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Annexure - I: Section-B: Scientific and Technical Progress:

Summary of objectives sanctioned vs objectives achieved

Period of study Achievable targets

Targets achieved
(Y/N)

Isolation of potent anticoagulant peptides from Indian Cobra
(Naja naja, N. kaouthia) and Russell's Viper (Daboia russelii)

0 - 12 months venom samples, characterization of their biochemical properties
and comparison of their anticoagulant potency with commercially
available anticoagulant drugs.

Yes

Pharmacological characterization, elucidation of mechanism of
action and assessment of in vitro cytotoxicity of selected

13 = 24 months . . R s o
anticoagulant peptides (individual as well as their different

combinations).

Yes

Assessment of toxicity and dose-dependent in vitro and in vivo

25 — 36 months . .
anticoagulant potency of anticoagulant drug formulations.

Yes

Flow chart of experiment scheme _
1. Characterization of anticoagulant protein(s)/peptide(s) from snake venom
Crude Naja naja / Daboia russelii venom

{

Multi-dimensional chromatographic techniques (FPLC/U-HPLC)

{

- Purification of anticoagulant protein(s)/peptide(s)

Biochemical Pharmacological Comparison with commercial
characterization charactierization anticoagulants

In vitro characterization In vivo characterization

Elucidation of meehanis*n of anticoagulant action




2. Synthesis and characterization of synthetic peptides derived from anticoagulant protein(s) of snake

venom
In silico determination of thrombin binding region of an anticoagulant phospholipase Az enzyme (NnPLAz-1) from Indian
cobra N. naja venom

Design and synthesis of original and mutant synthetic peptides corresponding to the thrombin binding region of NnPLA-|

'

Screening and identification of peptic:e(s) with strong anticoagulant activity

Biochemical Pharmacological Comparison with commercial
characterization characterization anticoagulant(s)
In vitro characterization In vivo characterization
| |

Elucidation of mechanism of action
B.1. Progress made against the approved objectives, targets, and timelines during the reporting period:

Brief outline of achievements in 1% year (Jan 2015 — Dec 2015)
1. Isolation and purification of an anticoagulant C-type lectin from D. russelii (RVSnaclec) venom.
2. Biochemical characterization and pharmacological (both in vitro and in vivo) characterization of RVSnaclec.

3. Elucidation of mechanism of anticoagulant action of RVSnaclec.

Brief outline of achievements in 2™ year (Jan 2016 — Dec 2016)

1. Isolation and purification of a thrombin-inhibiting anticoagulant PLA; enzyme from N. naja (NnPLA;-) '
venom.

2. Biochemical and in vitro pharmacological characterization of NnPLA,-I and comparison of its anticoagulant
activity with commercial anticoagulants.

3. Elucidation of mechanism of action of NnPLA,-| and in silico determination of thrombin binding region of the
purified protein.

4. Design, synthesis and characterization of a synthetic peptide corresponding to the thrombin binding region
of NnPLA,-I.

5. lIsolation and purification of an anticoagulant Kunitz-type serine protease inhibitors (Rus‘vikunins) from D.
russelii venom.

6. Biochemical and pharmacological characterization of Rusvikunins and their complex.

Brief outline of achievements in 3™ year (Jan 2017 — Mar 2018)

1. Design and synthesis of different mutant peptides corresponding to the thrombin binding region of NnPLA,-
l.

2. Screening of mutant peptides exhibiting potent in vitro anticoagulant activity.
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3. Invitro and in vivo pharmacological characterization of the anticoagulant peptide and NnPLA2-l and
comparison with commercial anticoagulant drugs.
4. Provisional patent filing for the anticoagulant peptide.

Summary of Major Findings

1. RVsnaclec: A C-type lectin (RVsnaclec) from Russell’s Viper (Daboia russelii) venom:

Snake venom C-type lectins (CTLs) or snaclec are non-enzymatic, Ca®" dependent heteromeric proteins that
are functionally diverse, target coagulation factors, membrane receptors and platelets receptors. Upon
envenomation, these venom components cause disruption of haemostatic mechanisms of the victim/prey.
RVsnaclec is the first report of an anticoagulant C-type lectin purified from Russell's Viper venom.

