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4.1 Results
4.1.1 Determination of molecular mass of WI, EI, and SI RVV proteins
4.1.1.1 One dimensional SDS-PAGE analysis

The SDS-PAGE analyses of WI, EI, and SI RVVs suggested the presence of

venom toxins in a molecular weight range of ~6 to 130 kDa (Figs. 4.1a-c).
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Fig. 4.1a. 12.5% SDS-PAGE analysis of crude WI RVV (50 pg) under non-reduced
(lane 1) and reduced (lane 2) conditions. b. 12.5% SDS-PAGE analysis of crude EI
RVV (B) and EI RVV (N) (80 pg) under non-reduced (lanes 1 and 2, respectively) and
reduced (lane 4 and 5, respectively) conditions. ¢. 12.5% SDS-PAGE analysis of crude
SI RVV (500 pg) under non-reduced (lane 1) and reduced (lane 2) conditions. Lane M

contains protein molecular markers.

Densitometry analysis of the reduced RVV lanes suggested that the proteins in
the mass range of ~6 to 22 kDa were predominate in WI (~56.1%), EI RVV (~57.4 to
60.7%), and ST RVV (~62.1%) samples (Table 4.1).
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Table 4.1. Densitometry analysis of SDS-PAGs (reduced) of crude WI RVV, EI RVV
(B and N), and SI RVV. The analysis was done using ImageQuant TL 8.1 software (GE

Healthcare, Sweden).

Relative SDS-PAGE band intensity (%)

Molecular weight
EIRVV ~ EIRVV

range (kDa)
WI RVV (B) M) SI RVV
6-22 56.1 57.4 60.7 62.1
23-45 16.4 18.6 18.1 20.1
>45 27.5 24.0 21.2 17.8

4.1.1.2 MALDI-TOF-MS analysis of WI, EI, and SI RVV samples

MALDI-TOF-MS analyses of crude RVV samples revealed the presence of 92
(m/z 5.3 to 195.9 kDa), 145 (m/z 6.5 to 123.8 kDa), 121 (m/z 6.2 to 147.7 kDa), and 142
distinct ions (m/z 8.6 to 150.0 kDa) in WI RVV, EI RVV (B), EI RVV (N), and SI
RVV, respectively (Tables 4.2a-d). However, all of these ions may not be real gene

products as at least some may be produced by the autocatalysis of RVV proteins.

Table 4.2a. List of ions detected in WI RVV by MALDI-TOF-MS analysis. The
analysis was performed in the following three m/z ranges: 5 to 50 kDa, 50 to 100 kDa,
and 100 to 200 kDa.

m/z
ranges

m/z of the ions detected in WI RVV

5304.9, 5463.3, 5798.6, 6226.8, 7142.0, 7587.1, 8772.9, 9171.9, 10423.2,
11700.6, 11972.7, 12027.9, 12077.0, 12980.5, 13220.9, 13239.8, 13273.5,
5_50KkDa | 14256.6, 14551.0, 15306.6, 15640.9, 15769.9, 16117.1, 17392.5, 17983.7,
18149.6, 19551.7, 20696.8, 21317.3, 21916.0, 21921.6, 22357.7, 22569.9,

(61 22722.4, 22766.6, 24987.8, 26823.1, 29290.7, 30583.0, 30814.7, 30965.8,
entries) | 31343.0, 32376.4, 32939.7, 33794.8, 35125.3, 35384.0, 35971.7, 37584.0,
37611.0, 38606.2, 39805.5, 39900.8, 42573.7, 43322.5, 44838.8, 45459.6,
45490.7, 48411.0, 49151.6, 49335.5

50 -100
kDa 51211.6, 54670.8, 65432.0, 67019.8, 70944.4, 83041.0, 86706.0, 93780.9,
(10 95098.4, 97857.3

entries)

