

94

97

98

99

101

102

103

104
105
106

107

108

110

111

112



Figure No
5.17

5.18

5.19

5.20

5.21

5.22

5.23

5.24

5.25

5.26

5.27

5.28

5.29

5.30

5.31

Figure legend

Fluorescence spectra showing interaction of
RVVA-PLA,-I with activated factor X

Fluorescence spectra showing interaction of
RVVA-PLA,-I with activated factor V,
prothrombin and thrombin

Inhibition of factor Xa -induced prothrombin
activation by RVVA-PLA,-1

The inhibition of prothrombin activation as
analyzed by 15% SDS-PAGE

Effect of RVVA-PLA,-I on erythrocytes
exogenously  supplemented  with  different
phospholipids (PC/ PS/ PE and egg yolk) either in
presence or absence of Ca”".

Stability of RVVA-PLA,-I (at 4 °C)

Dose dependent hydrolysis of mitochondrial
membrane phospholipids by RVVA-PLA,-I

Liberation of fatty acids from intact mitochondrial
membranes by RVVA-PLA;-1 (GC analysis)

Dose dependent hydrolysis of erythrocyte
membrane phospholipids by RVVA-PLA,-I

Kinetics of erythrocyte membrane phospholipids
hydrolysis by RVVA-PLA,-I

Binding of heat inactivated RVVA-PLA,-I (heated
for 60 min at 75 °C) with mitochondrial membranes

Binding of heat inactivated RVVA-PLA,-I (heated
for 60 min at 75 °C) with erythrocyte membranes

Bactericidal  activity of RVVA-PLA,-I on
B.subtilis, E.coli and P. auregonosa

A comparison of cell cytotoxicity of crude RVV
and RVVA-PLA,-I on HT 29 cells

Light microscopic observation of the effect of
RVVA-PLA,-I on HT 29 cells

XXV

Page No
113

114

115

116

117

119
121

123

125

127

128

129

132

133

134



Figure No
5.32

5.33

5.34

5.35

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9
6.10

6.11

Figure legend

Light microscopic observation of the effect of
RVVA-PLA,-I on different organs of treated mice.

Immunodiffusion test to determine cross reactivity
of crude RVV and RVVA-PLA,-I against
commercial polyvalent antivenom.

Effect of AIPLAI on neutralizing the catalytic and
anticoagulant activity of crude RVV/ RVVA-PLA,-
I

Dose-dependent inhibition of PLA, activity of
crude Russell’s viper venom by methanol leave
extract of Camellia sinensis, Xanthium strumarium
and root extract of Adegle marmelos.

Gel filtration of CMIDEI through Sephadex G-50
column

Reverse-phase HPLC of fraction GFIII (third gel
filtration faction of CMIDEI) on a Waters reverse-
phage HPLC C;s-u Nova Pack column

SDS-polyacrylamide gel electrophoresis of RVVN-
PLA,-I

ESI/MS of RVVN-PLA,-I for molecular mass
determination

Effect of PS concentration on catalytic activity of
RVVN-PLA,-I

Effect of enzyme concentration on catalytic activity
of RVVN-PLA,-I.

Determination of Km and Vmax of RVVN-PLA,-I
using Lineweaver-Burk plot

Effect of temperature on catalytic activity of
RVVN-PLA,-IL.

Effect of pH on catalytic activity of RVVN-PLA,-I

Effect of pH on catalytic activity of RVVN-PLA,-1 -~

Dose dependent study of anticoagulant activity of
RVVN-PLA;-I (Ca-clotting time)

XXVi

Page No
140

142

144

145

151

152

155

156

158

159

160

161

162
163
165



Figure No
6.12

6.13

6.14

6.15

6.16

6.17

6.18

6.19

6.20

6.21

6.22

6.23

6.24

6.25

Figure legend

Effect of pre-incubation time on anticoagulant
activity of RVVN-PLA,-I (Ca-clotting time)

GC Analysis of plasma phospholipids hydrolysis by
RVVN-PLA,;-1

Fluorescence spectra showing interaction of
RVVN-PLA,-I with phospholipids

Fluorescence spectra showing interaction of
RVVN-PLA,-I with factor Xa

Fluorescence spectra showing interaction of
RVVN-PLA,-I with activated factor V,
prothrombin and thrombin

Haemolytic effect of RVVN-PLA>-I in presence of
different phospholipids (PC/PS/PE and egg yolk)
and in presence or absence of calcium

Assessment of catalytic and anticoagulant activity
of RVVN-PLA,-I after storage at 4 °C for different
time periods

Dose-dependent  swelling of chicken liver
mitochondria by the effect of RVVN-PLA,-I

Gas Chromatographic analysis of mitochondrial
membrane phospholipids hydrolysis by RVVN-
PLA,-I

Dose dependent study of erythrocyte membrane
phospholipids hydrolysis activity of RVVN-PLA,;-1

Gas chromatographic analysis of erythrocyte
membrane phospholipids hydrolysis by RVVN-
PLA,-1

Binding of heat inactivated RVVN-PLA,-1 with
intact mitochondrial membranes

Binding of heat inactivated RVVN-PLA,-I with
erythrocyte membranes

Bactericidal activity of RVVN-PLA3-1 on
B.subtilis, E.coli and P. auregonosa

XXVii

Page No
165

166

168

169

170

171

173

174

176

178

180

181

182

185



Figure No
6.26

6.27

6.28

6.29

6.30

7.1

7.2

73

7.4

7.5

7.6

7.7

7.8

7.9
7.10

Figure legend

Cell cytotoxicity assay: the effect of crude RVV
and RVVN-PLA,-I on HT 29 cells

Light microscopic observation of the effect of
RVVN-PLA,-I on HT 29 cells

Light microscopic observation of the effect of
RVVN-PLA,-I on different organs of treated mice

Immunodiffusion test to determine cross reactivity
of RVVN-PLA,-I against commercial polyvalent
antivenom used for the treatment of snakebite
patients

Effect of AIPLAI on the catalytic and anticoagulant
activity of RVVN-PLA;-1

Fractionation of CM-AC-IV on Sephadex G-50
column to seperate the basic PLA; enzymes

Reverse-phase HPLC of fraction GFIII (third gel
filtration faction of CM-AC-IV) on a Waters
reverse-phage HPLC Cs-p1 Nova Pak column

SDS-polyacrylamide gel electrophoresis of RVVB-
PLA,-I

ESI/MS of RVVB-PLA,-I for molecular mass
determination

Effect of substrate (PC) concentration on PLA,
activity of RVVB-PLA,-I

Effect of enzyme concentration on catalytic activity
of RVVB-PLA,-I

Lineweaver-Burk plot for the determination of Km
and Vmax values of RVVB-PLA,-I towards PC

Effect of temperature on catalytic activity of
RVVB-PLA,-I

Effect of pH on catalytic activity of RVVB-PLA;-I

CD spectra of RVVB-PLA>-I

xxviii

Page No
186

187

193

194

195

201

203

205

206

208

209

210
211

212
213



Figure No
7.11

7.12

7.13

7.14

7.15

7.16

7.17

7.18

7.19

7.20

7.21

1.22

7.23

7.24

Figure legend

Dose dependent study of anticoagulant activity of
RVVB-PLA,;-I (Ca-clotting time)

Effect of pre-incubation time on anticoagulant
activity of RVVB-PLA;-I (Ca-clotting time)

Gas  chromatographic  analysis of plasma
phospholipids hydrolysis by RVVB-PLA,-I

Interaction of RVVB-PLA,-I1 with different
phospholipids

Interaoction of RVVB-PLA;-I with PC in presence
of Ca**

Interaction of RVVB-PLA,-I with the blood
coagulation factor Xa

Fluorescence spectra showing interaction of
RVVB-PLA,-I with activated factor Va,
prothrombin and thrombin

Generation of thrombin from prothrombin by Xa in
presence and absence of RVVB-PLA,-I

The inhibition of prothrombin activation as
analyzed by 15% SDS-PAGE

Effect of RVVB-PLA,-I on erythrocytes enriched
with different phospholipids in presence or absence
of 1.5 mM calcium

Loss of activity (catalytic and anticoagulant) of
RVVB-PLA,-I post storage of 28 days at 4 °C

Dose dependent study of mitochondrial swelling of
RVVB-PLA,-I

Gas Chromatographic analysis of mitochondrial
membrane phospholipids hydrolysis by RVVB-
PLA,-I

Dose dependent study of erythrocyte membrane
phospholipids hydrolysis activity of RVVB-PLA,-I

XXiX

Page No
215

215

216

217

218

219

220

221

222

223

225

226

228

230



Figure No

7.25

7.26

7.27

7.28

7.29

7.30

7.31

7.32

7.33

8.1

Figure legend

Gas chromatographic analysis of erythrocyte
membrane phospholipids hydrolysis by RVVB-
PLA,-1

Binding of heat inactivated RVVB-PLA>-I with
mitochondrial membranes

Binding of heat inactivated RVVB-PLA>-I with
Erythrocyte membranes

Antibacterial activity study of RVVB-PLA»-I on B.
subtilis, E. coli and P. auregonosa

Cell cytotoxicity assay: showing the effect of
RVVB-PLA;-I on HT 29 cells at 4 h and 24 h
incubation

Light microscopic observation of the effect of
RVVB-PLA;-I on HT 29 cells

Light microscopic observation of the effect of
RVVB-PLA,-I on different organs of treated mice.

Immunodiffusion: No visible antigen (RVVB-
PLA,-I) -antibody precipitate band was observed

Effect of AIPLAI on the catalytic and anticoagulant
activity of RVVB-PLA,-1

The picture of membranes allows for lateral
heterogeneities, cluster and raft/domain formation
within the membrane plane

XXX

Page No

232

233

234

237

238

239

245

246

247

271



ABBREVIATIONS

Abbreviation Full form

pBPB p-bromophenacyl bromide

DTT Dithiothreitol

FA Fatty acid

FFA Free fatty acid

GC Gas chromatography

GC analysis Gas chromatographic analysis

1AA Iodoacetamide

i.p. intraperitoneally

PC Phosphatidylcholine

PLA» Phospholipase A,

PE Phosphatidylethanolamine

PS Phosphatidylserine

PMSF Phenylmethylsulfonyl fluoride

RVV Russell’s viper venom

TLCK N-a-p-tosyl-L-lysine chloromethyl ketone
TPCK Tosylphenylalanylchloromethyl ketone

XXXi



Thesis: “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell’s viper (Daboia russelli) venom”

CHAPTER 1

Introduction




Thesis. “Studies on anticoagulant phosphiolipase A2 engymes from Indian Russell’s iper (Dabota russelli) venom”

1.1 Introduction

Snakes, a topic of feared, revered, and often misunderstood, and have
been a source of legend and nightmare since time immemorial. Living snakes are
found in every continent except Antarctica, and in most islands. Fifteen families
of snakes are currently recognized, comprising 456 genera and over 2,900
species [1,2]. They range in size from the tiny, 10 cm-long thread snake to
Pythons and Anacondas of up to 7.6 metres (25 ft) in length. Snakes are
remarkable animals, successful on land, in the sea, in forests, in grasslands, in

lakes, and in deserts.

Snake venom is one of the most amazing and unique adaptations of
animal evolution. The evolution of snakes dates back to some 70 million years in
the Cretaceous period as fossils readily identifiable as snakes (though often
retaining hind limbs) first appear in the fossil record during the Cretaceous
period [3]. Since then, they independently evolved their own venom apparatus in
ophidian evolution, at the base of the Colubroidea radiation {4,5,6]. All the
known advanced snake species are venomous and most of them are found in the
superfamily Colubroidae that also includes the families Elapidae (incl.
Hydrophiidae; Cobras, Kraits, Coral Snakes, Sea Snakes) and Viperidae (Vipers
and Pit vipers) [6].

India has a vast potential and rich diversity of snake fauna, of which only
278 species have been identified [7]. Among those kraits (Genus: Bungarus),
coral snakes (Genera: Calliophis, Sinomicrurus), cobras (Genus: Ngja), king
cobra (Genus: Ophiophagus), sea snakes (Laticauda, Kerilia, Enhydrina,
Hydrophis, Lapemis, Astrotia, Pelamis), vipers (Daboia, Macrovipera, Echis)
and pit vipers (Gloydius, Hypnale, Trimeresurus, Protobothrops, Ovophis) are
venomous or, harmful to human beings [7]. The Indian subcontinent boasts of
housing approximately 10 percent of the total snake species found in the world

(www.iloveindia.com/wildlife/indian-snakes/index.html; 8, http://ildoutdoors.in/
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N
author/ admin/page/2). From warm seas to semi-deserts, swamps, lakes and even
the Himalayan glaciers, one can find snakes in almost all the habitats in India.
The snakes of India range from Worm Snakes, about 10 cm in length, to the
King Cobra, measuring up to 6 m. Russell’s viper, one of the deadliest snakes,
which is known by a number of other names, like Daboia, Tic Polonga, etc. It is
a highly poisonous snake of the Viperidae family, scientifically kﬁown as
Daboia russelli. The Indian Russell’s viper (Daboia russellr) feeds mainly on
rodents which are commonly associated with human habitations; it therefore is a
common cause of snake bite and many people die each year following bites by

this species.

Despite the harmful and life-threatening affects, snake venom has an
important place in scientific discoveries owing to the fact that venom toxins
provide highly specific research tools which may lead to the development of
novel life-saving medicines and drugs from venoms [9,10]. In recent years, the
subject of snake venom has been receiving much more interest from the
standpoint of biochemistry, toxicology, pathophysiology, pharmacology,

immunology and biomedical research.

Venomous snakebites can be deadly for victims as venoms are highly
toxic in nature. However research on snake venom proteins shows that they
contain natural components of medical importance, so that venom, one of
nature’s deadliest toxins, can be transformed into curative agents of various
diseases i.e., drugs [10]. Snakes use venom to alter biological functions, and
that's what medicine does too, this is why venoms have always been of interest
to medical researchers. Venoms are exquisitely complex, composed of as many
as a hundred different peptides, enzymes, and toxins. Not only are the venoms of
every snake species different, there are also subtle variations within each spegies.
There are differences between [venoms of] juveniles and adults, and even among
different geographic regions. These differences may be due to different

evolutionary pressures, like different ancestry, prey, and environments.
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1.2 Snake envenomation: The snakebite problem

Snake venom poisoning is a well-rounded examination of the many
facets of serpent life, including natural history, environmental considerations,
serum toxicology, clinical indications, legal concerns and even common
misconceptions and mythology. From time immemorial, people have gathered
pain and distress due to envenomation, as a result of which snakes and their
venoms have been shrouded‘with myth and superstitions. The health hazards to
children, agricultural workers and hunters, posed by venomous snakes in tropical
countries are very real, and it is perhaps understandable that, in countries where
snakebite is endemic, snakes and snake-like creatures are usually killed on sight.
This attitude will persist until the local people can be convinced of the crucial

ecological role of snakes in controlling rodents and other pests. "

Snake bite is a common medical emergency and the epidemiological
features vary from region to region. Snake envenomation is an occupational
hazard, more so in tropical India, where farming is a major source of
employment. There are approximately 3000 species of snakes in the world
known to date, out of which 410 species are poisonous to human [11,12,13]. It
has been estimated that 5 million snake-bite cases occur worldwide every year,
causing about 100,000 deaths [14]. On an average, nearly 2,00,000 persons fall
prey to snake-bite per year in India and 35,000-50,000 of them die every year
[15,16]. Snake bite is a neglected tropical disease and snakebite epidemiology is
not properly represented [17]. The true global incidences of envenomation and
their severity remain largely misunderstood [17], except for a few countries
where these accidents are rare or are correctly reported [18]. Very few countries
possess a reliable epidemiological reporting system capable of providing pregise
data on snakebites. Instead, scientific reports and publications have to be used to
assess the magnitude of the problem posed by snakebites. These data thus
obtained are generally more precise and reliable but often cover limited

geographical areas or deal with species aspects [19].
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1.2.1 Epidemiology of snakebite in Asia

Snake bite is a common and frequently devastating environmental and
occupational disease and one of the most neglected public health issues in poor
rural communities living in the tropics [20]. Because of serious misreporting, the
true worldwide burden of snake bite is not known. South Asia is the world’s
most heavily affected region [21], due to its high population density, widespread
agricultural activities, numerous venomous énake species and lack of functional
snake bite control programs [22,23]. Despite increasing knowledge of snake
venoms’ composition and mode of action, good understanding of clinical
features of envenoming and sufficient production of antivenom by Indian
manufacturers, snake bite management remains unsatisfactory in this region
[22]. Field diagnostic tests for snake species identification do not exist "and
treatment mainly relies on the administration of antivenoms that do not cover all
of the important venomous snakes of the region. Care-givers need better training
and supervision, and national guidelines should be fed by evidence-based data
generated by well-designed research studies. Poorly informed rural populations
often apply inappropriate first-aid measures and vital time is lost before the
victim is transported to a treatment centre, where cost of treatment can constitute
an additional hurdle [24]. The deficiency of snake bite management in South
Asia is multi-causal and requires joint collaborative efforts from researchers,
antivenom manufacturers, policy makers, public health authorities and

international funders [22,23].
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Table 1.1: Frequency and statistics of snakebite (Global evaluation of

snakebites).
Landmasses Population  Total number No. of No. of
(x106) of bites envenomations  fatalities
Europe 730 25000 8000 30
Middle East 160 T 20000 15000 100
USA and Canada 310 45000 6500 1S
Central and South 400 300000 150000 5000
America
Africa 760 1000000 500000 20000
Asia 3500 4000000 2000000 100000
Oceania 20* 10000 3000 200
Total 5840 5400000 2682500 125345

* Population at risk

Source: indjst.org/archive/vol.2.issue.9-10/oct09meenakshisun-30.pdf

1.2.2 Epidemiology of snakebite in India

South Asia is by far the most snakebite affected region [19,21]. India has
the highest number of deaths due to snake bites in the world with 35,000-50,000
people dying per year according to World Health Organization (WHO) direct
estimates [7,19,21].
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Russell’s viper is the major cause of snakebite morbidity and mortality in
many Southeast Asian countries including Thailand, Myanmar, India, Sri Lanka,
China, Taiwan, and Indonesia [25]. The problem is particularly severe and acute
in the eastern zone of India. An analysis of the snakebite cases in eastern India .
reveals that death toll from Russell's viper envenomation is highest in the

Burdwan district of West Bengal [26,27], where 1301 deaths occur per year [28].
1.2.3 Epidemiology of snakebite in other countries

In Pakistan, 40,000 bites are reported annually, which result in up to
8,200 fatalities [21,29]. In Nepal, more than 20,000 cases of envenoming occur
each year, with 1,000 recorded deaths [30]. Sri Lanka is one of the highest-risk
countries in terms of snakebite fatality [31] with about 37,000 poeple suffering
from snakebite every year [32]. A postal survey conducted in 21 of the 65
administrative districts of Bangladesh estimated an annual incidence of 4.3 per
100,000 population and a case fatality of 20 % [33]. However, existing
epidemiological data remain fragmented and the true impact of snake bites is
very likely to be underestimated. Surveys in rural Sri Lanka showed that hospital
data record less than half of the deaths due to snakebite [31,32]. In Nepal, a
review of district hospital records showed that national figures underestimated
the incidence of snake bite by one order of magnitude [34]. The highest figures
reported in Asia so far come from a community-based survey conducted in
southeast Nepal in 2002, which revealed annual incidence and mortality rates of
1,162/100,000 and 162/100,000, respectively [35]. Figures of a similar
magnitude were recently also obtained in a nation-wide community-based survey
in Bangladesh [22]. In Thailand, the incidence of snakebites is estimated at 13

per 100,000 persons and the death rate is 0.04 per 100,000 persons [36].

Snakebites are more frequent in young men, and generally occur on lower
limbs. The incidence of snake bites is higher during the rainy season and during

periods of intense agricultural activity [37]. Snake bite incidence and mortality
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also increase sharply during extreme weather conditions such as floods. Viperid
snakes are represented by 26 species belonging to the true vipers (subfamily
Viperinae) and pit vipers (Crotalinae). Among the true vipers, Russell’s viper
(Daboia russelii) is associated with the highest morbidity and mortality [22]. In
Anuradhapura District of Sri Lanka, up to 73 % of all admitted snake bites are
attributed to this species [38] whose distribution extends from north to the Indus
valley of Pakistan and Kashmir, to the foothills of the Himalayas in Nepal and

Bhutan and to Bangladesh in the east [22].

1.3 Indian Russell’s viper (Daboia russelli): Systematic classification and

distinctive features

v

Fig 1.1: Indian Russell’s viper on the move

[Source: http://www.treknature.com/gallery/photo98478.htm]|

——————— e
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1.3.1 Systematic classification

Phylum : Chordata
Group : Vertebrata
Subphylum : Gnathostomata
Class : Reptilia

Subclass : Diapsida
Order : Squamata
Suborder : Ophidia
Infra order : Xenophidia
Family : Viperidae
Subfamily : Viperinae
Genus : Daboia

Species : russelli
1.3.2 Distinctive features

Medium-sized to large; strongly keeled scales; distinctive bright chain
pattern; large triangular head. The bright symmetrical spots on Russell’s viper's

backs make them easy to recognise [39].
1.3.3 Description

Russell’s Vipers are heavy, rough-scaled snakes with vertical eye pupils
and generally a very bright pattern. The body colour is usually brown or
yellowish and the pattern is composed of dark, round spots edged with white and
black [7]. The underside is white in the western, partly speckled in the south-
eastern and heavily speckled in the north-eastern race. Colour variation is
common, and the best recognition characters are the short, fat body, the

e e o —
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triangular-shaped head and very regular chain like pattern [7]. Russell’s vipers
resemble the fat, harmless common sand boas which however have shorter and
blunter tails and irregular body patterns (http://www.goa-
world.com/goa/rahulsnakepit/Snakes How to catch, take care and release

3

snakes.htm). Russell’s Vipers are one of the “Big Four” dangerous snakes of
India [39.40]. Average length of Daboia russelli is about 120 ¢cm (4 ft) and

grows to a maximum length of 166 cm (5.5 ft) [39].
1.3.4 Fang structure of Viperidae snakes including Russell’s viper

Many advanced snakes use fangs- specialized teeth associated with a
venom gland [4, 41] to inject venom into prey for immobilization or attacker for
self defence. Various front- and rear-fanged groups are recognized, according to
whether their fangs are positioned anterior (for example cobras and vipers) or
posterior (for example grass snakes) in the upper jaw [42.43.44]. Fangs can
occupy various positions on the upper jaw, but are always located on the maxilla

and never on any other tooth-bearing bone [45].

Fig 1.2: Fangs and venom secretion of Russell’s viper

Sources:
a. http://en.wikipedia.org/wiki/File:Russel%27s Viper Fang and Venom.jpg

b. http://www.flickr.com/photos/42573699@N03/3972411624/in/photostream/

e ———————
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The fangs of a viper, however, unlike those of a cobra, are hinged and
movable. A sheath and muscles fold the fangs along the jaw and swing them into

position when the snake wants to use them [46].

1.3.5 Distribution

Daboia russelli is found in Asia throughout the Indian subcontinent (hills
and plains throughout India found upto 3.000 m above sea level). much of
Southeast Asia including Sri lanka, Pakistan, Myanmar. Southern China and

Taiwan [47]. It has been found 2756m (9040ft) above sea level [7].

Fig 1.3: Russell’s viper habitat in South-east Asia including India.

[Source: http://danger.mongabay.com/survival/afim/e.html]
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The snake was classified into 5 sub-species based on the differences of
coloration and markings, Daboia russellii russellii (India and Pakistan), Daboia
russellii pulchella (Sri Lanka), Daboia russellii siamensis (Thailand, Myanmar
and China), Daboia russellii formosensis (Taiwan) and Daboia russellii limitis
(Indonesia) [25].

[

1.3.6 Pathophysiological and clinical symptoms of Russell’s viper

envenomation in human victims

In South East Asia, Russell's viper is responsible for more snakebite
deaths than any other venomous snake (http://www.iloveindia.com/
wildlife/indian-snakes/russels-viper.html). It is highly irritable and when
threatened, coils tightly, hisses, and strikes with lightning speed
(http://www.iloveindia.com/wildlife/indian-snakes/russels-viper.html). ~ While
sluggish most of the time, the snake will strike and hold on when objects come
into effective biting range (http://www.engin.umich.edu/~cre/web_mod/
viper/introduction_2.htm). On average an adult Russell’s viper may inject 225-
250 mg of venom to its victim (personal communication to Prof. A.K.
Mukherjee from Mr. D. Mitra, in-charge, Calcutta Snake Park, Kolkata) and the
effects begin. Its hemotoxic venom is a very potent coagulant, which damages
tissue as well as blood cells. There are two times during the year when‘the
number of bites increase, these correspond with the times when the rice fields
are being planted and harvested (http://www.engin.umich.edu/~cre/web_mod/
viper/introduction_2.htm). Once bitten, people experience a wide variety of
symptoms including pain, swelling at the bite area, blistering, vomiting [48],
dizziness, systematic bleeding/blood incoagubility [27] and kidney failure [49].
The severity of the symptoms depends on the age and the size of the victim. The
snakes live in the rice fields, many farmers are bitten and their rural location
hinders them from seeking immediate medical attention. Therefore, study on the

effect of snake venom on blood clotting mechanism would lead to a better

understanding on_how does the venom interferes with the normal haemostasis of
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victim; and this knowledge in turn will further be useful in the proper treatment

of envenomed patients.

Depending on the zoogeographic origins of Russell's vipers, their venom
composition may vary [27,50-53], as a result of which _Russell's viper
envenomation displays a fascinating variation in the clinical manifestation
[27,38,50,52,54]. For example, Russell'é viper patients in Sri Lanka develop
features of neurotoxicity [27,55,56] whereas in Burma, patients exhibit increased
capillary permeability and facial edema [25,52]. The patients from eastern India
(Burdwan district of West Bangle) develops the symptoms such as hypotension,
shock, etc. which develop as a consequence of increased vascular permeability,
vasodilation and cytotoxicity which are due to the presence of basic PLA,,
proteases [25,27,57] and ATPase [58] in Russell’s viper venom (RVV). .The
majority of the deaths from Russell's viper bite in Burdwan are attributed to
prolonged blood coagulation time, renal failure and intravascular hexholysis [27].
Incoagulable blood is caused by deﬁbrination resulting from consumption of the
components of the haemostatic system [25,27]. This may lead to bleeding
causing haemostasis and haemoptysis of Russell's viper bite victims. Therefore
once the patients’ blood has become defibrinated and incoagulable, the activity
of hemorrhagins, which damage the vascular wall endothelium [59], may lead to

spontaneous systematic bleeding from vital organs [25].

Introduction Page 12



CENTRAL LIBRARY, T. U

|

i
L

Thesis. “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell's viper (Daboia 1 veront

Table 1.2: Clinical features of Russell's viper envenomation in Burdwan,

eastern India (Source: Mukherjee et al., 2000 [27]).

Parameters Percentage of patients exhibiting the symptoms
Edema 100
Intravascular hemolysis 86
Haematemesis 73
Haematuria 86
Haemoptysis 67

Renal failure 23

Hypotension 42
Convulsion 11

1.4  Snake venom: In a broad-spectrum concern

Venom is a prey-immobilizing substance in snakes that is used
secondarily as a defence system. Since venoms serve in both immobilization and
digestion, they have evolved to have a strong balance in their toxic and digestive
components. Snake venom contains a large number of biologically active
proteins and polypeptides that are usually similar in structure but not identical to
that of prey physiological systems. These molecules are produced by specialized

glands, which are evolutionarily related to salivary glands, and are toxic to prey

[4].

The snake venom is slightly acidic in nature and specific gravity ranges
from 1.03 to 1.07. The relative viscosity of snake venom varies from 1.5 to 2.5.
The solubility of Viperidae venom in water is much lesser than that of Elapidae

and solubility of all venoms increase in physiological saline [60].
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Almost all venoms are composed of approximately 90-95 % proteins and
polypeptides, including amino acids, nucleotides, free lipids, carbohydrates and
other 5 % composed of non proteins part [5,6,61,62]. More than 20 enzymes
have been detected in snake venoms, and 12 are found in all venoms, although
their level differs markedly [63]. The enzyme levels of viperid and crotalid
venoms fall in the range 80 to 95 % of the total dry matter, whereas the
corresponding range for elapid venoms is 25 % to 70 % [64]. The enzyme

content of hydrophid venoms is at the lower end of the elapid range.

Snake venoms is complex mixtures of enzymatic and non-enzymatic
toxic proteins including phospholipases A, —myotoxins, hemorrhagic
metalloproteases and other proteolytic enzymes, coagulant components,
neurotoxins, cytotoxins and cardiotoxins, among others [65]. Ophidian
envenomations are characterized by prominent local tissue damage, i.e.
hemorrhage, necrosis and edema, alterations in the blood coagulation syster; as
well as systemic neurotoxic effect. Additive or synergistic effects of active
enzymes and toxins present in the venoms are responsible for this complex

pathological picture [66-68].

Snake venom protein constituents may present different biological
activities that affect physiological process of their prey such as
neurotransmission, the complement system and homeostasis [9,12,69]. These
venoms can act in more than one system at the same time and they may present
antigenic effect [69,70]. Viperidae family venom molecules are good examples,
such as in homeostasis, where they act as pro- and anticoagulant factors, and also
inducers and inhibitors of platelet aggregation [69,71,72]. Due to their diversity,

the proteins from the Viperidae. family members are classified as:
a) Serine proteases,

b) Metalloproteases,
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¢) Phospholipase A; (PLA»),
d) C-type lectins, and
e) Disintegrins.
However, only the initial three groups display enzymatic activity [61,71].

Phospholipase A, (PLA;s) are described as responsible for some ofithe
envenomation symptoms, which involve not only the hemostatic system, with an
anticoagulant and an antiplatelet profile, but also inflammatory and myotoxic
effects [73]. Local inflammation and pain are important features of Viperidae
and Elapidae snakebite envenomations that are rich in myotoxic nociceptive

events induced by PLA, [73].

1.4.1 Variation in snake venom composition and its impact on

pathogenesis

Variation in venom composition is ubiquitous among venomous snakes,
occurring at all taxonomic and biological levels [74]. Although it is generally
accepted that the primary function of snake venom is to facilitate immobilization
and/or digestion of prey, the extent to which adaptive processes drive the
evolution of snake venom diversity has been widely debated. Several authors
have supported an ‘overkill’ hypothesis of venom evolution, which postulates
that, due to the apparent high toxicity of many snake venoms and the large doses
injected, variation in venom composition is unlikely to be subject to natural
selection for lethality to prey, and that venom diversity largely results from
neutral evolutionary processes [75,76]. By contrast, other authors argue that
snake venom composition is subject to strong natural selection, and that venom

diversity results from adaptation to specific diets [77,78].

Snake venom composition may exhibit variations associated with the

geographical origin, habitat, seasonal variation, diet, age and gender [74,79-81].
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This variation plays an important role in pathophysiological symptoms following
snakebite and deserves medical concern. Due to the variation in venom
composition, the pathogenesis developed after a bite is complex in nature. It is
not only dependent on the qualitative composition of venom, but also on the
quantitative distribution of different components of particular venom [25,82,83].
Therefore, biochemical characterization of snake venom from a particular
geographical location is of great importance to know the pharmacological,

toxicological and clinical action of envenomation [83].

It has been well documented that this variation in venom composition
significantly affects the neutralizing capacity of antivenom as well [84).
Therefore, the variation in the venom composition should be given proper
consideration while producing antivenom, because the antivenom raised against
the venom of one population of snake may be less effective against the venom of
another population of snakes, which may be of the same species of snakehbut
from a different geographical location [85]. The clinical manifestations of
Russell’s viper bites differ in each geographic region [10,25,86]. Variation in
venom composition may explain the diversity of signs and symptoms in RV bite

victims.

1.4.2 Snake venom phospholipase A, (PLA;) enzymes: Classification,

structure and functions

Among the snake venom enzymes, Phospholipase A, (EC: 3.1.1.4) are
the most fascinating group of proteins due to their pivotal role in inducing
various pharmacological effects on snakebite victims, despite similarity in
primary, secondary and tertiary structures and common catalytic properties
[87,88]. The first PLA, enzymes were purified from the venom of Naja naja and
Naja tripudians and were named as hemolysins due to their ability to
haemolysed red blood cells indirectly [89]. Since then, hundreds of snake venom

PLA, enzymes have been purified and characterized. To date, amino acid
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sequence of over 300 PLA, enzymes have been reported from snake venom.
PLA; enzymes share 40 to 99 % identity in their amino acid sequences and
hence significant similarity in their three-dimensional folding [90,91]. However,
they differ greatly in pharmacological properties [92]. Thus, the functional
differences among PLA» enzymes cannot be easily correlated to their structural

differences.

The structure-function relationship and the mechanism of this group of
small protiens are subtle, complex and intriguing challenges to biochem?sts,
molecular biologists, toxinologists, pharmacologists and physiologists. They
occur ubiquitously in nature as both intracellular and extracellular forms and
human pancreas and snake venom are the richest source of PLA, enzymes [93].
In general, mammalian PLA, enzymes are non toxic and do not induce potent
pharmacological effects. In contrast, snake venom PLA; enzymes are among the
major toxic proteins of the venom and play an important role in immobilization
and capture of prey [91]. In addition to the digestion of prey, PLA, exhibit wide
varieties of pharmacological effects such as neurotoxicity, cardiotoxicity,
myotoxicity, necrotic, anticoagulant, hypotensive, hemolytic, haemorrhage and
edema inducing activities [94-99]. This diverse pharmacological profile has been
acquired through an accelerated evolutionary process [100,101]. A single venom
including RVV may contain several isoforms of PLA, which are acidic, basic or,
neutral in nature [50], and each PLA, may exert different pathophysiological
effects by different mechanisms in snakebite victims [27,97,102]. In general,
PLA; enzymes and their complexes are among the most toxic and potent
pharmacologically active components of snake venoms. Therefore, much effort
has been put into characterization of snake venom PLA; enzymes, and they are
the best studied families of snake venom proteins [93]. A high degree of
homology in the amino acid sequence and enzyme active sites has been
displayed by diversity of snake venom PLA,. There is a dearth of knowledge on
the biochemical basis of diversity of Phospholipase A, enzymes [103].
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Among the different isoenzymes of PLA,s present in RVV, basic
phospholipase A, is much more toxic as compared to acidic or, neutral PLA; and
contributes significantly to the toxicity of venom [50,83]. Indian Russell’s viper
venom has been reported to contain as many as 13 isoenzymes [27]. Although
different PLA; enzymes from Daboia russelli venom have been purified and

characterized [102,104-107] but till date not much information are available

regarding the mechanism of anticoagulant action of PLA, enzymes from Daboia

russelli venom of Indian origin.

Circulatory system is one of the physiological systems targeted by
anticoagulant PLA5s of snake venom [108]. Mukherjee et al. [27] have reported
that most of the death from Russell’s viper envenomation in eastern India is
attributed to prolonged blood coagulation time of victims. Venom PLA»s most
likely affect blood coagulation through hydrolysis of and/or binding to
procoagulant phospholipids [109]. Strongly anticoagulant PLA, enzymes also
affect blood coagulation by mechanisms that are independent of phospholipid

hydrolysis [108]. However, the mechanism of anticoagulant action of RVV

PLA, enzymes has still remained obscure. Studies on such anticoagulants

contribute to our understanding of ‘vulnerable’ sites in the coagulation cascade
which may further help us to design novel strategies to develop anticoagulant
therapeutic agents and new functional diagnostic test kits in the field of
hemostasis [108,110].

1.4.2.1 Classification of Phospholipase A, (PLA;) enzymes

Balsinde et al [111] classified PLA> enzymes based on their properties
into three main types: Secretory PLA,, cytosolic Ca®* dependent PLA, and
intracellular Ca®* independent PLA,. Kini [93] has classified PLA, enzymes
depending on their structure and mechanism of catalysis. Intracellular and
secretory PLA, enzymes have been classified into fourteen groups based on

various parameters such as structure, amino acid sequence, catalysis, and
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expression [112]. A number of new PLA, enzymes are being discovered, and
this superfamily has been expanding rapidly. PLA; enzymes that share high
sequence homology are classified under the same group. The active site of these
enzymes has a histidine residue, and they share a common mechanism for
cleaving the sn-2 ester bond of phospholipids [113]. However, based on the
amino acid sequence, three dimensional structure, and disulfide bonding patt\ern,

snake venom PLA, enzymes fall under Group I and II [114].
Group I PLA; enzymes

This group of PLA» enzymes is found in the mammalian pancreas and in
venoms from elapid and colubrid snakes. Cobra venom PLA; enzymes were the
first to be characterized under this group. These enzymes typically contain 115-
120 amino acids residues with 7 disulfide bridges, and the disulfide bond
between the 11th and 77th Cys residues is unique to this group. This group is
further subdivided on the basis of characteristic surface loop present in snake

and mammalian PLA, enzymes [91].

1. Group IA: Group I PLA; enzymes in snake venoms have a characteristic
surface loop called the elapid loop that connects the catalytic a-helix and
the B-wing. In general, most of the elapid venom PLA, enzymes belong

to this group [91].

2. Group IB: In mammalian PLA, enzymes, there is an additional five
amino acid residue extension, which is called the pancreatic loop (residue
62-67). This group of PLA, enzymes are mainly found in mammalian
pancreas. However, Group IB enzymes have also been reported in some
snake venoms, such as Oxyuranus scutellatus [115), Pseudonaja textilis
[116], Notechis scutus [117], Ophiophagus Hannah [118] and Muicrurus
frontalis frontalis [119]. These enzymes are found abundantly in the
pancreatic juice, where they have an important digestive role towards

dietary phospholipids [91].
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Figl.4: Classification of Phospholipase A; enzymes (Schaloske and Dennis, 2006). s-PLA;: secretory PLA,; c-PLA: cytosolic PLA,; PAF-
AH PLA;: platel€t activating factor acetylhydrolase PLA,.
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Group II PLA; enzymes

PLA, enzymes from Viperidae and crotalidae snake venoms fall under
group II. These enzymes contain 120-125 amino acid residues and 7 disulfide
bridges. They lack the pancreatic or elapid loop and differ from Group ! in
having an extended C-terminal tail. The 133™ cysteine residue near the active
site is unique to Group II. Most of the enzymes in this group contain an aspartate
residue in position 49 which is critically involved in the binding of Ca** and thus
known as Asp-49. In some enzymes, it is replaced by lysine, serine, asparagines
or, arginine. Therefore, this group can be classified as K49, S49, N49 or, R49
[91].

1.4.2.1.1 Classification of PLA; enzymes depending on their ability to

prolong blood clotting time

The anticoagulant activity was first attributed to venom PLA; enzymes
by Boffa and Boffa in the year of 1976 [120]. PLA, enzymes have been
classified into three groups depending on their anticoagulnat potency viz. strong,

weak and nonanticoaguinat enzymes [121,122].
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Anticoagulant phospholipase A; enzymes

Strong anticoagulant
phospholipase A; enzymes

(Inhibit blood coagulation at a
concentration of ~2 pg ml™)

v
Weak anticoagulant
phospholipase A; enzymes

(Inhibit blood coagulation at a
concentration of 3-10 pg ml™') v

Non anticoagulant
phospholipase A; enzymes

(Inhibit blood coagulation at a
concentration of 15 pug ml™")

Fig 1.5: Classification of anticoagulant phospholipase A, enzymes of snake

venom on the basis of their anticoagulant potency [121,122].

A) Strongly anticagulant PLA; enzymes, inhibit blood coagulation at low
concentrations (~2.0 pg ml™). They include Naja nigricollis (basic), N.
m. mossambica (CM-III), Vipera berus orientale, D. russelli,
Agkistrodon halys blomhoffi (basic), and Crotalus durissus terrificus

(basic subunit of crotoxin) enzymes [122,123].

B) Weakly anticoagulant PLA, enzymes, showed anticoagulnat effetcts
between 3.0 and 10.0 pg ml'. Naja mossambica (CM-II), Naja
nigricollis (acidic), A. halys blomhoffi (neutral), Enhydrina schistosa
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(myotoxin) and Oxyuram}s scutellatus (taipoxin) belong to this group
[122,123].

C) Non anticoagulant enzymes, there is another group of PLA; enzyines
which have little effect on the clotting times even at concentrations
higher than 15.0 pg ml". This gro/up includes N. m. mossambica (CM-I),
N. naja, N melanoleuca (DEI and DEIIL), 4 halys blomhoffi (acidic),
Hemachatus hemachatus (DEL), Bitis gabonica, Crotalus admanteus, C.
durissus terrificus (crotoxin), Vipera aspis (V. aspis B), Notechis
scutatus (notexin and II-5), and Bungarus multicinctus (B-bungarotoxin)
[122,123].

1.4.2.2 Structure and mechanism of action of snake venom phospholipase

A; enzymes
1.4.2.2.1 Structure of snake venom PLA, enzymes

Snake venom PLA, enzymes are small proteins (~13-14 kDa) with 115-
133 amino acid residues. They have fourteen conserved Cys residues that form
seven disulfide bridges 'and stabilize the tertiary structure [124]. PLA; enzymes
consist of three major a-helices and two antiparallel -sheets, which are held
together by disulfide bridges. The conserved structure in PLA, enzymes are the
N-terminal helix, calcium binding loop, antiparallel helix, active site and B-wing.
The N-terminal segment of PLA, enzymes has a highly censerved network of
hydrogen bonds and stabilizes the adjacent -sheet [124]. Some PLA; enzymes
that retain the N-terminal propeptide (8-mer) lack the catalytic activity, similar
to the precursor of pancreatic PLA, enzymes. The N-terminal helix between
residues 1 and 12 contributes significantly to the hydrophobic channel. The side
chains of the residues in the helix form the opening of the channel, especially
from the 2™ 4™ 5™ and 9" residues. The side chain of the 4™ residue is

functionally important, as it anchors the N-terminal helix to the enzyme [124].
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Ca* is the most important cofactor for catalysis. During catalysis, Ca®*
binds to the enzyme at the conserved Ca>* binding loop that lies between
residues 25 and 33 with a consensus sequence. The oxygen atom from Asp49,
along with three carbonyl oxygen atoms and two water molecules, form the
pentagonal bipyramidal cage for Ca>* [125]. Two long helices (from residues 37
to 54, known as catalytic helices, and from residues 90 to 109) are oriented
antiparallel and held together by disulfide bridges. The conserved side chains of
these helices assist in the coordination of the primary Ca®* and form the deeper
contour of the hydrophobic channel [90]. His 48 is the crucial active site residue
that is responsible for the catalysis and is supported by hydrogen bonds from
Tyr52 to the side chain of the opposite helix (Asp99). This network, together
with close coupling of Asp49 and His48, defines the active geometry of PLA,
enzymes. All PLA, enzymes have two distinct B-sheets that form the B-wing.
This B-wing connects the major helices and protrudes out from the main
structure into the solvent. The extended C-terminal end is the characteristic
feature of Group II PLA; enzymes and is cross-linked to the main structure by
two disulfide bridges [126].

e e ]
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Fig 1.6: This figure shows the Stereo view of the main chain_of the Russell's

viper toxin (RVV-VD) which represents the secondary structure features of class

I/l PLA,s [127]. The structural data indicate that snake venom PLA, enzymes
share strong structural similarity to mammalian pancreatic as well as secretory
PLA, enzymes. They have a core of three major a-helices [A (residues 1-14), C
(residues 39-54) and E (residues 92-108)] with two short a-helices [B (17-22)
and D (58-66)], a distinctive backbone loop that binds catalytically important
calcium ions (residues 25-37), and two strands of an antiparallel B-sheet
(residues 74-85) follow. The C-terminal segment forms a semicircular ‘banister’,
particularly in viperid and crotalid PLA; enzymes, around the Ca**-binding loop.
The loops and most of the secondary structure elements are firmly attachesl to

each other through a network of seven disulfide bridges.
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1.4.2.3 The catalytic mechanism of snake venom PLA; enzymes

PLA, enzymes are esterolytic enzymes which are unique calcium-
dependent hydrolytic enzymes that are highly water soluble and hydrolyze
water-insoluble phospholipids, liberating free fatty acids and lysophopholif)ids
[128]. They hydrolyze phospholipids in different phases, such as monomeric,

miceller, or lipid bilayer phases.

Phospholipase A, preferentially catalyzes reactions at interfaces which is
known as “interfacial catalysis”. PLA, contains a hydrophobic channel that
provides the substrate with direct access from the phospholipids aggregate
(micelle or, membrane) surface to the bound enzyme’s active site. Hence, on
leaving its micelle to bind to the enzyme, the substrate need not become solvated
and then desolvated. In contrast, soluble and dispersed phospholipids must
surmount these significant kinetic barriers in order to bind to the enzyme. In
2006, Winget and co-workers [126] proposed a model for interfacial catalysis of
venom PLA, enzymes. According to that model, the enzyme (E) binds to the
substrate (S) at the ineterface as the E* form. The enzyme-substrate (E*-S) is the
interface-bound form. An additional anion activating step occurs at this stige,
where an anionic phospholipid interacts at the interface of the enzyme, forming
the E*-S* complex. Once activated, the PLA; can catalyze the formation of the
enzyme-product (E*-P) complex and then release the product. After release of
the product, the E* diffuses in a scooting mode to bind another substrate (S*) for

the next cycle of catalysis [129].

The active site of the PLA; molecule is a semicircular cavity at the end of
the hydrophobic channel (Fig 1.7). It consists of four residues: Hisd8, Asp49,
Tyr52 and Asp99. A conserved water molecule plays an essential role in the
catalysis and is connected to the side chains of the active site residues His48 and
Asp49 through hydrogen bonds [130].
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Fig 1.7: The catalytic network in PLA; enzyme is showing the above figure.
OW indicates a water molecule oxygen atom which serves as the nucleophile.
The dotted lines indicate hydrogen bonds. There are three main alpha helices: N-
terminal helix H1 (residues 2-12), helix H2 (residues 40-45) and helix H3
(residues 90-108). The alpha helices H2 and H3 are antiparallel and are at the

core of the protein [130].

The mechanism by which PLA, enzyme hydrolyze the phospholipid
involves the highly specific interaction between the active site histidine, the Ca”*
cofactor, conserved water, and the glycerophospholipid substrate. His48 is
conserved in sPLA, enzymes, and its role in phospholipid hydrolysis has been
confirmed by chemical modification using p-bromopheacyl bromide (p-BPB)
[131,132]. During catalysis, His48, assisted by Asp99, polarize the bound water
molecule, which then attacks the s»#-2 bond of the bound phospholipid to form a

tetrahedral oxyanion intermediate [90.91]. An alternative mechanism has also

e —————————————er
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been proposed, whereby two more water molecules are involved in the formation
and breakdown of the tetrahedral intermediate [133]. In both the mechanisms,
Ca®" ion, coordinated by the oxygen atom of Asp99, serves as an electrophile
during catalysis [90,133,134]. Overall, catalysis by sPLA, enzymes can be

summarized [135] as follows: .
1. Binding of Ca®" and substrate;

2. General base-mediated catalysis;

3. Formation and breakdown of tetrahedral intermediate, and

4. Release of the reaction product [135].
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Fig 1.8: An example of mechanism of action of phospholipase A, enzymes

1.4.2.4 Mechanism of action of snake venom anticoagulant PLA;s on blood

coagulation

Circulatory system is one of the key physiological systems targeted by
anticoagulant PLA,s from snake venom (Kini, 2006). Most of the death from
Russell’s viper envenomation in eastern India is attributed to prolonged blood
coagulation time of victims [27]. Since plasma phospholipids play a crucial role

in the formation of several coagulation complexes; therefore, it might be
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endorsed that the obliteration of phospholipid surface by venom PLA5s could be
the primary mechanism to account for their anticoagulant effect [93]. In most
cases, PLA,s affect blood clotting through the hydrolysis of pro-coagulant
phospholipids or by binding to them. Other PLA, are described as weak
anticoagulant enzymes and inhibit the extrinsic complex. The anticoagulant
activity of some PLA,s was shown to be dependent on the presence of
phospholipids [136], whereas some other PLA»s can inhibit prothrombinase
complex independently from the presence of phospholipids. Furthermore, some
of the PLA5s can bind to blood coagulation factors and thus can inhibit the factor
from its normal role in clotting activity [108]. Generally, strong anticoagulant
PLA,s from snake venom interact with blood coagulation factor X or, Xa "and
thereby, inhibiting the formation of prothrombinae complex which is the most

important step of the blood coagulation system (Fig 1.9).
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Fig 1.9: Effect of snake venom anticoagulant PLA; enzymes in different stages of the extrinsic pathway of blood coagulation.

Introduction Page 30



Thesis: “Studies on anticoagulant phosphiofipase A2 ensymes from Indian Russell's viper (Dabota russell) venom”

1.4.2.5 Pharmacological properties of snake venom PLA; enzymes

Snake venom PLA, enzymes exhibit a wide variety of pharmacological
effects despite their similarity in primary, secondary, and tertiary structures such
as neurotoxicity, myotoxicity, cardiotoxicity, anticoagulant effects, platelet
aggregation initiation, platelet aggregation inhibition, hemolytic activity,
hemoglobulinurea-inducing activity, internal hemorrhage, convulsant activity,
hypotensive activity, edema-inducing activity, organ or tissue damage (Liver,
kidney, lungs, testis, pituitary damage), cell migration and cell proliferation, and

bactericidal activity.

Most of the PLA, enzymes are devoid of direct hemolytic activity
[137,138]; however, in presence of exogenously added phospholipids, they
exhibit potent hemolytic activity that is due to the hydrolysis products namely,
lysophospholipid and free fatty acids, which are lytic by themselves [139,140].

Snake venom PLA; enzymes are also known to inhibit blood coagulation.
These anticoagulant PLA, enzymes are classified into strong, weak and non
anticoagulant enzymes, depending on the dose required to inhibit the blood
coagulation [120,122]. Strong anticoagulant PLA; enzymes inhibit the activation
of factor X to Xa by both enzymatic and non enzymatic mechanisms, and they
inhibit the activation of prothrombin to thrombin by non enzymatic mechanism
[141-143]. On the other hand, weakly anticoagulant PLA> enzymes inhibit the
activation of factor X to Xa by an enzymatic mechanism, and they do not inhibit

the activation of prothrombin to thrombin [141}.

Both lethal and non-lethal PLA; from snake venom have been reported.
Basic PLA>s are reported to be more toxic and enzymatically less potent but the
acidic PLAjs are less toxic and enzymatically active [144], therefore the lethq‘lity

of snake venom PLA, cannot be correlated with the catalytic property [145].
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Although a variety of pharmacological effects are induced by PLA,
enzymes, not all the effects are exhibited by all PLA, enzymes. Each enzyme
exhibits a special effect. For example, B-bungarotoxin, a PLA; containing toxin,
induces a presynaptic effect [146], but fails to show any postsynaptic effect

- [147]. It also fails to induce myotoxicity [148] and anticoagulant effects
[121,122]. Thus, B-bungarotoxin appears to affect only the presynaptic site and
hence is ‘targeted’ to the presynaptic site. The example of Vipera russelli
isoenzymes provides a stronger indication of ‘targeting’. When the isoenzymes
are injected intraparitonially, they exhibit various toxic effects in experimental
animals: one specifically induces hemorrhage in liver and kidney [149], the
second damages the lungs, causing hemorrhage [102], whereas the third kills the
mice through neurotoxic symptoms [92]. This indicates the susceptibility of a
specific system, tissue or organ to a particular PLA, enzyme. Such susceptibility
can be explained by the presence of specific ‘target sites’ on the surface of target
cells or, tissues [94]. These target sites are recognized by speciﬁc
‘pharmacological sites’ on the PLA, molecule. These pharmacological sites are
independent of, but sometimes overlapped with the active site of the enzyme. It
was proposed that the target sites and pharmacological sites are complementary
to each other in terms of charges, hydrophobicity and van der Waal’s contact
surfaces; hence the high affinity [94]). High affinity between the target and
pharmacological sites determines the specific pharmacological effects of PLA;
enzymes. In some other cases, a single PLA, enzyme can exhibit several
pharmacological effects. For example, a basic PLA, from Naja nigricollis
venom exhibit anticoagulant effects along with cardiotoxicity, convulsant
activity, hemolytic activity and platelet aggregation inhibition [93]. In these
cases, their specific effect probably depends on the relative affinities between the

. PLA, enzyme and various target sites as well as the relative possibilities of

exposure to a specific site.
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1.5  Pharmacological Sites

PLA, enzymes bind to target proteins through their specific
pharmacological sites [94]. The presence of pharmacological sites is suppo;"ted
by chemical modification studies [131,150,151], studies using polyclonal and
monoclonal antibodies, and analyses of interaction of inhibitors [152,153].
Various chemical methods to modify specific amino acid residues have been
used to identify these structural features. Despite systematic efforts, it has been
difficult to pinpoint the residues or segments of PLA, enzymes which determine
the pharmacological effects. As an alternative, various laboratories have used

theoretical methods to identify specific pharmacological sites [92].
1.6  Anticoagulant Region

By a systematic and direct comparison of the amino acid sequences of
strong, weak and non-anticoagulant eﬁzymes, Kini and Evans [154] identified
the anticoagulant region to be between residues 54 and 77. The major difference
between the strong anticoagulant and weakly or non-anticoagulant PLA; is, the
replacement of the residues in the anticoagulant region. Negatively charged
Glu54 is replaced by neutral residue, positively charged Lys54 is replaced by
negatively charged Glu, uncharged Gly57 is substituted by negatively charged
Glu, positively charged Lys75 is replaced by Ser or, Thr, -and positively charged
Lys77 is replaced by negatively charged Glu or, Asp [155]. However, according
to Kini and Evans [155], not the overall basicity but the nature of the charge in
the anticoagulant site determines the anticoagulant potency of PLA; enzymes. In
strongly anticoagulant PLA, enzymes, the anticoagulant region is positively
charged, but negatively charged in weakly and non-anticoagulaﬁt enzyme. All
chemical modification studies have supported this prediction [108], as have site-

directed mutagenesis studies [156,157] and synthetic peptide studies [92,157].
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1.7  Importance of identification of pharmacological sites

The pharmacological sites of PLA, enzymes determine the affinity
between the PLA, and target proteins. The identification of pharmacological

sites helps in
(i) Understanding the structure-function relationships of PLA; enzymes,

(ii) Develobing strategies to neutralize the toxicity and pharmacological

effects by targeting these sites; and

(iit) Developing prototypes of novel research tools and pharmaceutical

drugs.

As these sites help in targeting the PLA; to a specific tissue or cell, they
act as ‘protein postal addresses’ which help in ‘delivering’ the specific PLA; to
the specific cell. These ‘addresses’ could be exploited to develop a delivery
system which is targeted to a specific tissue or cells. Since PLA; enzymes affect
almost every vital organ or tissue, one could get ‘addresses’ to many types of
cells and tissues. Such a possibility should provide a strong impetus for studying
structure-function relationships of PLA; enzymes and identification of more

pharmacological sites [91,92]. .
1.8 Purification of PLA, enzymes from snake venom

Occurrence of large number of isoenzymes in snake venom is a common
phenomenon. These isoenzymes exhibit different pharmacological effects and
often cause problems in purification and determination of their functional
specificity [93]. The enzyme preparation quality is very crucial for functional
characterization and structure-function studies. Snake venom is a mixture of
proteins that differ in their molecular weights as well as ionic charges. Among
these proteins, particularly PLA; enzymes, share the same molecular but differs

in ionic charges. Therefore, a combination of chromatographic steps should be
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used for their purification. During the purification of PLA; enzymes from snake

venom, two factors should be considered:

1.9

1.

PLA, enzymes exist as isoenzymes, and a single venom may contain
more than one isoenzyme. For example, Naja naja, Daboia russelli,
Trimeresurus flavoridis, Austrelaps superbus, and Pseudechis australis
venoms contain more than ten isoenzymes [158-162]. These isoenzymes
show similarities in their molecular weight, isoelectric point, and even in
N-terminal amino acid sequence, and therefore they might co-elute
during purification. Thorough/exact methods should be used in
determining the homogeneity of PLA, enzymes [161,163-165], and
sophisticated methods including capillary electrophoresis (high number
of theoretical plates) and high resolution mass spectrometry may be used

in determining the homogeneity of the preparation.

PLA, enzymes interact with each other or with other proteins to form
aggregates that are due to protein-protein interaction. In addition, PLA,
enzymes interact with other venom toxins such as cardiotoxins [166].

These interactions contribute significantly to the enzymatic and

pharmacological activity of PLA; enzymes. Therefore, a_combination of

different purification steps such as gel filtration followed by ion-

exchange or, vice-versa and reverse-phase HPLC should be employed.

Origin and evolution of PLA; genes

[y

Phylogenetic analysis of mammalian pancreatic and venom PLA, genes

reveals that they have a common origin from a nontoxic ancestral gene,

however, human and group I genes have followed a common pathway of

evolution [167], but group II PLA, genes evolved separately after species

diversification [168,169]. Typically genes encoding Group I PLA; enzymes are

about 4 kb, which follows a typical structural organization comprised of four

exons interrupted by three introns (which resembles the human pancreatic PLA,
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gene). However, the size of the intron 3 in the venom PLA; gene is smaller than
the pancreatic counterpart [167,170]. The smaller size of intron 3 is attributed to
adaptive evolution of snake venom PLA, enzymes, and intron 3 and 4 might
code for addition of pharmacological properties [167]. The characteristic feature
of the mammalian PLA, enzyme is the presence of pancreatic loop, which is
encoded by exon 3. In some snake venom PLA; enzymes this loop is present, for
example king cobra [118], Brazilian coral snake [119] and Australian elapid
venoms; however, it is absent from most of the other snake venom PLA,
enzymes. The loss of this loop has been interpreted as providing an adaptive.
advantage for the development of toxic properties among the venom PLA,
enzymes [171]. Therefore, it was postulated that with the loss of the pancreatic
loop from exon 3, additional toxicity and enhanced enzymatic activity has been
acquired by some snake venom PLA, enzymes [170]. In snake venom PLA,
enzymes, the loss of the pancreatic loop has followed a Darwinian type of
accelerated evolution, while the mammalian PLA, enzyme has undergone
natural evolution, retaining the pancreatic loop and showing a reduced rate of

mutation in gene [91].

~

Group II PLA; enzymes, though sharing similarities in catalytic activity,
are structurally different from Group [ enzymes. The gene organization of Group
II is also different from that of Group I, as it has five exons and four introns

[172], similar to human synovial PLA, gene [173].

Snake venoms contain a large number of PLA, isoenzymes that exhibit
different physiological functions, although they share similarities in their amino
acid sequence and three-dimensional structure [91,93]. Venom PLA; isoenzymes
are products of multiple genes and are known to evolve through gene
duplication, followed by accelerated evolution to acquire diverse physiological

functions [91].
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By comparing the large number of nucleotide and protein sequences of
PLA; enzymes, Lynch in the year 2007 [174] concluded that in Group [ PLA»
enzymes, gene duplication and diversification occurred after speciation. In
contrast, functional diversification in Group II occurred before the
diversification of the species [174]. Thus, the accelerated evolutign of exons and
surface substitutions plays a significant role in the evolution of new isoenzymes
by altering target specificity. Accelerated evolution continued until it acquired a
stable function and then evolved with lowered mutation rates, favoring
functional conservation [175]. However, in the case of a unique sea snake
(Aipysurus eydouxii), the venom has been found to be evolving at a much slower
rate than other terrestrial and sea snake venoms, and PLA, enzymes also

followed a decelerated mode of evolution [91].

1.10 Anticoagulant PLA; enzymes from snake venom: Potential
candidates for the development of novel drugs against cardiovascular

diseases

Over the last several decades, research on snake venom toxins has not
only provided new tools to decipher molecular details of various physiological
processes, but also inspiration to design and develop a number of therapeutic
agents. Blood circulation, particularly thrombosis and haemostasis, is one of the
major targets of several snake venom proteins [108]. Snake venom is a veritable
gold mine of bioactive molecules [10], capable of binding to a wide variety of
pharmacological targets, including the blood coagulation cascade. Among the
snake venoms, anticoagulant proteins have contributed to our understanding of
molecular mechanisms of blood coagulation and provided potential new leads
for the development of drugs to treat or, to prevent unwanted clot formation.
Although significant progress has been made in understanding the structure-
function relationship and the mechanism of some of these anticoagulants, there

are still a number of questions to be answered as more new anticoagulants from

snake venom are being discovered.
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1.11 Role of medicinal plants in snakebite treatment .

Plants are a source of many biologically active products and now-a-days,
they are of great interest to the pharmaceutical industries. The study of how the
people of different cultures use plants in particular ways has led to the discovery
of important plant based new medicines. In India, numerous plant species are
used as folk medicine to treat venomous snakebite, but without any scientific

validation. Therefore, this type of treatment remains questionable and needs

thorough scientific investigation.

Till now, antivenom is the only effective medicine used for the treatment
of snakebite patients. Other than the various side effects of antivenom, one of the
major limitations of currently available commercial antivenoms is that vials of
the anti-snake venom must have to be stored under refrigerated condition (at 4-8
°C). It is to be noted that due to lack of this facility, the majority of primary
health centers in the rural tropics fail to keep this life-saving drug (personal
observation). As a result of this, in the rural tropics, often snakebite patients
arrive at district (town) hospitals for treatment hours after being bitten and after
travelling a long exhaustive journey. Late antivenom therapy may not be useful
in saving the lives of these patients [176]. Medicinal plants have been overtaken
in the treatment of snake bites by serum therapy and are rarely considered
efficacious remedies in biomedicine. Nevertheless, rural inhabitants rely on plant
medical material and the attention of highly regarded local traditional healers

when threatened by snakebite poisoning. Screening of different medicinal plants

which are used by the local people as anti-snakebite medicine and by examining

whether the plant extracts showing anti-Russell’s viper venom activity, if any,

will open a new horizon for the treatment of Russell’s viper envenomed patients.
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1.12 Aims and objectives of the present study

The present study has been taken up to study the different isoenzymes of
PLA,s present in the Russell’s viper (Daboia russelli) venom of eastern India
origin. The goal of the present work entails the isolation, purification and then
the biochemical as well as pharmacological characterisation of the anticoagulant
PLA, enzymes of crude RVV. We also elucidated their mechanism of action
through which they affect the blood coagulation system of victims. Accordingly,

the following objectives have been taken up under the present investigation.

1. To display/study the isoenzyme pattern of phospholipase Ajs
(PLA;s) from the venom of Indian Russell’s viper (Daboia russelli)

of eastern India origin.

2. Isolation and/or purification of different (neutral, acidic and basic)
anticoagulant PLA,s from Indian Russell’s viper (Daboia russelli)

venom.

3. Biochemical and pharmacological characterization of the

isolated/purified phospholipase A, (PLA;) enzymes.

4. Pharmacological screening of medicinal plants of North-East India to
ascertain their inhibitory activity against anticoagulant phospholipase

A, enzymes of Daboia russelli venom.

e s— e ———————————————————————
Introduction Page 39



»

“Studies on anticoagulant phospholipase A2 enzymes from Indian Russell's viper ((Daboia russellt) venom”

- CHAPTER I

Review of Literature Debashree Saikja



Thests: “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell’s viper (Daboia russelly) venom”

2 REVIEW OF LITERATURE
2.1 Snake venom enzymes

Snakes use their venoms as offensive weapons in incapacitating and
immobilizing their prey (the primary function), as defensive tools against their
predators (the secondary function) and to aid in digestion [130]. Thus, snake venom
is one of the most incredible and unique adaptations of animal evolution, which has
evolved to have a strong balance in their toxic and digestive components [93].
Toxins have evolved to specifically target various critical points in the physiological
systems of prey animals, mainly circulatory and neuromuscular system, blood

coagulation as well as homeostasis of victim [108,177,178].

Biochemically, snake venoms are complex mixtures of pharmacologically
active proteins and polypeptides. All of them in concert help in immobilizing the
prey. A large number of protein toxins have been purified and characterized from
snake venoms [78] and snake venoms typically contain from 30 to over IOthrotein
toxins [130]. Some of these proteins exhibit enzymatic activities, whereas several
others are non-enzymatic proteins and polypeptides. Based on their structures, they
can be grouped into a small number of toxin super-families. The members in a
single family show remarkable similarities in their primary, secondary and tertiary
structures but they often show distinct pharmacological effects [93,94,100,130,179].
More than 20 enzymes have been detected in snake venoms, and 12 are found in all
venoms [63]. Although no venomous snake has all of these toxins [63,180], most
snakes employ between six to twelve of these enzymes in their venom
(www.chm.bris.ac.uk.). Each of these enzymes has its own special function. Some

aid in the digestive process, while others specialize in paralysing the prey.
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Snake venoms are rich sources of water soluble enzymes [181]. Many of
these enzymes are hydrolases and possess a digestive role, for instance proteinases,
exo- and endopeptidases, phosphodiesterases, and phospholipases. Various toxins
that have been identified in snake venom are: proteolytic e&zymes;
phosphomonoesterase; arginine ester hydrolase; phosphodiesterase; Thrombin-like
enzyme; acetylcholinesterase; collagenase; RNase; hyaluronidase; DNase;
phospholipase A; (A); 5'-Nucleotidase; phospholipase B; L-Amino acid oxidase;
phospholipase =~ C;  lactate  dehydrogenase;  adenosine  triphosphatase
(www.chm.bris.ac.uk.). However, higher catalytic efficiency, thermal stability and

resistance to proteolysis make these enzymes attractive models for biochemists,

enzymologists and structural biologists [130].
2.2 Russell’s viper venom enzymes

Russell’s viper venom is characterized by the presence of RVV-V [182-185],
RVVX [186-188], VRH-1 proteases [189], trypsin inhibitors [190] and PLAjs.
Neurotoxic VRVPL-V [102]? VRV-PL-VIIIa (inducer of lung hemorrhage [191])
and VRV-PL-VI (inducer of hemorrhage in the pituitary and thyroid glands [192])
have also been reported. In 1990, Jayanthi and Gowda [193] demonstrated a
synergistic interaction between protease, RVVX and a trypsin inhibitor leading to

increased toxicity of RVVX.
2.3  Phospholipase A; (PLA;): A major enzyme of Russell’s viper venom

Phospholipase A, is known to be one of the major components of snake
venom [194,195] including Russell’s viper (Daboia russelli) venom. It catalyses the
hydrolysis of the sn-2 ester bond in glycerophospholipids in a calcium-dependent
manner and releases non-esterified fatty acids and lysophospholipids [114]. In vivo,

the sn-2 position of phospholipids frequently contains polyunsaturated fatty acids,
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[
and when released, these can be metabolized to form various eicosanoids and related
bioactivelipid mediators [196]. The remaining lysophospholipid can also have
important roles in biological processes [197]. In addition to digestion of prey, PLA,
seems to be involved in many of the pharmacological effects induced by snake
envenomation [52,198-200]. Phospholipase A;s of different snake venoms differ
widely in their spectrum of toxic actions and some of them have very intrinsic

toxicity but may modulate the activity of other toxins in the venom [108].

The presence of PLA; isoforms in Daboia russellii snake venom has been
demonstrated by different investigators [102,191]. All the hydrolytic enzymes
including PLA; in D russelii venom exhibits diverse biological activities [160,201].
They are known to contribute to the clinical manifestations encountered in
envenomed victims [202]. The Russell’s viper PLA)s are known to cause
degeneration of muscle fibers, hemorrhage in lungs [190], necrosis in kidney and
liver, and hemorrhage in pituitary and thyroid glands [191]. Although different
phospholipase A, enzymes from Daboia russelli venom have been purified and

characterized, yet there are many more anticoagulant proteins (PLA,s) have to be

isolated, identified and characterized from Daboia russelli venom of Indian origin.
2.3.1. Membrane damaging property of the snake venom PLA;s

Most of the toxic effects of snake venom PLA,; are dependent on hydrolysis
of cellular or subcellular membrane phospholipids, and/or generation of
phospholipid hydrolysis breakdown products which are themselves lytic and cause
considerable membrane damage [94,97,203]. Kinetic studies of sPLA; in the
scooting mode establish that these enzymes bind to the intact membrane surface as a
prelude to loading of the active site with a single phospholipid molecule, more
specifically they bind with the phosphatidylcholine (PC) present in the outer leaflet

of the membrane for the lipolysis reaction [204]. It is becoming apparent that
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different isoforms of venom PLA, or secretary PLA; can display dramatically
different affinities for biomembranes, composed of different phospholipid polar
head groups and fatty acyl chains resulting in their differential membrane damaging
activity [97,140,205]. This specificity of phospholipases has been used extensively

to explore the physical structure of phospholipids in biological membranes [206].

The primary target of PLA; is cell membrane dysfunction through hydrolysis
of membrane phospholipids [160] including hydrolysis of erythrocyte membrane
[203]. Management of viper bite patients with massive intravascular hemolysis is a
severe problem [207]. Therefore, endeavour must be taken for the primary target of
PLA; is cell membrane dysfunction through hydrolysis of membrane phospholipids
directed towards stabilizing the erythrocyte membrane against the hydrolytic action
of these venoms [207]. Like disruption of erythrocyte membrane, venom PLA; can
damage lysosomes [208] and encapsulated lysosomal enzymes may be released
following venom toxicity, especially after Vipera russelli envenomation [209].
Lysosomes are a structurally heterogeneous group of organelles containing many
hydrolytic enzymes concerned with the degradation of metabolites [210]. Several of
these enzymes, which are released into the surrounding environment following the
physical or chemical disruption of lysosomes, may provoke inflammation and tissue

injury [211].

*

Myonecrosis may be due to an indirect action as a consequence of vessel
degeneration and ischemia caused by a direct effect of myotoxic phospholipase Ajs
(PLA;s) homologues upon plasma membranes of muscle cells [200,212]. Recently,
some authors have shown the bactericidal effect induced by PLA;s isolated from
viper (Bothrops) snake venoms [95,212,213]. Samy et al., 2010 [212] reported a
PLA; enzyme named EcTx-I that could be able to damage severely the multi-drug

resistant B. pseudomallei (KHW) bacterial membrane at a low dose (15 mg ml™).
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Another bacteria E. gerogenes also lost membrane integrity as well as accumulated

debris on the cell wall surface after treatment by EcTx-I (30 mg ml™).

It is exemplary to mention that although our understanding of the mode of
hydrolysis of different membrane phospholipids by sPLA; is increasing, there is still

a dearth of report on membrane phospholipids hydrolyzing property of PLAs from

Daboia russelli venom and such studies will advance our understanding of the

mechanism of membrane damage and subsequent toxicity by PLA, from Russell’s

viper venom. .

2.3.2 Anticoagulant property of snake venom PLA;s

Many scientist report the anticoagulant property of snake venom PLA;
enzymes that could inhibit blood coagulation [120-122,163]. A simple ‘dissection
approach’ was used to identify the specific stage of the coagulation cascade that is
inhibited by anticoagulant PLA, eniymes [136,214]. In general, the effects of an
anticoagulant on three commonly used clotting time assays viz., prothrombin time,
Stypven (Russell viper venom) time and thrombin time, are studied to identify the
stage in the extrinsic coagulation cascade. The anticoagulant will prolong clotting
times when the cascade is initiated ‘upstream’ of the inhibited step, whereas it will
not affect the clotting times when the cascade is initiated ‘downstream’ of the
inhibited step. Since the above clotting assays specifically initiate the coagulation
cascade at three different stages, it is easier to pinpoint the specific step(s) that is

(are) inhibited by the anticoagulant [123,136,214].

