
Characterization and assessment of therapeutic potential of Indian cobra (Naja naja) venom 
anticoagulant phospholipase A2 enzyme and a 7-mer peptide developed from this enzyme 

 

 Sumita Dutta 
 

    

 

 

 

 

 

 

Chapter IV 

RESULTS AND DISCUSSION 

 

Characterization of an acidic 

phospholipase A2 purified from Indian 

cobra (Naja naja) venom 

& 

assessment of in vivo toxicity, and 

anticoagulant activity of this 

anticoagulant PLA2 in a rodent model 

  



Characterization and assessment of therapeutic potential of Indian cobra (Naja naja) venom 
anticoagulant phospholipase A2 enzyme and a 7-mer peptide developed from this enzyme 

Chapter-IV: Results and Discussion Page 157 
 

Chapter IV 

RESULTS AND DISCUSSION: Characterization of an acidic phospholipase A2 

purified from Indian cobra (Naja naja) venom, and assessment of in vivo toxicity, 

and anticoagulant activity of this anticoagulant PLA2 in a rodent model 

4.1 Brief Introduction 

Indian cobra (Naja naja) venom is enriched in many non-enzymatic (for 

example three finger toxins) and enzymatic toxins such as phospholipase A2 enzymes 

[1-3]. The latter enzyme is one of the major constituents of most snake venoms 

including N. naja venom, by biochemical analysis which is reported to contain up to 14 

isoenzymes of PLA2 [4]. However, by proteomic analysis of N. naja venom from India, 

only 3 PLA2 isoenzymes were identified [5-7]. 

The interzonal and intrazonal variations in venom composition of the Indian 

cobra result in differences in pathophysiological manifestations in victims [1,8,9]. 

Therefore, exploration of geographical variation in venom components has tremendous 

implications for improving production of effective antivenom to treat cobra bite patients 

[1,8,9].  

Phospholipase A2 (EC: 3.1.1.4), due to its crucial role in inducing various 

pharmacological effects in victims and its puzzling structure-function relationships, is 

one of the most extensively studied snake venom enzymes [4,10-17]. A single venom 

may contain several isoenzymes of PLA2, and depending on their overall charge, they 

may be classified as acidic, basic, or neutral PLA2 enzymes [15,17-19]. It has been well 

established that different PLA2 isoenzymes of the same venom exhibit various 

pharmacological effects, viz. neurotoxicity, cardiotoxicity, myotoxicity, necrosis, 

anticoagulant, hypotensive, hemolysis, hemorrhage and edema by different mechanisms 

in experimental animals and victims [18,20-22]. Among the pharmacological effects, 

interfering with the blood coagulation system by injecting venom components is one of 

the important mechanisms to impede the hemostatic system of victim or prey [11-18].  

Although most of the PLA2 enzymes purified from snake venom have been 

demonstrated to possess anticoagulant activity [13,15-17,21]; nevertheless, most of the 
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PLA2 enzymes purified from the Indian N. naja venom are devoid of anticoagulant 

activity [1,9,23,24], and only a few have been reported to show weak anticoagulant 

action [25]. In the present study, therefore, an effort has been made to purify a strong 

anticoagulant PLA2 from the venom of the N. naja and characterize its anticoagulant 

mechanism as well as platelet modulating activity. To the best of our knowledge, this is 

the first report of a thrombin inhibitor PLA2 isolated from N. naja venom. 

4.2 Results 

4.2.1 Isolation and purification of an anticoagulant PLA2 from N. naja venom 

4.2.1.1 Cation-exchange chromatography of N. naja venom 

Fractionation of crude N. naja venom through a cation-exchange HiPrep CM FF 

16/10 column (20 ml) resolved into six distinct peaks-NnCM1 – 6 (Fig. 4.1A). NnCM1 

eluted with the equilibration buffer containing either neutral or acidic proteins showed 

the highest anticoagulant and PLA2 activities. 

 

Fig 4.1A. Elution profile of cation-exchange chromatography of crude N. naja 

venom. The HiPrep CM FF 16/10 (20.0 ml) cation exchange column was pre-

equilibrated with 20 mM Tris-HCl buffer, pH 7.4 (buffer A). 10 mg of crude N. naja 

venom (dry weight) was dissolved in 0.5 ml of buffer A and loaded on to the pre-
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equilibrated cation-exchange column. The unbound venom proteins were eluted by a 

wash with buffer A for 30 min; while the bound proteins were eluted with a gradient of 

1.0 M NaCl dissolved in buffer A (buffer B). The flow rate was maintained at 1.0 

ml/min and fractions of 1.5 ml were collected. 

4.2.1.2 Gel filtration chromatography of NnCM1 

Gel filtration of the NnCM1 peak through a Sephadex G-50 (60 ml) column 

resolved into 8 protein peaks – NnCM1GF1 to NnCM1GF 8 (Fig 4.1B).  

 

Fig 4.1B. Elution profile of gel filtration chromatography of NnCM1. 1.0 mg of 

pooled and lyophilized NnCM1 was re-constituted in 1.0 ml of 20 mM Tris-HCl buffer, 

pH 7.4 and subjected to gel filtration chromatography in a Sephadex G-50 column (60 

ml) pre-equilibrated with the same buffer. The flow rate was maintained at 20 ml/h and 

fractions of 1.0 ml were collected. 

The peak NnCM1GF5 demonstrated highest anticoagulant and PLA2 activities. 

Owing to its strong PLA2 activity, the purified protein was named NnPLA2-I.  

A summary of purification of this purified PLA2 enzyme is shown in Table 4.1. 

The NnPLA2-I represents 3.4% of total venom protein. 
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Table 4.1. Summary of purification of an anticoagulant PLA2 enzyme (NnPLA2-I) from N. naja venom.   

Fraction 

Total 

protein 

(mg) 

% yield of 

protein 

PLA2 activity Anticoagulant activity Purification fold 

Unit* 

(U) 

Specific 

activity 

(U/mg) 

Unit¶ 

(U) 

Specific 

activity 

(U/mg) 

PLA2 

activity 

Anticoagulant 

activity 

Crude venom 5.6 100.0 91.7 1.83 × 103 115.8 2.3 × 104 1.0 1.0 

Cation-exchange fraction 3.0 53.6 91.0 3.03 × 104 134.6 4.5 × 104 16.6 1.9 

Gel filtration fraction 

(NnPLA2-I) 
0.2 3.4 86.8 8.29 × 104 62.4 6.2 × 104 45.3 2.7 

*Unit activity is defined as the amount of protein which produces a decrease in 0.01 absorbance in 10 min at 740 nm; ¶One unit of 

anticoagulant activity is defined as crude venom / venom fraction / purified PLA2 induced 1 s increase in clotting time of the control 

platelet poor plasma (PPP).  