>100kDa | 101171.9, 107616.7, 111365.5, 114390.2, 115193.7, 121866.8, 127753.3,
@1 128224.8, 133565.4, 137958.0, 142035.5, 143752.0, 146071.8, 148540.1,

entries) | 152295.9, 158615.7, 162981.5, 170654.7, 184533.5, 188565.8, 195958.8
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Table 4.2b. List of ions detected in EI RVV (B) by MALDI-TOF-MS analysis. The

analysis was performed in the following three m/z ranges: 5 to 50 kDa, 50 to 100 kDa,
and 100 to 200 kDa.

m/z ranges

m/z of the ions detected in EI RVV (B)

5-50kDa
(71 entries)

6593.9, 6738.1, 6851.7, 6982.9, 7105.6, 7217.7, 9668.2, 13121.2, 13233.5,
13353.6, 13475.5, 13599.2, 13719.8, 13884.2, 14001.1, 14113.4, 14228.6,
14350.7, 14468.2, 14582.4, 14703.4, 14845.4, 14976.5, 15088.8, 15248.2,
16789.4, 17447.8, 18171.4, 19929.5, 19940.1, 20087.4, 22081.2, 22920.4,
23677.8, 26417.4, 26606.6, 27553.8, 28384.0, 28597.9, 29716.3, 30772.7,
31042.1, 31359.3, 31932.7, 32046.1, 32454.1, 32759.4, 33926.9, 34073.0,
34552.7, 34769.1, 35581.9, 36596.1, 36971.2, 37716.9, 37881.3, 39766.7,
41020.7, 41892.8, 42120.4, 42763.2, 44030.3, 44319.3, 46119.0, 46631.7,
47193.2,47607.9,47873.8,48361.3,49331.9, 49909.5

50-100
kDa

(58 entries)

51746.9, 51927.6, 53336.2, 53887.7, 54072.2, 54380.4, 55024.2, 55646.9,
56047.3, 56185.2, 56436.5, 56751.4, 57739.5, 58467.1, 59689.8, 60768.6,
61870.3, 63261.4, 63916.0, 64587.4, 65736.9, 66172.3, 66965.2, 67831.8,
68274.2, 70072.1, 70733.0, 70902.3, 71114.1, 71255.5, 72121.2, 72663.1,
74503.6, 74691.9, 75724.1, 77249.1, 79191.7, 79969.6, 81370.5, 81718.8,
82798.8, 83410.5, 84286.0, 84779.5, 86362.3, 86674.4, 87818.4, 89207.5,
89667.7, 90448.0, 92454.0, 92583.2, 93019.7, 95430.9, 96285.5, 97491.7,
98006.3, 98572.2

> 100 kDa
(16 entries)

102817.8, 106581.0, 108479.6, 108619.6, 110695.3, 111261.7, 111687.4,
111936.1, 112274.1, 114187.1, 116370.2, 118354.6, 118574.2, 121409.5,
121891.5, 123866.8

Table 4.2¢. List of ions detected in EI RVV (N) by MALDI-TOF-MS analysis. The

analysis was performed in the following three m/z ranges: 5 to 50 kDa, 50 to 100 kDa,
and 100 to 200 kDa.

m/z ranges

m/z of the ions detected in EI RVV (N)

5-50kDa
(56 entries)

6186.3, 6417.5, 6714.9, 7480.2, 7924.1, 9102.7, 9244.8, 10181.8, 11394.5,
13311.2, 13448.8, 13664.5, 13785.3, 13898.0, 14094.7, 14274.0, 14437.9,
14582.5, 14777.6, 15130.3, 15631.6, 18399.3, 20149.4, 20261.9, 21350.3,
22159.8, 22285.7, 22721.2, 22840.7, 23321.8, 25322.1, 25498.8, 27117.3,
29589.1, 32349.6, 32559.0, 33664.7, 34552.9, 35642.0, 36062.3, 36162.8,
36981.5, 39293.9, 39777.5, 42001.4, 42960.6, 43842.1, 44041.6, 44386.4,
44889.3,45451.5, 46986.8, 47839.3, 48687.9, 49226.5, 49909.8

50-100
kDa

(44 entries)