In the prothrombin time assay, clotting of the plasma is initiated at the tenase
complex upon the addition of Ca’* and thromboplastin, which contains tissue factor
and phospholipids (TF-PL). In the Stypven time assay, activation of factor X and V

by protease in the Russell’s viper venom initiate the formation of the
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prothrombinase complex on the phospholipid surface (PL) upon addition of Ca*.
On the other hand, in thrombin time assay, thrombin is directly added to the plasma,

and facilitates clotting by hydrolysis of fibrinogen to give a fibrin clot.

Prothrombin Time Extrinsic tenase

(Thromboplastin) /
!TF-PL, VIIa, Ca?* l
Factor X Factor Xa

Stypven Time

(Russell’s viper tune) Prothrombinase

/

Xa, Va, PL, Ca?*
Prothrombin —y Thrombin
Fibrinogen » Fibrin
Thrombin Time
(Thiombm)

Fig 2.1: Schematic representation showing the selective activation of the

extrinsic coagulation pathway by prothrombin, Stypven and the thrombin time

clotting assays [123].

PLA; enzymes exert their anticoagulant activity by affecting any one of
these clotting time. The weakly anticoagulant PLA; enzymes prolong the
prothrombin time but not the Stypven time and thrombin time clotting assays. In
contrast, strong anticoagulant PLA;s prolong prothrombin time and Stypven time,

but not the thrombin time clotting assays [123,136].
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In in vivo condition, Russell’s viper venom is coagulant in nature because of
the predominance of the coagulant proteins [215]; though crude RVV contains both
coagulant as well as anticoagulant proteins. Nonetheless, anticoagulant PLA,

enzymes also play an important role in the pathogenesis of the victims [216].
2.4  Enzymatic activity and pharmacological properties of PLA;s

PLA, enzymes, because of their inherent phospholipid-hydrolyzing activity,
can cause membrane damage and hence a change in the environment of some
membrane-bound proteins, most likely that of the target protein [93]. PLA; enzymes
induce their pharmacological effects through mechanisms that are either dependent
on or independent of their enzymatic activity. In the mechanisms that are dependent
on enzymatic activity, either the hydrolysis of intact phospholipids or the rzleased
products such as lysophospholipids and fatty acids can cause the pharmacological
effect [217]. The inherent enzymatic activity can cause membrane damage and
hence a change in the environment of membrane-bound proteins, particularly that of
the target protein. These protein-protein mechanisms are sometimes dependent on,
and other times independent of their enzymatic activity, playing important roles in
determining the specific function of sPLAj;s [218-220]. Viperidae snake venoms
contain several toxic group IIA PLA;s (SVPLA;), which may act as presynaptic
neurotoxins [221] and may interfere with blood coagulation by possessing strong

anticoagulant properties [143,220,222].

In the mechanisms that are independent of enzymatic activity, binding to the
target protein can cause the pharmacological effect by acting as an agonist or an
antagonist, or by interfering in the interaction of the target protein with its
physiologic ligands [217]. However, even in this case, the enzymes would
hydrolyze the phospholipids in the neighborhood of their target proteins, but this
hydrolysis is inconsequential to the observed pharmacological effect [141,157,223].
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Some pharmacological effects are due to a combination of both enzymatic and

nonenzymatic mechanisms [142]. Therefore, it is critical to determine the role of

enzymatic activity in inducing the pharmacological effects.

2.5  Enzymatic activity and anticoagulant activity of PLA;s

There are lots of controversies regarding the association/dissociation of
enzymatic activity of PLA;s with its anticoagulant potency [123]. Some experiments
suggested that catalytic activity is essential for anticoagulant effects. For example,
in all snake venom PL A, enzymes, His48 is conserved and plays a crucial role in the
hydrolysis of phospholipids. Modification of His48 by alkylation leads to the
complete loss of enzymatic activity. PLA, enzymes from N nigricollis, H
hemachatus and N atra venoms upon alkylation using p-bromophenacyl bromide
lost their enzymatic activity with concomitant dramatic loss of anticoagulant effects
[122,224,225]. In sharp contrast, some other experiments suggested that catalytic
activity is not essential for exerting the anticoagulant effects and there is some other
non-enzymatic mechanism for its anticoagulant effect. For example, modification of
Lys residues led to loss of anticoagulant effects with very little loss of enzymatic
activity [224,225]. In contrast, modification of carboxylate groups led to loss of
enzymatic activity with very little loss of anticoagulant effects [226]. These results
indicate that there is no correlation between enzymatic activity and anticoagulant

activity.

The contradictory results and controversial conclusions with regard to the
role of enzymatic activity and the mechanism of anticoagulant effect of PLA,

enzymes were due to the following factors.

1. Difference in mechanism of anticoagulant effects. All anticoagulant

PLA, enzymes may not have the same mechanism. Thus, it may not be
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possible to extrapolate the results from one enzyme to all others without

sufficient understanding.

»

2. Different coagulation times. Anticoagulant effects were determined using
different coagulation times in whole plasma. Although the coagulation time
assays start blood clotting at different stages, the difference in the number
of stages each coagulation time assays encompass was not taken into

consideration.

3. Phospholipid requirements for coagulation complexes. Various
coagulation complexes are formed through interaction between different
protein factors. During interpretation of the results, no consideration was
given to difference in the phospholipid requirements of different

coagulation complexes.

2.6  Purification of phospholipase A; (PLA;s) enzymes from Indian Russell’s

viper (Daboia russelli) venom

Daboia russelli PLA; isoenzymes are acidic, neutral or basic in nature [50].
Basic PLA; are more toxic as compared to acidic and neutral and contributes
significantly to the toxicity of the whole venom [50,83]. The higher toxicity of the
basic PLA; may be attributed to the presence of positive charge, which has been
postulated to be responsible for their penetrability in plasma membrane {122]. These
isoenzymes of RVV display a wide range of pharmacological effects and often
cause problems in purification. A combination of different chromatographic
techniques viz ion exchange chromatography, gel filtration chromatography, HPLC
etc are used commonly for their purification. Till date many PLA; enzymes are

purified and characterized from Indian Russell’s viper venom by using different
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chromatographic techniques and characterized by different scientists. Few of them

are listed below-

Jayanthi et al. in the year 1989 [227] isolated and purified a neurotoxic
phospholipase A, from Vipera russelli venom and named as VRV PL-\}. They
purified this PLA; in a single step by CM-Sephadex C-25 column chromatography.
VRV PL-V is a basic PLA; with a mol. wt of approximately 10,000 Da. The lethal
potency of VRV PL-V was greater than that of the crude Vipera russelli venom.
That purified PLA; had anticoagulant property and induced edema in the foot pad of

mouse.

One major basic phospholipase A, (VRV PL-VIIla) was purified from
Vipera russelli venom by Kasturi and Gowda, 1989 [102] which constitutes 24 % of
the whole venom. Purification was done by CM-Sephadex C-25 column
chromatography followed by gel filtration on Sephadex G-50 that had a molecular
weight of 11,800 Da. In addition, this enzyme contributes 45 % of the total PLA,
activity of the venom, but it is least toxic compared to other purified basic PLA,
enzymes prepared from V. russelli venom. It showed neurotoxic symptoins and
damaged vital organs such as lung, liver and kidney. They reported that VRV PL-
VIIa induces myonecrosis when injected i.m. into the thigh muscle of mice and

edema when injected into the foot pads.

Gowda et al., 1994 [104] reported about the most basic phospholipase A;
(PLA;), VRV-PL-VIIla which was purified from (Sri Lankan) Vipera russelli
venom. It was a major component of the Vipera russelli venom, contributing over
40 % to the whole venom PLA; activity. The purification of VRV-PL-VIIIa was
done by electrophoresis and by reverse phase high-pressure liquid-chromatography

(RP-HPLC). That PLA, was a single polypeptide with an apparent mol. wt of
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13,000 Da. VRV-PL-VIIla induced multiple toxic effects viz. neurotoxicity,

myotoxicity, edema and hemorrhage [191].

Prasad et al, 1996 [105] found major variation of phospholipases A; in the
venom samples of India viz. southern regional venom is rich in basic, toxic PLA;
while this activity showed a dramatic decrease as one moves towards west, north

and eastern regions of India.

Tsai et al., 1996 [53] performed a study for comparing the different PLA;s
present in four commercially available venom of Russell’s viper subspecies by

HPLC fractionation and partial sequence analysis.

A potent toxin with phospholipase A, (PLA;) and hemolytic activity in vitro
was purified and characterized by Chakraborty et al, 2000 [106] from the crude
venom of Russell’s viper of eastern India. The purified protein (RVV-PFIIc') was
the most toxic PLA; so far reported from the Indian subcontinent and also possessed
anticoagulant activity as it enhanced the prothrombin induced plasma clotting time

in vitro.

Tsai et al., 2007 [107] studied various isoforms of venom phospholipgses A,y
(PLAs) from two Daboia species at their geographic boundary (Myanmar and
eastern India). They fractionated the crude venoms through Superdex G-75 column
on a FPLC system. Then they lyophilized PLA containing fractions and further
puxiﬁeci by reversed-phase HPLC. Four venom PLAs were purified and identified
from each of DIK (eastern India) and DsM (northern Myanmar).

Moreover, Maity et al., 2007 [228] reported a basic toxin (low molecular
weight multifunctional cytotoxic PLA;) from Russell’s viper venom of eastern
India. This 7.2 kDa PLA; (RVV-7) had been purified to homogeneity after partial
unfolding by 4M urea followed by filtration through Centricon-30 membrane. They
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reported that RVV-7 possess different functional sites inspite of its low molecular
weight. Coexistence of different functional sites within a small protein like RVV-7
might accommodate complex clinical manifestations of Russell’s viper ophidism.
Earlier also many myotoxins or cytotoxins from viper venoms were reported to be

phospholipase A; [98,229].
2.7  Role of medicinal plants in snakebite treatment

Till date, the most effective and accepted therapy for snakebite patients is
immediate administration of specific or polyvalent antivenom following
envenomation; however, this therapy carries an associated risk of anaphylaxis and
serum reactions [230,231]. Monospecific or polyvalent antivenom raised against
individual Russell’s viper venoms have been noted to be highly effective for
restoring blood coagulation functions and stopping spontaneous hemorrhage
[57,231]. These antivenoms rapidly neutralize circulating venom and protect
animals and humans from the lethal effects of various components of Russell’s viper
venom. But, these antivenoms had not proved satisfactory in restoring patient’s
renal function [38]. Further, due to geographical variation in venom composition of
snakes, antivenom raised against the venom of a snake from a particular
geographical origin may not be able to neutralize or prevent local effects of
envenomation by snakes from other geographical locations [83,232,233]. Therefore,
in addition to administration of antivenom, there should be alternative therapy for

the snakebite patients.

Plants as a source of many biologically active products are nature’s best gift
to human beings and are of great interest to the pharmaceutical industries. The study
of how people of different cultures use plants in particular ways has led to the
discovery of important new medicines. In India, numerous plant species are used as
folk medicine to treat venomous snakebite, but without any scientific validation.

]
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Therefore, this type of treatment remains questionable and needs thorough scientific

investigation.

Based on field interviews, 101 species of plants used against snakebite were
identified [234]. In ancient Indian books, there are various plants recommended for
use in snakebite therapy. Around 50 such plants have been indexed [235] and many
others (not included there) have also been popularly used against snakebite by
villagers, snake charmers and Ojhas throughout India including many tribes of
North East India. Sometimes unenthusiastically, pharmacological tests on alkaloid
extracted from well known and reputed medicinal plants show distinctly negative
results [236]. Nonetheless, in recent years much attention has been paid to

pharmacological screening of the medicinal plants to treat snakebite. For example,

Alam and Gomes, in the year 2003 [237] reported the snake venom
neutralization property of two Indian medicinal plants Vitex negundo and Emblica

officinalis by using their root extracts.

Likewise, Chatterjee et al, 2004 [238] showed the anti-snake venom activity
of ethanolic seed extract of Strychnos nux vomica linn. The neutralization of Daboia
russellii and Naja kaouthia venom by lupeol acetate isolated from the root extract of
Indian sarsaparilla Hemidesmus indicus was also reported by Chatterjee et al., 2006
[239].

~

Girish et al in the year 2004 [240] published the neutralization property of
Mimosa pudica root extract against hyaluronidase and protease activities from

Indian snake venoms.

Shirwaikar et al, 2004 [241] gave the report of the neutralization potential of
viper russelli russelli (Russell's viper) venom by ethanol leaf extract of Acalypha

indica.
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Furthermore, Ushanandini et al, 2006 [242] reported about the inhibition
property of Tamarindus indica (leguminosae) seed extract on the pharmacological
as well as the enzymatic effects (viz. PLA;, protease, hyaluronidase, L-amino acid

oxidase and 5'-nucleotidase enzyme activities) induced by V. russelli venom.

Previous study from our laboratory has demonstrated that aqueous root
extract of Mimosa pudica, a plant used by the local people of North-east India to
treat snakebite patients, was effective to neutralize the lethality and toxic enzymes
of Naja kaouthia venom [243]. This has prompted us to screen the anti-toxic activity
of some more medicinal plants which are popularly used by the snake charmers of
the region as well as by the local healers (traditionally known as Bejs) for ;reating
poisonous snakebites. During this study, we have isolated “AIPLAT” from the leaves
extract of A. indica, which was proved to be a potential candidate for the

development of anti snake venom drugs [244].
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3 MATERIALS AND METHODS
3.1 Materials

Crude Russell’s viper (Daboia russelli) venom (RVV) in crystallized
form was purchased from Calcutta Snake Park, Kolkata. Dried venom samples
were kept in a desiccator at room temperature. CM Sephadex C-50, DEAE
Sephadex A-50, Sephadex G-50 (fine grade) were obtained from Pharmacia Fine
Chemicals (Sweden). Desalting columns (desalting column pack DS05) were
purchased from Bangalore Genei, Bangalore, India. TPCK, TLCK, PMSF, p-
BPB, EDTA, DTT, IAA, PC, PE and PS were obtained from Sigma-Aldrich, St.
Louis, USA. Horse radish peroxidase, Tetramethyl benzidine/H,O,, molecular
weight marker, range 10-250 kDa (Lot No 00077637) were obtained from
Bangalore Genei, Bangalore, India. Blood coagulation factors Xa and Va were
obtained from Merck Calbiochem, India. Thrombin and prothrombin were
obtained from Himedia, India and Merck, India respectively. The human colon
adenocarcinoma cell (HT-29) was procured from National Centre for Cell
Sciences (NCCS), Pune, India. The “In Vitro Toxicology Assay Kit (XTT
based)” was purchased from Sigma-Aldrich, India. The kits for estimation of
total protein, triglycerides, total cholesterol, urea, uric acid, serum glutamic
oxaloacetic transaminase (SGOT), and serum glutamic pyruvic transaminase
(SGPT) were procured from Coral Clinical Systems, Goa, India. The kits for the
measurement of serum levels of glucose, alkaline phosphatise (ALP), and '
creatine phosphokinase (CPK-MB) were obtained from Erba Diagnostics
(Mumbai, India) whereas kit for estimation of serum lactate dehydrogenase
(LDH) was obtained from Fisher scientific (Mumbai, India). Thromboplastin
reagent for prothrombin time determination (Liquiplastin®) was obtained from
Tulip diagnostics, India. Fresh goat blood and fresh tissues (liver, heart and
lungs) were collected from known local slaughter houses. Polyvalent antivenom
(B. No 2505003) was purchased from Bharat Serum and Vaccines Limited,
Ambernath, India. All other reagents of analytical grade were purchased from

Sigma-Aldrich, USA. In the present study, different medicinal plants screened

Materials and Methods Page 54

»



Thesis: “Studies on anticoagulant phospholipase A2 ensymes fron Indian Russell’s viper (Daboia russelli) venom”

for anti-PLA;-activity were selected on the basis of previous survey reports from
this laboratory [243,244] as well as from the information gathered from the
traditional healers as well as from local people of Assam. Herbarium sheets for

each plant were prepared and kept in the department.

3.1.1 Animals and housing conditions

*

All the BALB/c mice of both sexes weighted between 20-30 g were born
in the laboratory breeding colony of the Central Facility of Animal House,
Defence Research Laboratory, Tezpur, Assam and were pathogen free. General
conditions of captivity were maintained in simulated atmospheric conditions of
north east India (temperature 33-36 °C, relative humidity > 75 %). Animal food
was obtained from Pranav Agrotech, Delhi, India. In captivity, seasonal
variations of physiological functions are entrained by altering six-month periods
of summer like long photoperiod (14 h of light/day). The physiological status of
animals was supposed to be stabilized. The general conditions of captivity were
applied as described above and animals were maintained in social groups before
and after experimenting. All experimenting protocols using animals were
performed according to the “Principles of Laboratory Animal care” (NIH
publication 85-23, revised 1985) and approved by the Tezpur University Animal

Ethical Committee.
3.2 Methods

3.2.1 Characterization of isoenzyme pattern of PLA;s of crude Russell’s

viper (Daboia russelli) venom of eastern India origin

3.2.1.1 Fractionation of crude RVV by cation exchanger (CM Sephadex C-
50) to identify the basic PLA;s

20 mg of crude Daboia russelli venom was dissolved in 2.0 ml of 20 mM
K-phosphate buffer, pH 7.0 and centrifuged at 10,000 x g for 5 min at 4 °C in a
cooling centrifuge (C-24BL, REMI). The clear supernatant was applied to a CM
Sephadex C-50 (20 mm x 60 mm) column pre-equilibrated with 20 mM K-
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phosphate buffer, pH 7.0 and eluted stepwise using K-phosphate buffers of
various molarities and pH values at room temperature (~23 °C). The increasing
molarities and pH values were (a) 20 mM K-phosphate pH 7.0, (b) 50 mM K-
phosphate pH 7.0, (¢) 50 mM K-phosphate pH 7.5, (d) 75 mM K-phosphate pH
7.5, (¢) 100 mM K-phosphate pH 8.0, (f) 180 mM K-phosphate pH 8.0, (g) 230
mM K-phosphate pH 8.0, (h) 260 mM K-phosphate pH 8.0 and (i) 300 mM K-
phosphate pH 8.0. Flow rate was adjusted to 24 ml h™' and 1.0 ml fraction was
collected in each tube. The protein content, phospholipase A, activity and
anticoagulant activity of each fraction were estimated as described in sections
3.2.6.1, 3.2.6.3 and 3.2.7.1, respectively. In this process, six basic coagulant
PLA,s were pooled and named as CMII, CMIII, CMIV, CMV, CMVI and
CMVII; and six basic anticoagulant PLA,s were pooled and they were named as
CM-AC-[, CM-AC-II, CM-AC-III, CM-AC-1V, CM-AC-V and CM-AC-VL

3.2.1.2 Fractionation of CM Sephadex flow through anion exchanger
(DEAE Sephadex A-50) to identify the neutral and acidic PLA;s

Non-retained proteins from CM Sephadex C-50 column (containing
neutral and acidic proteins of the crude RVV) eluted with wash buffer 20 mM K-
phosphate buffer, pH-7.0 were pooled (CMI) and then loaded to an anion
exchanger DEAE Sephadex A-50 (20 mm X 60 mm) column pre-equilibrated
with 20 mM K-phosphate buffer, pH 7.0. After washing the column with (a) 20
mM K-phosphate pH 7.0, bound proteins were eluted stepwise using phosp};ate
buffers of increasing molarities and decreasing pH values at room temperature
(~23 °C). The increasing molarities and decreasing pH values were (b) 20 mM
K-phosphate pH 6.5, (¢) 20 mM K-phosphate pH 6.0, (d) 20 mM K-phosphate
pH 5.5, (¢) 100 mM K-phosphate pH 5.0 and (f) 120 mM K-phosphate pH 5.0.
Flow rate was maintained as 22 ml h™" and 1.0 ml fraction was collected in each

tube.

Proteins eluted with equilibration buffer 20 mM K-phosphate buffer, pH-
7.0, contained the neutral proteins. The protein content, phospholipase A and

anticoagulant activities of each fraction were estimated as described in sections
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3.2.6.1, 3.2.6.3 and 3.2.7.1, respectively. The neutral proteins fraction showing
PLA; activity was isolated and named as CMIDEL

Proteins eluted with K-phosphate buffers of increasing molarities and
decreasing pH values (b-f) contained the acidic proteins. A total of six acidic
PLA, fractions were pooled and named as CMIDEII, CMIDEIII, CMIDEIV,
CMIDEV, CMIDEVI and CMIDEVIL

3.2.2 Purification of an acidic anticoagulant PLA,; (RVVA-PLA,-I) from
RVV

LY

3.2.2.1 Fractionation of CMIDEYV by gel filtration chromatography by using
Sephadex G-50 column

Peak CMIDEV, one of the acidic fraction eluted with 100 mM K-
phosphate buffer, pH-5.0, obtained from the fractionation of Daboia russelli
venom on DEAE Sephadex A-50 anion exchanger (as described in the section
3.2.1.1) was desalted on pre-packed desalting column (Bangalore Genei) and
then fractionated through a Sephadex G-50 column (1 cm X 64 cm) previously
equilibrated with the 20 mM K-phosphate buffer, pH 7.0. Elution was carried out
with the equilibration buffer at room temperature (~23 °C). The flow rate was
adjusted to 20 ml h' and 1.0 ml fraction was collected in each tube. The protein
content, phospholipase A, activity and anticoagulant activity of each fraction
were estimated as described in sections 3.2.6.1, 3.2.6.3 and 3.2.7.1 respectively.
Three fractions were pooled as anticoagulant PLA, namely, GFI, GFII and
GFIII. Among them, the fraction GFI showed the highest PLA, as well as
anticoagulant activity. This fraction was lyophilized and stored at -20 °C until
further use. Gel filtration column was calibrated with the following protein
molecular weight markers aprotinin (6500), cytochrome ¢ (12,400), carbonic
anhydrase (29,0000), bovine serum albumin (66,000) and blue dextran
(2,000,000).
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3.2.2.2 Fractionation of CMIDEV-GFI by RP- HPLC

The gel filtration fraction GFI was further purified on a reverse phase
Cis-p-Nova pak column (4.6 x 250 mm, 300 A, 5p) coupled to a HPLC system
(Waters, Milenium-2000). Briefly, about 50 pg protein of GFI was dissolved in
20 pl of solvent A (0.1 % v/v TFA in 5 % v/v acetonitrile) and then applied on a
reverse phase C;3 HPLC column, previously equilibrated with solvent A.
Column was washed with solvent A for 5 min and then bound proteins were
eluted at a flow rate of 1.0 ml min™' using a gradient of 5-95 % solvent B (0.1 %
v/v TFA in 95 % v/v acetonitrile) from 5 to 37 min. Detection was monitored at
280 nm and individual fraction was collected manually. Each peak was screened
for protein content, PLA, and anticoagulant activities. The peak showing PLA,
activity as well as anticoagulant property was pooled, dried in vacuum and
stored at -20 °C until further use. This purified acidic anticoagulant PLA, was
named as RVVA-PLA,-L.

3.2.3 Purification of a neutral anticoagulant PLA, (RVVN-PLA;-I) from
crude RVV

3.2.3.1 Fractionation of CMIDEI by gel filtration chromatography by using
Sephadex G-50 column

The neutral fraction, CMIDEI (obtained from fractionation of Daboia
russelli venom on CM Sephadex C-50 followed by DEAE Sephadex A-50 anion
exchanger (as described in the section 3.2.1.1) was desalted on a pre-packed
desalting column (Bangalore Genei, Bangalore). It was vacuum concentrated at -
20 °C in a MAXI dry plus (Heto Lab Equipment, Denmark) and then applied to
a Sephadex G-50 gel filtration column (1 cm X 64 c¢cm) previously equilibrated
with the 20 mM K-phosphate buffer, pH 7.0. Elution was carried out with the
equilibration buffer at room temperature (~23 °C). The flow rate was adjusted to
20 ml h"' and 1.0 ml fraction was collected in each tube. The protein content,
phospholipase A; activity and anticoagulant activity were estimated as described
in sections 3.2.6.1, 3.2.6.3 and 3.2.7.1 respectively. Three gel filtration fractions

were pooled as anticoagulant PLA»s and among them the third fraction showed
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highest PLA; as well as anticoagulant activity. This pooled fraction was named
as GFIII. The GFIII was lyophilized, and stored in aliquots at -20 °C until further

use.
3.2.3.2 Fractionation of CMIDEI-GFIII by RP- HPLC

The gel filtration fraction GFIII was further purified on a reverse phase
C,s-p-Nova pak column (4 pm, 3.9 mm x 150 mm, Waters) attached to a HPLC
system (described in section 3.2.2.4). This purified neutral anticoagulant PLA,
was named as RVVN-PLA,-I.

3.2.4 Purification of a basic anticoagulant PLA; (RVVB-PLA;-I)

3.2.4.1 Fractionation of CM-AC-IV by gel filtration chromatography by

~

using Sephadex G-50 column

Peak CM-AC-IV (see section 3.2.1.1) was desalted on a pre-packed
desalting column (Bangalore Genei, Bangalore), and then vacuum concentrated
at -20 °C in a MAXI dry plus (Heto Lab Equipment, Denmark). This fraction
was separated in a Sephadex G-50 gel filtration column (I cm x 64 cm)
previously equilibrated with 20mM K-phosphate buffer. The protein content,
phospholipase A, activity and anticoagulant activity of the gel filtration fractions
were estimated as described in sections 3.2.6.1, 3.2.6.3 and 3.2.7.1 respectively.
The gel filtration fractions (Peak GFIII) showing highest PLA, as well as
anticoagulant activity were pooled, the protein content of pooled fraction was

determined, lyophilized and stored in aliquots at -20 °C until further use.
3.2.4.2 Fractionation of CM-AC-1V-GFIII by RP- HPLC

The basic PLA, enzyme of gel filtration (fraction GFIII) was further
purified on a reverse phase C,3-p-Nova pak column (4 pm, 3.9 mm x 150 mm,
Waters) by using HPLC system (Waters, Milenium-2000) following the protocol
as described in section 3.2.2.4. This purified basic anticoagulant PLA; was
named as RVVB-PLA,-I. The fraction was lyophilized and stored in aliquots at
20 °C until further use.
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3.2.5 Criteria of purity and determination of molecular weight of .the

purified anticoagulant PLA,s of RVV
3.2.5.1 Gel filtration chromatography

Molecular weight of the purified PLA, enzyme in its native state was
determined by gel filtration chromatography on Sephadex G-50 gel filtration
column (1 cm X 64 cm) previously equilibrated with the 20 mM K-phosphate
buffer, pH 7.0. About 50 upg of purified protein dissolved in 0.5 ml of
equilibrium buffer was loaded into the column and eluted with the same buffer at
room temperature (~23 °C). The flow rate was adjusted to 20 ml h' and 1.0 ml
fraction was collected in each tube. Elution of the protein was monitored at 280
nm using an UV/Vis Spectrophotometer (Thermo scientific UV10, England).
Gel filtration column was equilibrated with the following protein molecular
weight markers (Da): aprotinin (6500), cytochrome ¢ (12,400), carbonic
anhydrase (29,0000), bovine serum albumin (66,000) and blue dexfran
(2,000,000). The molecular weight of the unknown proteins was calculated from
the standard curve obtained by plotting log molecular weight Vs relative elution

volume of the known protein.

3.2.5.2 Reverse-phase high performance liquid chromatography (RP-
HPLC)

RP-HPLC of purified PLA, enzymes was performed on a reverse-phase
phase C,g-ji-Nova pak column by using HPLC system (Waters, Milenium-2000).
About 50 pug of purified protein was pre-incubated with 20 pl of solvent A (0.1%
v/v TFA in § % v/v acetonitrile: Millipore water) for 30 min at room temperature
(~23 °C) and passed through Spartan 3 nylon filters before application to RP-
HPLC. Protein was eluted with a linear gradient from 5-95 % (v/v) acetonitrile
containing 0.1 % (v/v) TFA over 37 min of time and detection was monitoresi at
220 nm. The flow rate was adjusted to 0.5 ml min™. Protein peaks were collected
and assayed for PLA, and anticoagulant activity as described in the sections

3.2.6.3 and 3.2.7.1 respectively.
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3.2.5.3 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE)

The homogeneity of the preparation of the PLA, enzymes was chec;(ed
by SDS-PAGE with or without reduction of protein with B-mercaptoethanol
[245]. Briefly, 50 ug of crude venom and 20 pg of each purified proteins (PLA)
were loaded into different wells of sepérating gels of different concentration
(12.5 %, 15 % and 18 %) containing 5 % glycerol. Electrophoresis was carried
out at a constant current of 15 mA until the dye front (bromophenol blue)
reached the bottom of the gel. Before staining, proteins were fixed by incubating
the gel in 20 % TCA for 30 min at 4 °C followed by washing the gel several
times in distil water. Protein bands were visualized by staining with 0.1%
Coomassie Brilliant Blue R-250 in methanol: acetic acid: water (4:1:5 v/v/v) and
destained with methanol: acetic acid: water (4:1:5 v/v/v). Destained gels were
scanned in Biospectrum® 500 Imaging system, India. Mobility of the purified
protein was compared with the protein molecular weight Markers; 10 kDa-250
kDa. Molecular weight of the unknown protein was calculated by calculating, the

Rf value of the protein and dye front.
3.2.5.4 Electrospray ionization-mass spectrometry (ESI/MS)

Molecular weight was also determined by electrospray ionization-mass
spectrometry (ESI/MS). The electrospray mass spectra were recorded on a
Micromass Quattro II triple quadrupole mass spectrometer. The sample was
dissolved in 50 ul Millipore water and 10 pl of sample was diluted with 500 pl
[1:1 (v/v); methanol: water containing 0.3 % (v/v) formic acid] solvent system.
Then the sample was introduced into the ESI source through a syringe pump at
the rate of 5 pl min-1. ESI capillary was set at 3.5 kV and the cone voltage was
40 V. The spectra were collected in 6 scans and the data was represented in the

average spectra of 4-6 scans.
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3.2.6 Biochemical Characterization
3.2.6.1 Estimation of protein content

The protein content was estimated by Folin-Lowry method [246] using
BSA as a protein standard. The protein content of the unknown samples #as
calculated from the standard curve obtained by the plotting of absorbance Vs

concentration of BSA (1.0 mg ml™).
3.2.6.2 Estimation of carbohydrate content

Total carbohydrate was quantitated by phenol-sulphuric acid method as
described by Dubois et al. [247] using D-glucose as a standard. The optical
density of the reaction mixture was measured at 490 nm against a reagent blank.
The carbohydrate content of the unknown samples was calculated from the
standard curve obtained by plotting absorbance Vs concentration of D-glucose

(0.1 mg ml™ in H,0).
3.2.6.3 Assay of phospholipase A; (PLA;) activity

Phospholipase A, activity was measured by using two methods viz.
2

turbidometric method and titrametric method (see the description below).
3.2.6.3.1 Turbidometric method

Phospholipase A; activity of crude venom/purified protein was assayed
by the turbidometric method of Joubart and Taljaard [248] with the following
modifications as desribed by Doley and Mukherjee [179]. One egg yolk was
suspended in 250 ml of 0.9 % (w/v) NaCl containing 0.02 % (w/v) sodium azide.
The egg yolk suspension was stored in 4 °C and used within 3 days of
preparation. Before experiment, 1.0 ml of suspension was mixed with 10.0 ml of
0.1 M Tris-HCl, pH-8.0 and the absorbance of the resulting mixture was adjusted
to 1.0 at 740 nm with the same buffer. For the PLA, enzyme assay, a fixed
amount of crude RVV/ fraction/ purified protein was mixed with 2.0 ml of the

reaction mixture and the decrease in turbidity after 10 min was monitored at 740

»
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nm against the reagent blank. One unit of PLA, activity is defined as decrease in

0.01 absorbance in 10 min at 740 nm.
3.2.6.3.2 Titrametric method

Titrametric method for estimation of PLA> activity of crude
RVV/purified protein samples was performed by following the procedure of
Deems and Dennis [249]. Briefly, 1.0 pg of PLA; was incubated with 1.0 mM of
phospholipid suspension (phospholipid substrate viz. phophatidylcholine/
phosphatidylserine/ phosphatidylethanolamine; individual phospholipids was
suspended in 100 mM Tris-HCI, pH 8.0 at a final concentration of | mM and
sonicated for about 5 min at 4 °C with a Labsonic® M (Sartorius) sonicator) for
10 min at 37 °C in the final volume of 3.0 ml, adjusted with 100 mM Tris-HCI
buffer, pH 8.0. Following incubation for 10 min, the reaction mixture containing
phospholipids hydrolysis products (treated with PLA, as well as control) was
titrated with 0.1 N NaOH with one drop of phenopthelin as an indicator. One
unit of enzymatic activity (U) is defined as one microlitre of 0.1 N NaOH
required to neutralize the reaction mixture. Fatty acid liberated from reaction

mixture without treatment with venom protein was considered as control.

3.2.6.4 Assay of protease activity

»

Casienolytic activity and plasma protease activity was evaluated by the
original method of Ouyang and Teng [250] and modified by Doley and
Mukherjee [179]. Briefly, 1.0 ml of 1 % (w/v) of casein/plasma protein in 0.1 M
K-phosphate buffer, pH 8.0 was incubated with specific amount of crude
RVV/purified proteins for 90 min at 37 °C and the reaction was stopped by
addition of 0.5 ml of 10 % (w/v) ice-cold TCA. The reaction mixture was
centrifuged and the supernatant was transferred to a fresh tube. Then 2.0 ml of 2
% (w/v) Na,COj; in 0.1 N NaOH was added and incubated for 10 min at room
temperature followed by the addition of 0.5 ml of Folin-Ciocalteu’s reagent (1:2
dilution). After 30 min, absorbance was measured at 660 nm. Caseinolytic/

plasma protein hydrolysis activity of the crude venom/purified PLA,, if any, was
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calculated from the standard tyrosine curve. One- unit (U) of the protease

activity, if any, is defined as n mole equivalent of tyrosine formed per minute.
3.2.6.5 Assay of acetylcholinesterase activity

For assaying acetylcholinesterase activity of crude venom/purified
proteins of Daboia russelli venom the method of Ellman et al. [251] was
followed. Briefly, 10 pg of crude RVV/purified protein was added to the
reaction mixture containing 300 ul of 10 mM acetylcholine iodine in a final
volume of 3.0 ml, adjusted with 70 mM Tris-HCI buffer, pH 8.0. This was
followed by addition of 10.0 pl of 5,5-dithiobis-2-nitrobenzoic acid (DTNB,
Ellman's reagent), freshly prepared in 100 mM Tris-HCl buffer, pH 7.4
containing 15 mg Na,CO;,and change in absorbance at 412 nm after 1 min was
recorded against a reagent blank. One unit (U) of AchE activity, if any, is
defined as micromole of thiocholine formed per minute under the reaction

conditions.
3.2.6.6 Assay of adenosine monophosphatase (AMPase) activity

AMPase or, 5’ -nucleotidase activity assay was done by the method of
Campbell [252] as modified by Mukherjee et al. [27]. The typical reaction
mixture contained 100 mMTris-HCI buffer, pH 8.0, 100 mM MgCl,, 3 mM5-
adenosine monophosphate and reaction was initiated by addition of 100 pg crude
RVYV or 50 pg purified proteins. After incubation for 30 min at 37 °C, 0.5 m] of
10 % (w/v) ice-cold TCA was added to stop the reaction and the tubes were
centrifuged at 300 rpm for 15 min. For the estimation of liberated Pi, 0.2 ml of
supernatant was transferred to another tube containing 0.25 ml of 1 % ('w/v)
ammonium molybdate in 5 N H,SO, and 0.25 ml 1% (w/v) p-methyl amino
phenol sulphate containing 1.5% (w/v) sodium bisulphate. The final volume was
adjusted to 5.0 m] with Millipore water. Absorbance was read at 660 nm after 30
min of incubation at room temperature against a reagent blank. One Unit (U) of

enzyme activity, if any, is defined as pg of Pi liberated per 30 min at 37 °C.
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3.2.6.7 Assay of adenosine triphosphatase (ATPase) activity

ATPase activity of crude venom/purified proteins (if any) was
determined by the method of Esnouf and Williams [253]. Briefly, 5.0 ug of
venom protein in 800 pl of reaction mixture was incubated for 30 min at 37 °C.
The reaction mixture (1.0 ml) consists of 2 mM MgSQ,, 50 mM KCl, 50
mMTris-HCI buffer, pH 8.0 and ImM ATP. The reaction was terminated by the
addition of 0.2 ml of 10 % (w/v) ice-cold TCA and mixture was centrifuged at
3000 rpm for 10 min. The filtrate (0.2 ml) was transferred to a fresh tube
containing 0.25 ml of 1 % (w/v) ammonium molybdate and 0.25 ml of 1 % (w/v)
metol and final volume was adjusted to 5.0 ml of with distilled water. :Fhe
reaction was allowed to stand for 30 min at room temperature and then the
absorbance was measured at 735 nm against a reagent blank. The ATPase
activity of the crude RVV/purified proteins was calculated from the standard
curve of inorganic phosphate (Pi). One unit (U) of the ATPase activity, if any, is
defined as the amount of enzyme required to liberate 1 pmole of inorganic

phosphate in 30 min at 37 °C.
3.2.6.8 Enzyme kinetics
3.2.6.8.1 Substrate specificity of PLA, enzymes

To determine the substrate specificity and phospholipid head-group
preference of the purified anticoagulant PLA, enzymes, different commercially
available phospholipids such as phosphatidylcholine (PC), phosphatidylserine
(PS) and phosphatidylethanolamine (PE) were used at a final concentratior; of
1.0 mM and incubated with 20 mM PLA, at 37 °C for desired time periods. The
PLA, activity was assayed by titrimetric method as described in the section

3.2.6.3.2 using palmitic acid as free fatty acid standard [140].
3.2.6.8.2 Effect of substrate concentration on PLA; activity

Effect of substrate concentration on PLA; activity was determined by

following the procedure of Doley and Mukherjee [179] by titrametric method.
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Graded concentrations of substrate (PC/ PS/ PE) ranging from 0.1-2.5 mM were
incubated with 1.0 pg of purified protein for 5 min at 37 °C and then PLA;
activity was assayed by the titrametric method as described in the section
3.2.63.2.

3.2.6.8.3 Effect of enzyme concentration on PLA; activity

To determine the effect of enzyme concentration on catalytic activity,
graded concentrations of PLA, (0.1-1.0 pg ml™") were added to the reaction
mixture and liberation of fatty acids (PLA; activity) was assayed by titrametric

method as described in the section 3.2.6.3.2.
3.2.6.8.4 Determination of K, and V,, for the enzyme catalyzed reactions

A constant amount of enzyme was incubated with graded concentrations
of purified phospholipid suspension for 10 min at 37 °C. The kinetics of enzyme
catalysed reaction (K, and V. values) of purified enzymes were calculated
using Lineweaver-Burk plot [254]. Phospholipase activity was estimated by
using the preferred substrate of specific PLA, (PC/ PS/ PE) as described in the
section 3.2.6.3.2. By plotting the values of 1/v as a function of 1/s, a straight line
was obtained that intersect the vertical line at a point which is the 1/V .« (since
1/[S] =0, therefore 1/v= 1/Vp,,). Extension of the straight line results in
intersecting the horizontal axis (1/[S]) at the point which is -1/Ky,.

3.2.6.8.5 Determination of temperature optimum for PLA, catalyzed

reactions

To study the effect of temperature on the PLA, activity of purified
proteins, the reaction mixture (egg yolk phospholipid and 100 mM Tris-HCI, pH
8.0) was incubated with a constant amount of purified PLA, at different
temperature (25- 75 °C) for 10 min followed by assay of PLA, activity by

turbidimetric method (see section 3.2.6.3.1).
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3.2.6.8.6 Determination of pH optimum for PLA, catalyzed reactions

To determine the optimum pH for the catalytic activity of the purified
PLA; enzymes, the PLA, assay was carried out as described in the section
3.2.6.3.2 by using buffers of different pH values. The different pH values were
obtained as follows 0.1 M sodium acetate buffer, pH 5.5-6.5; 0.1 M phosphate
‘buffer, pH 7.0- 7.5 and 0.1 M Tris-HCI buffer, pH 8.0-9.5. From a line graph,

the optimum temperature for PLA; activity was calculated.
3.2.6.8.7 Circular dichroism

Circular dichroism (CD) measurement was performed by using a Jasco J-
715 spectropolarimeter (Tokyo, Japan). Protein samples (native and heated at 75
°C for 45 min) were dissolved a room temperature (~ 23°C) in Millipore water at
a final concentration of ~ Img ml”. CD spectra were recorded using a quartz
cuvette with an optical path length of 0.5 mm. Each CD spectrum represents an
average of 5 scans in the range of 195-250 nm, collected at 0.2 nm intervals,
with a spectral band width of 0.5 nm and 4 sec integration time. The CD spectra
were corrected by subtraction of water blank and expressed in molar ellipticity

[0] (degree cm® dmol™), using 113 as mean residue molecular weight [140,255].
3.2.6.8.8 Heat-inactivation study of PLA; enzymes

Purified PLA, enzymes were dissolved in 20 mM K-phosphate buffer,
pH 7.0 (100 nM) and incubated for different time periods (0 - 60 min) at 75 °C.
The reaction mixture was cooled immediately in ice-bath and then the required
volume was withdrawn and catalytic activity and pharmacological activities of
the heated and native PLA, enzymes were analysed. The activity of native
enzyme (without heating) was considered as control and other values were

[S

compared with that.
3.2.6.8.9 Chemical modification of PLA; enzymes by pBPB

The active sites of purified PLA; enzymes were chemically modified by
the method of Doley and Mukherjee [179]. Briefly, PLA; enzymes (100 nM)

e e e S———
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were incubated with pBPB in 25 mM Tris-HCl buffer pH 8 (at a final
concentration of 2.0 mM) at 37 °C for 30 min. The reaction mixture was desaIted
through desalting column to remove the excess reagent. The modified PLA,
enzymes were assayed for catalytic activity and other pharmacological activities
and these activities were compared with control enzyme (PLA; without

incubation with pBPB).
3.2.6.8.10 Chemical modification of PLA; enzymes by other inhibitors

The different inhibitors viz. TPCK, TLCK (serine and cysteine inhibitor),
PMSF (serine protease inhibitor), EDTA (metal chelator), DTT (reducing agent
for disulphide bridge) and TAA (alkylating reagent/ cysteine inhibitor) were also
tested for chemical modification of active site of purified enzymes. For the
chemical modification study, 100 nM of purified PLA; enzyme was incubated
with different inhibitors (at 2.0 mM final concentration) at 37 °C for 30 min.
After incubation the modified enzymes were assayed for PLA; activity and other
pharmacological properties and compared with activities of control PLA;. The
control PLA; represents enzyme that was not incubated with any inhibitor and

this activity was considered as 100 % activity.

3.2.6.8.11 Fluorescence spectrophotometric measurements of

phospholipids-PLA; and coagulation factors-PLA; interactions

Interaction of different phospholipids with purified PLA; was determined
by using a fluorescence spectrometer (LSSS, Perkin Elmer). Briefly, either a
pure phospholipid (PC/PS/PE) or a mixture of phsopholipids [PC:PS:PE (1:1:1)]
were suspended in 20 mM Tris-HCI, pH 8.0 buffer at a final concentration of 1
mM and sonicated for about 5 min at 4 °C with a Labsonic® M (Sartorius)
sonicator. Graded concentrations of PLA; (dissolved in 20 mM Tris-HCI, pH
8.0) was mixed with a fixed concentration of either PC, PS or PE or a mixture of
PC: PS: PE (1:1:1), either in presence or, absence of Ca’* and fluorescence
spectra were obtained at an excitation wavelength 280 nm, excitation and

emission slits 5 nm, temperature 30 °C. Wavelength shifts were measured by
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taking the midpoint at two third height of the spectrum. The maximum

fluorescence of free protein (Ip) was also measured.

To measure the interaction of PLA, with blood clotting factors viz. faktor
Xa, factor Va, prothrombin and thrombin, the former protein was mixed with
any one of the coagulation factors at a time to get the different molar ratio of
PLA.: coagulation factor either in presence or absence of Ca®* and change in the
fluorescence intensity at 280 nm excitation was measured [216]. To assure the

reproducibility, all the binding experiments were done in triplicate.

3.2.6.8.12 Study of inhibitory effect of PLA;s on prothrombin activation by

factor Xa: amidolytic activity assay of thrombin generation

The effect of PLA; on inhibition of factor Xa was assessed by inhibition
of factor Xa mediated thrombin formation from prothrombin in presence of
PLA; enzymes. The thrombin formation was assayed by amidolytic activity of
thrombin towards its chromogenic synthetic substrate (N-p-tosyl-Gly-Pro-Arg p-
nitroanilide acetate salt) which was carried out with a microplate reader (Thermo
Electron Corporation, Multiskan ascent, Type 354). Briefly, 200 ul of a;say
buffer (20 mM K-phosphate buffer, pH-7.4) containing 10 ul of 10 mM stock of
chromogenic substrate was incubated with 100 nM of either purified PLAss at
37 °C for 20 minutes, and the formation of p-nitroaniline was monitored at 405
nm [216,256]). The amount of substrate hydrolyzed was calculated from a

standard curve of p-nitroaniline.

The inhibition of prothrombin activation was also analyzed by 15 %
SDS-PAGE [245]. Briefly, 5 pug prothrombin was incubated with factor Xa, Ca**
ions and either in presence or absence of 100 nM of purified PLA; at 37 °C for 3
h. The hydrolysis products of prothrombin were analyzed by 15 % SDS-PAGE

under non-reducing condition.

3.2.6.8.13 Effect of PLLA; on amidolytic activity of factor Xa

Factor Xa (50 uM) dissolved in 20 mM K-phosphate buffer, pH 7.4 was

incubated with various concentrations (50-100 nM) of purified anticoagulant
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PLA, (either in presence or absence of Ca®*) for 10 min at room temperature
(~23 °C). The factor Xa amidolytic activity was measured by transferring an
aliquot of the mixture to a cuvette containing 50 pM of F3301 (CH;0CO-D-
CHA-Gly-Arg-p-nitroanilide; chromogenic substrate for factor Xa). The
hydrolysis of F3301 was measured at 405 nm. The reaction mixture without
factor Xa was considered as negative control whereas reaction mixture with
factor Xa and F3301 but without PLA, served as positive control. The
amidolytic activity of factor Xa in absence of PLA; was considered as 100 %

activity and other values were compared with that.
3.2.7 Pharmacological Characterization
3.2.7.1 Assay of plasma clotting activity
3.2.7.1.1 Ca- clotting time

The plasma clotting activity of the purified enzymes was assayed by the
method of Angulo et al. {257]. Briefly, blood from goat / healthy human donor
was collected in 3.8 % of trisodium citrate and then platelet poor plasma (PPP)
was prepared by centrifuging (2,500 x g) twice the anticoagulated blood for 15
min at 4 °C and used within 4 h of collection. To assay the re-calsification ti;ne,
specific amount of crude RVV/ purified PLA;s (in a final volume of 30 pul) was
added to 300 pl of PPP pre-incubated at 37 °C. The reaction mixture was
incubated for 3 min at 37 °C and then 40 ul of 250 mM CaCl, was added. The
PLA, induced clotting time of plasma was recorded with the help of a stop
watch, based on the first appearance of fibrin thread/clot. As a control, plasma
aliquot was incubated with 30 ul of phosphate buffer saline (PBS) and the

clotting time was determined identically.
3.2.7.1.2 Prothrombin time test

Prothrombin time (PT) of goat PPP was determined by the method of
Quick et al. [258] using commercial kit (Lot No. 331901). For this assay 0.1 ml
of PPP was taken in a clean and dry test tube and pre incubated for 5 min at 37°C

»
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in a water bath. Various amounts of crude RVV/ purified protein were added and
incubated in a water bath for 5 min at 37 °C followed by addition of 0.2 ml of
Liquiplastin reagent and appearance of the first fibrin clot was noted using a stop
watch. Addition of 0.9 % (w/v) NaCl, instead of PLA; served as control.

3.2.7.1.3 Gas-chromatography analysis of liberated fatty acids from plasma
phospholipids

The fatty acids released after treatment of 0.3 ml of goat plasma with 100
nM of PLA; for 3-20 min were extracted and methylated as describe by
Mukherjee et al. [205]. Briefly, 5.0 ml of methanolic sodium hydroxide solution
was added to a measured amount of lipid extract (in a round bottomed flask) and
the mixture was refluxed for half an hour. Then 5.0 ml of deionised water and
1.0 ml of concentrated HCI (11.65 N) were added, mixed well and the mixture
was extracted with 10.0 ml of petroleum ether. The process was repeated twice
and the sample was dried in a rotary vacuum evaporator. To these FFAs, 10.0 ml
of methyl alcohol and few drops of concentrated H,SO4 were added. The mixture
was again refluxed for 3 hrs followed by dilution with 10.0 ml of water and then
re-extracted with 10.0 ml of petroleum ether. The extraction procedure was
repeated twice. All the petroleum-ether extracted fractions were pooled and

allowed to dry in a dessicator for analysis by GC.

*

After that GC analysis of the dry sample (fatty acid methyl esters) was
done as described by Saikia et al. [216]. The dry sample (fatty acid methyl
esters) was dissolved in a minimum quantity of chloroform and analyzed on a
GC-MS (Varian 3800, Saturn 2000) system. The samples were injected using a
split ratio of 100:1 into a fused silica GC column CP- Sil 8 CB low bleed (30 m
x 0.25 mm x 0.25 pm) coupled with a CP-Sil 5 C low bleed /MS (30m x 0.25
mm x 0.25 pm) column with helium as the carrier gas. The system was equipped
with flame ionization detector. The initial oven temperature was 120 °C and a
temperature program of 8 °C per min began at injection and continued to a final
oven temperature of 270 °C, which was hold isothermal for 3 min. The injector

port and detector temperature were set at 250 °C. The mass spectrometric data
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were acquired in electron ionization mode (70eV). The unknown methylated
fatty acids were identified by matching both retention time and MS of the
unknown compound with those of authentic standards (Saturn 2000 MS library
search). The fatty acids were quantitated by measuring and comparing the GC
peak area for released (unknown) fatty acids with the GC chromatogram of a

standard (known) fatty acid.
3.2.7.2 Direct and indirect haemolytic activity assay

Haemolysis was assayed by the semi quantitative method of PLA; assay
[259]. Direct haemolytic activity of crude RVV/purified PLA,was tested by
incubating 10 ug of crude venom protein or, 100 nM of purified PLA, with 5 %
(v/v) of goat blood erythrocytes suspension in 100 mM phosphate buffer, pH 7.4
in a final volume of 3.0 ml. After incubating for 60 min at 37°C, the tubes were
placed in ice to stop the reaction. The reaction mixture was then centrifuged and
released haemoglobin was measured spectrophotometrically at 540 nm. For
indirect haemolysis assay, 10 pg of egg yolk suspension as added to the reaction
mixture (as prepared for direct haemolytic assay) as a source of phospholipids
and haemolysis was induced by addition of PLA, enzyme. Total haemolysis
(100 %) was achieved by adding deionised water (Millipore) instead of venom
protein to the erythrocyte suspension. Haemolysis was expressed as percent total
haemolysis. To check the haemolytic effect of purified PLA; enzymes on PC, PS
and PE enriched human erythrocyte; the method Diaz et al. [260] was followed.
Briefly, 300 pl of 5 % (v/v) washed erythrocytes suspension was pre-treated with
5 mM of either PC, PS or PE for 1 h at 4 °C. The pre-treated cells were then
incubated with 100 nM of PLA, enzyme for a period of 3 h at 37 °C either in
presence or absence of 1.5 mM CaCl, and percentage of haemolysis was

determined as described above.
3.2.7.3 In-vitro tissue damaging activity assay

For the assay of in vitro tissue damaging activity, procedure of Dutta and
Bhattarcharyya [261], as modified by Doley and Mukherjee [179] was followed.
Briefly, fresh chicken liver/heart/lungs tissues were washed with 0.9 % NaCl to
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remove adhered blood clots, cut into small uniform sized pieces, and patted with
dry tissue paper. For each experiment, 300 £ 10 mg of tissues were pre-
incubated with 1.0 ml of 0.2 M K-phosphate buffer, pH 7.4 for 45 min at 37 °C.
The tissues were then washed twice with the same buffer and incubated with
either crude RVV (1pg ml™') or, purified PLA; (100 nM) in a final volume of 2.0
m! of 0.2 M K-phosphate buffer, pH 7.4 for 5 h at 37 °C. After incubation, the
reaction mixture was centrifuged for 5 min at 3,000 rpm and absorbance of the
supernatant was read at 540 nm (Thermo scientific UV10, England). The
percentage of haemoglobin released i.e., the in vitro tissue damaging activity of
crude RVV/purified PLA,s was calculated with respect to tissue incubated with
0.1 % (v/v) Triton X-100 (100 % activity).

3.2.7.4 Assay of antibacterial activity of the PLA, enzymes

" Antibacterial/ bactericidal activity of crude Russell’s viper venom and
purified PLA, enzymes against Escherichia coli (DH5a) (Gram negative),
Bacillus subtilis (Gram positive) and Pseudomonus auregonisa, M and NM
strains bacteria was assessed as described by Mukherjee, 2007. To study the
effect of the purified PLA> enzymes on bacterial membrane phospholipids
hydrolysis, mid-logarithmic culture (O.D.s3opnm ~ 0.3) of bacteria were
centrifuged at 10,000 X g for 15 min to pellet the cells and then incubated with
10 pg of PLA; enzyme at 37 °C upto 18 h. Lysis of bacterial cells (if any) was
measured as an decrease in optical density at 630 nm (OD630) by a
spectrophotometer (Thermo scientific UV10, England) after incubation [262]. A
control was run in parallel where instead of crude RVV or PLA; enzyme, PBS

was added and bacteria were incubated under identical conditions.
3.2.7.5 Isolation of chicken liver mitochondria

Mitochondria were isolated from fresh chicken liver as described by
Valente et al. [263]. All the operations were carried out at 4 °C, unless otherwise
stated. Briefly, liver tissues were homogenized in 0.25 M sucrose containing 20
mM Tris-HCI, pH 7.4 and 1 mM EDTA (isolating buffer), centrifuged in Sorvall
refrigerated centrifuge (Sorvall®RC 5B plus) for 10 min at 460 x g to sediment
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the nuclei. The supernatant was transferred to another tube and centrifuged at
12,500 x g for 7 min. In appearance, the centrifuged tube has three distinct
layers. The middle layer containing the mitochondria was dislodged very gently,
re-suspended in 4 ml of isotonic buffer (20 mM Tris-HCI, pH 7.4 containing 0.3

M sucrose) to give a final protein concentration of 80-100 mg ml™.
3.2.7.5.1 Assay of membrane damaging activity

Isolation of mitochondria from fresh chicken liver at 4 °C was described
above. For the asséy of PLA; induced mitochondrial swelling and membrane
damage, mitochondrial suspension containing 100 mg equivalent of
mitochondria (mitochondria obtained from 100 mg wet weight of tissues) in 2.0
ml of assay buffer (20 mM Tris-HCI, pH 7.4, containing 0.3 M sucrose) were
incubated with 100 nM of purified PLA,, either in the presence or absence of 2
mM Ca®, at 37 °C for the desired time period. Mitochondrial swelling was
followed spectrophotometrically by the decrease in absorbance at 520 nm for 30
min [140]. One unit of swelling is defined as a decrease in 0.01 absorbance/min
of mitochondrial suspension at 520 nm by added PLA, enzyme (100 nM) as
compared to control (mitochondrial suspension without PLA,) under the
experimental condition. The basic test system without added PLLA, was served as
a control. Qualitative and quantitative analyses of liberated fatty acids and
lysophospholipids from the mitochondrial membranes due to the action of PLA;
were performed by gas-chromatography as described below. A control was also
set up where the mitochondria were treated under the identical condition except
the addition of PLA,.

For the estimation of RVV-PLA; induced haemolysis and erythrocyte
phospholipids hydrolysis, goat blood was collected in 3.8 % tri-sodium citrate
and erythrocytes were separated by centrifuging the citrated blood at 1000 X g
for 15 min, washed twice with isotonic K-phosphate bufter, pH 7.4 and
suspended in the same buffer at a concentration of 5 % (v/v). Purified PLA,
enzyme at a final concentration of 100 nM was added to 3.0 ml of the above said

erythrocytes suspension and the haemolysis and erythrocyte phospholipids
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hydrolysis by PLA, were measured as described by Doley et al. [140]. For
determining the role of exogenously added phospholipids in haemolytic activity
(indirect haemolytic activity), either PC (final concentration of 1 mM) or egg
yolk phospholipids (0.1 % v/v) was added to the erythrocyte suspension prior to
the addition of PLA,. The reaction was initiated by the addition of PLA,
followed by measuring the haemolysis as stated above [140]. For each of the

experiment isotonic saline instead of PLA, was used as a control.

Erythrocytes or mitochondria, without or without PLA, treatment for
various time periods were centrifuged at 10,000 x g and 1.0 ml of supernatant
was used for the extraction and quantification of total lipid and fatty acids from
the reaction mixture [140]. The total lipid and fatty acids were also extracted
from control (untreated) erythrocytes and mitochondria incubated under similar
experimental conditions. For the estimation of phospholipids/lysophospholipids
released from the membrane, the total lipid extracted from the supernatant was
digested with concentrated HNO; in a Kjeldahl flask until a white precipitate
was formed and then the liberated Pi was estimated calorimetrically as described
earlier [140,264]. Briefly, the digest was dissolved in water and final volume
was adjusted to 10.0 ml. To this, 5.0 ml of ammonium molybdate was added and
mixed well. After that the reading was taken at different time periods (5-15 min)
at 640 nm by using a spectrophotometer (Thermo scientific UV10, England).
The reading was plotted against time and the reading at zero minute was find out
by extrapolation and thus calculated the unit of inorganic phosphorous (p,)

formed.
3.2.7.5.2 Analysis of fatty acids released from membranes by GC-MS

The total lipid released from the membranes (mitochondrial and
erythrocyte) with or without PLA, treatment was extracted and from this tE)tal
lipid, liberated fatty acids were extracted and methylated as described in the
section 3.2.7.1.3. The dry sample (fatty acid methyl esters) was dissolved in a
minimum quantity of chloroform and analyzed on a GC-MS (Varian 3800,

Saturn 2000) system as described in the section 3.2.7.1.3. The unknown
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methylated fatty acids were identified by matching the retention time as well as
MS of the unknown compound with those of authentic standards (Saturn 2:)00
MS library search). The fatty acids were quantitated by measuring and
comparing the GC peak area for released (unknown) fatty acids with the GC

chromatogram of a standard (known) fatty acid.

3.2.7.5.3 Enzyme immunoassay to determine the binding of RVV-PLA;s

with membrane

Supernatant obtained from the incubation of intact mitochondria or
erythrocytes with purified PLA, (native, heated or chemically modified) at 4 °C
for 30 min was tested for free (unbound) toxin concentration by ELISA using
horse polyclonal antibodies against RVV and rabbit anti-horse IgG peroxidase
conjugate [140,264] as described in the section 3.2.8.2. A standard curve of
PLA, was plotted by adding graded concentration of RVV-PLA;s (30-200 nM
per well) in the wells of the ELISA plate and the concentration of unbound PLA,
was determined from this curve by using an ELISA plate reader (The;mo
Electron Corporation, Multiskan ascent, Type 354). Binding of native PLA, with
membrane was taken as 100 % binding and then values were calculated. Each

experiment was repeated thrice to assure the reproducibility.

3.2.7.6 Cytotoxicity assay on tumour cells

Cytotoxicity was assessed on adenocarcinoma tumour cell line HT29
[264). Various dilutions of PLA, enzymes (2.0-10.0 pg ml™), dissolved in the
cell culture medium (DMEM with 10 % serum), were added to cells and then
aliquoted in a 96-well plate at a concentration of 1x10* cells mi". The final
volume of cell culture was adjusted to 100 pl well™'. The cells were allowed to
grow at 37 °C (in a 5 % CO, atmosphere) for 4 h as well as 24 h post-incubation
with crude RVV/purified PLA; followed by addition of 20 pl well’ of water
soluble XTT  (2,3-bis-(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-
carboxanilide) solution (1 mg ml™). After 4 h incubation at 37 °C and growth
conditions for each cell line, the absorbance at 490 nm was recorded using a

microplate reader (Tecan, model-infinite®200 PRO). Cytotoxicity was expressed
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as percentage cell death which was determined by comparing absorbance with
values obtained from the standard curve of control cells treated with XTT
Solution under identical conditions. The cytotoxicity assay for the cell line was
done in quadrupled. Control experiments were also run in parallel where cell
cultures were treated with toxin-free growth medium (negative control) and
medium without cells (blanks). The control and crude RVV/PLA, treated cells
were also observed under a compact high performance inverted light microscope
(Nikon ECLIPSE, TS100, Tokyo) for any visible morphological changes.

3.2.7.7 In vivo animal experiments
3.2.7.7.1 Determination of toxicity on mice

The toxicity experiment was done on BALB/c mice at Defence Research
Laboratory, Tezpur. The acute toxicity was determined as per protocol of
OECD/OCED guideline 425 [265] and as approved by the Tezpur University
animal ethical committee. For toxicity assessment of PLA; 'in rodents, purified
PLA; enzyme (0.08-0.4 mg kg™ body weight) dissolved in 0.1 ml of PBS was
injected intraperitoneally into a group of six BALB/c mice (20-30 g). The mice
were assigned to control group (Group I, n=6) and one PLA, treated group
(Group 1I, n=6) for each PLA,. The animals were observed at regular intervals
up to 48 h post-injection for any behavioural changes viz., body weight, food
and water intake, faecal and urination, grip strength, ear twist, rectal temperature
etc., effect on circulatory system, and/or death. Bleeding time along with clotting
time was also checked before sacrificing the animals. Control animals (placebo)

n

were injected with 0.1 ml of PBS only.

Mice were sacrificed 48 h post injection, blood was collected
immediately by venipuncture and the serum was used for the assay of different
parameters viz. total protein, glucose, cholesterol, triglycerides, uric acid and
urea level in serum as well as different enzyme activity viz. LDH (lectate
dehydrogenase), ALP (alkaline phosphatase), CPK (creatine phosphokinase),
SGOT (serum glutamic oxalocetic transminase) and SGPT (serum glutamic

pyruvic transminase) by using commercial kits in an auto analyzer. To study the
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effect of PLA, enzymes on different blood cells, RBC and WBC count of treated
and control animals was done by an automatic cell counter (Automated

hematology cell counter- MS 4(s), Milet Schloesing Laboratories).
3.2.7.7.2 Histopathological examination

Histopathological study of the tissues was done in order to evaluate the
pathogenic alterations, if any, induced by i.p. injection of PLA; in mice. After 48
h of injection, the animals were euthanized by deep anesthesia with diethyl ether.
Heart, lung, liver and kidneys were excised, cut into small pieces, washed in
PBS, pH 7.4 to and then treated in 10 % formaldehyde, and processed for
embedding into paraffin (ParaplastTM resin). The materials were then
dehydrated by passing through increasing concentrations of ethanol (50-100 o).
The resulting blocks were sliced in 5 um thick sections and then stained with
hematoxyline and eosine. The tissues were examined under a light microscope

(LEICA DM 3000) for PLA;-induced pathological evaluation.
3.2.8 Immunological Characterization
3.2.8.1 Immunological cross-reactivity

Immunological cross reaction between crude RVV/purified PLA,
enzyme(s) against commercial polyvalent antivenom (raised against the venom
of Naja naja, Daboia russelli, Bungarus Caeruleus and Echis Carinatus) was
studied by gel immunodiffusion test as described by Ouchterlony and Nilnsan
[266]. Briefly, 1 % (w/v) agarose was prepared in PBS containing 0.02 %
sodium azide (w/v). Wells of suitable diameter were prepared on the plate using
a puncture, one in the centre and four surrounding the central well. Central well
was filled with 10 pl of 2 mg ml" commercial antivenom and four peripheral
wells were filled with either crude RVV or purified anticoagulant PLA; of
different dilutions. The Petri-plates were placed in a humid box and kept at 37
°C. The appearance of antigen-antibody complex surrounding the central well
was detected by visual monitoring up to 48 h. A control was also set where

instead of crude RVV/PLA;, 20 mM K-phosphate buffer, pH-7.4 was added.
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After the formation of precipitin line, the gel was extensively washed for 24 h
with several changes of normal saline, dried and stained with 1 % (w/v)

Coomassive brilliant blue-250 to visualize the precipitating bands.
3.2.8.2 Enzyme-linked immunosorbent assay (ELISA)

ELISA was also used for evaluating the antigenic cross-reactivity of
purified PLA; enzymes with commercial polyvalent antivenom. The walls of 96-
well ELISA plate (Micro Test IIITm flexible assay plate, Becton and Dickinson
and Co, Oxnard, USA) were coated with 0.5 mg well”' of crude RV V/purified
PLA(s) in 50 mM sodium bicarbonate pH 9.6 (100 ul, standard volume) and
kept at 4 °C overnight. After washing with 0.05 % Tween/saline, the wells were
blocked with 2 % (w/v) BSA in PBS (phosphate buffered saline, pH 7.4) for 1 h
at room temperature. Polyvalent antivenom were added and incubated for 1 h at
37 °C at 1:200, 1:400, 1: 1,000 dilutions. The plates were then washed with wash
buffer (PBS with 0.05 % (v/v) Tween 20) and incubated with anti-horse IgG-
ALP conjugated secondary antibodies (Sigma-Aldrich, St Louis, MO, USA),
diluted 1:4000, 1:10,000 for 1 h at 37 °C. The wells were washed with 0.05 %
Tween 20 /PBS and the bound antibodies were detected by incubating with 100
pl of tetramethylbenzidine/hydrogen peroxide (TMB/H,05) as substrates and the
color reaction was developed for 1 h at 37 °C. Then 1 N H,SO4 was added to
stop the reaction and absorbance was measured at 405 nm in an ELISA reader
(Thermo Electron Corporation, Multiskan ascent, Type 354). To assure the
reproducibility, all ELISA tests were performed in triplicate.

3.2.9 Preparation of plant extract

Plant extracts were prepared according to the method of Mahanta and
Mukherjee [243]. Fresh leaves/roots/bark were shade dried and made to coarse
powder. 2.0' g of powder of leaves/roots/bark was taken in a beaker and soa'i<ed
with 100 ml of H,O with continuous stirring for 2 h at room temperatire (~23
°C). The extract was filtered through a muslin cloth and filtrate was concentrated
at 40 °C under vacuum. The dried extract was dissolved in normal saline (0.9 %)

at a concentration of 1 mg ml"! and kept at 4 °C until further use. However, for
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alcohol/chloroform extraction, the mixture was continuous stirred for 2 h at
room temperature (~23 °C). After filtration through muslin cloth, the filtrate was
concentrated and dried. The residue was suspended in normal saline at a

concentration of 1 mg ml™ and stored at 4 °C until further use.

3.2.10 Neutralization of catalytic activity and pharmacological properties of

purified PLA; enzymes
3.2.10.1 By polyvalent antivenom

For neutralization of PLA, activity, commercial polyvalent antivenom
was incubated with crude RVV/purified PLA;s at different ratios (1:100, 1:200
and 1:500, w/w) at 37 °C for 30 min, followed by assay of catalytic activity and
pharmacological properties. Activity of PLA, enzyme without polyvalent
antivenom was served as control (100 % activity) and other values were

compared with that.
3.2.10.2 By plant extract

For neutralization of PLA; activity, graded amounts of plant extract (10-
100 mg ml"') was pre-incubated with a fixed amount of (1 pg ml") of crude
RVV/purified PLA,s for 30 min at 37 °C. Then PLA, activity as well as
pharmacological properties were assayed. PLA, activity without plant extract
was served as control (100 % activity) and other values were compared with

that.
3.2.11 Storage stability of PLA; enzymes at 4 °C

Stability of aqueous solution (1.0 mg ml") of purified PLA; enzymes
were checked by keeping the PLA(s) at 4 °C for a specified period of time (0-28
days). A suitable aliquot was withdrawn at a regular interval to assay the
catalytic as well as pharmacological properties of PLA; enzymes. These values
at 0 day were considered as 100 % activity and other values were compared v:/ith

that.

m
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Isoenzyme pattern of phospholipase A; (PLA;) enzymes of venom of

Russell’s viper (Daboia russelli) of eastern India origin
4 Results

4.1  Separation of basic phospholipase A, (PLA;) enzymes by
fractionation of crude Daboia russelli venom through a cation

exchanger

The fractionation of crude RVV through cation exchanger renders the
presence of a total of twelve basic PLA; enzymes. These isoenzymes were
progressively eluted from the cation exchanger on the basis of their overall
positive charge at the pH 7.0. Amongst the isolated twelve basic PLA,, six
enzymes were shown to possess strong anticoagulant activity and were
designated as CM-AC-I to CM-AC-VI (Fig 4.1). The remaining six PLA,
enzymes were devoid of anticoagulant activity and named as CM-II to CM-VII
(Fig 4.1). A summary of isolation of basic phospholipase A, (PLA;) enzy1;1es

from crude Dabaia russelli venom is shown in the Table 4.1,

m
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Fig 4.1: CM Sephadex C-50 chromatography profile of crude Russell’s
viper (Daboia russelliy venom. The column (20 mm X 60 mm) was pre-
equilibrated with 20 mM K-phosphate buffer, pH 7.0 and loaded with 20.0 mg
venom dissolved in 2.0 ml of the same buffer. The bound proteins were eluted
stepwise using K-phosphate buffers of various molarities and pH values at room
temperature (~23 °C). The increasing molarities and pH values were (a) 20 mM,
pH 7.0, (b) 50 mM, pH 7.0, (¢) 50 mM, pH 7.5, (d) 75 mM, pH 7.5, (¢) 100 mM,
pH 8.0, (f) 180 mM, pH 8.0, (g) 230 mM, pH 8.0, (h) 260 mM, pH 8.0 and (i)
300 mM, pH 8.0, at 23 °C. Fraction volume was 1 ml and flow rate was adjusted
to 24 ml h™'. The anticoagulant PLA,s were detected after washing the column
with 230 mM K-phosphate buffer, pH 8.0. Dotted line represents the PLA;s with
coagﬁlant activity. Fractions number 1-17 were eluted with wash buffer and

showed showing anticoagulant activity. These fractions were pooled and named
CM-L.
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Table 4.1: A Summary of isolation of basic PLA, enzymes of crude Daboia russelli venom through CM Sephadex C-50 column. Values

are represented as mean + S.D. of four experiments.

Peaks % recovery of PLA; specific activity*  Anticoagulant specific % Haemolysis
protein (Unit/mg of protein) activity** Direct Indirect
(Unit/mg of protein)
Crude venom 100 7.9+0.63 x 10° ND 1.6+0.5 55.7+0.5
Basic fractions
CM-II 2.2 8.4+021x10* ND ND 443+ 1.1
CM-III 1.1 73+0.11x10* ND ND 56.6+2.1
CM-IV 0.9 1.2+0.52x 10* ND 1.0+ 0.5 55.3£2.3
CM-V 1.1 57+0.71x10° ND ND 48.8+2.2
CM-VI 0.9 7.5£0.31 x10° ND 1.1+£05 51.9+1.3
CM-VII 1.5 3.4+0.25x 10° ND 13+0.8 46.6 +2.7

Continued in next page
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Table 4.1 continue.

