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RESULTS AND DISCUSSION: Study on in vitro myotoxicity (cytotoxicity towards
rat myoblasts) of NnPLA,-I and its acidic cognate complex on rat myotubes and
their neutralization by commercial polyvalent anti-snake venom and anti-NnPLA ;-

I antibody
5.1 Brief introduction

Phospholipase A, enzymes occur unambiguously in all snake venoms and
exhibit a wide array of pharmacological effects by binding to target through a
“pharmacological site” on the surface of the enzyme which is independent of the
catalytic site [1-4]. However, the pharmacological properties of a snake venom PLA,

enzyme may or may not be dependent on its catalytic activity [5-7].

Studies have shown that group IB mammalian sPLA;,s bind to PLA, receptor
(PLA;R), which is a transmembrane glycoprotein resembling C-type animal lectin
family of receptors [8,9], to induce cell proliferation, cell migration, and production of
lipid mediator(s) in mammalian cells [8,9]. Nevertheless, snake venom PLA,s have
been reported to differentially bind and attack phospholipid micro-domains or rafts
present on the mammalian cells; therefore, phospholipid types in different plasma
membrane of cells determines the extent of PLA; hydrolysis [10-12]. Studies have also
revealed the presence of certain elusive PLA, receptors on the plasma membranes
which may or may not be directly involved in the toxic effects of snake venom PLA,s

[13].

Myotoxicity is one of the major signs of cobra envenomation that results in
permanent morbidities in snakebite victims [14,15]. Non-enzymatic three finger toxins
(3FTxs) and enzymatically active / inactive homologs of venom PLAjs in elapid
venoms induce myotoxicity by disruption of cellular integrity of myotubes [16,17].
Catalytically inactive snake venom PLA,s possessing Lys49, Ser49, Asn49, Glu49 or
Arg49 instead of Asp49 [18] are also reported to induce myotoxicity [5,19,20].

The myotoxic PLA;s are primarily basic in nature and their basic charge might

play an important role in membrane binding and subsequent damage to the cells [21].
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The present study shows that an acidic PLA, purified from Indian cobra Naja naja
venom (NnV) is devoid of cytotoxicity towards myogenic cells; however, it forms a
cognate complex with other components of cobra venom to show considerable
cytotoxicity against rat myogenic L6 cells in in vitro conditions indicating PLA,
cognate complex may play a pivotal role in cobra venom-induced cytotoxicity. The
present study is also the first report showing binding of cobra venom acidic PLA, and
its cognate complex with membrane bound vimentin of rat myogenic L6 cells to induce

cytotoxicity and internalization of PLA; to cytosol post binding with vimentin.
5.2 Results

5.2.1 2D SDS-PAGE analysis of eastern India V. naja venom followed by western
blot analysis to detect complex formation by NnPLA,-I

The 2D SDS-PAGE of N. naja venom (NnV) resolved the proteins according to
their mass and charge. When NnV was separated under reduced condition, it resolved
into ~30 protein spots (left panel of Fig 5.1A). Immunoblot analysis showed that anti-
NnPLA,-I antibodies recognized only 3 spots (R1 region) of ~15 kDa mass acidic
protein(s) (right panel of Fig 5.1A).
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Fig 5.1A. 2D SDS-PAGE (left panel) of N. naja venom (300 pg) under reduced
condition, and its corresponding immunoblot (right panel). The blot was developed
with rabbit anti-NnPLA,-I antibody (at a dilution of 1:2000) and HRP-conjugated goat
anti-rabbit IgG secondary antibody (at a dilution of 1:5000).
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On the other hand, separation of NnV by 2D SDS-PAGE under non-reduced
condition did not resolve into specific spots, but proteins were separated as certain
patches (left panel of Fig 5.1B). Immunoblot analysis demonstrated that anti-NnPLA,-I
antibodies recognized proteins from two broad regions R2 (20 — 24 kDa, pI 3.5 — 5.5)
and R3 (22 — 37 kDa; pl 8.5 — 10) (Fig 5.1B). All the three regions (R1, R2, and R3)
were subjected to LC-MS/MS analysis to determine their composition (described below,

section 5.2.3).
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Fig 5.1B. 2D SDS-PAGE (left panel) of N. naja venom (300 pg) under non-reduced
condition, and their corresponding immunoblot (right panel). The blot was
developed with rabbit anti-NnPLA,-I antibody (at a dilution of 1:2000) and HRP-
conjugated goat anti-rabbit IgG secondary antibody (at a dilution of 1:5000).

5.2.2 Cation-exchange chromatography of eastern India NnV

Fractionation of crude eastern India NnV through a cation-exchange HiPrep CM
FF 16/10 column (20 ml) resolved into six distinct peaks-NnCM / Nn(N)CM 1 — 6 (see
Fig. 4.1A, chapter IV). The unbound or acidic fractions — Nn(N)CM1 and Nn(N)CM2
showed prominent PLA, activity of 95250 + 3810 U/mg and 95650 + 3826 U/mg,
respectively, which were comparable to that of crude NnV (93550 + 3742 U/mg).
However, NnPLA,-I was purified from Nn(N)CM1 (section 4.2.1, chapter IV) and its
identity was confirmed by LC-MS/MS analysis (section 4.2.4, chapter IV). The other
acidic fraction, Nn(N)CM2 was also subjected to LC-MS/MS analysis (described

below, section 5.2.3) for identification of its components.
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5.2.3 LC-MS/MS of Nn(N)CM2 and anti-NnPLA,-I antibody recognized regions of
2D SDS-PAGE of NnV

The LC-MS/MS analyses of the three spots of R1 region (Fig 5.1A) identified
the presence of isoforms of acidic PLA, enzymes (Uniprot ID P15445) (Table 5.1A),
that was previously identified as NnPLA,-I (Table 4.2, chapter IV). However, LC-
MS/MS analysis of R2 region (Fig. 5.1B) demonstrated co-migration of isoforms of an
acidic PLA, (P15445), a long chain neurotoxin (LNTx; UniProt ID P25671), a cytotoxin
(CTx; UniProt ID P86538), and a venom nerve growth factor (NGF; UniProt ID
P01140) from NnV with a relative abundance (RA) of 41.0%, 34.9%, 19.3%, and 4.7%,
respectively (Fig 5.2A, Table 5.1B). The LC-MS/MS analysis of R3 region (Fig. 5.1B)
demonstrated co-migration of LNTx (P25671; RA — 43.6%), CTxs (P86538 and
P24780; RA —20.3%), NGF (P01140; RA —4.2%), and a cysteine rich secretory protein
(UniProt ID P86543; RA — 1.6% RA) along with the isoforms of an acidic PLA;
enzyme (P15445; RA —30.3%) from NnV (Fig 5.2B, Table 5.1B).
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Fig 5.2. Percent relative abundances (% RA) of LC-MS/MS identified proteins in
A. region 2, and B. region 3 of N. naja venom separated by 2D SDS-PAGE under
non-reduced conditions. The % RA represents the relative composition of each
component [protein: protein (w/w)] of the complex as determined by label-free MS2-

based spectral count method.
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The proteomic composition of Nn(N)CM2 fraction was found to consists of

38.1% PLA,, 39.0% LNTx, 17.8% CTx, and 5.0% NGF [22] (Fig 5.2C, Table 5.2).
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Fig 5.2C. Percent relative abundance (RA) of NnV protein/polypeptides identified
by LC-MS/MS analysis of Nn(N)CM2 fraction (cognate complex). The RA was
calculated by MS2-based spectral count method.

Fascinatingly, the composition as well as percent relative abundance of each
toxin present in Nn(N)CM2 fraction was comparable to the composition and relative
abundance of toxins of R2 region of NnV (Figs 5.2A,C, Table 5.3). Furthermore, the
acidic charge of Nn(N)CM2 fraction (section 4.2.1.1, Fig 4.1A, chapter IV) correlates
well with the acidic pl of R2 proteins (Fig 5.1B). Therefore, the Nn(N)CM2 fraction
was considered as a cognate complex of NnPLA,-I and was used for subsequent studies.
Based on the percent relative abundance, it was calculated that 100 pg of Nn(N)CM2
fraction contains 38.2 pg, 39.0 pg, 17.8 pg, and 5.0 pug of PLA, (P15445), LNTx
(P25671), CTx (P86538), and NGF (P01140), respectively.
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Table 5.1A. List of identified peptides and its corresponding protein present in spot R1 of reduced 2D SDS-PAGE of N. naja venom
by LC-MS/MS analysis. The m/z, z, assigned sequence, score for the ID, and closest homolog for the LC-MS/MS identified peptide ions
obtained by analyzing the raw data using Morpheus software. The redundant peptides have been removed from the dataset.

Carbamidomethylation of cysteine residue and oxidation of methionine are represented by ‘c’ and ‘m’, respectively.

. Accession . Coverage Summed . Morpheus
Protein Organism o Morpheus Peptide Sequence m/z

no. (%) Score Score

(R) LAAICFAGAPYNDNNYNIDLK (&) 1179.6 2 24.1

(R) SWWDFADYGCYCGR (G) 921.9 2 20.2

(R) GGSGTPVDDLDR (C) 594.8 2 14.2

Acidic (K) ISGCWPYFKTYSYECSQGTLTCK (G) 946.5 3 1.0

phosafloéipase P15445 Naja naja 67.23 97.86 (K) NMTKCTVPSR (S) 603.9 2 20

2 (=) NLYQFKNmIK (C) 650.4 2 2.0

(R) CCQVHDNCYNEAEK (T) 609.9 3 2.0

(K) GDNNACAASVcDCDR (L) 562.4 3 2.0
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Table 5.1B. List of identified peptides and its corresponding proteins present in spots R2 and R3 of non-reduced 2D SDS-PAGE of

N. naja venom by LC-MS/MS analysis. The m/z, z, assigned sequence, score for the ID, and closest homolog for the LC-MS/MS

identified peptide ions obtained by analyzing the raw data using Morpheus software. The redundant peptides have been removed from the

dataset. Carbamidomethylation of cysteine residue and oxidation of methionine are represented by ‘c’ and ‘m’, respectively.