50324.4, 51075.1, 51506.6, 52133.2, 52946.0, 53397.6, 53618.0, 55684.7,
55872.2, 56286.0, 57320.7, 58186.0, 59496.3, 59793.7, 62068.4, 62730.0,
63903.0, 66145.4, 66910.7, 68316.1, 71709.4, 72777.9, 73164.5, 74113.9,
75011.4, 76646.5, 77588.8, 77751.4, 82372.5, 83487.6, 83886.5, 84024.8,
84147.9, 85244.0, 88149.4, 88275.5, 89208.0, 89319.0, 90193.4, 93961.4,
94629.7, 95447.9, 96764.3, 98622.7,
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m/z ranges m/z of the ions detected in EI RVV (N)

~ 100 kDa | 100381.2, 104528.3, 108060.7, 109655.6, 110802.0, 117461.1, 119326.4,
. 119712.2, 121929.3, 122971.0, 123886.2, 124354.4, 127068.9, 127961.3,
(21 entries) | 130407.7, 134024.0, 137039.7, 138303.0, 138936.8, 144991.1, 147678.4,

Table 4.2d. List of ions detected in SI RVV by MALDI-TOF-MS analysis. The
analysis was performed in the following three m/z ranges: 5 to 50 kDa, 50 to 100 kDa,
and 100 to 200 kDa.

m/z ranges m/z of the ions detected in SI RVV

8627.8, 9632.5, 10224.8, 12970.2, 13227.9, 13368.7, 13504.1, 13619.4,
13733.8, 13850.0, 13980.4, 14105.1, 14234.1, 15038.9, 15972.0, 18445.3,
20584.8, 23881.2, 25161.0, 25279.9, 25777.6, 26976.6, 27159.0, 27604.7,
5-50kDa | 28204.6, 28355.6, 28508.7, 28658.7, 28864.8, 29001.3, 29134.6, 29270.0,
(63 entries) | 29432.9, 29578.0, 29714.5, 30043.2, 30226.6, 30364.5, 30530.4, 30696.8,
30863.6, 31462.3, 31574.9, 32833.9, 34121.8, 35293.4, 35549.9, 35751.6,
37103.4, 37266.5, 37399.3, 37817.3, 38002.6, 41944.4, 42599.3, 44141.3,
444392, 44654.0, 45776.1, 46119.0, 46355.1, 46608.8, 47986.7

50931.4, 53003.4, 53189.5, 53446.2, 53909.0, 56282.2, 56521.1, 56785.8,
57041.8, 57790.4, 57965.2, 58967.5, 59569.8, 60543.2, 61134.7, 61366.9,
50- 100 kDa | 63057.9, 63270.9, 64466.2, 64668.2, 65326.0, 65628.2, 66018.4, 66618.8,
| 68274.1, 68384.9, 69340.3, 69470.1, 69605.7, 70662.5, 71010.9, 71425.3,
(55 entries) | 72149.6, 72420.4, 72873.1, 73590.4, 73998.0, 75093.5, 75384.3, 75520.0,
75826.2, 75986.9, 76274.9, 77087.0, 77908.9, 79909.6, 80540.5, 81350.4,
81643.0,91119.5, 92534.6, 93987.7, 97867.4, 98455.4, 99050.1

100178.8, 100930.4, 101714.0, 102375.5, 107397.5, 108129.9, 109373.6,

>100kDa | 117387.5, 120595.8, 124053.9, 124710.1, 125454.6, 126424.5, 130003.9,

(24 entries) | 130541.4, 132141.1, 138797.1, 139392.4, 139849.6, 141946.7, 142098.5,
144787.6, 146840.1, 150059.7

4.1.2 De-complexation of WI, EI, and SI RVV samples

4.1.2.1 Fractionation of WI RVYV by gel filtration (GF) followed by anion-exchange
(AEX) chromatography

Fractionation of WI RVV through GFC resolved it into 10 peaks (Fig. 4.2). The
total protein yield in the gel filtration fractions was 80.7% of the total WI RVV loaded
to the column. Peak GF4 (16.0%) was characterized with highest protein content
followed by GF6 (14.5%), GF7 (11.1%), GF5 (9.6%), GF3 (8.4%), GF1 (6.6%), GF9
(4.4%), GF2 (4.3%), and GF10 (4.0%), while GF8 (1.8%) contained the least protein.
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Fig. 4.2. Fractionation of WI RVV (200 mg dry weight) on a HiLoad 16/600 Superdex
75 pg GF column. The flow rate of buffer (25 mM HEPES containing 50 mM NaCl, pH
7.0) was maintained at 10 ml/h and fractions of 2.0 ml were collected. The fractionation

was carried out at 4 °C.