Peaks % Recovery of protein  PLA,; specific activity* Anticoagulant specific % Haemolysis
(Unit/mg of protein) activity** Direct Indirect
Unit/mg of protein)

CM-AC-I 0.5 6.4+0.51x10° 1.1+£0.63 x 10* 1.5+0.9 531422
CM-AC-II 0.6 1.3£0.11x10° 1.6 £0.63 x 10 1.3+1.1 52.5+2.1
CM-AC-1II 1.1 3.8+0.28x 10’ 0.8 +0.63 x 10* ND 50.7+22
CM-AC-1V 1.5 52+0.46x 10* 7.1+0.63 x 10* 1.1£0.7 48.8 3.2
CM-AC-V 0.7 2.1+0.18x 10 1.1 £0.63x 10 0.7+0.4 49.9 +21
CM-AC-VI 0.5 4.1+0.63x10° 2.3+£0.63x 10* ND 453 +0.21

ND: Not Detected
* One unit of PLA; activity is defined as decrease in 0.01 absorbance in 10 min at 740 nm.

**One unit of anticoagulant activity is defined as increase in time (s) of clotting compared to clotting time of control plasma.

L e L T e —
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4.2  Fractionation of CM Sephadex C-50 unbound proteins through an

anion exchanger to separate the neutral and acidic PLA; isoenzymes

The non-retained fractions of CM Sephadex C-50 column (eluted with 20
mM K-phosphate buffer, pH 7.0) were pooled together and named as CMI. For
the purpose of isolation of the neutral and acidic isoenzymes, CMI was re-
fractionated through an anion exchanger DEAE Sephadex A-50 column. This
fractionation reveals the presence of one neutral PLA;, named as CMIDEI and
six acidic PLA,s, namely CMIDEII to CMIDEVII (Fig 4.2). None of these
neutral and acidic PLA, fractions showed anticoagulant activity in in vitro
condition. A summary of isolation of neutral and acidic phospholipase A,
(PLA;) enzymes from RVV is shown in the Table 4.2.

Fig (Flow chart) 4.3 represents the flow chart of all the acidic, neutral
~and basic PLA, isoenzymes isolated from RVV by a combination of ion-
exchange (cation exchange followed by anion exchange) chromatography. A
total of 19 PLA, isoenzymes (twelve basic, one neutral and six acidic in nature)

were identified from venom of Russell’s viper of eastern India origin.

A comparison of the catalytic activity of the PLA, isoenzymes from
RVV reveals that the acidic and neutral PLA; enzymes are catalytically more
active as compared to their basic counterparts. However, crude RVV contains
highest quantity/amount of basic PLA, enzymes followed by acidic and neutral
PLA; enzymes (Fig 4.4). The basic PLA; isoenzymes constitute 61.0 % of the
total RVV PLA;s, whereas the acidic and the neutral anticoagulant PLA,
isoenzymes constitute 32.5 % and 6.4 % of the total venom PLAjs respectively
(Fig 4.4).

All the PLA,; isoenzymes (acidic, neutral and basic) of RVV have shown
significant indirect haemolytic activity though they did not show considerable
direct haemolytic activity against washed goat or human washed erythrocytes
(Table 4.1 & Table 4.2).

D
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Fig 4.2: Fractionation of unbound proteins from CM Sephadex C-50
column (CMI) to DEAE Sephadex A-50 to separate the neutral and acidic
PLA; enzymes of RVV. The column (20 mm x 60 mm) was equilibrated with
20 mM K-phosphate buffer (pH 7.0) and elution was carried out stepwise with
K-phosphate buffers of various molarities and pH values at 23 °C - a) 20 mM,
pH 7.0, (b) 20 mM, pH 6.5, (¢) 20 mM, pH 6.0, (d) 20 mM, pH 5.5, (¢) 100 mM,
pH 5.0, (f) 120 mM, pH S5.0. Fraction volume was 1 ml and flow rate was
adjusted to 22 ml h'.
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Table 4.2: A Summary of isolation of neutral and acidic PL A, enzymes of crude Daboia russelli venom by fractionation of CMI through

DEAE Sephadex A- 50 column. Values are represented as mean + S.D. of four experiments.

Peaks % Recovery of PLA, specific Anticoagulant % Haemolysis
protein activity* specific activity** Direct Indirect
(Unit/mg of (Unit/mg of
protein) protein)
Flow-through of CM Sephadex C-50
column
CMi 4.1 8.4+0.68x10° ND 1.5£0.1  554+1.8
Neutral PLA,
CMIDEI 0.98 1.9+0.17 x 10* ND 0.9+ 0.1 455+ 1.5
Acidic PLA;s
CMIDEI! 0.91 2.3+0.22 x10* ND ND 46.0 £ 2.1
CMIDEII! 0.22 1.6 +£0.14 x 10* ND ND 46.1 £ 1.1
CMIDEIV 0.35 1.8+0.16 x 10* ND 0.8+0.2 421+ 1.6
CMIDEV 0.49 3.8+0.31 x 10 ND 1.6+ 0.1 51.2+2.4

Results: Isoenzyme pattern of PLAs of R
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Table 4.2 continue.

Peaks % Recovery of PLA,; specific Anticoagulant % Haemolysis
. NN . R
protein activity Specific activity Direct Indirect
(Unit/mg of (Unit/mg of
protein) protein)
CMIDEVI 0.51 0.9 +0.08 x 10* ND ND 474+ 1.2
CMIDEVII 0.61 1.7£0.15 x 10 ND 12+04 523+23

ND: Not Detected

* One unit of PLA, activity is defined as decrease in 0.01 absorbance in 10 min at 740 nm.

**One unit of anticoagulant activity is defined as increase in time (s) of clotting compared to clotting time of control plasma.

Results Isoenzyme pattern of PLAzs of RNV
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Fig 4.3: A flow chart showing the presence of different PLA; isoenzymes in venom of Russell’s viper venom of eastern India origin.

Fractionation was carried out as described in chapter —IIT (Materials and Methods), section 3.2.1.

Results: Isoenzyme pattern of PLA=s of RV Page 89



Thests “Studies on antwcoagulant phospholipase A2 engymes from Indian Russell's viper (Dabora russelli) venom”
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Fig 4.4: Percent contribution of basic, acidic and neutral anticoagulant

PLA;s in crude Russell’s viper (Daboia russelli) venom.

]
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Isolation, purification, biochemical and pharmacological characterisation of
an acidic anticoagulant phospholipase A, (PLA;) enzyme (RVVA-PLA,-I)

from venom of Russell’s viper (Daboia russelli) of eastern India origin

5 Results
5.1  Purification of an acidic anticoagulant phospholipase A,

5.1.1 Fractionation of crude RVV through cation exchanger followed by

fractionation of CMI through anion exchanger

Crude RVV was fractionated through a cation exchanger CM Sephadex
C-50 column and the non-retained fractions of this column were pooled and
named as CMI (as described in the section 4.2). CMI was further fractionated
through an anion exchanger DEAE Sephadex A-50 column that resolved into
seven peaks; one was neutral in nature (named as CMIDEI) and other six were
acidic in nature namely CMIDEII, CMIDEIII, CMIDEIV, CMIDEV, CMIDEVI
and CMIDEVII (as described in the section 4.2 and Fig 4.2)

5.1.2 Fractionation of CMIDEYV through gel filtration column Sephadex
G-50

The peak CMIDEV, eluted with 100 mM K-phosphate, pH- 5.0 (Fig 4.2)
showing the highest PLA; activity among the acidic fractions, was selected for
further purification through a Sephadex G-50 (1 ¢m x 64 cm) gel filtration
column. This was resulted in the separation of CMIDEV into three peaks viz.
GFI to GFIII (Fig 5.1A). The fraction GFI showed highest PLA, as well as
anticoagulant activity. A summary of purification of the gel filtration fractions
(GFI to GFIII) of CMIDEYV is shown in Table 5.1.
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Fig 5.1A: Fractionation of CMIDEV through Sephadex G-50 gel filtration
column (1 cm x 64 ¢m). Gel filtration fractionation was done as described in the

section 3.2.2.1. Each protein peak was screened for PLA; activity.
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Fig 5.1B: Calibration curve of Sephadex G-50 column chromatography.
The column was equilibrated with following molecular weight markers;
aprotinin (6,500 Da), cytochrome C (12,400 Da), carbonic anhydrase (29,000
Da), BSA (66,000 Da) and blue dextran (2,00,000 Da).

Table 5.1: PLA; and anticoagulant activity of the three peaks eluted from
Sephadex G-50 gel filtration column after the fractionation of CMIDEV.

Values are from a typical experiment.

Peaks % recovery of PLA; specific Anticoagulant
protein activity Specific activity
GF-1 0.12 6.0 x 10* 1.9x 10°
GF-TI 0.05 2.1x 10* 0.6 x 10°

GF-III 0.08 1.9 x 10* 0.35x 10°
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5.1.3 Purification of an acidic PLA; by RP-HPLC of GFI

The gel filtration fraction GFI showing highest PLA, and anticoagulant
activity against PPP was further purified using RP-HPLC where it was eluted as
a single sharp peak with a retention time of 12.7 min (Fig 5.2). This fraction

displayed the PLA; as well as anticoagulant activities.
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Fig 5.2: Separation of gel filtration fraction GFI on a Waters reverse-phase
HPLC C,;3-p Nova Pak column. Solvents A and B were 0.1% (v/v) TFA in
5.0% (v/v) acetonitrile, and 0.1% TFA in 95% (v/v) acetonitrile, respectively.
Column was washed with solvent A for 5 min and then bound proteins were
eluted at a flow rate of 1 ml min™ using a gradient of 5-95% solvent B (0.1% v/v
TFA in 95% v/v acetonitrile) from 5 to 37 min. Detection was monitored at 280
nm and individual fraction was collected manually. The peak was screened ‘for
protein content, anticoagulant and PLA, activity. The protein (PLA; enzyme)

was eluted with a retention time 12.7 min.
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Table 5.2: Summary of purification of the acidic anticoagulant phospholipase A, (RVVA-PLA,-I). Values are from a typical

experiment. ND, not detected.

Fraction Total  Protein PLA,; activity Anticoagulant activity Purification fold
protein yield (%) "y Specific Total Specific PLA; Anticoagulant
(mg) activity activity activity activity activity activity

(Units) (Units / mg) (Units) (Units/ mg)

Crude RVV 20.0 100.0 1.3x10° 1.2x 10 ND ND 1 -

CM-Cellulose  0.84 4.1 1.1x10° 2.5x 10* ND ND 2.0 -

DEAE 0.98 0.49 1.9x 10° 3.8x10* ND ND 3.2 -

Sephadex

Gel filtration ~ 0.235 0.12 7.2 x 107 6.0 x 10* 23.8 1.9x 10° 4.9 1

RP-HPLC 0.014 0.1 5.9x 10° 8.4x10* 36.8 5.3x10°, 7.0 2.8

Results RVVA-PLA-T
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Yield of this protein was 0.1 % of the original venom load and was
named as RVVA-PLA,-I (Russell’s viper venom acidic phospholipase A,-I). A
summary of purification of RVVA-PLA,-I is shown in Table 5.2.

Up to a protein concentration of 25.0 pg ml”, no detectable protease,
acetylcholine and adenosine monophosphate activity was associated with

RVVA-PLA;-I preparation documenting the purity of this PLA; isolation.

5.1.4 Assessment of purity and determination of molecular mass of RVVA-

PLA,-1
5.1.4.1 Gel filtration chromatography and SDS-PAGE

The molecular mass of the PLA, was checked by gel filtration
chromatography, SDS-PAGE and ESI/MS analyses. By molecular sieve
chromatography, the molecular mass of this acidic PLA, was estimated as 61.0
kDa. About 20 pg of RVVA-PLA,-1 gave a sharp, Coomassie Brilliant blue
positive band on 12.5 % SDS-PAGE under both reduced and non-reduced
conditions (Fig. 5.3). By SDS-PAGE, this protein appeared as a single band of
28.5 kDa after reduction with B-mercaptoethanol, but in absences of reducing
agent and heating, it migrated as a single band of an apparent mass of 58.0 kDa

(Fig 5.3) indicating that the purified PLA; is a homodimmer.

e e ]

Results: RVA-PLA-T Page 96




Thesis: “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell's viper (Daboia russelli) venom”
e e e e e e e . i i i

A B cC D
97,400
66,000
43,000
29,000
20,100
14,300

Fig 5.3: SDS-polyacrylamide gel electrophoresis. Purified RVVA-PLA,-I
(both reduced and non-reduced) and crude D. russelli venom were separated by
12.5% SDS-PAGE: Lane A) molecular weight marker; lane B) crude RVV (30
ng); lane C) 20 pg RVVA-PLA,-I (non-reduced condition); lane D) 20 png
RVVA-PLA,-I (reduced condition). Experiment was done as described in the
section 3.2.5.3.

5.1.4.2 ESI/MS

Molecular mass of the purified acidic PLA; was determined as 28.588

kDa by ESUMS (Fig 5.4).

e e e
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Fig 5.4: ESI/MS of RVVA-PLA;-I for molecular mass determination.

Experiment was done as described in the section 3.2.5.4.

5.2 Biochemical Characterisation
5.2.1 PLA; specific activity

RVVA-PLA;-I showed PLA, activity against egg yolk phospholipids as
substrate (Table 5.2).

5.2.2 Dose-dependent PLA; activity

The dose-dependent study demonstrated that the PLA; activity

(hydrolysis of phospholipids) was increased linearly up to enzyme concentration
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of 0.6 pg m1''; however, beyond this concentration, saturation in enzyme activity

was observed (Fig 5.5).
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Fig 5.5: Dose-dependent catalytic activity of RVVA-PLA,-I. Values represent
mean + S.D. of four experiments. Experiment was done as described in the
section 3.2.6.8.3 by using different concentration of RVVA-PLA,-I (0.1-1.0 pg

ml™).

5.2.3 Carbohydrate content

The total carbohydrate content of RVVA-PLA,-I, as determined by
phenol-sulphuric acid method was found to be 14.5 microgram of glucose per

mg of the enzyme.
5.2.4 Substrate Specificity of RVVA-PLA,-I

To check the substrate specificity of RVVA-PLA,-I, commercially
available phospholipids with different head groups viz., PC, PS and PE were

m
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used as substrates. The assay reveals that RVVA-PLA,-I has highest specificity
towards PC followed by PS and then PE (Table 5.3).

Table 5.3: Substrate specificity of the acidic anticoagulant PLA, (RVVA-
PLA;-I). Values are mean + S.D. of four determinations. Experiment was done

as described in the section 3.2.6.8.1.

Phospholipid Substrate PLA,; Specific activity
(Final concentration 1 mM) (Unit* mg'min™)
Phosphotidylcholine (PC) 9.6 x10°+ 0.8
Phosphotidylserine (PS) 1.2x10°£ 1.1
Phosphotidylethanolamine (PE) 6.8 x10°+ 1.4

*Unit is defined as pg of FFA released min™ at 37 °C.

5.24.1 Effect of substrate concentration on catalytic activity of RVVA-
PLA,-I

Effect of substrate concentration on catalytic activity of RVVA-PLA,-1
shows that (Fig 5.6) with an increase in the PC concentration, a corresponding
enhancement of phospholipid hydrolysis was detected. A saturation in enzyme
activity was reached at 2.0 mM PC (Fig 5.6).

Results: RVVA-PLA-T Page 100



Thesis “Studies on anticoagulant pliospfiofipase A2 enzymes from Indian Russell's viper (Daboa russellt) venom”
e — - ]

140 4

120 |

-

80 - P

"1/

a0 1 ¥

Unit of PLA, activity
K—l\

20 A

0 T T T T T T T 1
0.2 0.4 08 1.0 1.2 1.5 2.0 2.5

Substrate concentration (mM)

Fig 5.6: Effect of substrate concentration on PLA,; activity of RVVA-PLA,-I
(0.5 pg ml™). Effect of substrate concentration on PLA, activity of RVVA-
PLA,-I was determined as described in the section 3.2.6.8.2. Results are

expressed as mean + S.D. of four determinations.

5.2.5 Determination of kinetics (Km and Vmax) of PC hydrolysis

By plotting the values of 1/v as a function of 1/[S], a straight line was
obtained (Fig 5.7), that intersect the vertical line at a point which is the 1/Vmax
(Since 1/[S] = 0. We have 1/v =1/Vmax). If we extend the straight line then the
horizontal axis (1/{S]) intersect at the point which is -1/Km. The straight line

was obtained with the following regression equation (Fig 5.7).
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y = 0.0228x + 0.0346
When y=0, then x = -0.0346/0.0228 or, x=-1.52 i.e., -1/Km = 1.52,
i.e., Km=0.65mM or, 0.65x 10*Mie., Km=0.65x 10* M

1/Vmax = 0.0346 i.e., Vmax=28.9 x 10° mM pg' or, 28.9 x 10° uM ng’
or, 28.9 pmol mg™'

The apparent Km and Vmax value of enzyme catalyzed reaction are 0.65 x

10* M and 28.9 pmol min™ mg'l, respectively.
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Fig 5.7: Determination of Km and Vmax of RVVA-PLA,-I using
Lineweaver-Burk plot. Purified PC (0.1-5.0 mM concentration) was used as

substrate. Values are mean + S.D. of four determinations. Experiment was done

as described in the section 3.2.6.8.4.

Results: RVVA-PLA>-I Page 102



Thesis: "Studies on anticoagulant phospholipase A2 enzymes from Indian Russell's viper (Daboia russelli) venom”
e e e e e

5.2.6 Optimum temperature

The optimum temperature for enzymatic activity of RVVA-PLA,-1 was
assayed at a temperature range of 20-75 °C using PC as substrate (Fig 5.8).
RVVA-PLA,-I showed optimum catalytic activity at temperature 37 °C (34.5

units).
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Fig 5.8: Effect of temperature on catalytic activity of RVVA-PLA,-1. PLA,
activity of RVVA-PLA,-I at different temperature was done as described in the

section 3.2.6.8.5. Results are expressed as mean + S.D. of four determinations.
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5.2.7 Optimum pH

The optimum pH for enzymatic activity of RVVA-PLA,-I was assayed at
a pH range of 5.5-9.0 using PC as a substrate (Fig 5.9). RVVA-PLA,-I showed
optimum catalytic activity at pH 8.0 (34.5 units). At pH 7.5, the enzyme activity
was 39.6 % of the activity shown at pH 8.0 (Fig 5.9). RVVA-PLA;-I did not
show any catalytic activity at a pH lower and higher than 7.0 and 8.5,

respectively.

40 -
35 4
30 -
25

20 A

Unit of PLA, activity

15 |

10 4

pH

Fig 5.9: Effect of pH on catalytic activity of RVVA-PLA,-I. PLA; activity of
RVVA-PLA,-I at different pH values were done as described in the section
3.2.6.8.6. The .various pH values were obtained as follows: 0.1 M sodium
acetate, pH 5.0-6.5; 0.1 M K-phosphate, pH 7.0-7.5 and 0.1 M Tris-HCI, pH 8.0-

9.0. Results are expressed as mean + S.D. of four determinations.
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5.2.8 Determination of secondary structure: Circular dichroism

spectroscopy

CD spectra of native RVVA-PLA,-I demonstrated defined minima at 215
and 218 nm, indicating a strong a-helical contribution to the CD signal (Fig
5.10). The CD signal was not much affected after 45 min of heating of RVVA-
PLA-T at 75 °C (Fig 5.10).
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Fig 5.10: CD spectra of RVVA-PLA,-1 (100 nM). CD measurement was
performed as described in the section 3.2.6.8.7. The CD signals are expressed as

mean residue ellipticity [0] (degree cm? dmol™). using 113 as the mean residue

molecular weight.
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5.3 Pharmacological Characterization
5.3.1 Anticoagulant activity

The dose-dependent anticoagulant activity of RVVA-PLA,-I is shown in
Fig. 5.11. RVVA-PLA,-I even at a concentration of 0.3 pg ml" prolonged the
normal clotting time of platelet poor goat plasma. It was observed that with an
increase in concentration of RVVA-PLA,-1 up to 1.0 pg ml™, its anticoagulant
activity (as determined by Ca-clotting time of PPP) was also enhanced linearly;
however, a further increase in the concentration of RVVA-PLA,-I (beyond 1.0
pg ml™") did not result in any increase in Ca-clotting time of PPP and a saturation

curve was obtained (Fig 5.11).
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Fig 5.11: Dose dependent study of anticoagulant activity of RVVA-PLA;-1
(Ca-clotting time). This study was done as described in the section 3.2.7.1.1 by
using different concentrations of RVVA-PLA,-I (0.1-12 pg ml™"). Values

represent the mean x S.D. of four experiments.
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Effect of pre-incubation time of PPP with RVVA-PLA»-I (0.5 pg ml™")
on the anticoagulant activity demonstrated that 3-5 min was the optimum pre-
incubation time necessary for exerting maximum anticoagulant activity. As
depicted in Fig 5.12, it was observed that beyond 5 min pre-incubation of I?PP

with PLA; had no additional effect in increasing the Ca-clotting time of plasma
(Fig 5.12).
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Fig 5.12: Effect of pre-incubation time on anticoagulant activity of RVVA-
PLA,-I (Ca-clotting time). This study was done as described in the section
3.2.7.1.1 for different time period (1-20 min). Values represent the mean + S.D.

of four experiments.

5.3.1.1 Prothrombin time test

To check the effect of RVVA-PLA,-1 on the inhibition of extrinsic
pathway of blood coagulation, anticoagulant activity of this PLA; on PPP of goat
blood was assayed using commercial prothrombin time test kit. RVVA-PLA,-I

was effective in delaying the coagulation time of PPP of goat (specific activity
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was 1.6 x10° + 0.9 unit mg™' of protein) as compared to the coagulation time of

control plasma.
5.3.1.2 Plasma phospholipids hydrolysis and FFAs release

Our study shows that with an increase in the pre-incubation time of
plasma (1-5 min) with PLA, a concomitant increase in hydrolysis of plasma
phospholipids was observed (Fig. 5.12). However, after 5 min of pre-incubation,
no significant enhancement of plasma phospholipids hydrolysis could be
detected (Fig 5.12). The GC-analysis of FFAs released post hydrolysis of plasma
phospholipids with RVVA-PLA,-I (0.5 pug ml™") at different time intervals also
supported the above observation (Fig 5.13)
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Fig 5.13: GC analysis of plasma phospholipids hydrolysis by RVVA-PLA,-I:
A) control B) 3 min, C) 5 min, D) 10 min post incubation with RVVA-PLA,-I.
This study was done as described in the section 3.2.7.1.3. Data shows a typical

experiment and repetition of experiment demonstrated similar result.
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5.3.1.3 Binding of RVVA-PLA;-I with different phospholipids

Initially, the excitation of fluorescence of free PLA; (0.4 pM) was done
at 280 nm and emission maximum were observed at 331.5 nm. Fluorescence
intensity of PLA, after mixing with different phospholipids bearing different
polar head groups exhibited different results. A large increase in the fluorescence
intensity of PLA; in presence of PC was observed (Fig 5.14) and addition of 2
mM Ca®* further enhanced the fluorescence intensity (Fig 5.15). Addition of PS
and PE also resulted in an increase in the fluorescence intensity of RVVA-PLA,-
I but to a lesser extent than the intensity exhibited in presence of PC (Fig 5.14).
When the binding experiment was performed with an equimolar mixture of PC:
PS: PE (final concentration 50 uM; Fig 5.14), the emitted fluorescence intensity
was also increased but it was definitely less than the fluorescence intensity

shown in presence of PC alone (Fig 5.15).

Results: RVVA-PLA-T Page 109



Thesis “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell’s viper ((Dabota russelli) venom”

350

300 1

250 1

200 A

150 1

Fluorescence Intensity

100 A

50 1

Fig 5.14: Interaction of RVVA-PLA,-I (100 nM) with PC (50 pM), PS (50
uM) and PE (50 pM). A) RVVA-PLA,-I and PC; B) RVVA-PLA,-I and PC,
PS and PE; C) RVVA-PLA,-I and PS; D) RVVA-PLA,-I and PE; E) RVVA-

PLA»-I. Experiment was done as described in the section 3.2.6.8.11.
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Fig 5.15: Interaction of RVVA-PLA,-I (100 nM) with PC (50 pM) in
presence of 2 mM Ca’* A) RVVA-PLA,-I, PC and Ca’*; B) RVVA-PLA,-I and
PC; C) RVVA-PLA,-I. Experiment was done as described in the section
3.2.6.8.11.

A comparison of PC binding property of native Vs heated-PLA, by
spectroflurometric study revealed that phospholipid (PC) binding efficiency of
the heat-inactivated PLA, was drastically reduced (69%) after 60 min of heaEing
as compared to the PC binding potency of native PLA, (Table 5.13 and Fig
5.16).
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Fig 5.16: Spectroflurometric study of effect of heating on the binding of
RVVA-PLA;-I (100 nM) to phospholipid (PC, concentration 50 pM). A)
RVVA-PLA,-1 and PC, B) heated RVVA-PLA;-1 (for 10 min) and PC, C)
heated RVVA-PLA5-I (for 20 min) and PC, D) heated RVVA-PLA,-I (for 30
min) and PC, E) heated RVVA-PLA,-I (for 60 min) and PC, F) RVVA-PLA,-I,
G) heated RVVA-PLA;-I (for 60 min) without PC.
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5.3.1.4 Binding of RVVA-PLA,-I with blood coagulation factors

A significant decrease in the fluorescence signal of RVVA-PLA5-I in
presence of coagulation factor Xa was recorded (Fig 5.17). However, in a sharp
contrast to this observation, no change in the fluorescence intensity of RVVA-
PLA,-T post incubation with activated factor Va, prothrombin and thrombin was
observed indicating the acidic PLA; under study does not interact with these

coagulation factors (Fig 5.18).

160 -
140
120

100

Fluorescence Intensity
(=23 Lo
=] (=]

40

20

220 «r Emissionwavelength (nm)

Fig 5.17: Fluorescence spectra showing interaction of RVVA-PLA,-I (100
nM) with activated factor X (50 pM), (A) factor Xa, (B) RVVA-PLA,-L, (C)
activated factor X in presence of RVVA-PLA,-I. Experiment was done as
described in the section 3.2.6.8.11.
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Fig 5.18: Fluorescence spectra showing interaction of RVVA-PLA;-1 (100
nM) with activated factor V (50 uM), prothrombin (50 pM) and thrombin

(50 pM). Experiment was done as described in the section 3.2.6.8.11.

5.3.1.5 Prothrombin inhibition assay

By amidolytic activity assay of thrombin. it was observed that generation
of thrombin from prothrombin by factor Xa in presence of RVVA-PLA,-I was
decreased significantly (p < 0.05) as compared to the thrombin generation in

presence of factor Xa in absence of this acidic PLA, (Fig 5.19).

RVVA-PLA,-I mediated inhibition of prothrombin activation was also
analysed by 15% SDS-PAGE. In absence of RVVA-PLA,-I, prothormbin was

converted to thrombin by factor Xa (Fig 5.20). In a sharp contrast, presence of
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RVVA-PLA--I in the reaction mixture inhibited the factor Xa to hydrolyse

prothrombin to thrombin (Fig 5.20).
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Fig 5.19: Inhibition of factor Xa -induced prothrombin activation by
RVVA-PLA,-I. Generation of thrombin (as determined by amidolytic activity
assay of thrombin) from prothrombin (5 pg) in presence of factor Xa (50 uM)
(#); and in presence of RVVA-PLA,-I (100 nM) treated factor Xa (50 pM) (A).
Values are mean £ S.D. of triplicate determinations. Experiment was done as

described in the section 3.2.6.8.12.

Results: RIMA-PLA-T Page 115



Thesis: ‘Studies on anticoagulant phospholipase A2 enzymes from Indian Russell's viper (Daboia russefli) venom”
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Fig 5.20: The inhibition of prothrombin activation as analyzed by 15%
SDS-PAGE: Lane A) prothrombin (5 pg); lane B) prothrombin (5 pg) incubated
with factor Xa (50 uM), Ca” ions (10 puM) and RVVA-PLA,-I (100 nM); lane
C) prothrombin (5 ug) treated with factor Xa (50 uM) and Ca® ion(10 uM) only.

Experiment was done as described in the section 3.2.6.8.12.
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5.4 Direct and indirect haemolytic activity of RVVA-PLA,-I

RVVA-PLA,-I did not show any significant direct haemolytic activity on
washed goat/human washed erythrocytes, but showed an appreciable haemolytic
activity in presence of egg yolk phospholipids which is a good source of PC (Fig
5.21 and Table 5.4). Erythrocytes pre-incubated with neutral phospholipid PC
and 1.5 mM Ca’" was highly susceptible to lysis induced by RVVA-PLA-I. On
the other hand, pre-incubation with PS and PE had no influence on haemolytic
activity of RVVA-PLA,-I, irrespective of the presence or absence of 1.5 mM

Ca’"in the reaction medium (Fig 5.21).
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Fig 5.21: Effect of RVVA-PLA;-1 (100 nM) on erythrocytes exogenously
supplemented with different phospholipids (PC/ PS/ PE at a final
concentration of 1.0 mM and egg yolk at a concentration of 1 pg ml™’) either
in presence or absence of 1.5 mM Ca®’. Experiment was done as described in
the section 3.2.7.2. Lysis is expressed as percentage, considering 100 %

haemolysis of erythrocytes when incubated with Milli Q water. Erythrocyte
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suspension without exogenous supply of phospholipid(s) served as a control.

Each result represents mean £S.D. of four individual experiments.

5.5  In-vitro tissue damaging activity of RVVA-PLA;-1

The in-vitro damage of liver, heart and lung tissues by RVVA-PLA,-I
(100 nM) at 37 °C was significantly less as compared to tissue damaging activity

by crude Russell’s viper venom (Table 5.4).

Table 5.4: In vitro tissue damaging activity of crude RVV and RVVA-PLA,-
I (% Hb released from 300 £ 10 mg tissue by 100 nM protein post 5 h of

incubation at 37 °C)*. Values represent mean £S.D. of four experiments.

Tissues of Crude RVV RVVA-PLA,-1
(1 pg ml™) (100 nM)
Liver 4.5+0.3° 1.1+0.3°
Heart 11.8+0.9° 6.1+£0.7°
Lungs 14.8 + 0.7° 0.1+0.1°

*100 % activity was achieved by treatment of tissues with 0.1% (v/v) triton X-
100.

Values in the same row with different superscripts are significantly different
(p<0.05).
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5.6 Stability of RVVA-PLA,-1 at 4 °C

RVVA-PLA;-I (kept in 20 mM K-phosphate buffer, pH 7.0) retained its
catalytic and anticoagulant activity even after 28 days (when stored at 4 °C) of
its isolation from crude RVV., However, after 28 days of storage, RVVA-PLA>-1
lost its original catalytic and anticoagulant activity up to 30 % and 54 %

respectively (Fig 5.22).
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Fig 5.22: Stability of RVVA-PLA,-I (at 4 °C). Storage stability was
determined as described in the section 3.2.11. Values represent the mean + S.D.

of four experiments.
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5.7  Membrane phosphofipids hydrolysis by RVVA-PLA,-1
5.7.1 Mitochondrial membrane phospholipids hydrolysis

RVVA-PLA,-I demonstrated dose-dependent swelling of chicken liver
mitochondria (Fig 5.23) and this effect was more pronounced in presence of 1.5
mM Ca®* (Table 5.5).

With an increase in incubation time of mitochondria with RVVA-PLA,-I,
mitochondrial damage was significantly enhanced (Table 5.5). It was observed
that RVVA-PLA,-I hydrolyzed the outer membrane of mitochondria without any
lag phase which was evident from the release of FFA and Pi from the

membranes post incubation with this anticoagulant PLA; enzyme (Table 5.5).

Addition of Ca® pronounced the mitochondrial membrane hydrolysis
effect of RVVA-PLA,-1 as was evident from the fact that the extent of
phospholipids hydrolysis induced by this enzyme in presence of Ca>* was about
1.4 fold higher compared to phospholipids hydrolysis in absence of Ca®" after 15

min of incubation (Table 5.5).
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Fig 5.23: Dose dependent hydrolysis of mitochondrial membrane
phospholipids by RVVA-PLA,-I. Experiment was done as described in the
section 3.2.7.5.1 by using different concentration of RVVA-PLA,-1 (10-100

nM). Values represent the mean + S.D. of four experiments.

To gain further insight into the mode of attack of RVVA-PLA,-I on the
mitochondrial membrane, the GC-analysis of liberated fatty acids from
membrane revealed that straight chain saturated fatty acids such as Cys¢ and iso
fatty acids like Ci70, Cig0, and Cyyo were the most prominent FFA released

. within the initial 30 min of attack by RVVA-PLA,-I (Fig 5.24). With an increase
in the incubation of mitochondria with the acidic PLA,, a corresponding increase

in membrane phospholipids hydrolysis was observed (Fig 5.24).

Addition of Ca® did not alter the fatty acid release pattern from the
mitochondrial membrane; however, presence of this cation potentiated the
membrane hydrolytic activity of RVVA-PLA,-I resulting in release of higher
quantity of fatty acids from the mitochondrial membrane by the action of PLA,
enzyme under study (Table 5.5).
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Table 5.5: RVVA-PLA;-I induced swelling and phospholipids hydrolysis of intact mitochondrial membrane either in
presence or absence of 2 mM Ca”*. About 100 mg equivalent of mitochondria (mitochondria obtained from 100 mg wet weight of
tissue) from chicken liver was incubated with 100 nM of RVVA-PLA,-I at 37 °C for different time periods. The measured Pi value
was obtained from acid treatment of a sample of the supernatant. Experiment was done as described in the section 3.2.7.5.1. Values

are mean + S.D. of triplicate determinations.

ini i Ratio of
Incubation Mitochondrial swelling Phospholipids hydrolysis
. . . saturated/unsatur
time (min) (U/min) ng FFA released pg of P; released ated FFA
-Ca™* +Ca** -Ca™ +Ca?* -Ca”* +Ca®
0 (control) 0 0 0 0 0 0
15 550+ 2.5° 700+ 1.1° 132.9 £ 0.9% 159.5+0.5° 15.7 £ 2.6° 17.1 £3.5° 5.1+0.5°
30 900+ 1.2° 1150+2.5° 799.4+12° 1019.1+1.3° 77.8+1.9° 850+4.2° 7.1+£0.2°
60 1350£2.5° 1650+0.5° 1503.8+1.6° 19549+18° 2265+1.3° 2634+ 3.2° 89+08°

*Mitochondrial swelling was measured spectrophotometrically and one unit of swelling is defined as a decrease in 0.01

absorbance/min of mitochondrial suspension at 520 nm by 100 nM of RVVA-PLA,-L.

Values (for different time periods) with different superscripts in same column are significantly different (p<0.05).
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Fig 5.24: Liberation of FAs from intact mitochondrial membranes by RVVA-PLA,-I (GC analysis).( A) Control, (B) 15 min,
(C) 30 min, (D) 60 min post incubation of mitochondrial membranes with RVVA-PLA,-1. Experiment was done as described in the

section 3 2.7.5.2. Data shows a typical experiment and repetition of experiment demonstrated similar result.
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5.7.2 Effect of RVVA-PLA;-I on erythrocytes membrane phospholipids
hydrolysis

Table 5.6 displays the effect of pre-incubation time of RVVA-PLA-1 on
haemolysis and liberation of FFAs from washed erythrocytes. Either with an
increase in the incubation time of RBC with purified PLA, (Table 5.6) or
increasing the concentration of PLA, (Fig 5.25), a concurrent enhancement of
release of FFAs and Pi from the RBC membrane was observed suggesting an
increase in membrane phospholipids hydrolysis by added PLA,. It is worthy to
mention that during the initial 30 min of attack, haemolysis could not be
observed although the PLA, was able to release the FFA and lysophospholipids
from intact RBC membrane. In contrast, addition of egg-yolk phospholipids (a
source of PC) to the erythrocytes suspension resulted in initiation of haemolysis
within 15 min of incubation and after 120 min, about 47.6 % of total RBC were
haemolysed. Approximately 12.5-fold increase in FFA release from RBC
membrane was observed post 120 min of incubation with RVVA-PLA,-I as

compared to post 15 min of incubation under the identical condition (Table 5.6).

The GC analysis of erythrocytes membrane phospholipids hydrolysis by
RVVA-PLA,-I (Fig 5.26) also supported the FFA release pattern as shown in
Table 5.7. It was observed that RVVA-PLA,-I had a specific preference for
releasing the saturated straight chain fatty acids such as Cj49, Cy3:0, and iso fatty
acids for example, C;30 and C,g,0 from the intact RBC membrane post 30 min of
incubation. However, a quantitative as well as qualitative differences in fatty
acids release pattern from membrane was detected after 120 min of incubation of
RBC with RVVA-PLA;-I, since additional FFAs of chain length Cis.0, Cieo,
Ci7.0, Cio0 and few unidentified fatty acids (>Cy) could also be detected by GC

(Fig 5.26).
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Fig 5.25: Dose  dependent hydrolysis of erythrocyte membrane
phospholipids by RVVA-PLA;-I. Experiment was done as described in the
section 3.2.7.5.1 by using different concentration of RVVA-PLA,-1 (10-100

nM). Values represent the mean + S.D. of four experiments.
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Table 5.6: RVVA-PLA;-I induced haemolysis and phospholipids hydrolysis of goat washed erythrocytes. The 5% (v/v)
erythrocyte suspension was incubated with 100 nM of RVVA-PLA,-I at 37 °C and haemolysis (direct and indirect) and erythrocyte

phospholipids hydrolysis were determined. Indirect phospholipids hydrolysis was achieved in presence of PC (1 mM). The

measured Pi value was obtained from acid treatment of a sample of the supernatant. Values are mean + S.D. of triplicate

determinations.

% haemolysis Phospholipids hydrolysis Ratio of
Incubation
) . saturated/unsat
time (min) Direct Indirect ng FFA released ng of P; released urated FFA
Control 0 0 0 0 0
15 min 0 0 202.5+2.1% 28.4 +0.9? 0.68+0.3°
30 min 0 34.5 +0.45° 10153 £2.5° 163.2 +1.2° 0.86+ 0.4
60 min 0.6 +0.03° 42.1+0.45°¢ 2045.1 £ 1.4° 2532+ 1.7° 1.64+0.8
120 min 1.9 +0.09¢ 47.6 +0.12¢ 2531.9 + 1.9¢ 3023+ 1.1¢ 1.91+0.14

Values (for different time periods) with different superscripts in same column are significantly different (p<0.05).
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Fig 5.26: Kinetics of erythrocyte membrane phospholipids hydrolysis by RVVA-PLA,-I. The 5% (v/v) erythrocyte suspension
was incubated with 100 nM of RVVA-PLA,-I (in presence of 2 mM Ca®") at 37°C for different time periods. The liberated fatty
acids were analyzed by GC-MS as described in the section 3.2.7.5.2. A) control, B) 30 min, C) 60 min, D) 120 min after incubation
of erythrocytes membranes with RVVA-PLA,-I.
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5.7.3 Binding study of RVVA-PLA,-I with membrane phospholipids

The membrane binding property of native and heat-inactivated PLA, was
further confirmed by ELISA experiment which revealed that about 65 = 2 %
(mean £ S.D., n=3) of RVVA-PLA,;-I (heated for 60 min at 75 °C) could bind to
intact mitochondrial (Fig 5.27) or erythrocytes suspensions (Fig 5.28) as
compared to binding of native (unheated) PLA, enzyme. In contrast, native and
histidine-modified PLA, were captured by intact erythrocytes and mitochondria
to the same extent (P > 0.05) (Table 5.13).
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Fig 5.27: Binding /of heat inactivated RVVA-PLA,-I (heated for 60 min at 75
°C) with mitochondrial membranes. Values are + S.D. of four experiments.
Experiment was done as described in the section 3.2.7.5.3. Binding of native
PLA; with membrane was considered as 100 % binding and then other values

were calculated.

m
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Fig 5.28: Binding of heat inactivated RVVA-PLA,-I (heated for 60 min ag 75
°C) with erythrocyte membranes. Values are + S.D. of four experiments.
Experiment was done as described in the section 3.2.7.5.3. Binding of native
PLA, with membrane was taken as 100 % binding and then other values were

calculated.

5.8  Effects of chemical inhibitors, antivenom and temperature on

catalytic and pharmacological properties of RVVA-PLA,-I

Different serine inhibitors viz. TPCK, TLCK and PMSF did not affect
the catalytic activity and pharmacological properties of RVVA-PLA,-I (Table
5.7). However, modification of enzyme with pBPB (a modifier of histidine
residue) drastically reduced the catalytic, anticoagulant as well as the membrane
damaging activities of RVVA-PLA»-I indicating the presence of histidine in the
active site of the PLA, enzyme (Table 5.7). The metal chelator EDTA (2.0 mM
final concentration) significantly inhibited the catalytic, anticoagulant and
membrane phospholipids hydrolyzing activity of PLA,. Nevertheless, the

inhibition of anticoagulant activity of the enzyme was more pronounced as
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Py

compared to inhibition of mitochondrial and erythrocyte membrane
phospholipids hydrolysis properties of RVVA-PLA»-1 (Table 5.7). It was
observed that DTT inhibited the catalytic, anticoagulant and membrane
damaging activity of RVVA-PLA,-1 almost to the same extent. Nevertheless,
IAA exerted more inhibition of catalytic and membrane hydrolysing activity

compared to anticoagulant activity of RVVA-PLA»-I (Table 5.7).

As shown in table 5.8, commercially available polyvalent antivenom at a
ratio of 1:500 neutralized the catalytic activity and anticoagulant activity of
RVVA-PLA,-I to 24.6 % and 45.2 % respectively of its original activity (Table
5.7). The polyvalent antivenom neutralized the mitochondrial and erythrocyte
membrane phospholipids hydrolyzing activity of RVVA-PLA,-I in a dose-
dependent manner (Table 5.7).

Heat inactivation study showed that heating the enzyme at 75 °C for 60
min could inhibit 29.2 % of catalytic activity of RVVA-PLA,-I whereas under
thc same experimental condition, it inhibited 34.5 % of anticoagulant activity of
the purified PLA; enzyme (Table 5.7). Similarly, heat affects the membrane
phospholipids hydrolysis activity of RVVA-PLA,-I as shown in the Table 5.7.
Similarly, PC binding capacity of RVVA-PLA,-I was also affected by heating
the enzyme at 75 °C (Table 5.7).
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Table 5.7: Effects of heating, antivenom and chemical inhibitors (at a final concentration of 2.0 mM) on catalytic,
anticoagulant and membrane phospholipids hydrolysis activities of RVVA-PLA,-I (100 nM). Values are mean + S. D. of
triplicate determinations. MM: mitochondrial membrane, EM: erythrocyte membrane.

% residual activity

Treatment PC Binding
PLA, Anticoagulant MM hydrolysis EM hydrolysis (%)

Control 100 100 100 100 100
Heating at 75°C
10min 97.0+4.8 95.0+4.7 97.5+4.38 95.9+4.7 97.5+4.8
20min 94.5+4.7 92.0+4.6 95.1+4.7 91.8+4.6 91.4+4.6
30min 90.5+4.5 87.1£43 89.0£4.5 88.5+4.4 86.6+4.3
45min 854+43 78.6+3.9 79.4+3.9 74.4£3.7 75.1+3.8
60min 70.8+3.5 65.5+3.2 69.5+3.4 67.2+33 69.0+34
Antigen: antivenom
(w:w)
1:100 90.1+4.5 93.1+4.6 89.9+£4.5 85.8+43 -
1:200 84.4+42 78.1+£3.9 76.8£3.8 66.7+£3.3 -
1:500 75.4+3.8 54.8+2.7 553£2.7 51.6+2.6 -
Chemicals/ inhibitors
TPCK 97.8+1.9 100 96.0+1.8 96.5+4.7 -
TLCK 94.9 + 1.7 99.7+1.9 972+1.9 100 -
pBPB 9.7£0.5 8.9+04 154+0.8 18.5+0.9 -
PMSF 976+ 1.8 88.8+ 1.4 97.7+1.8 952+ 1.7 -
DTT 63.0+3.1 59.9+0.9 55.5£1.7 61.5+1.7 -
IAA 56.7+2.8 71.2+ 1.1 60.1£3.0 56.6 +2.8 -
EDTA 30.6 + 1.5 18.3+0.9 35.2+1.8 41.9+2.1 -
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5.9  Other Pharmacological properties
5.9.1 Antibacterial activity

At a concentration of 25 pg ml', RVVA-PLA,-I did not exhibit any
antibacterial activity against tested Gram positive bacteria viz. B subtlis or
Gram negative bacteria viz. £ coli and P. auregonosa after 24 h of incubation at

37 °C (Fig 5.29).
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Fig 5.29: Bactericidal activity of RVVA-PLA,-I on B.subtilis, E.coli and P.
auregonosa. Varying amount of RVVA-PLA,-T (5-25 pg ml™') was incubated
with 18.4 x 10° cells of each bacterium for 24 h at 37 °C and change in optical
density was recorded at 630 nm. 1 OD at 630 nm= 10° cells. Each point
represents the mean £ S.D. of four experiments. Only media (without RVVA-
PLA,-I) served as control for each experiment. Experiment was done as

described in the section 3.2.7.4.
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5.9.2 Cytotoxicity assay

Our study demonstrated that RVVA-PLA,-I had a minor cytotoxic effect
on HT 29 cells (Fig 5.30). RVVA-PLA--1. at a dose of 10 pg mI" could cause
lyses of 12 % of total HT29 cells 4 h post incubation. A further incubation time
did not result in any further significant enhancement of cell lysis as after 24 h
incubation. it shows 15.6 % lyses of total HT29 cells. In a sharp contrast, crude
RVYV at the same dose caused more than 18 % of cell-death post 4 h incubation
and almost all the HT 29 cells were dead post 24 h incubation with crude RVV
(Fig 5.30). The light microscopic observation of RVVA-PLA,-I treated HT 29
cells post 4 h and 24 h (Fig 5.31) incubation did not reveal any gross

morphological change.
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Fig 5.30: A comparison of cell cytotoxicity of crude RVV and RVVA-PLA,-1
on HT 29 cells. The incubation was carried out at 37 °C, 5 % CO- for the
indicated time period. Experiment was done as described in the section 3.2.7.6.

Values are mean £ S. D. of triplicate determinations.
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Fig 5.31: Light microscopic observation of the effect of RVVA-PLA,-I on
HT 29 cells (photographs were taken at a compact high-performance inverted
microscope, Nikon ECLIPSE, TS100, Tokyo). A) Control (4 hr) and b) HT 29
cells treated with 10.0 pg mI" RVVA-PLAs-I post 4 hr of incubation. C) Control
(24 hr) and D) HT 29 cells treated with 10.0 pg ml" RVVA-PLA,-I post 24 hr of
incubation. The incubation was carried out at 37 °C. 5 % CO- for the indicated

time period. Magnifications 100x: (A-D) bar=50 pum.
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5.10 In-vivo toxicity assay in BALB/c mice model
5.10.1 Lethality and in-vivo toxicity

RVVA-PLA,-I was non lethal to experimental BALB/c mice at a
concentration of 0.2 mg kg body weight and did not show any sign of
haemostatic disorder. Further, no behavioural changes in treated mice were

observed after 48 h (Table 5.8).
5.10.2 Effect of in vitro blood coagulation

The i.p. administration of RVVA-PLA,-I at a dose of 0.2 mg kg™’ body
weight prolonged the in vitro tail bleeding time in mice. The in vifro coagulation
time of PPP from RVVA-PLA,-I treated mice was enhanced as compared to

coagulation time of PPP from control group of mice (Table 5.9).
5.10.3 Effect on blood cells

The in vivo effect of RVVA-PLA,-I on haematological parameters of
mice blood viz. RBC, WBC and haemoglobin counts showed that the WBC and
the RBC content as well as the Hb content were decreased significantly in the
blood of RVVA-PLA,-I treated mice as compared to the control group of mice
(Table 5.10).
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Table 5.8: Behavioural Changes, if any, in mice 48 h after the administration of RVVA-PLA,-I at a dose of 0.2 mg kg™

Values are mean = S.D. of six determinations.

Group of mice , Parameters
Body weight (gm) Grip Strength Rectal temperature  Faecal tendency Urination

(sec) (times per 15 min) (times per 15 min)

Initial*  Final**  Initial* Fipal** Initial*  Final** Initial* Final** Initial* Final**

Control 324+  326+13 6793 325+ 94.2 & 94.1 3£14 5£08 210 4=+1.1
1.2 1.4 0.9 0.4

RVVA-PLA;-1 31.6+  32.1x1.1 429+ 216+ 94.1 93.6 + 3£07 4£10 3+08 515
treated 1.4 23 2.1 0.5 0.8

*Initial: determined at the onset of experiment.

**Final: determined after 48 h of RVVA-PLA,-I administration.
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Table 5.9: The in vitro clotting time of blood and tail bleeding time in mice

post 48 h injection of RVVA-PLA,-I at a dose of 0.2 mg kg™

Values are mean £+ S.D. of six determinations.

Group of mice Plasma clotting time Tail bleeding time (sec)
(sec)

Control 168.5+ 1.5 45+ 0.6

RVVA-PLA,-I treated 314.8+2.1° 72+£1.2°

Level of significance *p < 0.001

Table 5.10: The effect of RVVA-PLA,-I on different haematological

parameters of PLA; treated mice.

Values are mean £ S.D. of six determinations.

Haematological parameters

G f mi '
roup ot mICe " WBC (m/mm®) RBC (m/mm®  Haemoglobin (Hb)

(g/dL)
Control 1146+ 1.1 573+£0.9 645+ 1.2
RVVA-PLA;-1 599+0.7 2.84+0.5 433+09
treated
% decreased 52.27% 4328 % 67.13 %
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5.10.4 Effect of RVVA-PLA,-I on serum parameters of mice

Table 5.11 shows the effect of RVVA-PLA;-I on serum parameters of
treated mice. Administration of RVVA-PLA,-I resulted in a significant increase
(p < 0.05) in the level of intracellular enzymes such as ALP, CPK-MB, SGOT,
SGPT, and triglycerides in the serum of treated mice as compared to the control
group of mice. On the other hand, the serum level of LDH was significantly
decreased in RVVA-PLA,-I treated mice as compared to control. However, there
was no change in the cholesterol and glucose levels in the serum of RVVA-

PLA,-I treated mice as compared to control mice (Table 5.11).
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Table 5.11: Effect of RVVA-PLA,-I on different parameters of serum of albino mice. RVVA-PLA,- (0.2 mg kg' body
weight) dissolved in 0.1 ml of PBS was injected intraperitoneally into a group of six BALB/c mice (n=6). Mice were sacrificed after
48 hours of injection, blood was collected immediately by venipuncture and the serum was used for the assay of different

parameters. Values are mean + S.D. of six determinations.

Total Glucose = CPK-MB LDH (U/L) ALP SGOT SGPT  Cholesterol Triglycerides
protein (g/L) (U/L) (U/L) (U/L) (U/L) (g/L) (g/L)
(g/L)

Control 270.0 + 211+£12  275+0.65 1281.5+09 275« 144.0 + 50.0+ 0.7+ 04 0.2+0.04
0.7 0.8 22 0.91

Treated 180.5+ 253+£15 303.0+ 1054.5 + 793 £ 191.7 £ 1350+ 0.8+0.3 1.0 +0.05°
0.5 1.6 1.1# 1.2° 2.6" 1.4

Significance of difference *p < 0.001
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5.10.5 Histopathological study

Again, in histological study of different tissues, there was not found any
significant change in the RVVA-PLA,-I treated tissues as compared to control
tissues (Fig 5.32).

Control hearttissues Heart tissues treated with RVVA-PLA ~|

Fig 5.32: Light microscopic observation of the effect of RVVA-PLA,-I on
different organs of treated mice. Tissues treated with PBS were served as
control. Hematoxyline-eosine (H&E) staining; Magnifications (100x): bar=50

pm.
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Results: RVVA-PLA,-T Page 140



Thiesis: “Studies on anticoagulant phosplolipase A2 engymes from Indian Ryssell's viper ((Daboia russelli) venom”

5.11 Immunological cross 'reactivity
5.11.1 Immunodiffusion

Immunodiffusion technique was used to determine the presence of
antibodies against RVVA-PLA,-I in commercially available polyvalent
antivenom. By immunodiffusion test, RVVA-PLA,-I did not show cross
reactivity with commercially available antivenom at a ratio of 1:100 (antigen:
antibody, w/w) even after 48 h of incubation (Fig 5.33 C). Whereas in the case
of crude RVYV, a single, sharp precipitating band was observed in the
immunodiffusion plate after 24 h of incubation indicating the presence of anti-

RVYV antibodies in the polyvalent antivenom (Fig 5.33 B).
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Crude RVV

PBS

Polyvalent Antivenom

Polyvalent Antivenom

Bands showing interaction
between antivenom
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Fig 5.33: Immunodiffusion test to determine cross reactivity of crude RVV (Fig B) and RVVA-PLA,-1I (Fig C) against commercial
polyvalent antivenom used for the treatment of snakebite patients. For control PBS was used replacing the venom proteins (Fig A).

Experiment was done as described in the section 3.2.8.1. Data shows a typical experiment and repetition of experiment demonstrated similar

result.
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5.12  Screening of Indian medicinal plants for anti snake venom activityy‘

Four Indian plants were selected for assessing their anti-PLA; activity
assay which was based on prior knowledge on their traditional use for the
treatment of snakebite patients by local practitioners. These four plants were
found to show activity against PLA, as well as anticoagulant activity. The
selected plants and other related information pertaining to snakebite treatment

are listed in the table 5.12.

Table 5.12: Screening of medicinal plants for anti-PLA; activity of crude
RVYV and anti-anticoagulant activity of RVVA-PLA,-I from North East

India.

SI. No. Name Local Name Parts used
1. Azadirachta indica Maha neem Leaves
2. Camellia sinensis Sah (tea plant) Leaves
3. Aegle marmelos Bell Root
4. Xanthium strumarium Agora Leaves

5.12.1 Neutralization by Azadirachta indica

One PLA; inhibitor was purified from Azadirachta indica leaves extract
(methanol extract) and was named as AIPLAI (Mukherjee et al, 2008). Fig 5.34
shows the effect of AIPLAI (4. indica PLA, inhibitor), the methanol extract of
A. indica leaves on catalytic activity of both crude RVV and RVVA-PLA,-[ as
well as anticoagulant activity of RVVA-PLA,-I. The AIPLAI purified from A.

indica leave extract at a dose of 50 pug ml” demonstrated equal inhibition of
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catalytic (27 % inhibition) and anticoagulant (29 % inhibition) activity RVVA-
PLA-I (Fig 5.34).

120 4
M PLA2 Activity
100 A I M anticoagulant activity
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% Residual activity
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control crude venom RVVA-PLA2-I
Venom protein (1 ug ml?)

Fig 5.34: Effect of AIPLAI (at a dose of 50 pg ml™") on neutralizing the
catalytic and anticoagulant activity of crude RVV/ RVVA-PLA,-I (at a final
concentration 1 pg ml"). Crude RVV does not show anticoagulant activity, so
for crude RVV: the effect of anticoagulant activity was not checked. Values are

expressed as the mean + S.D. of four experiments.

5.12.2 Neutralization by Camellia sinensis, Xanthium strumarium and Aegle

marmelos

Among the different solvent extracts, methanol extracts of the leaves of
C. sinensis and X. strumarium and the roots of A. marmelos were found to be
most potent in inhibiting the PLA, activity of both crude Russell’s viper venom
and RVVA-PLA,-I. The effect of water, chloroform and methanol extract of

these three plants on the catalytic activity of crude RVV and RVVA-PLA,-I and

= e
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anticoagulant activity of RVVA-PLA;-I are listed in the Table 5.13 and Table
5.14 respectively.

Moreover, in a dose dependent study, amongst all the tested doses, 50 pg
ml" was found as the optimal dose for inhibition of enzymatic activity (Fig

5.35).
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Fig 5.35. Dose-dependent inhibition of PLA; activity of crude Russell’s viper
venom (final concentration 1 pg ml™') by methanol leave extract of Camellia
sinensis, Xanthium strumarium and root extract of Aegle marmelos. Values

represent mean of three experiments.

These plant extracts (at a dose of 100 pg ml™") showed significant
inhibition of different pharmacological activities of CRVV and RVVA-PLA,-I
(Table 5.15). Methanol extracts of these three plants neutralized the
anticoagulant potency to a maximum extent followed by neutralization of in
vifro tissue damaging property and catalytic activity‘ of the PLA,> enzymes (Table
5.15). The RVVA-PLA,-I induced membrane phospholipids hydrolysis was
antagonized by the methanol leaf extract (at the dose of 100 pg ml™") showing

more significant protection than even snake venom antiserum (Table 5.15).
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Table 5.13: Percent inhibition of PLA, activity of crude RVV and RVVA-PLA,-I (final concentration 1 pg mi™") by leaves extract of

Camellia sinensis, Xanthium strumarium and root extract of Aegle marmelos. Preparation of plant extract and inhibition study was done as

described in the section 3.2.10.2. PLA; activity without plant extract was treated as control (100 %). Results are mean + S.D. of four

determinations.

Amount of plant

% inhibition of PLA, activity

extract (ng) Camellia sinensis Xanthium strumarium Aegle marmelos
Crude RVV RVVA-PLA,-1 Crude RVV RVVA-PLA>-I Crude RVV RVVA-PLA;-1

5 2.1+£0.1 0.8+ 0.04 1.1 +0.05 0.3+£0.02 3.6+0.18 4.5+0.23

g 10 51+ 03 22+0.11 1.9+0.09 1.2+0.06 9.5+0.47 10.1 £0.51

"

g 50 12.5+0.6 8.3+ 041 8.2+041 7.1 +£0.36 19.1 £ 0.95 16.4 +0.82

S

= 100 219+ 1.1 14.2+0.7 15.6 £0.78 11.1£0.55 29.5+1.47 22.6+1.12

S 5 1.09 + 0.05 0.5+0.025 0.8+£0.04 0.2+0.01 2.1+0.10 1.9+ 6.09

(=4

§ £ 10 3.05+0.15 2.1£0.1 1.5+0.07 0.9+0.05 7.1£0.35 57+0.28

Results: RVVAPLA-I
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50 7.8£0.4 6.4+ 0.32 7.8+£0.39 5.6+0.28 16.3 +£0.81 14.2 £ 0.71

100 19.9+0.9 15.8+0.8 10.2 £0.51 9.6 +0.48 231+ 1.15 21.1£1.05

5 56+0.5 3.1+0.16 22+0.11 4.5+0.23 11.6 £0.58 9.6 +0.48

g 10 23.1+£1.2 15.7+0.78 16.0+0.8 8.6x+0.43 29.4 £ 1.47 221+ 1.1
=

g 50 45.7+£2.3 352+1.8 33.3+1.7 24.8 +1.24 65.9+2.4 45.6 £2.1
=

g 100 529+2.6 38.6+1.9 392+2.1 299+1.5 71.0+2.6 488+23

Results: RV A-PLA>-T
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Table 5.14: Percent inhibition of anticoagulant activity of RVVA-PLA,-I

(final concentration 1 pg ml') by leaves extract of Camellia sinensis,

Xanthium strumarium and root extract of Aegle marmelos. Preparation of

plant extract and inhibition study was done as described in the section 3.2.10.2.

PLA; activity without plant extract was treated as control (100 %). Results are

mean £ S.D. of four determinations.

Amount of

plant extract

% inhibition of anticoagulant activity of RVVA-PLA,-I by

) Camellia sinensis Xanthium Aegle marmelo;s
strumarium
5 1.1£0.05 0.45 £ 0.02 0.21£0.01
& 10 51=0.25 252012 820 % 041
Z
5 50 15.0+0.75 10.1+0.51 17.1 £ 0.85
=
® 100 21.1+ 1.05 15.4+0.77 245+ 121
- 5 1.5+0.07 0.78 £ 0.03 0.23 + 0.01
(2]
1]
[
5 10 8.7+ 0.43 57+0.28 45+0.23
£
S 50 19.8+ 0.99 15.1+0.75 13.6 £ 0.68
Q
[=]
5 100 234+ 1.17 17.8 + 0.89 19.5+0.97
5 5.1£0.25 3.2+0.16 7.8+0.36
bt
[}
£ 10 21.1+1.05 15.3+0.75 27.7+ 132
= ‘
2 50 39.0 = 1.15 29.3 + 1.46 40.5% 1.75
=
< 100 41.4+ 191 322+ 1.61 445+ 2.1
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Table 5.15: A comparison of anti-PLA,; activity of polyvalent antivenom and methanolic extracts of leaves of C. sinensis and
X. strumarium and roots of A. Marmelos. Crude RVV/ RVVA-PLA,-1 (1 pg ml™) were incubated either with plant extract (100 pg
ml™) or with polyvalent antivenom in a ratio of 1:100 (in a final volume of 1.0 ml) at 37 °C for 30 min and then assayed for residual
catalytic and pharmacological properties of the enzymes. Values are mean + S.D. of triplicate determinations. Values in the same

row with different superscripts are significantly different (p<0.05). ND: Not determined.

% Inhibition
Pharmacological Polyvalent antivenom C. sinensis X. strumarium A. marmelos
properties Crude D RVVA- Crude D. RVVA- Crude D. RVVA- Crude D RVVA-
russelli PLA,-I russelli PLA,- russelli PLA,-I russelli PLA,-1
venom venom venom venom
PLA, activity 256+1.1° | 15608 | 45714 | 352+1.8 [ 33317 | 248+12° [ 659147 | 456+ 1.6
Anticoagulant activity ND 219+ 1.3 ND 540+ 1.1° ND 493+ 1 .4° ND 61.5+1.7°
Indirect haemolytic 31.1£0.5" | 269+0.5" | 344+£1.0° | 450+1.0° [ 29309 | 31.3£09 [ 395137 46.5+1.37
activity
In vitro tissue damaging
activity
Liver 434+05" | 408+0.8" | 493+1.1° | 55414 | 442+£06° | 485+16° | 62305 | 723%1.1°
Heart 501 1.6 | 46.0£1.2% | 527+1.5° | 61.2+05° | 46.1£1.3° | 52.1+0.8° | 59.1 1.1 | 67.1 0.9
Lungs 488+ 1.4 | 51.1£07° | 613+1.2" | 73.3+1.5° | 51.0£09° | 64.2+0.5° | 57.5+1.2° | 754 1.3
Mitochondrial ND 232+ 1.1° ND 41.1x1.0° ND 363+ 1.2° ND 53.3+1.3°
membrane
phospholipids
hydrolysis
Erythrocytes membrane ND 333+ 1.2° ND 429+1.7° ND 38.8+0.9° ND 64.1 £ 1.2¢
phospholipids
hydrolysis

Results: RVVAPLAT

®age 149




CHAPTER VI

Results: Neutral PLA, from RNV (RVIVN-PLA,-I) Debashree Saikja



Thesis “Studies on anticoagulant plospliolipase A2 enzymes from Indian Russell's viper (Dabota russelly) venom”

Purification, biochemical and pharmacological characterisation of a neutral
anticoagulant phospholipase A; enzyme (RVVN-PLA;-I) from venom of

Russell’s viper (Daboia russelli) of eastern India origin

6 Results
6.1  Purification of a neutral anticoagulant phospholipase A;

6.1.1 Fractionation of CMIDEI through gel filtration column Sephadex G-
S0

Fractionation of CMI (non-retained fractions of crude RVV on CM
cellulose C-50 column) through an anion exchanger DEAE Sephadex A-50 was
resulted into its separation into seven peaks (as described in the section 4.1.2.
and Fig 4.2). The first peak CMIDEI (eluted with 20 mM K-phosphate, pH- 7.0)
containing the neutral proteins showed significant PLA, activity and was
selected for purification of a neutral PLA; from RVV (Fig 4.2). The
fractionation of CMIDEI through Sephadex G-50 gel-filtration column (lcm x
64 cm) resulted in the separation of proteins into three peaks (GFI to GFIII) as
shown in Fig 6.1. The fraction GFIIl showed highest PLA, as well as
anticoagulant activity (Table 6.1).
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Fig 6.1: Gel filtration of CMIDEI through Sephadex G-50 column. Gel

filtration was done as described in the section 3.2.3.1.

Table 6.1: PLA; and anticoagulant activity of peaks eluted from Sephadex
G-50 gel filtration column after the fractionation of CMIDEI. Values are

from a typical experiment.

Peaks % recovery of PLA,; specific Anticoagulant
protein activity Specific activity
GFI 0.07 1.6 x 10* 1.5x 10°
GFII 0.08 1.1x 10* 0.9x 10
GFIII 0.14 3.0x 10* 4.4%10*
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6.1.2 Purification of a neutral PLA; enzyme by RP-HPLC of GFIII

GFIII was further purified by RP-HPLC. It was eluted as one major peak
at a retention time of 17.4 min (Fig 6.2). This fraction tisplayed the PLA, as well

as anticoagulant activities.
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Fig 6.2: Reverse-phase HPLC of fraction GFIII (third gel filtration faction of
CMIDEI) on a Waters reverse-phage HPLC C;3-p Nova Pack column as
described in the section 3.2.3.2. Solvents A and B were 0.1% (v/v) TFA in 5.0%
(v/v) acetonitrile, and 0.1% TFA in 95% (v/v) acetonitrile, respectively. Each
peak was screened for protein content, anticoagulant and PLA; activity. The

protein (PLA, enzyme) was eluted with a retention time 17.4 min.

This anticoagulant neutral PLA; was named as RVVN-PLA,-I (Russell’s

viper neutral phospholipase A,-I). The yield of this neutral PLA; was 0.04 % of

the original venom load. A summary of purification of RVVN-PLA,-I is shown
in Table 6.2.
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Table 6.2: Summary of purification of a neutral anticoagulant phospholipase A; (RVVN-PLA,-I) from RVV. Values

represent a typical experiment. ND, not detected.

Fraction Total Protein PLA,; activity Anticoagulant activity Purification fold
protein yield Total Specific Total Specific activity PLA,  Anticoagulant
(mg) (%) activity activity (U/ activity (Units/ mg) activity activity
(Units) mg) (Units)

Crude RVV 20.0 100.0 13x10° 1.2x10* ND ND 1 -

CM-Cellulose 0.84 4.1 1.1x10° 2.5x 10* ND ND 2.0 -

DEAE Sephadex  0.17 0.9 49x10° 3.1 X 10 ND ND 2.4 -

Gel filtration 0.03 0.15 14.0 x 10 4.9 x 10* 1.8 x 10° 6.0x 10" 3.8 1

RP-HPLC 0.008 0.04 9.1 x 107 12.4 x 10* 7.2 x10 9.0 x10* 9.5 1.5
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RVVN-PLA,-I did not show any detectable protease, ATPase, AMPsae
activities, even at a concentration of 25.0 ug ml" that reveals the purity of this

PLA, isolation.

6.1.3 Assessment of purity and determination of molecular mass of RVVN-
PLA,-1

6.1.3.1 Gel filtration chromatography and SDS-PAGE '

The molecular mass of RVVN-PLA,-I was checked by gel filtration
chromatography, SDS-PAGE and ESIUMS analyses. From the calibration curve
of the gel filtration column (Fig 5.1B), the molecular mass of GFIII was found
13.0 kDa. About 20 pug of RVVN-PLA,-I gave a sharp, Coomassie Brilliant blue
positive band on 15 % SDS-PAGE under both reduced and non-reduced
conditions (Fig. 6.3). By SDS-PAGE, this protein migrated as a single band of
12.8 kDa both in presence and absence of reducing agent and heating, which

indicates that the purified PLA; is a monomer.
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Fig 6.3: 15% SDS-polyacrylamide gel electrophoresis: Lane A) molecular
weight marker; lane B) 20 pg RVVN-PLA,-I (non-reduced condition); lane C)
20 ug RVVN-PLA;-I (reduced condition). Experiment was done as described in
the section 3.2.5.3.

6.1.3.2 ESI/MS analysis of RVVN-PLA;-I

The molecular mass of RVVN-PLA,-I was determined as 12.792 KDa by
electron spray ionization-mass spectrophotometry (ESI/MS) (Fig 6.4).
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Fig 6.4: ESI/MS of RVVN-PLA,-I1 for molecular mass determination.

Experiment was done as described in the section 3.2.5.4.

6.2 Biochemical Characterisation of RVVN-PLA,-I
6.2.1 PLA; specific activity

Significant PLA, activity was showed by RVVN-PLA,-I when the
activity was checked by using egg yolk phospholipids as substrate (Table 6.2).
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6.2.2 Substrate Specificity of RVVN-PLA,-I

When substrate specificity of RVVN-PLA;-I was determined .on
commercially available phospholipid substrates with different polar head groL\ps
viz., PC, PS and PE, it was found that the enzyme has the highest specificity
towards PS followed by PC and it demonstrated lowest activity against PE
(Table 6.3).

Table 6.3: Substrate Specificity of RVVN-PLA;-I. Substrate specificity of
RVVN-PLA,-I towards purified phospholipids was determined as described in

section 3.2.6.7.1. Results are mean + S.D. of four determinations.

Phosi)holipid Substrate PLA; Specific activity
(Final concentration 1 mM) (Unit* mg'min™)
Phosphatidylserine (PS) 6.0x10°+ 1.4
Phosphatidylcholine (PC) 1.5x10°£ 1.1
Phosphatidylethanolamine (PE) 9.0x10°+0.8

*One unit of PLA; activity is defined as the increase in release of 1 pg of

palmitic acid (FFA) released per min.

6.2.3 Effect of substrate (PS) concentration on catalytic activity of RVVN-
PLA,-1

Effect of substrate (PS) concentration on catalytic activity of RVVN-
PLA5-1 showed that with an increase in the substrate concentration up to 2.0

mM, the phospholipid hydrolysis: was enhanced proportionatley. However, a
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saturation (steady state kinetics) in enzyme activity was observed at 2.0 mM PS

concentration (Fig 6.5).
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Fig 6.5: Effect of PS concentration on catalytic activity of RVVN-PLA,-I
(0.6 ng ml). Effect of substrate concentration on PLA; activity of RVVN-
PLA,-I was determined as described in section 3.2.6.8.2. Results are expressed

as mean £ S.D. of four determinations.

6.2.4 Effect of enzyme concentration

It was found that an increase in the enzyme concentration resulted in a
concomitant increase in substrate (PS) hydrolysis by RVVN-PLA;-I and
saturation was observed at 0.6 ug ml”" concentration of RVVN-PLA,-I (Fig 6.6).
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Fig 6.6: Effect of enzyme concentration on catalytic activity of RVVN-PLA,-
I. Effect of enzyme concentration on catalytic activity of RVVN-PLA,-1 was
determined as described in the section 3.2.6.8.3. Results are expressed as mean

+S8.D «of four determinations.

6.2.5 Carbohydrate content

By phenol-sulphuric acid method, RVVN-PLA,-I was found to be non-

glycoprotein in nature.
6.2.6 Determination of Km and Vmax of PS hydrolysis

The Michaelis constant, Km and maximum velocity, Vmax of the
RVVN-PLA,-I catalysed reaction were determined by using Lineweaver-Burk
representation. By plotting the values of 1/v as a function of 1/[S], a straight line
was obtained (Fig 6.7), that intersect the vertical line at a point which is the
1/Vmax (Since 1/[S] =0. We have 1/v=1/Vmax). If we extend the straight line,
then the horizontal axis (1/[S]) intersect at the point which is -1/Km.
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From the graph we have the equation, y = 0.0559x + 0.0773
When y=0, then x = -0.0773/0.0559 or, x=-1.38 i.e., -1/Km = 1.38,

ie, Km=0.72mMor, 0.72x 10*Mie, Km=0.72x 10* M

1/Vmax = 0.0773 i.e., Vmax = 12.93 x 10° mM pg” or, 129.3 x 10 uM
pg” or, 129.3 pmol mg'l

The apparent Km and Vmax value of enzyme catalyzed reaction are 0.72

x 10 M and 129.3 pmol min™ mg™ respectively.