Summed
Protei Accessi . . Morph t
rotent ceession Organism Covoe rage Morpheus Peptide Sequence m/z orpheus  Spo
Description no. (%) Score Score no.
(R) SWNDFADYGCYCGR (G) 921.9 2 23.3
(K) TYSYECSQGTLTCK (G) 849.4 2 23.2
o (K) ISGCWPYFK (T) 579.3 2 13.2
Acidic
phospholipase P15445 Naja naja 67.23 117.35 (R) GGSGTPVDDLDRCCQVHDNCYNEAEK (1) 750.0 4 9.0 R2,R3
A2 (=) NLYQFKNMIKCTVPSR (S) 667.3 3 7.0
(K) GDNNACAASVcDeDR (L) 6673 3 7.0
(R) LAAICFAGAPYNDNNYNIDLKARCQ (-) 958.1 3 3.0
(K) TGVDIQccSTDDCDPFPTR (K) 1122.0 2 16.1
(K) RVDLGCAATCPTVK (T) 516.6 3 12.1
LOHg. P25671 Naja naja 60.56 60.47 (=) IRCCFITPDITSKDCCcPNGHVCCYTK (T) 927.5 3 2.0 R2.R3
neurotoxin 3 ’
(K) TWeDAFcSIRGKR (V) 552.4 3 1.0
(K) DcPNGHVCCYTK (T) 450.3 3 1.0
(R) GIDSSHWNSYCTETDTFIK (A) 754.3 3 11.0
(K) TTATDIKGNTVTVMENVNLDNK (V) 1190.1 2 13.0
(K) ALTMEGNQASWR (F) 682.3 2 12.1
Venom nerve . .
growth factor P01140 Naja naja 55.17 63.33 (R) TDTACVCVITKKTGN (=) 240.4 ) 40 R2,R3
(K) NPNPEPSGCR (G) 564.4 2 3.0
(K) VYKEYFFETKcK (N) 547.7 3 2.0
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(R) FIRIDTACVCVITK (K) 566.0 3 1.0
(K) NSLVLKYVccNTDRCN (-) 1007.5 2 3.0
(K) LIPLAYKTCPAGK (N) 716.4 2 3.0
Cytotoxin 3 P24780 Naja naja 33.33 23.46 (K) TcPAGKNLCYKMFMVSNK (T) 537.9 4 2.0 R3
(K) MFMVSNKTVPVKR (G) 513.0 3 2.0
(K) RGCIDVCPKNSLVLK (Y) 440.8 4 2.0
(K) NLCCYKmFmVSDLTIPVKR (G) 563.0 4 2.0
(K) MFMVSDLTIPVKRGCcIDVCCPK (N) 617.1 4 2.0
Cytotoxin 2a P86538 Naja naja 33.33 28.45 (K) NSLLVKYECCCCNTDRCCN (-) 682.3 3 20 R2R3
(K) TCcPPGKNLCCYK (M) 446.2 3 1.0
(-) LQOCCNKLVPIASKTCCPPGK (N) 503.0 4 1.0
o (R) RRVSPTA (-) 394.7 2 2.0
Viﬁsotgr;;tfﬁa P86543  Naja naja 3030 12.09 (=) NVDENSESTRRE (O 485.3 3 20 g3
(Fragment) (K) KQKEIVDLHNSLR (R) 5273 3 1.0
(K) QKEIVDLHNSLRR (R) 402.9 4 1.0
Chapter V: Results and Discussion Page 213



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

Table 5.2. List of identified proteins and their corresponding peptides by LC-MS/MS analysis of Nn(N)CM2 fraction of eastern
India N. naja venom. The mass, m/z, z, assigned sequence, score for the ID, modified residues, and closest homolog for the LC-MS/MS
identified peptide ions obtained by analyzing the raw data using PEAKS 7.0 software. The redundant peptides have been removed from the

dataset. Carbamidomethylation of cysteine residue is represented by ‘c’.

. - Homology .
o,
Protein Accession 10log % Summed with protein Distinct peptide(s) Peptide m/z z
no. Coverage  spectra score
P from
(R) GGSGTPVDDLDR (C) 623 5948 2
(=) NLYQFKN (M) 21.9 463.7 2
o (R) CCQVHDNCYNEAEK (T) 61.2 913.8 2
Acidic

phospholipase ~ P15445  258.4 91 596 Najangja ~ (R) SWWDFADYGCYCGR (G) 60.6 9219 2
A2 (K) ISGCWPYFK (T) 572 5793 2
(K) TYSYECSQGTLTCKG (D) 541 8779 2

(K) GDNNACAASVCDCDRLAATcFAGAPYNDNN
YNIDLK (A) 203 1284.6 3
(K) LVPIASKTCPPGK (N) 60.8 6844 2
Cytotoxin2a L0038 5.1 7 36 Nejangja ) mcppGRNLCYK (M) 294 4465 3
(-) LOCNKLVPTASK (T) 574 6859 2
Long (K) THCDAFCSTRGK (R) 51.5  750.8 2

. P25671 199.9 97 86 Naja naja
neurotoxin 3 (K) RVDLGCAATCPTVK (T) 69.7 7744 2
venomnerve  pyi40  g710 39 39 Neja (g)EYFFETK () 359 4817 2
growth factor 2 sputatrix
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Table 5.3. List of proteins identified by LC-MS/MS analysis of protein spots in Nn(N)CM2, and 2D SDS-PAGE of N. naja venom

under reduced (R1) and non-reduced (R2, R3) conditions. The protein spots were detected by immunoblot analysis against anti-

NnPLA,-I polyclonal antibody.

Summed
Coverage Molecular mass Unique Region/
Protein Description = Accession no.  Organism Morpheus
(%) (Da) peptides Fraction
Score
Acidic phospholipase P15445 Naja naja 67.23 13,346 117.35 6 R1, R2, R3,
A2 Nn(N)CM2
Long neurotoxin 3 P25671 Naja naja 60.56 7,833 60.47 4 R2, R3,
Nn(N)CM2
Venom nerve growth P01140 Naja naja 55.17 13,023 63.33 5 R2, R3,
factor Nn(N)CM2
Cytotoxin 3 P24780 Naja naja 33.33 6,745 23.46 2 R3
Cytotoxin 2a P86538 Naja naja 33.33 6,711 28.45 2 R2, R3,
Nn(N)CM2
Cysteine-rich venom P86543 Naja naja 30.30 3,910 12.09 1 R3

protein (Fragment)
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5.2.4 Determination of stoichiometry of venom proteins in the cognate complex

From the relative abundance of the components of the cognate complex, it was
inferred that 100 pg of Nn(N)CM2 fraction contains 2.9 nmol, 5.0 nmol, 2.7 nmol, and
0.4 nmol of PLA, (P15445), LNTx (P25671), CTx (P86538), and NGF (P01140),
respectively showing that the approximate molar stoichiometric ratio of PLA, : LNTx :
CTx : NGF is 1.0 : 1.7 : 0.9 : 0.1. Considering the nearest integer, this ratio become
1:2:1 of PLA; : LNTx : CTx and NGF may not be a real component of the complex but
an associated protein formed by non-covalent interaction with the PLA, cognate

complex.

5.2.5 Isolation and identification of individual components of Nn(N)CM2 by RP-
HPLC and LC-MS/MS analysis

RP-HPLC of Nn(N)CM2 resolved it into three major protein peaks
Nn(N)CMRP1 to Nn(N)CMRP3 (Fig 5.3). The LC-MS/MS analysis of Nn(N)CM2RP1,
Nn(N)CM2RP2, and Nn(N)CM2RP3 fractions resulted in their identification as LNTx
(P25671), PLA, (NnPLA,-I; P15445), and CTx (P86538), respectively (Table 5.4).
However, trace amount of NGF present in the complex could not be detected by RP-

HPLC.
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Fig 5.3. RP-HPLC of Nn(N)CM2 to isolate the individual components of the
cognate complex. 150 pg of Nn(N)CM?2 fraction was fractionated in a Dionex Acclaim
Cig column (2.1 x 150 puM) pre-equilibrated with 95% solvent A (type I water
containing 0.1% TFA) and 5% solvent B (90% ACN containing 0.1% TFA).
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Table 5.4. LC-MS/MS analysis identified proteins and their corresponding peptides present in RP-HPLC fractions
[Nn(N)CM2RP1 - 3] of Nn(N)CM2 by LC-MS/MS analysis. The m/z, z, assigned sequence, score for the ID, and closest homolog for
the LC-MS/MS identified peptide ions obtained by analyzing the raw data using Morpheus software. The redundant peptides have been

removed from the dataset. Carbamidomethylation of cysteine residue and oxidation of methionine are represented by ‘c’ and ‘m’,

respectively.
Protein Accession . Coverage Summed . Morpheus
Description o, Organism %) Morpheus Peptide Sequence m/z Score
Score