1.1. Purification and characterization of RVsnaclec — an anticoagulant C-type lectin from Russell's Viper

(Daboia russelii) venom:

RV snaclec was purified by a combination of multidimensional chromatographic techniques wherein lyophilized
D. russelli venom was fractionated on a Bio Gel P-100 size exclusion column (2.8 X 80 cm) (Mukherjee and
Mackessey, 2013) which resolved into 12 distinct peaks (Fig 1A). The GFC peak 1 fractions were pooled,
desalted, lyophilized and further subjected to anion exchange chromatography on a Tricorn Mono Q5/50GL
column connected to an FPLC system (AKTA Purifier 10 Fast Protein Liquid Chromatography System, GE
Healthcare). The anion-exchange peak (Fig. 1B) with the strongest anticoagulant activity was subjected to
further study. The homogeneity of the preparation was analysed by 12% SDS-PAGE (inset of Fig. 1B), which
displayed a single band with an apparent molecular weight of 66.3 kDa under non-reducing conditions, and
under_ reducing conditions, it showed two distinct bands corresponding to of 15.1 and 9.0 kDa, respectively.



£ — ]

1231 4 5
25 A GF1 6.0 B i .
H . \
2 o8 2 ||
f"m i
E ™ |
g c
§|,s 8 |
N
0.0
g GF11 E t
GF10
i £ H
: o 240 A i
g " H
2 I '."’ i |
| GFY 10.0 [ ].
05 GF1z fad |
j \
J 0.0 »ll\“"—/j“h/ ~— Sl e
0.0 10.0 00 300 40 500 600 700 800
1O 34 B 6T T BT S W AH1 121 131 MY 151 181 71 181 191 -
Friction Hutdar Fraction number

Fig. 1. A. Fractionation of Russell's Viper (D. russelij) venom (200 mg dry weight) on size-exclusion BioGel P-
100 column (2.8 x 80 cm). The flow rate was 6 mi/h at 4 °C. B. FPLC cation exchange fractionation of gel-
filtration fraction 1 of D. r. russelii using a Tricorn Mono Q 5/50 GL column. Inset figure- determination of purity
and molecular mass of RVsnaclec by 12.5% SDS-PAGE: Lane 1, protein molecular markers; lane 2, crude RVV
- reduced (20 pug); lane 3, gel-filtration fraction - reduced (12 pg); lanes 3 and 4, reduced and non-reduced
RVsnaclec (8.0 pg), respectively.

The LC-MS/MS analysis of RVsnaclec showed the presence of putative conserved domains [tryptic peptide
sequences K.GSHLLSLHNIAEADFVLK.K (m/z 982.5356), and M.GLNDVWNEC (+57.02) NWGWTDGAK.L
(m/z 1061.459)] of C-type lectins (CTL) or the carbohydrate-recognition domain (CRD), a typical feature of
snaclecs. Taken together, RVsnaclec is the first example of a snaclec from D. russelii, and it represents a new
C-type lectin-like protein from snake venom.

RVsnaclec dose-dependently increased the Ca-clotting time (Fig. 2A) and prothrombin time (Fig. 2B) of
mammalian platelet-poor plasma (PPP); however, it did not affect the partial thromboplastin time (APTT) or
thrombin time of PPP. One unit of anticoagulant activity was defined as an RVsnaclec-induced one second
increase in clotting time of PPP compared with the clotting time of control plasma.
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Fig. 2. A. Dose-dependent in vitro anticoagulant activity of RVsnaclec. Different doses of RVsnaclec were pre-
incubated for 3 min with 300 pl of goat platelet-poor plasma (PPP) at 37 °C and then 40 pl of 250 mM CaCl;
was added to initiate the fibrin clot formation. B. Effect of different concentrations of RVsnaclec on prothrombin
time of PPP. RVsnaclec was pre-incubated for 3 min with 100 pl of PPP at 37 °C and then 200 l liquiplastin
reagent (pre-warmed at 37 °C) was added and re-incubated for 3 min at 37 °C before assay of clotting activity.

Values are means * SD of triplicate determinations.

RVsnaclec dose-dependently inhibited the amidolytic activity of FXa which was also observed in presence of
0.5 mM EDTA by a reversible, uncompetitive mechanism (Fig. 3A). The Ki value for inhibition of amidolytic
activity of FXa by RVsnaclec was determined at 0.52 + 0.1 nmol. RVsnaclec also inhibited the prothrombin
activating property of FXa in a dose-dependent manner (Fig. 3B). The presence of 0.25 mM Ca®" increased
RVsnaclec mediated inhibition of FXa (Fig. 3B).
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Fig. 3. A. Michelis-Menten plot showing dose-dependent inhibition of amidolytic activity of FXa (20 nM) by
RVsnaclec (0 — 0.02 pg/ml). The release of pNA was determined at 405 nm. B. Dose-dependent inhibition of
prothrombin activation of FXa (0.1 pg/ml) by RVsnaclec (1.0 pg/ml) in the absence and presence of calcium

(0.25 mM). Values are means + SD of triplicate determinations.
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RVsnaclec was devoid of hemolytic activity or cytotoxicity against several human cancer cell lines, and
demonstrated concentration-dependent aggregation and deaggregation of human platelet poor plasma (PRP)

collected from healthy volunteers (Fig. 4).
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Fig. 4. Concentration-dependent aggregation and deaggregation of human PRP by RVsnaclec.