AEX chromatography of all the 10 GF peaks resulted into a total of 137 AEX
peaks (Figs. 4.3a-j) and the majority of WI RVV proteins (62.5%) were found to
anionic at pH 7.4. Further, it was observed that the high molecular weight RVV proteins
eluted through GF1 to GF4 were mostly anionic at pH 7.4, and thereafter, the

percentage of anionic proteins in subsequent GF peaks decreased gradually (Fig. 4.4).
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Figs. 4.3a,b. Fractionation of WI RVV GF1 and GF2 on an FPLC HiTrap Q FF anion-
exchange column. The column was washed with two CV of buffer A (20 mM Tris-HCI,
pH 7.4) to elute the unbound proteins and the bound proteins were eluted by a 0 to 50%
linear gradient of buffer B (20 mM Tris-HCI, pH 7.4 containing 1.0 M NacCl) for 40 min

at a flow rate of 1.0 ml/min.
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Figs. 4.3c-j. Fractionation of WI RVV GF3 to GF10 on an FPLC HiTrap Q FF anion-
exchange column. The column was washed with two CV of buffer A (20 mM Tris-HCI,
pH 7.4) to elute the unbound proteins and the bound proteins were eluted by a 0 to 50%
linear gradient of buffer B (20 mM Tris-HCI, pH 7.4 containing 1.0 M NaCl) for 40 min

at a flow rate of 1.0 ml/min.
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Fig. 4.4. Distribution of anionic, cationic and/or neutral proteins of WI RVV in its GF

fractions. Data are from a typical experiment.

4.1.2.2 SDS-PAGE analysis of GF fractions of WI RVV

SDS-PAGE analysis under non-reduced conditions demonstrated the separation
of WI RVV proteins in GF peaks according to their molecular mass (Fig. 4.5); however,
the RVV proteins migrated with different molecular weight under reduced condition. In
addition, presence of low molecular weight (<15 kDa) proteins were also observed
along with high molecular weight (>50 kDa) proteins in the initial GF fractions under
reduced condition (Fig. 4.5). Further, no proteins bands could be observed in the GF10
fractions of WI RVV, suggesting the elution of very low molecular mass peptides or

degraded products of RVV in these fractions.
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Fig. 4.5. 12.5% SDS-PAGE analysis of WI RVV GF fractions under non-reduced and

reduced conditions. Lanes M represent protein molecular markers; lanes 1 to 9 and 10 to
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18 represent fractions GF1 to GF9 (40 pg), under non reduced and reduced conditions,

respectively.
4.1.2.3 Fractionation of EI RVV by GF chromatography

The EI RVVs (RVV B and RVV N) were resolved into 10 peaks each by GFC
(Fig. 4.6). However, marked differences were observed in their chromatographic
profiles in the context of peak intensities and elution times (Fig. 4.6). A comparison of
the gel-filtration profiles for the two EI RVV samples revealed almost identical elution
patterns, except for peak 8 of EI RVV (B) that was absent from EI RVV (N) and peak
10 of EI RVV (N) that was missing from the EI RVV (B) gel filtration profile (Fig. 4.6).
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Fig. 4.6. Fractionation of EI RVV (B) and EI RVV (N) (35 mg protein) on a HilLoad
16/600 Superdex 75 pg GF column. The flow rate of buffer (25 mM HEPES containing
50 mM NaCl, pH 7.0) was maintained at 10 ml/h and fractions of 2.0 ml were collected.