0.6 -

y = 0.055x + 0.077

02 1 1/1s)

Fig 6.7: Determination of Km and Vmax of RVVN-PLA,-I using
Lineweaver-Burk plot. Purified PS was used as substrate (0.1-5.0 mM
concentration). Experiment was done as described in the section 3.2.6.8.4.

Values are mean £+ S.D. of four determinations.
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6.2.7 Optimum temperature
The enzymatic activity of RVVN-PLA,-1 was checked at different

temperature range of 20-75 °C using PS as substrate (Fig 6.8). RVVN-PLA,-I

showed optimum catalytic activity at temperature 37 °C (11.5 units).
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Fig 6.8: Effect of temperature on catalytic activity of RVVN-PLA,-1. PLA,
activity of RVVN-PLA,-I at different temperature was done as described in the

section 3.2.6.8.5. Results are expressed as mean + S.D. of four determinations.
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6.2.8 pH Optima

The optimum pH for enzymatic activity of RVVN-PLA,-I was assayed at
a pH' range of 5.5-9.0 using PS as a substrate (Fig 6.9). RVVN-PLA,-I showed
maximum catalytic activity at pH 8.0 (9.5 units). At pH 7.5 and pH 7.0, the
enzyme activity was 73 % and 21 % respectively, of the activity shown at pH 8.0
(Fig 6.9). RVVN-PLA,-I did not show any catalytic activity at a pH lower than
6.5 or higher than 8.5.
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Fig 6.9: Effect of pH on catalytic activity of RVVN-PLA,-1. PLA; activity of
RVVN-PLA,-I at different pH values were done as described in the section
3.2.6.8.6. The various pH values were obtained as follows: 0.1 Sodium acetate,
pH 5.0-6.5; 0.1M K-Phosphate, pH 7.0-7.5 and 0.1 M Tris-HCI, pH 8.0-9.0.

Results are expressed as mean = S.D. of four determinations.
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6.2.9 Secondary structure determination by Circular dichroism

Structural investigation through circular diachroism spectroscopy
revealed that RVVN-PLA,-I has a high content of alpha helix and beta-turn
structures (54.6 % and 29.7 % respectively) along with random coils (15.7 %).
CD spectra of native RVVN-PLA,-I indicates a strong a-helical contribution to
the CD signal (Fig 6.10) as it demonstrated defined minima at 216 nm (Fig
6.10). The CD spectra of heat-inactivated RVVN-PLA,-I showed a minute
deviation in CD signal after 45 min of heating the enzyme at 75 °C suggesting

secondary structure is least affected by heating (Fig 6.10).
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Fig 6.10: CD spectra of RVVN-PLA;-I. CD measurement was performed as
described in the section 3.2.6.8.7. The CD signals are expressed as mean residue
ellipticity [0] (degree cm?® dmol™), using 113 as the mean residue molecular

weight.
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6.3  Pharmacological Characterization of RVVN-PLA,-1
6.3.1 Anticoagulant activity
6.3.1.1 Plasma clotting time

RVVN-PLA,-I demonstrated dose-dependent anticoagulant activity in in
vitro condition. Though with initial concentration (0.1-0.3 pg mi™) of PLA,,
anticoagulant activity did not increased significantly, however, with an increase
in concentration of RVVN-PLA,-I up to 1.0 pg ml’, its anticoagulant activity
(as determined by Ca-clotting time of PPP) was enhanced linearly. Nevertheless,
at an enzyme concentration beyond 1.0 pg ml”, a saturation in enzyme activity
was observed (Fig 6.11).

The effect of pre-incubation time of RVVN-PLA,-I (0.5 ug ml™) with
PPP on the anticoagulant activity demonstrated that 5 min was the optimal pre-
incubation time for exerting maximum anticoagulant activity; beyond 5 min of
pre-incubation, no further iﬁcrease in Ca-clotting time of plasma was observed

(Fig 6.12).
6.3.1.2 Prothrombin time test

RVVN-PLA,-I was hardly effective in delaying the coagulation time of
PPP of goat (specific activity was 0.9 x10° + 0.8 unit mg" of protein) as
compared to the coagulation time of control plasma when assayed by using

commercial prothrombin time test kit.
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Fig 6.11: Dose dependent study of anticoagulant activity of RVVN-PLA,-I
(Ca-clotting time). This study was done as described in the section 3.2.7.1.1 by
using different concentrations of RVVN-PLA,-I (0.1-1.2 pg ml™). Values

represent the mean + S.D. of four experiments.
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Fig 6.12: Effect of pre-incubation time on anticoagulant activity of RVVN-
PLA;-I (Ca-clotting time). This study was done as described in the section

3.2.7.1.1 for different time of pre-incubation (1-20 min) of plasma with RVVN-
PLA,-1 (0.5 ug ml™'). Values represent the mean = S.D. of four experiments.
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6.3.1.3 Effect of RVVN-PLA;-I on plasma phospholipids hydrolysis and
FFAs release

With an increase in the pre-incubation time of plasma with PLA,, a
concomitant increase in plasma phospholipids hydrolysis was observed up to §
min. Beyond 5 min of pre-incubation, no significant enhancement of plasma
phospholipids hydrolysis could be detected (Fig 6.12). The GC-analysis of FFAs
released from plasma phospholipids by the action of RVVN-PLA;-I (0.5 pg mlI

'Y at different time intervals supported the above observation (Fig 6.13).
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Fig 6.13: GC Analysis of plasma phospholipids hydrolysis by RVVN-PLA,-
I: A) control B) 3 min, C) 5 min, D) 10 min post incubation with RVVN-PLA,-
I. This study was done as described in the section 3.2.7.1.3. Data shows a typical

experiment and repetition of experiment demonstrated similar result.
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6.3.1.4 Binding of RVVN-PLA,-I with different phospholipids

The excitation of fluorescence of free RVVN-PLA,-1 (100 nM) was done
at 280 nm and emission maximum were observed at 343.5 nm (Fig 6.14).;As
shown in Fig 6.14 fluorescence intensity of RVVN-PLA,-I post mixing with
different phospholipids bearing different polar head groups exhibited different
results. A large increase in fluorescence intensity (about 2.8 fold increase) of
RVVN-PLA,-I in presence of PS was observed and addition of 2 mM Ca®
further enhanced the fluorescence intensity (Fig 6.14). In contrast, a minor
decrease in fluorescence intensity of PLA, was observed after addition of PE;
-addition of PC did not influence the fluorescence intensity of protein. It is to be
noted that neither PC nor PE influenced the shifting in emission spectrum of
PLA,. When the binding experiment was performed with an equimolar mixture
of PC: PS: PE (final concentration 50 pM), the fluorescence intensity changed

with a red shift of 5 nm (emission maxima 348.5 nm).

A slight decrease in the fluorescence intensity with a‘10 nm blue shift of
the heat-inactivated RVVN-PLA;-I (heated for 60 min at 75 °C) was observed
(Fig 6.14). However, a significant decrease in the fluorescence intensity ofkthe
heated RVVN-PLA,-I post mixing with PS revealed that phospholipid (PS)
binding efficiency of the heat-inactivated protein was drastically reduced

compared to the PS binding potency of native PLA, ( Table 6.12 and Fig 6.14).
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Fig 6.14: Fluorescence spectra showing interaction of RVVN-PLA,-1 (100
nM) with phospholipids (50 pM), A. Heated RVVN-PLA,-I (heated for 60 min
at 75 °C), B. RVVN-PLA;-I, C. RVVN-PLA;-I and PC, PE and PS, D. Heated
RVVN-PLA,-I and PS, E. RVVN-PLA,-I and PS, F. RVVN-PLA,-I and PS and
Ca.

6.3.1.5 Interaction of RVVN-PLA;-I with blood coagulation factor Xa,

factor Va, prothrombin and thrombin

There was not any change observed in the fluorescence signal of RVVN-
PLA,-I in presence of coagulation factor Xa (Fig 6.15), factor Va, prothrombin
and thrombin was observed (Fig 6.16). This indicated that there was lack of
interaction of RVVN-PLA,-I with these coagulation factors.
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Fig 6.15: Fluorescence spectra showing interaction of RVVN-PLA,-I (100
nM) with factor Xa (50 upM) A. Factor Xa, B. RVVN-PLA,-I and Factor Xa, C.
RVVN-PLA,-I. Experiment was done as described in the section 3.2.6.8.11.
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Fig 6.16: Fluorescence spectra showing interaction of RVVN-PLA;-1 (100
nM) with activated factor V (50 pM), prothrombin (50 pM) and thrombin

(50 uM). Experiment was done as described in the section 3.2.6.8.11.

6.3.2 Direct and indirect haemolytic activity

RVVN-PLA,-I did not exert considerable direct haemolytic activity on
washed goat/human erythrocytes; however it showed an appreciable haemolytic
activity in presence of egg yolk phospholipids/PS (Fig 6.17 and Table 6.6). It
was also noted that erythrocytes pre-incubated with PS and 1.5 mM Ca™" were
highly susceptible to lysis by RVVN-PLA,-I (Fig 6.17). Substitution of PS by
PC also affected the haemolysis but to a lesser extent that in presence of PS.

Nevertheless, pre-incubation of erythrocytes with PE did not influence the

e ———
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haemolytic activity of RVVN-PLA,-I even when 1.5 mM Ca’’ was added in the

reaction medium (Fig 6.17)
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Fig 6.17: Haemolytic effect of RVVN-PLA,-1 (100 nM) in presence of
different phospholipids (PC/PS/PE at a final concentration of 1.0 mM and
egg yolk at a concentration of 1 ng ml™") and in presence or absence of 1.5
mM calcium. Experiment was done as described in the section 3.2.7.2. Lysis is
expressed as percentage, taking 100 % absorbance of erythrocyte suspension
incubated with Milli Q water. Erythrocyte suspension without exogenous supply
of phospholipid(s) served as a control. Each result represents mean +S.D. of four

individual experiments.

6.3.3 In-vitro tissue damaging activity
In in-vitro condition, RVVN-PLA,-I exerted significantly less heart

tissue damaging activity as compared to crude RVV (Table 5.6). However,
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RVVN-PLA,-I was not detrimental to lung and liver tissues under identical

experimental conditions (Table 6.4).

Table 6.4: In vitro tissue damaging activity of RVVN-PLA,-I (% Hb released
from 300 + 10 mg tissue by 100 nM protein post 5 h of incubation at 37 °C)*.

Values represent mean +S.D. of four experiments

Tissues of RVVN-PLA;-1
Liver 0
Heart 10.1 0.7
Lungs - 0

*100% activity was achieved by treatment with 0.1% (v/v) triton X-100.

6.3.4 Stability of RVVN-PLA,-I after storage at 4 °C

It was observed that after 28 days of isolation of RVVN-PLA»-1 from
crude RVV (while kept in 20 mM K-phosphate buffer, pH 7.0 and stored at 4
°C), it lost 36 % and 56 % of its original catalytic and anticoagulant activity,
respectively (Fig 6.18).
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Fig 6.18: Assessment of catalytic and anticoagulant activity of RVVN-PLA,-
I after storage at 4 °C for different time periods. Storage stability was
determined as described in the section 3.2.11. Values are expressed as mean £

S.D. of four typical experiments.

6.4 Membrane phospholipids hydrolysis by RVN-PLA,-I

6.4.1 Effect of RVVN-PLA;-I on mitochondrial membranes phospholipids
hydrolysis

The RVVN-PLA;-I showed swelling of chicken liver mitochondria in a
dose dependent manner (Fig 6.19) and this effect was more pronounced in

presence of Ca®* (Table 6.5).

With an increase in incubation time of mitochondria with RVVN-PLA,-I,
the mitochondrial damage was enhanced concomitantly (Table 6.5). RVVN-
PLA,-I hydrolyzed the membrane of intact mitochondria with an initial lag phase
of 15 min which was evident from the release of FFA and Pi from the
membranes post incubation with this neutral anticoagulant PLA, enzyme from
RVV (Table 6.5).
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Addition of Ca®" enhanced the membrane phospholipids hydrolysis effect
of RVVN-PLA,-I and the extent of phospholipids hydrolysis in presence of Ca*
was about 1.5 fold higher compared to phospholipids hydrolysis in absence of
Ca*" post 15 min of incubation (Table 6.5).
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Fig 6.19: Dose-dependent swelling of chicken liver mitochondria by the
effect of RVVN-PLA,-I. Experiment was done as described in the section
3.2.7.5.1 by using different concentrations of RVVN-PLA,-I (10-100 nM).

Values are £ S.D. of triplicate determinations.

To gain further insight into the mode of attack of RVVN-PLA,-I on the
mitochondrial membrane, GC-analysis of liberated fatty acids from membrane
revealed that Cj49, Cy5¢ anteiso, Cigo Ciz1, Cigo 150, Cio0, Ca00, Ca01 and few
unidentified fatty acids (>C,) could be detected from the mitochondrial
membranes post 60 min of incubation with PLA; (Fig 6.20). Addition of Ca**
did not alter the fatty acid release pattern from the mitochondrial membrane;
however, this metal ion potentiated the membrane hydrolytic activity of RVVN-
PLA;-I resulting in release of higher quantity of fatty acids from .the
mitochondrial membrane by the action of PLA, enzyme (Table 6.5).
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Table 6.5: RVVN-PLA,-I induced swelling and phospholipids hydrolysis of intact mitochondrial membrane either in

presence or absence of 2 mM Ca®". About 100 mg equivalent of mitochondria (mitochondria obtained from 100 mg wet weight of

tissue) from chicken liver was incubated with 100 nM of RVVN-PLA,-I at 37 °C for different time periods. The measured Pi value

was obtained from acid treatment of a sample of the supernatant. Values are mean + S.D. of triplicate determinations.

Incubation

Mitochondrial swelling Phospholipids hydrolysis Ratio of
time (min) (U/min)* saturated/unsaturated
ng FFA released ng of P, released FFA
-Ca* +Ca -Ca* +Ca®* -Ca?* +Ca®*
0 (control) 0 0 0 0 0 0 0
15 0 0 0 0 0 0 0
30 950+ 4.5° 1100+ 3.1° 1055+£2.7"  1146.9+13* 314+29° 48.0+ 1.4° N.D.
60 1150+£2.3°  1450+2.2° 13763+ 1.8° 1651.6+2.6° 101.0£25" 131.2% 1.6 1.03

*Mitochondrial swelling was measured spectrophotometrically and one unit of swelling is defined as a decrease in 0.01

absorbance/min of mitochondrial suspension at 520 nm by 100 nM of RVVN-PLA,-I.

Values (for different time periods) with different superscripts in same column are significantly different (p<0.05).
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Fig 6.20: Gas Chromatographic analysis of mitochondrial membrane phospholipids hydrolysis by RVVN-PLA;-I. A) Control, B) 15 min,
C) 30 min, D) 60 min post incubation of mitochondrial membranes with RVVN-PLA,-1. Experiment was done as described in the section

3.2.7.5.2. Data shows a typical experiment and repetition of experiment demonstrated similar result.
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6.4.2. Effect of RVVN-PLA;-I on erythrocyte membranes phospholipids
hydrolybsis

The effect of pre-incubation time of RVVN-PLA,-I on haemolysis and
liberation of FFAs from washed erythrocytes was showed in Table 6.6. With an
increase in incubation time of RBC with purified PLA, (Table 6.6) or increasing
the concentration of PLA; (Fig 6.21), the extent of phospholipids hydrolysis was
enhanced concomitantly as was evident from the increased release of FFA and P;
from the RBC membrane. Interestingly, during the initial 30 min of attack, no
haemolysis was observed although the PLA; was able to release the FFA and
lysophospholipids from intact RBC membrane. On the contrary, addition of PS
to the erythrocytes suspension resulted in initiation of haemolysis within 15 min
of incubation and after 120 min, about 42.6 % of total RBC were haemolysed
(Table 6.6). Approximately 9-fold increase in FFA release was detected post 120
min of incubation of RBC with RVVN-PLA,-I compared to 15 min of

incubation under the identical condition (Table 6.6).

The GC analysis of erythrocytes membrane -phospholipids hydrolysis by
RVVN-PLA,-I also corroborated well with the FFA release pattern as shown in
Fig 6.21 and Table 6.6. It was observed that RVVN-PLA;-I had shown a specific
preference for releasing the C;7.0, Cig, and Cyg anti fatty acids from the intact
RBC membrane post 30 min of incubation. However, a quantitétive as well as
qualitative differences in fatty acids release pattern from membrane was detected
after 120 min of incubation of RBC with the PLA,; additional FFAs of chain
length Cy4.0, Ca00 could also be detected by GC (Fig 6.22).

e Y o)
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Fig 6.21: Dose dependent study of erythrocyte membrane phospholipids
hydrolysis activity of RVVN-PLA,-I. Experiment was done as described in the
section 3.2.7.5.1 by using different concentrations of RVVN-PLA,-1 (10-100

nM). Values are + S.D. of triplicate determinations.
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Table 6.6: RVVN-PLA,-I induced haemolysis and phospholipids hydrolysis of goat washed erythrocytes. The 5% (v/v)
erythrocyte suspension was incubated with 100 nM of RVVN-PLA,-I at 37 °C and haemolysis (direct and indirect) and erythrocyte
phospholipids hydrolysis were determined. Indirect phospholipids hydrolysis was achieved in presence of PS (1.0 mM). The
measured Pi value was obtained from acid treatment of a sample of the supernatant. Values are mean + S.D. of triplicate

determinations.

Incubation % haemolysis Phospholipids hydrolysis Ratio of
time (min) Direct Indirect pg FFA released pg of P, released saturated/unsaturated
FFA
0 (control) 0 0 0 0 0
15 min 0 0 225.0+1.2° 17.3+£0.9° N.D.
30 min 0 32.7+0.8° 506.2 +2.3° 38.9+1.9° 1.5
60 min 0.4 40.1 + 0.4° 1069.0 + 1.4° 87.3£1.1° 1.5
120 min 13 45.6+0.2° 1225.0 +2.1¢ 121.0 £ 1.8 1.8

Values (for different time periods) with different superscripts in same column are significantly different (p<0.05).
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Fig 6.22: Gas chromategraphic analysis of erythrocyte membrane phospholipids hydrolysis by RVVN-PLA,-L The 5% (v/v)
erythrocyte suspension was incubated with 100 nM of RVVN-PLA,-I (in presence of 2 mM Ca®") at 37°C for different time periods.
The liberated fatty acids were analyzed by GC-MS as described in the section 3.2.7.5.2. A) control, B) 30 min, C) 60 min, D) 120
min after incubation of_erythrocytes membranes with RVVN-PLA,-L.
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6.4.3 ELISA: Binding study of RVVN-PLA,-1 with membrane
phospholipids

ELISA experiment was also done to study the membrane binding
property of native and heat-inactivated PLA, which revealed that about 57.3 £
1.1 % (mean £ S.D., n=3) of RVVN-PLA;-I (heated for 60 min at 75 °C) could
bind to intact mitochondrial (Fig 6.23) or, erythrocytes (Fig 6.24) suspensions as
compared to binding of native (unheated) PLA, enzyme. This suggests that heat
inactivated RVVN-PLA,-I partially lost its membrane binding property.
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Fig 6.23: Binding of heat inactivated RVVN-PLA,-I (heated for 60 min at 75
°C) with intact mitochondrial membranes. Experiment was done as described
in the section 3.2.7.5.3. Values are + S.D. of four experiments. Binding of native
PLA; with membrane was considered as 100 % binding and then other values

were calculated.
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Fig 6.24: Binding of heat inactivated RVVN-PLA,-I (heated for 60 min at 75
°C) with erythrocyte membranes. Experiment was done as described in,the
section 3.2.7.5.3. Values are + S.D. of four experiments. The control value was

considered as 100 % and then the other values were calculated.

6.5  Effects of chemical inhibitors, antivenom and heating on catalytic

and pharmacological properties of RVVN-PLA,-I

Table 6.7 shows the effect of various chemical inhibitors, polyvalent
antivenom and heating on modulation of catalytic, anticoagulant and membrane
damaging activities of RVVN-PLA,-I. Chemical modification of histidine
residue resulted in a significant inhibition (91.5 %) of catalytic activity;
however, 19 % of anticoagulant activity was retained (Table 6.7). Catalytic,
anticoagulant and membrane damaging activities of the purified enzyme were
not inhibited by serine inhibitors like PMSF, TLCK and TPCK. Interestingly
EDTA, DTT and IAA inhibited the catalytic activity of PLA; more than its
anticoagulant activity (Table 6.7).
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Commercial polyvalent antivenom raised in horse inhibited the catalytic,
anticoagulant and membrane hydrolysing activities of RVVN-PLA,-I almost in a
paralle]l manner (Table 6.7).

To explore the relationship between catalytic site and og:her
pharmacological site(s) we also investigated the effect of heating on catalytic,
anticoagulant and membrane damaging properties of RVVN-PLA;-1. Heating at
75 °C for different time periods suggesting similar effect of heating on catalytic,

anticoagulant and membrane damaging activities of RVVN-PLA,-I (Table 6.7).
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Table 6.7: Effects of heating, antivenom and chemical inhibitors (at a final concentration of 2.0 mM) en catalytic,
anticoagulant and membrane phospholipids hydrolysis action of RVVN-PLA,-L. Values are mean + S. D. of triplicate

determinations. MM: mitochondrial membrane, EM: erythrocyte membrane.

% residual activity PC Binding (%)

PLA, Anticoagulant MM hydrolysis EM hydrolysis
Control 100 100 100 100 100
Heating at 75°C
10 min 100 923+24 84.0+42 82.0+4.0 96.5+4.8
20 min 97.0+1.3 883+ 1.3 80.4+3.2 78.0£2.9 61.4+3.1
30 min 94.0+2.8 843 1.1 75.0+1.0 75.0+1.0 50.6£2.5
45 min 882+1.4 78.3 £2.1 69.4 +£3.2 70.4+£3.2 46.1+2.3
60 min 83.1£3.1 693+1.4 63.4+3.2 66.4£2.1 42.0+2.1
Antigen: antivenom
(w:w)”
1:100 928+1.4 87.1£23 80.1£1.0 83.2+22 -
1:200 87.7+£1.1 79.7+ 1.7 753+ 1.8 79.1x£1.9 -
1:500 79.6 1.3 73.7+ 1.1 72.4+0.9 753+ 1.3 -
Chemicals/ inhibitors
TLCK 992+ 1.1 99.0+ 1.9 N.D. 100 -
TPCK 978+ 1.1 97.1+£2.8 96.0+1.2 94.5+1.5 -
PMSF 97+2.1 100 N.D. N.D. -
pBPB 85+03 192+2.8 29.0 £ 145 25.0+£1.25 -
DTT 422+ 1.5 552+1.5 N.D. N.D. -
IAA 37.7+£23 522415 50.0+2.4 46.6 +2.3 -
EDTA 32.3%£1.6 45.5+2.5 33.0+1.2 31.5+ 1.6 ) -
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6.6  Other Pharmacological properties
6.6.1 Antibacterial activity

RVVN-PLA,-I (at a concentration of 25 pg mi') did not show any
antibacterial activity against Gram positive bacteria viz. B. subtilis or Gram
negative bacteria viz. E. coli and P auregonosa when tested by time coyrse

experiment (Fig 6.25).
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Fig 6.25: Bactericidal activity of RVVN-PLA;-1 on B.subtilis, E.coli and P.
auregonosa. Varying amount of RVVN-PLA,-I (5-25 pug ml") was incubated
with 18.4 x 10* cells of each bacterium for 24 h at 37 °C and change in optical
density was recorded at 630 nm. 1 OD at 630 nm= 10° cells. Each point
represents the mean £ S.D. of four experiments. Only media without RVVN-
PLA,-I served as control for each experiment. Experiment was done as described

in the section 3.2.7.4.
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6.6.2  In vitro cytotoxicity assay on mammalian cells

Fig 6.26 shows the cytotoxic effect of RVVN-PLA,-I and crude RVV on
HT 29 (human colon adenocarcinoma) cells. RVVN-PLA,-I (at a dose of 10 pg
mi™) could cause lysis of 8.8 % of total HT 29 cell after 4 h of incubation at 37
°C; and after 24 h incubation, it showed 11.6 % lysis of total HT 29 cells. The
light microscopic observation of RVVN-PLA,-I treated HT 29 cells (post 4 h
and 24 h incubation) also supported the above observation (Fig 6.25) as no gross
morphological change in cells had been detected 24 h after the treatment of
RVVN-PLA,-I.

The crude RVV, on the other hand, was significantly cytotoxic to HT-29
cells and 99 % cells were died after 24 h of incubation with crude RVV (10 pug

mi™) [Fig 6.26].
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Fig 6.26: Cell cytotoxicity assay: the effect of crude RVV and RVVN-PLA;-I
on HT 29 cells. The incubation was carried out at 37 °C, 5 % CO, for the
indicated time period. Experiment was done as described in the section 3.2.7.6.

Values are mean = S. D. of triplicate determinations.
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Fig 6.27: Light microscopic observation of the effect of RVVN-PLA,-I on
HT 29 cells. A) Control (4 hr) and b) HT 29 cells treated with 10.0 pug m!”
RVVN-PLA,-I post 4 hr of incubation. C) Control (24 hr) and D) HT 29 cells
treated with 10.0 pg ml"' RVVN-PLA,-I post 24 hr of incubation. The incubation
was carried out at 37 °C, 5 % CO, for the indicated time period. Magnifications,
100x: (a-d) bar=50 um. Photographs were taken at a compact high-performance

inverted microscope, Nikon ECLIPSE, TS100, Tokyo.

0044003 S PO SO

Results: RVVN-PLA-T Page 187




Thesis: “Studies on anticoagulant phospfiolipase A2 enzymes from Indian Russell's viper (Daboia russelli) venom”,

6.7  In-vivo toxicity assay
6.7.1 Lethality and in-vivo toxicity in mice

RVVN-PLA,-I was not lethal to BALB/c mice at a concentration of 0.08
mg kg body weight and did not show any sign of haemostatic disorder and

behavioural changes in mice up to 48 h (Table 6.8).
6.7.2 Anticoagulant effect’

The i.p. injection of RVVN-PLA;-I (at a dose of 0.08 mg kg'l) prolonged
the in vitro tail bleeding time in mice as compared to the control group of mice.
The in vitro coagulation time of PPP from RVVN-PLA,-I treated mice was
enhanced as compared to Ca-clotting time of plasma from the control group of

mice (Table 6.9).
6.7.3 Effect on blood cells

Table 6.10 shows the in vivo effect of RVVN-PLA,-I on haematological
parameters of blood. It was observed that administration of RVVN-PLA;-I
resulted in significant decrease in erythrocytes and leucocytes count and Hb
content in the blood of RVVN-PLA,;-I treated mice as compared to the control
group of mice (Table 6.10).
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Table 6.8: Behavioural Changes, if any, in mice 48 h after the administration of RVVN-PLA,-I at a dose of 0.08 mg kg

Values are mean £ S.D. of six determinations.

Parameters
Body weight (gm)  Grip Strength (sec) Rectal temperature  Faecal tendency Urination
Group of mice (F) (times per 15 min) (times per 15 min)
Initial*  Final**  Initial* Final** Initial* Final** Initial* Final** Initial* Final**
Control 324+ 326+ 67915 325+ 942 + 94.1 + 3£406 5+08 2+£105 4+£06
0.5 1.1 0.9 1.8 1.5
RVVN-PLA,-1 25.1 £ 2624+ 23.1+1.6 183+ 94.1 £ 943 + 5405 4£05 3+£05 3+03
treated 1.1 1.2 1.4 1.3 1.7
*Initial: determined at the onset of experiment.
**Final: determined after 48 h of RVVN-PLA,-I administration.
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Table 6.9: The in vitro clotting time of blood and tail bleeding time in mice
post 48 h injection of RVVN-PLA,-I at a dose of 0.08 mg kg

Values are mean = S.D. of six determinations.

Group of mice Plasma clotting time Tail bleeding time (sec)
(sec)

Control 168.5+ 1.5 45+ 0.6

RVVN-PLA;-I treated 319.8+£2.4° 64+ 1.1°

Level of significance *p < 0.001

Table 6.10: Effect of RVVN-PLA,-I on different haematological parameters

of treated mice. Values are mean £+ S.D. of six determinations.

Haematological parameters

Group of mice

WBC RBC Haemoglobin (Hb)
(m/mm?) (m/mm’) (g/dL)
Control 1146 £0.5 573+£0.6 6.45+0.9
RYVN-PLA,-I treated 7.68+0.3 3.58+0.5 514+ 0.6
% decreased 32.99% 37.53% 2031 %
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6.7.4 Effect on serum parameters

Administration of RVVN-PLA,-I resulted in a significant increase (p<
0.05) in ALP, CPK-MB, SGOT, SGPT and trigiycerides levels in the serum of
treated mice as compared to control group of mice; however the LDH and total
protein levels were decreased in the serum of treated mice. The cholesterol, and
glucose level in the serum of the treated mice were. remain unchanged as
compared to control (Table 6.11). Table 6.11 shows the effect of RVVN-PLA,-I

on serum parameters of treated BALB/c mice.
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Table 6.11: Effect of RVVN-PLA,-I on different parameters of serum of BALB/c mice. RVVN-PLA,-I (0.08 mg kg body

weight) dissolved in 0.1 ml of PBS was injected intraperitoneally into a group of six BALB/c mice (n=6). Mice were sacrificed after

48 hours of injection, blood was collected immediately by venipuncture and the serum was used for the assay of different

parameters. Values are mean + S.D. of six determinations.

Total Glucose CPK-MB LDH ALP (U/L) SGOT SGPT Cholesterol Triglycerides
protein (g/dL) (U/L) (U/L) (U/L) (U/L) (g/dL) (g/dL)
(g/dL)
Control 270.0+0.7 211+12 275+065 12815 27.5+0.8 1440+ 500+ 07+04 02+0.04
+0.9 2.2 0.91
Treated 184.0+04% 279+1.6 47.0+09° 7980+ 84.7+1.1" 2160+ 1180+ 0.83+l1.1 0.65 + 0.05°
2.1° 2.1° 1.5°
Significance of difference ®p < 0.001.
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6.7.5 Histopathological study

In histopathological study, any significant change was not observed in
the tissues of RVVN-PLA,-I treated mice organs as compared to control tissues

(Fig 6.28).

e Rk M - .
& a. ¥ & L)
Control heart tissues Heart tissuestreated with RV VN-PLA -1

Fig 6.28: Light microscopic observation of the effect of RVVN-PLA;-I on
different organs of treated mice. Tissues from mice treated with PBS were
served as control. Hematoxyline-eosine (H&E) staining; Magnifications 100x:

bar=50 pm.
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6.8 Immunological cross reactivity

6.8.1 Immunodiffusion

RVVN-PLA,-1 did not show cross reactivity towards commercially
available polyvalent antivenom at a ratio of 1:100 (antigen: antibody, w/w). In
immunodiffusion test, no visible antigen (RVVN-PLA,-I)-antibody (polyvalent
antivenom) precipitate band was observed even after 48 h of incubation (Fig
6.29). PBS was used as control in this immunodiffusion assay in place of venom

proteins (Fig 5.33 A).

RVVN-PL&.-]

Polyvalent Antivenom

Fig 6.29: Immunodiffusion test to determine cross reactivity of RVVN-
PLA>-I against commercial polyvalent antivenom used for the treatment of
snakebite patients. Experiment was done as described in the section 3.2.7.7.1.
Data shows a typical experiment and repetition of experiment demonstrated

similar result.
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6.9  Neutralization by plant extracts
6.9.1 Neutralization by AIPLAI

AIPLAI (A. indica PLA, inhibitor, the methanol extract of A. indica
leaves) affect both the catalytic as well as the anticoagulant activity of RVVN-
PLA,-1. The AIPLAI at a dose of 50 pg ml"' demonstrated 41.8 % and 48.0 %
inhibition of catalytic anticoagulant activity of RVVN-PLA,-I, respectively (Fig
6.30).

120 - = Control
100 4 ® RVVN-PLA2-I
Z
3 201
©
©
T 60
o
1%
& 40 i}
p-3
20 A
0 - —

Catalytic activity Anticoagulant activity
Activities of RVVN-PLA,-I

Fig 6.30: Effect of AIPLAI (50 pg ml") on the catalytic and anticoagulant
activity of RVVN-PLA-1 (1 pg mi™"). Values are expressed as the mean + S.D.

of four experiments.
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6.9.2 Neutralization by Camellia sinensis, Aegle marmelos and Xanthium

strumarium

Methanol extracts of the leaves of C. sinensis and X. strumarium and the
roots of A. marmelos were found to be most potent in inhibiting the PLA,
activity of RVVN-PLA,-I among the different tested solvent extracts. Moreover,
in a dose dependent study, amongst all the tested doses, 50 ug ml™" was found as

the optimal dose for inhibition of enzymatic activity (Fig 5.35).

The effect of water, chloroform and methanol extract of these three
plants on the catalytic and anticoagulant activity of RVVN-PLA,-I are listed in
the Table 6.12 and Table 6.13 respectively.

Table 6.14 shows the inhibition of catalytic as well of pharmacological
properties of RVVN-PLA,-I after the treatment with methanol extract of leaves
of C. sinensis and X. strumarium and the roots of A. marmelos. Further, it shows
a comparison of inhibition cause by polyvalent antivenom and by the plant
extracts (Table 6.14).
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Table 6.12: Percent inhibition of PLA, activity of RVVN-PLA,-I (final
concentration 1 ug ml?) by different extract of Camellia sinensis, Aegle
marmelos and Xanthium strumarium. Preparation of plant extract and
inhibition study was done as described in the section 3.2.10.2. PLA; activity
without plant extract was treated as control (100 %). Results are mean + S.D. of

four determinations.

Amount of % inhibition of PLA,; activity of RVVN-PLA,-I by
plant
Camellia sinensis Xanthium Aegle marmelos
extract (ng) !
strumarium

5 0.21+0.01 0 2.3+0.12
5 10 1.3+ 0.06 0.01 % 0.001 7.1£0.36
=
=
b 50 7.8 +0.39 4.4+022 11.4+0.57
=
= 100 11.2+0.57 5.1+0.26 15.6 +0.78
N 5 3.5+0.17 0.6 +0.03 3.1£0.16
2]
~
;,5 10 8.1+ 041 3.9%0.19 9.7 £ 0.48
£
5 50 16.4 + 0.82 13.6 % 0.68 21.2+1.06
=]
1
§ 100 19.8+0.99 16.6+ 0.83 24.4%1.22

s 414021 214011 774038
3
£ 10 12.7 £ 0.64 6.6+ 0.33 16.1+ 0.81
»
=
2 50 29.5 + 1.47 20.8 + 1.04 34.5+1.73
o=
S 100 33.9+ 1.68 25.7+1.28 41.5+2.06
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Table 6.13: Percent inhibition of anticoagulant activity of RVVN-PLA,-I
(final concentration 1 pg ml') by different extract of Camellia sinensis,
Aegle marmelos and Xanthium strumarium. Preparation of plant extract and
inhibition study was done as described in the section 3.2.10.2. PLA; activity
without plant extract was treated as control (100 %). Results are mean £+ S.D. of

four determinations.

Amount of % inhibition of anticoagulant activity of RVVN-PLA,-1 by

plant extract

(1g) Camellia Xanthium Aegle marmelos
sinensis strumarium
5 0.78 + 0.04 0.31+0.02 2.21+0.06
8 10 474023 3.1£0.16 8.20 £ 0.41
=
= 50 12.1 £ 0.61 10.0 + 0.55 15.1+0.75
=
= 100 19.0 + 0.95 17.1+0.86 23.7+1.18
- 5 2.1£0.11 3.7+0.18 4.5+0.22
(2]
31
S
5 10 10.7+0.54 8.7+ 0.44 16.1 + 0.81
£
S 50 20.5 % 1.01 19.1+0.75 28.6+ 1.43
@
1
(=3
= 100 253+ 1.21 23.1+0.96 34.1+1.71
5 6.1 +0.31 42+0.21 9.8+ 0.48
S
[+ »
£ 10 18.1+0.91 16.3 +0.81 2374115 "
=
£ 50 34.7+1.2 29.0+ 1.5 49.1 = 1.7
e
< 100 394+ 1.4 3.1+ 1.6 545+ 1.9
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Table 6.14: A comparison of anti-PLA; activity of polyvalent antivenom and methanolic extracts of leaves of C. sinensis and X.

strumarium and roots of A. Marmelos. RVVN-PLA,-I (1 pg mI'") was incubated either with plant extract (100 pg mI'"y or with polyvalent

antivenom in a ratio of 1:100 (in a final volume of 1.0 ml) at 37 °C for 30 min and then assayed for residual catalytic and pharmacological

properties of RVVN-PLA,-I. Values are mean + S.D. of triplicate determinations. Values in the same row with different superscripts are

significantly different (p<0.05).

Pharmacological properties

% Inhibition of RVVN-PLA,-I by

Polyvalent antivenom

C. sinensis

X strumarium

A. marmelos

PLA, activity 72+0.8 295+ 1.7° 20.8 + 1.4° 345+1.7°
Anticoagulant activity 249+ 1.3 347+ 1.2° 29.0 + 1.5 49.1 1.7
Indirect haemolytic activity 27.5£0.5° 41.0£1.0° 33.3+0.9° 48.5£1.39
In vitro tissue damaging activity

Liver 37.7+0.6" 515+ 1.1° 433 £ 1.6° 64.6 + 0.6°
Heart 42.0+0.9° 55.2+0.8° 53.1+£0.8° 61.1+1.1¢
Lungs 488+ 1.1° 59.6+ 1.2° 56.4 +£0.7° 713 £0.9¢
Mitochondrial membrane phospholipids 19.9 + 1.1° 39.9+1.0° 31.3+£1.2° 45.1£1.3°
hydrolysis

Erythrocytes membrane phospholipids 16.8 £ 0.9° 44.8+1.5° 36.6 £ 1.2° 56.9 £0.9°

hydrolysis

Results: RVVIN-PLA-T
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A basic anticoagulant phospholipase A; enzyme (RVVB-PLA,-I) isolated
and purified from Daboia russelli venom: its biochemical and

pharmacological characterisation

7 Results

7.1  Purification of a basic anticoagulant phospholipase A,

7.1.1 Fractionation of CM-AC-IV by Sephadex G-50 gel filtration column

As described in the section 4.1, fractionation of crude RVV on a cation
exchanger, CM-Sephadex C-50 column (20 mm x 60 mm), was resulted in the
separation of RVV proteins into twelve basic PLA, fractions. However, only six
out of those twelve protein peaks were found to possess anticoagulant activity
(Fig 4.1). The fourth peak namely CM-AC-IV (eluted with 260 mM K-
phosphate buffer, pH 8.0) showed the highest PLA, and anticoagulant activity
among the basic anticoagulant fractions. Therefore, CM-AC-IV was selected for

the purification of a basic PLA; enzyme.

As shown in Fig. 7.1, gel filtration of CM-AC-IV on a Sephadex G-50
column (1 cm x 64 cm) resulted in separation of CM-AC-IV into three peaks viz.
GFI, GFII and GFIII. The PLA; as well as anticoagulant activities of these gel
filtration peaks are shown in Table 7.1. Among the three peaks, GFIII showed

maximum PLA, as well as anticoagulant activity.
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Fig 7.1: Fractionation of CM-AC-IV on Sephadex G-50 column (1 cm x 64
cm) to seperate the basic PLA; enzymes. Gel filtration fractionation was done
as described in the section 3.2.4.1. Each protein peak was screened for PLA,

activity.
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Table 7.1: The PLA; as well as anticoagulant activity of the three gel
filtration peaks of CM-AC-V on Sephadex G-50 column. Values are from a

typical experiment.

Peaks Recovery of PLA, specific Anticoagulant
protein (% of activity (U/mg of  Specific activity
total venom protein)" (U/mg of
load)® protein)®
GF-I 0.15 4.1x 10 6.6 x 10* 3
GF-II 0.12 5.7x 10 6.2x 10°
GF-1II 0.25 8.8 x 10° 9.0 x 10°

“Protein content was estimated by the method of Lowry et al,, 1951.

®One unit of PLA, activity is defined as decrease in 0.01 absorbance at 740 nm

as compared to control.

‘One unit of anticoagulant activity is defined as protein/PLA, induced decrease
in 1 sec clotting of platelet poor plasma (PPP) compared to clotting time of

normal plasma under the same experimental condition.

7.1.2 RP-HPLC of GFIII: Purification of a basic PLA,

Among the three peaks of the gel filtration column, the third peak, GFIII
showed the highest PLA; as well as anticoagulant activity. Thérefore, GFIII was
further purified by using RP-HPLC and it resulted in a sharp single peak with a
retention time of 15.9 min, showing the purity of the protein (Fig 7.2).
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Fig 7.2: Reverse-phase HPLC of fraction GFIII (third gel filtration faction of
CM-AC-IV) on a Waters reverse-phage HPLC C,s-p Nova Pak column as
described in the section 3.2.4.2. Solvents A and B were 0.1% (v/v) TFA in 5.0%
(v/v) acetonitrile, and 0.1% TFA in 95% (v/v) acetonitrile, respectively. 1’The

protein was eluted with a retention time 15.9 min.

This purified protein was found to possess PLA; as well as anticoagulant
activity and was named as RVVB-PLA,-I (Russell’s viper venom basic
phospholipase A,-I). Yield of RVVB-PLA,-I was 0.15 % of the original venom
load. A summary of purification of RVVB-PLA,-I is shown in Table 7.2.

At a protein concentration of 25 pg ml”, RVVB-PLAy-I was devoid of
other enzymatic activity such as protease, ATPase, AMPsae suggesting the

purity of preparation.
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Table 7.2: Summary of purification of the basic anticoagulant phospholipase A; (RVVB-PLA;-I) from Russell’s viper

venom.

Values are from a typical experiment.

Total  Protein PLA; activity Anticoagulant activity Purification fold
protein yield Total Specific activity  Total Specific activity PLA, Anticoagulant
0
(mg) (%) activity  (unit/ mg) activity (unit / mg) activity  activity
(unit) (Unit)
Crude RVV 20.0 100.0 13x10° 1.2 x10* ND ND ] -
CM-AC-1V 0.30 1.5 1.6 x10* 5.3 x 10 2.2x10* 7.3 x 10 4.0 1
Gel filtration  0.05 0.26 45x10° 8.8 x 10° 4.6x10° 9.0 x 10 6.8 1.2
RP-HPLC 0.03 0.15 4.8x10° 1.6x10° 3.9x10° 1.3x10° 12.3 1.8

et T = e e —
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7.1.3 Assessment of purity and determination of molecular mass of RVVB-

PLA,-1
7.1.3.1 Gel filtration chromategraphy and SDS-PAGE

The molecular mass of the PLA; was checked by gel filtration, SDS-
PAGE and ESI/MS analyses. The molecular mass of GFIII was calculated as 7.0
kDa from the calibration curve (Fig 5.1B) of the gel filtration column.

About 20 pg of RVVB-PLA,-I gave a sharp, Coomassie Brilliant blue
positive band on 18% SDS-PAGE under both reduced and non-reduced
conditions (Fig 7.3). Both in reduced as well as non-reduced condition, this
protein appeared as a single band of 6.7 kDa indicating purified PLA; is a

monomer.

kDa A B C
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Fig 7.3: 18% SDS-polyacrylamide gel electrophoresis: Lane A) molecular
weight marker; lane B) 20 ug RVVB-PLA;-I (non-reduced condition); lane C)
20 pg RVVB-PLA,-I (reduced condition). Experiment was done as described in
the section 3.2.5.3.

o _]
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7.1.3.2 ESI/MS analysis of RVVB-PLA,-1

The molecular mass of RVVB-PLA,-1 was determined as 6.763 Da by
electron spray ionization-mass spectrophotometry (ESI/MS) (Fig 7.4).

100 4
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21+
23+ 322
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24+
é' 281
z 20+
g 338
: % 25+
z 271
o
= 19+
é 356
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Fig 7.4: ESI/MS of RVVB-PLA,-I for molecular mass determination.

Experiment was done as described in the section 3.2.5.4.
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7.2 Biochemical Characterisation of RVVB-PLA,-I
7.2.1 PLA,; activity and substrate specificity

RVVB-PLA,-I demonstrated significant PLA, activity towards egg yolk
phospholipids substrate (Table 7.2). The substrate specificity of RVVB-PLA,-I
towards different commercially available phospholipid substrates ps viz., PC, PS
and PE showed that RVVB-PLA;-I has a distinct preference for hydrolysis of
PC followed by PS and PE was least hydrolyzed (Table 7.3).

7.2.2 Carbohydrate content

RVVB-PLA,-I was found to be devoid of any carbohydrate content as
checked by the phenol-sulphuric acid method.

Table 7.3: Substrate specificity of the basic anticoagulant PLA, (RVVB-
PLA,-I). Values are mean £ S.D. of four determinations. Experiment was done

as described in the section 3.2.6.8.1.

Phospholipid Substrate PLA; Specific activity
(Final concentration 1 mM) (Unit* mg'lmin'l)
Phosphotidylcholine (PC) 79x10°: 1.1
Phosphotidylserine (PS) 56x10°+£1.2
Phosphotidylethanolamine (PE) 8.7x 10°+ 1.4

*One unit of PLA, activity is defined as the increase in release of 1 pg of

palmitic acid (FFA) released per min.
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7.2.3 Effect of substrate (PC) concentration on catalytic activity of RVVB-
PLA,-I

It was observed that with an increase in substrate (PC) concentration
from 0.2 to 1.2 mM, RVVB-PLA,-I induced phospholipid hydrolysis was also
enhanced linearly. However, beyond this concentration of PC, the rate of
hydrolyis was decreased slightly and a saturation in enzyme activity was

observed at 2.0 mM PCconcentration (Fig 7.5).
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Fig 7.5: Effect of substrate (PC) concentration on PLA, activity of RVVB-
PLA;-I (50 mM). Effect of substrate concentration on PLA; activity of RVVN-
PLA,-1 was determined as described in section 3.2.6.8.2. Results are expressed

as mean = S.D. of four determinations.

m
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7.2.4 Effect of enzyme concentration

With an increase in enzyme concentration up to 0.6 ug ml™, a parallel
increase in PC hydrolysis was observed. A further increase in enzyme

concentration beyond 0.8 pg ml™, a saturation in enzyme activity was observed
(Fig 7.6).
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Fig 7.6: Effect of enzyme concentration on catalytic activity of RVVB-PLA,-
I. Effect of enzyme concentration on catalytic activity of RVVB-PLA,-1 was
determined as described in the section 3.2.6.8.3. Results are expressed as mean +

S.D. of four determinations.

7.2.5 Determination of kinetics (Km and Vmax) of PC hydrolysis by
RVVB-PLA,-I "

Using Lineweaver-Burk representation, the Michaelis constant Km and
maximum velocity Vmax of the RVVB-PLA,-I catalysed reaction were
determined. By plotting the values of 1/v as a function of 1/[S], a straight line

with the following regression equation was obtained.
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y =0.0652x + 0.0617
When y=0, then x = -0.0617/0.0652 or, x= -0.946 i.e., -1/Km = 0.946,
ie,Km=1.06mMor, 1.06 x 10*Mie,Km=1.06x 10" M

1/Vmax = 0.0617 i.e., Vmax = 1621 x 10°> mM pg™ or, 162.1 x 10° uM
ng'or, 162.1 pmol mg™!

The apparent Km and Vmax value of enzyme catalyzed reaction are 1.06

x 10 M and 162.1 pmol mg™ min™' respectively.

0.6 -

y=0.065x + 0.061

0.4

Fig 7.7: Lineweaver-Burk plot for the determination of Km and Vmax
values of RVVB-PLA,-I towards PC (0.1-5 mM). Experiment was done as
described in the section 3.2.6.8.4. Values are mean + S.D. of four

determinations.
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7.2.6 Optimum temperature

To determine the optimum temperature for the enzymatic activity of
RVVB-PLA;-I, PLA; activity was assayed at a temperature range of 20-75 °C
using PC as substrate (Fig 7.8). RVVB-PLA,-I showed highest catalytic activity
at temperature 37 °C (27.5 units).
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Fig 7.8: Effect of temperature on catalytic activity of RVVB-PLA,-1. PLA;
activity of RVVB-PLA,-I at different temperature was done as described in

section 3.2.6.8.5. Results are expressed as mean £ S.D. of four determinations.
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7.2.7 pH Optima

The optimum pH requirement for efficient hydrolysis of PC by RVVB-
PLA,-I was determined at pH 8.0 (17.5 units). At a pH lower than 7.0 and higher
than 8.5, RVVB-PLA;-I could not show catalytic activity (Fig 7.9).
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Fig 7.9: Effect of pH on catalytic activity of RVVB-PLA;-I. PLA, activity of
RVVB-PLA,-I at different pH values were done as described in the section
3.2.6.8.6. The various pH values were obtained as follows: 0.1 sodium acetate,
pH 5.0-6.5; 0.IM K-phosphate, pH 7.0-7.5 and 0.1 M Tris-HCI, pH 8.0-9.0.

Results are expressed as mean £ S.D. of four determinations.
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7.2.8 Determination of secondary structure of RVVB-PLA;-I: Circular

dichroism spectroscopy

Examination of RVVB-PLA;,-1 by CD spectroscopy showed defined
minima at 217 nm (Fig 7.10) and indicated a high content of alpha-helical
structures (52.2 %), beta-turns (33.0 %), and random coils (14.7 %). This result
suggested that the predominant secondary structure of RVVB-PLA;-I consisted
of alpha-helices (Fig 7.10). Moreover, RVVB-PLA,-I is highly thermostable as
the CD spectra was not much effected after heating the PLA; enzyme at 75 °C
for 45 min (Fig 7.10).
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Fig 7.10: CD spectra of RVVB-PLA;-I (100 nM). CD measurement was
performed as described in the section 3.2.6.8.7. The CD signals are expressed as

mean residue ellipticity [0] (degree cm?® dmol™), using 113 as the mean residue

molecular weight.
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7.3 Pharmacological Characterisation of RVVB-PLA,;-1
7.3.1 Anticoagulant activity

7.3.1.1 Ca* clotting time of plasma and determination of plasma

phospholipids hydrolysis by GC analysis

RVVB-PLA,-I showed dose-dependent anticoagulant activity in in vitro
condition. With an increase in concentration of RVVB-PLA,-1 up to 1.0 pg ml™,
its anticoagulant activity (as determined by Ca-clotting time of PPP) was also
enhanced linearly. However, a further increase in the enzyme concentration
resulted in saturation of anticoagulant activity of this basic PLA; enzyme (Fig
7.11).

An identical result was obtained with increasing in pre-incubation time of
PPP with RVVB-PLA»-I (0.5 pg ml"') on the anticoagulant activity. It was
observed that 3-5 min was the optimal pre-incubation time for exerting
maximum anticoagulant activity and beyond this period, no further increase in
anticoagulant activity (increase in Ca-clotting time of plasma) was noted (Fig

7.12).

The GC analysis of plasma phospholipids hydrolysis by RVVB- PLA,-1
(0.5 pg mI™"y reinforced the above observation. It was observed that after 5 min
pre-incubation of this enzyme with PPP, there was no significant enhancement

of plasma phospholipids hydrolysis (Fig 7.13).
7.3.1.2 Prothrombin time test

RVVB-PLA,-I significantly enhanced the coagulation time of PPP as
compared to the coagulation time of control plasma when assayed by
prothrombin time test with a specific activity of 7.8 x10* + 2.1 unit mg".. of

protein.
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Fig 7.11: Dose dependent study of anticoagulant activity of RVVB-PLA,-I
(Ca-clotting time). This study was done as described in the section 3.2.7.1.1 by
using different concentration of RVVB-PLA,-1 (0.1-1.2 pg ml™"). Values

represent the mean = S.D. of four experiments.
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Fig 7.12: Effect of pre-incubation time on anticoagulant activity of RVVB-
PLA,-I (Ca-clotting time). This study was done as described in the section
3.2.7.1.1 for different time of pre-incubation of plasma with RVVB-PLA,-I.

Values represent the mean + S.D. of four experiments
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Fig 7.13: Gas chromatographic analysis of plasma phospholipids hydrolysis
by RVVB-PLA,-I: A) control B) 3 min, C) 5 min, D) 10 min post incubation
with RVVB-PLA;-I. This study was done as described in the section 3.2.7.1.3.
Data shows a typical experiment and repetition of experiment demonstrated

similar result.

7.3.1.3 Binding of RVVB-PLA,-I with phospholipids

Initially, the excitation of fluorescence of free PLA; (0.4 uM) was done
at 280 and emission maximum were observed at 348.5 nm. Fluorescence
intensity of RVVB-PLA,-I post mixing with different phospholipids bearing
different polar head groups exhibited different results; a large increase in

fluorescence intensity of this PLA; in presence of PC was observed (Fig 7.14
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and Fig 7.15) and addition of 2 mM Ca?* further enhanced the intensity (Fig
7.15). Addition of PS also resulted in an increase in intensity; however, this
intensity was less than that observed for PC. In a sharp contrast, addition of PE
resulted in decrease in fluorescence intensity of RVVB-PLA,-I (Fig 7.14).

350 H
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200 A

150 -

Fluorescence Intensity

100 A

50 1

Fig 7.14: Interaction of RVVB-PLA,-I (100 nM) with different
phospholipids (50 pM): A) RVVB-PLA,-I and PC; B) RVVB-PLA,-I and PS;
C) RVVB-PLA,-I; D) RVVB-PLA;-I and PE. Experiment was done as described
in the section 3.2.6.8.11.
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Fig 7.15: Interaction of RVVB-PLA,-I (100 nM) with PC (50 uM) in
presence of 2 mM Ca™: A) RVVB-PLA,-I, PC and Ca*"; B) RVVB-PLA,-I
and PC; C) RVVB-PLA,-I. Experiment was done as described in the section
3.2.6.8.11.

From the spectroflurometric study of PC binding property of native and
heated-PLA; revealed that phospholipid (PC) binding efficiency of the heat-
inactivated RVVB-PLA,-I was drastically reduced (72 %) after 60 min of
heating at 75 °C compared to the PC binding potency of native PLA, (Tz{ble
7.13).
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7.3.1.4 Binding of RVVB-PLA,-I with blood coagulation factors

Incubation with RVVB-PLA,-I with activated coagulation factor X
resulted in a significant increase in the fluorescence signal suggesting interaction

between these two proteins (Fig 7.16).
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Fig 7.16: Interaction of RVVB-PLA,-I (100 nM) with the blood coagulation
factor Xa (50 uM): A) RVVB-PLA2-I Factor Xa, B) Factor Xa, C) RVVB-

PLA,-I. Experiment was done as described in the section 3.2.6.8.11.

Incubation with RVVB-PLA,-I with blood coagulation factors Va,
prothrombin and thrombin did not result in change in its fluorescence intensity,

indicating no interaction of RVVB-PLA,-I with these factors (Fig 7.17).
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Fig 7.17: Fluorescence spectra showing interaction of RVVB-PLA,-1 (100
nM) with activated factor Va (50 uM), prothrombin (50 uM) and thrombin
(50 uM). Experiment was done as described in the section 3.2.6.8.11.

7.3.1.5 Prothrombin inhibition assay

From the amidolytic activity assay of thrombin, it was observed that the
generation of thrombin from prothrombin (5 pg) in presence of RVVB-PLA;-I
(100 nM) treated factor Xa (50 uM) was significantly (p<0.05) low as compared
to the thrombin generation in presence of factor Xa (50 uM) [Fig 7.18].
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Fig 7.18: Generation of thrombin from prothrombin by Xa in presence and
absence of RVVB-PLA,-I. Experiment was done as described in the section

3.2.6.8.12. Values are mean = S.D. of triplicate determinations.

The inhibition study of prothrombin activation by RVVB-PLA,-I was
also analysed by 15 % SDS-PAGE. Prothrombin was incubated with factor Xa,
Ca®* ions and either in presence or absence of 100 nM of purified PLA; at 37 °C
for 3 h. As shown in Fig. 7.19, prothormbin was hydrolysed completely by factor
Xa into thrombin and its fragments. In contrast, presence of factor Xa inhibited

the hydrolysis of prothrombin (Fig 7.19).
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Fig 7.19: The inhibition of prothrombin activation as analyzed by 15%
SDS-PAGE: Lane A) prothrombin (5 pg); lane B) prothrombin (5 pg) incubated
with factor Xa (50 pM). Ca** jons (10 uM) and RVVB-PLA,-I (100 nM); lane
C) prothrombin (5 pg) treated with factor Xa (50 uM), Ca’" ion (10 puM) in
absence of RVVB-PLA,-I. Experiment was done as described in the section

3.2.6.8.12.

7.3.2 Direct and indirect haemolytic activity

RVVB-PLA,-I showed an appreciable haemolytic activity in presence of
egg yolk phospholipids (Fig 7.20 and Table 7.7) though it did not show any
significant direct haemolytic activity on washed goat/human erythrocytes.
Erythrocytes pre-incubated with neutral phospholipid PC and 1.5 mM Ca”™ were
highly susceptible to lysis induced by RVVB-PLA,-I, but pre-incubation with PS

e e e e e e e
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and PE had no influence on haemolytic activity of RVVB-PLA--I, irrespective

of the presence or absence of 1.5 mM Ca™" in the reaction medium (Fig 7.20).
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Fig 7.20: Effect of RVVB-PLA,-1I on erythrocytes enriched with different
phospholipids in presence or absence of 1.5 mM calcium. Experiment was
done as described in the section 3.2.7.2. Lysis is expressed as percentage. taking
100 % absorbance of erythrocyte suspension incubated with Milli Q water.
Erythrocyte suspension without phospholipid served as control. Each result

represents mean = S.D. of four individual experiments.

7.3.3 In-vitro tissue damaging activity

In /n-vitro condition. RVVB-PLA--1 did not induce damage to tested

tissues suggesting it is devoid of tissue haemorrhagic activity (Table 7.4).
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Table 7.4: In vitro tissue damaging activity of RVVB-PLA,-I. (% Hb released
from 300 + 10 mg tissue by 100 nM of RVVB-PLA,-I post 5 h of incubation at

37 °C)*. Values represent mean £S.D. of four experiments.

Tissues of RVVB-PLA,-I
Liver 1.01+£0.11°
Heart 0.48 + 0.02°
Lungs 0.36 £0.01°

*100% activity was achieved by treatment with 0.1% (v/v) triton X-100.

Values with different superscripts are significantly different (p<0.05).

7.3.4 Stability of RVVB-PLA,-I at 4 °C

While studying the storage stability of RVVB-PLA,-I, it was found that
after 28 days of storage at 4 °C, RVVB-PLA;-I lost 32 % and 52 % of its original
catalytic and anticoagulant activity, respectively (Fig 7.21).
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Fig 7.21: Loss of activity (catalytic and anticoagulant) of RVVB-PLA,-I post
storage of 28 days at 4 °C. Storage stability was determined as described in the

section 3.2.11. Values are expressed as mean £+ S.D. of four typical experiments.

7.3.5 Mitochondrial membrane phospholipids hydrolysis and FFAs release

RVVB-PLA,-I demonstrated dose-dependent swelling of chicken liver
mitochondria (Fig 7.22) and this effect was more pronounced in presence of Ca**
(Table 7.5). The mitochondrial damage was enhanced concomitantly with an
increase in incubation time of mitochondria with RVVB-PLA,-I (Table 7.5). It
was observed that RVVB-PLA,-I hydrolyzed the outer membrane of
mitochondria without any lag phase which was evident from the release of FFA
and Pi from the membranes post incubation with this anticoagulant PLA,
enzyme (Table 7.5). Addition of Ca>* enhanced the membrane hydrolysis effect
of RVVB-PLA;-I and the extent of phospholipids hydrolysis induced by this
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enzyme in presence of Ca®* was about 1.31 fold higher compared to

phospholipids hydrolysis in absence of Ca®* post 15 min of incubation.
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Fig 7.22: Dose dependent study of mitochondrial swelling of RVVB-PLA,-1.
Experiment was done as described in the section 3.2.7.5.1 by using different
concentrations of RVVB-PLA,-I (10-100 nM). Values represent the mean + S.D.

of four experiments.

To gain further insight into the mode of attack of RVVB-PLA;-I on the
mitochondria, GC-analysis of liberated fatty acids from membrane revealed that
Ciso0, Ciso, Ci70, Ciso and Cyo iso fatty acids were the prominent FFA released
(Fig 7.23). With increase in pre-incubation time, FFA increases quantitatively.
Addition of Ca® did not alter the fatty acid release pattern from the
mitochondrial membrane; however, this metal ion potentiated the membrane
hydrolytic activity of RVVB-PLA,-I resulting in release of higher quantity of

fatty acids from the mitochondrial membrane Py the action of PLA; enzyme.
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Table 7.5: Russell’s viper basic PLA; induced swelling and phospholipids hydrolysis of membrane of intact mitochondria
either in presence or absence of 2 mM Ca®*. About 100 mg equivalent of mitochondria (mitochondria obtained from 100 mg wet
weight of tissue) from chicken liver was incubated with 100 nM of RVVB-PLA,-1 at 37 °C for different time periods. The measured

Pi value was obtained from acid treatment of a sample of the supernatant. Values are mean £ S.D. of triplicate determinations.

Incubation  Mitochondrial swelling Phospholipids hydrolysis Ratio of
time (min) (U/min)* Saturated/Unsaturated
pg FFA released ng of P; released
FFAs
_Caz+ +Caz+ _Caz+ +Caz+ _Caz+ +Caz+

0 (control) 0 0 0 0 0 0 0

15 650+ 1.5° 900+ 0.8 2364<x1.1* 309.6x1.4° 16.7 + 1.2° 224+1.0° N.D.

30 1650+ 0.5° 1900+ 1.0° 1270.1+09° 1536.6+1.2° 71916  956+1.3° 2.98

60 2250+ 1.4° 2450+ 1.5° 2040.5+1.7° 28858+ 1.5° 146.9+1.4° 211.0+0.6° 4.2

*Mitochondrial swelling was measured spectrophotometrically and one unit of swelling is defined as a decrease in 0.01

absorbance/min of mitochondrial suspension at 520 nm by 100 nM of RVVB-PLA»-L.

Values (for different time periods) with different superscripts are significantly different (p<0.05).
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Fig 7.23: Gas Chromatographic analysis of mitochondrial membrane phospholipids hydrolysis by RVVB-PLA;-I. A)
Control, B) 15 min, C) 30 min, D) 60 min post incubation of mitochondrial membranes with RVVB-PLA,-1. Experiment was done

as described in the section 3.2.7.5.2. Data shows a typical experiment and repetition of experiment demonstrated similar result.
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7.3.6 Effect of RVVB-PLA;-I on erythrocyte membranes phospholiﬁids
hydrolysis

Table 7.6 displays the effect of pre-incubation time of RVVB-PLA»-I on
haemolysis and liberation of FFAs from washed erythrocytes. With an increase
in incubation time of RBC with purified PLA; or increasing the concentration of
PLA, (Fig 7.24), the extent of phospholipids hydrolysis was enhanced
concomitantly as was evident from the increased release of FFA and Pi from the
RBC membrane. Interestingly; though no haemolysis was observed during the
initial 30 min of attack, but the PLA, was able to release the FFA and
lysophospholipids from intact RBC membrane. In a sharp contrast, addition of
egg-yolk phospholipids to the erythrocytes suspension resulted in initiation of
haemolysis within 30 min of incubation and after 120 min, about 48.8 % of total
RBC were haemolysed (Table 7.6). Approximately 7-fold increase in FFA
release was detected post 120 min of incubation of RBC with RVVB-PLA,-I

compared to 15 min of incubation under the identical condition (Table 7.6).

The GC analysis of erythrocytes membrane phospholipids hydrolysis by
RVVB-PLA,-I also corroborated well with the FFA release pattern as shown in
Table 7.6. It was observed that this PLA; had shown a specific preference for
releasing the C16:0, C18:0, C19:0 fatty acids from the intact RBC membrane
post 30 min of incubation. However, a quantitative increase in fatty acids release
pattern from membrane was detected after 120 min of incubation of RBC with
the PLA; (Fig 7.25).
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Fig 7.24: Dose dependent study of erythrocyte membrane phospholipids
hydrolysis activity of RVVB-PLA,-I. Experiment was done as described in the
section 3.2.7.5.1 by using different concentration of RVVB-PLA,-I (10-100

nM). Values represent the mean + S.D. of four experiments.
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Table 7.6: RVVB-PLA,-I induced haemolysis and phospholipids hydrolysis of goat washed erythrocytes. The 5 % (v/v) erythrocyte
suspension was incubated with 100 nM of RVVB-PLA,-I at 37 °C and haemolysis (direct and indirect) and erythrocyte phospholipids hydrolysis
were determined. Indirect phospholipids hydrolysis was achieved in presence of PC (1 mM). The measured Pi value was obtained from acid

treatment of a sample of the supernatant. Values are mean £ S.D. of triplicate determinations.

Incubation time % hemolysis Phospholipids hydrolysis by 1.0 pg of PLA; ml” of 5% Ratio of

(min) (v/v) RBC suspension Saturated/Unsaturated
Direct Indirect ng FFA released ng of P, released FFAs

Control 0 0 0 0 0

15 min 0 0 485.7+1.2° 14.3+0.7° N.D

30 min 0 171+ 1.1° 1433.8 £ 1.6° 422+1.9° N.D

60 min 0.8 +0.04° 39.8+£0.5° 2850.9 + 1.5¢ 955+ 1.7° N.D

120 min 2.8+0.14 48.8 £0.8° 3389.4 % 1.5 136.6 = 1.1 N.D

Values (for different time periods) with different superscripts are significantly different (p<0.05).
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Fig 7.25: Gas chromatographic analysis of erythrocyte membrane phospholipids hydrolysis by RVVB-PLA,-I. The 5% (v/v) erythrocyte suspension
was incubated with 100 nM of RVVB-PLA-I (in presence of 2 mM Ca®*) at 37°C for different time periods. The liberated fatty acids were analyzed by GC-
MS as described in the section 3.2.7.5.2. A) control, B) 30 min, C) 60 min, D) 120 min after incubation of erythrocytes membranes with RVVB-PLA,-1.
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7.3.7 Binding study by ELISA

The binding property of native and heat-inactivated PLA, with
mitochondrial and erythrocytes membranes was also studied by ELISA
experiment. From this experiment, it was revealed that about 62.7 £ 1.4 % (mean
+ S.D., n=3) of RVVB-PLA,-I (heated for 60 min at 75 °C) could bind to intact
erythrocytes or mitochondrial suspensions as compared to binding of nagive

(unheated) PLA; enzyme (Fig 7.26 and Fig 7.27).
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Fig 7.26: Binding of heat inactivated RVVB-PLA,-I with mitochondrial
membranes. Experiment was done as described in the section 3.2.7.5.3. Binding
of native PLA, with membrane was considered as 100 % binding and then values

were calculated. Values are + S.D. of four experiments.
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Fig 7.27: Binding of heat inactivated RVVB-PLA;-I with erythrocyte
membranes. Experiment was done as described in the section 3.2.7.5.3. The
control value was considered as 100 % and then values were calculated. Values

are £ S.D. of four experiments.

7.3.8 Effects of different chemical inhibitors, antivenom and heat

inactivation study of RVVB-PLA,-I
7.3.8.1 Effects of chemical modification on PLA; activity

Serine inhibitors viz. TPCK, TLCK and PMSF did not have any effect on
the PLA; activity of RVVB-PLA,-I. However, in the presence of pBPB, only 9.3
% of its catalytic activity was remained. EDTA reduced its PLA; activity upto
38.8 %. DTT and IAA reduced the catalytic activity of RVVB-PLA,-I upto 59.5
% and 62.3 % respectively (Table 7.8). Polyvalent antivenom at a ratio of 1:500
(antigen: antibody) reduiced 79.0 % of the PLA; activity of the purified enzyme.

¢
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7.3.8.2 Effects of chemical modification on pharmacological activities

At 2.0 mM final concentration, p-BPB inhibited the mitochondriai and
erythrocyte membrane phospholipids hydrolysis activity of RVVB-PLA,-I upto
84.6 % and 81.5 % respectively, but the anticoagulant activity was reduced to
57.2 % of the original activity (Table 7.7). TLCK, TPCK and PMSF were
ineffective in modulating any of the tested pharmacological properties of the
purified protein. Treatment with 2.0 mM of either EDTA or DTT resulted in
significant inhibition of all the tested pharmacological properties of the protéin.
Polyvalent antivenom: RVVB-PLA,-I at 1:500 (w/w) ratio completely abolished
the anticoagulant activity of RVVB-PLA,-I, but other activities were neutralized

to an extent (Table 7.7).
7.3.8.3 Effect of heating

Heating the purified protein RVVB-PLA,-I at 75 °C for 10 min at pH 8.0
did not influence the catalytic activity, while the anticoagulant activity was
reduced to 55.7 % of its original activity. on the other hand, 85.3 % of the
enzymatic activity was retained even after 60 min of heating at 75 °C, but the
anticoagulant and membrane phospholipids hydrolyzing activity were

completely abolished after 45 min of heating at 75 °C (Table 7.7).
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Table 7.7: Effects of heating, antivenom and inhibitors on PLA,, anticoagulant and membrane phospholipids hydrolysis

action of RVVB-PLA,-I. Values are mean + S. D. of triplicate determinations. MM: mitochondrial membrane, EM: erythrocyte

membrane.
% residual activity PC Binding (%)

PLA, Aanticoagulant MM hydrolysis EM hydrolysis
Control 100 100 100 100 100
Heating at 75°C
10 min 100 55.7+£2.7 753+ 1.7 75.0+0.7 95.7+0.8
20 min 95.6+2.8 233+1.2 55.1+1.8 50.0£2.5 574+ 1.1
30 min 86.2+1.6 3.5+£0.2 16.0+0.8 95+0.5 426+ 1.5
45 min 78.8+1.3 0 0 0 36.1+09
60 min 73.3+2.2 0 0 0 280+ 2.1
Antigen: antivenom
(w:w)
1:100 91.4+2.6 713+£25 872123 828+ 1.1 -
1:200 85.2+1.1 52.1£0.6 56.8+2.8 53.7+0.7 -
1:500 79.0+1.9 32.1+£0.6 253+1.2 21.6+ 1.1 -
Chemicals/ inhibitors
TPCK 974+ 1.8 100 96.0 + 1.1 94.5+0.7 -
TLCK 94.6 +2.1 975+1.5 99.2+£0.9 100 -
pBPB 93+0.5 57.2+0.9 17.4 £ 0.8 19.5+£0.9 -
PMSF 96.2+0.8 100 97.7+2.8 952+ 1.7 -
DTT 60.5+2.0 465+1.0 65.5+1.7 755+ 1.7 -
IAA 377+ 1.8 73.0+1.2 60.1 1.1 56.6+0.8 -
EDTA 28.8 +£3.1 391+1.6 37.8+1.2 455+ 1.8 -
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7.3.9 Antibacterial activity

It was checked whether this PLLA, contain any antibacterial activity
against Gram positive or Gram negative bacteria or not by using B. Subtilis.
E.coli and P. auregonosa MM strains. RVVB-PLA,-1 did not show any
antibacterial activity against these even at a concentration of 25 pg ml” when

tested by time course experiment (Fig 7.28).
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Fig 7.28: Antibacterial activity study of RVVB-PLA>-I on B. subtilis, E. coli
and P. auregonosa. Varying amount of RVVB-PLA>-I (5-25 pg ml™") was
incubated with 18.4 x 10" cells of each bacterium for 24 h at 37 °C and change in
optical density was recorded at 630 nm. 1 OD at 630 nm= 10° cells. Each point
represents the mean + S.D. of four experiments. Only media without RVVB-
PLA,-I served as control for each experiment. Experiment was done as described

in the section 3.2.7.4.
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7.3.10 In vitro cytotoxicity assay on HT 29 cells

RVVB-PLA,-I did not show any considerable toxic effect on HT 29 cells
at the tested doses. RVVB-PLA--I, at a dose of 10 ug ml™! could cause lyses of 9
% of total HT 29 cell 4 h post incubation and further incubation time did not
result any further significant enhancement of cell lyses as after 24 h of
incubation RVVB-PLA--I caused only 12.8 % cell lyses (Fig 7.29). The light
microscopic observation of RVVB-PLA,-I treated HT 29 cells post 4 h and 24 h

incubation also shows the same result (Fig 7.30).
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Fig 7.29: Cell cytotoxicity assay: showing the effect of RVVB-PLA;-I on HT
29 cells at 4 h and 24 h incubation. The incubation was carried out at 37 °C. 5
% CO; for the indicated time period. Experiment was done as described in the

section 3.2.7.6. Values are mean + S. D. of triplicate determinations.
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Fig 7.30: Light microscopic observation of the effect of RVVB-PLA;-1 on
HT 29 cells (photographs were taken at a compact high-performance inverted
microscopes, Nikon ECLIPSE, TS100. Tokyo). A) Control (4 hr) and b) HT 29
cells treated with 10.0 pg mI" RVVB-PLAx-I post 4 hr of incubation. C) Control
(24 hr) and D) HT 29 cells treated with 10.0 ug mI" RVVB-PLA,-I post 24 hr of
incubation. The incubation was carried out at 37 °C, 5 % CO- for the indicated

time period. Magnifications 100x: (a-d) bar=50 pum.
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7.4  In-vivo toxicity assay
7.4.1 Lethality and in-vivo toxicity

RVVB-PLA,-I was not lethal to albino mice at a concentration of 0.4 mg
kg body weight and did not show any sign of haemostatic disorder. Further, no

behavioural changes in treated mice were observed up to 48 h (Table 7.8).