RVsnaclec (i.p.) at a dose of 5.0 mg/kg body weight was non-lethal to NSA mice, and no behavioral changes or
detrimental effects were observed in the treated animals. Six hours after i.p administration, RVsnaclec
significantly (p < 0.05) prolonged the in vivo blood coagulation time of treated mice (310.0 + 12.0 s, n=3) as
compared with coagulation time of control mice (67 + 5.0 s, n =3). This in vivo anticoagulation activity of
RVsnaclec is likely correlated with its FX binding property. The in vitro and in vivo anticoagulant activity of
RVsnaclec is correlated to its binding and subsequent uncompetitive inhibition of FXa (K; =0.52 uM) in a ca™-
independent manner. The anticoagulant potency of RVsnaclec was found to be superior to the commercial
anticoagulant drugs heparin and warfarin and comparable to that of argabatron.

2. Purification, characterization, and mechanism of anticoagulant action of a Kunitz-type serine
protease inhibitor (KSPI) from Russell's viper (D. russelii) venom

Kunitz-type serine protease inhibitors (KSPI) are low molecular mass snake venom peptides which consist of
50-60 amino acid residues and exhibit a wide variety of biological functions, such as inhibition of one or more
serine proteases, blocking of ion-channels, interference with blood coagulation, inflammation and fibrinolysis.
The KSPI Rusvikunin was eluted as a complex (Rusvikunin complex) when the pooled, desalted and
concentrated low molecular mass gel-filtration fractions (tubes 131-135) of D. russelii venom (deécribed above,
Fig. 5A) was subjected to separation on a Mono S 5/50 GL cation exchange column coupled to an AKTA
Purifier Fast Protein Liquid Chromatography System (GE Healthcare). The anticoagulant Rusvikunin complex
eluted as a sharp symmetrical peak at a 0.3 M NaCl gradient (Fig. 5B) and was further subjected to reverse-
phase high pressure liquid chromatography (U-HPLC) on a Jupiter Cyg (250 mm x 4.6 mm) column pre-
equilibrated with 0.1% (v/v) trifluoroacetic acid (TFA). The bound proteins were eluted with a linear gradient
over 75 min from 0 to 40% (v/v) acetonitrile (ACN) containing 0.1% (v/v) TFA. Rusvikunin eluted as a small
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peak at retention time 44.1 min (RP-44), while another component of the complex, Rusvikunin-Il, eluted as a
major peak at 34.2 min (RP-34) (Fig 5C).

The molecular weight and purity of preparations were determined by both 12.5% SDS-PAGE (NUPAGENovex®
Bis-Tri's Mini Gels; under both non-reduced and reduced conditions) and MALDI-TOF mass spectrometry
(Brukér Ultraflex) analysis. RP-44 displayed a single band on SDS-PAGE in both reduced and non-reduced
conditions and its molecular mass was determined as ~7 kDa (Fig. 5D) which is in concordance with the
molecular mass determined by MALDI-TOF-MS (6936.89 Da) (Fig. 5E). The N-terminal sequence alignment
and peptide mass fingerprinting analyses of purified RP-44 showed presence of putative conserved domains
which were significantly similar to venom basic protease inhibitors, Kunitz-type protease inhibitors and trypsin

inhibitors from Viperidae venoms (Table 1).
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Fig. 5. A. Fractionation of crude D. russelii russelivenom on size-exclusion BioGel P-100 column
(2.8 x 80 cm). The arrow indicates elution of proteins (RVGF 131-135) showing anticoagulant activity. B. FPLC
cation exchange of anticoagulant protein peak using a Tricorn MonoS 5/50 column. C. Fractionation of FPLC-
cation exchange eluted protein complex on a Cyg RP-HPLC column. One protein eluted at 44.2 min (RP-44),
and the other eluted at 34.2 min (RP-34). D. Determination of purity and molecular mass of RP-44 by SDS-
PAGE; Lane 1, protein molecular markers; lane, 2 reduced crude RVV (20 pg); lane 3, reduced gel-filtration
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fraction (8 pg); lanes 4 and 7, reduced and non-reduced RP-44 (3.0 pg), respectively. E. MALDI-TOF-MS of
RP-44 (~2 pg).