Data represent a typical experiment. 
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4.2.2 RP-HPLC of NnCM1GF5 

NnCM1GF5 (NnPLA2-I), showing strong anticoagulant activity was subjected 

to RP-HPLC in a Dionex Acclaim C18 (2.1 × 150 mm, 3 µm) column which resolved 

into a single major peak at a retention time of 5.7 min (Fig 4.2). Elution of a single peak 

suggests that the preparation is pure and without contamination of other protein(s). 

 

Fig 4.2. Elution profile of reversed phase-high performance liquid 

chromatography of NnCM1GF5 (NnPLA2-I). 10.0 µg of lyophilized NnCM1GF5 

was re-constituted in 10.0 µl of solvent A (Type I ultrapure water containing 0.1% 0.1% 

TFA) and subjected to RP-HPLC in a Dionex Acclaim C18 (2.1 × 150 mm, 3 µm) 

column coupled to an Ultimate 3000 UHPLC system pre-equilibrated with 5% solvent 

B (90% ACN containing 0.1% TFA). The flow rate was maintained at 0.5 ml/min. 

4.2.3 Determination of molecular weight of NnPLA2-I 

By SDS-PAGE analysis, 30.0 μg of reduced protein (NnPLA2-I) showed a sharp 

single band of ~15.1 kDa, whereas under non-reduced condition it displayed a diffused 

band of ~16 kDa (Fig. 4.3). By MALDI-ToF-MS analysis, the NnPLA2-I demonstrated 

a doubly charged [MH2+], low intensity peak at m/z 7092.5, and an [MH+] peak at m/z 

14186.0 (Fig. 4.4). 
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4.2.4 LC-MS/MS to identify the purified protein 

The LC-MS/MS search of tryptic digested peptides of NnPLA2-I showed 

significant similarity (rank 1, protein score 104, 100% sequence coverage) with 

phospholipase A2 (MW, 13,346 Da) from N. naja venom (P15445) as well as with chain 

A, crystal structure of cobra-venom phospholipase A2s (MW, 13,456 Da and 13,234 Da) 

from N. kaouthia (P00596, 94.96% sequence coverage) and N. atra (Q91133, 94.96% 

sequence coverage) venoms, respectively. BLAST analysis of the tryptic peptide 

sequences of NnPLA2-I showed putative conserved domains of PLA2-like superfamily 

with special reference to acidic PLA2s from cobra venom (Table 4.2).  

Table 4.2. Alignment of tryptic, semi-tryptic, and non-tryptic (de novo) peptide 

sequences of NnPLA2-I with reported sequences of Naja sp. venom PLA2 enzymes. The 

protein alignment was done using Clustal Omega programme (https://www.ebi.ac.uk 

/Tools/msa/clustalo/). LC-MS/MS identified peptides are marked in blue colour and 

substitutions are underlined. 

Source 

organism 

Accession 

no. 
Sequence alignment 

This study 

N. naja 

N. kaouthia 

N. atra 

NnPLA2-I 

P15445 

P00596 

Q91133 

NLYQFKNMIKCTVPSRSWWDFADYGCYCGRGGSGTPVDDLDRCCQVHDNCYNEAEKISGC 

NLYQFKNMIKCTVPSRSWWDFADYGCYCGRGGSGTPVDDLDRCCQVHDNCYNEAEKISGC

NLYQFKNMIQCTVPNRSWWDFADYGCYCGRGGSGTPVDDLDRCCQVHDNCYNEAEKISRC 

NLYQFKNMIQCTVPSRSWWDFADYGCYCGRGGSGTPVDDLDRCCQVHDHCYNEAEKISGC 

*********:**************************************:*********** 

This study 

N. naja 

N. kaouthia 

N. atra 

NnPLA2-I 

P15445 

P00596 

Q91133 

WPYFKTYSYECSQGTLTCKGDNNACAASVCDCDRLAAICFAGAPYNDNNYNIDLKARCQ  

WPYFKTYSYECSQGTLTCKGDNNACAASVCDCDRLAAICFAGAPYNDNNYNIDLKARCQ 

WPYFKTYSYECSQGTLTCKGDNDACAAAVCDCDRLAAICFAGAPYNNNNYNIDLKARCQ 

WPYSKTYSYECSQGTLTCKGGNNACAAAVCDCDRLAAICFAGAPYNNNNYNIDLKARCQ 

***:****************:*************************:************ 

(*) represents identical residues in all sequences; (:) represents identical residues in at 

least one sequences with respect to NnPLA2-I 

4.2.5 Circular dichroism (CD) spectroscopy for secondary structure determination 

of NnPLA2-I 

CD analysis of NnPLA2-I demonstrated the presence of 56.1% α-helix, 22.4% 

turns, and 21.5% random coils in its secondary structure (Fig 4.5). 
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Fig. 4.5. Circular dichroism spectra of NnPLA2-I demonstrating its secondary 

structure. NnPLA2-I (0.2 mg/ml) was re-constituted in 20 mM potassium phosphate 

buffer, pH 7.4 and the far UV-spectra was recorded at room temperature (~25 ºC) 

between 190-240 nm against appropriate buffer blanks (described in section 3.2.3.2). 

Data represent average of four scans. 

4.2.6 Biochemical characterization 

4.2.6.1 Dose-dependent phospholipase A2 activity of NnPLA2-I 

NnPLA2-I exhibited dose-dependent increase in the phospholipids hydrolytic 

activity against egg-yolk suspension (Fig 4.6). 

 

Fig 4.6. Dose-dependent phospholipid hydrolytic activity of NnPLA2-I. 

Phospholipid hydrolysis was measured by the turbidometric method against egg-yolk 

suspension as described in section 3.2.5.2.1 of chapter III. 
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4.2.6.2 Substrate specificity of NnPLA2-I 

NnPLA2-I preferentially hydrolyzed phosphatidylcholine (PC) over 

phosphatidylserine (PS) and phosphatidylethanolamine (PE) (Table 4.3). The magnitude 

of hydrolysis followed the order – PC > PS > PE. 

Table 4.3. Substrate specificity of the acidic phospholipase A2 (NnPLA2-I) enzyme 

from N. naja venom against different substrates. Phospholipid hydrolysis activity is 

expressed in terms of specific activity/min. Values are mean ± SD of triplicate 

determinations. 

Phospholipid substrate 

(1.0 mM) 

Specific activity 

(U mg-1min-1) 

PC 7.4 × 104 ± 1.1 × 103 

PS 4.9 × 104 ± 1.2 × 103 

PE 2.1 × 103 ± 0.1 × 102 

 

4.2.6.3. Kinetics of PC hydrolysis by NnPLA2-I 

The Michaelis-Menten plot showed that with an increase in the concentration of 

PC (0.5-3.0 mM), an increase in the phospholipid hydrolysis by NnPLA2-I (25 nM) was 

observed (Fig 4.7A). A saturation of activity was observed at a PC concentration of 2.0 

mM (Fig 4.7A). Using GraphPad Prism 5.0, the 1/[S] vs 1/V graph (Lineweaver-Burk 

plot) was plotted which provided a straight line that intersect the Y-axis at 1/Vmax 

(where 1/[S] = 0) and the X-axis at -1/Km (Fig 4.7B). From the Lineweaver-Burk plot, 

the Km and Vmax of NnPLA2-I towards PC hydrolysis were calculated to be 0.72 mM 

and 29.3 µmol µg-1 min-1. 
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Fig 4.7. Kinetics of phosphatidylcholine (PC) hydrolysis by NnPLA2-I. A. 