Nn(N)CM2RP1
Long 25671 Naja naja 124 . (K) TGVDIQccSTDDCDPEPTR (K) 11215 2 10.0
neurotoxin 3 (K) TGVDIQccSTDDcDPFPTRK (R) 7914 3 7.0

Nn(N)CM2RP2
(K) ISGCWPYFK (T) 579.3 2 10.1
(K) TYSYECSQGTLTCK (G) 849.3 2 7.1
Acidic (-) NLYQFKNmIKCTVPSR (S) 672.0 3 3.0
phospholipas P15445 Naja naja 55.5 60.6 (R) LAAICFAGAPYNDNNYNIDLKARCQ (-) 14372 2 3.0
eA2 (K) GDNNACAASVcDeDR (L) 5624 3 2.0
(C)cTVPSR(S) 3592 2 1.1
(R) SWWDFADYGcYcGRGGSGTPVDDLDR (C) 430.9 7 1.0

Nn(N)CM2RP3
(K) MFMVSDLTIPVKR (G) 512.9 3 11.1
Cytotoxin 2a PR6538 Naja naja 450 534 (K)MFMVSDLTIPVKRGCIDVCPK (N) 617.1 4 4.0
(K) MFMVSDLTIPVK (R) 460.5 3 3.0
(K) LVPIASKTCPPGK (N) 683.4 2 20.1

Chapter V: Results and Discussion Page 217



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

5.2.6 One-dimensional SDS-PAGE analysis of Nn(N)CM2

The SDS-PAGE analysis of Nn(N)CM2 fraction under reduced conditions
showed two prominent protein bands at 5 — 7 kDa and ~15 kDa regions (Fig 5.4).
Nevertheless, under non-reduced conditions this fraction showed a broad aggregated
protein band in the molecular mass range of 14 — 37 kDa (Fig 5.4) which is much higher
as compared to the molecular weight of R2 region of non-reduced 2D SDS-PAGE of
NnV (Fig 5.1B). Snake venom proteins are known to form higher mass aggregates when
stored in solution [23] and this may be the reason for which the molecular mass range of
NnPLA,-I-cognate complex was found to be higher by 1D SDS-PAGE analysis (Fig
5.4). The NnPLA,-I under reduced and non-reduced conditions showed a sharp and
diffused band of ~15 kDa, respectively (Fig 5.4).
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Fig 5.4. 12.5% SDS-PAGE analysis of NnPLA,-I and its cognate complex
[Nn(N)CM2 fraction] under reduced and non-reduced conditions. Lanes 1 — 2, N.
naja venom (50 pg) and NnPLA,-I cognate complex (30 ng), respectively separated
under reduced conditions; lane 3, protein molecular markers; lanes 4 — 5, N. naja venom
(50 pg) and NnPLA,-I cognate complex (30 pg) separated under non-reduced

conditions, respectively; lanes 6 — 7, non-reduced and reduced NnPLA,-I (30 pg),

respectively.
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5.2.7 Determination of molecular mass of Nn(N)CM2 by gel (filtration
chromatography

Size exclusion chromatography (SEC) of Nn(N)CM2 demonstrated the elution
of cognate complex as a single prominent broad peak from 49.8 to 62.0 ml with the
highest intensity at 59.8 ml (Fig 5.5A) which corresponds to molecular mass of the
cognate complex in the range of 22 — 39.8 kDa (Fig 5.5B). This data corroborates with
the molecular mass of the cognate complex determined by 1D SDS-PAGE analysis of
Nn(N)CM2 under non-reduced conditions (Fig 5.4).
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Fig 5.5A. Gel filtration chromatography of Nn(N)CM2 to determine the molecular
mass range of the NnPLA,-I cognate complex. The Nn(N)CM2 (0.5 mg) was
fractionated through a HiLoad 16/600 Superdex 75 pg column (120 ml), pre-
equilibrated with 20 mM Tris-HCI containing 150 mM NaCl, pH 7.4, coupled to an
AKTA Purifier FPLC System.
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Fig 5.5B. Log (base 10) molecular weight of protein molecular markers vs Ve/Vo
(Ve = elution volume of marker proteins; Vo = void volume of column) plot to
determine the molecular mass of NnPLA,-I cognate complex [Nn(N)CM2]. Molecular
weight markers: A, Immunoglobulin (150 kDa); B, Serum albumin (67 kDa); C, a-
Lactoglobulin (35 kDa); D, cytochrome C (12.4 kDa); E, Vitamin B, (1.3 kDa).

Taken together, LC-MS/MS, 1D SDS-PAGE, and SEC of Nn(N)CM2 fraction

demonstrated that the components of the cognate complex (PLA, : LNTx : CTx) exist

in a stoichiometric ratio of 1:2:1 which corresponds to molecular mass of the cognate

complex at ~36 kDa. The RP-HPLC analysis did not show NGF peak (Fig 5.3), albeit

LC-MS/MS analysis suggested presence of trace amount of NGF in this complex which

reinstates that NGF may not be a real component of this complex.
5.2.8. Quantitation of NnPLA,-I in Nn(N)CM2 by ELISA

The recognition of different concentrations of NnPLA,-1 (0.17 uM, 0.35 uM and
0.70 uM) and Nn(N)CM2 (6.25 pg/ml, 12.5 pg/ml and 25.0 pg/ml) was done by anti-
NnPLA,-I using ELISA. The different concentrations of NnPLA,-I were calculated on
the basis of percent relative abundance obtained from LC-MS/MS analysis of
Nn(N)CM2 by MS2-based spectral count (sections 5.2.3 and 5.2.4). Quantitative
analysis of the ELISA results demontrated that 6.25 pg/ml, 12.5 pg/ml and 25.0 pg/ml
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of NnPLA,-I cognate complex [Nn(N)CM2] consists of approximately 0.17 uM, 0.35
uM and 0.70 uM of NnPLA,-I, respectively (Fig 5.6).
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Fig 5.6. ELISA to quantitate the NnPLA,-I in Nn(N)CM2 fraction (cognate
complex) by anti-NnPLA,-I antibodies. Quantitative analysis was done by comparing
the absorbance of different concentrations of NnPLA,-I (0.17, 0.35 and 0.70 uM) with
that of Nn(N)CM2 (6.25, 12.5 and 25.0 pg/ml). Values are mean = SD of triplicate

determinations.

5.2.9 Cytotoxicity of PLA; and its cognate complex against the mammalian and

bacterial cells

The cytotoxicity exhibited by NnPLA,-I (10.0 ug/ml or 0.70 uM) and two
different doses of cognate complex [12.5 and 25.0 pg/ml of cognate complex containing
5.0 pg/ml or 0.35 uM and 10.0 pg/ml or 0.70 uM of NnPLA,-I, respectively as
determined by LC-MS/MS (Fig 5.2C) and ELISA (Fig 5.6)] is shown in Fig 5.7A. The
NnPLA,-I-cognate complex exhibited cytotoxicity against the mammalian cells in the
following order — L6 myoblasts>platelets>PC12 (Fig 5.7A). The NnPLA,-I and its
cognate complex did not demonstrate cytotoxicity against erythrocytes, MCF-7, and

HEK-29 cells or antibacterial activity against B. subtilis and E. coli cells (Fig 5.7A).
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Fig 5.7A. Determination of cytotoxicity of NnPLA,-I and its cognate complex
[Nn(N)CM2] post 24 h of incubation against different mammalian and bacterial
cells. The L6 cells used for the assay were partially differentiated myoblasts. Values are
mean + SD of three experiments. Significance of difference *p<0.05 and "p<0.05 as

compared to control and 10.0 pg/ml NnPLA,-I induced toxicity, respectively.

5.2.10 Assessment of release of creatine kinase and lactate dehydrogenase from

NnPLA;-I cognate complex treated L6 myoblasts

The NnPLA,-I cognate complex showed highest toxicity against myoblasts
which was also confirmed by measuring the enhanced release of CK and LDH from the
treated cells compared to control cells. The NnPLA,-I had no effect on release of these
enzymes albeit NnPLA,-I-cognate complex significantly enhanced the release of CK

and LDH from myoblasts to the culture media (Table 5.5).

Table 5.5. Release of creatine kinase (CK) and lactate dehydrogenase (LDH)
enzymes in the culture media of L6 cells (myoblasts) treated with NnPLA,-1 (10.0
png/ml or 0.70 uM), NnPLA,-I cognate complex [Nn(N)CM2] (12.5 pg/ml containing
0.35 uM of NnPLA,-I), and crude N. naja venom (45.0 ng/ml containing 0.35 pM of
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NnPLA,-I). Values are mean = SD of triplicate determinations. Significance of

difference with respect to control, *p<0.05.