The fractionation was carried out at 4 °C.

4.1.2.4 SDS-PAGE analysis of GF fractions of EI RVVs

Similar to WI RVV, SDS-PAGE analysis under non-reduced conditions
demonstrated the separation of EI RVV proteins in GF peaks according to their
molecular mass (Figs. 4.7a,b); nevertheless, no proteins bands could be observed in the
GF10 fractions. In addition, significant differences were observed in SDS-PAGs of the
GF fractions of EI RVV (B) and EI RVV (N) under non-reduced and reduced
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conditions, and these variations were more prominent from fractions GF5 to GF9 (Figs.
4.7a,b). In particular, the ~15 kDa band in GF8 of EI RVV (B) (reduced) was absent in
EI RVV (N) under the same SDS-PAGE condition (Figs. 4.7a,b).

2 3 4 56 7 8 9 M 10 11 12 13 14 15 16 17 18

M1 23 4 5 6 7 8 9 M 10 11 12 13 14 15 16 17 18

250 kDa
150 kDa
100 kDa
75kDa

e i

LY I

| g T
-!i:':" £88~qg=-

Fig. 4.7. 12.5% SDS-PAGE analysis of GF fractions of a. El RVV (B) and b. El RVV

37 kDa

(N) under non-reduced and reduced conditions. Lanes M represent protein molecular
markers; lanes 1 to 9 and 10 to 18 represent fractions GF1 to GF9 (40 pg), under non

reduced and reduced conditions, respectively.
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4.1.2.5 De-complexation of SI RVV by SDS-PAGE

SI RVV was de-complexed using 1D SDS-PAGE analysis under reduced
conditions. The SI RVV proteins were distributed in the molecular weight range of ~6
kDa to 130 kDa. The lane was then divided into 10 gel sections (Fig. 4.8), which were
excised, digested in-gel with trypsin and subjected to LC-MS/MS analysis (sections
3.2.1.5t03.2.1.7).

Major % band Gel
proteins intensity section o M
| €—250kDa
r 2.7 1 <—150 kDa
<—100kDa
PDE,SVMP,LAAO, < 75kD
NT,PLB.CP  >45kDa 4 32 2 ’
71 3
L 5.0 4 . <= 50kDa
[ 57 s < 37kDa
SVSP,GC,
CRISP 23-45kDa 4 741 6
=73 7 | < 25kDa
r 9.6 8 | < 20kDa
PLA,,snaclec,
VEGF,SVMP, 6-22kDa -
NGF,KSPI 434 9 <— 15kDa
L 9.0 10
W<€ 6kDa

Fig. 4.8. 12.5% SDS-PAGE analysis of SI RVV (500 pg protein) under reduced
condition (lane 1). Lanes M contain protein molecular markers. The gel sections were
excised for ESI-LC-MS/MS analysis, the relative intensities of the excised bands were
determined by densitometry analysis, the molecular mass range of the bands and the
major protein families identified in each band by proteomic analysis are shown in the

left side panel.

4.1.3 Proteomic analysis of WL, EI, and SI RVV samples
4.1.3.1 The proteome composition of WI RVV sample

ESI-LC-MS/MS analysis of the 137 AEX fractions of WI RVV against
Viperidae protein entries of the NCBI database led to an initial identification of 1362
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redundant protein entries. However, following the identification criteria mentioned in
the Methods section (section 3.2.1.7), a total of 55 distinct enzymatic and non-
enzymatic proteins belonging to 13 snake venom protein families were identified in WI
RVV (Table 4.3a; Fig. 4.9a). The alignment of MS/MS-derived peptide sequences of
WI RVV with the homologous proteins from the Viperidae entries of NCBI database is
shown in Figure 4.9b. Further, all the identified peptide ions in WI RVV, their m/z,
charge (z), the score for the ID, and AM (Da) are shown in Table 4.3b.