Table 1. Partial sequence of RP-44 protein aligned with homologous sequences from snake venom using
CLUSTALO1.0.

Inhibitors Sequence

Protease inhibitor C5 MSSGGLLLLLALLTLWAELTPISGHDRPTFCNLAPESGRCRGHLRERIYYNPDSNECE-VF6(
Protease inhibitor C1 MSSGGLLLLLGLLTLWAELTPISGQDRPEFCNLAPESGRCRAGHLRRIYYNPDSNECE -VF6Q
Kunitz-type prot.inhi. MSSGGLLLLLGLLTLWAELTPISGHDRPTFCNLAPESGRCRGHLRRIYYNLESNECE -VF60
Protease inhibitor B3 MSSGGLLLLLGLLTLWAELTPISGHDRPTFCNLAPESGRCRGHLRRIYYNLESNECE-VF60
Protease inhibitor B2 MSSGGLLLLLGLLTLWAELTPISGHDRPTFCNLAPESGERCRGHLEEIYYNLESNKCN-VF60
Protease inhibitor 1 MSSGGLLLLLGLLTLWAELTPISGHDRPTFCNLAPESGRCRGHLRRIYYNLESNECE -VF60
Protease inhibitor MSSGGLLLLLGLLTLWAELTPISGHDRPTFCNLAPESGRCRAHLERIYYNLESNECE -VF60
Protease inhibitor B4 MSSGGLLLLLGLLTLWAELTPISGHDREPTFCNLAPESGRCRGHLREIYYNLESNECE -VF60
RP-44 SR -~ - -HDRPTFCNLAPESGR----- -RIYYNPDSNKCEYVF36

_*ti_i***i—**i*i * ok kh i—**i— * &

Protease inhibitor C5 FYGGCGGNDNNFETREECRQTCGAPREGEPT 90

Protease inhibitor C1 FYGGCGGNDNNFETEKECRQTCGAPREGEPT 90

Kunitz-type prot.Inhi. FYGGCGGNDNNFETRDECRQTCG- - -GE - - 84

Protease inhibitor B3 FYGGCGGNDNNFSTREDECRHTCV - - —~GE - - 84

Protease inhibitor B2 FYGGCGGNDNNFETEDECRQTCG GE- - 84

Protease inhibitor 1 FYGGCGGNANNFETEDECRQTCG - -~ ~GF - - 84

Protease inhibitor FYGGCGGNDNNFSTWDECRHTCV - - —-GE- - 84

Protease inhibitor B4 FYGGCGGNDNNFSTWDECRHTCV - - —-GK- - 84

RP-44 FYGGCGGNDNNFETE- - - -~ QTCGAPR-~ 67

EEEEE ST **i—_* :**

*Indicates identical residues in all sequences; (:) = highly conserved; () = moderately conserved. The GenBank accession number of
aligned sequences were: Rusvikunin (present study), Protease inhibitor C5 (gi|239977257), Protease inhibitor C1 (gi|239977246), Kunitz-
type protease inhibitor (gi|380842421), Protease inhibitor B3 (gi[239977251), Protease inhibitor B2 (gi|239977248), Protease inhibitor 1
(gi|123913156), Protease inhibitor (gi|377657518), Protease inhibitor B4 (gi|239977254).

RP-44 dose-dependently prolonged the Ca-clotting time of citrated goat plasma ( Fig. 6A) and demonstrated
antiplasmin activity by significantly inhibiting the plasmin-mediated degradation of fibrin (Fig. 6B). Inhibitory
activity of RP-44 against a panel of serine proteases (trypsin, chymotrypsin, thrombin, plasmin, factor Xa, t-PA)
was determined by amidolytic assays with their respective chromogenic substrates. RP-44 showed significant
inhibition of trypsin towards its chromogenic substrate BApNA with an ICs, value of 50 nmol/l (Fig. 7A), followed
by plasmin (ICso = 1.1 umol/l) (Fig. 7B). RP-44 also dose-dependently inhibited the fibrinogen clotting and
plasma clotting activity of thrombin (Fig. 7C) with an ICs, value of ~1.3 pmol/l.
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Fig. 7. Dose-dependent inhibitory activity of RP-44 against (A) amidolytic activity of trypsin (5 uM), (B)
amidolytic activity of plasmin (0.5 uM), and (C) fibrinogen clotting and PPP clotting activity of thrombin (0.5 pM).