7.4.2 Anticoagulant effect

In contrast, the i.p. administration of RVVB-PLA,-I at a dose of 0.4 mg
kg body weight prolonged the in vitro tail bleeding time in mice and in vitro
coagulation time of PPP from RVVB-PLA,-I treated mice was significantly

enhanced as compared to the control group of mice (Table 7.9).
7.4.3 Effect on blood cells

The in vivo effect of RVVB-PLA;-I on haematological parameters of
blood viz. RBC, WBC and haemoglobin counts showed there was no change in
the WBC count of treated mice; nonetheless, the RBC count and the Hb content
of blood were decreased 48 h post administration of RVVB-PLA;-I in mice as

compared to the control group of mice (Table 7.10)
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Table 7.8: Behavioural Changes, if any, in mice 48 h after the administration of RVVB-PLA,-I at a dose of 0.4 mg kg™

Values are mean = S.D. of six determinations.

Parameters

Body weight (gm) Grip Strength

Group of mice (sec)

Rectal

temperauture (F)

Faecal tendency Urination

(times per 15 min) (times per 15 min)

Initial* Final** Initial* Final**

Initial*  Final**

Initial*  Final** Initial* Final**

Control 324+ 326+ 679 ¢ 325+
1.1 0.8 1.2 0.9

RVVB-PLA,-1 31.6 321+ 42.9 + 21.6

treated 0.9 0.7 1.3 0.5

942 + 9.1+
0.2 0.5

94.1 + 93.6 +
0.3 0.5

3+£1.0 5+£09 2+04 4+£1.2

3+0.5 4+1.0 3+0.6 5+0.5

*Initial: determined at the onset of experiment.

**Final: determined after 48 h of RVVB-PLA»-1 administration.
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Table 7.9: The in vitro clotting time of blood and tail bleeding time in mice
post 48 h injection of RVVB-PLA,-I at a dose of 0.4 mg kg™’

Values are mean = S.D. of six determinations.

Group of mice Clotting time (sec) Bleeding time (sec)
Control 168.5+£1.5 45.0+ 0.6
RVVB-PLA,;-I treated 378.8+1.9° 76.5+2.1°

Level of significance *p < 0.001

Table 7.10: Effect of RVVB-PLA,-I on different haematological parameters
of PLA; treated mice.

Values are mean = S.D. of six determinations.

Haematological parameters

Group of mice ~ WBC (m/mm’) RBC (m/mm’)  Haemoglobin (Hb)

(g/dL)
Control 11.46 £ 0.5 5.73 +0.3° 6.45+0.3*
RVVB-PLA,-1 10.99 +£ 0.6 3.84+0.4° 533 +0.5°
treated
% decreased 4.1+0.3 32.9+0.3 174 £0.5
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7.4.4 Effect on serum parameters

Table 7.11 shows the effect of RVVB-PLA,-I on serum biochemical
parameters of treated mice. The i.p. administration of RVVB-PLA,-I did not
show significant change in ALP, CPK-MB, SGOT, SGPT and LDH levels insthe
serum of treated mice as compared to control group of mice. Likewise, *:zthe
cholesterol, triglycerides, glucose, and total protein levels were remain

unchanged as compared to control (Table 7.11).
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Table 7.11: Effect of RVVB-PLA,-I on different parameters of serum of albino mice after 48 h of i.p injection at a dose of 0.4

mg/kg body weight of mice. Values are mean + S.D. of six determinations.

Total Glucose CPK-MB LDH ALP SGOT SGPT Cholesterol Triglycerides
protein (g/L) (U/L) (U/L) (UL)  (UL) U/L) (g/L) (g/L)
(g/L)
Control 270.0+ 211+ 275+0.65 12815+ 275+ 1440x 500 0.7+£04 02+045
0.7 1.2 0.9 0.8 2.2 0.91
RVVB-PLA,-1 2205+ 146+ 300+ 1.6 12545+ 293+ 1427+ 484 % 05+1.3 03+0.5
Treated 0.5 1.5 1.1 1.2 2.6 14

Results: RVUB-PLA,-1
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B ———————
7.4.5 Histopathological study

Histological study of different tissues of RVVB-PLA,-I treated mice
supports the above study (Table 7.12) as there was not found any significant
change in the RVVB-PLA,-I treated tissues as compared to control tissues (Fig

131

Control heart tissues Heart tissues treated with RVVB-PLA,-|

Fig 7.31: Light microscopic observation of the effect of RVVB-PLA-I on
different organs of treated mice. Tissues treated with PBS were served as

control. Hematoxyline-eosine (H&E) staining; Magnifications 100x: bar=50 pm.

Results: RVVB-PLA-T Page 245



Thesis: “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell’s viper (Daboia russelli) venom”
e et e e e e e e i Mt - 2 = o e

7.5  Immunological cross reactivity
7.5.1 Immunodiffusion

Like other two PLA;s, RVVB-PLA,-I also did not show cross reactivity
towards commercially available polyvalent antivenom at a ratio of 1:100
(antigen: antibody, w/w). No visible antigen (RVVB-PLA;-I) — antibody

(polyvalent antivenom) precipitate band was observed in the immunodiffusion

test (Fig 7.32).

RVVB-PLA,-

Polyvalent antivenom

Fig 7.32: Immunodiffusion: No visible antigen (RVVB-PLA;-I) -antibody
precipitate band was observed. Experiment was done as described in the
section 3.2.7.7.1. Data shows a typical experiment and repetition of experiment

demonstrated similar result.

e e e A . S .
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7.6 Neutralization by plant extracts
7.6.1 Neutralization by ATPLAI

Fig 7.33 shows the effect of AIPLAI (4. indica PLA- inhibitor). the
methanol extract of A. indica leaves. on the catalytic as well as anticoagulant
activity of RVVB-PLA--I. The AIPLAI (50 pg ml") demonstrated 25 %
inhibition of catalytic activity and 29.5 % inhibition anticoagulant activity

RVVB-PLA--I (Fig 7.33).
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Fig 7.33: Effect of AIPLAI (50 pg ml™") on the catalytic and anticoagulant
activity of RVVB-PLA,-I (1 pg ml™"). Values are expressed as the mean + S.D.

of four experiments.
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7.6.2 Neutralization by Camellia sinensis, Aegle marmelos and Xanthium
strumarium i
Among the tested solvent extracts, methanol extracts of the leaves of C.

sinensis and X. strumarium and the roots of 4. marmelos were found to be most

potent in inhibiting the PLA, as well as anticoagulant activities of RVVB-PLA,-

I (Table 7.12 and Table 7.13). Moreover, methanol extracts of these plants at a

concentration of 50 pg ml” is found to be most potent against the PLA; activity

of crude RVV (Fig 5.35) as well as RVVB-PLA;-I (Table 7.12 and 7.13).

Methanol extract of leaves of C. sinensis and X. strumarium and the roots
of A. marmelos showed significant inhibition of different pharmacological
activities of RVVB-PLA,-I (Table 7.14). Further, Table 7.14 shows a
comparison of inhibition cause by polyvalent antivenom and by these three plant

extracts.
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Table 7.12: Percent inhibition of PLA, activity of RVVB-PLA-I (1 pg mi™)
by different extract of Camellia sinensis, Xanthium strumarium and Aegle
marmelos. Preparation of plant extract and inhibition study was done as
described in the section 3.2.10.2. PLA; activity without plant extract was treated

as control (100 %). Results are mean + S.D. of four determinations.

Amount of % inhibition of PLA, activity of RVVB-PLA,-1 by

plant extract

(ng) Camellia Xanthium Aegle marmelos
sinensis strumarium

5 0.21 £ 0.01 0 2.21 +£0.06
E 10 1.3+0.06 0.01 +£0.001 8.20 + 0.41
=
E 50 7.8+0.39 44+022 15.1£0.75
~
= 100 11.2+£0.57 5.1+0.26 23.7+£1.18
- 5 3.5+0.17 0.6+0.03 4.5+0.22
g 10 8.1+0.41 3.9+0.19 16.1 £0.81
“% 50 16.4 + 0.82 13.6 + 0.68 286+ 143
g 100 19.8+£0.99 16.6 + 0.83 34.1+1.71
_ 5 41021 2.1£0.11 9.8+ 0.48
g 10 12.7 £ 0.64 6.6+ 0.33 23.7+£1.15
:% 50 29.5+1.47 20.8 £ 1.04 49.1+ 1.7
=
E’ 100 339+ 1.68 25.7+1.28 545+1.9

Results: RVB-PLA-T
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Table 7.13: Percent inhibition of anticoagulant activity of RVVB-PLA,-I (1
pg ml?') by different extract of Camellia sinensis, Aegle marmelos and
Xanthium strumarium. Preparation of plant extract and inhibition study was
done as described in the section 3.2.10.2. PLA; activity without plant extract was

treated as control (100 %). Results are mean + S.D. of four determinations.

Amount of % inhibition of anticoagulant activity of RVVB-PLA,-I by

plant extract

)
(he Camellia Aegle marmelos Xanthium
sinensis strumarium

5 0.78 + 0.04 0.31 + 0.02 2.21+0.06

s 10 4.7+0.23 3.1+0.16 8.20 + 0.41

3

= 50 12.1 £ 0.61 10.0 £ 0.55 15.1%0.75

=

= 100 19.0 £ 0.95 17.1 £ 0.86 23.7+1.18

- 5 2.1£0.11 3.7+0.18 4.5+0.22

&

]

S

5 10 10.7 + 0.54 8.7+ 0.44 16.1 £ 0.81

=

S 50 20.5 = 1.01 19.1+0.75 28.6+ 143 _

(=

S

(=}

= 100 253+ 1.21 23.1 £0.96 34.1 £ 1.71
5 6.1+0.31 42+021 9.8+ 0.48

g

2]

£ 10 18.1+0.91 16.3 +0.81 23.7+ 115

=3}

2 50 34.7+1.2 29.0 £ 1.5 49.1+ 1.7

=

< 100 394+ 1.4 331+ 1.6 545+ 1.9

S S S —
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Table 7.14: A comparison of anti-PLA; activity of polyvalent antivenom and methanolic extracts of leaves of C. sinensis and

X. strumarium and roots of A. Marmelos. RVVB-PLA-I (1 pg ml") were incubated either with plant extract (100 pg ml™) or with

polyvalent antivenom in a ratio of 1:100 (in a final volume of 1.0 ml) at 37 °C for 30 min and then assayed for residual catalytic and

pharmacological properties of RVVB-PLA,-I. Values are mean + S.D. of triplicate determinations. Values in the same row with

different superscripts are significantly different (p<0.05).

Pharmacological properties

% Inhibition of RVVB-PLA,-I by

Polyvalent C. sinensis X. strumarium A. marmelos
antivenom
PLA, activity 72+0.8 18.6 £ 1.2° 238+ 1.6° 285+ 1.9¢
Anticoagulant activity 24.9 + 1.3 44.7£2.2° 34.0 £2.5° 59.1£2.3¢
Indirect haemolytic activity 17.5+£0.5° 28.0£1.1° 37.3+2.1° 45.5 +2.4°
In vitro tissue damaging activity
Liver 42.5 +0.6° 46.5+ 1.8° 442 £ 1.4° 61.1+2.6°
Heart 45.0 + 0.9 522+2.1° 48.8+1.9° 57.7+2.1¢
Lungs 514+1.1° 60.1 £2.7° 57.4+2.7° 65.5+2.7°
Mitochondrial membrane 199+1.1° 33.6+1.3° 25.5+£22° 48.2 +2.5¢
phospholipids hydrolysis
Erythrocytes membrane 16.8 +0.9° 41414 372+ 1.1° 52.9 £2.9¢

phospholipids hydrolysis

Results RVIAB-PLA>-T
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8 Discussion
8.1 Importance and justification of the present study

Phospholipase A, (PLA») enzymes are esterases that hydrolyze the sn-2
ester of glycerophospholipids and constitute one of the largest families of lipid
hydrolyzing enzymes [267]. These PLA, enzymes are one of the toxic
components of snake venom which have been extensively studied because of
their pivotal role in various pharmacological activities in victims as well as to
elucidate the structure-function relationship among this class of puzzling
enzymes [91,93]. During the last decade, numerous reports on characterizing the
biochemical and pharmacological properties including structure-function
relationships of PLA, enzymes from Russell’s viper (Daboia russelli) venom of
Indian origin have been published. The reason behind this study was dearth of
knowledge on different properties of strong anticoagulant PLA, enzymes from
Indian Russell’s viper venom, particularly their mechanism of anticoagulant

action and membrane damaging activity.
The rationale of the present study is mainly of four folds.

1. Considering the presence of several phospholipase A; isoenzymes in
venom of Russell’s viper, an effort has been given in the present
study to identify the presence of acidic, basic and neutral PLA,
isoenzymes (depending on their overall charge) in Daboia russelli

venom of eastern India origin.

2. Different PLA, enzymes present in single venom exert their
pharmacological activities by different mechanism of action.
Therefore, in order to understand the structure-function properties and

mechanism of action, three different (one acidic, one neutral and one
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basic PLA,), catalytically active, anticéagulant PLA; isoenzymes
have been purified from the venom of Daboia russelli of eastern
India origin. Furthermore, biochemical and pharmacological
properties of these three PLA, isoenzymes enzymes were compared.
This comparison has provided valuable information to know their

role in pathogenesis post Russell’s viper envenomation.

3. Thirdly, the mechanisms of anticoagulant action as well as
differential membrane damaging activities of the three PLA»s were
compared to elucidate the relationship between overall charge on
PLA; molecules and their two most important pharmacological

activities,

4. Finally, the pharmacological re-evaluation of few medicinal plants of
North-east India for their inhibitory activities against the crude and
PLA; enzyme (s) of Daboia russelli venom and against their strong
anticoagulant activity had been done in an effort to provide an

alternative to antivenom therapy against Russell’s viper bite.

8.2 Presence of PLA, isoenzymes in Daboia russelli venom shows

functional diversification of venom-gland PLA; isoezymes

To be acquainted with the number of acidic, neutral and basic PLA;
isoenzymes present in crude venom sample of Daboia russelli venom, venom
was fractionated by using a cation exchanger, CM-Sephadex C-50 column
followed by an anion exchanger, DEAE Sephadex A-50 column and eluted with
buffers of different pH and molarities. Due to positive charge on basic PLA,
enzymes, they were retained by the cation exchanger and eluted with buffers of
increasing molarities and pH values. Conversely, neutral and acidic PLA,
isoenzymes were not retained by the cation exchanger and were eluted in a

single peak with the wash buffer (K-phosphate buffer, pH 7.0). Then to know the
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number of neutral and acidic isoenzymes present in Daboia russelli venom, non-
retained fractions of CM-Sephadex C-50 column was fractionated on an anion
exchanger, DEAE Sephadex A-50 column. Because of the net negative charge
on acidic PLA; isoenzymes, they bound with the anion exchanger and strength of
binding was proportional to the net negative charge on them. These enzymes
were progressively eluted from the column with the buffers of increasing
molarities and decreasing pH values. On the other hand, neutral PLA,
isoenzymes could not be retained by either of the anion exchangers and were

eluted in a single peak with the wash buffer (K-phosphate buffer, pH 7.0).

The present study documented that the venom of Daboia russelli of
eastern India origin contains a total of 19 PLA, isoenzymes- six acidic, one
neutral and twelve basic in nature. Earlier report suggested presence of 13 PLA,
isoenzymes in the venom of Daboia russelli (eastern Indian origin) as
determined by gel filtration of crude venom [27]. Therefore, sequential
separation of venom components through ion-exchange resins (cation exchange
followed by anion exchange) was found to be superior for the identification of
PLA; isoenzymes as compared to gel-filtration alone. These PLA; isoenzymes
with similar protein folds and three-dimensional structures have been evolved to
exhibit diverse biological properties of snake venom [108]. Gene duplication is a
ubiquitous feature of genome evolution and has been viewed as the mechanism
for evolution of new gene functions [268]. The PLA; multigenes are thought to
have been fom;ed by gene duplication, starting from a single ancestral gene, and
the newly formed genes have acquired new functions by proper nucleotide
substitutions at the non-synonymous sites [269]. Therefore, it may be anticipated
that functional diversification of venom-gland PLA; isoezymes has been brought
about by accelerated evolution of their genes. Such evolution seems to be in no
way explained by the neutral theory [175,269]. PLA; enzymes induce distinctly
different pharmacological effects and show a wide range of toxicity and catalytic

efficiency in hydrolyzing phospholipids. Thus, both catalytic and functional
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properties of PLA, enzymes are altered during evolution. Consequently, these
natural substitutions in PLA, enzymes are not neutral or near-neutral [270].
Accelerated evolution is considered to be universal in snake venom-gland
isoezymes. These studies suggest that accelerated evolution has occurred in
snake venom PLAjs possibly to acquire new physiological functions. Such an
accelerated evolution is proposed to result in the production of diverse
pharmacological properties [91,271]. Positive Darwinian selection may play a

role in the evolution of different venom PLA, isoenzymes [100].
8.3 Purification of three PLA; enzymes from Daboia russelli venom

In this study, we purified one acidic (RVVA-PLA,-I), one neutral
(RVVN-PLA,-I) and one basic (RVVB-PLA,-I) phospholipase A, enzyme by
following a combination of ion exchange (cation and anion exchange), gel

filtration chromatography and RP-HPLC.

8.3.1 Molecular mass and homogeneity

RVVA-PLA»-I, RVVN-PLA;-I and RVVB-PLA)-[ constituted only
about 0.1 %, 0.04 % and 0.15 % of the total RVV proteins, respectively implying
they are minor components of RVV. However, all the three PLA; enzymes of
RVYV demonstrated strong anticoagulant activity suggesting their important role
in pathogenesis post Russell’s viper envenomation. Percent yield of some other
PLA>s purified from Russell’s viper venom in different laboratories are shown in
the table 8.1. In this present study, we used three (for the basic PLA;) and four
steps (acidic and neutral PLA,) for purification of PLA; isoenzymes. However,
other workers have used mostly single step or sometime two steps for

purification of venom PLA; enzymes (Table 8.1).

The molecular mass of snake venom PLA; is reported mostly in the

range of 11-15 kDa [108,130,222,272]. However, molecular mass of RVVA-

A S S e S ————
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PLA,-I was determined as 58.0 kDa. There is no other report of occurrence of
58.0 kDa homodimeric snake venom PLA, except one example of 29.0 kDa
monomeric, non-anticoagulant PLA, from the venom of Vipera russelli of

Myanmar origin {51].

The molecular mass of RVVN-PLA,-I and RVVB-PLA;-I was
determined by gel filtration as 13.0 kDa and .7.0 kDa, respectively. These values
are very close to the molecular mass of these proteins determined by SDS-
PAGE. The purity and molecular mass of RVVN-PLA;-I and RVVB-PLA,-I
were further confirmed by ESI/MS and were found as 12.8 kDa and 6.7 kDa
respectively. Molecular weight of the neutral PLA; is quite consistent with the
molecular weight of previously reported PLA, enzymes from snake venoms
[Table 8.1,92,273]. However, RVVB-PLA,-I is a very low molecular mass PLA;
present in RVV. Till date, there is only one report of occurrence of such a low
molecular mass (7.2 kDa) cytotoxic PLA» from the venom of Russell’s viper of
Indian origin [228].

Due to the predominance of pro-coagulant proteins and peptides, in in
vitro condition, crude RVV failed to show anticoagulant activity. That is the
reason why the acidic PLA; (RVVA-PLA;-I) and the neutral PLA; (RVVN-

PLA;-I) of this study with strong anticoagulant activities, could be separated

from the coagulant components of crude RVV; only after the gel-filtration step
[216].

Drscussion ®age 256



Thesis “Studies on anticoagulant pfiospfiolipase A2 enzymes from Indian Russell’s viper (Dabowa russelli) venom”

Table 8.1: Percent yield and molecular mass of different PLA; enzymes purified from Russell’s viper venom.

Name of the isolated RY species Step(s) of Yield of PLA, Molecular mass Reference
PLA, purification (%) (Da)
VRV PL-Vllla Vipera russelli Single 24 11,800 [102]
(Basic)
Daboiatoxin (dbTx) Daboia russellii Three 12.3 15,000 [52]
siamensis
VRV-PL-1Ib Vipera russelli Two 23 14,800 [105]
(Basic)

RVV-PFli¢' Vipera russelli Two 11.5 15,300 [106]
RVV-7 Daboua russelli Single 7.5 7,200 [228]
(Basic) russelli

Drs-PLA, (Basic) Daboia russellii Two 274 13,679 [274]
siamensis
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8.4  Biochemical characterization of the three purified RVV-PLA,s

Biochemical characterization of these three purified PLA, enzymes
reveals that RVVA-PLA,-I is glycoprotein in nature while the other two PLA,s
viz. RVVN-PLA;-I and RVVB-PLA;-I do not contain carbohydrate moiety and
therefore, they are non-glycoprotein’ in nature. The carbohydrate moiety attached
to a PLA; molecule assists in protein folding, stabilises the natural conformation
and protects the protein against degradation. Moreover, the presence of
carbohydrate moiety in the PLA,s may also be helpful for receptor-ligand
interactions [100,275]. However, glycosylation in PLA; molecule is very rare
[108].

RVVA-PLA»-I, RVVN-PLA,-I and RVVB-PLA,-1 display their
optimum catalytic activity at pH range of 8.0-8.5 and at a 37 °C although the
overall charge on these three PLA»s are different. The pH optima of these D.
russellli PLA;s are higher than the reported pH optima for the acidic PLA;s (6.9)
isolated from the Indian cobra N. n. naja venom [276]. Nevertheless, this value
is found to be in a close agreement with the pH optima of many other snake
venom PLA,s such as VRV-PL-VIIla from Vipera russelli, optimum pH 7.2
[102}; Bj IV from Bothrops jararacussu venom, optimum pH 8.2 [277],
trimorphin purified from the venom of Trimorphodon biscutatus lambda,

showing an apparent peak of activity at pH 7.5 [278].

Determination of in vitro head-group specific phospholipid hydrolyzing
capacity of phospholipase enzymes has great relevance in elucidating the
catalytic efficiency of the enzyme and to explain some of their pharmacological
effects on the target cell membranes [93,97,179,216,279]. In this study, the
RVVA-PLA,-I and RVVB-PLA,-I showed preferential hydrolysis of PC over PS
or PE. However, the neutral PLA; (RVVN-PLA,-I) showed preference towards
PS followed by PC and PE for hydrolysis. This is in contrast to the earlier

b i ]
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reports demonstrating enhanced hydrolysis of PE over PC or PS by PLA; from
N. n. kaouthia, N. n. atra [279] and D. russelli venom [160]. This may be due to
geographical and species specific variation in the substrate specificity of PLA,

isoenzymes.

The Km values showed by RVVA-PLA;-I, RVVN-PLA;-1 and RVVB-
PLA,-I are quite lower than the earlier reported Km values of VRV-PL-IlIla
(2.92 x 10* M, [102]), VRV-PL-ITIb (1.6 x 10 M, [105]) purified from Vipera
russelli and one PLA, purified from Russell’s viper of Myanmar origin (2.3 x
102 M, [51]). The lower Km values indicate the high binding affinity of these
three PLA;s towards their specific phospholipid substrates.

Like many other venom PLAss, these three purified PLA; enzymes of
Daboia russelli venom are highly thermostable in nature because heating barely
affects the catalytic activity or secondary structure of these enzymes
[117,140,160]. CD spectra of native and heated PLA,s also suggested their

stability against heat denaturation.

The secondary structures of these three PLA,s are quite similar and they
indicate a strong a-helical contribution to the CD signal. Alpha helix is the major
secondary structure element for a large number of PLA,s from snake venom
[140,255,280,281]. The thermostability is due to compact folding of the enzyme,
which is based on core structure of disulfide bridges [140,280,282]. The
presence of six conserved disulfide bonds along with one or, two variable

disulfide bonds in snake venom PLA, molecule [283] is mainly responsible for

the retention of tertiary structure in PLAs.
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8.5 Pharmacological characterization of three purified PLA;s of RVV

8.5.1 All the three PLA;s in the present study represent the strong

anticoagulant activity

All the three PLA; enzymes viz. RVVA-PLA,-I, RVVN-PLA,-I and
RVVB-PLA,-I purified from RVV are anticoagulant in nature. Venom PLA,
enzymes have been classified into strong, weak and non-anticoagulant enzymes
[108,121,122]. The RVVA-PLA;-I, RVVN-PLA,-I and RVVB-PLA)-l
displayed anticoagulant effect at a concentration of 0.3-0.6 pg ml™ which was
Jower than recommended concentration (~ 2.0 pg m!™) required for the strong
anticoagulant PLA, to prolong the normal clotting time of plasma [108].
Therefore, it is reasonable to assume that all the three purified PLAss viz.
RVVA-PLA,-I, RVVN-PLA,-I and RVVB-PLA,-I belong to the group of strong

anticoagulant PLA,s. Further, our finding contradicts an earlier report suggesting

higher anticoagulant potency is associated mostly with basic PLA,; enzymes
[122]. According to Kini [108], it is not the overall basic charge but the nature of
charge in the anticoagulant site(s) determines the anticoagulant potency of PLA,
enzymes. In case of strong anticoagulant PLA, enzymes, it has been postulated
that the anticoagulant region is positively charged, but negatively charged in
weakly and non-anticoagulant enzyme [108]. Therefore, it might be
hypothesized that although overall net charge on RVVA-PLA,-I (anionic in
nature) is negative whereas RVVN-PLA,-I is a neutral enzyme (on the basis of
charge); however, some positive residues on these enzyme may play a

significant role in demonstrating their strong anticoagulant effect [108].
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8.5.2 Mechanism of action of the anticoagulant activity
8.5.2.1 Correlation between catalytic and anticoagulant activity

The understanding of structure-function relationships in PLA; enzymes is
complicated and contradictory data have been presented to explain the
anticoagulant action of venom PLA, enzymes. For example, there are reports
demonstrating a correlation between catalytic activity and anticoagulant property
of PLA, molecules [95,121,122,179]. In a sharp contrast, some of the study
suggested that non-enzymatic mechanism might play a key role in inhibiting the
different blood coagulation factors by venom PLA, and therefore, nullifying the
role of PLA; activity in anticoagulaht process [141,216,220]. Present study
supports that anticoagulant activity of RVVA-PLA,-I, RVVN-PLA,-I and
RVVB-PLA;-I is exerted by a dual mechanism. The anticoagulant potency is
mainly dependent on the catalytic activity of that particular PLA; enzyme, i.e. its
potency to hydrolyse the essential plasma phospholipids required for the
coagulation process. However, anticoagulant activity is also attributed partly by
a non-enzymatic mechanism. In case of RVVA-PLA,-I and RVVB-PLA,-], the
non-enzymatic mechanism operates by binding with coagulation factor Xa and
thus inhibiting the activation of prothrombin to thrombin. Whereas in case of the
neutral PLA; (RVVN-PLA;-I), the non-enzymatic mechanism of anticoagulant
action is yet to be known as it doesn’t show any interaction with blood

coagulation factor Xa, thrombin or, prothrombin.

It is well known that phospholipids play a crucial role in the formation of
several coagulation complexes. In this present study, the acidic and the basic
PLA; (RVVA-PLA,-I and RVVB-PLA,-I) hydrolyse preferentially PC, the
natural precursor for PS; followed by hydrolysis of PS, which is known to be
the most active phospholipids involved in the blood clotting process [94].
However, the neutral PLA; (RVVN-PLA,-I) preferentially hydrolyse PS which
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is responsible for showing the strong anticoagulant potency of this enzyme.
Moreover, GC analysis suggested low hydrolysis of plasma phospholipids by all
these three anticoagulant PLA,s which might lead us to anticipate that
destruction of phospholipids surface would be the primary mechanism to
account for anticoagulant effect of these enzymes [216]. Those results support
the role of enzymatic activity in anticoagulant action by RVVA-PLA,-I, RVVN-
PLA;-I and RVVB-PLA,-1 [179,216,224]. The above hypothesis is supported by
the observations that very low but specific plasma phospholipids hydrolysis is
the characteristics feature of strongly anticoagulant PLA,s whereas non specific,
non-anticoagulant PLA, enzymes randomly hydrolyse the plasma phospholipids
[94]. Therefore, higher amounts of phospholipids hydrolysis are required before
non-specific PLA,s show any significant anticoagulant effect [94]. It is
noteworthy to mention that non-anticoagulant PLA, enzymes from Ngja naja
naja [284) Crotalus atrox [285] and Crotalus adamanteus [286] and weakly
anticoagulant PLA, from N. kaouthia [97] preferentially hydrolyses PC over PS
and PE, whereas anticoagulant PLA; from Vipera berus has a specificity towards
PS hydrolysis [287]. In this study, RVVA-PLA;-I and RVVB-PLA,-I are strong
anticoagulant PLA,s and showed preferential hydrolysis of PC over PS or PE.

This novel finding leads to conclude that strong anticoagulant activity may not

always be restricted to only those PLA, enzymes showing preferential hydrolysis
of PS.

Further, the anticoagulant activity was parallelly enhanced with an
increase in the initial concentration of RVVA-PLA,-I, RVVN-PLA,-I and
RVVB-PLA,-I supporting anticoagulant potency is dependent on the catalytic
activity of these PLA; enzymes. Nevertheless, the metal chelator EDTA
significantly inhibited the catalytic as well as anticoagulant activity of these
PLA, enzymes by chelating the Ca>* ions require [288-290] to enhance these

activities. Moreover, alkylation of histidine residue, the most conserved amino
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acid amongst PLA, enzymes [97,140,291], resulted in parallel inhibition of
catalytic and anticoagulant activity of three PLA, enzymes under study
reinforcing a correlation between catalytic and anticoagulant activities. Besides,
inhibition study with medicinal plant extracts and heat-inactivation study also
supported the correlation between catalytic and anticoagulant activity of RVVA-
PLA-I, RVVN-PLA,-I and RVVB-PLA,-L.

8.5.2.2 Non-enzymatic mechanism of anticoagulant activity: Interaction of

PLA;s with plasma phospholipids and coagulation factor Xa

The non-enzymatic mechanism of anticoagulant action of the three
PLA5s from RVV possessing different overall net charge is evident from the fact
that beyond a concentration of 0.6 pg ml” of any of these three PLAs, no
further plasma phospholipids hydrolysis was observed. However, anticoagulant
activity of all these three PLA,s was found to be increased up to a PLA,
concentration of 1.0 ug ml"'. Moreover, the heat inactivation study in case of the
acidic (RVVA-PLA,-I) and basic PLA; (RVVB-PLA,-I) showed distinctly that
anticoagulant activities of these two enzymes are not completely dependent on
their catalytic activities. Therefore, these studies signify that apart from the
contribution of catalytic activity in anticoagulant process, some non-enzymatic

mechanism may run in parallel to exert strong anticoagulant action.

One of the most important key factors influencing the anticoagulant
potency is the penetrating property of PLA, enzymes [108,203]. Penetratability
is the ability of the PLA, enzyme to insert itself into the phospholipid membrane
and hydrolyse phospholipids [93]. Since phospholipids in plasma membranes are
packed at higher density compared to the phospholipid vesicles which are used
in in vitro enzyme studies, PLA; enzymes with higher penetratability cause more
significant damage to the membrane than those with lower penetratability [93].

Most basic PLA, enzymes, but not all, have higher penetratability compared to

Drscussion ®Page 263



Thesis: “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell's viper (Daboia russelli) venom”

neutral and acidic isoenzymes [121,122], which is probably because of the
abundance of positive residues. Present study contradicts those reports
postulating penetratability is the property associated with basic PLA;s of venom
[121,122]. Nevertheless, RVVA-PLA;-I, the acidic PLA; strongly binds with PC
vesicles even in absence of Ca®* suggesting its high penetrating ability which in
turn reflects its strong anticoagulant activity [216,291]. It has been suggested by
Kini and Evans [94] that anticoagulant region lies between residues 54 and 77 of
PLA; molecule; this region is positively charged in strongly anticoagulant PLA;
enzymes even if the overall charge on the enzyme is different. It is to be noted
that all the three PLA, of this study i.e., RVVA-PLA,-I, RVVN-PLA,-I and
RVVB-PLA,-I differ from N. naja naja phospholipase (group I PLA») which has
an absolute requirement of Ca** for its binding to lipids [292]. However, our
result does not corroborate with the report of Prigent-Dachary et al. [291], who
suggested that strong anticoagulant PLA, should always have a greater binding
with PS. A correlation between decrease in percent binding with plasma
phospholipid PC and a parallel decrease in catalytic as well as anticoagulant
activity after heating of any of the PLA,s under study reinforces the hypothesis
that binding followed by hydrolysis of plasma phospholipids particularly PC are
the essential steps for inducing the strong anticoagulant activity by these PLAss
[216,293].

It has been suggested that anticoagulant phospholipases may inhibit
blood coagulation cascade non-enzymatically by competing with clotting factors
for the lipid surface [108,141,294]. However, strongly anticoagulant PLA,
enzymes in addition to hydrolysis of plasma phospholipids may bind to
coagulation factor X and/or factor Xa and/or by inhibition of thrombin induces
anticoagulant activity [108,294]. By Intrinsic fluorometric study, an interaction
of RVVA-PLA,-I/RVVB-PLA;-1 with coagulation factor Xa was observed in
absence of phospholipids/Ca** documenting these PLA, may block the formation
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of prothrombinase complex even in a phospholipids/Ca**-independent manner.
The non-enzymatic, Ca’ -independent mechanism of inhibition of blood
coagulation by RVVA-PLA,-I is further evident from the fact that addition of
EDTA resulted in decrease of about 62 % of anticoagulant activity although the
catalytic activity is reduced to 80 % of its original activity. Further, RVVA-
PLA,-I and RVVB-PLA;-I bind with blood coagulation factor Xa at a site other
than their chromogenic substrate binding site resulting in no interference in the
amidolytic activity of factor Xa although their prothrombin activation property
after addition of PLA; were lost. This result is in accordance with the report of
Stefansson et al [141] showing a basic PLA; from N. Nigricollis venom (CM-1V)
inhibits the prothrombinase complex in absence of phospholipids without

affecting the amidolytic activity of factor Xa.

There was not any change observed in the fluorescence signal of RVVN-
PLA,-I in presence of blood coagulation factor Xa/ thrombin/ prothrombin.
Furthermore, addition of phospholipids viz., PC, PS or PE did not influence the
fluorescence intensity. The data may suggest absence of interaction between this
neutral PLA, and coagulation factor Xa either in presence or absence of plasma

phospholipids; however, further studies are necessary to reveal the fact.

8.5.3 Mechanism of hydrolysis of membrane phospholipids by the RVV-
PLA; enzymes

8.5.3.1 Correlation between catalytic activity and membrane damaging

activity

Lysis of artificial membranes by PLA»s from various snake venoms e.g.,
Bothrops pirajai and Crotalus durissus terrificus has been shown to be
independent of their enzymatic activity, since both native as well as catalytically

inactivated enzymes are fully able to disrupt membranes [95]. However, we have
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presented contradictory evidences suggesting that mitochondrial and erythrocyte
membranes hydrolyzing property of these three Russell’s viper venom PLA,
enzymes (RVVA-PLA;,-I, RVVN-PLA;-I and RVVB-PLA;-I) is dependent on
their catalytic activity which is similar to membrane damaging activity of PLA,
enzymes (NK-PLA,-I and NK-PLA,-II) isolated from N. kaouthia venom [140}.
The current investigation shows that the different membranes studied in the
present investigation have different structural organisation as reflected by their
distinctly different sensitivity to these RVV-PLAss. Nonetheless, this membrane
damaging activity is dependent on Ca®" ion because in presence of the metal
chelator EDTA, RVV-PLAs lost their membrane damaging as well as their
catalytic activity in a parallel manner. The degree of membrane phospholipids
hydrolysis increases with the increase in the pre-incubation time of the
membranes with the RVV-PLA;s, documenting that the membrane damage is

dependent on their catalytib activity.

Majority of the PLA, enzymes are reported to be devoid of direct
haemolytic activity [140,295,296]. None of these three purified PLA;s from
RVV show considerable haemolytic activity on washed goat/ human
erythrocytes. However, significant haemolytic activity shown by all the three
PLA;s in presence of exogenously added egg yolk (which is a source of PC) and
1.5 mM Ca”™ was due to the formation of phospholipids hydrolysis products like
lysophospholipids and free fatty acids from egg-yolk phospholipids/ PC and
these products caused further damage to the membrane [297]. The same
hypothesis can be put forwarded to explain the enhanced susceptibility of the
erythrocytes in presence of egg yolk phospholipids/ PC/ PS and Ca**, because
amongst the tested phospholipids, PC is the most favoured substrate for the
acidic and basic PLA>s while PS is preferred by the neutral PLA, for binding
followed by hydrolysis. The spectroflurometric study suggested the role of Ca**
in enhancing the binding of these PLA,s with PC, confirming these three are
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Ca®* -dependent PLA,s for membrane damage. Furthermore, inhibitor studies
with specific amino acids modifying reagents, neutralization study with
polyvalent antivenom, and the heat-inactivation data have suggested a
correlation between the catalytic and membrane phospholipids hydrolysis
property of these RVV-PLA,s. Therefore, although there is enough controversy
regarding the role of enzymatic activity in the pharmacological effects of snake
venom PLA; enzymes [94,97,108,140,216]; however, present study provides
enough evidences that at least in case of membrane damaging activity; the

catalytic (enzymatic) mechanism of phospholipids hydrolysis plays a great role.

The heat-inactivation study also lead us to conclude that the binding of
RVVA-PLA,-I, RVVN-PLA,-I and RVVB-PLA,-1 to membrane PC followed
by its hydrolysis are essential steps for inducing membrane damage
[97,140,216]. This hypothesis was based on the observation that a parallel
inhibition of membrane PC binding, catalytic activity as well as membrane
damage in case of heat-inactivated RVVA-PLA,-I, RVVN-PLA,-I and RVVB-
PLA,-T was noted. This phenomenon may be explained by the fact that heat
treatment partially distorted the PLA; structure which was evidenced by a
comparison of secondary structure of native and heat-inactivated PLA; enzymes.
This partial unfolding of RVVA-PLA,-I, RVVN-PLA,-I and RVVB-PLA,-I
could not be regained even after cooling to room temperature resulting in a
reduction in PC binding property as well as catalytic activity of heat-denatured
PLA,s as compared to native enzymes. ELISA experiments also suggested that
heat inactivated enzyme partially lost its membrane binding property. However,
modification of histidine residue of RVVA-PLA,-I, RVVN-PLA,-I and RVVB-
PLA»-I did not affect its membrane binding property suggesting histidine is
involved with phospholipids hydrolysis only and does not play any role in
binding of PLA;s [122] with membranes. However, this result is in contrast of

the findings of Tatulian [298] where His48 modification affected PLA; structure,
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its membrane binding affinity, and the effects of PLA, on the membrane

structure.

8.5.3.2 Differential hydrolysis of mitochondrial and erythrocyte membrane
phospholipids: does it reflect the differences in PLA;-sensitive

phospholipids composition of biomembranes?

Membrane surface properties, including membrane fluidity, curvature,
surface charge, and membrane-induced structural changes in the enzyme,
determine the strength of interaction, cooperatively of membrane binding, and
the extent of PLA; activation [97,140]. Increase in volume of mitochondria due
to an influx of fluid; it occurs in hypotonic solutions due to osmotic pressure and
in isotonic solutions (here, as sucrose solution) as a result of altered permeability
(here, increase/swelling of the organelle with a concomitant decrease in the light
scattered by the mitochondrial suspension) of the membranes of respiring
mitochondria [140]. Snake venom PLA; induced injury to mitochondria brings

about a change in the mitochondrial volume [140,298].

The preferential release of short chain fatty acids from mitochondria and
erythrocytes membrane during the initial phase of attack by RVVA-PLA,-I is
correlated with their preference for short chain fatty acids at the s»-2 position. It
is presumed that even if PLA, binds uniformly across the solid and fluid
domains of membrane enriched in the long and short chain fatty acids
respectively, enzyme shows a preference for short chain fatty acids, which are in
fluid phase [300]. This is due to the lower surface area density of the lipid head
groups in short chain fatty acids that are present in fluid phase [301]. Similarly,
RVVN-PLA;-I and RVVB-PLA,-I also showed preferential release of short
chain fatty acids from erythrocyte membranes. However, mitochondrial
membrane phospholipid hydrolysis by RVVN-PLA,-I and RVVB-PLA,-1 was
detected only after an initial lag phase of 30 min following the addition of PLA,.

m
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sPLA,s display large variations in their affinities for membranes with differing
surface properties [140]. Since RVVB-PLA,-I has significantly low affinity for
mitochondrial membrane compared to erythrocyte membranes, as revealed by

ELISA experiment, binding is extremely low during the initial phase of attack.

Our study has shown that RVVA-PLA,-1 and RVVB-PLA,-I preferentially

hydrolyze PC over PS_and PE. It is very interesting to observe that RVVA-
PLA,-1 and RVVB-PLA,-1 preferentially hydrolyze the phospholipids of
erythrocyte membrane compared to mitochondrion melﬁbrane even though the
latter possesses much greater percentage of PC on its outer leaflet (40.9%) than

the outer leaflet of the former membrane (19%) [302]. Therefore, our result

suggests the existence of significantly greater number of RVVA-PLA,-I and
RVVB-PLA,-I sensitive regions in erythrocytes membrane as compared to

mitochondrial membrane might have a relevance to the higher degree of

phospholipids hydrolysis of the former membrane [97,140,264]. These specific

domains or venom PLA, susceptible region(s) may result from the presence of
different fatty acids, more particularly the short-chain fatty acids in these regions
of the membrane [97]. Therefore, the presence of a large number of venom
PLA;-sensitive phospholipid compositions, rather than only PC content of that
particular membrane, may determine the extent of membrane damage induced by
a particular PLA, [97,264]. However, the neutral PLA, (RVVN-PLA;-I)
preferentially hydrolyse the membrane phospholipids of mitochondria as
compared to that of erythrocytes membranes; though this neutral PLA; shows
preferential hydrolysis of PS over PC. Therefore, PC hydrolysis also plays an

important role in this case.

Furthermore, RVVA-PLA,-I, RVVN-PLA,-I and RVVB-PLA,-I could
hydrolyze the erythrocyte membrane phospholipids within 15 min of incubation

which is in sharp contrast to the previous reports published from our laboratory.
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It was demonstrated that two phospholipase A, enzymes viz. NK-PLA»-I and
NK-PLA,-II from Naja kaouthia venom showed a lag phase for binding with
erythrocyte membrane and subsequent membrane hydrolysis [140]. Besides, N.
kaouthia PLA, enzymes prefé:rentia]ly hydrolyze the membrane phospholipids of
mitochondria as compared to that of erythrocytes membranes [140] which are
similar to the result of RVVN-PLA;-I of the present study. Tt is interesting to
note that RVVA-PLA,-I, RVVB-PLA,-I and N. kaouthia PLA,s have shown a
preference for hydrolyzing PC over PS or PE [140,207,264]; while RVVN-
PLA,-I showed.preferential hydrolysis of PS over PC or PE. However, RVVA-
PLA,-1 is acidic in nature; RVVN-PLA»-I is neutral in nature and RVVB-PLA,-I
(from D. russelli venom) as well as NK-PLA,-I and NK-PLA»-Il from N
kaouthia venom are basic in nature [140]. Therefore, the differences in overall
net charge in a venom PLA; molecule may attribute to differential binding and

subsequent hydrolysis of phospholipids of a particular membrane [206].

Evidence has been accumulating regarding the presence of nanometer
range smali-scale structures and lipid domains in the lipid bilayer and such
organizational heterogeneity of lipids microdomains may have structural and
functional significance [303-305]. The phospholipids-binding domains with
secondary binding sites for specific proteins are well known, and this binding is
often tightly regulated [306]. The differences in the membrane phospholipid
hydrolysis by a venom PLA; can be supported by our previous observation that
the phospholipids constituent of microsomal membranes are less hydrolyzed as
compared to lysosomal membrane by the action of Vipera russelli venom basic
PLA, [207,208]. Further, it has been suggested that PLA, may be particularly
active at domain interfaces which are the sites of structural defects and hence

good points of attack for these enzymes [140].

m
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Fig 8.1: The picture of membranes allows for lateral heterogeneities, cluster
and raft/domain formation within the membrane plane. The asymmetrical
distribution of membrane lipids along with some other components of membrane
constitutes “Membrane Domain™ and PLA,s are sensitive to these domains.

Picture generated by H. Seeger, NBI Copenhagen [307].

The mechanism by which snake venom phospholipase A, sensitive
phospholipid domains are formed in mitochondrial or erythrocyte membrane is
not very clear. Although no adequate description of the nature of such membrane
lipid domains in terms of their abundance. composition or dynamics has been
provided; however, it may be assumed that the physicochemical properties of
individual phospholipids. circumstantial effects of membrane proteins.
phospholipids/cholesterol ratio, and vitamin E content of the membrane

contribute significantly to the formation of such domains [97,140.208.305].

A comparison of ratio of saturated / unsaturated fatty acids released from
the intact erythrocytes and mitochondrial membranes after treatment with

RVVA-PLA--1 and RVVB-PLA,-I suggested that these enzymes have distinct
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preferences for hydrolyzing phospholipids containing saturated fatty acids at sn-
2 position in mitochondrial membrane. In a sharp contrast, during the initial
phase of attack the PLA, prefers hydrolysis of unsaturated fatty acids in
erythrocytes membrane and therefore, the ratio of saturated/unsaturated fatty
acids was less than 1.0 up to 30 min of incubation. A further increase in
incubation time resulted in a greater hydrolysis of erythrocytes phospholipids
containing saturated fatty acids compared to phospholipids containing
unsaturated fatty acids at sn-2 position and the ratio of saturated/unsaturated
fatty acids was higher than 1.0 post 60 min of incubation. In a sharp contrast,
RVVN-PLA,-I shows preferential hydrolysis of saturated fatty acids in
erythrocytes membrane and unsaturated fatty acids in mitochondrial membrane
in the initial phase of attack. These data clearly indicate the differential
hydrolysis of erythrocytes and mitochondrial membrane phospholipids by three
different PLAj;s viz. RVVA-PLA,-I, RVVN-PLA,-I and RVVB-PLA;-I

possessing different overall net charge.

The difference in the release of saturated and unsaturated fatty acids
from the membranes may be explained by the fact that in case of mitochondrial
membrane, RVVA-PLA,-I and RVVB-PLA,-I preferentially binds to one of the
PLA;-sensitive domains of the membrane resulting in quantitative increase in
release of fatty acids from that membrane with respect to time [140,264].
However, RVVA-PLA,-1 and RVVB-PLA,-1 attack different phospholipids
domains/ region(s) of erythrocyte membrane and therefore, this kinetics of
erythrocyte membrane phospholipids hydrolysis favours the release of
quantitatively as well as qualitatively different FAs with respect to time. The
neutral PLA; (RVVN-PLA;-I) attack mitochondrial membrane with an initial lag
phase while this PLA; preferentially binds to one of the PLA;-sensitive domains
of the erythrocyte membrane that resulted quantitative increase in release of fatty

acids from that membrane with respect to time [140,264]. The ratio of

Discussion Page 272



Thhesis: “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell’s viper (Daboia russelli) venom”

saturated/unsaturated fatty acids released from erythrocyte membrane may lead
us to assume that during the initial phase of attack, RVVA-PLA,-I and RVVB-
PLA,-1 hydrolyzes a particular domain of erythrocyte membrane consisting of
mostly the unsaturated fatty acids. Slowly with an increase in time, the reaction
products build up which may help in PLA, binding and attacking another
domain of the same membrane enriched in more saturated fatty acids than
unsaturated fatty acids. Interestingly, this result contradicts with the finding of
Shukla and Hanahan [206] showing the acidic PLA; purified from the venom of
Agkistrodon halys blomhoffi hydrolyses only one domain of PC in intact
erythrocytes. These differences in erythrocyte membrane phospholipids
hydrolysis pattern of acidic PLAs from two different snake venoms lead us to
conclude that not only the overall acidic charge, but the charge at a particular
region, known as interfacial binding surface (IBS) of PLA; may determine its
competence for binding with different domains of a membrane [308]. This
reinforces the presence of venom PLA,-specific sensitive regions in a particular
membrane. It may be presumed that by virtue of possessing arrays of
phospholipase A, isoenzymes, injected venom can induce greater damage to

membranes and subsequent toxicity to the cells.

8.5.3.3 Why do these PLA;s fail to hydrolyze HT-29 cell membrane
phospholipids?

None of the PLA,s in the present study at the tested dose (10 ug ml™) did
not show any cytotoxicity against HT29 colon adenocarcinoma cells even
though PC is the most abundant phospholipids present in the outer cell
membrane of HT-29 cells [309]. Lomonte et al [310] have shown the cytotoxic
effect of Myotoxin II from Bothrops asper on HT-29 cells at a dose of 50-100
ug ml™" (micromolar range) whereas in this study, cytotoxicity have examined at

a dose of 10 pg ml" (nanomolar concentration) to avoid any non-specific
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binding of PLA; to cultured cells [140]. Furthermore, considering the proportion
of RVVA-PLA,-I, RVVN-PLA,- I and RVVB-PLA,-I present in RVYV,
cytotoxicity at a very high dose was not performed. Amongst the tested
membranes, the least hydrolysis of HT-29 cells can again be explained on the
basis that it is not the overall quantity of PC in a membrane but either the .
availability of PC in a PLA;-sensitive membrane and/or, (b) physicochemical
properties of a membfane are the most important in order to elicit these three
RVV-PLA;s-induced membrane damage [97]. It has been observed that some of
the components of the membrane such as cholesterol/phospholipids ratio and
vitamin E (a-tocopherol) content may influence its fluidity which in turn

modulates the activity of venom PLA, enzymes [208,311].
8.5.4 PLA,; specific tissue damaging activity

Although the total phospholipid compositions of tissues like heart, lung
and liver are very similar [312]; however, percent damage (in vitro) inflicted to
heart tissues by RVVA-PLA,-I and RVVB-PLA»-I enzyme is significantly
higher (P< 0.05) as compared to damage to the other tested tissues. On the other
hand, RVVN-PLA,-I causes damage to liver tissues to a much more extent than
the heart or kidney tissues. The reason for the organ/subcellular organelle
preference of these purified PLAs is not clearly understood {25]. It has been
suggested that PLA,s may be particularly active at domain interfaces that are
sites of structural defects and hence good points to attack by PLA,; enzymes
[313]. Further, it may be assumed that differences in the biochemical nature of
the vascular wall in the different organs/tissues like phospholipid/cholesterol
ratio, presence of specific phospholipids, vitamin E content of that membranes
etc, may have some relevance to differential membrane hydrolysis [207,208].
Moreover, mutational theory states that the substitutions of surface residues play

a significant role in the evolution of new PLA, isoenzymes by altering the

Discussion Page 274



Thests: “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell's iper (Dabota russelli) venom”
[ e e e e e e e S
specificity of targeting to various tissues, organs or cells [100]. Thus, differential

membrane specificity of PLA; enzymes depends on the surface residues of

enzymes.
8.5.5 Antibacterial activity

There are several reports on snake venom PLA, enzymes possessing
antibacterial activity against Gram-positive and Gram-negative bacteria
[212,314-318]. Antibacterial peptides iS(;lated from snake venom contain
cationic site(s), flanked by hydrophobic residues, which might disturb the
phospholipid bilayer integrity, initiating a rapid cell death process [94,319].

The bactericidal activity of PLA, enzymes in snake Gram-positive
bacteria requires recognition of anionic sites and subsequent hydrolysis of the
phospholipid membrane [91]. In Gram-negative bacteria, it requires the
synergistic action of a bactericidal/permeability increasing protein and depends
on the hydrolytic activity [91,320,321]. The antibacterial site of snake venom
PLA, enzymes was determined by comparing the amino acid sequences and by
chemical modification [322,323]. The overall basicity and presence of a cluster
of basic residue on the surface of the N-terminal helix is responsible for the

bactericidal action of PLA; enzymes [321,324,325].

In the present study, none of the three PLA,s of RVV up to a dose of 10
ng ml™" shows antibacterial activity against the tested Gram-positive and Gram-
negative bacteria. Since RVVB-PLA,-I is basic in nature, therefore; it might be
assumed that this PLA, bearing positive charge on its surface should show
antibacterial property. However, our study suggests that not the overall positive
charge but the specific charge in a particular region of phospholipase A,

molecule may be responsible for their penetrability in the bacterial cell wall [93].
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Moreover, further studies are obligatory to decipher the antibacterial property of

snake venom PLASs.
8.5.6 The three PLA,s from RVV are non-lethal to mice

RVVA-PLA,-I (at a dose of 0.2 mg kg i.p.) did not show lethality in
BALB/c mice after 48 hours injection suggesting that at the tested dose, it is
devoid of lethality in mice. However, there was some rational for calculating the
above dose. The rational for calculating the above dose was RVVA-PLA,-I
represents 0.1% (w/w) of total RVV proteins. On an average an adult Russell’s
viper may inject 225-250 mg of venom (total amount in a bite) to i.ts victim
(personal communication to Prof. A.K. Mukherjee, MBBT department, Tezpur
University by Mr. D. Mitra, in-charge, Calcutta Snake Park, Kolkata). Therefore,
a maximum of 0.2 to 0.25 mg of RVVA-PLA,-I would be injected in a victim by
the bite of an adult Russell’s viper corresponding to nanomolar concentration of
RVVA-PLA»-I in the blood of an adult victim. Since RVVA-PLA»-I was found
to be non-toxic to mice at a much higher dose than this, therefore, it may be
suggested that RVVA-PLA,-I does not contribute to lethality of RVV. Similarly,
RVVN-PLA,-I and RVVB-PLA,-I were also devoid of lethality in mice at the
tested dose of 0.04 mg kg and 0.35 mg kg™ body weight (i.p.) respectively. It is
noteworthy to mention that non-toxic PLA; enzymes from snake venom
demonstrating phospholipids hydrolysis activity have been reported and the
exact contribution of these PLA,s in snake venom-induced pathogenesis in
victims is poorly understood [179,255,264]. However, evidence has been
presented from our laboratory to show that non-covalent interaction of relatively
non-toxic PLA,s from N. kaouthia venom with that of weak neurotoxin like
molecules (kaouthitoxins) from the same venom resulted in marked synergism to
potentiate the cytotoxicity of PLA,-kaouthiotoxin complex without altering the

biological properties of PLA, enzymes [326]. The proteome analysis of D.
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russelli siamensis venom revealed the presence of complex of PLA, with other
unidentified venom proteins [54]. Presence of such PLAs-interacting

component(s) from D. russelli russelli venom remains to be elucidated.

The decrease RBCs number as well as the Hb content in blood of RVVA-
PLA,-I, RVVN-PLA,-I and RVVB-PLA>-I treated mice as compared to control
group of mice suggested that these PLA»s cause lysis of erythrocytes in in vivo
condition. As these PLA,s showed significant indirect haemolytic activity in
vitro on washed erythrocytes in presence of exogenously added phospholipids;
therefore, we can assume that by the hydrolysis of plasma phospholipids, these

PLA;s exert in vivo haemolytic activity in mice.

Every living cell contains its complement of enzymes, most of which are
intracellular and are released into the circulation only after breakdown of the cell
or impairment of its membrane post envenomation [27]. Elevated CPK-MB level
suggested damage to the skeletal muscle and indicative of myonecrosis, whereas
increased SGOT, SGPT and ALP levels in the serum of treated mice indicated
damage to the liver tissues reinforcing RVVA-PLA,-I and RVVN-PLA,-I targets
cardiac and hepatic tissues. In contrast, the basic PLA; (RVVB-PLA;-I) did not
show any significant change to the serum parameters of treated mice
documenting that it does not target the liver and cardiac muscles. Therefore, it
may be assumed that different PLA, isoenzymes present in Russell’s viper
venom show differential toxicity towards different tissues and organs. This
differential toxicity plays an important role towards the toxicity of the whole
venom. Different isoenzymes of a venom may show their toxicity in

combination with other components of the venom [326], though some of them

are non toxic alone.
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8.6 Weak immunogenic and non-toxic nature, and anticoagulant
property of these PLAjs suggest their therapeutic application in

blood coagulation disorders

All the three RVV-PLA,s viz. RVVA-PLA,-I, RVVN-PLA,-[ and
RVVB-PLA;-I were found to be very weak immunogenic in nature as they did
not show visible antigen-antibody precipitate band against commercial
antivenom. Host antibody response to toxin molecules is a major obstacle to the
use of immunotoxins as efficacious agents in the treatment of human cancer and
other diseases [327]. As these antigens (PLA;s) will give weak immune response
to antibody, this will be helpful in the development of novel anticoagulants in
future. Snake venom molecules affecting blood coagulation have great potential
as therapeutic agents for human diseases [10]. Venoms from vipers are rich
sources of different enzymes that strongly affect the haemostatic mechanism
[328]. Anticoagulant molecules from snake venom can be used for the
development of drugs to treat or, to prevent unwanted clot formation i.e., in
some cardiovascular and haematological disorders [329,330]. Different toxins
that affect blood circulation have been isolated and characterized from various
snake venoms [331-333]. For example, some snake venom molecules that:
dissolve blood clots both in vitro and in vivo include afaacytin from horned viper
(Cerastes cerastes) venom [334], atroxase from western diamondback
rattlesnake venom [335] and fibrinogenase from Vipera lebetina (Microvipera
lebetina, EMBL Reptile Database) venom [336]. Weak immunogenic and non-
toxic nature as well as anticoagulant property of these three purified RVV-PLA;s
may helpful in therapeutic use in blood coagulation disorders in future; however

further study will require for this.
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8.7  Assessment for neutralization potency of plant extract in
neutralizing the catalytic and pharmacological properties of RVV-
PLAzS

Medicinal plants constitute an effective source of both traditional and
modern medicines, herbal medicines have genuine utility and about 80 % of

rural population of India depends on it as primary health care.

Neutralization of catalytic and/or pharmacological properties of crude
venom and/or any of its toxic constituents such as PLA» enzymes by plant
extract reflects the presence of anti-snake venom compounds in the plant
[337,338]. The result of this present study indicates the presence of anti-PLA;
compounds in four plants commonly used by traditional medical practitioners
against snakebite. The AIPLAI (4. indica PLA, inhibitor) purified from 4.
indica leave extract [244} and the methanol extract of leaves of C. sinensis, X.
strumarium and roots of A. marmelos and these showed significant inhibition of
PLA, activity of both crude RVV and three purified PLA,s as well as inhibition
of different pharmacological activities of crude RVV and all the three PLA;s.
These extracts also inhibited the tested pharmacological activities of crude RVV
and all the three PLA5s. It is noteworthy to mention that most of the anti-snake
venom compounds were isolated from the methanol extracts of plants [239,244].
Our study also supports the presence of anti-PLA, compounds in tested plants.
Since neutralization of toxic effect of PLA, enzymes of snake venom would be a
step forward in the management of snakebite cases therefore, anti-PLA,
compounds may be isolated and purified from the methanolic extracts of these

plants. To the best of our knowledge, this is the first report describing the

inhibitory activity of these four tested plant extracts against any toxic component

of snake venom.
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Most of the plant extracts which are reported to possess snake venom
neutralizing potential capacity; that may be due to the presence of some
phytochemical constituents in those plants. Several chemical constituents like
alkaloids, flavonoids, sitosterol or glucoside, lupeol, gymnemagenin, phenolics,
pentacyclic triterpenes like oleanoic acid, ursolic, tannins, taraxasterol, o and
amyrin are found to be present in varying proportions in those plants. They have
also been previously reported for antisnake venom activity [99]. All these classes
of chemical compounds are capable of interacting with macromolecular targets
(enzymes or receptors) and can effectively inhibit the toxic effect of snake
venoms [339]. The results of the present study confirmed that the plant extracts
possess potent Russell’s viper venom neutralizing capacity. Therefore, we can
assume that some phytochemical constituents may present in these four plant
extracts and we will try to isolate and purify those components in our future
study. This will definitely be helpful for mankind for overcome the limitations of
currently available polyvalent antivenom therapy, particularly in the developing

countries.
8.8  Future prospects of study of snake venom phospholipase A;s

Snake venom PLA, enzymes are small enzymes and different isoforms of
the same PLA; may be present in single venom. They cause havoc by interfering
in the normal physiological processes of the victim and different isoenzymes
induce a variety of pharmacological effects. They provide a great challenge to
protein chemists as subtle and complex puzzles in structure-function
relationships. A better understanding of these molecules of snake venom will
contribute to our knowledge of protein-protein interactions, protein targeting and
protein engineering and to the development of better targeted delivery systems
for the treatment of some diseases. Snake venom PLA, enzymes exhibit a wide

variety of pharmacological effects by their specific interaction with and binding
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to target proteins. Strongly anticoagulant PLA, enzymes specifically bind to
blood coagulation factor Xa and interfere in the formation of the prothrombinase
complex. They exhibit their strong anticoagulant effect either by non enzymatic
way or, in a combination of both enzymatic and non enzymatic mechanism. The
electrostatic interaction with factor Xa is through some specific arrangement of
positively charged residues in PLA, molecule. Identifying the sites of interaction
of the anticoagulants at the level of the specific amino acid residues involved can
ultimately lead to the development of peptides and peptide mimetics, which will

be useful in the treatment of cardiovascular and cerebrovascular diseases.

These three PLA,s of RVV attack preferentially different membranes
depending on the presence of PLA; specific membrane phospholipids domains.
Although, the exact nature of the membrane domain(s) responsible for binding
with these PLA; enzymes could not be identified; however, our study has
provided enough evidences in support of membrane domain hypothesis. Further
studies to identify the nature of these membrane domains are in progress which
will give fairly good indications of the differential mode of attack of snake

venom PLA5s on different membranes.

Further research in identifying the target proteins of PLA,s, if any, as
well as to study the nature of different membrane domains will help us to
determine the details of the mechanisms of the different pharmacological effects
of these PLA; enzymes at the cellular and molecular levels. The studies in these
areas will result in new, exciting and innovative opportunities and avenues in the
future, both in finding answers to toxicity of PLA, enzymes as well as in

developing proteins with novel functions.
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Conclusion

In this present investigation, isoenzyme pattern of phospholipase A,
enzymes of Daboia russelli venom was studied. This study reveals the presence
of twelve basic, one neutral and six acidic PLA,s i.e., a total of 19 PLA,

enzymes in Russell’s viper venom of east India origin.

Three PLA, enzymes of different nature (i.e., one acidic, one neutral and
one basic in nature) were isolated and purified to homogeneity by combination
of ion exchange, gel filtration and RP-HPLC. RVVA-PLA;-I, RVVN-PLA;-]
and RVVB-PLA,-I has a molecular mass of 58.0 kDa (homodimer), 12.8 kDa
(monomer) and 6.7 kDa (monomer) respectively and were determined by SDS-
PAGE and ESI/MS analysis. The secondary structure of these three PLA,s
showed strong a-helical structure which is well consistent with secondary
structure of other snake venom PLA; enzymes. Further, heat inactivation study
as well as secondary structure of all these three PLA,s from RVV documented
that they are thermostable in nature like most of the earlier reported PLA;s of

snake venom.

The understanding of structure-function relationships in PLA; enzymes is
complicated, and contradictory results are presented to explain the anticoagulant
action of venom PLA, enzymes. However, this present study advocates that
anticoagulant activity of PLA,s is mainly attributed to the enzymatic hydrolysis
of pro-coagulant phospholipids and partly by binding to the phospholipids of
plasma by a non-enzymatic mechanism. Therefore, it may be concluded that
strong anticoagulant effect of the PLA, under study is contributed by both

enzymatic and non-enzymatic mechanisms.

RVVA-PLA;-I and RVVB-PLA,- I preferentially hydrolysed

phospholipids of erythrocytes membranes compared to liver mitochondrial
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membranes whereas in case of RVVN-PLA,-I this preference was reversed.
None of these PLAjs could hydrolyze HT-29 colon adenocarcinoma cell
membrane phospholipids within 4 hours of treatment suggesting a differential
mode of attack on membrane phospholipids by these three PLA»s purified from
Russell’s viper venom. These PLA,s show distinct preference for hydrolyzing
those phospholipid domain(s) of intact membranes which are specific towards

particular PLA;s.

The GC analysis of saturated/unsaturated fatty acids release pattern from
intact mitochondrial and erythrocytes membranes after the addition of RVVA-
PLA,-I and RVVB-PLA,-I suggested the existence of a significantly greater
number of RVVA-PLA,-I and RVVB-PLA,-I sensitive domains in erythrocyte
membrane as compared to mitochondrion membrane while RVVN-PLA,-I
sensitive domains exist more in mitochondrial membrane than the erythrocytes.
Further studies to identify the nature of these PLA, sensitive membrane domains

are in progress.

None of the PLA»s in the present study at tested dose showed lethality in
mice even after 48 hours injection suggesting that they are devoid of any lethal
effects in mice. Moreover, immunodiffusion test documented very week

immunogenic nature of RVVA-PLA;-I, RVVN-PLA;-I and RVVB-PLA,;-I.

In this study, four medicinal plants which have been used traditionally by
the local people of North-East India were screened for anti snake venom effect.
Methanol extract of leaves of 4. indica, C. sinensis and X. Strumarium and root
of A. marmelos has showed significant inhibitory activity against crude RVV
and also against the three purified phospholipase A; (PLA;) enzymes of Daboia
russelli venom. AIPLAI (4. indica PLA; inhibitor) purified from 4. indica leave
extract and also the other three plant extracts are highly promising source for the

development of novel anti-snake venom drug in future.

Conclusion Page 283



10.

11.

12.

13.

Thesis “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell’s vper (Daboa russelli) venom”

LIST OF REFERENCES

Serpentes. Integrated Taxonomic Information System (ITIS). Retrieved 3
December 2008.

Colubridae species list at the TIGR Reptile Database. Accessed 4
December 2008.

Durand, J.F. The origin of snakes. Geoscience Africa. Abstract Volume,
University of the Witwatersrand, Johannesburg, South Africa, pp. 187,
2004.

Kochva, E., The origin of snakes and evolution of the venom apparatus.
Toxicon 25, 65-106, 1987.

Heise P.J., Maxson L.R., Dowling H.G. & Hedges S.B. Higher-level snake
phylogeny inferred from mitochondrial DNA sequences of 12S rRNA
genes. Mol Biol Evol. 12, 259-65, 1995.

Fry, B.G. & Wuster, W. Assembling an arsenal: Origin and evolution of
the snake venom proteome inferred from phylogenetic analysis of toxin
sequences. Mol. Biol. Evol. 21, 870-883, 2004.

Whitaker, R. & Captain, A. Snakes of India- The field guide, Drako Books,
Chennai, 2008.

Shetty, A.K & Jirli, P.S. Incidence of Snake Bites in Belgaum. J Indian
Acad Forensic Med, 32(2), 139-141, 2011.

Stocker, K.F. In: Medical Use of Snake Venom proteins (K.F.Stocker,Ed)
pp. 97-160, CRC Press, Boca Raton, 1990.

Koh, D.CIL, Armugam, A. & Jeyaseelan, K. Snake venom components
and their applications in biomedicine. Cell. Mol. Life Sci. 63, 3030-3041,
2006.

Pinho, F.M. & Pereira, 1.D. Ofidismo. Rev Ass Med Brasil. 47, 24-29,
2001.

Gold, B.S., Dart, R.C. & Barish, R.A. Bites of venomous snakes. N Engl J
Med 47, 347-56, 2002.

Cruz, L.S,, Vargas, R. & Lopes, A.A. Snakebite envenomation and death
in the developing world. Ethnicity & Disease 19, 42-46, 20009.

L e N

References Page 284



14.

15.

16.

17.

18.

19.

20.
21.

22.

23.

24,

25.

Thesis “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell’s viper (Dabowa russelli) venom”

Mathew, J.L. & Gera, T. Ophitoxaemia (venomous snake bite). Available
at: http://www.priory.com/med/ophitoxaemia. htm, 2004.

David, A.W. Guidelines for the clinical management of snake-bites in the
south-east Asia region. World Health Organization, Regional Office for
South East Asia, New Delhi; p. 1-67, 2005,

Brunda, G. & Sashidhar, R.B. Epidemiological profile of snake-bite cases
from Andhra Pradesh using immunoanalytical approach. Indian J Med Res
125, 661-668, 2007.

Simpson, L.D. & Norris, R.L. The global snakebite crisis~a public health
issue misunderstood, not neglected. Wilderness Environ Med. 20, 43-56,
2009.

Reddy, K.S.N. Srakes. The Synopsis of forensic medicine and toxicology.

16" Edition, Hyderabad. K. Suganadevi, 2002,

Chippaux, J.P. Snake Bites: appraisal of the global situation. Bull WHO 76
(5): 515-524, 1998.

Warrell, D.A. Snake bite. Lancet 2, 77-88, 2010.