Samples CK (U/dL) LDH (U/dL)
Control 9.5+0.29 46.3 +1.39
NnPLA,-I (10.0 pg/ml) 102+031 50.2+1.51

NnPLA,-I cognate complex (12.5 pg/ml)  28.9+£0.27* 102.7 £ 1.08*
N. naja venom (45.0 pg/ml) 323+£0.67* 128.6 +2.86*

Triton X-100 56.3+£0.69* 190.5+3.72*

5.2.11 Cytotoxicity of NnPLA;-I cognate complex and its individual components on

rat myoblasts
5.2.11.1 Determination of cytotoxicity by MTT assay

The cytotoxicity exhibited by the native cognate complex was found to be
significantly higher as compared to the individual components of this complex
(NnPLA,-I, LNTx, and CTx), re-constituted CTx-LNTx complex and re-constituted
CTx-LNTx-PLA; complex (Table 5.6). However, non-covalent interaction of NnPLA,-I
with basic proteins of NnV to form a cognate complex did not result in increase in its
catalytic activity (Table 5.6). Furthermore, pre-incubation of NnPLA,-I-cognate
complex with PAV, anti-NnPLA,-I antibody, and p-BPB (inhibitor of histidine) resulted
in a significant reduction of its cytotoxicity against rat myoblasts; PAV was more
effective in reducing the cytotoxicity of NnPLA,-I-cognate complex whereas anti-
NnPLA,-I antibody showed higher inhibition of PLA, activity of the cognate complex
(Table 5.6). Treatment with p-BPB resulted in a significant reduction of the catalytic
activity and cytotoxic property of the NnPLA,-I cognate complex (Table 5.6). However,
addition of PAV to L6 myotube culture medium post 60 — 240 min of treatment with
NnPLA,-I cognate complex resulted in a gradual loss of its cytotoxic property (Table
5.6).
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Table 5.6. A comparison of the cytotoxicity exhibited by the individual components
of the complex, and neutralization or inhibition of PLA; activity and cytotoxicity of
NnPLA;-I cognate complex by commercial polyvalent antivenom (PAYV), anti-
NnPLA,-1 antibodies and p-bromophenacyl bromide (p-BPB) towards L6
myogenic cells. Cytotoxicity was measured by MTT-based assay. Values are mean +
SD of triplicate determinations. Significance of difference with respect to cognate
complex *p<0.05, **p<0.01, and with respect to PAV treated cognate complex
9p<0.05.

Residual activity

S | Cognate
ample PLA ivi icity (% cell
p complex: Ab 2 activity Cytotoxicity (% ce
(Unit)* death)
NnPLA-I (0.70 pnM) - 948=+1.2 0.0
CTx (0.35 uM) - - 14.7 £ 0.08**
LNTx (0.62 pM) - - 6.1 £ 0.05**
Re-constituted CTx-LNTx
- - 16.5+ 0.15%*
complex
Re-constituted CTx-
- 93.9+0.8 31.8£0.09*
LNTx-PLA; complex
Cognate complex (12.5
- 93.6+0.13 40.9 +0.08
png/ml)
Cognate complex pre-
incubated with anti- 1:25 5.2+ 0.11%*7 16.7 £0.12%1
NnPLA,-I Ab
Cognate complex pre-
incubated with 5 mM p- - 3.5+ 0.10** 10.5+0.10**
BPB
1:6.25 74.2 +£0.33* 22.7+0.18*
Cognate complex pre-
1:12.5 41.2+0.21* 9.2+ 0.10**
incubated with PAV
1:25 25.8 £ 0.30** 3.2+ 0.10**
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Cognate complex

- 25.6 +£1.73*
treatment (60 min) + PAV
Cognate complex
treatment (120 min) + 125 - 31.5+243
PAV '
Cognate complex
treatment (240 min) + - 351 +£1.95

PAV

*One Unit of PLA, activity is defined as decrease in 0.01 absorbance of the reaction

mixture in 10 min at 740 nm. The cytotoxicity was determined by MTT-based assay.
5.2.11.2 Determination of cytotoxicity by bright field microscopy

The NnPLA,-I-cognate complex-induced cytotoxicity towards L6 myoblasts
was also evident from the bright field microscopic observation of the treated cells (Figs
5.7B, C). The L6 myoblasts were allowed to slightly differentiate to spindle shaped
elongated myoblasts before treatment (Fig 5.7Bi, ii). As compared to the myoblasts
treated with the individual toxins (NnPLA,-I, CTx, and LNTX) of the complex (Fig
5.7Biii, iv, v) or re-constituted CTx-LNTx complex (Fig 5.7Bvi), the myoblasts treated
with reconstituted CTx-LNTx-NnPLA,-I complex (Fig 5.7Bvii) or NnPLA,-I native
cognate complex (Fig 5.7Bviii) demonstrated significant decrease in cell number

(cytotoxicity) and changes in the cellular morphology (marked with red arrows).

In addition to cytotoxicity, the myoblasts treated with reconstituted 3FTx-
NnPLA,-I complex (Fig 5.7Bvii) and native cognate complex (Fig 5.7Bviii) showed
loss of well distended structure of the partially differentiated myoblasts (shown with
arrows); albeit the latter showed significantly higher toxicity than that of the former.
The higher toxicity of cognate complex compared to reconstituted complex (devoid of
NGF) suggests that NGF present in the native cognate complex contributes to the
cytotoxic property of this complex. Pre-incubation of NnPLA,-I-cognate complex with
anti-NnPLA,-I antibodies (Fig 5.7Bix) or 5 mM p-BPB (Fig 5.7Bx) significantly
inhibited its cytotoxic property.
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Fig 5.7B. Bright field microscopy (10 X) for determination of cytotoxicity of
NnPLA,-I cognate complex and its individual components against partially
differentiated rat myoblasts. The micrographs were taken at 10 X magnification (scale
bar = 250 um). (i) undifferentiated myoblasts; partially differentiated myoblasts treated
with (ii) PBS (control), (iii) NnPLA»-I (10.0 pg/ml or 0.70 uM), (iv) CTx (2.2 pg/ml or
0.35 uM), (v) LNTx (4.8 pg/ml or 0.62 uM), (vi) reconstituted CTx (0.35 uM)-LNTx
(0.62 uM) complex, (vii) reconstituted CTx (0.35 uM)-LNTx (0.62 pM)-NnPLA,-I
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(0.35 uM) complex, (viii) native NnPLA,-I cognate complex (12.5 pg/ml), (ix)
NnPLA,-I cognate complex (12.5 pg/ml) pre-incubated with anti-NnPLA,-I antibodies
at 1: 25 ratio, (x) NnPLA»-I cognate complex (12.5 pg/ml) pre-incubated with 5.0 mM
p-BPB. The red arrows show dead cells with changed morphology. C. Percent cell
viability determined from cell count analysis of the bright field images [Fig 5.7B(ii-
x)] of untreated and treated myoblasts. Fig 5.7B(i) corresponds to undifferentiated
myoblasts and hence not considered for this analysis. Values are mean + SD of three
experiments. Significance of difference *p<0.05 and "p<0.05 as compared to control

and 12.5 pg/ml NnPLA,-I cognate complex-induced cytoxicity, respectively.

5.2.11.3 Determination of cytotoxicity by acridine orange / ethidium bromide

staining

The fluorescent microscopic observation of NnPLA,-I-cognate complex treated
myoblasts after acridine orange and ethidium bromide (AO / EB) staining showed dead
nuclei stained red with dispersed nuclear matter (Fig 5.7D) due to disintegration of

nuclei.

Acridine orange Ethidium bromide AO/EB merged

Untreated
NnPLA,-I (control)

NnPLA,-I
cognate
complex

Fig 5.7D. Fluorescent microscopic images (10 X) of AO / EB stained partially
differentiated L6 myoblasts treated with PBS (control), NnPLA,-I (10.0 pg/ml or
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0.70 nM), and NnPLA,-1 cognate complex (12.5 pg/ml). The green color shows live

cell nuclei whereas red color shows dead nuclei of treated cells.
5.2.12 ELISA to determine binding of NnPLA,-I to rat myoblasts

It was found that NnPLA,-I alone and in association with other basic proteins of
NnV (cognate complex) binds to L6 myoblasts; however, in cognate complex form it
showed significantly higher binding (p<0.05) compared to binding of individual
NnPLA,-I (Fig 5.8).
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Fig 5.8. Dose-dependent binding of NnPLA,-I (0.17 — 0.70 pM) and its cognate
complex (6.25 — 25.0 pg/ml) to L6 myoblasts. The binding was determined by ELISA
using anti-NnPLA,-I antibodies and HRP conjugated goat anti-rabbit 1gG. Values are
mean + SD of triplicate determinations. Significance of difference *p<0.05 with respect

to NnPLA,-I, and "p<0.05 as compared to the cognate complex (6.25 pg/ml).
5.2.13 Time-dependent internalization of NnPLA,-I in rat myoblasts
5.2.13.1 Fluorescence microscopy to determine internalization of NnPLA,-I

Time-dependent (30, 60, 120, and 240 min) incubation of partially differentiated
rat myoblasts with 10.0 pg/ml or 0.70 uM of NnPLA,-I followed by fluorescent
staining using Alexa Fluor 488 conjugated to secondary antibody against rabbit IgG and
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DAPI (described in section 3.2.11.2, chapter III) demonstrated binding followed by
time-dependent internalization of NnPLA,-I in myoblasts (Fig 5.9A).

[ NnPLA,-| treated
Control 30 min 60 min 120 min 240 min

Alexa Fluor 488 DAPI

Merged

Fig 5.9A. Fluorescence microscopic images (40 X) showing time-dependent (30 —

240 min) internalization of NnPLA;-I (10.0 pg/ml or 0.70 pM) in L6 rat myoblasts.
The NnPLA,-I was detected using rabbit anti-NnPLA,-I antibody. The green images are
due to Alexa fluor 488 conjugated anti-rabbit IgG (secondary antibody) visualized
under FITC filter whereas blue images for nuclear staining by DAPI were visualized

under DAPI filter. Scale bar = 100 um.