Values are mean +S.D. of triplicate determinations.

3. Purification and characterization of NnPLA,-l: an anticoagulant phospholipase A; from India cobra

(Naja naja) venom

Phospholipase A; is an unambiguously present component of all snake venoms and has been extensively
studied owing to its crucial role in inducing various pharmacological effects in victims. The N. naja venom
resolved into 6 major peaks (NnCM1-8) (Fig. 8A) when subjected to cation exchange chromatography in a
HiPrep CM FF 16/10 column of which NnCM1 showed the highest anticoagulant as well as phospholipase
activities. This protein peak was further subjected to gelfiltration chromatography in a Sephadex G-50 gel-
filtration column (1 x 64 cm?) with a 20 mM Tris-HCI buffer, pH 7.4. The NnCM1 fraction was resolved into 8
(NnCM1GF1-8) major peaks when subjected to GFC. The peak NnCM1GF6 demonstrated significant PLA; as
well as anticoagulant activities and was considered for further analyses. The purified protein, NnPLA:-l,
constitutes only 3.4% of the total venom proteins The homogeneity and molecular weight of the purified protein
NnPLA,-l was determined using a 12.5% SDS-PAGE, with or without reduction of the protein, wherein NnPLA,-
| showed a single band of ~15.2 kDa under reduced condition, whereas under non-reduction it displayed a
diffused band of ~21 kDa (Fig. 8B). By MALDI-TOF-MS analysis, the NnPLA,-| demonstrated a doubly charged
[MH?"], low intensity peak at m/z 7092.5, and an [MH’] peak at m/z 14186.0 (data not shown). Furthermore, Lc-
MS/MS analysis of NnPLA,-I confirmed the presence of putative conserved domains of PLA like superfamily.
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Fig. 8. A. Fractionation of crude N. naja venom on cation exchange Hiprep CM FF 16/10 column (16 X 100
mm). The first peak corresponds to the elution of proteins showing phospholipid hydrolysis and anticoagulant
activity. B. Determination of purity and molecular mass of NnPLA;-I by 12.5% SDS-PAGE; Lane 1, protein
molecular markers: lane 2, reduced crude N. naja venom (30 pg); lane 3, reduced cation exchange fraction (30
ug); lanes 4 and 5,reduced and non-reduced NnPLA2-I (40 pg), respectively.

NnPLA,-| demonstrated dose-dependent PLA; (Fig 9A) and anticoagulant activities (Fig 9B). NnPLA-|
demonstrated significantly higher (p<0.05) anticoagulant activity compared to commercial anticoag'ulants (Fig

. e et
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9B) and interfered with the intrinsic pathway of blood coagulation, which was confirmed by its effect on

activated partial thromboplastin time (APTT) (Fig 9C).
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Fig. 9 A. Dose dependent phospholipid hydrolytic activity of NnPLA,-I. B. Comparison of the dose-dependent
anticoagulant activity of NnPLA,-I (e), heparin (©) and warfarin (V). C. Effect of different concentrations of
NnPLA,-1 on APTT and PT of PPP. Values are mean + S.D. of triplicate determinations.

NnPLA-! inhibited thrombin in a dose-dependent (Fig 10A) as well as time-dependent manner (Fig 10B). This
result unambiguously indicated that NnPLA,-I is a thrombin inhibitor. The mode of thrombin inhibition exhibited
by NnPLA,-I is a mixed inhibition (Fig 10C), with a Ki and a value of 9.3 + 0.01 (mean + SD) nM and 7.4 £ 0.7
(mean + SD), respectively (Table 2). This suggests a high affinity of NnPLA,-I towards thrombin.
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Fig. 10 A. Dose — dependent thrombin inhibition by NnPLA,-I (in terms of fibrinogen clotting assay). The control
(fibrinogen and thrombin) showed a clotting time of 70 + 3.6 s. B. Time — dependent thrombin inhibition
(determined by fibrinogen clotting activity assay) by a fixed dose of NnPLAg-I (0.5 uM). C. Michaelis-Menten plot
for studying the kinetics of thrombin inhibition (by amidolytic activity assay) in two different inhibitor

concentrations (150 nm and 300 nm) of NnPLA,-I.

Table 3. Kinetics of thrombin inhibition by NnPLA,-l. The kinetic parameters (Km and Vmax) were determined

from Michaelis-Menten plot as described in the text. The values are mean + SD of triplicate determinations.