Michaelis-Menten plot to show the increase in phospholipid substrate (PC) hydrolysis 

by NnPLA2-I with increasing concentration of the substrate. B. Lineweaver-Burk plot to 

determine the kinetic parameters (Km and Vmax) of PC hydrolysis by NnPLA2-I. These 

plots were prepared and the parameters determined using GraphPad Prism 5.0 software 

with a R2 value of 0.99 each. 

4.2.6.4 Effect of temperature and pH on catalytic activity of NnPLA2-I 

The NnPLA2-I showed optimum activity at the alkaline range with its highest 

activity at pH 8.0 (Fig 4.8A). Heating this PLA2 for different time periods at 75 °C did 

not result in any significant decrease in the catalytic activity of the heated enzyme as 

compared to that of the control (unheated / native) enzyme (Fig 4.8B). 

 

Fig 4.8A. Effect of pH on the PLA2 activity of NnPLA2-I. The experiments were 

performed as described in section 3.2.5.4 of material and methods (chapter III). 
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Fig 4.8B. Effect of temperature on the PLA2 activity of NnPLA2-I. The experiments 

were performed as described in section 3.2.5.4 of material and methods (chapter III). 

4.2.7 Pharmacological characterization 

4.2.7.1 Anticoagulant activity of NnPLA2-I 

4.2.7.1.1 Effect of NnPLA2-I on re-calcification time of plasma and its comparison 

with commercial anticoagulants 

NnPLA2-I dose-dependently enhanced the re-calcification time of goat platelet 

poor plasma (PPP), suggesting that it is anticoagulant in nature (Fig 4.9A). A 

comparison of the dose-dependent anticoagulant activity of NnPLA2-I with that of 

warfarin and heparin/AT-III is shown in Fig 4.9B. It was observed that anticoagulant 

activity of NnPLA2-I was significantly higher (p<0.05) compared with that of heparin / 

AT-III or warfarin (Fig 4.9B). 

4.2.7.1.2 Effect of NnPLA2-I on PT and APTT of PPP 

NnPLA2-I increased the APTT of PPP in a dose-dependent manner (Fig 4.10); 

however, it did not affect the PT of PPP (Fig 4.10).  
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Fig 4.9A. Dose-dependent (25 – 1000 nM) effect of NnPLA2-I on re-calcification 

time of goat PPP. The clotting time of control plasma was recorded at 97 ± 1.8 s. 

Values are mean ± S.D. of triplicate determinations. Significance of difference *p<0.05 

as compared to control. 

 

Fig 4.9B. Comparison of the dose-dependent (0.2 – 1.0 µM) anticoagulant activity 

of NnPLA2-I (●), heparin / ATIII (◌) and warfarin (▼). Values are mean ± S.D. of 
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triplicate determinations. Significance of difference *p<0.05 as compared to control, 

and γp<0.05 as compared to heparin / warfarin. 

 

Fig 4.10. Dose-dependent (150 – 600 nM) effect of NnPLA2-I on APTT and PT of 

goat PPP. Values are mean ± S.D. of triplicate determinations. Significance of 

difference as compared to control, *p<0.05. 
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The NnPLA2-I dose-dependently inhibited the fibrinogen clotting activity of 

thrombin (Fig 4.11A). Increasing the pre-incubation time of thrombin with NnPLA2-I 

from 5 to 30 min resulted in a decrease in fibrinogen clotting activity of thrombin; the 

optimum inhibition being observed at 30 min of pre-incubation of thrombin with 

NnPLA2-I (Fig. 4.11B).  
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Fig 4.11A. Dose-dependent (0.15 – 1.5 µM) effect of NnPLA2-I on fibrinogen 

clotting time of thrombin. The control (fibrinogen and thrombin) showed a clotting 

time of 70 ± 3.6 s. Values are mean ± SD of triplicate determinations. 

 

Fig 4.11B. Time-dependent (0 – 40 min) inhibition of fibrinogen clotting time of 

thrombin by NnPLA2-I (0.5 μM). The control (fibrinogen and thrombin) showed a 

clotting time of 70 ± 3.6 s. Values are mean ± SD of triplicate determinations. 
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Treatment of NnPLA2-I with p-BPB resulted in loss of 58 ± 2% (mean ± SD) of 

thrombin inhibition property of native (unmodified) NnPLA2-I (100% activity). 

4.2.7.2.2 Effect of NnPLA2-I on amidolytic activity of thrombin 

The NnPLA2-I inhibited the amidolytic activity of thrombin (Fig 4.12A). It was 

observed that heparin or AT-III did not have any effect on the amidolytic activity of 

thrombin; however, together heparin and AT-III can completely eliminate the 

amidolytic activity of thrombin (Fig 4.12A). A comparison of thrombin inhibitory 

activity between NnPLA2-I and heparin / AT-III showed that the latter was superior 

(p<0.05) in showing the inhibition of amidolytic activity of thrombin (Fig 4.12A). Pre-

incubation of NnPLA2-I with heparin resulted in a significant decrease in the thrombin 

inhibition property of the NnPLA2-I (Fig 4.12B), suggesting that heparin has some 

adverse effect on anticoagulant activity of NnPLA2-I. Conversely, the NnPLA2-I / AT-

III complex has a greater thrombin inhibition activity than the amount of thrombin 

inhibition shown by NnPLA2-I (Fig 4.12B). Notably, the inhibition produced by heparin 

/ AT-III / NnPLA2-I complex on thrombin was superior to the same property exhibited 

by NnPLA2-I / AT-III complex (Fig 4.12B). Nevertheless, the thrombin inhibitory effect 

of heparin / AT-III was found to be the best (Fig 4.12A).  

 

Fig 4.12A. Effect of NnPLA2-I on the amidolytic activity of thrombin and its 

comparison to heparin / ATIII complex. A comparison of the amidolytic activity of 
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control thrombin (●) against its chromogenic substrate T1637 (0.2 mM in final volume); 

thrombin pre-incubated with 0.5 mIU of heparin (◌), thrombin pre-incubated with 2.5 

μM AT III (▼), thrombin pre-incubated with 500 nM of NnPLA2-I (∆), thrombin pre-

incubated with heparin / AT III (0.5 mIU/2.5 μM) complex (▲). 

 

Fig 4.12B. Effect of NnPLA2-I on the amidolytic activity of thrombin and its 

comparison to heparin / ATIII complex (contd.). A comparison of the inhibition of 

amidolytic activity of thrombin against its substrate T1637 when 5 nm thrombin was 

pre-incubated with: heparin / NnPLA2-I (0.5 mIU/500 nM) (●), AT III / NnPLA2-I (2.5 

μM/500 nM) (◌) and heparin / AT III / NnPLA2-I (0.5 mIU/2.5 μM/500 nM) (▼) 

complex. 