5.2.13.2 Confocal microscopy to determine internalization of FITC-conjugated

NnPLA,-1

Observation under a confocal microscope confirmed the time-dependent
internalization of FITC-conjugated NnPLA,-I (Fig 5.9B). The Z-stack analysis of each
image, which has been used for deconvolution of confocal microscopy data,
demonstrated localization of NnPLA,-I (green colour) in the cytoplasm of the myogenic

cells (Fig 5.9C).
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I NnPLA,-I treated |
120 min 240 min

FITC DAPI Bright field

Merged

Fig 5.9B. Confocal microscopic images (63 X magnification) showing time-
dependent internalization of FITC-conjugated NnPLA»-I (10.0 pg/ml or 0.70 pM)
after 30 — 240 min incubation with L6 myoblasts. Green (for NnPLA,-I) and blue (for

nucleus) images were visualized under FITC and DAPI filters, respectively. Bar scale =

10 uM.

60 min

30 min

120 min
240 min

Fig 5.9C. Z-stack projection analysis to determine the time-dependent

internalization of NnPLA,-I in rat myoblasts. The scale (10 um) represents the

distance of the protein from the coverslip. The red colour represents that the protein is
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binding only to the surface of the cells, while blue colour represents maximum

penetration of the protein in the cytoplasm.

5.2.14 Binding of NnPLA,-I and its cognate complex to rat myoblast membrane
proteins (L6MP)

5.2.14.1 ELISA showed binding of NnPLA,-I and its cognate complex to L6MP

The ELISA revealed the binding of NnPLA,-I and its cognate complex to rat L6
myoblasts membrane proteins (L6MP) albeit they showed insignificant binding to
cytosolic proteins (L6CP) of the same cells (Fig 5.10).
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Fig 5.10. ELISA to determine the binding of NnPLA,-I (10.0 pg/ml or 0.70 nM)
and NnPLA,-I in its cognate complex [25.0 pg/ml containing 10.0 pg/ml (0.70 nM)
NnPLA,-I] to L6CP, L6MP, and BSA (negative control). The binding was detected
using rabbit anti-NnPLA,-I antibodies (primary antibody) and HRP-conjugated anti-
rabbit IgG (secondary antibodies). Values are mean + SD of triplicate determinations.

Significance of difference with respect to binding of NnPLA,-1, *p<0.05.

5.2.14.2 Immunoblot analysis confirmed binding of NnPLA,-I and its cognate
complex to L6MP

L6MP and L6CP resolved into several protein bands when subjected to 12.5%
SDS-PAGE analysis (left panel of Fig 5.11A). The NnPLA,-I in its cognate complex
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showed significantly higher binding (p<0.05) to L6MPs compared to individual
NnPLA,-I (right panel of Fig 5.11A). Immunoblot analysis indicated binding of
NnPLA,-I to ~55 kDa and to a lesser extent ~48 kDa L6MP (Figs 5.11A,B) and this
binding was significantly enhanced when the NnPLA,-I was in its cognate complex
with other proteins of NnV (Figs 5.11A,B). However, we could not detect the binding
of NnPLA,-I and its cognate complex to L6CP (Figs 5.11A,B) by immunoblot analysis.
Immunoblot analysis also demonstrated binding of NnPLA,-I cognate complex with a
L6MP protein band of ~40 kDa (lane 7, right panel of Fig 5.11A). Because no
corresponding band was detected in lane 6 (L6MP incubated with NnPLA,-I), therefore,

this band was not considered for further analysis.

12.5% SDS-PAGE Western blot
1 2 3 4 5 6 7 8
250 kDa
130 kDa
100 kDa !
70 kDa
14
[ Je—55kDa

50 kDa

o N TR [ «—8kDa
40 kDa >

-

35 kDa

25 kDa

15 kDa " <—~15KkDa
5 kDa

Fig 5.11A. Immunoblot analysis to detect binding of NnPLA,-I and its cognate
complex to membrane proteins of rat myoblasts (L6MP). Left panel: 12.5% SDS-
PAGE of 80 pg each of non-reduced L6CP (lane 2), non-reduced L6MP (lane 3), and
reduced NnV (lane 4). Lane 1, protein molecular markers. Right panel: Western blot of
L6CP incubated with 25.0 pg/ml of NnPLA,-I cognate complex (containing 10.0 pg/ml
or 0.70 uM NnPLA,-I) (lane 5), L6MP incubated with 0.70 uM NnPLA,-I (lane 6),
L6MP incubated with 25.0 pg/ml cognate complex (lane 7), NnV (lane 8, positive
control). The binding of NnPLA,-I and its cognate complex to L6OMP was detected by
anti-NnPLA,-I antibodies.
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Fig 5.11B. Densitometry analysis of ~48 kDa and ~55 kDa L6MPs showing
interaction with NnPLA,-I / cognate complex. Values are mean + SD of triplicate
determinations. Significance of difference *p<0.05 with respect to 48 kDa band

intensity; "p<0.05 as compared to binding by NnPLA,-I.
5.2.15 RP-HPLC of affinity purified L6MP

NnPLA,-I binding L6MP was purified by affinity purification using NnPLA,-I
as a ligand (described in chapter III, section 3.2.12.3.1). Thereafter, RP-HPLC of
NnPLA,-I-bound L6MP resolved into one major peak (L6RP1) and four minor peaks
(L6RP2-L6RPS) (Fig 5.12).
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Fig 5.12. RP-HPLC fractionation of affinity purified NnPLA,-I (ligand) bound

L6MP. The fractionation was done in a Dionex Acclaim C;g column (2.1 x 150 mm, 3
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um) coupled to an UHPLC system. The column was pre-equilibrated with 95% solvent
A (0.1% tri-fluoroacetic acid) and the bound proteins were eluted with a multi-step
gradient of solvent B (90% acetonitrile containing 0.1% TFA). The flow rate was

maintained as 0.5 ml/min.
5.2.16. ELISA to determine the binding of NnPLA,-I to L6RP1

ELISA demonstrated binding of NnPLA,-I with the major protein peak L6RP1
(Fig 5.13). The binding was detected using anti-NnPLA,-I antibodies.
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Fig 5.13. ELISA showing binding of NnPLA,-I (10.0 pg/ml or 0.70 pnM) to L6RP1
(100 ng). The binding was detected using anti-NnPLA,-I antibodies (1:2000 dilution,
primary antibody) and HRP-conjugated anti-rabbit IgG (secondary antibody). Values
are mean = SD of triplicate determinations. Significance of difference *p<0.05 with

respect to all other L6RP fractions (L6RP2-5).
5.2.17 Identification of NnPLA,-I binding L6MP by LC-MS/MS analysis

The LC-MS/MS analysis of ~48 kDa and ~55 kDa membrane protein bands
showing binding with Nn-PLA,-1 and its cognate complex demonstrated highest

resemblance with vimentin (M, = 53.5 kDa) from Rattus norvegicus (UniProt ID
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P31000), an intermediate filament of the cytoskeletal (Table 5.7). Tandem mass
spectrometry analysis of ~48 kDa protein demonstrated a truncated vimentin where its
20 amino acid residues (~5.4 kDa) from N-terminal region (head-region) were found to
be missing. Strikingly, the ~48 kDa L6MP band primarily comprised of tubulin a3
(40%), tubulin B5 (12%) chains of myotubes cytoskeleton, and vimentin (5.3%) (Fig
5.14A).
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Fig 5.14A. Composition of ~48 kDa L6MP protein band, as determined by LC-
MS/MS. Values are expressed as percent relative abundance of each protein as

calculated by MS2-based spectral count method.

On the other hand, the ~55 kDa L6MP band primarily consists of vimentin
(58.1%) followed by protein disulfide-isomerase (P04785; 26.9%) and caveolae-
associated protein 1 (UniProt ID P85125; 15.0%) (Fig 5.14B). However, NnPLA,-I
bound LOMP and RP-HPLC purified LORP1 was composed of 89.2% (Fig 5.14C) and
100% vimentin (P31000), respectively (Table 5.7).
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Fig 5.14. Composition of B. ~55 kDa L6MP protein band and C. affinity purified
L6MP as determined by LC-MS/MS. Values are expressed as percent relative

abundance of each protein as calculated by MS2-based spectral count method.

Table 5.7. Sequence alignment of LC-MS/MS identified tryptic peptides of affinity-
purified NnPLA,-I bound L6MP (blue), ~55 kDa L6MP band (red), ~48 kDa
L6MP band (green), and vimentin P31000 from Rattus norvegicus (black). The
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protein alignment was done using Clustal Omega  programme

(https://www.ebi.ac.uk/Tools/msa/clustalo/).