Kasturiratne, A., Wickremasinghe, A.R., de Silva, N., Gunawardena, N.K.,
Pathmeswar, A., Premaratne, R., Savioli, L., Lallo, D.G. & de Silva, H.J.
The global burden of snakebite: a literature analysis and modelling based
on regional estimates of envenoming and deaths. PLoS Med 5: €218, 1591-
1604, 2008.

Alirol, E., Sharma, SK., Bawaskar, H.S., Kuch, U. & Chappuis, F.
Snakebite in South Asia: A review. PLoSntds 4: €603, 1-9, 2010.

Patil, V.C, Patil, H.V., Patil, A. & Agrawal, V. Clinical profile and
outcome of envenomous snake-bite at tertiary care centre in western
Mabharashtra. Int. J. Med. Public health 1,28-38, 2011.

Whitaker, R. & Captain, A. Snakes of India -the Field Guide,
Chengalpattu, Draco Books, Channai, 2004.

Warrell D.A. Snake venoms in science and clinical medicine. 1. Russell’s
viper: biology, venom and treatment of bites. Trans R Soc Trop Med Hyg
83, 732-740, 1989.

Y T A S A T S S

References Page 285



Thesis “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell's viper (Dabowa russelli) venom”

26. Hati, A.K. Snakebite in West Bengal of India. The Snake 16, 129-130,
1984.

27. Mukherjee, AK., Ghosal, SK. & Maity, CR. Some biochemical
properties of Russell’s viper (Daboia russelli) venom from Eastern India:
correlation with clinical pathological manifestation in Russell’s viper bite.
Toxicon 38, 163-175, 2000.

28. Bhattacharyya, B., Pal, M.K. & Maity, C.R. Epidemiological study on
snake bite in the district of Burdwan. In: Third West Bengal State Science
Congress, February 28-March 1, Burdwan University, Burdwan, p. 23,
1996.

29. Ali, Z. Snake bite: a medical and public health problem in Pakistan. In:
Gopalakrishnakone P., Chou LM, eds. Snakes of medical importance (4Asia
Pacific region) Singapore National University Singapore. pp 447-461,
1990.

30. World Health Organization. Zoonotic disease control: baseline
epidemiological study of snake-bite treatment and management. Wkly
Epidemiol. Rec. 42,319-320, 1987.

31. de Silva, A. Snake bite in Anuradhapura District. The Snake 13, 117-130,
1981.

32. Fox, S., Rathuwithana, ‘A.C., Kasturiratne, A., Lalloo, D.G. & de Silva,
H.J. Underestimation of snakebite mortality by hospital statistics in the
Monaragala District. Trans R Soc Trop Med Hyg 100, 693-695, 2006.

33. Sarker, S.U, Sarker, N.J. & Patwary, S. Epidemiological survey of
snakebite incidences in Bangladesh. Dhaka University. J Biol Sci 8: 53-68,
1999.

34. Sharma, S.K., Khanal, B., Pokhrel, P., Khan, A. & Koirala, S. Snakebite-
reappraisal of the situation in eastern Nepal. Toxicon 41, 285-289, 2003.

35. Sharma, S.K., Chappuis, F., Jha, N., Bovier, P.A., Loutan, L., et al. Impact
of snake bites and determinants of fatal outcomes in Southeastern Nepal.
Am J Trop Med Hyg 71, 234-238, 2004.

e i e ]
e ]

References Page 286



Thesis “Studies on anticoagulant phosphiofipase A2 enzymes from Indian Russell’s viper (Daboa russelli) venom”

36. Sangsawang, C. Bureau of Epidemiology, Department of Disease Control.
Annual Epidemiological Surveillance Report. Ministry of Public Health;
Bangkok, Snake bite; pp. 141-143, 2007.

37. Ariaratnam, C.A., Sheriff, M.H., Theakston, R.D. & Warrell, D.A.
Distinctive epidemiologic and clinical features of common krait (Bungarus
caeruleus) bites in Sri Lanka. Am J Trop Med Hyg 79, 458-462, 2008.

38. Phillips, R.E., Theakston, R.D.G., Warrel, D.A., Galigedra, Y.,
Abeysekera, D.T.D.J.,, Dissanayaka, P., Hulton, R.A. & Aloysius, D.J.
Paralysis, rhabdomyolysis and hemolysis caused by bites of Russell's viper
(Vipera russelli pulchella) in Sri Lanka: failure of Indian (Haffkine)
antivenom. Q. J. Med. 68, 691-716, 1988.

39. Whitaker, R. Common Indian snakes: A Field Guide. Macmillan India
Ltd., 2006.

40. Whitaker, Z. Snakeman. Penguin Books Ltd., 1990.

41. Kochva, E. In Biology of the Reptilia Vol. 8 (eds Gans, C. & Gans, K. A.)
pp. 43-162, Academic Press, 1978.

42. Jackson, K. The evolution of venom-delivery systems in snakes. Zool. J
Linn Soc. 137, 337-354, 2003.

43, Kardong, K.V. Protovipers and the evolution of snake fangs. Evolution 33,
433-443, 1979,

44. Jackson, K. The evolution of venom-conducting fangs: insights from
developmental biology. Toxicon 49, 975-981, 2007.

45. Young, B. & Kardong, K. Dentitional surface features in snakes (Reptilia:
Serpentes). Amphibia-Reptilia 17, 261-276, 1996.

46. Vonk, F.)., Admiraal, J.F., Jackson, K., Ram Reshef, R., de Bakker,
M.A.G., Vanderschoot, K., Berge, 1. V.D., Atten, M. V., Burgerhout, E.,
Beck, A., Mirtschin, P.J., Kochva, E., Witte, F., Fry, B.G., Woods, A.E., &
Richardson, M.K. Evolutionary origin and development of snake fangs.
Narure 454, 630-633, 2008.

47. McDiarmid, R.W., Campbell, J.A. & Touré, T. Snake Species of the
World: A Taxonomic and Geographic Reference, vol. 1. Herpetologists'
League. Washington, D. C, 511 pp, 1999.

References— Pagesss



Thesis “Studies on anticoagulant phosphiofipase A2 engymes from Indian Russell's per (Daboa russelli) venom”

48. Mallow, D., Ludwig, D. & Nilson, G. True Vipers: Natural History and
Toxinology of Old World Vipers. Krieger Publishing Company. 359 pp.
ISBN 0-89464-877-2, 2003.

49. Aung-Khin, M. Histological and ultrastructural changes of the kidney in
renal failure after viper envenomation. Toxicon 16, 71-75, 1978.

50. Jayanthi, J.P. & Gowda, T.V. Geographical variation in India in the
composition and lethal potency of Russell's viper (Vipera russelliy venom.
Toxicon 26, 257-264, 1988.

51. Aye-Kyaw, San-Aye, Tin-Wan, Hla-Pe & Mya-Muang. Purification,
characterization and biological activities of phospholipase A from
Russell's viper (Vipera russelli) venom. Int. J. Biochem. 26, 719-84, 1994.

52. Thwin, M.M., Gopalakrishnakone, P., Yuen, R. & Tan, C.H. A major
lethal factor of the venom of Burmese Russell's viper (Daboia russelli
siamensis): isolation, N-terminal sequencing and biological activities of
daboiatoxin. Toxicon 33, 63-76, 1995,

53. Tsai, I.-H., Lu, P.-J. & Su, J.-C. Two types of Russell's viper revealed by
variation in phospholipase A, from the venom of the subspecies. Toxicon
34, 99-104, 1996.

54. Risch, M., Georgieva, D., von Bergen, M., Jehmlich. N., Genovc, N., Armni,
R.K. & Betzel, C. Snake venomics of the Siamese Russell's viper (Daboia
russelli siamensis) - Relation to pharmacological activities. Journal of
Proteomics 72, 256-2693 2009.

55. Antonypillai, CN., Wass, J.A, Warrell, D.A. & Rajaratnam, H.N.
Hypopituitarism following envenoming by Russell's vipers (Daboia
siamensis and D. russelii) resembling Sheehan's syndrome: first case
report from Sri Lanka, a review of the literature and recommendations for
endocrine management. Q J Med. 104, 97-108, 2011.

56. Kularatne, S.A. Epidemiology and clinical picture of the Russell's viper
(Daboia russelii russelii) bite in Anuradhapura, Sri Lanka: a prospective
study of 336 patients. Southeast Asian J Trop Med Public Health. 34, 855-
862, 2003.

References : Page 288



Thesis: “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell's viper (Dabowa russelli) venom”

57. Than-Than, Hulton, R.A., Myint-Lwin, Khin-EiHan, Soe-Soe, Tin-Nu-
Swe, Phillips, R.E. & Warrell, D. Haemostatic disturbances in patients
bitten by Russell's viper (Vipera russelli siamensis) in Burma. Br. J.
Hematol. 69, 513-520, 1988.

58. Kini, RM. & Gowda, T.V. Studies on snake venom enzymes. Part II-
Partial characterization of ATPase from Russell's viper (Vipera russelli)
venom and their interaction with potassium gymne-mate. Ind. J. Biochem.
Biophys. 19, 342-346, 1982.

59. Bjarnason, J.B. & Fox, J.W. Hemorrhagic toxins from snake venom. J.
Toxicol. Toxin Rev. 7, 121-209, 1988.

60. Sarkar, N.K. & Devi, A., 1968. In: Venomous animal and their venoms.
Vol. 1 Academic Press. New York.167, 1968.

61. Russell, F.E. Venoms. In: Snake Venom Poisoning. Lippincott JB and
Persol GM (Ed) Lippincott, Philadelphia, 139-234, 1980.

62. Tu, A.T. Haemorrhagic proteases from snake venom. In: Hemostasis and
Animal Venom, H. Pirkle and F.S. Markland Jr., (Eds.) pp 425-443. Marcel
Dekker, New York, 1988.

63. Phui Yee, J.S.,, Nanling, G., Afifiyan, F., Donghui, M., Lay, P.S,
Armugam, A. & Jeyaseelan, K. Snake postsynaptic neurotoxins: gene
structure, phylogeny and applications in research and therapy. Biochimie
86, 137-149, 2004.

64. Elliott, W.B. Chemistry and immunology of reptilian venoms, in Biology
of the Reptilia. Gans, C., ED., Academic press, New York, Vol. 8,163,
1978.

65. -Meier, J. M., Stocker, K. Effects of snake venoms on hemostasis. Crit. Rev.
Toxicol. 21, 171-182, 1991.

66. Ownby, C.L. Locally acting agents: myotoxins, hemorrhagic toxins and
dermonecrotic factors. In: Handbook of Toxin0 logy. Shier, W.T. and
Mebs, D., (Eds.), New York: Marcel-Dekker. pp. 602-654, 1990.

67. Bjarnason, J.B. & Fox, J.W. Hemorrhagic metalloproteinases from snake
venom. Pharmac. Ther. 62, 325-372, 1994,

References Page 289



68.

69.

70.

71.
72.

73.

74.

75.

76.

77.

78.

79.

80.

Thesis “Studies on anticoagulant phospfofipase A2 enzymes from Indian Russell’s viper (Daboa russelli) venom”

Gutiérrez, J.M., Romero, M., Nuiiez, J., Chaves, F., Borkow, G. & Ovadia,
M. Skeletal muscle necrosis and regeneration after injection of BaHl, a
hemorrhagic metalloproteinase isolated from the venom of the snake
Bothrops asper (terciopelo). Experimental and Molecular Pathology 62,
28-41, 1995.

Mion, G., Olive, F., Hernandez, E., Martin, Y.N., Vieillefosse, A.S. &
Goyffon, M. Action of venoms on blood coagulation: diagnosis of
hemorrhagic syndromes. Bull Soc Pathol Exot 95, 132-8, 2002.

Lewis, R.L. & Gutmann, L. Snake venoms and the neuromuscular
junction. Semin Neurol 24, 175-179,2004.

Markland, F.S. Snake venoms. Drugs Suppl 54, 31-40, 1997.

Braud, S., Bon, C. & Wisner, A. Snake venom proteins acting on
haemostasis. Biochimie 82, 9-10, 2000.

de Lima D.C., Abreu, P.A., de Freitas, C.C., Santos, D.O., Borges, R.O,,
Tereza Cristina dos Santos.C. , Cabral, L.M., Rodrigues, C.R. & Castro,
H.C. Snake Venom: Any Clue for Antibiotics and CAM? eCAM 2, 39-47,
2005.

Chippaux, J.P.,, Williams, V. & White, J. Snake venom variability:
methods of study, results and interpretation. Toxicon 29, 1279-1303, 1991.
Sasa, M. Diet and snake venom evolution: Can local selection alone
explain intraspecific venom variation? Toxicon 37, 249-252, 1999.

Mebs, D. Toxicity in animals. Trends in evolution? Toxicon 39, 87-96,
2001.

Daltry, J.C., Wuster, W. & Thorpe, R.S., 1996. Diet and snake venom
evolution. Nature 379, 537-540, 1996.

Kordis, D. & Gubensek, F. Adaptive evolution of animal toxin multigene
families. Gene 261, 43-52, 2000.

Mackessy, S.P. Venom ontogeny in the Pacific rattlesnakes Crotalus
viridis helleri and C. v. oreganus. Copeia, 92-101, 1988.

Mackessy, S.P., Williams, K. & Ashton, K.G. Ontogenetic variation in
venom composition and diet of Crotalus oreganos concolor: a case of

venom paedomorphosis? Copeia, 769-782, 2003.

References Page 290



Thests “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell’s wiper (Dabow russelli) venom”

81. Furtado, M., Travaglia-Cardoso, S.R. & Rocha, M.M. Sexual
dimorphism in venom of Bothrops jararaca (Serpentes: Viperidae).
Toxicon 48 (4), 401-410, 2006.

82. Stocker, K. Snake Venom Proteins Affecting Hemostasis and Fibrinolysis.
CRC Press, Boca Raton, 1990.

83. Mukherjee, A.K. & Maity, C.R. Composition of Naja naja venom samples
from three districts of West Bengal, eastern India. Comp. Biochem.
Physiol. 119 (A), 621-627, 1998.

84. Fry, B.G., Wuster, W., Kini, R.M., Brusic, V., Khan, A., Venkataraman,
D. & Rooney, A.P. Molecular evolution and phylogeny of snake venom
three-finger toxins. J Mol Evol 57,110-129 2003.

85. Fry, B.G., Wickramaratna, J.C., Jones, A., Alewood, P.F. & Hodgson,
W.C. Species and regional variations in the effectiveness of antivenom
against the in vitro neurotoxicity of death adder (4canthopis) venom.
Toxicol. Appl Pharmacol. 175, 140-148, 2001.

86. Prasad, B.N.,, Uma, B., Bhatt, K.S. & Gowda, T.V. Comparative
characterization of Russell’s viper (Daboia vipera russellii) venoms from
different regions of the Indian peninsula. Biochim. Biophys. Acta 1428 (2
and 3), 121-136, 1999.

87. dos Santos, J.I., Cintra-Francischinelli M., Borges, R.J., Fernandes,
C.A.H., Pizzo, P., Cintra, A.C.O,, Braz, A.S.K., Soares, A.M. & Fontes,
M.R.M. Structural, functional, and bioinformatics studies reveal a new
snake venom homologue phospholipase A, class. Proteins, 79, 61-78,
2010.

88. Lomonte, B. & Gutiérrez, J.M. Phospholipases A, from viperidae snake
venoms: How do They Induce Skeletal Muscle Damage? Acta Chim. Slov.
58, 647-659, 2011.

89. De, S.S. Physico-chemical studies on hemolysin. J. Ind. Chem. Soc. 21,
290, 1944.

90. Scott, D.L. Phospholipase A; structure and catalytic properties. In Venom
phospholipase A; enzymes: structure, function and mechanism, ed. R.M.

Kini, 97-128. Chichester, England: John Wiley & Sons, 1997.

References Page 291



Thests “Studies on antwcoagulant phiosphiofipase A2 ensymes from fndian Russell's viper (Dabota russell;) venom”
[ e e e e e e e e S S e e e ]

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

Doley, R., Zhou, X. & Kini, RM. Snake venom phospholipase A,
enzymes, In: Handbook of venoms and toxins of reptiles, CRC press,
Taylor and Francis group, pp 173-205, 2009.

Kini, R.M. Excitement ahead: structure, function and mechanism of snake
venom phospholipase A, enzymes. Toxicon 42, 827-840, 2003.

Kini, R.M. Phospholipase A,- a complex multifunctional protein puzzle. In
venom phospholipase A, enzymes. structure, function and mechanism
(Kini, R.M. ed.), pp. 1-28, John Wiley, Chichester, 1997.

Kini, R-M. & Evans, H.J. A model to explain the pharmacological effects
of snake venom phospholipase A». Toxicon 27, 613-635, 1989.

Soares, A.M., Mancin, A.C., Cecchini, A.L., Arantes, E.C., Franca, S.C.,
Gutierrez, JM. & Giglio, J.R. Effects of chemical modifications of
crotoxin B, the phospholipase A, subunit of crotoxin from Crotalus -
durissus terrificus snake venom, on its enzymatic and pharmacological
activities. Int. J Biochem. Cell Biol. 33, 877-888, 2001.

Murakami, M.T. & Ami, RK. A structure based model for liposome
disruption and the role of catalytic activity in myotoxic phospholipase Ass.
Toxicon 42, 903-913, 2003.

Mukherjee, A.K. Correlation between the phospholipids domains of the
target cell membrane and the extent of Naja kaouthia PLA;-induced
membrane damage: evidence of distinct catalytic and cytotoxic sites in
PLA; molecules. Biochem. Biophysics. Acta 1770, 187-195, 2007.
Gutierrez, JM. & Lomonte, B. Phospholipase A, myotoxins from
Bothrops snake venoms. Toxicon 33, 1405-1424, 1995.

Samy, R.P., Gopalakrishnakone, P., Vincent Cho, T.K. & Ho, B. Viper
metalloproteinase (4gkistrodon halys, pallas) with antimicrobial activity
against multi-drug resistant human pathogens. J. Cell. Physiol. 216, 54-68,
2008.

Kini, RM. & Chan, Y .M. Accelerated evolution and molecular surface of
venom phospholipase A, enzymes. Journal of molecular evolution 48, 125-
132, 1999.

e —————~,

References Page 292



Thests. “Studies on anticoagulant phosphiofipase A2 ensymes from Indian Russell's wper (Dabowa russell)) venom”

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Li, M., Fry, B.G. & Kini, RM. Putting the brakes on snake venom
evolution: The unique molecular evolutionary patterns of Aipysurus
eydouxii (marbled sea snake) phospholipase A, toxins. Mol. Biol. Evol. 22,
934-941, 2005.

Kasturi, S. & Gowda, T.V. Purification and characterization of a major
phospholipase A, from Russell’s viper (Vipera russelii) venom. Toxicon
27,229-237, 1989.

DuBourdieu, D.J., Kawaguchi, H. & Shier, W.T. Molecular weight
variations in the diversity of phospholipase A, forms in reptile venoms.
Toxicon 25, 333-343, 1987.

Gowda, V.T., Schmidt, J. & Middlebrook, J.L. Primary sequence
determination of the most basic myonecrotic phospholipase A; from the
venom of Vipera russelli. Toxicon 32, 665-73, 1994.

Prasad, B.N., Kemparaju, K., Bhatt, K.G.S. & Gowda, T.V. A platelet
aggregation inhibitor phospholipase a; from russell's viper (vipera russelli)
venom: Isolation and characterization. Toxicon 34, 1173-1185, 1996.
Chakrabarty, A.K., Hall, RH. & Ghose, A.C., 2002. Purification and
characterization of a potent hemolytic toxin with phospholipase A, activity
from the venom of Indian Russell’s viper. Mol Cell Biochem 237, 95-102,
2002.

Tsai, LH., Tsai, HY., Wang, Y.M. et al. Venom phospholipases of
Russell’s vipers from Myanmar and eastern India- cloning,
characterization and phylogeographic analysis. Biochim Biophys Acta
1774, 1020-1028, 2007.

Kini, R.M. Anticoagulant proteins from snake venoms: structure, function
and mechanism. Biochem. J. 397, 377-387, 2006.

Ouyang, C., Teng, CM., Chen, Y.C. & Lin, S.C. Purification and
characterization of the anticoagulant principle of Trimeresurus
mucrosquamatus venom. Biochim. Biophys. Acta 541, 394-407, 1978,
Schoni, RR. The use of snake venom-derived compounds for new
functional diagnostic kits in the field of haemostasis. Pathophysiol
Haemost Thromb 34, 234-240, 2005.

References Page 293



Thests “Studies on anticoagulant phospholipase A2 engymes from Indian Russell's viper (Daboa russelli) venom”

111.

112.

113.

114.

115.

116.

117.

118.

119.

Balsinde, J.M., Balboa, M.A,, Insel, P.A. & Dennis, E.A. Regulation and
inhibition of phospholipase A, Annu. Rev. Pharmacol. Toxicol. 39, 175-
189, 1999.

Schaloske, R.H. & Dennis, E.A. The phospholipase A; superfamily and its
group numbering system. Biochim. Biophys. Acta 1761, 1246-1259, 2006.
Fuentes, L., Hernandez, M., Nieto, M.L. & Sanchez, C.M. Biological
effects of group IIA secreted phospholipase A, FEBS Letter 531, 7-11,
2002.

Six, D.A. & Dennis, E.A. The expanding superfamily of phospholipase A
(2) enzymes: classification and characterization. Biochim Biophys Acta
1488, 1-19, 2000.

Fohlman, J., Lind, P. & Eaker, D. Taipoxin, an extremely potent
presynaptic snake venom neurotoxin. Elucidation of the primary structure
of the acidic carbohydrate-containing taipoxin-subunit, a phospholipase
homolog. FEBS Lerter 84, 367-371, 1977.

Pearson, J.A., Tyler, M.I,, Retson, K.V. & Howden, M.E. Studies on the
subunit structure of textilotoxin, a potent presynaptic neurotoxin from the
venom of the Australian common brown snake (Pseudonaja textilis) 3. The
complete amino-acid sequences of all the subunits. Biochem. Biophys. Acta
1161, 223-229, 1993.

Francis, B., Coffield, J.A., Simpson, L.L. & Kaiser, I. Amino acid
sequence of a new type of toxic phospholipase A, from the venom of
Australian tiger snake (Notechis scutatus scutatus). Arch. Biochem.
Biophys. 318, 481-488, 1995.

Huang, M.Z., Gopalakrishnakone, P., Chung, M.C. & Kini, RM.
Complete amino acid sequence of an acidic, cardiotoxic phospholipase A,
from the venom of Ophiophagus Hannah (king cobra): A novel cobra
venom enzyme with “pancreatic loop”. Arch. Biochem. Biophys. 338, 150-
156, 1997.

Francis, B.R., da Silva Jr., N.J., Seebart, C., Silva, L.L.C., Schmidt, J.J. &

Kaiser, I.I. Toxins isolated from the venom of the Brazilian coral snake

e — e

References Page 294



Thests “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell’s wiper (Dabow russel) venom”

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

(Micrurus frontalis frontalis) include hemorrhagic type phospholipase A
and postsynaptic neurotoxins. Toxicon 35, 1193-1203, 1997.

Boffa, M.C. & Boffa, G.A. A phospholipase A, with anticoagulant
activity. II. Inhibition of the phospholipid activity in coagulation. Biochim.
Biophys. Acta 429, 839-852, 1976.

Boffa, M.C., Rothen, C., Verheij, H.M., Verger, R. & deHaas, G.H.
Correlation of enzymatic activity and anticoagulant properties of
phospholipase A,, In: Eaker, D., Walstrom, T. (Eds.), Natural Toxins.
Pergamon Press, Oxford. pp. 131-138, 1980.

Verheij, HM., Boffa, M.C., Rothen, C., Bryckaert, M.C., Verger, R. & De
Haas, G.H. Correlation of enzymatic activity and anticoagulant properties
of phospholipase A, Eur. .J. Biochem. 112, 25-32, 1980a.

Kini, R.M. Structure-function relationships and mechanism of
anticoagulant phospholipase A, enzymes from snake venoms. Toxicon 45,
1147-1161, 2005.

Scott, D.L., White, S.P., Browning, J.L., Rosa, J.J., Gelb, M.H. & Sigler,
P.B. Structures of free and inhibited human secretory phospholipase A,
from inflammatory exudate. Science 254, 1007-2019, 1991,

Banumathi, S.K., Rajashankar, R., Notzel, C., Aleksiev, B., Singh, T.P.,
Genov, N. & Betzel, C. Structure of the neurotoxic complex vipoxin at
14.1 A resolution. Acta Crystallogra. D Biol. Crystallogra. 57, 1552-1559,
2001.

Heinrikson, R.L., Krueger, E.T. & Keim, P.S. Amino acid sequence of
phospholipase A,-alpha from the venom of Crotalus adamanteus. A new
classification of phospholipase A, based upon structural determinants. ./
Biol. Chem. 252, 4913-4921, 1977.

Kraulis, P.J. MOLSCRIPT: a program to produce both detailed and
schematic plots of protein structures. J Appl. Cryst. 24, 946-950, 1991.
Dennis, E.A. Phospholipases. The Enzymes, ed. P. Boyer, 307-353. New
York: Academic Press, 1983.

Winget, J.M., Pan, Y.H. & Bahnson, B.J. The interfacial binding surface of
phospholipase Ass. Biochim. Biophys. Acta 1761, 1260-1269, 2006.

References , Page 295



Thesis “Studies on antwcoagulant plosphofipase A2 enzymes from Indian Russell's wiper (Daboia russelli) venom”

130. Kang, T.S., Georgieva, D., Genov, N., Murakami, M.T., Sinha, M.,
Kumar, R.P., Kaur, P., Kumar, S., Dey, S., Sharma, S., Vrielink, A,
Betzel, C., Takeda, S., Ami, RX., Singh, T.P. & Kini, RM. Enzymatic
toxins from snake venom: structural characterization and mechanism of
catalysis. FEBS J. 278, 4544-4576, 2011.

131. Yang, C.C. & King, K. Chemical modification of the histidine residue in
basic phospholipase A, from the venom of Naja nigricollis. Biochim.
Biophys. Acta 614, 373-388, 1980.

132. Verheij, HM., Volwerk, J.J., Jansen, EH., Puyk, W.C,, Dijkstra, B.,
Drenth, J. & de Haas, G.H. Methylation of histidine-48 in pancreatic
phospholipase A,. Role of histidine and calcium ion in the catalytic
mechanism. Biochemistry 19, 743-750, 1980b.

133. Edwards, S.H., Thompson, D., Baker, S.F., Wood, S.P. & Wilton, D.C.
The crystal structure of the H48Q active site mutant of human group IIA
secreted PLA; at 1.5 A resolution provides an insight into the catalytic
mechanism. Biochemistry 41, 15468-15476, 2002,

134. Rogers, J., Yu, B.Z., Serves, S.V., Tsivgoulis, G.M., Sotiropoulos, D.N,,
Ioannou, P.V. & Jain, M.K. Kinetic basis for the substrate specificity
during hydrolysis of phospholipids by secreted phospholipase As.
Biochemistry 35, 9375-9384, 1996.

135. Murakami, M.T., Gabdoulkhakov, A., Genov, N., Cintra, A.C., Betzel, C.
& Armi, R.K. Insight into the metal ion binding in phospholipases A;: Ultra
high-resolution crystal structures of an acidic phospholipase A, in the Ca”™*
free and bound states. Biochimie 88, 543-549, 2006.

136. Stefansson, S., Kini, RM. & Evans, H.J. The inhibition of clotting
complexes of the extrinsic coagulation cascade by the phospholipase A;
isoenzymes from Naja nigricollis venom. Thromb Res. 55, 481-491, 1989.

137. Fletcher, J.E., Yang, C.C. & Rosenberg, P. Basic phospholipase A, from
Naja nigricollis snake venom: Phospholipid hydrolysis and effects on
electrical and contractile activity of the rat heart. Toxicol Appl.

Pharmacol 66, 39-54, 1982,

References Page 296



Thesis “Studies on anticoagulant phosphofipase A2 ensymes from Indian Russell's viper (Dabows russelli) venom”
T P T B ST

138.

139.

140.

141.

142.

143.

144,

145.

Jiang, M..S., Fletcher, J.E. & Smith, L.A. Effects of divalent cations on
snake venom cardiotoxins-induced hemolysis and 3H-deoxyglucose-6-
phosphate release from human red blood cells. Toxicon 27, 1297-1305,
1989.

Condrea, E., Mammon, Z., Aloof, S. & Devries, A. Susceptibility of
erythrocytes of various animal species to the haemolytic and phospholipid
splitting action of snake venom. Biochim. Biophys. Acta 84, 365-375,
1964.

Doley, R. King, G.F. & Mukherjee, A.K. Differential hydrolysis of
erythrocyte and mitochondrial membrane phospholipids by two
phospholipase A, isoenzymes (NK-PLA,-I and NK-PLA,-II} from the
venom of the Indian monocled cobra Naja kaouthia. Archives of
Biochemistry and Biophysics 425, 1-13, 2004.

Stefansson, S., Kini, R M. & Evans, H.J. The basic phospholipase A, from
Naja nigricollis venom inhibits the prothrombinase complex by a novel
nonenzymatic mechanism. Biochemistry 29, 7742-7746, 1990.

Kini, RM. & Evans, H.J. The role of enzymatic activity in inhibition of
the extrinsic tenase complex by phospholipase A, isoenzymes from Naja
nigricollis venom. Toxicon 33, 1585-1590, 1995.

Kerns, R.T., Kini, R.M., Stefansson, S. & Evans, H.J. Targeting of venom
phospholipases: The strongly anticoagulant phospholipase A, from Naja
nigricollis venom binds to coagulation factor Xa to inhibit the
prothrombinase complex. Arch. Biochem. Biophys. 369, 107-113, 1999.
Rosenberg, P. The relationship between enzymatic activity and
pharmacological properties of phospholipases. In Natural toxins, ed J.B.
Harris, 129-174, Oxford: Oxford University Press, 1986.

Dhillon, D.S., Condrea, E., Maraganore, J.M., Heinrikson, R.L., Benjamin,
S. & Rosenberg, P. Comparison of enzymatic and pharmacological
activities of lysine-49 and aspertate-49 phospholipase A, from Akisrrodon
piscivotus piscivorus snake venom. Biochem. Pharmacol. 36, 1723-1730,
1987.

o N N S R RN SN

References @Page 297



Thests “Studies on anticoagulant phosphiofipase A2 ensymes from Indian Russell’s per (Dabow russelli) venom”

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

Strong, P.N., Goerke, J., Oberg, S.G. & Kelly, R.B. beta-Bungarotoxin, a
pre-synaptic toxin with enzymatic activity. Proc. Natl. Acad. Sci. USA 73,
178-182, 1976.

Yang, C.C. Chemistry and biochemistry of snake venom neurotoxins.
Toxicon 17 (Suppl. 1), 261-292, 1978.

Fraenkel-Conrat, H. Snake venom neurotoxins related to phospholipase
A,. J. Toxicol. Toxin Rev. 1,205-221, 1982-83.

Vishwanath, B.S., Kini, RM. & Gowda, T.V. Purification of an edema
inducing phospholipase A, from Vipera russelli venom and its interaction
with aristolochic acid. Toxicon 23, 617, 1985.

Yang, C.C., King, K. & Sun, T.P. Carbamylation with cyanate of basic
phospholipase A, from the venom of Naja nigricollis (Spitting cobra).
Toxicon 19, 783-795, 1981.

Babu, A.S. & Gowda, T.V. Dissociation of enzymatic activity from toxic
properties of the most basic phospholipase A, from Vipera russelli snake
venom by guanidination of lysine residues. Toxicon 32, 749-752, 1994.
Stiles, B.G. & Choument, V. Antibody studies with venom
phospholipases. In Venom phospholipase A; enzymes: Structure, function
and mechanism, ed. R M. Kini, 223-244. Chichester, England: John Wiley
& Sons, 1997.

Gowda, T.V. Interaction of snake venom phospholipase A, with plant
isolates: In Venom phospholipase A; enzymes: Structure, function and
mechanism, ed. R.M. Kini, 2050221. Chichester, England: John Wiley &
Sons, 1997.

Kini, R-M. & Evans, H.J. Effect of phospholipase A, enzymes on platelet
aggregation, In Venom phospholipase A; enzymes: Structure, function and
mechanism, ed. R M. Kini, 367-378. Chichester, England: John Wiley &
Sons, 1997.

Kini, RM. & Evans, H.J. Structure-function relationships of
phospholipases. The anticoagulant region of phospholipase A,. J Biol
Chem. 262, 14402-14407, 1987.

References Page 298



Thesis. “Studies on anticoagulant phosphofipase A2 ensymes from Indian Russell's viper (Dabota russelly) venom”

156.

157.

158.

159.

160.

161.

163.

164.

Inada, M., Crowl, RM., Bekkers, A.C., Verheij, H. & Weiss, J.
Determinants of the inhibitory action of purified 14 kDa phospholipase A,
on cell-free prothrombinase complex. J. Biol. Chem. 269, 26338-26343,
1994.

Mounier, C.M., Luchetta, P., Lecut, C., Koduri, R.S., Faure, G., Lambeau,
G., Valentin, A., Singer, A., Ghomashchi, F., Beguin, S., Gelb, M.H. &
Bon, C. Basic residues of human group IIA phospholipase A. are
important for binding to factor Xa and prothrombinase inhibition
comparison with other mammalian secreted phospholipase A,. Eur. J.
Biochem. 267, 4960-4969, 2000.

Braganca, B.M. & Sambray, Y.M. Multiple forms of cobra venom
phospholipase A. Nature 216, 1210-1211, 1967.

Vishwanath, B.S., Kini, RM. & Gowda, T.V. Characterization of three

edema-inducing phospholipase A, enzymes from habu (Trimeresurus

flavoviridis) venom and their interaction with the alkaloid aristolochic

acid. Toxicon 25, 501-515, 1987.

Vishwanath, B.S., Kini, RM. & Gowda, T.V. Purification and partial
biochemical characterization of an edema-inducing phospholipase A, from
Vipera russelli (Russell’s viper) snake venom. Toxicon 26, 713-720, 1988.
Takasaki, C., Yutani, F. & Kajiyashiki, T. Amino acid sequence of eight
phospholipase A, from the venom of Australian king brown snake,
Pseudechis australis. Toxicon 28, 329-339, 1990.

. Singh, S.B., Armugam, A., Kini, R.M. & Jeyaseelan, K. Phospholipase A,

with platelet aggregation inhibitor activity from Austrelaps superbus
venom: Protein purification and ¢cDNA cloning. Arch. Biochem. Biophys.
375. 289-303, 2000.

Evans, H.J., Franson, R., Qureshi, G.D. & Moo-Penn, W.F. Isolation of
anticoagulant proteins from cobra venom (Naja nigricollis). 1dentify with
phospholipase A,. J. Biol. Chem. 255, 3793-3797, 1980.

Kini, R.M., Kawabata, S.I. & Iwanaga, S. Comparison of amino terminal
region of three isoenzymes of phospholipase A» (TFV PL-a, TFV PL-b,

TFV PL-X) from Trimeresurus flavoviridis (habu snake) venom and the

References Page 299



Thesis. “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell's viper (Dabowa russelli) venom”
]

complete amino acid sequence of the basic phospholipase, TFV PL-X.
Toxicon 24, 1117-1129, 1986.

165. Gao, R., Kini, RM., Li, G., Luo. R., Selvanayagam, Z.E. &
Gopalakrishnakone, P. Purification and properties of three new
phospholipase A, isoenzymes from Micropechis ikaheka venom. Biochim.
Biophys. Acta 1545, 30-40, 2001.

166. Condrea, E., Barzilay, M. & Mager, J. Role of cobra venom direct lytic
factor and Ca®" in promoting the activity of snake venom phospholipase A.
Biochim. Biophys. Acta 210, 65-73, 1970.

167. Jeyaseelan, K., Armugam, A., Donghui, M & Tan, N.H. Structure and
phylogeny of the venom group I phospholipase A. gene. Mol. Biol. Evol.
17, 1010-1021, 2000.

168. Fujimi, T.J., Kariya, Y., Tsuchiya, T. & Tamiya, T. Nucleotide sequence
of phospholipase A, gene expressed in snake pancreas reveals the
molecular evolution of toxic phospholipase A> genes. Gene 292, 225-231,
2002a.

169. Fujimi, T.J., Tsuchiya, T. & Tamiya, T. A comparative analysis of invaded
sequences from group IA phospholipase A, genes provides evidences
about the divergence period of genes groups and snake venom families.
Toxicon 40, 873-884, 2002b.

170. Armugam, A., Gong, N., Li, X., Siew, P.Y., Chai, S.C., Nair, R., &
Jeyaseelan, K. Group IB phospholipase A, from Pseudonaja textilis. Arch.
Biochem. Biophys 421, 10-20, 2004.

171. Davidson, F.F. & Dennis, E.A. Evolutionary relationship and implications
for the regulation of phospholipase A, from snake venom to human
secreted forms. J. Mol. Evol. 31, 228-238, 1990.

172. Kordis, D. & Gubensek, F. Ammodytoxin C gene helps to elucidate the
irregular structure of Crotalinae group II phospholipase A, genes. Eur. J.
Biochem. 240, 83-90, 1996.

173. Nakashima, K., Ogawa,T., Oda, N., Hattori, M., Sakaki, Y., Kihara, H. &

Ohno, M. Accelerated evolution of Trimeresurus flavoviridis venom gland

References Page 300



Thests. “Studies on antwcoagulant phospholipase A2 ensymes from Indian Russell’s viper (Dabota russelli) venom”

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

phospholipase A, isoenzymes. Proc. Natl. Acad. Sci. USA 90, 5964-5968,
1993,

Lynch, V.J. Inventing an arsenal: Adaptive evolution and
neofunctionalization of snake venom phospholipase A, genes. BMC Evol.
Biol. 7,2, 2007.

Ohno, M., Chijiwa, T., Oda-Ueda, N., Ogawa, T. & Hattori, S. Molecular
evolution of myotoxic phospholipases A» from snake venom. Toxicon 42,
841-854, 2003.

Mukherjee, A.K. Ph.D. Thesis, Burdwan University, India, 1998.

Calvete, J.J., Sanz, L., Angulo, Y., Lomonte, B. & Gutiérrez, J.M.
Venoms, venomics, antivenomics. FEBS Letters 583, 1736-1743, 2009.
Vonk, F.J., Jackson, K., Doley, R., Madaras, F., Mirtschin, P.J. & Vidal,
N. Snake venom: From fieldwork to the clinic: Recent insights into snake
biology, together with new technology allowing high-throughput screening
of venom, bring new hope for drug discovery. Bioessays 33, 269-279,
2011.

Doley, R. & Mukherjee, A.K. Purification and characterization of an
anticoagulant phospholipase A, from Indian monocled cobra (Nagja
kaouthia) venom. Toxicon 41, 81-91, 2003,

Hider, R.C., Karlsson, E. & Namiranian, S. Separation and purification of
toxins from snake venoms, in: A.L. Harvey (Ed.), Snake Toxins, Pergamon
Press, NewYork, pp. 1-34, 1991.

Zeller, E.A. Enzymes of snake venoms and their biological significance.
Adv Enzymol 8, 459-495, 1948.

Hjort, P.E. Intermediate reactions in the coagulation of blood with tissue
thromboplastin, convertin, accelerin, prothrombinase. Scand. J. Clin. Lab.
Invest. 27, 1-183, 1954,

Schiffman, S., Theodor, I. & Rapaport, S.I. Separation from Russell’s
viper venom of one fraction reacting with factor X and another reacting
with factor V. Biochemistry 8, 1397-1405, 1969.

Esmon, C.T. & Jackson, C.M. The factor V activating enzyme of Russell’s
viper venom. Thromb. Res. 2, 509-524, 1973.

S ————
References Page 301



Thests. “Studies on anticoagulant pliospholipase A2 enzymes from I ndan Russell’s viper ((Dabowa russelly) venom '
[ mm——————————r e e

185. Smith, C.M. & Hanahan, D.J. The activation of factor V by factor Xa or
alpha- chymotrypsin and composition with thrombin and RVV-V action.
An improved factor V isolation procedure. Biochemistry 53, 830-838,
1976.

186. Fujikawa, K., Legaz, M.E. & Davie, E.W. Bovine factor X1 (stuart factor).
Mechanism of activation by a protein from Russell’s viper. Biochemistry
11, 4892-4899, 1972.

187. Lindquist, P.A., Fujikawa, K. & Davie, E.W. Activation of bovine factor
IX (Christmas factor) by factor XI (activated plasma thromboplastin
antecedent) and a protease from Russell’s viper venom. J. Biol. Chem. 253,
1902-1909. 1978.

188. Kisiel, W., Hermodson, M.A. & Davie, E.W. Factor X activating enzyme
from Russell’s viper venom: [solation and characterization. Biochemistry
15, 4901-4906, 1976.

189. Chakrabarty, D., Bhattacharyya, D., Sarkar, H.S. & Lahir, S.C.
Purification and partial characterization of a haemorrhagin (VRH-1) from
Vipera russelii russelii venom. Toxicon 31, 1601-1614, 1993.

190. Takahashi, H., Iwanaga, S., Kitagawa, T., Hokama, Y. & Suzuki, T. Novel
proteinase inhibitors in snake venoms: Distribution. isolation and amino
acid sequence, in: H. Fritz, H. Tscheshe, L.J. Greene, E. Trusheit (Eds.),
Proteinase Inhibitors, Springer, Berlin Heidelberg New York, p. 265,
1974.

191. Uma, B. & Gowda, T.V. Molecular mechanism of lung hemorrhage
induction by VRV-PL-VIIla from Russell’s viper (Vipera russelii) venom.
Toxicon 38, 1129-1147. 2000.

192. Vishwanath, B.S. Interaction of plant isolates with snake venom
phospholipases. Thesis submitted to the University of Mysore, 1986.

193. Jayanthi, G.P. & Gowda, T.V. Synergistic interaction of a protease and
protease inhibitors from Russell's viper (Vipera russelii)y venom. Toxicon
28, 65-75, 1990.

194. Guillemin, 1., Bouchier, C., Garrigues, T., Wisner, A. & Choumet, V.

Sequences and structural organization of phospholipase A, genes from

References Page 302



Thess. “Studies on anticoagulant phosphofipase A2 enzymes from Indian Russell's viper (Dabowa russelli) venom”

Vipera aspis aspis, V. aspis zinnikeri and Vipera berus berus venom:
Identification of the origin of a new viper population based on ammodytin
I1 heterogeneity. Eur. J. Biochem. 270, 2697-2706, 2003.

195. Fujisawa, D., Yamazaki, Y., Lomonte, B. & Morita, T. Catalytically
inactive phospholipase A, homologue binds to vascular endothelial growth
factor receptor-2 via a C-terminal loop region. Biochem. J. 411, 515-522,
2008.

196. Funk, C.D. Prostaglandins and leukotrienes: advances in eicosanoid
biology. Science 294, 1871-1875, 2001.

197. Rivera R. & Chun, J. Biological effects of lysophospholipids. Rev. Physiol.
Biochem. Pharmacol 160, 25-46, 2008. )

198. Furukawa, Y., Matsunaya, Y. & Hayashi, K. Purification and
characterization of a coagulant protein from the venom of Russell's viper.
Biochem. Biophys. Acta 453, 48-61, 1976.

199. Faure, G. Natural inhibitors of toxic phospholipases A(2). Biochimie 82,
833-840, 2000.

200. Montecucco, C., Gutiérrez, JM. & Lomonte, B. Cellular pathology
induced by snake venom phospholipase A; myotoxins and neurotoxins:
common aspects of their mechanisms of action. Cell. Mol Life Sci. 65,
2897-2912, 2008.

201. Dennis, E.A., Rhee, S.G., Billah, M.M. & Hannun, Y.A. Role of
phospholiopase in generating lipid second messengers in signal
transduction. FASEB J. 5, 2068-2077, 1991,

202. Kumar, J.R., Basavarajappa, B.S., Arancio, O., Aranha, I., Gangadhara,
N.S. Yajurvedi HN. & Gowda, T.V. Isolation and characterization of
“*Reprotoxin’’, a novel protein complex from Daboia russelii snake
venom, Biochimie 90, 1545-1559, 2008.

203. Condrea, E., Yang, C.C. & Rosenberg, P. Comparison of a relatively toxic
phospholipase A, from Naja nigricollis snake venom with that of a
relatively non-toxic phospholipase A, from Hemachatus haemachatus
snake venom-I: enzymatic activity on free and membrane bound

substrates. Biochem. Pharmacol. 29, 1555-1563, 1980.

References Page 303



Thests “Studies on anticoagulant phosphofipase A2 ensymes from Indian Russell's vper (Dabowa russelli) venom”

204. Sharp, J.D., White, D.L., Chiou, X.G., Goodson, T., Gamboa, G.C.,
McClure, D., Burgett, S., Hoskins, J., Skatrud, P.L., Sportsman, JR.,
Becker, G.W., Kang, L.H., Roberts, E.F. & Kramer, R.M. Molecular
cloning and expression of human Ca® -sensitive cytosolic phospholipase
As. J. Biol. Chem. 266, 14850-14853, 1991.

205. Mukherjee, A.K. Kalita, P., Unni, B.G., Wann, S.B., Saikia, D.,
Mukhopadhyay, P.K. Fatty acid composition of four potential aquatic
weeds and their possible use as fish-feed neutraceuticals. Food Chemistry
123, 1252-1254, 2010.

206. Shukla, S.D. & Hanahan, D.J. Identification of domains of
phosphatidylcholine in human erythrocyte plasma membranes. J. Biol.
Chem. 257, 2908-2911, 1982.

207. Mukherjee, A.K., Ghosal, SK. & Maity C.R. Effect of oral
supplementation of vitamin E on the hemolysis and erythrocyte
phospholipid splitting action of cobra and viper venoms. Toxicon 36, 657-
664, 1998.

208. Mukherjee, A.K., Ghosal, S.K. & Maity, C.R. Lysosomal membrane
stabilization by a-tocopherol against the damaging action of Vipera
russelli venom phospholipase A». Cell. Mol. Life Sci. 53, 152-155, 1997.

209. Sahu, J.K.. Majumdar, G. & Maity, C.R. Prospective study of some
enzymes in different parts of the rat's brain following envenomation. The
Snake 23, 65-70, 1991.

210. Dowben R. Lysosomes and protein regulation in eukaryotic cells. In: Cell
Biology. pp. 309-311, Harper & Row, New York, 1971.

211. Sawani P.L., Desai I.D. & Tappel A.L. Digestive capacity of purified
lysosomes. Biochim. Biophys. Acta 85, 93-102, 1964.

212. Samy, R.P., Gopalakrishnakone, P., Bow, H., Puspharaj, P.N. & Chow,
V.T.K. Identification and characterization of a phospholipase A, from the
venom of the Saw-scaled viper: Novel bactericidal and membrane
damaging activities. Biochimie 92, 1854-1866, 2010.

213. Soares. A.M., Guerra-Sa, R.C., Borja-Oliveira, Rodrigues, V.M.,
Rodrigues- Simioni, L., Rodrigues, V., Fontes, M.R.M., Gutierrez, JIM. &

References  Pageios



Thesss  ‘Studies on anticoagulant pllospholipase A2 ensymes from Indian Russell’s viper (Dabota russellt) venom”

Giglio, J.R. Structural and functional characterization of BnSP-7, a
myotoxin Lys49 phospholipase A, homologue, from Bothrops neuwiedi
pauloensis venom. Arch. Biochem. Biophys. 378, 201-209, 2000.

214. Kini, R.M. & Banerjee, Y. Dissection approach: a simple strategy for
identification of the step of action of anticoagulant agents in the blood
coagulation cascade. J. Thromb. Haemostas. 3, 170-171, 2005.

215. Macfarlane, R.G. The coagulant action of Russell’s viper venom; the use
of antivenom in defining its reaction with a serum factor. Brit. J. Haemat.
7,496-511, 1961.

216. Saikia, D., Thakur, R., Mukherjee, A K., 2011. An acidic phospholipase
As (RVVA-PLA,-I) purified from Daboia russelli venom exerts its
anticoagulant activity by enzymatic hydrolysis of plasma phospholipids
and by non-enzymatic inhibition of factor Xa in a phospholipids/Ca™
independent manner. Toxicon 57, 841-850.

217. Kini, RM. & Evans, HJ. A common cytolytic region in myotoxins,
hemolysins, cardiotoxins and antibacterial peptides. Int. J Pept. Protein
Res. 34, 277-286, 1989a.

218. Huang, M.Z., Gopalakrishnakone, P. & Kini, R.M. Role of enzymatic
activity in the antiplatelet effects of a phospholipase A, from Ophiophagus
hannah snake venom. Life Sci, 61, 2211-2217, 1997.

219. Bradford, J.R. & Westhead, D.R. Improved prediction of protein-protein
binding sites using a support vector machines approach. Bioinformatics 21,
1487-1494, 2005.

220. Faure, G., Gowda, T.V. & Maroun, R.C. Characterization of a human
coagulation factor Xa-binding site on Viperidae snake venom
phospholipases A, by affinity binding studies and molecular
bioinformatics. BMC structural biology 82, 1-19, 2007.

221. Tu A.T. Reptile venoms and toxins. New York: M. Dekker, 1991.

222. Valentin, E. & Lambeau, G. What can venom phospholipases A(;) tell us
about the functional diversity of mammalian secreted phospholipases
A(2)? Biochemistry 82, 815-831, 2000.

m
References Page 305




Thesis: “Studies on anticoagulant phosphofipase A2 enzymes from Indian Russell’s viper (Daboia russelli) venom”

223, Evans, H.J. & Kini, RM. Anticoagulant effects of phospholipases. In:
Kini, R.M. (Ed.)., Venom Phospholipase A Enzymes: Structure, Function
and Mechanism. Wiley, Chichester, pp. 353-368, 1997.

224. Condrea. E. Fletcher, J.E., Rapuano, B.E., Yang, C.C. & Rosenberg, P.
Effect of modification of one histidine residue on the enzymatic and
pharmacological properties of a toxic phospholipase A, from Ngja
nigricollis snake venom and less toxic phospholipases A, from
Hemachatus haemachatus and Naja naja arra snake venoms. Toxicon 19,
61-71, 1981a.

225. Condrea, E. J.E., Rapuano, Fletcher, J.E., Yang, C.C. & Rosenberg, P.
Ethoxyformylation and guanidination of snake venom phospholipases As:
Effects on enzymatic activity, lethality and some pharmacological
properties. Toxicon 21, 209-218, 1983b.

226. Rosenberg, P., Condrea, E., Rapuano, B.E., Soons, K.R. & Yang, C.-C.
Dissociation of pharmacological and enzymatic activities of snake venom
phospholipases A» by modification of carboxylate groups. Biochem.
Pharm. 32, 3525-3530, 1983.

. Jayanthi, G.P., Kasturi, S. & Gowda, T.V. Dissociation of catalytic activity

(35
[\
~J

and neurotoxicity of a basic phospholipase A- from Russell’s viper (Vipera
russelii) venom. Toxicon 27, 875-885, 1989.

228. Maity, G., Mandal, S., Chatterjee, A. & Bhattacharyya, D. Purification and
characterization of a low molecular weight multifunctional cytotoxic
phospholipase A» from Russell’s viper venom. Journal of
Chromatography B 845, 232-243, 2007.

229. Bruses, J.L., Capaso, J. Katz, E. & Pilar, G. Specific in vitro biological
activity of snake venom myotoxins. Neurochem. J. 60, 1030-1042, 1993.

230. Russell, F.E., Sullivan, J.B., Egan, N.B., Jeter, W.S., Mark land, F.S,,
Wingert, W.A. & Bar-or, D. Preparation of a new antivenom by affinity
chromatography. Am. J. Trop. Med. Hyg. 34, 141-150, 1985.

231. Ariaratnam, C.A., Sjostrom, L., Raziek, Z., Kularatne, S.A., Arachchi,
R.W., Sheriff, M.H., Theakston, R.D. & Warrell, D.A. An open,

randomized comparative trial of two antivenoms for the treatment of

References Page 306



Thests. “Studies on anticoagulant phospholipase A2 ensymes from Indian Russell’s viper (Dabowa russelli) venom”

envenoming by Sri Lankan Russell's viper (Daboia Russelli Russelli).
TransR Soc Trop Med Hyg 95, 74-80, 2001.

232. Gillissen, A., David, R., Theakston, G., Barth, J., May, B., Krieg, M. &
Warrell, D.A. Neurotoxicity, haemostatic disturbances and haemolytic
anaemia after a bite by a Tunisian saw-scaled or carpet viper (Echis
‘pyramidum’-complex): failure of antivenom treatment. Toxicon 32, 937-
944, 1994.

233. Shashidharamurthy, R. & Kemparaju, K. Region-specific neutralization of
Indian cobra (Naja naja) venom by polyclonal antibody raised against the
eastern regional venom: a comparative study of the venoms from three
different geographical distributions. Int. Immunopharmacol. 7, 61-69,
2007.

234. Otero, R., Fonnegra, R., Jimenez, S.L., Nunez, V., Evans, N., Alzate, S.P.,
Garcia, M.E., Saldarriaga, M., Del Valle, G., Osorio, R.G., Diaz, A.,
Valderrama, R., Duque, A. & Velez, H.N. Snakebites and ethnobotany in
the northwest region of Colombia: Part I: traditional use of plants. Journal
of Ethnopharmacology 71, 493-504, 2000.

235. Biswas, K., Ghosh, E. In: Bharatio Banoshadi. Kolkata: Calcutta
University Press, 1977.

236. Jain, S.K. In: Medicinal plants. Nation Book Trust, New Delhi, 1996.

237. Alam, M.I. & Gomes, A. Snake venom neutralization by Indian 14
medicinal plants (Vitex negundo and Emblica officinalis) root extracts. J
Ethnopharmacol 86, 75-80, 2003.

238. Chatterjee, 1., Chakravarty, A. K., Gomes, A. Antisnake venom activity of
ethanolic seed extract of strychnos nux vomica linn. Indian J Exp Biol 42,
468-75, 2004,

239. Chatterjee, 1., Chakrabarty, A.K. & Gomes, A. Daboia russelli and Naja
kaouthia venom neutralized by lupeol acetate isolated from the root extract
of Indian sarsaparilla Hemidesmus indicus R. Br. J. Ethnopharmacol.106,
38-43, 2006.

240. Girish, K.S., Mohanakumari, H.P., Nagaraju, S., Vishwanath, B.S. &

Kemparaju, K. Hyaluronidase and protease activities from Indian snake
0000000000000 OO

References Page 307



Thests: “Studies on anticoagulant phosphofipase A2 enzymes from Indian Russell’s viper (Dabowa russelly) venom”

venoms: neutralization by Mimosa pudica root extract. Fitoterapia 75,
378-80, 2004.

241. Shirwaikar, A., Rajendran, K., Bodla, R. & Dinesh, C.K. Neutralization
potential of Viper russelli (Russell’s viper) venom by ethanol leaf extract
of Acalypha indica. J Ethnopharmacol 94, 267-273, 2004.

242. Ushanandini, S. Nagaraju, S., Kumar, H.K., Vedavathi, M., Machiah,
D.K., Kemparaju, K., Vishwanath, B.S., Gowda T.V. & Girish. K.S. The
Anti-snake Venom Properties of Tamarindus indica (Leguminosae) Seed
Extract. Phytother. Res. 20, 851-858, 2006.

243. Mahanta, M. & Mukherjee, A.K. Neutralisation of lethality, myotoxicity
and toxic enzymes of Naja kaouthia venom by Mimosa pudica root
extracts. Journal of Ethnopharmacology 75, 55-60, 2001.

244. Mukherjee, AK., Doley, R., Saikia, D. Isolation of a snake venom
phospholipase A, (PLA;) inhibitor (AIPLAI) from leaves of Azadirachta
indica (Neem): mechanism of PLA; inhibition by AIPLAI in vitro
condition. Toxicon 5, 1548-1553, 2008.

245. Laemmli, U.K. Cleavage of structural protein during the assembly of the
head of bacteriophage T4. Nature 227, 680-685, 1970.

246. Lowry, O.H., Rosebrough, N.J., Farr A.L. & Randall, R.J. Protein
measurement with the folin-phenol reagent. J Biol Chem 193, 265-275,
1951.

247. Dubois, M., Gilles, K.A., Hamilton, JK., Rebers, P.A. & Smith, F.
Colorimetric method for determination of sugars and related substances.
Anal. Chem. 28, 350-356, 1956.

248. Joubert, J. & Taljaard, N. Purification, some properties and amino-acid
sequences of two phospholipases A (CM-II and CM-III) from Naja naja
kaouthia Venom. Eur. J. Biochem. 112, 493-499, 1930.

249. Deems, R.A. & Dennis, E.A. Phospholipase A, from cobra venom (Naja
naja naja) EC 3.1.1.4 phosphatide 2-acylhydrolase. Meth Enzvmol. 71,
703-710, 1981.

250. Ouyang, C. & Teng, C.M. Fibrinogenolytic enzymes of Trimeresurus
mucrosquamatus venom. Biochim. Biophys. Acta 420, 298-308, 1976.

m
References Page 308




Thesis “Studies on anticoagulant phosphofipase A2 enzymes from Indian Russell's viper (Dabow russelli) venom”

251.

254.

255.

256.

259.

260.

Ellman, G.L., Courtney, K.D., Andres, V., Featherstone, RM., 1961. A
new and rapid colorimetric determination of acetylcholinesterase activity.
Biochem Pharmacol 7, 88-90, 1961.

. Campbell, W.G. Localization of adenosine 5'-triphosphatase in vascular

and cellular synovium of rabbits. Lab. Invest. 18, 304-316, 1968.

. Esnouf, M.P. & Williams, W.J. The isolation and purification of a bovine-

plasma protein which is a substrate for the coagulant fraction of Russell's-
viper venom. Biochem J. 84, 62-71, 1962.

Zubay, G. Principles of Biochemistry. Win. C. Brown Pub. Co. 850 pages,
1995.

Ali, S.A., Alam, JM., Stoeva, S., Schiitz, J., Abbasi, A., Zaidi, Z.H. &
Voelter, W. Sea snake Hydrophis cvanocinctus 1 Purification,
characterization and N-terminal sequence of two phospholipase A-
Toxicon 37, 1505-1520, 1999.

Cho, H., Thorvaldsen, J.L., Chu, Q., Feng, F., and Birnbaum, M.J.
Aktl/PKB alpha is required for normal growth but dispensable for
maintenance of glucose homeostasis in mice. J. Biol. Chem. 276, 38349-
38352, 2001.

. Angulo, Y., Chaves, E., Alape. A., Rucavado, A., Gutierrez, JM. &

Lomonte, B. Isolation characterization of a myotoxic phospholipase A,
from the venom of arboreal snake Bothriechis (Bothrops) schegelii from
Costa Rica. Arch. Biol. Biophys. 339, 260-266, 1997.

. Quick, A.J. Prothrombin time (one-stage procedure). In: Quick, A.J. (Ed.),

Hemorrhagic Diseases and Thrombosis. Lea and Febiger, Philadelphia,
PA, pp. 391-395, 1966.

Sharp, P.J., Berry, S.L., Spence, . & Howden, M.LEH. A basic
phospholipase A from the venom of Australian king brown snake
(Pseudechis australia) showing diverse activities against membranes.
Comp. Biochem. Physiol. 92(B), 501-508, 1989.

Diaz, C., Leon, G., Rucavado, A., Rojas, N., Schroit, A.J. & Gutierrez,
J.M. Modulation of the susceptibility of human erythrocytes to snake

venom myotoxic phospholipases A(2): role of negatively charged

e e oo ——— e et e———— e oo eereesese oo e ]

References Page 309



Thests: “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell’s viper (Dabowa russelli) venom”
fproe e e e e e e e e e e e

262.

263.

264.

phospholipids as potential membrane binding sites. Arch. Biochem.

Biophys. 391, 56-64., 2001.

. Datta, K. & Bhattacharyya, D. In vifro haemorrhagic-like activity of the

Russelli viper (Vipera russelli russelli) venom from eastern India with
mice organs. Curr. Sci. 77, 1673-1677, 1999.

Haeberli, S., Khun-Nentwig, L., Schaller & JNentwig, W. Characterization
of antibacterial activity of peptides isolated from the venom of the spider
Cupiennius salei (Araneae: ctenidae). Toxicon 38, 373-380, 2000.

Valente, R.H., Novello, J.C., Marangoni, S. Oliveira, B., Pereira-da-Silva,
L. & Macedo, D.V. Mitochondrial swelling and oxygen consumption
during respiratory state 4 induced by phospholipase A, isoforms isolated
from the South American rattlesnake (Crotalus durissus terrificus) venom.
Toxicon 36, 901-913, 1998.

Saikia, D., Bordoloi, N.B., Chattopadhyay, P., Choklingam, S., Ghosh,
S.S., Mukherjee, A.K. Differential mode of attack on membrane
phospholipids by an acidic phospholipase A, (RVVA-PLA,-I) from
Daboia russelli venom. Biochim. Biophys. Acta, 1818, 3149-3157, 2012.

. OECD Test Guideline 425, Acute oral Toxicity — “Up- and Down-

procedure”, adopted 17th, December 2001.

. Ouchterlony, O., Nilsson, L.A., 1978. Immunodiffusion and

immunoelectrophoresis. In: Handbook of experimental immunology. DM

Weir (ed), 3rd ed., Oxford: Blackwell Scientific Publication, 19.16.-19.28.

. Lambeau, G. & Gelb, M.H. Biochemistry and physiology of mammalian

secreted phospholipase A,. Annu. Rev. Biochem. 495-520, 2008.

. Walsh, J.B. How often do duplicated genes evolve new functions?

Genetics 139, 421-428, 1995,

. Kimura, M. The Neutral Theory of Molecular Evolution. Cambridge

University Press, Cambridge, 1983.

. Ohta, T. & Kreitman, M. The neutralist-selectionist debate. BioEssays 18,

673-683, 1996.

. Chijiwa, T., Hamai, S., Tsubouchi, S., Ogawa, T., Deshimaru, M., Oda-

Ueda, N., Hattori, S., Kihara, H., Tsunasawa, S. & Ohno, M. Interisland

e R R IR,

References Page 310



Thests. “Studies on antwoagulant phosphiolipase A2 enzymes from Indian Russell's viper (Dabota russellt) venom”

mutation of a novel phospholipase A, from Trimeresurus flavoviridis
venom and evolution of Crotalinae group Il phospholipases A;. J. Mol.
Evol. 57, 546-554, 2003.

272. Santos-Filho, N.A., Silveria, L.B., Oliveria, C.Z., Bernardes, C.P..
Menaldo, D.L., Fuly AL, Arantes, E.C., Sampaio, S.V., Mamede, C.C. &
Beletti, M.E., et al. A new acidic myotoxic, anti platelet and prostaglandin
I inductor phospholipase A, isolated from Bothrops moojeni snake venom.
Toxicon 52, 908-917, 2008.

273. Dessen, A. Structure and mechanism of human cytosolic phospholipase
A,. Biochem Biphys Acta 1488, 40-47, 2000.

274. Khunsap, S.. Pakmanee, N., Khow., O., Chanhome, L., Sitprija, V.,
Suntravat, M., Lucena, S.E., Perez, J.C. & Sanchez, E.E. Purification of a
phospholipase A from Daboia russelii siamensis venom with anticancer
effects. .J. Venom Res. 2, 42-51, 2011.

275. Hanasaki, K. & Arita, H. Purification and characterization of a high-
affinity binding protein for pancreatic type phospholipase A,. Biochim
Biophys Acta 1127, 233-241, 1992.

276. Rudrammaji, L.M. & Gowda, T.V. Isolation and characterization of an
endogenous inhibitor of phospholipase A, from Indian cobra (Naja naja
naja) venom. Toxicon 36, 639-44, 1988.

277. Bonfim, V. L., Toyama, M. H., Novello, J. C., Hyslop, S., Oliveira, C. R.,
Rodrigues-Simioni, L. & Marangoni, S. Isolation and enzymatic
characterization of a basic phospholipase A, from Bothrops jararacussu
snake venom. J. Protein Chem. 20, 239-45, 2001.

278. Huang, P. & Mackessy, S.P. Biochemical characterization of
phospholipase A: (trimorphin) from the venom of the Sonoran Lyre Snake
Trimorphodon biscutatus lambda (family Colubridae). Toxicon 44, 27-36,
2004.

279. Fletcher, J.E. & Rosenberg, P. The cellular effect and mechanism of action
of presynaptically acting phospholipase A, toxins. In: Kini, R.M., (Ed.),
Venom Phospholipase A> Enzymes. Structure, Function and Mechanism,

Wiley, New York, pp. 417-458, 1997.

W
References Page 311




Thests. “Studies on antwoagulant phospholipase A2 ensymes from Indian Russell’s viper (Dabow russelli) venom”

280. Dufton, M.C., Eaker, D. & Hider, R.C. Conformational properties of
phospholipases A,. Secondary-structure prediction, circular dichroism and
relative interface hydrophobicity. Eur. J. Biochem. 137, 537-544, 1983.

281. Mukherjee, A.K. Phospholipase A,-interacting weak neurotoxins from
venom of monocled cobra Naja kaouthia display cell-specific cytotoxicity.
Toxicon 51, 1538-1543, 2008.

282. Dufton, M.C. & Hider, R.C. Classification of phospholipases A, according
to sequence. Evolutionary and pharmacological implications. Ewr. J.
Biochem. 137, 545-551, 1983.

283. Burke, J.E. & Dennis, E.A. Phospholipase A, Biochemistry. Cardiovasc
Drugs Ther 23, 49-59, 2009.

284. Roberts, M.F., Otnaess, A.B., Kensil, C.A. & Dennis, E.A. The specificity
of phospholipase A» and phospholipase C in a mixed micellar system. J.
Biol. Chem. 253, 1252-1257, 1978.

285. Tinker, D.O. & Wei, J. Heterogeneous catalysis by phospholipase A.:
formulation of a kinetic description of surface effects. Can J Biochem 57,
97-106, 1979.

286. Pattnaik, N.M., Kezdy, F.J. & Scanu, A.M. Kinetic study of the action of
snake venom phospholipase A on human serum high density lipoprotein 3.
J. Biol. Chem. 251, 1984-1990, 1976.

287. Boffa, M.C., Delori, P. & Souleir, J.P. Anticoagulant factors from
Viperidae venoms. Platelet phospholipid inhibitors. Trom. Diathes.
Haemorrh. 28, 509-523, 1972.

288. Verheij, H.M., Slotboom, A.J. & De Haas, G.H. Structure and function of
phospholipase A,. Rev. Physiol. Biochem. Pharmacol. 91, 91-203, 1981,

289. Scott, D.L. & Siglar, P.B. Structure and catalytic mechanism of secretory
PLA;. Adv Protein chem. 45, 53-84, 1994.

290. Maity, G. & Bhattacharyya, D. Assay of snake venom phospholipase A,
using scattering mode of a spectrophotometer. Current Science 89, 1004-
1008, 2005.

291. Prigent-Dachary, J., Boffa, M.C., Boisseau, M.R. & Dufourcq, J. Snake

venom phospholipases A,. A fluorescent study of their binding to

References Pagesrz



Thesis: “Studies on antwoagulant phospholipase A2 ensymes from Indian Russell's viper (Dabota russelli) venom”

phospholipid vesicles. Correlation with their anticoagulant activities. J.
Biol. Chem. 255, 7734-7739, 1980.

292. Roberts, M.F., Deems, R.A., Minec, T.C. & Dennis, E.A. Chemical
modification of histidine residue in phospholipase A, (Naja naja ngja). J.
Biol. Chem. 252, 2405-2411, 1977.

293. Zingali, R.B. Interaction of snake-venom proteins with blood coagulation
factors: Mechanism of anticoagulant activity. Zoxin Reviews 26, 25-46,
2007.

294. Osipov, A.V,, Filkin, S.Y., Makarova, Y.V., Tsetlin, V.I. & Utkin, Y.N. A
new type of thrombin inhibitor, oncytotoxic phospholipase A, from the
Naja haje cobra venom. Toxicon 55, 186-194, 2010.

295. Fletcher, J.E., Jiang, M.S., Gong, Q.H., Yudkowsky, M.L. & Wieland, S.J.
Effect of cardiotoxin from Naja kaouthia venom on skeletal muscles;
involvement of calcium-induced calcium release, sodium ion currents and
phospholipase A» and C. Toxicon 29, 1489-1500, 1991.

296. Mukherjee, A.K. & Maity, C.R. Biochemical composition, lethality and
pathophysiology of venom from two cobras- Naja naja and N. Kaouthia.
Comp. Biochem. Physiol. 131(B), 125-132, 2002.

297. Condrea, E., De vries, A., & Mager, J. Hemolysis and splitting of human
erythrocyte phospholipids by snake venom. Biochem. Biophys. Acta 84,
60-73, 1964.

298. Tatulian, S.A. Structural effects of covalent inhibition of phospholipase A
suggest allosteric coupling between membrane binding and catalytic sites.
Biophysical Journal 84, 1773-1783, 2003.

299. Valente, R.H., Novello, J.C., Marangoni, S., Oliveira, B. , Pereira-da-Silva,
L. & Macedo, D.V. Mitochondrial swelling and oxygen consumption
during respiratory state 4 induced by phospholipase A, isoforms isolated
from the South American rattlesnake (Crotalus durissus terrificus) venom,
Toxicon 36, 901-913, 1998,

300. Kaasgaard, T., Leidy, C., Ipsen, J.H., Mouritsen, O.G. & Jorgensen, K. In
situ atomic force microscope imaging of supported bilayers. Single Mol 2,
105-108, 2001.

References Page 313



Thests “Studies on anticoagulant phospholipase A2 enzymes_from Indian Russell's viper (Dabota russelli) venom”

301. Lehtonen, I.Y.A. & Kinnunen, P.K. Phospholipase A, as a mechanosensor.
J. Biophys 68, 1888-1894, 1995.

302. Karp, G. Cell and Molecular Biology: Concept and Experiments, Wiley,
New York, pp. 119-166, 1996.

303. Karnovsky, M.J., Kleinfeld, A.M., Hoover, R.L. & Klausner, R.D. The
concept of lipid domains in membrane. J. Cell Biol. 94, 1-6, 1982.

304. Schmitz. G., Grandl, M. Update on lipid membrane microdomains. Curr
Opin Clin Nutr Metab Care 11, 106-112, 2008.

305. Mukherjee, S. & Maxfield, M.R. Membrane domains. Annu. Rev. Cell
Dev. Biol. 20, 839-66, 2004.

306. Lemmon, M.A. Membrane recognition by phospholipid-binding domains.
Nature Reviews Molecular Cell Biology 9, 99-111, 2008.

307. Heimburg, T. Thermal Biophysics of Membranes. WILEY-VCH Verlag
GmbH & Co. KGaA, Weinheim, pp: 1-12, 2007.

308. Stahelin, R.V. & Cho, W. Differential Roles of Ionic, Aliphatic, and
Aromatic Residues in membrane-protein interactions: a surface plasmon
resonance study on phospholipases A,. Biochemistry 40, 4672-4678, 2001.

309. Madesh, M., Benard, O. & Balasubramanian, K.A. Glutathione modulates
lipid composition of human colon derived HT-29 cells. Int J. Biochem.
Cell Biol 30, 1345-1352, 1998.