4.2.7.2.3 Kinetics of thrombin inhibition by NnPLA2-I 

The Michaelis-Menten plot to determine the amidolytic activity of thrombin in 

the absence or presence of NnPLA2-I (inhibitor) is shown in Fig. 4.13. The kinetic (Km, 

Vmax and Kcat) values of chromogenic substrate hydrolysis by thrombin in the absence 

or presence of the inhibitor (NnPLA2-I) are shown in Table 4.4. It was observed that 

NnPLA2-I produced a mixed inhibition of amidolytic activity of thrombin. The Ki value 

and α value for thrombin inhibition by NnPLA2-I were determined as 9.3 ± 0.01 (mean 

± SD) nM and 7.4 ± 0.7 (mean ± SD), respectively by GraphPad Prism 5.0 software. 
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prothrombin (15 μg) treated with factor Xa (0.1 μg) pre-incubated with NnPLA2-I (3.0 

μM). 

4.2.7.3 Effect on other serine proteases 

The NnPLA2-I was also unable to inhibit some other tested serine proteases, viz. 

trypsin, chymotrypsin and plasmin (Fig 4.15).  

 

Fig 4.15. Dose-dependent (0.15 – 0.30 µM) effect of NnPLA2-I on different serine 

proteases. Thrombin was considered as a positive control. Values are mean ± SD of 

triplicate determinations. Significance of difference with respect to control (without 

NnPLA2-I), *p<0.01. 

4.2.7.4 Platelet modulating activity of NnPLA2-I 

4.2.7.4.1 Effect of NnPLA2-I on platelet rich plasma (PRP) and washed platelets 

NnPLA2-I showed dose-dependent antiplatelet effect when tested against PRP 

(Fig 4.16A) with an EC50 of 9.4 ± 0.3 nM; however, it demonstrated insignificant effect 

against washed platelets (Fig 4.16B). Addition of PPP or purified phospholipids PC or 

PS to washed platelets resulted in significant increase in deaggregation property of 

NnPLA2-I (Fig 4.16B).  
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4.2.7.4.2 Effect of NnPLA2-I on collagen- and thrombin-induced platelet 

aggregation 

NnPLA2-I showed inhibition of collagen-induced aggregation of PRP in a dose-

dependent manner with an IC50 value of 4.9 nM (Fig 4.16C). Further, NnPLA2-I dose-

dependently inhibited the thrombin-induced aggregation of human platelets (Fig 4.16D). 

4.2.7.4.3 Neutralization and inhibition of antiplatelet and platelet binding property 

of NnPLA2-I 

Incubation of PRP with p-BPB modified NnPLA2-I resulted in a significant 

reduction (~95%) of platelet deaggregation property compared to that shown by the 

native (unmodified) enzyme (Fig 4.16E). In a sharp contrast, heparin did not interfere 

with the antiplatelet activity of NnPLA2-I (Fig 4.16E). 

It was observed that the extent of binding of both the native (unmodified) and 

heparin modified NnPLA2-I to the washed platelets was equal; however, p-BPB 

modification resulted in ~21% inhibition of platelet binding property of NnPLA2-I (Fig 

4.16F).  

 

Fig 4.16. Platelet modulating activity of NnPLA2-I. A. Antiplatelet activity of 

NnPLA2-I (3 – 240 nM) on platelet rich plasma (PRP) isolated from goat blood. B. 

Effect of NnPLA2-I (60 nM) on washed platelets (WP) in absence and presence of 10 µl 

of PPP (60 mg/ml) / PC (1.0 mM) / PS (1.0 mM). Values are mean ± SD of triplicate 

determinations. Significance of difference with respect to control, *p<0.01. The 

platelets were isolated by centrifuging goat PRP at 650 g for 15 min and washed after 
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suspending in Tyrode buffer by centrifuging under same conditions. Finally the 

platelets were suspended in Tyrode buffer and the absorbance of the suspension was 

adjusted to 0.15 OD at 540 nm.
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treated NnPLA2-I. Values are mean ± SD of triplicate determinations. Significance of 

difference with respect to control, *p<0.01. 

4.2.7.5 Hemolytic activity, cell cytotoxicity, and antibacterial activity 

The NnPLA2-I, at a dose of 0.70 µM (10.0 µg/ml) did not exhibit hemolysis of 

mammalian erythrocytes or antibacterial activity against Gram positive B. subtitlis or 

Gram negative E. coli cells (Table 4.5). The cell viability study showed that NnPLA2-I 

at a dose of 10.0 µg/ml (0.70 µM) failed to exhibit cytotoxicity against the tested cell 

lines (Table 4.5). 

Table 4.5. Hemolytic, antibacterial, and in vitro cytotoxicity of NnPLA2-I. The 

values are mean ± SD of triplicate determinations. ND: not detected. 

Parameters analysed  
NnPLA2-I (0.70 µM)  

% activity 

Hemolytic activity (goat erythrocytes), after 90 min incubation at 37 °C  

Direct  0.4 ± 0.02  

Indirect 0.9 ± 0.05  

Antibacterial activity
 

  

% inhibition of growth of 

Bacillus subtilis  

Escherichia coli                                                                         

 

ND 

ND 

In vitro cytotoxicty against mammalian cells (post 48 h incubation at 37 °C, 

5% CO
2
)  

U87MG  4.6 ± 0.12  

HeLa  6.5 ± 0.08 

MCF-7 5.3 ± 0.04  

PC-12 ND 

HEK-293 1.2 ± 0.03  

MEF 2.1 ± 0.07  

L6 4.2 ± 0.01  

Mammalian (goat) platelets 11.8 ± 0.60 
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The flow cytometry analysis of MCF-7 cells treated with NnPLA2-I did not 

show significant difference (p>0.05) in G1, S, and G2 phases as compared to control 

cells suggesting it did not retard cell cycle of mammalian cells (Fig 4.17). 

 

Fig 4.17. Cell cycle analysis using propidium iodide (PI) staining and flow 

cytometry. MCF-7 cells (1.5 × 105 cells/ml) were treated for 24 h at 37 ºC with 

NnPLA2-I (10.0 µg/ml or 0.70 µM). Cells were harvested by trypsinization and stained 

with PI for 2 h and analyzed by flow cytometry. 

4.2.8 Inhibition and neutralization of catalytic and anticoagulant activities of 

NnPLA2-I  

4.2.8.1 Effect of chemical inhibitors and heparin on the activities of NnPLA2-I 

The treatment of NnPLA2-I with various chemical group modifying reagents 

resulted in a significant inhibition of its catalytic and anticoagulant activities, although 

to a different extent (Table 4.6). Interestingly, heparin differentially modulated the 

catalytic and anticoagulant activities of NnPLA2-I. Heparin failed to inhibit the catalytic 

activity of NnPLA2-I; however, the anticoagulant activity of NnPLA2-I was inhibited by 

heparin to 80% of its original activity (Table 4.6).  