Source

Sequence alignment

NnPLA,-I bound L6MP
55 kDa protein band

48 kDa protein band
Vimentin (P31000)

-——-SVSSSSYR-MFGGSGTSSR--——-——-——-—- TYSLGSALRPSTSRSLYSSSPGGAYVTR-—-—
-——-S5VSSSSYR-MFGGSGTSSR--——-—=-—=-—- TYSLGSALRPSTSRSLYSSSPGGAYVTR-—-—
—————————————————————————————————————————————————— SLYSSSPGGAYVTR-=—-

MSTRSVSSSSYRRMFGGSGTSSRPSSNRSYVTTSTRTYSLGSALRPSTSRSLYSSSPGGAYVTRSSAV
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Vimentin (P31000) QLKGQGKSRLGDLYEEEMRELRRQVDQLTNDKARVEVERDNLAEDIMRLREKLQEEMLQREEAESTLQ
KFAXFAX  prrrriii: HHHHE S S HEE

NnPLA,-I bound L6OMP  SFRODVDNASLAR-==—-—====——-=-=—-- KLHDEEIQELQAQIQEQHVQIDVDVSKPDLTAALRDV
54 kDa protein band SFR-=======—==——--— KVESLQEEIAFLK-————————————————————————————————————
48 kDa protein band SFRQDVDNASLAR--—--- KVESLQEEIAFLKKLHDEEIQELQAQIQEQHVQIDVDVSKPDLTAALR-~
Vimentin (P31000) SFRQDVDNASLARLDLERKVESLQEEIAFLKKLHDEEIQELQAQIQEQHVQIDVDVSKPDLTAALRDV

NnPLA,-I bound L6MP
54 kDa protein band

48 kDa protein band
Vimentin (P31000)
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—————————————————————— FADLSEAANRNNDALR-----------QVQSLTCEVDALKGTNESL
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54 kDa protein band

48 kDa protein band
Vimentin (P31000)
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NnPLA,-I bound L6MP
54 kDa protein band

48 kDa protein band
Vimentin (P31000)

--ISLPLPNFSSLNLRETNLESLPLVDTHSK--———-=--=-——-— DGQVINETSQHHDDLE

———————————————— ETNLESLPLVDTHSK-----------DGQVINETSQHHDDLE
--ISLPLPNFSSLNLRETNLESLPLVDTHSKR-—-——=-=-=-——-— DGQVINETSQHHDDLE
SRISLPLPNFSSLNLRETNLESLPLVDTHSKRTLLIKTVETRDGQVINETSQHHDDLE

.............. hhkkkhkkhkkkhkhkkkkkk . R R Rk kI i i i i

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

with respect to P31000

5.2.18 Spectrofluorometry analysis to determine binding of NnPLA,-I and its

cognate complex to vimentin

5.2.18.1 Dose- and time-dependent binding of NnPLA,-I to vimentin

Increasing concentration of NnPLA,-I led to a corresponding decrease in

fluorescence intensity of vimentin suggesting protein—protein interactions leading to

quenching of aromatic residues of vimentin (Figs 5.15A). A saturation in binding with

vimentin was observed at a 0.35 uM concentration of NnPLA,-I (Fig 5.15A inset) and
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the optimum time for NnPLA,-I-vimentin binding was observed at 15 min post

incubation of interacting proteins (Fig 5.15B).

70 7 —— Vimentin (10.0 pg/ml)
—— Vimentin (10.0 pg/ml) + 0.17uM NnPLA, |
60 - Vimentin (10.0 pg/ml) + 0.35 uM NnPLA, |
Vimentin (10.0 pg/ml) + 0.52 pM NnPLA, |
>, 50 —— Vimentin (10.0 pg/ml) + 0.70 uM NnPLA, |
= ——— NnPLA, (0.70 uM) 60
c
[] i a
E 40 £ 50 .
5 = >
n 30 7 & 30
2 x
£ E 204 o
w2 3

10

0.0 0.2 0:4 0.6 0.8
NNnPLA,-1 (uM)

10 -
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300 325 350 375 400 425 450 475 500
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Fig 5.15A. Spectrofluorometry analysis to determine dose-dependent (0.17 — 0.70
uM) binding of NnPLA,-I to vimentin (10.0 pg/ml). The reaction mixture was excited
at 280 nm and the emission intensity was recorded from 300 — 500 nm. The values are

mean of triplicate determinations.
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Fig 5.15B. Spectrofluorometry analysis to determine time-dependent (7.5 — 60 min)

binding of NnPLA;-I (0.17 pM) to vimentin (10.0 pg/ml). The reaction mixture was
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excited at 280 nm and the emission intensity was recorded from 300 — 500 nm. The

values are mean of triplicate determinations.

5.2.18.2 Dose- and time-dependent binding of NnPLA,-I cognate complex to

vimentin

Similar to NnPLA,-I, increasing concentration of NnPLA,-I cognate complex
led to decrease in fluorescence of vimentin (Fig 5.16A). However, in a sharp contrast to
NnPLA,-I, the cognate complex at a concentration of 25.0 pg/ml (containing 0.70 uM
of NnPLA,-I) did not show saturation of binding with vimentin (Fig 5.16A inset). The
optimum time of binding of NnPLA,-I cognate complex with vimentin was observed 45

min post incubation (Fig 5.16B).

70 A
— Vimentin (10.0 pg/ml)
—— Vimentin (10.0 pg/ml) + 6.25 pg/ml NnPLA,-l cognate complex
60 - Vimentin (10.0 ug/ml) + 12.5 pg/ml NnPLA,-I cognate complex
Vimentin (10.0 ug/ml) + 18.75 pg/ml NnPLA,-I cognate complex
50 - —— Vimentin (10.0 ug/ml) + 25.0 ng/ml NnPLA,-I cognate complex
."? —— NnPLA,-l cognate complex (25.0 ug/ml)
2 60-
S 40 -
£ __ 50
c ‘ £
S 4 £ 40-
S 4
@ 2 30
£ x
W20 _E 204
-
10 .
10 0 T T T T J
0 5 10 15 20 25
NnPLA;-l cognate complex (ug/ml)
0 T T T T T - T T 1

300 325 350 375 400 425 450 475 500

Emission wavelength (nm)

Fig 5.16A. Spectrofluorometry analysis to determine dose-dependent (6.25 — 25.0
pg/ml) binding of NnPLA,-I to vimentin (10.0 pg/ml). The reaction mixture was
excited at 280 nm and the emission intensity was recorded from 300 — 500 nm. The

values are mean of triplicate determinations.

Chapter V: Results and Discussion Page 239



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

70 - — Vimentin (10.0 pg/ml)
—— NnPLA,-l cognate complex (6.25 pg/ml)
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Fig 5.16B. Spectrofluorometry analysis to determine time-dependent (7.5 — 60 min)
binding of NnPLA,-I (6.25 pg/ml containing 0.17 pM of NnPLA,-I) to vimentin
(10.0 pg/ml). The reaction mixture was excited at 280 nm and the emission intensity

was recorded from 300 — 500 nm. The values are mean of triplicate determinations.

5.2.19 In silico analysis to demonstrate binding of NnPLA,-I and its cognate

complex to the rod region of vimentin
5.2.19.1 Docking of NnPLA,-I with different chains of vimentin

The interaction between the different regions of vimentin (as receptor) and
NnPLA,-I (as ligand) was predicted to be strong and stable with predicted binding free
energy (AG) and dissociation constant (Kp) values of -12.86 kcal/mol and 3.67 x 107"°
M, respectively. The best predicted structure of NnPLA,-I (chapter 1V, Fig 4.20)
showed interaction with all the four chains (PDB IDs 3s4rB, 3ufl A, 3trtA, and 1gk4D)
of vimentin with negative global energy; the highest binding was noted with 3s4rB

followed by 3trtA chains (Table 5.8).
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Table 5.8. A comparison of the global energy of binding of NnPLA,-I to different
regions of rod structure of vimentin. The global energy values were predicted using

Firedock server and the types of interactions were determined using PDBsum server.

Vimentin Non-
Amino acid Global Hydrogen Salt
region energy bonds bridges
PDB ID) contacts
3s4rB 99 — 189 -111.04 120 12 4
3uflA 146 — 249 -82.55 86 8 0
3trtA 261 —335 -107.58 147 12 2
1gk4D 330 - 407 -100.68 156 7 0

PDBsum analysis of the NnPLA,-1 — 3s4rB model (Fig 5.17A, panels LII)
showed that 19 residues of NnPLA,-I interacted with 15 residues of 3s4rB via 120 non-
bonded contacts, 12 H-bonds, and 4 salt bridges suggesting strong affinity between the
these two proteins (Fig 5.17A, panel III; Table 5.8). Nevertheless, 22 residues of
NnPLA,-I interacted with 3trtA region of vimentin (15 residues) by 147 non-bonded
contacts, 12 H-bonds and 2 salt bridges (Fig 5.17B, Table 5.8). Interestingly, the Asp48
residue of NnPLA»-I has been predicted to be involved in salt bridge and / or H-bonds
formation with the two regions of vimentin (panel III of Figs 5.17A,B). The NnPLA,-I
also showed binding to 3ufl A (Fig 5.17C) and 1gk4D (Fig 5.17D) regions of vimentin
via non-bonded contacts and H-bonds; however, this binding strength was determined to

be less as compared to that of 3s4rB and 3trtA regions (Table 5.8).
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Fig 5.17A. Most favorable docking model of interaction of NnPLA,-I (green chain)
with 3s4rB chain (blue chain) of vimentin as predicted by ClusPro 2.0 server and

refined by Firedock server. The model has been visualized using PyMol software.
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Fig 5.17B. Most favorable docking model of interaction of NnPLA,-I (green chain)
with 3trtA chain (pink chain) of vimentin as predicted by ClusPro 2.0 server and

refined by Firedock server. The model has been visualized using PyMol software.
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Fig 5.17C. Most favorable docking model of interaction of NnPLA,-I (green chain)
with 3uflA chain (teal chain) of vimentin as predicted by ClusPro 2.0 server and

refined by Firedock server. The model has been visualized using PyMol software.
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Fig 5.17D. Most favorable docking model of interaction of NnPLA,-I (green chain)
with 1gk4D chain chain (brown chain) of vimentin as predicted by ClusPro 2.0
server and refined by Firedock server. The model has been visualized using PyMol

software.
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5.2.19.2 Docking of CTx, LNTx, and NGF with vimentin

The CTx, LNTx, and NGF showed significant interaction (negative global
energies) with 3s4rB (Fig 5.18) and 3trtA (Fig 5.19) chains of vimentin via non-bonded
contacts, H-bonds, and salt bridges. The binding energies of docking of each of these

proteins with vimentin are summarized in Table 5.9.