The enzymatic proteins identified in WI RVV include PLA; (32.5%), SVMP
(24.8%), SVSP (8.0%), PDE (1.4%), NT (0.4%), LAAO (0.3%), and phospholipase B
(PL B) (0.1%), while the non-enzymatic proteins were Kunitz-type serine protease
inhibitor (KSPI) (12.5%), cysteine-rich secretory protein (CRISP) (6.8%), disintegrin
(Dis) (4.9%), nerve growth factor (NGF) (4.8%), vascular endothelial growth factor
(VEGF) (1.8%), and snake venom lectin-like proteins (snaclec) (1.8%) (Fig. 4.9a).

VEGF Snaclec

4.9% /

=) PLA;
i 32.5%

1.4%  svsp
0% 24.8%

Fig. 4.9a. Protein family composition of WI RVV proteome. The pie chart represents
the relative occurrence of different enzymatic and non-enzymatic protein families of WI
RVV. Abbreviations: PLA,, phospholipase A,; SVMP, snake venom metalloprotease;
SVSP, snake venom serine protease; PDE, phosphodiesterase; NT, nucleotidase;
LAAO, L-amino acid oxidase; PLB, phospholipase B; KSPI, Kunitz-type serine
protease inhibitor; CRISP, cysteine-rich secretory protein; Dis, disintegrin; NGF, nerve

growth factor; VEGF, vascular endothelial growth factor.
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Table 4.3a. Summary of the identified proteins in WI RVV by LC-MS/MS analysis followed by database search against the Viperidae
family (taxid 8689) of proteins of the NCBI database.

Relative
Accession Protein % MW
Protein description abundance Source organism GF peak(s)
no. (gi|) score Coverage (kDa)
(%)
Enzymatic proteins
Phospholipase A,
Basic phospholipase A, 71912223 0.4 11115.2 66.4 16.3 D. russelii 4
Basic phospholipase A, 3 298351762 4.6 7409.7 76.0 13.7 D. r. russelii 1,2,3,4,5,6,7,9
Basic phospholipase A, RVV-VD 3914259 4.7 55144 57.0 13.6 D. r. russelii 1,2,3,4,6,8,9
Vipera ammodytes
Ammodytin [1(D) isoform 50874384 2.9 1203.5 43.5 15.4 3,5,6,7,9,10
montandoni
Basic phospholipase A, homolog 27151648 0.5 704.1 20.5 13.9 Gloydius halys 5
Basic phospholipase A, VRV-PL-VIIla 24638087 33 688.5 75.2 13.6 D. r. russelii 1,6,9
Acidic phospholipase A, DsM-A2/DsM-
A 408407661 54 557.0 74.6 15.6 D. siamensis 3,5,6,7,8,9,10
Acidic phospholipase A, Cvv-E6b 82209451 2.9 544.0 10.1 15.4 Crotalus viridis viridis | 5
Acidic phospholipase A, RV-7 400714 6.0 530.6 69.6 15.4 D. siamensis 1,2,3,5,6,7,8,9,10
Chain H, Structure Of D.toxin 149241831 0.3 460.3 34.4 14.0 D. siamensis 3,5,7,9
Acidic phospholipase A, Ts-A3 82201337 0.01 443.2 10.1 15.5 Trimeresurus stejnegeri | 5
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Relative
Accession Protein % MW
Protein description abundance Source organism GF peak(s)
no. (gi|) score Coverage (kDa)
(%0)

Acidic phospholipase A, homolog vipoxin

2851544 0.1 312.1 45.1 13.6 V. a. meridionalis 3,5,6
A chain
Ammodytin [1(B') variant 50874310 0.4 307.8 48.6 154 V. berus berus 8,10
Ammodytin [1(F) isoform 50874356 0.2 278.8 47.8 15.4 V. aspis atra 9,10
Acidic phospholipase A, ammodytin 11 25453141 0.1 231.0 36.2 15.4 V. a. ammodytes 1,2,10
Vaspin acidic subunit (1) variant 50874232 0.5 150.4 39.9 15.5 V. a. aspis 3,59
Basic phospholipase A, RV-4 400713 0.01 97.6 239 15.5 D. siamensis 1,3
Snake venom metalloprotease
Chain A, venom metalloproteinase 162329887 1.8 942.0 26.2 47.6 D. siamensis 2,5,6
Coagulation factor X activating enzyme