%
 g

a
te

d
 c

e
ll

s

0

20

40

60

80

100

120

G1 phase

G2 phase

S phase

Control NnPLA2-I



Characterization and assessment of therapeutic potential of Indian cobra (Naja naja) venom 
anticoagulant phospholipase A2 enzyme and a 7-mer peptide developed from this enzyme 

Chapter-IV: Results and Discussion Page 180 
 

Table 4.6. Effect of chemical inhibitors, chelating agent, and heparin on catalytic 

and anticoagulant activities of NnPLA2-I. Values are mean ± SD of triplicate 

determinations. Significance of difference (Student’s t-test) with respect to catalytic 

activity *p<0.01. 

Inhibitors  

(Final Concentration) 

% inhibition of activity 

PLA2 activity Anticoagulant activity 

p-BPB (2 mM) 96.5 ± 0.1 79.8 ± 2.1* 

IAA (2 mM) 41.0 ± 0.9 55.3 ± 1.4* 

EDTA (10 mM) 79.4 ± 6.2 98.1 ± 0.3* 

DTT (5 mM) 97.3 ± 0.5 85.7 ± 1.2* 

Heparin (20 mIU) 0 80.8 ± 4.1 

 

4.2.8.2 Effect of heparin on thrombin inhibition by NnPLA2-I 

Table 4.7 shows that heparin does not have any effect on fibrinogen clotting 

activity of thrombin. In contrast, pre-incubation of NnPLA2-I with heparin prior to the 

addition of thrombin significantly decreased the thrombin inhibitory activity of 

NnPLA2-I (Table 4.7). However, neither pre-incubation of thrombin with heparin prior 

to the addition of NnPLA2-I nor pre-incubation of thrombin with NnPLA2-I prior to the 

addition of heparin resulted in any significant change (p>0.05) in the thrombin 

inhibition potency of NnPLA2-I (Table 4.7).  

Table 4.7. Fibrinogen clotting assay in the presence and absence of heparin. ND, 

not detected. The values are mean ± SD of triplicate determinations. Significance of 

difference *p<0.05 with respect to control and ¶p<0.05 as compared to thrombin 

inhibition by NnPLA2-I. 

Conditions Average clotting time (s) 

Control (Thrombin)  60.0 ± 5.1 

(Thrombin / Heparin)  61.0 ± 6.0 
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(Thrombin / NnPLA2-I)  275.0 ± 12.3* 

(NnPLA2-I / Heparin) + Thrombin 119.0 ± 11.9*¶ 

(Thrombin / Heparin) + NnPLA2-I 268.0 ± 13.8* 

(Thrombin / NnPLA2-I) + Heparin 266.0 ± 14.0* 

Heparin  ND 

NnPLA2-I ND 

 

The response (% residual thrombin inhibition by NnPLA2-I) was plotted as a 

function of concentration of inhibitor (heparin) using GraphPad Prism 5.0 software (Fig 

4.18). A regression line was obtained with the following equation –  

y = 3.0484x + 3.358 

From the above graph, the IC50 value of heparin to inhibit the NnPLA2-I was 

determined to be 15.23 mIU. 

 

Fig 4.18. Dose (concentration of heparin) vs response (% residual activity) curve of 

inhibition of NnPLA2-I induced thrombin inhibition by heparin. The regression line 

shows was plotted using GraphPad Prism 5.0 software with a R2 value of 0.99. 
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4.2.8.3 Neutralization of catalytic and anticoagulant activities of NnPLA2-I by 

commercial antivenoms 

A comparison of the neutralization potency of polyvalent (PAV) versus 

monovalent antivenoms (MAV) shows that MAV was more efficient than PAV in 

neutralizing the catalytic as well as anticoagulant activities of NnPLA2-I (Table 4.8). 

Both the antivenoms at a ratio of 1:100 differentially inhibited the catalytic as well as 

anticoagulant activities of NnPLA2-I. With a further increase in the dose of antivenom 

(PAV and MAV), almost an equal inhibition of catalytic and anticoagulant activities of 

NnPLA2-I was observed (Table 4.8). 

Table 4.8. A comparison of neutralization potency of catalytic and anticoagulant 

activities of NnPLA2-I by commercial polyvalent and monovalent antivenoms. 

Values are mean ± SD of triplicate determinations. Significance of difference (Student’s 

t-test) with respect to inhibition by monovalent antivenom ¶p<0.01.  Significance of 

difference (Student’s t-test) with respect to inhibition of PLA2 activity †p<0.01; *p<0.05  

Ratio 

(PLA2:AV) 

% inhibition of activity 

(Monovalent antivenom) 

% inhibition of activity 

(Polyvalent antivenom) 

PLA2 activity 

Anticoagulant 

activity PLA2 activity 

Anticoagulant 

activity 

1:50 7.9 ± 1.3 50.3 ± 3.1† 5.9 ± 1.2 41.7 ± 3.7† 

1:100 77.0 ± 3.2 88.8 ± 0.0* 23.4 ± 3.1¶ 53.1 ± 3.3†¶ 

1:200 95.1 ± 3.1 91.7 ± 7.9 72.9 ± 4.6¶ 76.9 ± 4.6¶ 

1:500 100 100 98.4 ± 0.2 97.4 ± 2.2 

 

However, incubation of NnPLA2-I with MAV at 1: 50 (protein: protein) did not 

inhibit its platelet deaggregation property; conversely, PAV under the identical 

experimental conditions enhanced the deaggregation property of NnPLA2-I (Fig 4.19). 
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Fig 4.19. Effect of commercial antivenoms on antiplatelet property of NnPLA2-I. 

NnPLA2-I (10 nM) was incubated with MAV or PAV at a ratio of 1:25 (w/w). Values 

are mean ± SD of triplicate determinations. Significance of difference *p<0.01 with 

respect to control.   

4.2.9 Interaction with phospholipids and coagulation factor(s) 

4.2.9.1 In silico structure prediction and interaction with thrombin 

4.2.9.1.1 Structure prediction of NnPLA2-I 

The best predicted structure of NnPLA2-I as analyzed by I-TASSER server have 

been shown in Fig 4.20. The same structure was used to study the docking with human 

thrombin.  
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chain and blue-coloured light chain) as predicted by the ClusPro 2.0 server and refined 

by the Firedock server; Schematic representation of B. The interaction of NnPLA2-I 

with the heavy chain of thrombin showing the different types of bonds formed between 

NnPLA2-I and thrombin, and C. Residue-to-residue interactions between the two 

chains, as predicted by the PDBSum server. Salt bridges (ionic), H-bonds, and non-

bonded contacts are represented by red, blue, and orange-coloured lines, respectively. 