Kinetic parameters .Concentration of NnPLA;-I (nM)

0 150 300‘
Vmax (nmol pNA min™") 1.31+0.08 0.44 + 0.05 0.31+0.38
Km (nM) 0.05 £ 0.02 0.20 £ 0.07 1.03+1.9
Kcat (min™) 7.9+06 27402 1.9 £+0.1
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Furthermore, it was observed that NnPLA,- showed dose-dependent anti-platelet effect when tested against
platelet poor plasma (PRP) (Fig. 11A) but it did not show any effect against washed platelets (Fig. 11B).
However, supplementation of the reaction mixture with PPP or purified phospholipids PC and/or PS to washed
platelets resulted in significant increase in deaggregation property of NnPLA,-I (Fig. 11B) suggesting that the
anti-platelet property of NnPLA.-l is by virtue of its catalytic activity. It also inhibited the collagen-induced
aggregation of PRP in a dose-dependent manner with an ICs; value of 4.9 nM (Fig. 11C). Similar observations
were made for thrombin-induced aggregation of human platelets (Fig. 11D). Nevertheless, NnPLA-l, at a dose
of 500 nM, did not exhibit hemolysis, antibacterial or cytotoxicity against mammalian erythrocytes, bacterial
strains or USB7MG cells, respectively (data not shown). These data highlights the safety of NnPLA,-I for future

therapeutic application as potent anticoagulant drug to treat thrombosis-associated card iovascular disorders.

L
A B
10
= [
3 09 2
: ¥
o =)
8 8
= -
8 S
g L4
-20 4
-30 . T T . . ~ 25 . v - .
0 50 100 150 200 250 300 WP WP+PPP WP+PC WP+ PSS
Concentration of NnPLA -l (nM) Treatment conditions
120 1
c D
100 ¢
=
% 80
=
g H
o 60 a
-
8
£ 40
[+
20 1
100
0 T T » 1
0 2 4 6 8 10 12 10 20 30 40 50 60 7.0 80 90 100
NnPLAoH (nM) Time (min)

Fig.11. (A) Dose-dependent (3-240 nM) platelet deaggregation property of NnPLA;-1.(B) Effect of NnPLA-| (60
nM) on washed platelets in absence and presence of PPP/PC/PS. (C) Inhibition of collagen (1.0 pg/ml) -
induced aggregation of PRP by different concentrations (2-10 nM) ofNnPLA-I. (D) Dose-dependent (0.5t0 5.0
uM) inhibition of thrombin (0.20 pg/ml) -induced platelet aggregation by NnPLA;-l. Values are mean S.D. of
three independent experiments. Significance of difference with respect to control, *p<0.05.
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4. In silico study to determine the interaction of NnPLA,-l with thrombin

In another approach to determine the binding of NnPLA,-| with thrombin, an in silico analysis was performed.
The sequence of NnPLA,-1 was determined by PMF analysis, LC-MS/MS and de novo sequencing of the

purified protein (Thakur et al., 2015; Dutta et al., 2017). The derived sequence of NnPLA,-| is-

NLYQFKNMIKCTVPSRSWWDFADYGCYCGRGGSGTPVDDLDRCCQVHDNCYNEAEKISGCWPYFKTYSYECSQGTLTCKGDN

NACAASVCDCDRLAAICFAGAPYNDNNYNIDLKARCQ

I-TASSER predicted the most favourable structure of NnPLA,-l (Fig. 12A) with an estimated TM-score and
RMSD value of 0.93 + 0.06 and 1.5 + 1.4 A, respectively. The best model for interaction of the two molecules
(NnPLA,-1 and human thrombin) was analysed using PatchDock and FireDock softwares (Fig. 12B). The best
model (having the highest score) was submitted to PDBSum software, wherein it was demonstrated that a total
of 22 surface residues of NnPLA,-I interacted with 26 surface residues of the heavy chain of thrombin through
369 non-bonded contacts and two H-bonds (Figs. 12C,D).

C | NnPLAA

Thrombin
(H-chain)

Thrombin
NnPLA,1 (Heavy chain)
@ \ress3
Gluss @
HJudob

: \snd63
l \t.“vﬁ

1rpol D Glus22
GhS23

vl @D Sers2S
Pro369

Thréé

Lys6S . @D \sp371
Asnl ’

Phetd @ 1rp370
len2 :I 372
Glu34s
Leulld @ 1.cu3s”
Gh3l
Hes7 l hr3%9
Ao @i l eu3d6
@D Phel’9