CTx

0 0000 © 00000

Fig 5.18. ClusPro 2.0 and Firedock predicted best docking models of 3s4rB chain
of vimentin with A. CTx and B. LNTx. The docking has been shown as surface

models (I), ribbon models with surface interactions (II), and residue-to-residue
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interactions between the two chains as predicted by PDBSum software (III). The

surface and ribbon models were visualized using PyMol software
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Fig 5.18C. ClusPro 2.0 and Firedock predicted best docking models of 3s4rB chain
of vimentin with NGF. The docking has been shown as surface model (I), ribbon
model with surface interactions (II), and residue-to-residue interactions between the two
chains as predicted by PDBSum software (III). The surface and ribbon models were

visualized using PyMol software.

5

Fig 5.19A. ClusPro 2.0 and Firedock predicted best docking models of 3trtA chain
of vimentin with CTx. The docking has been shown as surface model (I), ribbon model
with surface interaction (II), and residue-to-residue interactions between the two chains
as predicted by PDBSum software (IIT). The surface and ribbon models were visualized

using PyMol software.
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Fig 5.19. ClusPro 2.0 and Firedock predicted best docking models of 3trtA chain of
vimentin with B. LNTx and C. NGF. The docking has been shown as surface models
(I), ribbon models with surface interactions (II), and residue-to-residue interactions
between the two chains as predicted by PDBSum software (III). The surface and ribbon

models were visualized using PyMol software.

5.2.19.3 Docking of NnPLA,-I with CTx, LNTx, and NGF to form a cognate

complex

The in silico analysis showed that NnPLA,-I forms a stable complex with 3FTxs
and NGF of NnV (Fig 5.20) with negative global energy (Table 5.9).
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Fig 5.20. ClusPro 2.0 and Firedock predicted best models of A. NnPLA,-I - CTx —
LNTx and B. NnPLA,-I - CTx — LNTx — NGF interactions. NnPLA,-I, CTx, LNTx,
and NGF are represented by green, pink, yellow, and orange coloured ribbon / surface
models, respectively. The surface and ribbon models were visualized using UCSF

Chimera software.

Table 5.9. A comparison of the global energy of binding of the components of
NnPLA;-I cognate complex to two regions of the rod structure of vimentin. 3s4rB
(rod region; 99 — 189) and 3trtA (rod region; 261 — 335). The global energy values were

predicted using Firedock server.

Global energy of Global energy of
Global energy
Protein interaction with 3s4rB  interaction with 3trtA
of complex
region of vimentin region of vimentin
NnPLA,-1 - -111.04 -107.58
CTx - -114.77 -101.74
LNTx - -90.12 -84.55
NGF - -125.62 -132.73
NnPLA,-I-CTx -111.55 -104.28 -97.63
NnPLA,-I-LNTx -123.37 -104.43 -94.14
NnPLA,-I-NGF -136.94 -131.94 -107.42
NnPLA,-I-CTx- -91.30 -109.69 -95.61
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LNTx

NnPLA,-I-CTx- -174.54 -138.20 -113.19
LNTx-NGF

5.2.19.4 Docking of 3FTx-NnPLA;-I and 3FTx-NGF-NnPLA,-I complexes with

vimentin

Although individual components of NnPLA;-I-cognate complex showed binding
to 3s4rB and 3trtA chains of vimentin (Figs 5.18, 5.19) albeit the 3FTx-NnPLA,-I
complex showed slightly lower binding efficiency to 3s4rB (Fig 5.21A) and 3trtA (Fig
5.21B) chains as compared to binding to these regions by individual NnPLA,-I (Table
5.8). In this complex, only NnPLA,-I showed binding to 3s4rB region of vimentin via
94 non-bonded contacts, 6 H-bonds, and 3 salt bridges (Fig 5.21A). The PDBsum server
did not predict direct interactions between 3FTxs of the cognate complex and 3s4rB
region of vimentin (Fig 5.21A). However, both NnPLA,-I and LNTx interacted with
3trtA region of vimentin via non-bonded contacts (88 and 49, respectively) and H-bonds

(4 and 2, respectively) (Fig 5.21B).

Fig 5.21A. Best docking model of NnPLA,-I-3FTx complex with 3s4rB chain of
vimentin. The model (left panel) has been visualized using PyMol software. Right
panel of the figure shows schematic representation of interaction of each component of
the cognate complex with vimentin; orange, blue and red lines represent non-bonded

contacts, H-bonds and salt bridges, respectively.
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Fig 5.21B. Best docking model of NnPLA,-I-3FTx complex with 3trtA chain of
vimentin. The model (left panel) has been visualized using PyMol software. Right
panel of the figure shows schematic representation of interaction of each component of
the cognate complex with vimentin; orange, blue and red lines represent non-bonded

contacts, H-bonds and salt bridges, respectively.

On the other hand, the NnPLA,-I-3FTx-NGF complex showed higher binding to
both 3s4rB and 3trtA regions of vimentin (Table 5.9). In the complex, both NnPLA,-I
and NGF showed binding to 3s4rB region of vimentin via non-bonded contacts (94 and
48, respectively), H-bonds (6 and 3, respectively), and salt bridges (3 each) (Fig 5.22A,
Table 5.10).

Similar interactions were predicted for the interaction between NnPLA,-I
cognate complex and 3trtA region of vimentin (Table 5.9). It was observed that
NnPLA,-I interacted with vimentin via 118 non-bonded contacts, 7 H-bonds and 2 salt
bridges, whereas NGF interacted with 3trtA region of vimentin through 35 non-bonded
contacts, 4 H-bonds and 1 salt bridge (Fig 5.22B, Table 5.10). The presence of NGF in
the complex, therefore, may enhance the binding with vimentin which corroborates well

with the in vitro results.
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Fig 5.22. Best docking model of NnPLA,-I-3FTx-NGF complex with A. 3s4rB and
B. 3trtA chains of vimentin. All models have been visualized using PyMol software.
Right panel of the figure shows schematic representation of interaction of each
component of the cognate complex with vimentin; orange, blue and red lines represent

non-bonded contacts, H-bonds and salt bridges, respectively.

Table 5.10. A comparison of the interactions between the components of NnPLA,-I
— 3FTx — NGF cognate complex and 3s4rB (99 — 189) region of vimentin. The

interactions were predicted by PDBSum software.

Interacting No. of residues Interface No. of bonds
proteins (A-B) involved (A:B) area (A) Non- H-bond Salt
(A:B) bonded bridge

NnPLA,-I - 3s4rB 19:14 847:888 94 6 3
NGF —3s4rB 3:5 240:195 48 3 3
NnPLA,-I - LNTx 23:12 828:999 141 9 3
NnPLA,-I - CTx 10:10 495:489 93 5 1
NnPLA,-I - NGF 19:20 912:772 154 13 1
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LNTx - CTx 11:9 485:535 48 3 1

LNTx — NGF 20:26 974:951 121 8 0

Table 5.11. A comparison of the interactions between the components of NnPLA,-I
— 3FTx — NGF cognate complex and 3trtA (261 — 335) region of vimentin. The

interactions were predicted by PDBSum software.

Interacting No. of residues Interface No. of bonds
proteins (A-B) involved (A:B) area (i&) Non- H- Salt
(A:B) bonded bond bridge

NnPLA,-I - 3trtA 19:10 687:768 118 7 2
NGF - 3trtA 4:7 225:214 35 4 1
NnPLA,-I - LNTx 24:12 846:1018 153 10 3
NnPLA,-I - CTx 10:10 502:495 93 5 1
NnPLA,-I - NGF 20:20 954:822 147 11 1
LNTx - CTx 11:8 483:537 44 3 1
LNTx — NGF 21:26 985:972 131 10 0

5.2.20 ELISA to determine NnPLA,-I does not bind to tail region of vimentin

ELISA result demonstrated that pre-incubation of vimentin with anti-vimentin
monoclonal antibodies against the tail region of vimentin did not affect the binding of
NnPLA,-I or its cognate complex to vimentin (Fig 5.23), suggesting that NnPLA,-I
binds to vimentin other than its tail region. However, due to unavailability of
commercial monoclonal antibodies against the rod and head regions of vimentin, the
interaction of NnPLA,-I with the rod region of vimentin could not be further confirmed

by in vitro analysis.
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Fig 5.23. ELISA showing binding of NnPLA,-I to native and tail-blocked vimentin.
Vimentin was pre-incubated with anti-vimentin antibodies raised against the tail region
to block the C-terminal of the protein. Binding of NnPLA,-I was detected by anti-
NnPLA,-I polyclonal antibodies (primary) and HRP-conjugated anti-rabbit IgG

secondary antibodies. Values are mean = SD of triplicate determinations.
5.3 Discussion

Toxin synergism, a fascinating phenomenon to enhance toxicity of interacting
components has been well documented in many different snake venoms, albeit this
phenomenon is poorly investigated and understood to date [24-27]. The LC-MS/MS
analysis of NnV separated by 2D SDS-PAGE under reduced and non-reduced
conditions unambiguously demonstrated the formation of NnPLA,-I-3FTxs-NGF
cognate complex, may be by weak non-covalent interactions among the components of
cognate complex [28,29]. As the term suggests, ‘cognate’ refers to ‘related’ or
‘connected’. Since the precise stoichiometry of each individual component in the
complex was not determined, the complex was named as an NnPLA,-I cognate

complex.
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The significant enhancement of cytotoxicity of NnPLA,-I as a component of the
cognate complex compared to individual NnPLA,-I is evident from the facts that — (a)
NnPLA,-I alone cannot induce cytotoxicity in partially differentiated rat myoblasts, and
(b) neutralization with anti-NnPLA,-I antibodies or alkylation of His48 active site of
NnPLA,-I significantly reduced the cytotoxic effect of NnPLA;-I cognate complex.
This result is in accordance with previous reports demonstrating several snake venom
toxins tend to form a stable or cognate complex of higher molecular mass that
significantly potentiate their cytotoxicity and pharmacological property against target
cells and / or organisms [23,28,30-32]. It has also been well documented that cytotoxins
and neurotoxins from cobra venom can form a stable cognate complex with the
catalytically active PLA,s from the same venom [25,26,29,33,34]; however, this
binding may not enhance the catalytic activity of PLA, enzyme which is according to a
previous observation from our laboratory [29]. Therefore, it is not surprising that
NnPLA,-I cognate complex would show a significantly higher cytotoxicity as compared
to individual components of the complex. Further, partially differentiated rat myoblast
are of mesenchymal origin and a significantly higher cytotoxicity of NnPLA,-I cognate
complex on this cell suggests the probable pathophysiological role of this complex in
cobra venom-induced myopathy and muscular damage [35-37]. However, the other
pathophysiological function(s) of this complex in cobra bite patients, if any, remains to

be explored.