4.2.9.2 Spectrofluorometry assay of interaction of NnPLA2-I with PC 

The emission maximum of NnPLA2-I observed at ~348 nm was significantly 

enhanced in the presence of PC (Fig 4.22A). The fluorescence intensity of NnPLA2-I / 

PC complex was further increased when 2.0 mM Ca2+ was added (Fig 4.22A). It was 

observed that there was no difference in emission maximum between native NnPLA2-I / 

PC complex and p-BPB-treated NnPLA2-I / PC complex (Fig 4.22A) implying both the 

native as well as histidine modified PLA2 binds with PC to an equal extent. 

Interaction with PS and PE also enhanced the fluorescence intensity of NnPLA2-

I (Fig 4.22B). 

4.2.9.3 Spectrofluorometry assay of interaction of NnPLA2-I with FXa and 

thrombin  

The interaction of NnPLA2-I (50 nM) with FXa (20 nM) resulted in a significant 

increase in emission maximum at ~350 nm of NnPLA2-I / FXa complex (Fig 4.23A); 

the FXa did not show any emission at the concentration used.   

Further, interaction of NnPLA2-I (100 nM) with thrombin (40 nM) also resulted 

in significant change (increase) in the fluorescence intensity of the NnPLA2-I / thrombin 

complex (Fig 4.23B). However, the fluorescence intensity of histidine alkylated 

NnPLA2-I /  thrombin complex was found to be much less as compared to the emission 

maxima of NnPLA2-I (unmodified) / thrombin complex (Fig 4.23B) suggesting 

histidine residue is essential for NnPLA2-I binding to thrombin. 
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Fig 4.22A. Spectrofluorometry interaction of NnPLA2-I with phospholipids. 

Fluorescence spectra showing interaction of native and histidine-modified NnPLA2-I 

(0.1 µM) with phosphatidylcholine (1.0 mM) in absence and presence of Ca2+. Data 

represent average of three determinations. 

 

Fig 4.22B. Spectrofluorometry interaction of NnPLA2-I with phospholipids 

(contd.). Fluorescence spectra showing interaction of native NnPLA2-I (0.05 µM) with 

1.0 mM of PS and PE, each. Data represent average of three determinations. 
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 Fig 4.23A. Spectrofluorometry interaction of native NnPLA2-I (50 nM) with factor 

Xa (20 nM). Data represent average of three determinations. 

 

Fig 4.23B. Spectrofluorometry interaction of native and histidine-modified 

NnPLA2-I (100 nM) with thrombin (40 nM). Data represent average of three 

determinations. 
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Table 4.9. Behavioral changes, if any, in Wistar rats after 72 h of intravenous injection of 4.0 mg/kg NnPLA2-I. Values are mean ± 

SD of three independent determinations. Differences of values in each row are not significant (p>0.05). 

Group of 

rats 

Parameters 

Body weight (g) Grip strength (s) Rectal temperature (F) 
Fecal tendency 

(per 30 min) 

Frequency of 

urination (per 

30 min) 

Initial* Final¶ Initial* Final¶ Initial* Final¶ Initial* Final¶ Initial* Final¶ 

Control 140 ± 1.8 143 ± 2.1 49.5 ± 1.3 52.1 ± 0.9 95.1 ± 0.2 94.9 ± 1.6 5 ± 0.4 4 ± 0.7 4 ± 0.5 4 ± 0.8 

NnPLA2-

I treated 
141 ± 1.1 145 ± 1.4 51.6 ± 2.4 47.3 ± 1.7 94.6 ± 0.5 94.2 ± 1.1 6 ± 0.1 7 ± 0.9 7 ± 0.8 5 ± 0.3 

*before injection; ¶after 72 h post injection 
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Table 4.10. Effect of NnPLA2-I on the serum parameters of Wistar strain rats. 

Values are mean ± SD of three independent determinations. Differences of values in 

each row are not significant (p>0.05).  

Parameter Control NnPLA2-I 

Glucose (mg/dL) 49.00 ± 2.50 68.00 ± 3.40 

SGPT 115.00 ± 5.80 98.00 ± 4.90 

SGOT 18.00 ± 0.90 19.00 ± 1.00 

Bilirubin (mg/dL) 0.25 ± 0.02 0.29 ± 0.01 

Urea (mg/dL) 3.10 ± 0.20 3.90 ± 0.20 

Uric acid (mg/dL) 1.69 ± 0.10 1.07 ± 0.10 

Creatinine (mg/dL) 0.10 ± 0.01 0.10 ± 0.02 

Triglyceride (mg/dL) 86.60 ± 4.30 68.90 ± 3.40 

Cholesterol (mg/dL) 181.30 ± 9.10 174.40 ± 8.70 

LDL (mg/dL) 78.60 ± 3.90 73.10 ± 3.70 

HDL (mg/dL) 20.30 ± 1.00 18.70 ± 0.90 

Total protein (mg/dL) 14.41 ± 0.70 14.32 ± 0.70 

 

Table 4.11. Effect of NnPLA2-I on the blood parameters of treated Wistar rats. 

Values are mean ± SD of three independent determinations. Differences of values in 

each row are not significant (p>0.05).  

Parameter Control NnPLA2-I 

WBCa(m/mm3) 5.06 ± 0.33 6.01 ± 0.13 

Lymphocytes(%) 36.17 ± 1.18 34.18 ± 2.08 

Monocytes(%) 5.67 ± 0.90 4.25 ± 0.80 

Neutrophils(%) 50.63 ± 2.25 48.25 ± 2.15 
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Eosinophils(%) 10.63 ± 0.15 9.81 ± 0.19 

Basophils(%) 0.10 ± 0.01 0.16 ± 0.01 

Total RBCb(m/mm3) 8.77 ± 0.04 8.94 ± 0.30 

MCVc(fl) 44.23 ± 1.22 42.15 ± 2.10 

HCtd(%) 36.20 ± 1.80 34.35 ± 2.10 

MCHe(pg) 15.77 ± 0.18 16.28 ± 0.54 

MCHCf(g/dl) 37.13 ± 1.09 34.21 ± 1.72 

RDWg 15.73 ± 1.06 13.25 ± 1.06 

Hbh(g/dl) 12.7 ± 0.03 12.40 ± 0.18 

MPVi(fl) 6.93 ± 0.16 7.10 ± 0.15 

PCtj(%) 0.31 ± 0.01 0.34 ± 0.01 

PDWk 8.37 ± 0.40 7.94 ± 0.80 

a white blood corpuscles; bred blood corpuscles; cmean corpuscular volume expressed in 
femtolitre; dhematocrit value; emean corpuscular hemoglobin expressed in picograms; 
fMCH concentration expressed in gram per deciliter; gred blood cell distribution width; 
hhemoglobin content expressed in gram per deciliter; imean platelet volume in 
femtolitre; j platelet crit; k platelet distribution width. 