' Gind76
Gh478

AsnS2
Ala22
Lysé @D Pro3il

Ser342
Gin344

Trpls :
Aspis Tyr3ol
- Lys341
Lys11s @ Arg390
G2 @D Arg3ss

16



Fig. 12. A. Three-dimensional structure of NnPLA,-| as predicted by I-TASSER software; B. The best docking
predicted model to study the interaction of NnPLA,-I with human thrombin as predicted by Patchdock and
Firedock softwares; C. Schematic representation of the interaction between NnPLA,-I (orchid) and heavy chain
of human thrombin (yellow) as obtained after analysis by PDBSum software. D. Schematic representation of
the residue-to-residue interaction between NnPLA.-l and heavy chain of human thrombin as analyzed by

PDBSum server.
5. A small 7- amino acid anticoagulant synthetic peptide: Designing, synthesis and characterization

Based on the in silico study of NnPLA,-I —thrombin interaction, 12 numbers of anticoagulant region peptides
(ACR 1 to 12) were synthesized which correspond to the thrombin binding region of NnPLA-I, with or without
modifications. Among them only one peptide corresponding to formula X;-A-Ax-As-As-As-As-A7r-Xz (M; = 775.85
Da) showed the highest anticoagulant activity higher than that of heparin and NnPLAz-1 (Fig 13) at the tested
dose of 3 ug/ml. Therefore, this 7-mer peptide (named as ACR 9) was considered for further characterization.

i ¥ 8 8 83

Calcium clotting time of PPP (Unit)

=

P PP P P TP

3 ug/mi
Fig. 13. Comparison of re-calcification time of mammalian PPP in the presence of anticoagulant region
peptides (ACR 1 to 12), NnPLA,-l, and heparin at a fixed dose of 3 pug/ml. The clotting tome of control plasma
was recorded to be 118.5 + 2.2 s and other values were compared to that. Values are mean + SD of triplicate

determinations; *p<0.05 as compared to control.

It was observed that ACR 9 exhibited higher anticoagulant activity as compared to argatroban, a commercial
anticoagulant direct inhibitor of thrombin (Fig. 14A). ACR 9 dose-dependently pro-longed the PT and APTT of
mammalian PPP (Fig. 14B), suggesting it interferes with the common pathway of the blood coagulation
cascade. Therefore, the effect of the peptide on the amidolytic activity of thrombin and factor Xa, two important
components of the common pathway of the coagulation cascade was studied. It was evident that ACR 9
inhibited the amidolytic activity of both the coagulation factors significantly in a dose-dependent manner (Fig
14C,D). Although the thrombin inhibition was comparatively higher with respect to argatroban (commercial
thrombin inhibitor) (Fig. 14C), while the FXa inhibition by ACR 9 was comparable to that of fondaparinax
(commercial FXa inhibitor) (Fig. 14D).
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Fig 14. A. Dose-dependent effect of ACR 9 on re-calcification time of mammalian PPP and its comparison to
argatroban; B. Dose-dependent effect of ACR 9 on prothrombin time (PT) and activated partial thromboplastin
time (APTT) of mammalian PPP; C. Dose-dependent effect of ACR 9 on amidolytic activity of thrombin and
comparison to that of argatroban; D. Dose-dependent effect of ACR 9 on amidolytic activity of factor Xa and
comparison to that of fondaparinax (FDX). Values are mean + SD of friplicate determinations; *p<0.05 as
compared to control, ¥p<0.05 as compared to positive control.

6. Assessment of in vivo anticoagulant activity of synthetic peptide (ACR-9) in rat model

Animal experimental protocols were approved by the Tezpur University Animal Ethical Committee (Approval no:
DORDPro/TUAEC/10-56/14/Res-10), and Defense Research Laboratory, Tezpur (Approval no:
DRL/02/Dec/2010-11/11). For in vivo studies, wistar rats (either sex, 120 g) were injected intravenously with 0.4
mg/kg of argatroban (positive control), heparin (positive control), ACR 9 and NnPLA2-I. To the placebo group,
equivalent amount of 1x PBS was administered. After 60 min of injection, blood was withdrawn from the retro-
orbital capillary and the toxicity and therapeutic parameters were assessed. Neither ACR 9 or NnPLA;-| were

|
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found to be toxic to the animals, however both showed significantly higher anticoagulant activity as compared to
argatroban (Table 3). The effect of ACR 9 and NnPLA,-I on the different parameters of anticoagulation have
been summarized in Table 3. The ACR 9, owing to its dual inhibition of thrombin and FXa, showed the highest
anticoagulant activity suggesting it can be developed in to a potential anticoagulant drug for treatment of
thrombosis associated disorders.