The cognate complex of NnPLA,-I showed significantly higher cytotoxicity in
myogenic cells as compared to other mammalian cells. Several factors including
phospholipids composition of the target cell membrane, cholesterol / phospholipids
ratio, physicochemical properties of a membrane, and / or presence of a specific toxin
receptor in the cell surface may play an important role in snake venom-induced
membrane damage and / or cytotoxicity [16,17,25,26]. NnPLA,-I demonstrates
preferential  binding to  phosphatidylcholine  (PC) as  compared to
phosphatidylethanolamine (PE) or phosphatidylserine (PS) (Figs 4.22A,B, section
4.2.9.2, chapter IV). The differential composition of PC as well as occurrence of a large
number of PLA;-sensitive PC domain in the outer plasma membrane of the treated
mammalian cells may explain the higher cytotoxicity of NnPLA»-I and / or its cognate

complex towards rat myogenic cells compared to other mammalian cells [12,25].
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Further, the PLA,-interacting cobra venom neurotoxins are also reported to display cell-
specific cytotoxicity on mammalian cells [25] which further supports the differential
cytotoxicity of NnPLA,-I-cognate complex on mammalian cells. Furthermore, NnPLA,-
I and its cognate complex cannot show antibacterial activity due to absence of PC and
low number of PLA,; sensitive phospholipid (PE) domains on the outer membrane of

bacterial cells [11,12].

It has been well documented that snake venom PLA,s bind to certain
phospholipid micro-domains of cell membranes that acts as a platform for PLA,
adhesion and catalysis leading to cellular disintegration [10,12]; nevertheless, only few
studies have shown the binding of snake venom PLA;s to protein receptor(s) present on
outer surface of cell membrane [38-42]. Further, except for plasma membrane bound
nucleolin [42], there is dearth of knowledge regarding the consequence or
pathophysiological significance of interaction / binding of snake venom PLA; to other
cell surface receptors / acceptors. The present study suggests a high affinity binding of
NnPLA,-I to a ~55 kDa protein acceptor, vimentin, present in outer membrane of rat
myoblasts and this binding as well as cytotoxicity against the myoblasts was
significantly enhanced when NnPLA,-I exists in a cognate complex. Cobra venom
cytotoxins and PLA;-interacting neurotoxins have been shown to kill the cells by non-
selectively disrupting the cell membranes [25,26,33,34]. These reports corroborate well
with the present study showing NnPLA,-I cognate complex also retains a part of its
cytotoxicity after treatment with anti-PLA, antibodies or alkylation of His-48 of
NnPLA,-I with p-BPB. Therefore, it may be anticipated that after binding with rat
myoblasts, the cytotoxin and neurotoxin components of the cognate complex first
destabilize the phospholipids bilayer of the target cell membranes that leads to higher
binding of PLA, on dislocated and disorganized phospholipids bilayer of myoblasts
resulting in a significantly higher (p < 0.01) membrane damage and cell death by
NnPLA,-I-cognate complex compared to individual NnPLA,-I or 3FTxs [26,29,33].

Studies have shown a synergism between PLA,s and 3FTxs [25,26,29,31,33,34];
however, their exact mechanism of pathophysiological function in complex form
remains to be explored. Another component of the NnPLA,-I complex was determined

to be an NGF which is one of the most fascinating proteins found in cobra venom
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[43,44]. The presence of NGF significantly enhanced the cytoxicity of the cognate
complex. Although non-toxic in isolation [44], this class of proteins in association with
other venom toxins is known to elicit severe toxicity against different cell lines [43].
Owing to its specificity towards vimentin, it may be anticipated that cobra venom PLA,
and / or 3FTxs employ NGF as a carrier to specific target sites [43,45] to enhance the
toxicity of the cognate complex. This phenomenon reinstates the effect of toxin
synergism wherein the presence of even a trace quantity of one or more venom toxin
potentiates the effect of other venom proteins [23,32]. Nevertheless, further
characterization of each individual component of cognate complex is necessary to study
their exact stoichiometry of interactions to form a stable complex [23] as well as to

explore their definite role in binding with membrane lipids and / or proteins.

In 1990, Lambeau and colleagues [41] demonstrated the high affinity binding of
a high molecular weight (180 kDa) monomeric membrane protein in rabbit myotubes to
a PLA, from Oxyuranus scutellatus venom; however, the exact pathophysiological
significance of PLA,-membrane protein interaction was unknown. Another Lys49
myotoxic PLA, from venom of Agkistrodon piscivorus piscivorus was shown to bind to
a kinase insert domain containing receptor (KDR) [13,40]. However, such interactions
may not always demonstrate a functional relevance in the pathophysiology exhibited by
the snake venom PLA, enzymes [46]. Recently, it has been demonstrated that a
myotoxic Lys49 PLA, (Mt-II) from Bothrops asper binds to membrane-bound nucleolin
at low temperatures [42]. However, at physiological temperature, this binding was
followed by internalization and co-localization of Mt-II and nucleolin in paranuclear
and nuclear areas of myotubes showing the role of this association in myotoxicity

exhibited by the PLA, [42].

Vimentin is a type III intermediate filament (IF) protein of the cytoskeleton
known to be constitutively expressed in mesenchymal cells [47] and is mainly involved
in tissue integrity [48,49]. Vimentin serves as a target for human group IIA (hGlla)
PLA; enzyme to enhance the binding of the latter to activated T-cells in inflamed
synovium of rheumatoid arthritis patients [50]. Further, hGlla internalizes and co-
localizes with vimentin in rheumatoid fibroblast-like synoviocytes [51] which indicates

the association of PLA; with vimentin in a pathophysiological process. Vimentin is also
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one of the fifteen proteins that interacted and co-localized with Bothrops asper Lys49
myotoxin II (Mt-II) in C2C12 myotubes [42] thereby re-instating the involvement of

such an interaction with pathophysiology of snakebite.

Vimentin is reported to be expressed on the surface of different cells such as
apoptotic neutrophils, T cells [52], activated macrophages [53], vascular endothelial
cells [54], skeletal muscle cells [55], and platelets [56] by some unknown mechanism or
by post-translational modification of vimentin [57]. The involvement of cell surface
vimentin in binding with several extracellular proteins, toxins, and microorganisms has
been well documented [54,58,59]; nevertheless, this is the first report suggesting the
role of membrane bound vimentin as a myogenic cell surface acceptor for NnV acidic
PLA; enzyme. The binding with vimentin was found to be critical for initiation of
infection and pathogenesis by the virulent strain of Japanese encephalitis virus [60] and
the present study shows a crucial vimentin — N. naja venom PLA, interaction which
may have a role in inducing cytotoxicity. Further, pre-incubation of cognate complex
with polyvalent antivenom has shown to reduce its cytotoxicity towards rat myoblasts
which advocates early antivenom therapy for successful management of cobra bite
patients. Although it was expected that NnPLA,-I and its cognate complex should also
show binding to intracellular vimentin present in cytosolic proteins of partially
differentiated rat myoblasts, however, our observation was quite contrary. Interference
from other cytosolic proteins or specific conformational changes of cytosolic vimentin
may influence this binding; nevertheless, extensive studies would be required to pin-

point the differences in binding between membrane bound and cytosolic vimentin.

Vimentin is composed of three regions - a head, which initiates and direct the
filament assembly; a rod region and a tail region [61]. The in silico analysis indicated
that the rod region of vimentin may be involved in high affinity binding to NnPLA,-I by
a mechanism similar to the binding of dengue virus and Clostridium botulinum C3
exoenzyme to the rod region of vimentin present in outer surface of vascular endothelial
cells and hippocampal HT22 cells, respectively [54,62]. NnPLA,-I internalization in
myoblasts may be associated to its binding with vimentin in a manner similar to

vimentin mediated uptake of C3 exoenzyme to hippocampal HT22 cells [59,62].
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Further, the in silico study has provided a strong evidence of higher binding of

NnPLA,-I-cognate complex to vimentin compared to individual NnPLA,-I.

Thus, the enhanced binding and toxicity of NnPLA,-I-3FTx cognate complex as
compared to individual NnPLA,-I sheds light on the possible role of vimentin as a
cellular acceptor in cobra venom PLA, complexes induced cytotoxicity. Further, the in-
sufficient neutralization of the cytotoxic property of the cognate complex demonstrated
by commercial polyvalent anti-snake venom raises concern regarding successful

hospital management of cobra bite patients.
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