 

4.2.10.5 Assessment of in vivo anticoagulant property of NnPLA2-I 

Post 1 h of injection, the tail bleeding time was recorded for the control and treated rats 

and it was found that NnPLA2-I prolonged the clotting time of blood (Table 4.12) like 

argatroban, but higher than that of heparin. Similar observations were obtained for TT 

of NnPLA2-I treated rats (Table 4.12). However, re-calcification time, APTT, and PT of 

NnPLA2-I treated rats were found to be higher as compared to the commercial 

anticoagulants (Table 4.12). 
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Table 4.12. Comparison of in vivo anticoagulant activity of NnPLA2-I, argatroban, and heparin in Wistar strain rats. Values are 

mean ± SD of six independent determinations. Significance of difference *p<0.01 as compared to control and ¶p<0.05 as compared to 

argatroban. 

Sample PT INRa APTT INR TT 
Ca2+ clotting 

time 
Tail bleeding time 

Control 

 

17.20 ± 0.4 1.00 30.32 ± 0.1 1.00 63.01 ± 0.1 79.93 ± 1.9 61.11 ± 5.3 

NnPLA2-I  

(0.4 mg/kg) 

31.84 ± 0.8*¶ 1.85 44.04 ± 0.1*¶ 1.45 107.45 ± 3.4* 165.86 ± 7.6*¶ 152.19 ± 9.3*¶ 

Argatroban 

(0.4 mg/kg) 

27.81 ± 0.8* 1.62 37.91 ± 0.4* 1.25 106.18 ± 0.6* 107.43 ± 2.8* 154.56 ± 10.2* 

Heparin  

(0.4 mg/kg) 

23.84 ± 0.6*¶ 1.39 34.73 ± 1.0 1.15 93.22 ± 3.7* 97.48 ± 2.9* 120.13 ± 6.5*¶ 

a international normalized ratio (INR) = Value of treated sample / value of control 
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4.3 Discussion 

During the past decades, significant progress has been made to explain the 

structure-function properties of both catalytically active and inactive snake venom PLA2 

enzymes [27-29]. It has been reported that this important class of venom molecules 

exerts pharmacological effects by distinctly different mechanisms, and apparently many 

controversial conclusions have been drawn [21]. The N. naja venom PLA2 enzymes 

either did not show anticoagulant activity, or they were reported to possess weak 

anticoagulant action on PPP. In the present study, we report the purification and 

characterization of an acidic PLA2 enzyme (NnPLA2-I) possessing strong anticoagulant 

activity from venom of Indian cobra N. naja. Further, effort has also been given to 

explore the mechanism of anticoagulant action of NnPLA2-I.  

During the process of gel filtration, the remaining anticoagulant proteins of N. 

naja venom were separated in peaks other than in an NnCM1GF5 fraction. Therefore, 

the NnCM1GF5 fraction showed a lower fold of purification of anticoagulant activity 

compared to that of the PLA2 activity. The molecular weight of snake venom PLA2 

enzyme is generally reported in the range of 10 to 15 kDa [10,12,13,16,21]; therefore, 

the molecular mass of NnPLA2-I is typical of the size of PLA2 enzymes isolated from 

snake venom.  The identity of NnPLA2-I with classical PLA2 enzymes from cobra 

venom was confirmed by LC-MS/MS analysis, which may unambiguously be 

considered as a unique approach to identify unknown protein / peptide.  The presence of 

putative conserved domains of the PLA2–like superfamily reinforces the conclusion that 

NnPLA2-I is a PLA2 enzyme purified from N. naja venom.  Moreover, like classical 

PLA2 enzymes from snake venom, the catalytic activity of NnPLA2-I was also inhibited 

by histidine inhibitor p-BPB suggesting the presence of histidine in the active site of 

NnPLA2-I [10-13,16,17].  

The PLA2 enzymes, on the basis of their strengths to prolong the re-calcification 

time of PPP, are classified into groups of weak or strong anticoagulant enzymes [21,30]. 

The NnPLA2-I can show an anticoagulant effect at a dose of 20 nM, thus suggesting that 

it is a strong anticoagulant enzyme [13,16,17]. This is in a close agreement to the 

previous reports showing that it is not the overall positive or negative charge on the 

venom PLA2 molecule but rather the nature of charge in the anticoagulant site of this 
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group of enzyme that is the sole determinant of its anticoagulant potency [15,17,21]. 

The anticoagulant region is positively charged in strong anticoagulant PLA2 enzymes, 

but negatively charged in weak and non-anticoagulant enzymes [31]. 

The anticoagulant action of snake venom PLA2 enzymes is either fully or 

partially dependent on their catalytic (phospholipids hydrolysis) activity such that no 

uniform mechanism could be proposed [10-13,15-17,31]. Our study suggests that, 

similar to our previous reports on PLA2 enzymes purified from Russell’s viper and N. 

kaouthia venoms [13,15-17], the anticoagulant mechanism of NnPLA2-I is partially 

dependent on its catalytic activity (~20% of the total anticoagulant activity shown by 

NnPLA2-I), and to a major extent is executed through a non-catalytic mechanism via 

thrombin inhibition. It is well known that plasma phospholipids play a crucial role in the 

formation of several coagulation complexes. Very low but specific hydrolysis of plasma 

phospholipids through the catalytic mechanism of NnPLA2-I might lead to the 

destruction of the specific phospholipid surface that accounts for the anticoagulant 

effect of this enzyme [13,15,16,21]. It is noteworthy that hydrolysis of very low but 

specific plasma phospholipids is the characteristic feature of strong anticoagulant 

PLA2s, whereas non-specific, non-anticoagulant PLA2 enzymes hydrolyze the plasma 

phospholipids at random [13,14,21]. 

One of the most important factors influencing the anticoagulant potency is the 

penetrating property of PLA2 enzymes [15,17,21,32]. Intrinsic fluorescence 

distinguishes the phospholipases according to their affinity for phospholipids, and a 

significant increase in fluorescence signal post binding of NnPLA2-I with PC vesicles, 

even in absence of Ca2+, suggests its high penetrating ability that in turn reflects its 

strong anticoagulant activity [13,14,17]. This enhanced fluorescence signal may be 

correlated with Trp quenching in NnPLA2-I, and Ca2+ might promote a better 

interaction of this PLA2 with PC resulting in an increase in the fluorescence signal in 

the presence of this ion [14,17]. 

The non-catalytic mechanism for the anticoagulant action of snake venom PLA2 

is executed by competing with blood clotting factors such as Xa, Va, or prothrombinase 

complex in the lipid surface [17,21]. NnPLA2-I shows a unique example of activation of 

amidolytic activity of FXa without influencing its prothrombin activating property. This 
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is further evidenced by the fact that NnPLA2-I did not increase the PT of PPP therefore 

suggesting it does not impede the extrinsic pathways possible due to non-binding of 

NnPLA2-I with coagulation factors such as V, VII, and X; however, it needs to be 

verified experimentally. Conversely, increase in APTT of PPP by NnPLA2-I suggests 

that it inhibits intrinsic and common pathways of coagulation to exert its anticoagulant 

activity. The interaction of NnPLA2-I with FXa probably allosterically activates the 

catalytic activity of the latter towards its small chromogenic substrate [33]; however, 

this activation might not be sufficient to enhance the catalytic activity of FXa towards 

its large physiological substrate prothrombin.   