Table 3: Summary of in vivo anticoagulant activity of ACR 9 and NnPLA-| at the tested dose of 0.4 mg/kg, and
its comparison to that of argatroban at the same dose. Values are mean + SD of three independent
experiments; significance of difference with respect to control, *p<0.05. PT, prothrombin time; APTT, activated

partial thromboplastin time; TT, thrombin time; INR, international normalized ratio.

Ca” clotting Tail bleeding
Sample PT INR APTT INR T INR . i
time time
Control 172004 1.0 3032+ 0.1 1.0 63.01+£01 1.0 7993+19 41.11£53
ACR 9
38.13+1.1* 222 39.61+0.7* 1.3 574.18 £ 5.8* 9.1 246.94 + 8.8* 206.40 + 10.6*
(0.4 mg/kg)
NnPLA-
31.84 + 0.8* 1.98 44.04 £ 0.1* 145 507.45+ 34" 8.05 225.86 + 7.6 178.19 + 9.3*
(0.4 mglkg)
Argatroban
27.81+0.8* 1.62 37.91+04* 125 106.18 + 0.6* 1.69 107.43 £+ 2.8* 154.56 + 10.2*
(0.4 mg/kg)
Heparin
23.84 + 0.6* 1.39 3473+1.0 1.15 9322 +£3.7* 1.48 9748+ 29" 120.13 + 6.5*
(0.4 mg/kg)

B.2. Summary and conclusions of the findings:

Snake venoms are a rich source of pharmacologically active proteins and peptides. These venoms are known
to possess a number of naturally occurring anticoagulant proteins and peptides, such as PLA;s, snake venom
proteases, KSPIs and C-type lectins. The present study showed the purification and characterization of two
anticoagulant proteins from D. russelii venom and one from N. naja venom.

Low toxicity anticoagulants are in great demand for use in the prevention and treatment of occlusive
thrombosis, and compounds such as RVsnaclec may hold promise in the design of effective peptide-based
cardiovascular drugs. Our results here underscore the utility of investigating natural compounds such as snake
venom as a source of human therapeutics, and highly coagulopathic venoms, such as Russell's Viper venom,
represent a fertile source for new anticoagulants such as RVsnaclec. On the other hand, Rusvikunin, isolated
from the same venom, is the first anticoagulant thrombin inhibiting Kunitz-type protease inhibitor (KSPI) to be
reported. Clinical application of Rusvikunin as a peptide-based drug for the treatment of cardiovascular
disorders, such as ocular thrombosis, trypsin-mediated inflammatory reactions and anti-bleeding disorders due

to antiplasmin deficiencies, can be suggested.

NnPLA,-l is a non-toxic anticoagulant phospholipase A, purified from the venom of N. naja which exhibits a

strong anticoagulant activity, under both in vitro and in vivo conditions. The anticoagulant mechanism of the
w
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purified PLA; is partially by its catalytic activity (~20%) and primarily by non-enzymatic thrombin inhibition
(~80%). It demonstrates superior anticoagulant activity when compared to classical anticoagulant drugs-
heparin and warfarin, which are known to exhibit several side effects, for example bleeding complications when
administered in patient. NnPLA,-I showed a non-enzymatic, mixed inhibition of thrombin with a Ki value of 9.3
nM, which is comparable to other thrombin inhibitors isolated from similar sources (Mukherjee et al., 2014;
Zingali et al., 1993).

The 7-mer peptide ACR 9 (M, = 775.85 Da) derived from anticoagulant region of NnPLA.-l, is a strong
anticoagulant peptide, capable of future therapeutic application in thrombosis owing to its non-toxic nature.
Another potential advantage of the peptide is that due to a low molecular weight (comparable to that of
argatroban), it would be cleared quite rapidly from the circulation, without causing any residual effect.
Therefore, the application of this peptide as a future cardiovascular therapeutic agent is suggested.
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B.4. Details of New Leads Obtained, if any:

1. Purification, characterization and elucidation of mechanism of action of two non-toxic, anticoagulant
proteins from Russell's viper venom and one non-toxic anticoagulant protein from Indian cobra venom. In
this study, for the first time, a C-type lectin like anticoagulant protein (RVsnaclec) and anti-thrombin KSPI
(Rusvikunin) have been purified from Daboia russelii venom. Also this is the first report of a thrombin
inhibitor PLA; (NnPLA,-1) from N. naja venom.

2. Designing, synthesis and characterization of an anticoagulant 7-mer peptide which is a dual inhibitor of
thrombin and factor Xa. The peptide holds good promise for future application as a cardiovascular drug for

prevention of unwanted thrombosis.
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