310. Lomonte, B., Tarkowski, A. & Hanson, L.A. Broad cytolytic specificity of
myotoxin II, a lysine-49 phospholipase A. of Bohrops asper snake venom.
Toxicon 32, 1359-1369, 1994,

311. Rangel, J.,, Quesada, O., Gutiérrez, J.M., Angulo, Y. & Lomonte, B.
Membrane cholesterol modulates the cytolytic mechanism of myotoxin II,
a Lys49 phospholipase A, homologue from the venom of Bothrops asper.
Cell Biochem Funct 29, 365-370, 2011.

312. Fletcher, J.E., Rapuano, B.E., Condrea, E., Yang, C.C. & Rosenberg, P.
Relationship between catalysis and toxicological properties of three
phospholipase A from elapid snake venom. Toxicol. Appl. Pharmacol. 59,
375-381, 1981.

000 A
e o]

References Page 314



Thests: "Studies on anticoagulant phospholipase A2 enzymes from [ndian Russe(Ts viper (Daboa russelli) venom”

313. Jorgensen, K., Davidsen, J. & Mouritsen, O.G. Biophysical mechanisms of
phospholipase A, activation and their use in liposome-based drug delivery.
FEBS letters 531, 23-27, 2002,

314. Diaz, C., Gutierrez, J.M., Lomonte, B. & Gene, J.A. The effect of
myotoxins isolated from Borhrops snake venoms on multilamellar
liposomes: relationship to phospholipase A, anticoagulant and myotoxic
activities. Biochim. Biophys. Acta 1070, 455-460, 1991.

315. Paramo, L., Lomonte, B., Pizarro-Cerda, J., Bengoechea, J.A., Gorvel, J.P.
& Moreno, E. Bactericidal activity of Lys49 and Asp49 myotoxic
phospholipases A, from Bothrops asper snake venom: synthetic Lys49
myotoxin II-(115-129)-peptide identifies its bactericidal region. Eur. J.
Biochem. 253, 452-461, 1998.

316. Lomonte, B.J., Pizarro-Cerda, J., Angulo, Y., Gorvel, J.P. & Moreno, E.
Tyr®Trp-substituted peptide 115-129 of a Lys49 phospholipase As
expresses enhanced membrane damaging activities and reproduces its in
vivo myotoxic effect. Biochim. Biophys. Acta. 1461, 19-26, 1999.

317. Nevalainen, T.J., Graham, G.G. & Scott, K.F. Actions of secreted
phospholipases A, Review. Biochim. Biophys. Acta 1781, 1-9, 2008.

318. Vargas, L.J., Londoflo, M., Quintana, J.C., Rua, C., Cesar Segura, C.,
Lomonte, B. & Nufiez, V. An acidic phospholipase A, with antibacterial
activity from  Porthidium nasutum snake venom. Comparative
Biochemistry and Physiology 161, 341-347, 2012,

319. Calderén, L. & Lomonte, B. Immunochemical characterization and role in
toxic activities of region 115-129 of myotoxin II, a Lys49 phospholipase
A; from Bothrops asper snake venom. Arch. Biochem. Biophys. 358, 343-
350, 1998.

320. Weiss, J., Beckerdite-Quagliata, S., Elsbach, P., 1979. Determinants of the
action of phospholipase a on the envelope phospholipids of Escherichia
coli. J. Biochem. 254, 11010-11014, 1979,

321. Koduri, R.S., Gronroos, J.O., Laine, V.J., Calvez, C.Le., Lambeau, G.,
Nevalsinen, T.J. & Gelb, M.H. Bactericidal properties of human and

m
References Page 315




Thesis Studies on antwoagulant phospholipase A2 enzymes from Indian Russell's viper (Dabowa russelli) venom”

murine groups I, II, V., X and XII secreted phospholipase A.. J Biol.
Chem. 277, 5849-5857, 2002.

322. Forst, S., Weiss, I., Blackburn, P., Frangione, B., Goni, F. & Elsbach, P.
Amino acid sequence of a basic Agkistrodon halys blomhoffi
phospholipase A,. Possible role of NH,- terminal lysines in action on
phospholipase of Escherichia coli. Biochemistry 25, 4309-4319, 1986.

323. Forst, S., Weiss, J., Maragonare, J.M., Heinrikson, R.L. & Elsbach, P.
Relation between binding and the action of phospholipase A, on
Escherichia coli exposed to the bactericidal/ permeability increasing
protein of neutrophils. Biochem. Biophys. Acta 920, 221-225, 1987.

324, Weiss, J., Wright, G., Bekkers, A.C., van den Berge, C.J. & Verheij., H.M.
Conversion of pig pancreas phospholipase A, by protein engineering into
enzyme active against Escherichia coli treated with the
bactericidal/permeability-increasing protein. J. Biol. Chem. 266, 4162-
4167, 1991.

325. Weiss, J., Inada, M., Elsbach, P. & Crowl, L.M. Structural determinants of
the action against Escherichia coli of a human inflammatory fluid
phospholipase A, in concert with polymorphonuclear leukocytes. J. Biol.
Chem. 269, 26331-26337, 1994.

326. Mukherjee, A.K. Non-covalent interaction of phospholipase A, (PLA)
and kaouthiotoxin (KTX) from venom of Naja kaouthia exhibits marked
synergism to potentiate their cytotoxicity on target cells. J. Venom. Res. 1,
37-42,2010.

327. Chen, S.Y.. Zani, C., Khouri, Y. & Marasco, W.A. Design of a genetic
immunotoxin to eliminate toxin immunogenicity. Gene therapy 2, 116-
123, 1995.

328. White, J. Snake venom and coagulopathy. Toxicon 45, 951-967, 2005.

329. Scarborough, R.M., Naughton, M.A., Teng, W., Rose. J.W., Phillips, D.R..
Nannizzi, L., Arfsten, A., Campbell, A.M. & Charo, I.F. Design of potent
and specific integrin antagonists. Peptide antagonists with high specificity

for glycoprotein IIb-1lla. J. Biol. Chem. 268, 1066-1073, 1993.

e e )
References Page 316




Thiests. " Studies on anticoagulant phosphofipase A2 enzymes from Indian Russell's viper (Dabota russelli) venom”

330. Phillips, D.R. & Scarborough, R.M. Clinical pharmacology of eptifibatide.
Am. J. Cardiol. 80, 11B-20B, 1997.

331. Hutton, R.A. & Warrell, D.A. Action of snake venom components on the
haemostatic system. Blood Rev. 7, 176-189, 1993.

332, Markland, F.S. Snake venom fibrinogenolytic and fibrinolytic enzymes: a
updated inventory. Thromb. Haemost. 79, 668-674, 1998.

333. Clemetson, K.J., Lu, Q. & Clemetson J.M. Snake C-type lectin-like
proteins and platelet receptors. Pathophysiol. Hemost. Thromb. 34, 150-
158, 2005.

334. Laraba-Djebari, F., Martin-Eauclaire, M.F., Mauco, G. & Marchot, P.
Afaacytin, an alpha beta-fibrinogenase from Cerastes cerastes (horned
viper) venom, activates purified factor X and induces serotonin release
from human blood platelets. Eur. J. Biochem. 233, 756-765, 1995.

335. Baker, B.J. & Tu, A.T. Atroxase: a fibrinolytic enzyme isolated from the
venom of Western diamondback rattlesnake: isolation, characterization and
cloning. Adv. Exp. Med. Biol. 391, 203-211, 1996.

336. Gasmi, A., Chabchoub, A., Guermazi, S., Karoui, H., Elayeb, M. &
Dellagi, K. Further characterization and thrombolytic activity of a rat
model of a fibrinogenase from Vipera lebetina venom. Thromb. Haemost.
86, 233-242, 1997.

337. Alcaraz, M.J. & Hoult, J.R.S. Effect of hypolactin-8 glucoside and related
flavonoids on Soyabean lipoxygenase and snake venom phospholipase A..
Arch. Int. Pharmacodyn. 278, 4-12, 1985.

338. Soares. A.M., Ticli, F.K., Marcussi, S., Lourenco, M.V., Janu/ario, A.H.,
Sampaio, S.V., Giglio, J.R., Lomonte, B. & Pereira, P.S. Medicinal plants
with inhibitory properties against snake venoms. Curr. Med. Chem. 12,
2625-2641, 2005.

339. Borges. M.H.. Alves. D.L.. Raslan, D.S.. Pilo-Veloso. D., Rodrigues,
V.M., Homsi-Brandeburgo, M.I. & de Lima, M.E. Neutralizing properties
of Musa paradisiaca L. (Musaceae) juice on phospholipase A,, myotoxic,
hemorrhagic and lethal activities of crotalidae venoms. Journal of

Ethnopharmacology 98, 21-29, 2005,

References Page 317



Thesis: “Studies on antwcoaguiant phospholipase A2 enzymes from Induan Russell's viper (Dabowa russelli) venom”

PUBLICATIONS

Publications in journal

1. Saikia, D., Bordoloi, N.B., Chattopadhyay, P., Chocklingam, S., Ghosh,
S.S. & Mukherjee, A.K. Differential mode of attack on membrane
phospholipids by an acidic phospholipase A, (RVVA-PLA,-I) from
Daboia russelli venom. Biochimica et Biophysica Acta 1818, 3149-3157,
2012.

2. Saikia, D., Thakur, R. & Mukherjee, A.K. An acidic phospholipase A,
(RVVA-PLA,-I) purified from Daboia russelli venom exerts its
anticoagulant activity by enzymatic hydrolysis of plasma phospholipids
and by non-enzymatic inhibition of factor Xa in a phospholipids/Ca**
independent manner. Toxicon 57, 841-850, 2011.

3. Mukherjee, AK., Saikia, D. & Thakur, R. Medical and diagnostic
applications of snake venom proteomes. Journal of proteins and

proteomics 2, 31-40, 2011.

4. Mukherjee, A.K., Doley, R. & Saikia, D. Isolation of a snake venom
phospholipase A, (PLA>) inhibitor (APLAI) from leaves of Azadiracta
indica (Neem): Mechanism of PLA, inhibition by AIPLAI in vitro
condition. Toxicon 51, 1548-1553, 2008.

Publications in conference/symposium

1. Saikia, D. and Mukherjee, A.K.: “The mechanism of anticoagulant
action of a neutral phospholipase A, enzyme purified from Russell’s
viper (Dahboia russelliy venom of eastern India origin”. National
conference on toxinology: “Snakebite management”, 10-12"" December,
2012, Mysore.

Publications Page 318



Thesis: “Studies on antwoagulant phospholipase A2 enzymes from Indian Russell’s viper (Dabowa russellt) venom”
L g phosp a4

2.

Saikia, D. and Mukherjee, A.K.: “An acidic phospholipase A, purified
from venom of Daboia russelli of eastern India origin exerts its
anticoagulant activity by dual mechanism”. Procecding of 1% National
conference on animal, microbial, plant toxins and snakebite management,

biotoxins in health and disease, 1 =12 December, 2010, Kolkata.

Das, D., Kalita, R.D., Saikia, D., Mukherjee, A.K. and Doley, R.: “Green
medicine for Snakebite”. Proceeding of Ist National conference on
animal, microbial, plant toxins and snakebite management, biotoxins in

health and disease, 11-12" December, 2010, Kolkata.

Saikia, D. and Mukherjee, A.K.: “Correlation between catalytic activity
and membrane phospholipids hydrolysing property of a neutral PLA,
purified from Indian Russell’s viper (Daboia russelli) venom”.
Proceeding of snake symposium, 18-19" December, 2009, Tezpur

University.

Mukherjee, A.K. and Saikia, D.: “Mechanism of anticoagulant action of
a neutral PLA, purified from Indian Russell’s viper (Daboia russelli)
venom”. Proceeding of snake symposium, 18-19" December, 2009,

Tezpur University.

Saikia, D and Mukherjee, A.K.: “Characterization of an anticoagulant
phospholipase A, enzyme purified from Indian Russell’s viper (Daboia
russelli) venom”. Proceeding of 96™ Indian science congress association,

3-7" January, 2009, NEHU, Shillong.

Saikia, D and Mukherjee, A.K.: “Biochemical and pharmacological
characterization of a basic anticoagulant protein from Indian Russell’s
Viper (Daboia russelli) venom”. Proceeding of 53" Assam science

society, 27-28" February, 2008, Guwahati.

Publications Page 319



Thesis: “Studies on anticoagulant phospholipase A2 enzymes from Indian Russell’s viper (Daboia russellt) venom”
g J£ 2 i

Manuscript communicated

1. Saikia, D., Doley, R. and Mukherjee, A.K. Pharmacological
reassessment of three ethnomedicinal plants of North-East India for
inhibition of PLA; enzymes purified from Indian monocled cobra and

Russell’s viper venoms.

(o8]

Saikia, D., Majumdar, M. and Mukherjee, A.K. An insight into the
mechanisms of in vivo anticoagulant activity and haemolytic property of
a non-lethal phospholipase A, purified from Daboia russelli russelli

venom: Correlation with clinical manifestations.

- ]
Publications Page 320



go b o1 wpl Ty Ui b3t

journal homepage www elsevier com,locate/bbamem

Contents lists available at SciVerse ScienceDirect

Biochimica et Biophysica Acta

Differential mode of attack on membrane phospholipids by an acidic phospholipase
A, (RVVA-PLA,-1) from Daboia russelli venom

Debashree Satkia ?, Nabha K Bordolor ¢, Pronobesh Chattopadhyay °, S. Choklingam ¢,
Siddhartha S. Ghosh ¢, Ashis K Mukherjee **
* Microbial Biotechnolosy and Protem Rescarch Luboratory Department of Molcculn Biology and botedmolony Teopur Umveraty Teopur 784 028 Assam India

° Department of Pharmuccuucal Technology Dedonce Research Laboratory Sotmaia Tezpur 784 001 Assumn India
Department of Biotechnology Indan nstitute of Technology Cuwahatt S1.039 Assam ndin

ARTICLF INFO

Artidde fustory

Recewved 7 Apiil 2017

hecetved i tevised form 20 July 2012
Accepted $ August 2012

Available online 16 August 2012

keywords

Auidic phospholipase A
trythiocyte

HT 29 cell

Membiane damage
Mitechondrion

Russell s vipet vonom PHA

1. Introduction

ABSTRACT

An acadic phospholipase A, (RVVA PLA <D punficd from Daboma 1ussellt venom demonstr ated dose-dependent
catalytic mitochondnal and erythrocyte membrane damaging activities RVVA PLA | ws non lethal to mice
at the tested dose however 1t affected the different organs of mice particularly the liver and cardiac tissues as
deduced from the enzymatic activities measured i nuce serum after uyection of this PLA, enzyme RVVA
PLA | preferenttally hydrolyzed phospholipids { phosphatidvicholine) of erythiocyte membrane compared to
the hiver mitochondnal membrane Interestingly RVVA PLA, | falled to hydiolyze membtane phospholipids of
HT 29 (colon adenocatcinoma) cells which contatn an abundance of phosphatidyicholme 1 its outet mem
biane within 24 h ot incubation The gas chiomatogiaphic (GC) analysis of saturated unsatuiated tatty aaids re
lease patterns tiont intact mitochondiial and erythiocyte membianes attet the addition of RVVA PLA, [ showed
a distinctly different 1esult The tesults are cettainly a 1eflection of differences m the outer membiane phospho
hipid composition of tested membt anes owing to which they aie hycdrolyzed by the venom PLASs to a ditterent
extent The chemical modification of essential armno acids present in the active site ncutiahization study with
polyvalent antivenom and heat mactivation of RVVA PLA 1 suggested the correlation between catalytic and
membrane damaging wtivitics of this PLA_ cngyme Qur study advocates that the presence of a large number
of PLA_ sensitive phospholipid domains composition rather than only the phosphitidylcholine (PO) content
of that particular membrane may dctamine the cxtent of membranc damage by a parucular venom PLA;
enzyme

¢ 2012 Fisevier bV All nights 1esened

cardiotoxicity myotoxiily necrosis anticoagulation hypotension
haemolysis haemorrhage and vedema inducing activities [7] Differ

Russelt s viper {Dabotwa russellt) 1s regarded as one ot the most
medically impoitant venomous snakes in many South-east Astan
countites incduding India }1] Depending on the zoogeogiaphic on
gmns of Russell s vipers their venom composition may vary asatesult
ol which envenomation by this snake displays an intrigurng variation
in the Jdinical manitestation {2 3]

Russell s vipet venom is known to contain different 1soforms of phos-
pholipase A> (EC 31 14) that hydrolyzes glyceiophosphohmds at the
w1-2 position of the glycerol backbone releasing lysophospholipids and
fatty acids {4 6] PLA,s fiom venoms i addition Lo digestion of pray
exhibit wide varteties of pharmacological etfects such as neurotoxicity

Abbrevianons pBPB p biomophenacyl bromide DTT Dithiothreitol FA Fatty
wid 'AA Jodoacetamude PC Phosphatidylcholine PF Phosphandytethinehimine
PS Phusphandylserine RVV Russdls vipar venom TLCKR N o p tosyl ¢ lysine
chioromethyl) ketone 1PCK tasyi phe nylalinyl chioromethy | ke fone
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ent1soforms of PLA, which may be acidic basic or neutral in nature
on the basis of thenr elution profile fiom ion exchange columns can
existin a single venom { 3| and each PLA_ may exeit different patho
physiological effects by a wide range ol mechanismes in snakebite vic
tims [2 3 61 Therefore it remains a challenging (ask lor the saentists Lo
elucidate the structure-tunction relationshtps « f this class ot protemn
Most of the toxic etfects of snake venom PLA aie dependent on
the hydiolysis of cellular o1 sub cellulat membrane phospholipids
and or generation of phospholipid hydrolyzed breakdown products
which are themselves lytic and «an cause considerable membrane
damage [7-9] Kineuc studies of PLA; in the scooting mode establish
that these enzymes bind to the intact membiane suiface as a prelude
to loading of the active site with a single phospholipid molecule more
specifically they bind to the phosphaudylchohine (PC) present in the
outer leaflet ol the membiane {or the lipolysis reaction [5 10] It 1s
now becoming appatent that the different isoforms of venom PLA,
can display dramatically different affimties for biomembianes com-
posed of differtent phospholipid polar head groups and fatty acyl
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chains resulting 1n their differential membiane damaging activity
158 11} This specificty of phospholipases has been extensively
used to exploie the physical structuie of phospholipids in biological
membianes {12] It 1s exemplary to mention that only a few 1epoits
on membrane hydrolyzing propeity of PLA « from RVV aie available
{13 14] Therefore more preuse studies dare necessary to advance
our understanding of the mechanism(s) of membrane damage and
subsequent toxicity of PIA, enzymes from RVV

Perusal of literaruie has showed that hmited attempts have been
made to exploie the biochemical and phaimacological properties of
acidic PTA; trom snake venom Recently we reported the purification
and biochemical characterization of an aadic strong anticoagulant
PLA, (RVVA PLA, 1) fiom Russell s viper venom [15] In this study we
aie reporting the membiane damaging activity of RVVA PLA; | from
D russell venom Further our study provides an insight into the mem-
brane damaging activity of this aadic PLA» and suggests that it has a
distinct preference tor hydrolyzing specific phospholipid domam(s) mn
intact nutochondital and erythtocyte membianes wheteas its eftect
on H! 29 adenocarcinoma cells are minimal which may be due to the
absence of RVVA PLA; | sensitive phospholipid domams m HT 29 cells

2. Materials and methods
21 Matenals

D russelli venom was purchased from Calcutta Snake Park Kolkata
CM Sephadex € 50 DEAE Sephadex A 50 and Sephadex G 50 (fine
grade) wete obtained from Phaimacia Fine Chemicals Sweden All
othel 1eagents of analytical giade weie puichased fiom Sigma India
the human colon adenocarcinoma (HI 29} cell was procuied from Na
tional Centre for Cell Suences (NCCS) Pune India The InVitro Toxicol
ogy Assay Kit (XTT based) was puichased fiom Sigma Alduch India
Polyvalent antivenom was putchased fiom Bharat Setum and Vaccines
Limited Ambeinath The kits for estimation of total protemn tnglycel
1des total cholesterol urea unc aud serum glutamic oxaloacetic trans
aminase (SGOT) and serum glutamic pyruvic tiansaminase (SCPT)
were proctured from Coral Clinical Systems (Goa Inda) The kits for
the measwement of setum levels of glucose alkaline phosphatase
(ALP) and aeatine phosphokinase (CPK MB) weie obtaned fiom
Frba Diagnostics (Mumbar Incia) whereas the kit for esnmation of
serum lactate dehydrogenase (LDH) was obtained from Fisher scientific
(Mumbai India) The animal food was obtained fiom Pranav Agtotech
Delht Incha The RVVA-PLA, | an acidic PLA_ was putified fiom ciude
RVV as described previously |15}

22 Methods

221 Phospholipase A, activity

Foi the screeming purpose PLA; activity of aude RVV and RVVA
PTA>-1 was determined as described by Doley and Mukherjee [16]
using egg yolk phosphohipids as substrate One unit of PTA, activity
was defined as the amount of piotein which produces a deciease in
001 absoitbance tn 10 min at 740 nm To detetmine the substiate
specificity and phosphohimd head giroup preference of RVVA PLA; |
ditferent commercally available phospholipids such as PC PS and
PL at a hnal concentration 1 mM wete incubated with 100 nM en
zyme at 37 °C foi desned time petiods and PLA, activity was assayed
by titametiic method using pahmitic acid as fatty acid standaid [5]

222 Membrane dumaging acivity

Isolation of mutochondria from tiesh chicken hver at 4 € was
desctibed previously [5] For the assay of RVVA PLA, I induced mito
chondnal swelling and membiane damage mitochondnal suspension
contamning 100 mg equivalent of mitochondita (mitochondria obtained
from 100 mg wet weight of tissues) m 2 0 mi of assay buller (20 mM
Tus-HCl pH 74 contaming 03 M suciose) wete incubated with
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100 nM of RVVA-PLA>-1 either in the presence or absence of 2 mM
Ca® al37 Cforthe desued time petiod Mitochondrial swelling was
followed spectiophotometiically by the dectease i absoibance at
520 nm for 30 mun {51 One unit of swelling 15 defined as a dectease in
001 absorbance pet min of mitochondrial suspenston at 520 nm by
added RVVA-PTA5-1 (100 nM) as compared to control {mitochondrial
suspenston without RVVA-PLA,-1) under the experimental condition
The basic test system without added RVVA-PLA ;-1 was setved as a con
trol Quahlitative and quantitative analyses of liberated fatty acids and
lysophospholipids fiom the mutochondiial membranes due to the
action of RVVA-PLAS-1 were performed hy gas-chromatography as
described below A control was also sel up where the mitochondria
wete treated under the idennical condition except the addition of
RVVA PLA; |

For the estimation of RVVA-PLA>-I induced haemolysis and eryth
rocyte phospholipid hydiolysts goat blood was collected 1n 3 8%
tri-sodium uitrate and erythrocytes were separated by centrituging the
cttated blood at 1000 g for 15 nun washed twice with 1sotonic
K-phosphate buffer pH 7 4 and suspended 1n the same buffer at a con
centiation of 5. (v v) RVVA PLA> | at a final concentration of 100 nM
was added to 3 0 mi of the above said erythiocyte suspension and the
haemolysis and erythrocyte phospholipid hydiolysis by RVVA-PLA -1
wete measuied as desciibed previously [5 8] For determining the
role of exogenously added phospholipids i haemolytic actvity (indi-
rect haemolytic acuvity) either PC (final concentiation of 1 mM)} ot
egg yolk phospholipids (0 1% v v} were added to the erythrocyte sus-
pension priol to the addition of RVVA PLA> [ The teaction was miti
ated by the addition of PLA- followed by measuring the haemolysis
as stated above |5} For each of the experiment isotonic saline mstead
of RVVA PLA- [ was used as a contiol

Erythrocytes or mitochondiia alter treatment with RVVA-PLA,-1
weie centiifuged at 10000 < g and 10 ml of supernatant was used
for the extraction and quantification of total hpid and fatty acids
fiom the teaction mixtuie {5} Foi the estimation of phospholipids
lysophospholipids released from the membrane the (otal hipid
extracted from the supernatant was digesied with concentrated
HNO, in a Kjeldahl flask untif a white preapitate was formed and
then the hbetated P1 was estimated caloiimetiically as desciibed by
Doley el al |5}

To study the ettect of heating on catalytic and membrane damaging
actvities RVVA-PLA,-I solution (100 nM) was heated at 75 C tor dif-
ferent time periods (5 60 mun) cooled immediately 1n wce bath and
then the 1equired volume was withdiawn for the spectioflutometiic
study assay of catalytic and membrane damaging activities of this
enzyme

2 2 3 Gas chromatography analysis of iberated fatty acids from membranes
The total lipid 1eleased fiom the membianes after the tieatment of
RVVA PLA, | was extiacted and fiom this total ipid hbeiated fatty
acids were extracted and methylated as described by Mukherjee et
al [11] The dry sample (fatty acid methyl esters) was dissolved in a
nunimum quantity of chlototorm and analysed on a GC-MS (Vaitan
3800 Satuin 2000) system The samples (10 ) weie injected
using a split 1atio of 100 1 mnto a fused silica GC column CP Sil 8 CB
low bleed (30 m> 025 mm» 025 um) coupled with a CP-Si1 5 (B
low bleed MS (30 m 025 mmi~ 025 um) column with helium as
the cartier gas The system was equipped with flaime 1onization detec-
tor [he mtial oven temperatute was 120 °C and a temperature
programume of 8 °C per mun began at mjection and continued to a
final oven temperature of 270 °C which was hold 1sothermal for
3 mun The injector port and detector temperatuie wete set at
250 °C The mass spectiometiic data weie acquuied in electron 1oni-
zation mode (70 eV) The unknown methylated fatty aads were iden
tthed by matching both retention time and MS of the unknown
compound with those of authentic standards (Saturn 2000 MS h-
brary seaich) The fatty acids were quantitated by measuring and
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comparing the GC peak area fo1 released (unknown) fatty acids with
the GC chiomatogram of standard (known) fatty acids

224 Modificaton and neutiahzation of RVVA PLA | with inhibitors
and commcicial antinenom

For RVVA-PLA, | inhibition study different nhibitois such as {PCK
TLCK PMSI p-BPB EDTA DTT IAA and commeicial polyvalent ani-
venom raised m horse agamst ciude RVV wete pre-mcubated with a
constant amount of RVVA-PLA -1 (100 nM) at 37 °C for 30 min {5 15]
The mixtule was then assayed for the catalytic and membrane damag
ing activities of the RVVA-PLA,-1 th the corresponding assay system

225 Enzyme unmunoassay to determue the hinding of RVVA PLA |
with membianes

Supernatant obtained from the incubation of intact mitochondria
or erythrocytes with punified RVVA-PLA--I (native heated ot ¢hemi-
cally modified) at 4 °C tor 30 min was tested tor tree (unbound)
toxin concentiation by ELISA using hoise polydonal antibodies and
1abbit anti-hoise 1gG peroxidase conjugate {5] A standaid cuive of
PLA; was plotted by adding graded concentiation of RVVA PLA; |
{30-200 nM per well) in the wells of the ELISA plate and the concen-
tration ot unbound RVVA-PI Ay-1 was determined from this curve by
using an ELISA plate ieadei (Theimo Election Coiporation Multiskan
ascent [ype 354) Each expeniment was 1epeated thrice to assuie the
reproducibility

226 Measurement of interaction of RVVA-PLA,-1 with PC

The dose-dependent intetraction of PC with RVVA-PLA, [ was mea-
suwed by using a fluorescence spectiometer {15] Buefly PC was
suspended in 20 mM Tns-HCl pH 8 0 butfer at a final concentiation
of 0 1-10 mM and sonicated for about 5 min at4 Cwith alabsonic®
M (Sartotius) sonwator To this 100 nM of RVVA PLA- | (dissolved n
20 mM Tus-HCl pH 80) was mixed and fluoiescence spectra wete
obtained at an exatation wavelength of 280 nm exatation and emis
sion shts of 5 nm (at room temperature 23 °C) Wavelength shills
wete measuied by taking the midpomt at two thids the height of the
spectrum The maximum fluorescence of free protemn (ly) was also
measuled

227 Cytotoxiaty assav on tumour cells

Cytotoxicity was assessed on human adenocaicinoma tumour cell
line (HT29) as desciibed by us with the following modifications 8]
Briefly human colon adenocaicinoma (HT 29) cells wete maintained
in Dulbecco s Modified Eagle s medium (DMEM) supplemented with
10° toetal bovine serum (FBS) pemcilhin (50U mi™') streptomyan
(50 mg ml™ ) at 5% €O, a humidified incubator at 37 °C For cytotox-
icity assays 1« 10 cells weie seeded 1n 96 well plate and left overnight
for attachment Then ciude RVV (10pg mi™') o1 RVVA PLA -
(10 ng ml ! equivalent to 172 nM) diluted in DMEM media were
added to the cells and mcubated tor either 4 h or 24 h Cell viahthty
was measured by using in vitro Toxicology Assay Kit (XTT based)
according to the manufactuier s piotocol and the peicentage viability
was calculated as the ratio of tieated cells to the contiot {cells without
addition of CRVV,RVVA PLA, 1) cells Cells weie also obseived under
the inverted phase contrast microscope for any visible morphologal
changes

2 2 8 Determnation of lethahty and toxicity on mce

All the BALB,c mice weighed between 20 and 30 g weie born in the
laboratory breeding colony of the Central Faulity of Ammal House
Detence Reseaich Laboratory Tezpur Assam and wetre pathogen free
General conditions of captivity were mamtamned in simulated atmo-
spheric conditions of North Fast India (tempetatuie 33-36 °C relative
humdity _75%) In captivity seasonal variations of physiological func-
tions are entramed by altering six month periods of summer hke long
photopertod (14 h ot hight day) The general conditions of aptivity

were apphed as described above and animals were maintained in socal
groups before and after expenimenting All experimenting protocols
using anumals wete performed according to the Principles of Laboratory
Anmimal cate (NIH publication 85 23 1evised 1985) and appioved by
the Institutional Amimal Ethical Commuttee

The acute toxicty was determined as per protocol ot OFCD OCFD
guidehnes 425 [17] For toxicity assessment ol RVVA-PLA,-I-in ro-
dents RVVA-PIA,-T (02 mg kg ™! body weight) dissolved in 0 1 ml
of PBS was mjected mtiapentoneally into a gioup of six BALB ¢
mice The mice were assigned as a comntrol group (Gioup | n=6)
and one RVVA-PIA5-[ treated group (Group Il n=06) The amimals
were ohserved at regular intervals lor up (o 48 h alter the mjection
for any behavioutal changes viz body weight food and water ntake
faecal and unnation grip strength ear twist rectal temperatute etc
effect on circulatory system and o1 death Bleeding time along with
clotting time was also 1ecorded before sacrificing the animals Control
animals (placebo) were mnjected with 0 1 ml of PBS only

From muce sactificed after 48 h of injection blood was collected 1m
mediately by ventpunctuie and the setum used for the assay of different
parametels viz total piotein glucose cholesterol tuglycendes unic
aud and urea levels as well as different enzymatic activities viz LDH
AP (alkaline phosphatase) CPK (creatine phosphokmase) SGOT and
SGPT by using commercial kits following the instiuctions of manufac-
turers to study the effect of RVVA PLA,-1 on blood cells RBC and
WBC counts weie done by an automatic cell counter (Automated
haematology cell counter — MS 4(s) Melel Schloesing Laboralones)

229 Stanstical analysis

The statistical analysis of the data was done by Students ¢ test
using the software SigmaPlot 11 0 for windows (version 70) the
value of p~005 was considered as sigmhcant

3 Results
31 Effect of RWA-PLA_-I on mumbrane phospholipd hydiolysis

With an increase i meubation time of mitochondria with RVVA-
PLA,-1 a significant damage to mitochondiia v as obsetved which was
further pronounced in the presence of Ca’™ Table 1) A deepel mnsight
into the mode of attack of RVVA-PLA,-1 on the mitochondiial mem-
brane was revealed by GC-analysis of liberated fatty acids which
showed that straight cham saturated fatty auds such as Ciog Ci70
Cis o and Cyy o wete the most promiment fatty acids 1eleased fiom the
membrane within the mitial 30 min of attack by RVA PLA, [ (Fig 1)
Further with an increase in the incubation time of mitochondna with
the RVVA-PLA -1 a cortesponding increase in membrane phospholipid
hydiolysis was observed (Fig 1)

The RVVA-PLA_ -1 at a concentiation of 100 nM did not exert any
appreciable haemolytic activity directly on washed erythiocytes
however exogenous addition of egg yolk phosphohpds (which is a
source of PC) to the erythrocyte suspension enhanced the haemolytic
activity of RVVA PLA; 1 to a significant extent (Table 2) Either with
an nciease 1n the concentiation of RVVA-PLA -1 (data not shown)
o1 an ncrease i the mcubation time of PLA, with the erythiocytes
(Table 2) a concomitant enhancement in the release of tatty aads
and measured Pt from the erythrocyte membranes was observed It
15 worthy to mention that duitng the mtial 30 min of attack
haemolysis could not be detected although RVVA-PLA, [ was able to
release the FAs and lysophospholipids fiom the mntact erythiocyte
membranes In contrast the addition of egg yolk phospholipds to
the erythrocyte suspension resulted in the imttation of haemolysts
within 30 mun of incubation and after 120 min about 47 6 - of total
etythrocytes were hacmolysed  fable 2)

[he GC analysis of erythiocyte membiane phospholipid hydrolysis
by RVVA-PLA--1 had shown a specilic preference lor ieleasing the un-
saturated straight chain fatty acids such as tatty acids tor example



31952 D Satkta et al

able 1

RVVA PLA 1induced swelling and phospholipid hydic lysis of intwcr it chondial membsane eithet tn the presence o i the bsence ot 2 mM Ca

mitochondiny mitochondin obtuned fiom 100 mg wet wuight of tissue
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About 100 mg equivalent ot

flom chicken Iver was incubated with 100 aM of RVVA PTA 11t 37 C tor diftcrent nme petiods The

moasuied Pvatue wias obtun d from acid troarmont of 1 sample of the supermatint Values 3 mean £5 D of ciphaate determinations

Incubation tune  tin Mitochondnal swellny, U )

Phosphohipid hydrolysis

Ratio uf satuiated

ng IA released

ug of measured Pi unsaturated FA

ta ~(a’" [ 1" a ™ ~a ~
0 (contioh® 0 0 (0 3} [¢] 0 0
I» 550+ 75 UETR 1329409 19954+0> 157+£206 170£15 51405
30 G00+12 115025 7994412 10191+13 77919 850+12 7102
60 135015 1650+£05 15038+16 19549+ 1% 26513 163422

59108

Mitochondiial swelling was muasured spuctrophotomctrically and one unit of swelling 1s dufined as a docrcase in U 01 absorhance min of mitochondital suspension at 520 nm

by 100 nM ot RVVA PLA |

Cigy oy and Civ g2 on from the intact erythrocyte membrane atter
30 min ot incubatton This result cortobotates well with our previous
tepott showing piefeiential telease of unsatuiated tatty acids fiom
the erythiocyte membiane during the imitial stage of attack by a
PLA; (NK PLA; 1) from N hkaouthia venom {1%} However aftel
120 man ol incubation of erythrocytes with RVWA-PLA,-I additional sat-
utated FAs of cham lengths Cis0 Cio Ci76 Ciao Caoo and G4 and
unsatutated fatty acid such as Cyg o, wete detected Neveitheless a
few saturated and unsatuiated fatty acids ( C,n) hberated fiom the
membrane due to action of RVVA-PLA;-1 could not be identfted
{Fig 2) The TLC analysis of phospholipids and lysophosphohpids re-
leased fiom the etythiocyte ot mitochondiial membtane atter the tieat
ment with RVVA PLA 1 demonstiated the release of most of the FAs
fiom the membiane PC pools {Supplementary Fig S1)

A compatitson of 1atwos of saturated unsaturated fatty acids re-
leased from the intact mitochondrial membrane (Table 1) after the
addition of RVVA PLA, | suggested that the enzyme has a distinct
pteference for hydrolyzing phospholipids containing satwated fatty

acds at sn 2 position 1in nutochondrial membiane But in sharp con
trast during the mitial phase ot artack this acidic PLA, preters hy-
diolysis of unsatwiated fatty auds m the civthiocyte membiane
(lable 2) fherefore the1atio of saturated/unsaturated fatty acids te-
leased from the erythiocyte membiane was less than 10 for up to
30 mun of incubation with RVVA-PLA,-I Increase in meubation time
beyond 30 mun tesulted 1n a change m RVVA-PLA--I induced fatty
acids 1elease pattetn fiom the erythiocyte membiane owmng to a
greater hydiolysis of phospholipids containing satutated fatty acids
compared to unsatutated fatty acds at sn-2 position (1ible 2)

32 Effect of mnhthitors and antivenom on catalytic and membrane
daimaging actwities

Different urevelsible modifiers of serine residue viz TPCK (inhibitor
of chymotrypsin like seune protease) 1LCK (mhibitor of trypsin-hke
setine protease) and PMSF (inhibitor of serme proteases) at 20 mM
concentration did not affect the catalytic and membiane damaging
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Fig 1 Kinetics of mutochondiial membiane phosphotipid hydiolysis by RVVA PLA T About 100 my equivalents af biver mutochondna  mutochondua obtamed from 100 me wet

weight ot tissue
CC MS as described i the text A) control B

wete incubated with 100 nM of RVVA PIA 1 (m the presence of 2 mM (3

37 for different nme perods the Tiherared fitty acids were milysed by

15 min C 30 mun and D) 60 mun after incubanon of mitochondeial membranes with RVVA PLA
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Table 2

Biochumuca er Bophysica Acra 1518 2012 3149-315/7

3154

RVVA PLA> T mduced haemolysis and phospholipid hydioly 15 of goat washed ervthiocytes The 53 v v enythiowyte suspension was moabated with 100 nM
ot RVVA P1A- Tar 37 Cand haemolysis (diectand mducct and erythiocyte phospholipid hydrolysis were detetnuned Indiect phosphohpid hydiolysis was

chieved n the prcsence of egg yolk phospholipids which 15 3 sowce of PC
pernatant Values are mean=5SD of tmiphicate detciminations

the meisused P vilue was ohtained fiom 3aid treatment of 1 simple of the su

Incubation time  mn ~ haemolysis

Phospholipid hydrolysis

Ratto of saturated unsaturated FA

Direct Indirect g FA released ng of measured P
Control 0 4] 0 0 0
15 min 0 4] 202521 28409 068403
30 min 0 34045 10153 =2) 163212 Obbc04
60 mn 06+003 421045 2045 1~14 2532+17 164+08
120 muin 19+009 476012 2531919 3023=11 19101

actvities of RVVA-PIA,-1 Therefoire based on our experimental 1esult
we propose that seine 1esidue pethaps does not have a contubution
to the above mentioned activities of RVVA-PLA,-I (1able 3) However
the modification of enzyme with pBPB an inhibitor of histidine 1esidue,
drastically reduced the catalytic as well as the membrane damaging ac-
tivities of RVVA-PILA,-T indicating a correlation between catalytic and
membiane damaging activities of this enzyme (Table 3) Fuithermote,
as shown in Table 3, EDTA significantly inhibited the catalytic and mem-
brane phosphohpid hydrolyzing activity of RVVA-PLA;-1 probably by
chelating the Ca™ 1on requured for the ensymatic actvity [15] The
observed significant teduction (37 44%) m catalytic and membtane
damaging activities of RVVA-PLA,-l post tteatment with DTT undel
the expetimental condition was due to paitial reduction of disulfide
honds present in this PLA; molecule Presence of 7-8 intra-molecular di-
sulfide bridges has been repoited in PI A; molecules from snake venom
{5 8] Furthermoie, IAA (a sulfhydryl-teactive alkylating reagent used to
modify the cysteine 1esidue) at the tested concentrations nhibited the
catalytic and membrane damaging activities of RVVA-PLA,-1 almost to
the same extent which may be due to the modificauon of cysteine

5004
400
300 4 D
2004
100

mvoits

€ 120

restdues ot this PIA; tesponsible for the mtramolecular disulfide bond
formation (Table 3)

33 Bmding with phospholipids

The spectroflurometric study revealed the concentiation dependent
hinding of PC with RVVA-PLA -] {Supplementary Fig S2) Binding ef-
fictency of the heat-inacuvated RVVA-PLA,-T nad diastcally reduced
(69%) compared to the PC binding potency ot native RVVA-PLA.-I
(Table 3 and Supplementaty Fig S3) In the present study RVVA-PLA -1
showed equal binding affinity for both mitochondiial and erythrocyte
membranes (data not shown) The membrane binding property of
heat-tnactivated RVVA-PLAS-1, as evaluated by the ELISA expenment, re-
vealed the binding of about 65+2% (mean+SD, n=13) of heated
RVVA-PLA -1 (heated for 60 mun at 75 °C) to intact erythiocyte o1 nuto-
chondrial membranes as compared to 1004 binding of native (unheated)
RVVA-PLA>-1 This suggested the partial loss of membiane binding prop-
erty of heat-inactivated enzyme In contrast histidine-modified RVVA-
PLA,-1 was captuied by mtact erythiocytes and mitochondia to the
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Fig 2 Kmetcs of ervtlnocyte membdiane phosphohpid hvdiolysis by RVVA PLA | The 5°

of 2 mM (1
tncubation of rythiocyte membranes with RVVA PLA -1

v v erythrocyte suspension was meubated with 100 nM of RVVA PLA> 1 (1n the presence

var 37 ¢ for different time petiods The libetared fatty acids weie analysed by ( C MS as desciihed n the text A} conteol BY 30 nun € 60 mun and DY 120 min after
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Table 3

Biochimica et Biophysica Acta 1818 (2012, 3149-3157

Effects of heating, antivenom and inhuibitars {at a final concentiation of 2 mM ) on catalytic and membrane phospholipid hydialytic activities ot RVVA PLA,
L1100 AM). Vatues are mean S D of niphicate determinarnions MM: mitochondnal membiane, FM- erythrocyte membiane

b residual acovity

Binding with PC (%)

PLA- MM hydrolysis £M hydiolysis
Control 106 100 100 100
Chemicals: inhibirors G978=14H POx18 96.5x47 -
TPCK 949317 972119 100 -
TLCK 97405 12.1+08 18.5=09 -
pBPB 976+18 97718 952 +1.7 97.0x 1.3
PMSF 63.0+3.1 535+ 1.7 61.5+1.7
DTT 567+28 60.1+20 566128
IAA 206+ 1.5 23218 258921 -
EDIA
Antigen: antivenom * w.w)
1.100 90.1=15 89.9-05 858+13 ~
1.200 84412 768«1.8 66.7x23 -
1.500 75408 55317 5167206
Heating at 75 °C
10 mun 970=1.8 975208 959=x1.7 975418
20 min 45117 95117 18116 Yldi b
30 min 905 1.5 84.0-05 885424 866423
45 1n 854423 79419 74407 75108
G0 min 708415 G9.5+ 1.4 67.2+13 69.0~+ 1.4

same extent (p > 0.05) as that of the native RVA-PLA,-I, implying that the
modification of histidine residue(s) of RVVA-PLA,-i did not affect its
membrane binding property (Table 3).

3.4. Cytotoxicity assay

The cytotoxicity assay showed that the RVVA-PLA,-1 did not have
any cytotoxic effect on HT-29 cells at the tested doses. RVVA-PLA,-1 at
a dose of 10 pg mi™! (final concentration of 172 nM) was not detri-
mental to HT-29 cells after 24 h of treatment (data not shown). In con-
trast, crude RVV at the same dose (10 pg ml ') killed more than 18% of
cells after 4 h of treatment and almost all the HT-29 cells were dead
after 24 h of treatment (data not shown). The inverted phase contrast
microscopic observation of RVVA-PLA,-1 treated HT-29 cells did not re-
veal any gross morphological changes after 24 h of treatment (data not
shown). Analysis of cell membrane phospholipid hydrolysis revealed
that the RVVA-PLA,- failed to hydrolyze the membrane phospholipids
of HT-29 cells after 4 h of treatment and about 350+ 19 ug {mean+
S.D. n=13) of FAs was released after 24 h of treatment. This suggests
that the amount of phospholipids hydrolyzed by RVVA-PLA,-lin treated
HT-29 cells was significantly less (p~0.001) as compared to the phos-
pholipids hydrolyzed in the mitochondrial and erythrocyte membranes.

3.5. In-vivo toxicity assay

Mortality or behavioural changes were not observed in mice after
48 h i.p. injection of RVVA-PLA,-1 at a dose of 0.2 mg kg~ ! body
weight. However, RVVA-PLA,-I prolonged the bleeding time and the
coagulation time of PPP in RVVA-PLA,-[ treated mice as compared
to the control mice (data not shown). After the treatment of mice
with RVVA-PLA,-I, no changes were observed in WBC count. Never-
theless. there was a significant decrease (p- 0.01) in the RBC count
and the Hb content in the blood of treated mice as compared to the

Table 4

control mice (data not shown) suggesting RVVA-PLA -1 caused lysis
of erythrocytes in in-vivo condition.

Table 4 shows the effect of RVVA-PLA,-1 on serum parameters of
treated mice. Administration of RVVA-PLA,-1 resulted in a significant
increase (p- 0.05) in serum enzymes such as ALP, CPK-MB, SGOT,
SGPT, and triglycerides. On the other hand, the serum level of LDH
was significantly decreased in RVVA-PLA,-1 treated mice as compared
to control. However, there was no change in the cholesterol and glu-
cose levels in the serum of RVVA-PLA,-1 treated mice as compared to
control mice (Table 4).

4. Discussion

4.1. Correlation between catalytic actvity and membrane damaging
activity of RVVA-PLA,-1

Lysis of artificial membranes by PLA,s from various snake venoms
e.g., Bathrops pirajar and Crotalus durissus terrificus has been shown to
be independent of their enzymatic activity, since both native and cata-
lytically inactivated enzymes are fully able to disrupt membranes {19].
Conversely, we have presented contradictory evidences showing that
mitochondrial and erythrocyte membrane hydrolyzing properties of
Russell's viper acidic PLA; (RVVA-PLA,-1) are dependent on its catalylic
activity which is similar to membrane damaging activity of PLA; en-
zymes (NK-PLA,-I and NK-PLA,-11) isolated from Naja kaouthia venom
15]. The current investigation shows that the different membranes stud-
ied in the present investigation have difterent structural organisations
as reflected by their distinctly different sensitivities towards RVVA-
PLA,-L. Nonetheless, this membrane damaging activity is dependent
on Ca’~ ion because in the presence of the metal chelator EDTA,
RVVA-PLA,-1 lost its membrane damaging as well as its catalytic activity
in a parallel manner. The degree of membrane phospholipid hydrolysis
mcreases with the increase in the pre-incubation time of the membranes

Effect of RVVA-PLA -1 on different parameters of serum of atbino mice. RVVA-PLA,-1 /0.2 me ke~ body weight) dissolved 1 0.1 mi of PBS was mjected wmitrapentoneally into a
group of six BALB ¢ mice (n— 61 Mice were sacnficed after 48 b of uyection, blood was collected immediately by venipuncture and the sertny was used for the assay ot different

parameters Values ate mean = S.D. of six determinations

lotal protemn {g L) Glucose (gL} CPK-MB (U L} LDH (U/L) ALP fU L) SGoL (UL SGPT (U L Cholesterol g L} Inglycerides (gL}
Control 2700+£07 211x12 27.5+065 1281509 275x08 14022 S50.0+091 0704 02004
treated 180.51 0.5 253115 3030216 105454111 79314127 1917.26 1350014 08103 10005

Ssignificance of difference
Y p 0001
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with RVVA-PLA--I documenting that the membrane damage 1s partially
dependent on the catalytic actuvity of RVVA-PLA,-1

The induect haemolysis exhtbited by RVVA PLA, I was due to the tol
mation of phospholipid hydiolysis products like lysophospholipids and
FAs from egg yolk phosphohpids,PC and these products caused further
damage to the membrane |20] The same hypothesis can be put forward
to explam the enhanced susceptibnlity of the erythrocytes in the presence
ot ege yolk phospholipids PC and Ca®~ because amongst the tested
phospholipids PC 15 the most favouied substiate for RVVA-PLA, | for
binding followed by hydrolysis {15] The spectroflurometnc study has
also shown that the presence of Ca’ enhanced the binding of
RVVA-PLA_-I with PC [15] conlirming this 1s a Ca® -dependent PLA,
Futthetmote mfubitor studies with specific amino acid modifying 1e
agents neutralization studies with polyvalent antivenom and the
heat inactivation data 1n the piesent study have suggested a corielation
between the catalytic and membrane phosphohlipid hydrolysis properties
ot RVVA-PLA -T However there s enough contioversy regarding the 1ole
of enzymati activity in the phaimacological eftects of snake venom PLA,
enzymes and 1t may be suggested that both enzymatic and non-
enzymatic processes have contitbuted 1 the pharmacological process
[5 515]

The beat-nactivation study also leads us to conclude that the binding
of RVVA-PLA, [to membiane PC followed by 1ts hydiolysis 1s an essential
step for inducing membiane damage [5 6} because a paiallel inhibition
of membiane PC binding catalytic activity as well as membrane damage
1n case of heat-inactivated RVVA PLA,-1 was observed owing to the lact
that heat ticatment pattially distotted PLA; structwie (Supplementary
Fig S3) This partial unfolding of RVVA PLA, T could not be regained
after cooling (Satkia D and Mukhetjee A K unpubhshed observatton)
resulting 1n a reduction 1n PC binding pioperty and activity of heat-
denatured RVVA-PLA, 1

42 Differential hydiolysis of mitochondnal and erythroovte membiane
phospholipids does 1t 1eflect the differences in PLA - sensitn ¢ phospholipd
composition of biomembianes?

Membrane surface properties including membrane fludity cur-
vature suiface charge and membiane mduced stiuctual changes in
the enzyme determine the stiength of interaction coopeiatively of
membrane binding, and the extent of PLA; activation [58] Snake
venom PLA- mduced injury to mitochondiia biings about a change
in the mutochondrial volume [521] The preterential telease ot Cyg
to C;4 FAs fiom the mitochondiial and erythiocyte membianes duting
the imtial phase of attack by RVVA PLA |15 conelated with its pref
erence for short chain fatty auds at the sn 2 position It s presumed
that even if PLA, binds unilormly across the sohd and fluid domains
of membrane enitched in the long and shoit chain fatty acids respec
uvely enzyme shows a pretetence fot shoit chain fatty aads which
ate n fluid phase 122] This 15 due to the lower suiface area density
of the hpid head groups in short chain fatty aads that are present in
fluid phase [23]

Out previous study has shown that RVVA PLA_ | pieferentiaily hy
diolyzes PC over PS and PE [15] It 1s very tntetesting to observe that
RVVA PLA,; I preferentially hydiolyzes the phospholiptds of erythiocyte
membrane compared to mitochondral membiane even though the lat-
tet possesses much gieater percentage ot PC on its outer leaflet (40 9% )
than the outer leaflet of the former membiane (19%) [24] Theiefote
ow result suggests that existence of significantly gieater numbe:r of
RVVA PLA- | sensitive regions in the erythrocyte membrane as com
pared to the muitochondrial membrane might have a relevance to the
higher degrce of phospholipid hydiolysis of the tormer membiane
58] These specific domams o1 venom PLA, susceptible 1egion(s)
may 1esult from the presence of ditferent fatty acids moie particularly
the shoit-chain fatty acids in these 1egions of the membiane herefore
the presente of a large number ol venom PLA-sensitive phospholipid
compositions rather than only PC content of that particular membiane

may determine the extent of membrane damage induced by a particular
PLA; (8]

Fuithermore RVVA PLA, | could hydiolyze the erythiocyte mem
biane phosphelipids within 15 mun of incubation which 1s in shai p con-
trast to ol previous observation whete two phospholipase A, enzymes
viz. NK-PLA,-1 and NK-PLA,-H from N kaouthia venom showed a lag
phase for binding with the erythrocyte membriane and subsequent
membrane hydrolysts {3} Besides N kaouthia PIA, enzymes pieteren-
tially hydiolyze the membiane phospholipids of the mutochondtiia as
compated to that of the erythrocyte membranes |5} It 15 interesting to
note that all these three PLA,« trom snake venom have shown a preter-
ence for hydrolysing PC over PS or PE [5 13} however NK PLA,-I and
NK PLA, Il ttom N kaouthia venom ate basic i natute {5} whereas
RVVA PLA--1fiom D russell venom is an acidic PLA; enzyme Therefote
the differences in overall net charge in a venom PLA, molecule may at-
tribute to difterential binding and subsequent hydrolysis ot phospho
fiprds of a particular membiane [12]

Evidence has been accumulating tegaiding the piesence ot nanome
ter range small-scale sttuctures and hpid domains in the Lipid bilayer
and such organizational heteiogeneity of hpid mucodomamns may
have structuial and functional significance {25 27} The phospholipid-
binding domans with secondary binding sites for speuific protems are
well known and this binding 1s often tightly 1egulated | 78] The diffe:-
ences 1n the membiane phospholipid hydiolysis by a venom PLA; can
be suppoited by our pievious observation that the phospholipid con-
stituents ol microsomal membranes are less hydrolyzed as compared
to those of lysosomal membranes by the action of Vipera iussell
venom basw PLA [13 14] Fuither 1t has been stiggested that PLA;
may be paiticularly active at domain inteitaces which aie the sites of
stiuctural defects and hence good pomnts of attack for these enzymes
[5] The mechanism by which snake venom phospholipase A; sensitive
phospholipid domains 1s formed in the mitochondnial o1 erythiocyte
membrane 1s not very clear Although no adequate desciiption of the
nature of such membiane lipid domatns in tetms of their abundance
composition or dynamics has been provided however it may be as
sumed that the physicochermical propet tics of individual phospholipids
ciucumstantial eftects of membiane protens phospholipid cholesterol
1atio and vitamn E content of the membiane contribute significantly
Lo the lormation of such domains {5 8 14 27}

The ditterence 1n the release of saturated and unsaturated fatty
acids trom the membranes may be explamned by the fact that in the
case of mitochondnal membiane RVVA PLA, 1 pietetentially binds
to one of the PLA_-sensitive domains of the imembiane 1esulting in
quantitative increase in the release of fatty aads fiom that membrane
with respect to time {5} In a contrast RVVA-PLA--1 attacks different
phospholipid domains/region{s) of erythiocyte membiane and thete-
fote this kinetics of erythiocyte membiane phospholipid hydiolysis
favouis the 1elease of quantitatively as well as qualitatively different
FAs with respect to ttme The ratio of saturated/unsaturated fatty
acids teleased from the erythrocyte membrane may lead us Lo assume
that during the mitial phase ot attack RVVA PLA,-1 hydrolyzes a par-
ticular domain of erythiocyte membiane consisting of mostly the un-
satutated fatty acids Slowly with an increase in time the 1eaction
products build up which may help 1n PLA, binding and 1n attacking
another domain of the same membiane enniched 1n more saturated
fatty acids rathei than unsatuiated fatty acids Intetestingly this ie
sult contradicts with the finding of Shukla and Hanahan | 17] showng
the acidic PLA_ purified from the venom of Aghistrodon halys blomhoffi
hvdrolyzing only one domain of PC in mntact erythrocytes |hese dif-
ferences in erythrowyte membiane phospholipid hydrolysis pattern
ot auidic PTA,s fiom two ditferent snake venoms tead us to condude
that not only the oveiall acidic chaige but also the chaige at a paitic-
ular 1egion known as interfacial binding suiface (IBS) of PLA, may
determine its competence for binding with difterent domains of a
membrane [29) This reinforces the presence of venom PLA,-spewific
sensitive leglons i a patticular membrane It may be presumed that
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by virtue of possessing arrays of phospholipase A- isoenzymes,
injected venom can induce greater damage 1o membranes and subse-
quent toxicity to the cells.

4.3. Why does RVVA-PLA--I fail to hydrolyze HT-29 cell membrane
phospholipids?

The RVVA-PLA,-1 at the tested dose (10 ug mi™') did not show
any cytotoxicity against H129 colon adenocarcinoma cells even
though PC is the most abundant phospholipids present in the outer
cell membrane of HT-29 cells [30]. Lomonte et al. {31] have shown
the cytotoxic effect of Myotoxin 1l from Bothrops asper on HT-29
cells at a dose of 50-100 ug mi—*! (micromolar range) whereas we
have examined the cytotoxicity at a dose of 10 ug ml~! (nanomolar
concentration) to avoid any non-specific binding of PLA; to cultured
cells [5]. Furthermore, considering the proportion of RVVA-PIA,-I
present in RVV, we did not perform cytotoxicity at a very high dose
of this PLA;. Amongst the tested membranes, the least hydrolysis of
HT-29 cells can again be explained on the basis that it is not the over-
all quantity of PC in a membrane but either the availability of PCin a
PLA,-sensitive membrane and,or physicochemical properties of a
membrane are the most important criteria in order to elicit the
RVVA-PLA,-I-induced membrane damage [8}. It has been observed
that some of the components of the membrane such as cholesterol/
phospholipid ratio and vitamin E («-tocopherol) content may influ-
ence its fluidity which in turn modulates the activity of venom PLA,
enzymes {14,32].

4.4. The RVVA-PLA;-1is non-lethal but affects the liver and cardiac tissues
of experimental animals

RVVA-PLA,-I (at a dose of 0.2 mg kg™ ! i.p.) does not show any
mortality to the mice even after 48 h of injection suggesting that it
is devoid of any lethal effects in mice. The RVVA-PLA,-I represents
0.1% (w:w) of total RVV protein |13} and on average an adult Russell's
viper may inject 225-250 mg of venom (total amount in a bite) to its
victim { personal communication from Mr. D. Mitra, in-charge, Calcut-
ta Snake Park, Kolkata). Therefore, a maximum of 0.2 to 0.25 mg of
RVVA-PLA--I would be injected in a victim by the bite of an adult
Russell's viper and this dose corresponds to the nanomolar concen-
tration of RVVA-PLA,-1 in the blood of an adult victim. Since RVVA-
PLA,-I was found to be non-toxic to mice at a much higher dose
than this, therefore, it may be suggested that the PLA, under study
does not contribute to lethality of RVV. It is noteworthy to mention
that non-toxic PLA; enzymes {rom snake venom demonstraling phos-
photlipid hydrolysis activity have been reported and the exact contri-
bution of these PLA,s in snake venom is poorly understood [16,33].
However, evidence has been presented from our laboratory to show
that non-covalent interaction of relatively non-toxic PLAss from
N. kaouthia venom with that of weak neurotoxin like molecules
(kaouthitoxins) from the same venom resulted in marked synergism
to potentiate the cytotoxicity of PLA,-kaouthiotoxin complex without
altering the biological propetties of PLA; enzymes {19]. The proteome
analysis of D. russelli siamensis venom revealed the presence of com-
plex of PLA, with other unidentified venom proteins [34], Presence of
such PLA,-interacting component(s) from D. russelli russelli venom
remains to be elucidated.

Increase in the level of most of the tested enzymes in the serum of
RVVA-PLA,-I treated mace suggests that it might be affecting different
organs, particularly the liver and cardiac tissues of mice. Every living
cell contains its complement of enzymes, most of which are intracel-
lular and are released into the circulation only after breakdown of the
cell or impairment of 1ts membrane post-envenomation [2}]. Elevated
CPK-MB level suggested damage (o the skeletal muscle and s indica-
tive of myonecrosis, whereas increased SGOT, SGPT and ALP levels in

Brochumica et Biophysica Acta 1818 (J01.2Y 3149-3157

the serum of treated mice indicated damage to the liver tissues
remforcing RVVA-PLA,-I targets cardiac and hepatic tssues.

5. Conclusion

In conclusion, RVVA-PLA,-1 preferentiatly hydrolyzed phospholipids
of erythrocyte membranes compared to liver mitochondrial mem-
branes. Interestingly, this PLA; could not hydrolyze HT-29 colon adeno-
carcanoma cell membrane phospholipids after 24 h of treatment
suggesting a differential mode of attack on membrane phospholipids
by RVVA-PLA,-I. The GC analysis of saturated/unsaturated fatty acid re-
lease pattern from intact mitochondrial and erythrocyte membranes
after the addition of RVVA-PLA>-1 suguested the existence of a signifi-
cantly greater number of RVVA-PLA,-I sensitive domains in the erythro-
cyte membrane as compared to the nutochondrial membrane. Although,
the exact nature of the membrane domain(s) responsible for binding
with this acidic PLA, from Russell's viper could not pe identified; howev-
er, our study has provided enough evidences in support of membrane
domain hypothesis. Further studies to identify the nature of these mem-
brane domains are in progress.
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ABSTRACT

A homodimeric acidic PLA; (RVVA-PLA,-[) of 58.0 kDa moalecular weight purified from
Russell's viper (Daboia russelli) venom demonstrated dose-dependent catalytic, strong
anticoagulant and indirect hemolytic activities and inhibited blood coagulation cascade in
both enzymatic and non-enzymatic mechanisms. In in vitro condition, RVVA-PLA;-1
showed preferential hydrolysis of phosphatidylcholine with a K, and Vyax values of
0.65 mM and 28.9 pmol min~, respectively. Biochemical study and GC-analysis of plasma
phospholipids hydrolysis by PLA; revealed that anticoagulant activity of RVVA-PLA,-1 was
partly attributed by the enzymatic hydrolysis of pro-coagulant phospholipids PC, followed
by PS. The spectrofluorometric and gel-filtration analyses documented binding of RVVA-
PLA;-I with activated factor X and PC; however, it does not bind with factor Va,
prothrombin and thrombin. Therefore, this anticoagulant PLA; inhibits the blood coagu-
lation cascade non-enzymatically by binding with coagulation factor Xa, even in the
absence of phospholipids and Ca~ and thus slows down the blood coaguldtion by partially
inhibiting the prothrombin activation. Chemical modification of essential amino acids
present in the active site, neutralization with Azadirachta indica leaves extract (AIPLAl) and
heat-inactivation study reinforce the association of catalytic and anticoagulant activity of
RVVA-PLA>-1 and also throw a light on its non-enzymatic mechanism of anticoagulant
action.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

acids (Dennis, 1983; Doley and Mulkherjee, 2003). In addition
to the digestion of prey, venom PLA; exhibits wide varieties of

Russell's viper (Daboia russelli), one of the major
venomous snakes found in Indian subcontinent, is respon-
sible for a large number of snakebite morbidity and mortality
(Mulkherjee et al.,, 2000). Phospholipase Az (EC 3.1.1.4) is one
of the major components of Russell's viper venom that
hydrolyzes glycerophospholipids at the sn-2 position of the
glycerol backbone releasing lysophospholipids and fatty

* Corresponding author. Tel.: ~91 9957 184351 ; fax: - 91 3712 267005/
267006.
E-mail address: akm@rezu.ernerin (A.K. Mukherjee).