To date only a few thrombin inhibitor PLA2 enzymes have been purified and 

characterized from snake venoms [13,16,18,34]. Since thrombin catalyzes the key step 

of blood coagulation cascade; therefore, thrombin is a key pharmaceutical target for the 

management and / or prevention of thrombotic associated disorders [35-38]. Sadly, 

classical anticoagulant drugs such as heparin and warfarin demonstrate several side 

effects including bleeding complications that suggest the search for new anticoagulants 

[39-42]. Notably, potent anticoagulants derived from snake venom have shown the 

potential to be developed as better antithrombotic prototypes [16,33,43]. The non-

cytotoxic PLA2 molecules showing thrombin inhibitory activity may therefore hold 

great promise for pharmaceutical application in the treatment and / or prevention of 

various cardiovascular disorders such as thrombosis [35]. The present study suggests 

that, like anticoagulant PLA2s from N. haje [34], D. russelii [13] and N. kaouthia [16] 

venoms, NnPLA2-I partially exerts its anticoagulant activity by non-covalent binding to 

thrombin at a site other than its heparin binding exosite-II [35]. As evident from the 

docking studies, the binding of NnPLA2-I to thrombin is mediated by its 

‘pharmacological site’ which resides within the 54-77 region of anticoagulant PLA2s 

[26,31]. Besides, NnPLA2-I also induces a conformational change in the AT-III to 

activate it, in a way similar to heparin, which in turn inhibits the binding of thrombin 

with fibrinogen. This effect leads to a greater anticoagulant effect of the NnPLA2-I / 

AT-III complex [35]. Furthermore, similar to PLA2 from N. haje venom, NnPLA2-I is 

also found to be a mixed inhibitor of thrombin, although the strength of thrombin 

inhibition by NnPLA2-I is superior to PLA2 from N. haje venom [34], or RVAPLA2 
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from D. russelii venom [13], and comparable to that of NkPLA2β from N. kaouthia 

[16]. 

Previous studies have shown that heparin, which is a sulfated 

glycosaminoglycan, binds to snake venom PLA2 enzymes to neutralize their various 

pharmacological properties such as cytotoxicity, myonecrosis, anticoagulant activity, 

and edema-induction [44-47]. These studies suggest the advantage of applying a low 

concentration of heparin as a complementary treatment against various snake 

envenomations [44,46]. Notably, heparin does not neutralize the phospholipids 

hydrolysis activity of NnPLA2-I. Therefore, this indicates that heparin does not bind to 

the catalytic site of this enzyme or interfere with the phospholipids or membrane 

binding property of NnPLA2-I. In 1994, Lomonte et al. [44] also reported that the 

interaction of myotoxin III (purified from Bothrops asper venom) with heparin 

significantly eliminated its myotoxicity without inhibiting its enzymatic activity. 

Therefore, partial neutralization of antithrombin activity of NnPLA2-I without affecting 

its enzymatic activity in the presence of low molecular weight heparin supports the 

dissociation of catalytic and anticoagulant (pharmacological) regions in most of the 

snake venom PLA2 molecules [11-13,17,21].  

It has been shown that residues 105–118 possessing strongly cationic sites in the 

C-terminal loop of Lys49 myotoxin II purified from the venom of Bothrops asper are 

responsible for binding with negatively charged heparin and subsequent blocking of its 

myotoxicity [44]. Nevertheless, unlike the C-terminal region of myotoxic PLA2s, the 

site containing residues 54–77 in snake venom PLA2 molecule is responsible for 

showing anticoagulant activity [21]. In strongly anticoagulant PLA2 molecules, this 

region is positively charged, located on the surface of the enzyme, and is accessible for 

interaction with the pharmacological target [21]. Although the pharmacological site of 

NnPLA2-I is neutral in charge, it may be postulated that the positive residues in the 

anticoagulant region of NnPLA2-I bind with the negatively charged heparin through 

electrostatic interaction resulting in neutralization of the thrombin inhibiting property of 

NnPLA2-I [47]. 

Platelet coagulation is an important hemostatic mechanism and therefore, 

modulation of platelet functioning by a snake venom toxin may have an adverse effect 
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on envenomed prey / victims [22,48-50]. Large numbers of snake venom PLA2 enzymes 

are known to influence the platelet aggregation property [4,51,52]. Based on their 

platelet modulating activity, venom PLA2 enzymes can be categorized in three groups: 

group I PLA2s show aggregation of platelets, group II PLA2s inhibit the platelet 

aggregation induced by several physiological agents, whereas group III PLA2s show 

dose-dependent platelet aggregation and deaggregation properties [52]. Therefore, 

NnPLA2-I may be classified as a member of the group II snake venom PLA2 enzymes.  

The role of catalytic activity in platelet modulating property of NnPLA2-I is 

evidenced by the fact that washed platelet is unaffected by this PLA2 enzyme; 

nevertheless, supplementation of PPP (a source of phospholipids) or purified PC / PS to 

the platelets suspension resulted in formation of lysophospholipids from the hydrolysis 

of phospholipids by added NnPLA2-I which in turn shows platelet deaggregation and 

inhibition of collagen-induced platelet aggregation [53]. Moreover, complete loss of 

platelet deaggregating property of NnPLA2-I following alkylation of histidine residue 

indicates that the catalytic activity of NnPLA2-I is involved in its platelet deaggregation 

[4]. Heparin, on the other hand, did not influence the antiplatelet activity of NnPLA2-I 

owing to the fact that it does not influence the catalytic activity of this PLA2. Moreover, 

the concentration of low molecular mass heparin used in this study does not show any 

adverse effect on platelet function may be due to formation of an antithrombin-heparin 

complex [54]; therefore, therapeutic application of low dose heparin besides antivenom 

therapy for hospital management of snakebite may be suggested.  Notably, in terms of 

platelet binding property, NnPLA2-I shows similarity to a PLA2 purified from N. 

nigricollis venom which also demonstrates lower affinity for membrane phospholipids 

after histidine modification [55]. Conversely, histidine modification does not interfere 

with the membrane binding property of N. kaouthia PLA2s [10]. 

Although many PLA2s from snake venom have been shown to possess 

cytotoxicity [56,57], the absence of in vitro hemolytic activity, cell cytotoxicity, and 

antibacterial activity of NnPLA2-I may correlate with our previous observations 

regarding PLA2 enzymes purified from Indian cobra and Russell’s viper venom [12-14]. 

It has been suggested that the biochemical properties of PLA2 enzymes, the availability 

of PC in a PLA2-sensitive membrane and / or various physicochemical properties of a 
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cell membrane are the major factors that show the venom PLA2-induced membrane 

damage [10,12,14,58]. 

Strong anticoagulant potency of NnPLA2-I in animal model is suggestive of 

development of drug prototypes for treatment of cardiovascular diseases. Drug 

prototypes, in the form of peptides, from the thrombin binding region of NnPLA2-I may 

be designed and developed for assessment of their anticoagulant potency.   
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