0041-0101/% - see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/5.toxicon.2011.02.018

pharmacological effects such as neurotoxicity, cardiotoxicity,
myoloxicity, necrotic, anticoagulant, hypotensive, hemolytic,
hemorrhage and edema inducing activities (Soares et al.,
2001; Murakami and Arni, 2003; Mukherjee, 2007; Samy
et al, 2007). A single venom including RVV may contain
several isoforms of PLA; which are acidic, basic or, neutral in
nature (Jayanthi and Gowda, 1988), and each PLA; may exert
different pathophysiological effects by different mechanisms
in snakebite victims (Mukherjee et al, 2000; Kini, 2006).
However, studies have presented contradictory data showing
pharmacological properties of PLA; may be dependent,
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independent or partially dependent on its catalytic actwity
(Kini and Evans, 1989, Doley and Mukherjee, 2003, Doley
et al, 2004, Mukherjee, 2007) Therefore, this remamns
a chalfenging task foi the scientists to elucidate the struc-
ture-function relatronships in this class of protern

Circulatory system 1s one of the physiological systems
targeted by anticoagulant PLA;s from snake venom (Itma
el al, 2005, Doley and Mukherjee, 2003) Most of the
death from Russell's vipe) envenomation n eastein India s
attributed to prolonged blood coagulation time of victims
(Mukherjee et al, 2000) Since plasma phospholipids play
a crucial role 1in the formation of several coagulation
complexes therefore, 1t might be endorsed that the oblit-
eration of phospholipid suiface by venom PLAys could be
the primary mechanism to account for then anticoagulant
effect (K, 2006, Mukherjee, 2007) It 15 worthy to
mention that mechanism of anticoagulant action of PLA,
from RVV, particularly the acidic PLA; has still remained
obscuied Studies on such anticoagulants contribute to our
undetstanding of ‘vulnetable’ sites in the coagulation
cascade which may further help us to design novel strate-
gies to develop anticoagulant therapeutic agents and new
functional diagnostic test kats in the field of hemostasis
(Schon, 2005, Kim, 2006)

Literature survey documents that hmited attempts have
been made to charactenize biochemical and pharmacolog-
ical properties of acidic PLAzs from Russell’s viper venom
Our prelimtnary study has shown that anticoagulant acidic
PLA; isoenzymes compiise about 32% of total PLA; present
1n RVV of eastern India ongin (Saikia, D and Mukherjee,
A K, unpublished observation) Therefore, 1t 1s likely that
this group of PLA; may contribute significantly in the
ovelall toxicity of RVV In this study we 1epoit for the fiist
time the biochemical propeities of a high molecular weight
potent anticoagulant acdic PLA; from Daboia russelli
venom Further, our study provides an insight into the
mechanism of anticoagulant activity of this acidic PLA;, and
suggests this PLA, exetts 1ts anticoagulant action 1n both
enzymatic and non-enzymatic mechanisms

2. Materials and methods
21 Matenals

Venom of Dabota russelli was obtained from Calcutta
Snake Park, Kolkata CM Sephadex C-50, DEAE Sephadex A-
50 and Sephadex G-50 (fine grade) were obtained from
Pharmacia Fine Chemucals, Sweden The thrombin and
prothrombin weie obtained from Himeda, India and Meick
India, respectively All other reagents of analytical grade
were purchased from Sigma-Aldrich, USA

22 lIsolation and purification of an acidic anticoagulant PLA;

Crude Dabota russellt venom (20 mg protein) was dis-
salved in 2 0 ml of 20 mM K-phosphate buffer, pH 70 and
centnfuged at 10,000 < g for 5 nun i1 an MPW-350 centi-
fuge The clear supernatant was applied to a CM Sephadex C-
50 (20 mm x 60 mm) column pre-equihbrated with 20 mM
K-phosphate buffer, pH 70 and the column was washed with
two volumes of elution buffer to elute the non-bound

proteins This flow-through fraction was apphied to a DEAE
Sephadex A-50 (20 mm x 60 mm) column previously equil-
ibrated with 20 mM K-phosphate buffer, pH 7.0 Elution was
catited at toom temperatuie (~23 °C) at a flow 1ate of
24 ml h~! with K-phosphate buffeis of decreasing pH and
increasing molanties One mi fraction was collected 1n each
tube and each fraction was assayed for both anticoagulant as
well as PLA; activity The fractions showing significant PLA;
as well as anticoagulant activity weie podled, desalted on
pie-packed desalting column (Bangalole Genel, Bangaloie),
concentrated at —20 °C in a MAXI dry plus (Heto Lab Equip-
ment, Denmark) and then applied to a Sephadex G-50 gel-
filtration column (1 ¢cm x 64 cm) previously equilibrated with
20 mM K-phosphate buffe1r, pH 70 Elution was caited out
with the equilibration buffer at room temperatuie (~23 °C)
The flow rate was adjusted to 20 ml h™' and 1 mi fraction was
collected 1n each tube Protein content of the individual
fraction was estimated by the method of Towry et af (1951)
using bovine serum afbunn as standaid This fiactionation
1esulted 1nto two majoi and one munol anticoagulant PLA;
fractions and the first peak showed highest anticoagulant as
well as PLA; activity The fractions of first peak (GFI) were
pooled, lyophilized and stoied at — 18 °C tempetatuie

The gel-filtration flaction GFI was further punfied on
a reverse phase Cjg-)-Nova pack column by using HPLC
system (Waters, Milenium-2000) Brnefly, about 20 ug protein
of GFl was dissolved in 20 ul of solvent A(0 1% v/v TFAIn 5% v/
v acetonitiile) and then applied on a ieveise phase HPLC
column previously equilibiated with solvent A Column was
washed with solvent A for 5 min and then bound proteins
were eluted at a flow rate of 1 ml min~" using a gradient of 5-
95% solvent B (01% v/v TFA 1n 95% v/v acetonitrile) from 5 to
37 mun Detection was monitored at 280 nm and individual
fraction was collected manually Each peak was scieened foi
protein content, anticoagulant and PLA; activity The peak
showing anticoagulant PLA; activity was pooled, dried in
vacuum and stored at ~18 °C untii further use

23 Determnation of molecular weight by SDS-PAGE and ESl/
MS

The homogeneity of preparation of the PLA; was checked
by 12 5% SDS-PAGE with o1 without 1eduction of piotein
with B-mercaptoethanol (Laemmli 1970) Molecular weight
was further determined by electrospray lomzation mass-
spectrometry (ESI/MS) The electrospray mass spectra were
recorded on a Micromass Quattro 11 triple quadrupole mass
spectrometer The sample was dissolved 1n 50 pl Millipoie
water and 10 pl of sample was diluted with 500 pl {1 1 (v/v),
methanol water containing 0 3% (v/v) formic acid] solvent
system Then the sample was introduced into the ESI source
thiough a syiinge pump at the 1ate of 5 ul nun~" ESI capii-
lary was set at 35 kV and the cone voltage was 40 V The
spectra were collected 1n 6 scans and the data represented
an average spectra of 4-6 scans

24 Phospholipase A; activity
For screening purpose PLA; activity of crude RVV as well

as vanous chromatographic fractions was determined as
described by Doley and Mukherjee (2003) using egg yoik
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phospholipids as substrate One unit of PLA; activity was
defined as the amount of protein which produces
a decrease 1n 001 absorbance in 10 min at 740 nm To
determune the substiate specificity and phospholipids
head-gioup preference of the acidic anticoagulant PLAz,
different commercially available phospholipids such as PC,
PS and PE (final concentration 1 mM) were incubated with
20 mM enzyme at 37 °C for desired time periods and PLA;
activity was assayed by tttametiic method using palmitic
acid as a free fatty acid standaid (Doley et al 2004)

25 Anticoagulant activity assay

Platelet poor plasma (PPP) fiom goat blood was piepated
by centufuging the aitiated blood twice at 2500 x g fo
15 minat4°Cand used within 4 h The methods for the assay
of re-calcification time of plasma and prothrombin time test
(by Quick one stage procedure) were described previously
(Doley and Mukherjee 2003) One unit of anticoagulant
actvity is defined as ciude venom/puiified PLA; induced 1s
increase 1n clotting of PPP compared to clotting time of
normal plasma (Mukherjee et al 2000)

26 Brochemical characterization

The activity for protease, acetylcholinesterase, and
ATPase in PLA; preparation was assayed as described earlier
(Mukherjee et al, 2000, Mukheijee and Maity, 2002) The
kinetic patameteis (K and Vipax) of puiified PLA; wele
determined by Lineweaver-Burk plot using different
concentrations (3 0-70 mM) of PC as substrate and by
plotting the values of 1/v as a function of 1/S To study the
effect of heating on catalytic, anticoagulant and membrane
damaging actity, puiified PLA; solution (1 mg ml~1) was
heated at 75 °C for different time periods (5-60 min), cooled
immediately 1n ice-bath and then the required volume was
withdrawn for the assay of PLA,, plasma-clotting time and
membiane damaging activities of PLA, enzyme

27 Gas-chromatography analysis of hberated fatty acids
from plasma phospholipids

The FFAs 1eleased post tieatment of PLA, were extiacted
and methylated as desciibe by Mukheijee et al (2010) The
dry sample (fatty acid methyl esters) was dissolved 1n
a minimum quantity of chloroform and analyzed on a GC-
MS (Varan 3800, Saturn 2000) system The samples were
injected using a spht ratio of 100 1 into a fused silica GC
column CP-S11 8 CB low bleed (30 m x 025 mm x 025 um)
coupled with a CP-S11 5 C low bleed/MS (30 m x 0 25 mm x
0 25 pm) column with helium as the carrier gas The system
was equipped with flame 1omization detectot The mitial
oven temperature was 120 °C and a temperatui e program of
8 °C per min began at injection and continued to a final oven
temperature of 270 °C, which was hold isothermal for 3 min
The jector port and detector temperature were set at
250 °C The mass spectiometiic data weie acquiied n
election 1onization mode (70 eV) The unknown methylated
fatty acids were identified by matching both retention time
and MS of the unknown compound with those of authentic
standards (Saturn 2000 MS hbrary search)

28 Inhibition of catalytic and anticoagulant activities of PLA;
with inhibttors

The PLA; mlubitor (AIPLAl) was isolated fiom the
methanol extiact of Azadirachta indica using a Wateis
reverse phase Cyg-11-Nova pack HPLC column (3 9 x 150 mm)
as described by Mukherjee et al (2008) For PLA; inhibition
study, graded amounts of different inhibitois such as tosy!
phenylalanyl chloiomethy! ketone (TPCK), N-o-~p-tosyl-i-
lysine chloromethyl ketone (TLCK), phenylmethanesulfony)
fluoride (PMSF), p-bromophenacyl bromide (pBPB) ethyl-
enediaminetetraacetic acid (EDTA), dithiothreitol (DTT),
1odoacetamide (1AA), and Azadirachta indica PLA; inhibitor
(AIPLAI) weie pre-incubated with fixed concentiation of
acidic anticoagulant PLA; at 37 °C foir 30 min The mixture
was then assayed for the intubition catalytic and anticoag-
ulant activities of the PLA;, 1f any, in the corresponding assay
system

29 Measurement of interaction of PLA; with phospholipids
and coagulation factors

Measurement of interaction of different phospholipids
with punified PLA; was peifoimed by using a fluoiescence
spectrometer (LS55, Perkin Elmer) Briefly, either a pure
phospholipid (PC/PS/PE} or a mixture of phsopholipids
(PCPS PE, 11 1) were suspended 1n 20 mM Tus-HCl, pH
8 0 at a final concentration of 1 mM and sonicated for about
5 mun at 4 °C with a Labsonic® M (Sartorius) sonicator To
this, graded concentrations of PLA; (native or heated at
75 ©C for various time period) dissolved in 20 mM Tris-HCl,
pH 8 0 weie muxed eithet mn presence o1 absence of Ca?t
and fluorescence spectia were obtained at an excitation
wavelength 280 nm, excitation and emuission shts 5 nm,
temperature 30 °C Wavelength shifts were measured by
taking the midpoint at two third height of the spectrum
The maximum fluoiescence of fiee piotein (ly) was also
measu ed

To measure the interaction of PLA; with blood clotting
factors viz factor Xa, factor Va, prothrombin and thrombin,
the former protein was mixed with any one of the coagu-
lation factors at a time to get the diffeient molat 1atio of
PLA; coagulation factor either in piesence o1 absence of
Ca** and change 1n the fluorescence ntensity ar 280 nm
excitation was measured To assure the reproducibility, all
the binding experiments were done In triplicate

In in vitro condition, interaction of RVVA-PLA,-I with
factor Xa was also checked by gel-filnation of individual
PLA;, factor Xa and reconstituted PLA; factor Xa (1 1)
complex on a Sephadex G-50 (1 x 64 cm?) gel-filtration
column equilibiated with 20 mM K-phosphate buffe1, pH
72 Elution was cairied out with the same buffer at 1oom
temperature (~23 °C) at a flow rate of 24 ml/h and 10 ml
fraction was collected in each tube Proten content of
individual tube was determined spectrophotometrically at
660 nm (Lowry et al 1951) The gel-filttation column was
calibrated with the following molecular weight maikel
proteins-aprotinin (6500} cytochrome C (12,400), carbonic
anhydrase (29,000), bovine serum albumin (66,000) and
blue dextran (200000}
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210 Prothrombmn mnhibition assay

The prothrombin complex (factor Xa, factor Va phos-
pholipids and Ca®* 10ns) was 1econstituted eithel 1n pies-
ence o1 absence of 10 nM of puiified PLA; (Joseph et ai
1999) The prothrombin (5 pg) activation was indirectly
determined by measuring the formation of thrombin from
prothrombin using the chromogenic substrate for
thiombin (Beigei et al, 2008) The amount of thiombin
genelated by activation of prothiombin was determined
from the concentration of p-mitroamline which was
released from 02 mM of N-p-tosyl-Gly-Pro-Arg p-nitro-
anthde acetate salt (chromogenic substrate for thrombin)
by the action of thiombin The activation of prothiombin
(thrombin generation) by factor Xa in absence of puiified
PLA; was considered as 100% activity and from this value,
present inhibition of prothrombin activation by anticoag-
ulant PLA> was calculated

The mhibition of prothrombin activation was also
analyzed by 15% SDS-PAGE {Laemmh 1970) Briefly, 5 g
prothrombin was incubated with factor Xa, Ca?* 1ons and
either in presence or absence of 10 nM of purified PLA; at
37 °Cfo1 3 h The hydiolysis products of piothiombin wele
analyzed by 15% SDS-PAGE under non-ieducing condition

211 Effect of the PLA; on amidolytic activity of factor Xa

Factor Xa (25 nM) dissolved in 20 mM K-phosphate
buffer, pH 74 was incubated with vaiious concentiations
(1-8 uM) of punified acidic anticoagulant PLA, (either in
presence or absence of Ca®*) for 10 rmn at room temper-
ature (~23 °C) The factor Xa amdolytic activity was
measuted by tiansferning an aliquot of the muxtuie to
a cuvette contaiming 250 pM of F3301 (CH30C0O-p-CHA-Gly-
Arg-p-mitroanilide, chromogenic substrate for factor Xa)
The hydrolysis of F3301 was measured at 405 nm The
reaction muxture without factor Xa was taken as negative
contiol wheteas reaction nuxtuie with factot Xa and F3301
but without PLA; served as positive contiol The amidolytic
activity of factor Xa in absence of PLA; was considered as
100% activity and other values were compared with that

3. Results
31 Punfication of an acidic anticoagulant PLA

The flow-through of CM Sephadex C-50 contained
neutial and acidic proteins of RVV (at pH 70) Fractionation
of these proteins thiough an anion exchanger DEAE
Sephadex A-50 resulted 1n their separation into seven peaks
(suppiementary Fig S1) The peak-V (eluted with 100 mM K-
phosphate, pH-5 0) showed both anticoagulant and PLA;
activity By fractionation thiough gel-filtration column, 1t
was separated into three fractions {(supplementary Fig $2)
The fraction GFl showing strong anticoagulant as well as
PLA; activity was further purified using RP-HPLC where 1t
was eluted as a single shatp peak with a tetention time of
12 5min(Fig 1A) This peak was found to be homogenous by
SDS-PAGE (see below) This PLA; was named as RVVA-PLA;-1
(RVV aadic PLA;-1) The summary of punification of RVVA-
PLA2-11s given in Table 1

32 Assessment of punity and determination of molecular
mass

The molecular mass of the PLA, was determined by SDS-
PAGE and ESI/MS analysis About 20 ug of RVVA-PLA,-1 gave
a sharp, Coomassie Brilhant blue positive band on 12 5%
SDS-PAGE under both reduced and non-reduced conditions
(Fig 1B) By SDS-PACE this protein appeared as a single
band of 28 5 kDa after teduction with f-metcaptoethanol,
but 1n absences of 1educing agent and heating it rgiated
as a single band of an apparent mass of 58 0 kDa (Fig 1B)
indicating purified PLA; 1s a homodimmer By molecular
steve chromatography, the molecular mass of this acidic
PLA; was estimated as 610 kDa Molecular mass of the
putified acidic PLA; was detetmined as 28 57 kDa by ESl/
MS (Fig 2)

33 Substrate specificity and btochemical charactenzation

Among the tested phospholipid substrates, RVVA-PLA-!
showed highest specificactivity toward PC(11 x106Umg™")
followed by PS (24 x 10° U mg™') and then PE (60 x
10° Umg~") The Ky, and Vs values of RVVA-PLA,-I toward
PC wele determined as 065 mM and 289 pmol mn~},
respectively RVVA-PLA,-1 was glycopiotein in nature and
showed optimum catalytic activity at pH range of 8 0-8 5
However, 1t did not show any proteolytic, ATPase and
AchEase activity at a dose of 750 mM The dose-dependent
study demonstiated that the PLA; activity increased linearly
up to concentration of 30 mM, and beyond this concentra-
tion, saturation 1n enzyme activity was detected (data not
shown)

34 Anticoagulant activity

In i vitro condition, crude RVV did not show the anti-
coagulant activity nevertheless, RVVA-PLA,-1 at a concen-
tratton of 25 mM piolonged the noimal clotting time of
platelet poor plasma It was observed that with an inciease
1n the concentration of RVVN-PLA>-1 up to 100 mM, its
anticoagulant activity (as determined by Ca-clotting time of
PPP) was enhanced linearly, however, a further increase 1n
the concentiation of this PLA, did not show any significant
increase 1n Ca-clotting time of PPP and a satwation was
obtained (supplementary Fig 53) A concomitant increase
in plasma phospholipids hydrolysis with an initial increase
in the pre-incubation time of plasma with PLA; was
observed and after 10 min of pre-incubation, no fuither
significant enhancement (p < 005) of plasma phospho-
lipids hydrolysis could be detected (data not shown) The
CC-analysis of FFAs released post hydrolysis of plasma
phospholipids by RVVA-PLA;-1 at diffeient time intervals
also supported the above observation (supplementary
Fig S4)

35 Binding of RVVA-PLAz-1 with factor Xa and inhibition of
prothromhin activation

A significant decrease in fluorescence signal of coagu-
lation factor Xa 1n presence of PLA; (3 5 uM) was recorded
(Fig 3) Interestingly, RVVA-PLA;-1 at a dose of 10 0 uM did
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Fig. 1. A. Reverse phase HPLC of gel-filtration fraction GFl on a Waters reverse-phage HPLC Cig-pt Nova Pak column. Solvents A and B were 0.1% (v/v) TFA in 5.0%

(v/v) acetonitrile, and 0.1% TFA in 95% (v/v) acetonitrile, respectively. Elution was performed at a flow rate of 1 ml/min using the gradient as described in the text.

The unabsorbed fraction was not a protein and was from the buffer as confirmed from a blank run. The protein was eluted with a retention tune 12.7 min. B. The

12.5% SDS-PAGE of purified RVVA-PLA;-1 (both reduced and non-reduced) and crude Daboia russelli venom : Lane A) molecular weight rarkers (Phosphorylase

b 97,400 Da; Bovine Serum Albumin 66,000 Da; Ovalbumin 43,000 Da: Carbonic Anhydrase 29,000 Da; Soyabean Trypsin Inhibitor 20,100 Da; Lysozyme

14,300 Da; Aprotinin 6500 Da); lane 8) crude RVV (30 pg); lane C) 20 ug RVVA-PLA,-| (nan-reduced condition); lane D) 20 pg RVVA-PLA,-1 (reduced condition).
-

not affect the amidolytic activity of the factor Xa and vice-
versa (data not shown). However, we could not detect any
change in the fluorescence intensity of RVVA-PLAz-I post
incubation with activated factor Va, prothrombin and
thrombin indicating absence of interaction of acidic PLA;
with these coagulation factors. Further, gel-filtration of
RVVA-PLA,-I: factor Xa complex also revealed the binding
of these two components (data not shown).

Factor Xa could activate prothrombin, to generate
thrombin as was revealed from the amidolytic assay for
thrombin (Fig. 4) and SDS-PAGE analysis of prothrombin
degradation products (Fig. 5). However, formation of
thrombin from prothrombin by factor Xa was drastically
reduced in presence of RVVA-PLA;-I. Since RVVA-PLA,-1 is
devoid of proteclytic activity therefore, it leads us to
anticipate that this acidic PLA; non- inhibited the factor Xa
in a non-enzymatic mechanism (Figs. 4 and 5).

Table 1

3.6. Effect of inhibitors and antivenom on catalytic and
anticoagulant activity

Different serine inhibitors viz. TPCK, TLCK and PMSF did
not affect the catalytic and anticoagulant activity of RVVA-
PLA;-! suggesting serine does not play any role in these
activities of PLA; (Table 2). However, modification of
enzyme with pBPB drastically reduced the catalytic as well
as the anticoagulant activity of RVVA-PLA,-1 indicating
presence of histidine in the active site of the PLA; enzyme
(Table 2). Further, EDTA significantly inhibited the catalytic
and anticoagulant activity of PLA; nevertheless, the inhibi-
tion of catalytic activity was more pronounced as compared
to inhibition of the anticoagulant property of PLA; (Table 2).
It might be noted that DTT inhibited the catalytic and anti-
coagulant activity of RVVA-PLA,-1 almost at the same extent
although IAA exerted more inhibition of catalytic activity

Summary of purification of the acidic anticoagulant phospholspase A; (RVVA-PLA,-I) from RVV. Data represents a typical experiment. ND: Not detected.

Fraction Protein PLA; activity Anticaagulant activity Purification fold

ield (% X . )

yield (%) Total Specific Total Specific 'PLA; Anticoagulant
activity (unir) activity (unit/mg) activity (Unie) activirty (unit/mg) activiry activirty

Crude RV 100 1.3 % 10° 1.2 ¢ 10° ND ND 1 e
CM-Cellulose 4. 1.1 x 10? 2.5 x 10° ND ND 20 T
DEAE Sephadex 0.49 19 x 10% 3.8 x 10* ND ND 32 -
Gel-filtration 0.12 7.2 x 102 6.0 x 10* 23.8 19 x 10° 4.9 1
RP-HPLC 0.1 5.9 x 10? 8.4 x 10* 36.8 53 % 10% 7.0 28
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Fig 2 ESI/MS of RVVA-PLA,-1 for molecular mass determunation

compaied to anticoagulant activity of RVVA-PLA;-1 (Table
2) The AIPLAI purified from Azadirachta indica leave
extract at a dose of 50 pg ml~! demonstrated equal inhibi-
tion of catalytic (73% inhibition) and anticoagulant (71%
inhibition) activity RVVA-PLA,-1 (data not shown)

37 Binding with phospholipids

The excitation of fluorescence of free PLA; (0 4 uM) was
done at 280 nm and enmussion maximum were observed at
3315 nm Fluorescence intensity of PLA, post mixing with
different phospholipids beaiing diffe1ent polai head groups
exhibited different results, a large increase 1n fluorescence
intensity of PLA; in presence of PC was observed (Fig 6) and
addition of 2 mM Ca’* fuither enhanced the fluorescence
mtensity (data not shown) Addition of PS and PE also
resulted 1n an increase the fluorescence intensity of RVVA-~
PLA>-1 but to a lesser extent that observed in case of PC
(Fig 6) When the binding experiment was performed with
an equimolar mixture of PC PS PE (final concentration
50 uM), the emutted fluorescence intensity was found to be
less than the fluorescence intensity of PLA; shown 1n pres-
ence of PC alone (Fig 6) A comparison of PC binding prop-
erty of native and heated-PLA; by spectroflurometric scudy
revealed that phospholipid (PC) binding efficiency of the
heat-inactivated PLA; was drastically reduced (69%)
compared to the PCbinding potency of native PLA; (Table 2)

4. Discussion

This aadic phospholipase A; in the present study
constituted about 0 1% of the total RVV protein however, 1t

demonstiated stiong anticoagulant activity suggesting its
impottant role in pathogenesis post Russell’s viper enve-
nomation Further, data suggested this *PLA; occurs as
a dimmer 1in RVV The molecular weight of snake venom
PLA; 1s reported mostly in the range of 11-15 kDa (K,
2006, Valentin and Lambeau, 2000) Theie 1s no othel
repoit of occurrence of 58 0 kDa homodimeric snake venom
PLA; except one example of 29 kDa monomernic, non-anti-
coagulant PLA> from the venom of Vipera russeilt of
Myanmar origin (Aye-Kyaw et al, 1994) Due to the
ptedomunance of p1o-coagulant proteins and peptides in mn
vitro condition ciude RVV failed to show anticoagulant
activity and RVVA-PLA;-1 was separated from crude venom
only after the gel-filtration step

41 RVVA-PLA>-11s a strong anticoagulant PLA; from RVV

Venom PLA; enzymes have been classified into strong,
weak and non-anticoagulant enzymes (Kini, 2006, Boffa
et al, 1980, Veirhey et al, 1980) The RVVA-PLA,-1 dis-
played anticoagulant effect at a concentration of 0 3 pg ml ™"
which was far lower than recommended concentration
{~2 pg mi~")1equued for the stiong anticoagulant PLA; to
prolong the normal clotting time of plasma Therefore 1t 1s
reasonable to assume that RVVA-PLA,-I belongs to the
group of strongly anticoagulant PLA;s (Kim 2006) Further,
our finding contradicts the report of Verhey et al (1980)
suggesung higher anticoagulant potency 1s associated
mostly with basic PLA; enzymes However, 1t is not the
overall basicity but the nature of charge 1n the anticoagulant
site determines the anticoagulant potency of PLA; enzymes
according to Kim (2006) In strongly anticoagulant PLA;
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Fig. 3. Fluorescence spectra showing interaction of RVVA-PLA,-1 with activated factor X, (A) factor Xa, (B) RVVA-PLA,-1, (C) activated factor X in presence of

RVVA-PLA,-I.

enzymes the anticoagulant region is positively charged, but
negatively charged in weakly and non-anticoagulant
enzyme. Therefore, it might be reasonable to assume that
although overall net charge of RVVA-PLA,-I is negative
(anionic in nature); however, some positive residues on
enzyme may play a significant role in demonstrating its
strong anticoagulant effect (Kini, 2006).
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Fig. 4. Inhibition of factor Xa -induced prothrombin activation by RVVA-
PLA,-1. Generation of thrombin (as determined by amidolytic activity assay
of thrombin) from prothrombin (5 pg) in presence of factor Xa (25 mM) (e );
and in presence of RVVA-PLA;-1 (10 mM) treated factor Xa (25 mM) (a).
Values are mean =+ S.D. of triplicate dererminations.

4.2. Correlation between catalytic and anticoagulant activity
of RVVA-PLAy-1

The understanding of structure-function relationships
in PLA; enzymes is complicated and contradictory data
have been presented to explain the anticoagulant action of
venom PLA; enzymes. For example, there are reports
demonstrating a correlation between catalytic activity and
anticoagulant property of PLA, molecules (Boffa et al,
1980; Verheij et al., 1980; Soares et al., 2001; Doley and
Mukherjee, 2003). In a sharp contrast, it has also been
reported that a non-enzymatic mechanism might play
a key role in inhibiting the different blood coagulation
factors by venom PLA; and therefore, nullifying the role of
PLA; activity in anticoagulant process (Stefansson et al.,
1990; Faure et al., 2007). Present study supports that
anticoagulant activity of RVVA-PLA;-! is mainly dependent
on its catalytic activity and also partly attributed through
a non-enzymatic mechanism by binding with coagulation
factor Xa and thus inhibiting the activation of prothrombin
to thrombin.

It is well known that phospholipids play?a cruciai role in
the formation of several coagulation complexes. Therefore,
preferential hydrolysis of PC, the natural precursor for PS;
followed by hydrolysis of PS, which is known to be the most
active phospholipids in clotting process and low hydrolysis
of plasma phospholipids by RVVA-PLA,-1 might lead us to
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Fig 5 The inhibition of prothrombin activation as analyzed by 15% SDS
PAGE Llane A) prothrombin (5 pg) lane B) prothrombin (5 pg) incubated
with factor Xa (25 mM) Ca®~ 1ons (10 mM) 1n presence of RVVA PLA; |
(10 mM) lane C) prothiombm (5 pg) tieated with factor Xa (25 mM) Ca**
10n{10 mM) 1n absence of RVVA-PLA,-

anticipate that destiuction of phospholipids suiface would
be the primary mechamism to account for anticoagulant
effect of this enzyme Those results support the role of
enzymatic activity in anticoagulant action by RVVA-PLA;-|
(Condiea et al, 1981 Doley and Mulkherjee 2003) The
above hypothesis 1s supported by the observations that
very low but specific plasma phospholipids hydrolysis 1s
the characteristics feature of strongly anticoagulant PLA;s
wheieas non-specific, non-anticoagulant PLA, enzymes
randomly hydrolyze the plasma phospholipids (K and
Evans, 1989) Therefore, higher amounts of phospholipids
hydrolysis are required before non-specific PLA2s show any
significant anticoagulant effect It1s noteworthy to mention
that non-anticoagulant PLA, fiom Nagja naqia naja (Robeits
et al, 1978) Crotalus atrox (Tinker and Wet, 1979) and Cro-
talus adamanteus (Pattnaik et al, 1976) and weakly anti-
coagulant PLA; from Nwa Kaouthia (Mukherjee 2007)
preferentially hydrolyzes PC over PS and PE whereas
anticoagulant PLA; fiom Vipera berus has a specifiaty

Table 2
Effects of heating and tnhubitors on PLA; and anticoagulant activity of
RVVA-PLA;-l Values are mean 2 S D of tnphcate determmnations

PLA; activity Anticoagulnal activity
(% 1esidual activity) (% 1esidual activity)
Contiol 100 100
Heating at 75 °C
10 nun 970+ 18 950+17
20 min 94517 920=06
30 min 90515 871+14
45 min 854423 786+ 09
60 min 708+ 15 65512
Chemucals/inhbitors
TPCK 978 +19 100
TLCK 949117 997 L19
PBPB 97+05 154+ 04
PMSF 976+ 18 838+14
D1T 630+£31 599+ 09
1AA 567+28 712+£11
EDTA 206+ 15 38309

toward PS (Boffa et al 1972) In this study, RVVA-PLA,-1
a strong acidic anticoagulant PLA; shov;/ed preferential
hydrolysis of PC over PS or PE This novel*finding leads to
conclude that stiong anticoagulant activity may not always
be 1estiicted to only those PLA; showing preferential
hydrolysis of PS

Further the anticoagulant activity was parallel
enhanced with an increase in the imtial concentration of
RVVA-PLA,-! suppotting anticoagulant potency i1s depen-
dent on the catalytic activity of PLA; enzyme Nevertheless,
the metal chelator EDTA significantly inhibited the catalytic
as well as anticoagulant activity of this PLA; by chelating
the Ca?* 1ons require to enhance theses activities More-
ovel, alkylation of histidine tesidue, the most conserved
ammo acid amongst PLA; enzymes (Prngent-Dachary
et al 1980, Doley et al 2004, Mukherjee, 2007) resulted
in parallel inhibition of catalytic and anticoagulant activity
of RVVA-PLA,-1, reinforcing a correlation between these
two activities Besides, inhibition study with AIPLAI iso-
lated fiom Azadirachta indica leaves and heat-inactivation
study also supported the correlation between catalytic and
anticoagulant activity of RVVA-PLA;-I

43 Non-enzymatic mechamism of anticoagulant activity
interaction of RYVA-PLA,-1 with plasma phospholipids and
coagulation factor Xa

The non enzymatic mechanism of anticoagulant action
of RVVA-PLA;-I 1s evident fiom the fact that beyond 30 mM
concentration of PLA;, no further plasma phospholipids
hydrolysis was observed, however, anticoagulant activity
was increased up to a concentration of 100 mM PLA;

One of the most impottant key factots influencing the
anticoagulant potency is the penetiating pioperty of PLA,
enzymes (Condrea et al, 1980, Kint, 2006) Present study
contradicts many earher reports postulating penetrability
1s the property assoctated with basic PLA;s of venom (Boffa
etal 1980, Veiheyet al, 1980) Neveitheless, RVVA-PLA,-I,
an acidic PLA; stiongly binds with PC vesicles even in
absence of Ca** suggesting its high penetrating ability
which 1n turn reflects its strong anticoagulant activity
(Pringent-Dachary et al, 1980} It has been suggested by
Kini and Evans (1989) that anticoagulant 1egion lies
between residues 54 and 77 of PLA; molecule, this1egion is
positively charged 1n strongly anticoagulant PLA; enzymes
even 1if the overall charge on the enzyme 1s different 1t 1s to
be noted that RVVA-PLA,-1 differs from Naja naja phos-
pholipase (group [ PLA,) which has an absolute iequie-
ment of Ca?* for 1ts binding to hpids (Roberts et al, 1977)
However, our result does not corroborate with the report of
Pringent-Dachary et al (1980), who suggested that strong
anticoagulant PLA; should always have a gieater binding
with PS A correlation between deciease in peicent binding
with plasma phospholipid PC and a paréllel decrease n
catalytic and anticoagulant activity post heating of RVVA-
PLA;-1 reinforces the hypothesis that binding followed by
hydtolysis of plasma phospholipids paiticulatly PC aie the
essential steps for inducing anticoagulant activity by this
PLA; (Zingah, 2007)

It has been suggested that anticoagulant phospholipases
may tnhibit blood coagulation cascade non-enzymatically
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Fig. 6. Fluorescence spectra showing interaction of RVVA-PLA,-1 with phospholipids, A} RVVA-PLA,-1 and PC; B) RVVA-PLA,-1 and PC, PS and PE (1:1; 1): C)

RVVA-PLA;-1 and PS; D) RVVA-PLA>-1 and PE; E) RVVA-PLA,-1.

by competing with clotting factors for the lipid surface and
strongly anticoagulant PLA; enzyme binds to coagulation
factor X andfor factor Xa or by inhibition of thrombin
(Stefansson et al., 1990; Kini, 2006; Osipov et al., 2010). By
Intrinsic fluorometric as well as by gel-filtration study, an
interaction between RVVA-PLA,-1 and coagulation factor
Xa was observed in absence of phospholipids/Ca®* doc-
umenting this PLA; may block the formation of pro-
thrombinase complex even in a phospholipids/Ca®*
independent manner. The non-enzymatic, Ca“-indepen-
dent mechanism of inhibition of blood coagulation by
RVVA-PLA,-I is further evident from the fact that it retains
about 38% of anticoagulant activity although the catalytic
activity is reduced to 80% of its original activity post addi-
tion of EDTA. Further, RVVA-PLA;-I binds with factor Xa at
a site other than its chromogenic substrate binding site
resulting in no interference in the amidolytic activity of
factor Xa although its prothrombin activation property post
binding with PLA; was lost. This result is in accordance
with the report of Stefansson et al. (1990) showing a basic
PLA; from Naja Nigricollis venom (CM-1V) inhibits the
prothrombinase complex in absence of phospholipids
without affecting the amidolytic activity of factor Xa.

In conclusion, RVVA-PLA,-1 exerts its anticoagulant
effect by a dual mechanism of action by enzymatically
hydrolyzing the plasma phospholipids as well as by binding
with those phospholipids essential for the blood coagula-
tion process. This PLA; interfered with the blood coagulation

process non-enzymatically by inhibiting the coagulation
factor Xa, even in absence of phospholipids/Ca?*, and
thereby slowing down the process of thrombin formation
from prothrombin by the action of factor Xa. However,
further structural characterization of RVVA-PLA>-l is
necessary for better understanding of its catalytic and
pharmacological properties.
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MEDICAL AND DIAGNOSTIC APPLICATIONS OF

SNAKE VENOM PROTEOMES
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Abstract: Snake venom is a highly toxic secretion produced and stored in specialized salivary glands of snakes
which constitutes a vast array of biologically-active compounds, such as enzymes, proteins, peptides and low
molecular weight compounds. These substances target an immense number of receptors and membrane proteins
as well as coagulation proteins with high affinity, selectivity and potency, and can serve as potential drugs or
scaffolds for drug design. During the recent yecars, much attention has been given to understand the mechanism of
action of complex venom proteins for the development of novel drugs and therapeutic agents to treat life-threatening
discases such as cardiovascular discascs, cancer, thrombosis, arthritis, microbial infections and hypertension cte.
Further, snake venom components have found uses in the diagnosis of haemostatic chsorders. This paper reviews
the various biomedical applications of snake venom proteins in terms of therapeutic and diagnostic values.

Key words: anticancer drug; antimicrobial agent; diagnostic reagents from snake venom; medical application of

venom toxins; thrombolytic agents.

Introduction

The Indian subcontinent apart from being a rich
source of flora and fauna is also home to a rich
diversity of ophidian species. Only 242 species
of snakes have been identified in India so far
which includes 57 poisonous or harmful species.
Snake vénom is an evolutionary adaptation to
immobilize, incapacitate as well as to digest their
prey, which is also used as a defense mechanism
by the snakes when encountered by enemies. In
the recent years, snake venom and its components
has gathered enormous interest by researchers
across the globe. Scientists over the past few
decades have postulated that despite of the
harmful and life-threatening affects of snake
venom, its component may provide highly
specific research tools for the development of
novel life-saving medicines and drugs against
some common and life threatening diseases
(Stocker, 1990) besides providing insight to basic
coagulation process.

Corresponding Author: Dr. A. K. Mukherjee
E-mail: akim@tezu ernet in

A Brief Account of Snake Venom Composition

Over 90% of the solid snake venom components
are pharmacologically active proteins and
polypeptides, responsible for exerting
pharmacological effects in victims (Sarkar and
Devi, 1968; Stocker, 1990). Non-protein
ingredients of venom include carbohydrate and
metals (often in the form of glycoprotein and
metalloprotein enzymes), lipids, free amino acids,
nucleotides and biogenic amines.

The proteins/ polypeptides constituting
snake venom can further be divided into
enzymatic and non-enzymatic toxins, which in
turn may be coagulant, anticeagulant or
fibrinolytic in nature. Non enzymatic toxins are
found to be predominant in cobra venom,
whereas viper venom is found to be composed
mainly of enzymatic proteins (Sarkar and Devi,
1968, Stocker, 1990). Snake venom toxins may
have more than one specific activity, and therefore
they may play multiple roles in the overall effect
of envenoming. Considering this fact, the isolation
and characterization of individual venom
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components constitutes the mainstay of
toxinology, as a key strategy to scrutinize and to
analyze the complex series of events involved in
envenoming. The number of enzymes and their
specific activities varies from venom to venom
and about 26 such enzymes have been identified.
Although no single venom contains all of them,
at least 10 of these enzymes are present in every
snake venom, while others are found in several
combinations in different varieties of snakes
(Stocker, 1990; Sarkar and Devi, 1968; Mebs, 1970).
A comparative study on the activities of enzymes
in venom of 42 species comprising Colubridae,
Elapidae, Viperidae and Crotalidae snake families
led to the conclusion that Elapidae venoms are
rich in phospholipases and phosphodiesterase
(Mukherjee et al., 2000; Mukherjee and Maity,
1998a; Mukherjee and Maity, 1998b; Doley and
Mukherjee, 2003; Doley et al., 2004; Mukherjee,
2007), whereas Viperidae venom contain
proteases, coagulant, kinin-releasing and arginine
ester hydrolyzing enzymes (Stocker, 1990; Kini
1997; Mukherijee et al.,~2000).

The variation in venom composition is a
common phenomenon and plays an important
role in pathophysiological symptoms following
envenomation and therefore deserves dedicated
medical concern. The venom composition varies
greatly due to variation in individual,
geographical origin, age and diet of the snakes
(Mukherjee and Maity, 1998a; Daltry et al., 1996;
Tsai et al., 1996). The mutatignal changes in the
gene which is the primary basis of evolution also
contributes significantly to the venom variation
that occurs between closely related species or
even within a species (Daltry et al., 1996; Assakura

etal., 1992; Fr)( et al., 2003).

Biomedical and Therapeutic Application of
Snake Venom Components

Investigations over the past few decades, have
shown that the myriad of proteins found in
venoms of different snakes have the potential to
be developed as a drug for the treatment of a
number of medical concerns such as
cardiovascular ailments, thrombosis, arthritis,
cancer and many other diseases (Stocker, 1990;
Lipps, 1999; Toombs, 2001; Marsh and Williams,
2005). Besides, many of them are now successfully
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employed as conventional diagnostic tools for the
assessment of different coagulation factors and
proteins involved in the coagulation cascade.
Venom toxins have developed highly specific
molecular targets, which make them valuable for
drug usage in terms of limiting potential side
effects. Studies about these protein toxins and
their mechanism of action have contributed to the
knowledge about the various molecular
mechanisms involved in the physiological
processes and in the development of novel
therapeutic agents for the treatment of various life
threatening diseases.

The search for lead compounds for the
development of new therapeutic agents has long
included a focus on snake venoms. The
descriptions below and Table 1 lists some of the
snake venom proteins which have found a place
in the biomedical industry.

s

(a)

Nowvel Drugs from Snake Venom Showing
Anticancer and Anti-tumor Activity

Cancer, which has long been known to the human
as a life threatening disease is characterized by
uncontrolled growth and spread of abnormal
cells. Medical science despite of its constant
research for the development of effective drugs
against cancer has not been fully successful in
dealing with this deadly disease.

A major problem faced by the physicians is
various drugs and chemotherapeutic agents
usually used for the treatment of cancer are
unable to distinguish between tumor cells and
other healthy cells, causing undesirable side
effects, sometimes leading to death. The venom-
derived toxins seem to act only on certain types
of cells and have shown differential lytic activity
against various cell lines and subcellular
organelles (Doley ¢t al., 2004). Recent research has
been directed with special emphasis on potential
application of purified proteins and crude snake
venoms that might disrupt the normal sequence
of events leading to the spread of tumor. In 1933,
Calmette and his colleagues first time reported
the anti-carcinogenic activity of cobra (N. naja)
venom (Iwaguchi ef al., 1985) and thereafter,
many reports have established the anticancer
potential of different species of Elapidae,
Viperidae and Crotalidae snake venoms



Table 1

Therapeutic Applications of Snake Venom and Snake Venom Components

<
&
Snake venom Example Source Buological functions Applications Reference Comments 8
component g
_
Snake venom Ancrod Aghistrodon Converts fibrinogen into non-  Treatment of 1schaemuc stroke, 2] Marketed as w
thrombwn-like rhodostoma clottable form of fibnn1e HATT syndrome, deep vein Viprinex ™ o§
enzymes Therapeutic difibrination thrombosis and peripheral S
occlusive diseases, alternative 2
to heparin in cardiopulmonary 2
bypass g4
Plasminogen TSV-PA Trimeresurus Dissolution of fibrin clot via Treatment of vascular diseases (39] Potential to be §
activahing enzymes stepneger: activation of plasmunogen such as myocardial infarction, developed as a S
to plasmin pulmonary embolism, stroke, fibrinolytic drug 2
deep vein thrombosis and {501 In Phase 11 2’,
other vascular thromboses, cancer clinucal tnals %
Direct fibrinolytic Alfimeprase Aghistrodon Dissolution of fibrin/ whole ;
enzymes (recombinant contortria blood clot directly 3
form of contortria (plasmun-hike activity) §
Fibrolase) )
<
Disintegrins Contortrostat A contortrin Blocks integrins during tumor  Applicable as antitumor agents [51] Not yet availa- &
n contortria progression ble in market 3
Rhodostomin  Calloselesma Inhibits angiogenesis S
rhodostoma [55] -do-
Salmosin A hays 21} -do-
brevicaudus
Platelet glycoprotein  Integrilin Sistrurus Inhibits platelet aggiegation For reducing the risk of acute [57) Marketed as
IIb/(lla antagorusts  (Eptifibatide) nitharius cardiac 1schemic events in patients Integriin® by
barbour: with unstable angina Millentum
Pharmaceuticals
Thrombin intubitors  Bothrojaracin  Bothrops jaraca Anticoagulant {58] Not yet
marketed
Plasmin mbibitors Textilinun-1 Pseudonaja inhibitor of plasmin- Anti-bleeding agent in the [9] Marketed by
textihis catalysed fibrinolysis treatment of chronic inflammatory QRXPHARMA,

Angiotensin-
converting

enzyme (ACE)

inhibitor

Captropril

Bothrops jaraca

blocks the conversion of
angiotensin I to angiotensin 11
of the RAAS system

diseases such as rheumatoid
arthnitis and arteriosclerosis
Restriction of cell prohferation
duringcancer

Treatment of hypertension,
congestive heart failure,
also investigated for use in
treatment of cancer

but withdrawn
due to concerns
over side effects

[45] Marketed by
Bristol-Myers
Squibb under
the trade name

w
Capoten w
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(Iwagﬁchi et al., 1985; Yang et al., 2005a; Debnath
et al., 2007, Gomes et al., 2007).

It has been suggested that fibrin deposition
plays an important and distinct roles at different
stages of tumor growth and dissemination. Blood
vessel thrombus due to fibrin accumulation may
lead to myocardial infarction or other
cardiovascular diseases. Moreover, occurrence of
venous thromboembolism is a common
complication in cancer patients. Although the
degree of malignancy is not related to the extent
of fibrin deposition, but the amount of fibrin
deposited is a characteristic of a particular type
of tumor (Markland, 1990). In addition to fibrin,
there are strong evidences to show that platelets
also play an important role in spreading the tumor
metastasis and this is probably by shielding tumor
cells in platelet thrombi (Markland, 1990).
Fortunately, many of snake venoms are enriched
in fibrinolytic enzymes (Trikha et al., 1994;
Leonardi et al., 2007); therefore, attempts have
been made to inhibit the tumor growth and
invasion by interfering with fibrin deposition
and/ or platelet aggregation with the help of
fibrinolytic enzymes.

Infusion of a purified 33.7 kDa monomeric
fibrinogen clotting snake venom enzyme
crotalase to different animals resulted in a benign
state of defibrinogenation (Markland, 1990). There
was neither fibrin deposition in the internal
organs nor any intravascular coagulation was
observed. In order to suppress the tumerogenecity
of mouse B16 melanoma cell lines, the cells were
treated with purified crotalase in vitro and then
subcutaneously transplanted into C57 BL./6 mice
(Markland, 1990). Interestingly, although
crotalase did not show cytotoxicity against B16
melanoma cells, but treatment with crotalase
resulted in inhibition of the growth of cancer cells.
It has been suggested that by inhibiting the fibrin
gel formation around a tumor cell, crotalase could
create a more favorable condition for
immunogenic attack of cancer cells by
macrophages or other effector cells. Thrombin-
like venom enzymes may help to stop metastasis
of breast cancer as well as ovarian cancer as it can
inhibit tumor dissemination and angiogenesis
(Trikha et al., 1994).

t
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Osteosarcoma is a very malignant bone tumor
which has a high metastatic potential and usually
lead to poor prognosis. In the metabolic cascade,
the adhesion of tumor cells to the endothelium
or, extracellular matrix is an essential step.
Rhodostomin, a peptide isolated from the venom
of Calloselesma rhodostoma, can block the
osteosarcoma cell line (ROS 17/2.8) of rat (Yang
et al., 2005a). It is known that Rhodostomin may
serve as a potent anti-metastatic agent in blocking
the thrombin enhanced cell adhesion potential.
Further investigation of anti-adhesion therapy
with venom components perhaps leads to the
prevention of potential metastasis in certain
cancer patients (Yang et al., 2005a). Salmosin, is
yet another example of a peptide isolated from
the venom of Agkistrodon hays brevicaudus, which
exhibits anti-tumor and anti-angidgenic effects
(Kang et al., 1999).

Among the various toxins of the venom,
cytotoxins, the primary target for which is the cell
membrane, are among the most prominent
components of cobra venom (Mukherjee and
Maity, 1998a; Mukherjee and Maity, 2002;
Feofanov et al., 2005; Izidoro et al., 2006) .For
example, cytotoxins CT1 and CT2 from Naja
oxiana, CT3 from N. kaouthia and CT1 from N. haje
are demonstrated to possess this property with
respect to human lung adenocarcinoma A,,, and
promyelocytic leukemia HL60 cells (Feofanov et
al., 2005). It was demonstrated further that an L-
amino acid oxidase isolated from Bothrops pirajai
snake venom possessed cytotoxic activity and in
in vitro condition it showed antitumor activity
against S180 tumor, human breast (SKBR-3), acute
T cell leukemia (Jurkat) cancer, and Erlich ascitic
tumor. (EAT) cell lines (Izidoro et al., 2006).
Similarly, in a study done by Debnath and his
colleagues, it has been shown that venoms of
Indian monocellate cobra (N. kaouthia) and
Russell’s viper (Daboia russelli) possessed
anticancer activity and in in vitro condition
prevented the proliferation of malignant cells, at
non-toxic concentrations (Debnath et al, 2007).
Similarly, Yang and his colleagues in 2005 also
demonstrated the induction of apoptosis in
human leukemia K562 cells by cardiotoxin III
isolated from N. n. atra venom. In fact, this was
the first report on the mechanism of the anticancer
effect of CTX 11 on human leukaemia K562 cells
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through a mitochondrial mediated pathway
(Yang et al. 2005b).

(b) Snake Venom Proteins for the Prevention/
treatment of Thrombosis and Vascular
Occlusive Diseases

Therapeutic defibrinogenation with snake venom
enzymes has been attempted to treat peripheral
arterial occlusion diseases in which surgical
revascularization could not be satisfactorily
achieved (Furukawa and Ishimaru, 1990).
Batroxobin (Funk et al., 1971) and Ancrod
(Burkhart et al., 1992) are thrombin-like enzymes;
purified from the venom of Bothrops moojeni and
Agkistrodon rhodostoma, respectively, have found
tremendous application in this aspect.
Intravenous or subcutaneous injection of Arvin®,
(a commercial preparation of Ancrod) into human
causes a specific, dose-dependent reduction of the
plasma fibrinogen level; therefore, Arvin is used
in the treatment and prevention of vascular
occlusive diseases (Furukawa and Ishimaruy,
1990). Similarly, batroxobin (Defibrinase R) is
currently used for controlled depletion of
fibrinogen and is a selective antithrombic agent
_on deep vein thrombosis peripheral arterial
diseases (Itoh et al., 1988).

Unlike snake venom thrombin like enzymes,
fibrinolytic enzymes isolated from snake venom
do not lead to defibrinogenation but can digest
fibrin clots directly; thereby suggesting potential
application of fibrinolytic enzymes for the
treatment of thrombotic ailments such as strokes,
heart attacks and other diseases associated with
the formation of thrombus. Of the many
fibrinolytic enzymes identified so far, Fibrolase,
a direct-acting fibrinolytic metalloproteinase
enzyme isolated from southern copperhead
venom (Agkistrodon contortrix contortrix), has been
used to digest occlusive blood clots in animal
models (Retzios and Markland, 1988). In 1997,
Sanchez and colleagues reported the preparation
of a superior thrombolytic.agent possessing both
thrombolytic and antiplatelet properties, by
conjugating fibrolase to a peptide which inhibits
platelet aggregation (Sanchez ef al., 1997).
Recombinant fibrolase called Alfimeprase was
also been produced which seemed to be a potent
thrombolytic agent (Toombs, 2001). However, its

failure at the phase III clinical trials lead to the
abolishment of its further implications as a
thrombolytic drug. We have also isolated a low
molecular weight (~12 kDa) direct fibrinolytic,
non-toxic enzyme from venom of Daboia russelli.
In vitro studies demonstrated that this non-
cytotoxic peptide has tremendous potential to
dissolve fibrin as well as artificial blood clot thus
advocating the future application of this peptide
as thrombolytic agent (Mukherjee, A. K. and
Thakur, R., unpublished observation).
Plasminogen activators are yet another class of
fibrinolytic enzymes which result in the
breakdown of thrombus by activating inactive
plasminogen to plasmin which in turn degrades
fibrin. TSV-PA is once such enzyme purified from
Trimeresurus stejnegeri (Parry et al., 3998).

(c) Other Biomedical Application of Venom
Proteins

Besides having potential therapeutic importance
in handling diseases associated with thrombosis
such as cardiovascular diseases, and cancer, snake
venom proteins are also found to have other
therapeutic applications. For example, snake
venom neurotoxins, mainly o-Btx, played a
leading role in myasthenia gravis research
(Samson et al., 2001). Crotamine, myotoxin a, and
homologous peptides are also seem to be useful
candidates to study the muscle cell membrane
and their sodium channels (Hong and Chang,
1985). Dendrotoxin (a toxin derived from
Dendroaspic venom) and their homologues, are
becoming extremely valuable tools to characterize
K* channels which are involved in the regulation
mechanisms of cell excitability and synaptic
transmission (Harvey and Andersoh, 2004).

Antagonists and inhibitors of different
coagulation and membrane proteins isolated from
snake venom, has hypothesized for its further
biomedical applications in the field of hemastatic
disorders and ischemic ailments. For example,
Inhibitors of angiotensin converting enzymes
such as captropril isolated from B. jararaca and
marketed as captopen, serves for the control of
hypertension and congestive heart failure (Smith
and Vane, 2003). Another example is of
bothrojaracin, which is a potent thrombin
inhibitor and as such a strong anticoagulant
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(Zingali et al., 2003). Textilin-1 inhibits plasmin
catalysed fibrinolysis, thereby suggesting its
application as a potent anti-bleeding agent (Flight
et al., 2009). Platelet glycoprotein IIb/Illa
antagonists such as Integrilin which inhibits
platelet aggregation, is widely used for reducing
the risk of acute cardiac ischemic events in
patients with unstable angina (Zeymer, 2007).

Recent studies have shown that snake venom
can be explored as a promising source for
analgesics (Mancin et al., 1998; Pu et al., 1995).
Crotamine (~5kDa) from Crotalus durissus
terrificus is 30 fold more potent than morphine as
analgesic (Mancin et al., 1998). Hannalgesin from
Ophiophagus Hannah (Pu et al., 1995) and
Cobrotoxin b from Naja naja atra (Chang et al.,
1997) are potent analgesics isolated, that do not
cause neurological or muscular deficit.

Diagnostic Applications of Snake Venom and
its Components

As shownin Table 2, Snake venoms contain a vast
array of components, many of which have found
extensive applications in the diagnosis of
haemostatic disorders (Marsh and Williams,
2005). For example, Russell’s viper venom
contains toxins which are used to assay blood
clotting factors V, VII, X, platelet factor 3 and
lupus anticoagulants as well as coagulation
proteins such as fibrinogen and prothrombin.

RVYV contains a potent activator of factor X
(RVV-X) and RVV-X® (Pentapharm) has been
employed in a number of clotting assays, notably
for the measurement of factor X itself, for
distinguishing between factor VII and factor X
and in lupus anticoagulant (LA) assay (Takeya et
al., 1992). RVV-X enzyme has also been used to
assay platelet factor 3 (Hardisty and Hutton,
1966). Due to their unique characteristics, RVV
enzymes have been used for the improvement of
the detection of Von-Willebrand disease as well.
The dilute Russell’s viper venom time (dRVVT)
occupies a particular niche in the assay of LA as
it is quick, sensitive and inexpensive. RVV-V, an
enzyme which is commercially marketed
by pentapharm for the measurement of Factor V
and study of factor V activation was also isolated
and purified from Daboia russelli venom (Kisiel,
1979).

Journal of Proteins and Proteomics

Yet another diagnostically important
compound is the Reptilase® reagent which is the
trademark for a lyophilized preparation of pure
Batroxobin from Bothrops atrox venom, used for
measuring “reptilase time”, a very popular
screening test which is always performed in
parallel with thrombin time (Funk et al., 1971).
Batroxobin and possibly several other fibrinogen
coagulant snake venom enzymes may be used for
quantitative determination of fibrinogen in
plasma (Funk et al., 1971).

A potent, fast acting Protein C activator
(Protac®, Pentapharm) from the venom of the
Southern copperhead snake, Agkistrodon c.
contortrix (Stocker et al., 1987) has been identified
which is extremely useful in activating Protein C
for assay by direct chromogenic method (Nathan
et al., 1987), an indirect chromogenic activated
partial thromboplastin time (Stocker ef al., 1988);
and a functional clotting assay (Martinoli and
Stocker, 1986). Many other proteins isolated serve
for measuring VWF level or prothrombin levels
in plasma as well (Usami et al., 1993; Weigner et
al., 1980).

Disintegrins are yet another diagnostically
important component from snake venom which
prevent platelet aggregation via inhibition of
surface glycoprotein receptor activity (Ouyang et
al., 1992). Because of the presence of this property,
disintegrins offer a unique opportunity for the
study of platelet-platelet and platelet-
endothelium interactions (Marsh and Williams,
2005). One of the most studied disintegrins
include Triflavin from Trimeresurus flavoviridis
(Huang et al., 1991). Disintegrins may also find a
role in imaging both thrombi and émboli and it
has been shown that Bitistatin from Bitis arietans
venom is the most promising in this regard
(Knight et al., 1996).

Conclusion

It is obvious that these proteins or peptides,
derived from snake venom could produce
potentially huge medical benefits for mankind.
During the last decade, many of the snake venom
proteins and toxins showing great promise for
medical application have been isolated, purified
and characterized; however, further studies for
many of the isolated proteins are required for



Table 2

Diagnostic Applications of Snake Venom and Snake Venom Components

Snake venom Example Soutce Buwological functions Applications Reference Comments
component
Prothrombin Ecarin Eclus carinatus Activation of prothrombin Detection of abnormal type of [54] Marketed by
actrvators prothrombin Pentapharm as
Ecarin
Thrombin like Batroxobin Bothrops moojem Release of fibrinopeptide A Deplete fibrinogen and make [11] Commeraally
enzymes of fibrinogen plasma unclottable available as
Reptilase
Factor X activators RVV-X Dabow russells Activation of Factor X Measurement of Factor X [49] Marketed as
Pefachrome®
FXa by
Pentapharm
Factor V RVV-V Dabour russell: Activation of factor V Measurement of Factor V (23] Marketed by
activators and study of factor V activation Pentapharm
C-type lectin Botrocetin Bothrops jaraca Agglutination of platelets Used as a diagnostic of von [53] Botrocetin
in the presence of vVWF Willebrand disease and Bernard-
Soulier syndrome
Protein C activators  ACC-C Agkistrodon Activation of Protein C Quantitative determunation of 47] Protac®

¢ contortrix

Protein C and S in human plasma
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better understanding of the structure-function
relationship and mechanism of action of these
venom proteins 1n order to develop novel drugs
and diagnostic reagents
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A compound (AIPLAI (Azadirachta indica PLA; inhibitor)) purified from the methanolic leaf
extract of A. indica (Neem) inhibits the cobra and Russell's viper venoms (RVVs)
phospholipase A, enzymes in a dose-dependent manner. Inhibition of catalytic and
tested pharmacological properties of cobra venom {Naja naja and Naja kaouthia) PLA;
enzymes by AIPLAI is significantly higher (P<0.05) compared to the inhibition of PLA,
enzymes of crude RVV (Daboia russelli) when tested under the same condition. Kinetic
study reveals that in in vitro condition, AIPLAI inhibits the purified N. kaouthia PLA;
enzymes in a non-competitive manner. The A[PLAI is quite stable at room temperature.
The present study shows that AIPLAI holds good promise for the development of novel
anti-snake venom drug in future,

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

Snakebite is a global problem, especially in tropical
countries like India. It has been estimated that 5 million
people are bitten by venomous snakes annually around
the world, thereby resulting in about 100,000 fatalities
(Chippaux, 1998). A perusal of the literature shows that
cobra and viper are the two important categories of
snakes in India responsible for maximum snakebite
mortality (Bhat et al,, 1991; Mukherjee, 1998; Mukherjee
et al., 2000; Mukherjee and Maity, 2002).

* Lthical statement: I'he animal experiments were done as per the
guidelines of experiments on animals as sct up by the Indian Council of
Medical Research and Tezpur University.

* Corresponding author. Tel.: +913712267172; fax: +913712 267005/
267006.

E-mail address: akm@tezu.ernet.in (A.K. Mukherjee).
! Present address: Department of Biological Sciences, National
University of Singapore, Science Drive 4, Singapore 117 543, Singapore

0041-0101/$ - see front matter ® 2008 Elsevier Ltd. All nghts reserved.
do0i:10.1016/j.toxicon.2008.03.021

PLA, enzymes are one of the most toxic proteins
present in snake venom; in addition to the digestion of
prey, they exhibit many pharmacological effects by
disturbing the normal physiological process of victims
(Kini, 2003; Doley and Mukherjee, 2003; Doley et al.,
2004; Mukherjee, 2007). The most effective and accepted
therapy for snakebite patients is immediate administra-
tion of specific or polyvalent antivenom following en-
venomation; however, this therapy carries an associated
risk of anaphylaxis and serum reactions (Russell et al.,
1985; Gilon et al., 1989). Further, due to geographical
variation in venom composition of snakes, antivenom
raised against the venom of a snake from a particular
geographical origin may not be able to neutralize or
prevent local effects of envenomation by snakes from
other geographical locations (Gillissen et al, 1994,
Mukherjee and Maity, 1998; Shashidharamurthy and
Kemparaju, 2007). Therefore, in addition to administration
of antivenom, there should be alternative therapy for the
snakebite patients.
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Numerous plant species aie used as folk medicine to
treat venomous snakebite n India, but without any
scientific validation Therefore, this type of treatment
remains questionable and needs thorough scientific
investigation Our previous study has demonstrated that
aqueous 100t extiact of Mimosa pudica, a plant used by the
local people to treat snakebite patients, was effective to
neutralize the lethality and toxic enzymes of Naja kaouthia
venom {(Mahanta and Mukheijee, 2001) This has
prompted us to scieen the anti-phospholipase A; activity
of some medicinal plants of the region popularly used by
the snake charmers as well as by the local healers
(traditionally known as Bejs) for treating potsonous
snakebites The piesent study shows that methanolic leaf
extiact of Azadirachta indica (Neem) 1s effective against the
PLA; enzymes of cobra (Naja ngpa and N kaouthia) and
Russell's viper (Dabowa russelll) venom (RVV) samples
A indica has been used as antidote (folk medicine) to treat
poisonous snakebite n the 1ujal ateas of the Indian
subcontinent Howevel, to the best of our knowledge, this
1s the first report describing the inhibitory activity of neem
extract against any toxic component of snake venom

2. Materials and methods

Venom samples of N naja, N kaouthia and D russellt
were obtained from a commercial venom dealer n
Kolkata, India Various plant parts used against snakebite
wete collected fiom local aieas and taxonomically
identified A voucher specimen of each sample was
deposited 1n the department Actual field survey was
conducted among the rural and tribal people of Assam to
know the plant parts they use against snakebite, proce-
dutes for the piepaiation of medicine fiom these paits
and ueatment methodology Refeiences have also been
collected from books and pamphlets on medicinal plants
of Assam and North-East India For the preparation of the
plant (root/ leaf/stem) extracts, fresh leavesfroots/bark
weie shade diied, made into coaise powdel, and 20g of
powde1 of leaves/ioots/baik was taken in a beaker and
soaked with 100 ml of either distilled H,O or methanol or
chloroform with continuous stirring for 2h at room
temperature The extract was filtered through a mushn
cloth and filtrate was concentiated at 40 °C under vacuum
The dned exnact was dissolved i noimal saline
(09% NaCl) at a concentration of 1mg/ml and kept at
4°C until further use (Mahanta and Mukherjee, 2001)

Separation of methanolic extract (leaves) was carried
out by high-performance liquid chiomatography (Wateis)
coupled with a reverse-phase Cig-pu-Nova pak HPLC
column (3 9 x 150mm) Elution was carried out with an
1socratic gradient of methanol and acetonitrile at a flow
rate of 1 mifmin Elution was monitored at 210nm and
individual peak was screened fo1 PLA; inhibition activity
The active compound (fraction-1) was re-fractionated 1n
the same column under 1dentical condition, dried under
vacuum at —20°C and kept 1n a desiccator for further
chatacterized This fiaction was named AIPLAI (A mdica
PLA; inhibitor)

The molecular mass of the pure fraction was determu-
ned by matrix-assisted laser desorption/ionization-time of

flight mass spectioscopy (MALDI-TOF-MS) Biiefly, the
MALDI-TOF-MS was run in a Milcromass TofSpec 2E
instrument using a nitrogen 337 nm laser (4 ns pulse) At
least 40-50 shots were summed up The matrix used was
smapinic acid dissolved in CAN 01% TFA-water The
inflaied (IR) spectium of the punfied dried compound
was recorded using KBr pellet in a Nicolet Impact 410 FTIR
spectrophotometer Sample was prepared by dispersing
the sohd uniformly mn a matix of diy nujol (KB1) mull,
compressed to form an almost transparent disk The
spectra showing the functional groups were used to study
the composition of the PLA; inhibitor Absorption spectra
were plotted using a built-in plotter IR spectra were
collected fiom 500-4000 wave numbets (¢cm ') The
'H-NMR spectia of HPLC-punified active fiaction
(PLA, inhibitor) were recorded 1in CgDg at 300 mHz by a
FT-NMR spectrometer

The two most abundant N kaouthia PLA; enzymes
(NK-PLA,-1 and NK-PLA,-1I) weie puinified as desciibed
pievipusly {Doley and Mukherjee, 2003% Doley et al,
2004) Phospholipase A, activity of crude venom samples
as well as punfied enzymes was determined by the egg
yolk method (Doley et al, 2004, Mukherjee 2007) Direct
hemolytic activity was tested by incubating 10 pg of crude
venom piotein oi 100 nM of purified PLA; enzyme with 5%
(v/v) of erythrocytes suspension in 100mM phosphate
buffer, pH 74, 1n a final volume of 3m! After incubating
for 60 min at 37 °C, the reaction mixture was centrifuged
and ieleased hemoglobin was measuied spectrophotome-
tically at 540 nm (Mukheijee and Maity, 2002, Doley and
Mukherjee, 2003) For indirect hemolytic assay, 10 ug of
egg yolk suspension was added to the reaction mixture
(as prepaied for diect hemolytic assay) as a souice of
phospholipids Total hemolysis (100%) was achieved by
adding 2 7ml of ‘c‘1e1on|zed watel (Milhpore) instead of
venom protein to the erythrocyte suspension in phosphate
buffer For the determination of coagulant, anticoagulant,
edema and in vitro chicken-liver tissue-damaging activity
of crude venom as well as the putified PLA; enzymes, the
procedures as described by Doley and Mukherjee (2003)
were followed

For determining the effect of purified N kaouthia PLA;
enzymes on chicken livet mutochondnal swelling, out
previously described method was followed (Doley et al,
2004) One umt of mitochondnal swelling 1s defined as
decrease 1n 001 OD at 520nm atter 30min per mg of
mitochondria Basic test system without PLA; enzyme
served as contiol

Neutialization of catalytic and pharmacological piop-
erties of phospholipase A, enzymes (either of crude
venom samples or those purified from N kaouthia venom
sample) was studied by incubating a fixed concentration
of venom/pute enzyme with increasing concentiations of
leaf extract/AIPLAI/ anti-NK-PLA,-1 antibodies fo1 30 min
at 37°C followed by assay of residual enzymanc activity
and pharmacological properties (Mahanta and Mukherce,
2001) Enzymatic or any tested pharmacological property
of venom PLA, enzymes without any inhibitor served as
contiol and was consideled to have 100% activity

For determining the effectiveness of inhbitor to inhibit
the catalytic activity of PLA; enzymes, the inhibitor
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constant (K,) was measured by incubating a constant
amount of NK-PLA; enzyme with different concentrations
of substrate (phosphatidylcholine) either in the presence
or absence of the inhibitor (AIPLAI). K, was then calculated
from the value of apparent Vp, as obtained from
Lineweaver-Burk plot by using the foliowing formula

Ki = Vimax (apparent)/Vimax — Vimax (apparent)X[ij

where K; is the inhibition constant; Vimax (@pparent) is
the Vimax in the presence of PLA, inhibitor (fraction-l);
Vmax 15 the maximum velocity of enzyme catalyzed
reaction in absence of inhibitor; [I] is the inhibitor
concentration {mM).

Results are represented as mean+S.D. of at least three
experiments. Statistical analysis was done by Student's “¢”
test. A probability level of p<0.05 was considered
statistically significant.

3. Results and discussion

Neutralization of catalytic and/or pharmacological
properties of crude venom andfor any of its toxic
constituents such as PLA; by plant extract reflects the
presence of anti-snake venom compounds in the plant
(Alcaraz and Hoult, 1985; Soares et al., 2005). Isolation,
purification and characterization of active compounds
from plants possessing anti-snake venom activity might
have a rational, because many of these compounds may
prove to be the potential candidates for the development
of novel anti-snake venom drugs in future.

Out of the 13 plants screened for possessing of
compound(s) active against cobra and RVV PLA; enzymes,
none of the plants, except the leaves of A. indica locally
known as Neem, showed positive results (Table 1). Among
the different solvents extracts, methanol extract of
A. indica leaves showed the most promising results in
inhibiting the catalytic activity of PLA, enzymes of crude
venom samples. It is interesting to note that most of the
anti-snake venom compounds were isolated from the
methanol extracts of plants (Selvanayagam and Gnana-
vendhan, 1996; Alam et al., 1996; Chatterjee et al., 2006).

In-a dose-dependent study it was observed that the
dried methanol extract of A. indica leaves at a final
concentration of 2.5pug/ml could not inhibit the PLA,
activity (1.0ug/ml) of any tested venom significantly
(Fig. 1): however, at 50.0 pg/ml methanol extract, the
PLA; activity of crude cobra venoms (N. naja and
N. kaouthia) was neutralized to 52% and 49%, respectively,
whereas the PLA; activity of crude RVV was inhibited to
32% of their original activity (Fig. 1). This result indicates
the differential inhibition of PLA, enzymes of cobra and
RVVs by methanol leaf extract of A. indica.

Fractionation of methanol extract of A. indica leaves by
RP-HPLC using Cyg column resulted in its separation into
seven fractions (Fig. 2). When individual fraction was
screened for anti-PLA, activity, only fraction-1 with a
retention time of 1.061 neutralized the PLA; activity of
venom samples. When fraction-I was re-fractionated in
the same RP-HPLC column under identical condition, it
resulted in elution of active compound in a single peak
(data not shown). This compound was named as AIPLAL

Table 1
Screening of medicinal plants for anti-PLA; activity against crude N. naja,
N. kaouthia and D. russelli venom samples

Medicinal PIantparFae ARG PEASCLIvE

plant lised e e ==
WALEE Methanol==¢hloroforim
extract eXTIACS exXTracr==os

Agylzmannolos==r=l’'eaves

AlOSTONI (e BATK = -~ =

seliolaris

Aristolochia Leave = =

indica

Azadirachta======Lcavcs A 2

indica ———
Calamus:rotang==="Root ———
Caricazpapaya Fruit =

Cronton. Rhizone

aromatica

Cingtnmazlonga REIZomc

Leucas. Leave = =

lavendiildefolia

Murryakoenigit I _e_avex

Piperzlongum SPIKE: = = =
Pipernigrum Frojt:

T?’m;ﬁ'&:(um Bark = = =

anjaa

+ Sign indicates ability to neutralize the PLA, activity, whereas — sign
indicates inability to neutralize the PLA; enzymes of N. naja, N. kaouthia
and D. russelli venom samples by tested plant extracrs.

60

- Naja naja
-a- Naja kaouthia
—+— Dabaia russelh

50 4

40

30

20 4

% Inhibition of PLA; activity

25 5 25 50
Amount of extract (ug/ml)

Fig. 1. Dose-dependent inhibition of PLA; activity oAcobra and Russell's
viper crude venom samples (final concentration 1 pug/ml) by methanol
leave extract of A. indica. Values represent mean of three experiments

The mass spectrum of AIPLAl showed the [M*] and
[M+H] peaks at m/z 1052.52 and 1053.53, respectively.
This analysis also shows that isolated fraction-1 (AIPLAI) is
pure in nature. The molecular mass of AIPLAI is much
higher than the mass of the previously reported com-
pounds isolated so far from neem. For example, different
tetrnortriterpenoids isolated from uncrushed green leaves
of A. indica are shown to have the mjz at 469.25
{Govindachari et al, 1999), mjz at 452.2593 and
554.2914 (Siddiqui et al., 2000), nimonolide having m/z
at 484 (Gopalakrishnan et al., 2002); Azadirachtin A, B and
H isolated from neem seed kernel are shown to have m/z
at 721 [M+H*], 663 [M*+H] and 645 [M)], respectively
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Fig. 2. RP-HPLC profile of methanol leave extract of A. indica. Data
represent a typical experiment.

(Sharma et al., 2003). Thus, AIPLAI is a novel compound
possessing anti-PLA, activity isolated from neem leal;
however, the actual chemical nature and structure of the
AIPLAI remains to be elucidated.

The IR spectrum of AIPLAl displayed peaks at
~3400cm~" (hydroxyl), 2977, 2934 and 1406cm™’
(aliphatic chains at C-H stratching modes), 1597 cm™
(C=C) and 1195-632 cm™'(aromatic). The 'H-NMR spec-
trum (300 mHz, CgDg) of AIPLAI showed doublet (54 1.40
and 1.42) representing CHj-aromatic group, singlet
(én 1.45) representing CH, attached with aromatic ring,
multiplate (64 3.45)-C=C-CH,-phenyl, multiplates at dy
360 and 3.64 representing R-CO-CH,-CO-R (ketonic
group), multiplate at §y 3.77 and 3.78 representing the
probable structure of R-CO-CH,;-CO-phenyl, multiplate
oy 3.52 represents R-CO-CH,-CO-NR;, multiplate 64 3.51
SR-CH,-SR, multiplate éu 3.57 R-CO-CH2-SR and multi-
plate &, 3.8 and 4.25 CH3;-CH,-COOR (ester). Further,
because of the absence of five quarternary methyl signals
at 0.82, 117, 1.19, 1.24 and 1.31 in the "TH-NMR spectrum,
fraction-1 is presumably non-terpencidal in nature
(Siddiqui et al.,, 2000).

As shown in Table 2, AIPLAI neutralized the PLA,
activity as well as tested pharmacological properties of ali
the three venom samples, but to a significantly different
extent (p<0.05). AIPLAl inhibited the anticoagulant
activity to the maximum extent followed by neutraliza-
tion of tissue hemorrhagic activity of PLA; enzymes
(Table 2).

Table 3 shows a comparison of PLA; inhibitory activity
of AIPLAl Vs anti-NK-PLA,-I antibodies. The latter
shows a higher potency to inhibit all the tested properties
of N. kaouthia PLA; enzymes, except the inhibition of
anticoagulant activity.

Kinetics study shows that inhibition of catalytic
activity of NK-PLA,-I (Fig. 3) and NK-PLA-1l (data not
shown) by AIPLAI is non-competitive in nature because
both the slop and the 1/[v] intercept of the Lineweaver-
Burk plot increases in the presence of PLA, inhibitor
(AIPLAI), but the intercept on the 1/[s]} axis (—1/km) does
not change, indicating that km value of PLA; enzyme for
the substrate is not altered in the presence of AIPLAI but

Table 2

Inhibition of catatytic pharmacological properties of PLA; enzymes (1 g/
ml) of crude venom samples by isolated pure compound AIPLAI (100 ug/
ml)

Rropertic — %:Inhibitionzby-AIRLAl

Nnaja—s—Nzkaouthia Dxrusselli

—

PLAZZactivity: 28:02 2702 3100y

Inditect:niemolyticzactivity, 34:02 36:02 FJ1EOPEES

Anticdagulant=activity: 86:0 90:0; N:D===
Edémazinduction, J408 24:0% e

a 2092 43.00‘—-—"‘-.
ZHEart: 4660 T e 3910
=Lung: ——39.0 4002 33:00=

Property exhibited by crude venom PLA; cnzymes ingabsence of AIPLA]
was considered as 100% activity and other values were compared with
that. Values are mean of triplicate determinations. Values in the same
row with different superscripts are significantly different {(p<0.05).
N.D.. not determined.

Table 3

A comparison of anti-PLA; activity of AIPLAI and rabbit anti-NK-PLA,-I
antibodies. Purified PLA, enzymes from N. kaouthia venom were
incubated either with AIPLAI or with anti- NK-PLA;-I antibodies in a
ratio of 1:100 (1n a final volume of 1.0ml) at 37 “C for 30 min and then
assayed for residual catalytic and pharmacological properties of the
enzymes

PIOpecty %N RiGitiDN=6factivity,
NK=PEAT:] ENK=REA I
AIPEAIZZAB AIREAI=AR—=S
BEAZRACTvLY, 14 AT05==10:02 4208
Anticoagulantzactivity: 85:0 =640 26,08
Indirectzhemolytictactivity:

Edemazindiction

o

Inzvirrottissuezdamagingzactivity.

=Eiver 40235210003 9102 5552965
=Heare 1322 100203908503 18

=g I60===1000 T === 94700

EMitochondtialssweling 680 OBI0E=5 0,00 00

Property exhibited by purified NK-PLA; enzymes in the absence of AIPLAI
or NK-PLA3-1 antibodies was considered as 100% activity, and other
values were compared with that. Values are mean of triplicate
determinations. Values in the same row for the same PLA; enzyme with
different superscripts are significantly different {p <0.05).

AIPLAL: A. indica PLA; inhibitor.

AB: anti-NK-PLA>-1 antibodies.

“ Isolated from chicken liver.

Vmax decreases. The non-competitive nature of AIPLAI
was further confirmed by the fact that inhibition produced
by this compound on PLA, enzyme did not change with an
increase in the substrate concentration (unpublished
observation). Therefore, it may be assumed that AIPLAI
binds at a site on the PLA, enzymes other than the
substrate-binding site resulting in inactivation of catalytic
site. The K; (inhibitor constant) for AIPLAl was calculated
as 0.5 and 0.55mM for NK-PLA;-1 and NK-PLA-lI,
respectively.
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Fig 3 Kinetic study of interaction between NK-PLA;-1 and AIPLAL

The punfied anti-PLA; compound (AIPLAI) 15 quite
stable ar room temperature, and 12% of 1ts PLA; inhibitory
activity is lost post storage for 6 months (in the
desiccator) at room temperature This property of AIPLAI
should be consideted as highly advantageous in ovei-
coming one of the major imitations of currently available
commercial antivenoms as the anti-snake venom vials
must have to be stored under refrigerated condition
(at 4-8°C) It 1s to be noted that due to lack of this
facility, the majonty of primary health centers in the
1ural tiopics fail to keep this hfe-saving diug (peisonal
observation) As a result of this, in the rural tropics,
often snakebite patients arrive at district (town) hospitals
for tieatment howis after being bitten and after tiaveling
a long exhaustive jouiney Late antivenom therapy may
not be useful 1n saving the lives of these patients
(Mukherjee 1998) Since the anu-PLA; compound
(AIPLAI) isolated 1n the present study need not be stored
in iefligerated condition, 1t can easily be kept in the 1wal
health centers where the maximum ncidences of snake-
bites are reported

In conclusion, AIPLAL is a highly promising candidate
for the development of novel anti-snake venom drug in
futute Fuithet m vivo study with suitable animal models
to explore the true potential of AIPLA! in inhibiting the
snake venom PLA,; enzymes and elucidation of chemical
structure of AIPLAI are our next goals
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Fig: The elution profile of the molecular weight standards from Sephadex G-50 column. The column was equilibrated with following
molecular weight markers; A. blue dextran (2,00,000 Da); B. BSA (66,000 Da); C. carbonic anhydrase (29,000 Da); D. cytochrome C
(12,400 Da) and E. aprotinin (6,500 Da). Inset: Calibration curve of Sephadex G-50 column chromatography.
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