251205 1.0 4419 333 14.5 D. russelii 2,3
light chain
Factor X activator light chain 2 300079896 7.4 404.7 22.2 18.3 D. r. russelii 1,2
Coagulation factor X-activating enzyme

) 73621140 2.9 375.4 23.4 18.3 D. siamensis 1

beta-chain
Factor X activator heavy chain 300079900 11.7 329.2 13.3 69.5 D. r. russelii 1,2,3,5,6,9
Snake venom serine protease
Venom serine proteinase-like protein 2 13959655 1.9 484.9 8.9 28.9 Macrovipera lebetina 2
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Relative
Protein description Accession abundance Protein % MW Source organism GF peak(s)
no. (gi|) score Coverage (kDa)
(%)
Serine protease, partial 297593758 0.3 222.9 12.7 28.8 E. coloratus 2
Beta-fibrinogenase-like 765684342 1.9 181.3 133 28.0 D. siamensis 2,3
Factor V activator RVV-V alpha 134129 2.8 161.4 20.3 26.2 D. siamensis 1,2,3
Serine protease VLSP-3 380875417 0.8 103.1 12.0 28.3 M. lebetina 2
Thrombin-like enzyme 38146946 0.3 59.2 59 26.5 G. shedaoensis 3
Phosphodiesterase
Phosphodiesterase 586829527 1.38 964.4 17.4 96.1 M. lebetina 1,2
5’-Nucleotidase
Snake venom 5'-nucleotidase 395455152 0.2 151.3 6.8 64.4 G. brevicaudus 1
5'-nucleotidase, partial 586829529 0.2 1214 11.5 45.0 M. lebetina 1
L-amino acid oxidase
L-amino-acid oxidase 395406796 0.3 366.3 9.9 56.9 D. r. russelii 1,2
L-amino acid oxidase Lm29 704043548 0.01 54.4 3.7 58.5 Lachesis muta 1
Phospholipase B
Phospholipase B 727360709 0.05 161.9 6.5 64.5 E. coloratus 1
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Relative
Accession Protein % MW
Protein description abundance Source organism GF peak(s)
no. (gi|) score Coverage (kDa)
(%)
Non-enzymatic proteins
Kunitz-type serine protease inhibitor
Kunitz-type protease inhibitor 379647506 0.4 2751.7 51.1 10.4 D. russelii 4
Kunitz protease inhibitor-1I 87130864 0.1 1635.1 25.0 9.9 D. r. russelii 4
Kunitz-type serine protease inhibitor B2 239977248 09 1311.9 34.5 9.3 D. siamensis 1,2,3,6,7,8,9
Kunitz-type serine protease inhibitor 4 123913154 32 719.1 52.4 9.5 D. r. russelii 4,5,6,7,8
Kunitz-type serine protease inhibitor B1 239977245 3.0 423.7 48.8 9.3 D. siamensis 6,7
Kunitz-type serine protease inhibitor B4 239977254 3.0 351.9 393 9.4 D. siamensis 5,6,7,8,9
Kunitz-type serine protease inhibitor C6 239977259 0.1 223.0 43.8 10.3 D. siamensis 6
Kunitz-type serine protease inhibitor C3 239977252 1.8 161.0 41.7 94 D. siamensis 3,5,6,7,8,9
Cysteine rich secretory protein
Cysteine-rich secretory protein Dr-CRPK 190195321 6.7 160.1 30.1 26.7 D. russelii 1,2,3,4,5.9
Cysteine-rich secretory protein Ch-
) 190195307 0.1 147.5 12.2 24.7 C. horridus 2,3,5,6
CRPKa, partial
Disintegrin
Jerdostatin 292659514 49 183.4 45.7 49 Protobothrops jerdonii | 6,7,8,9
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Relative
Accession Protein % MW
Protein description abundance Source organism GF peak(s)
no. (gi|) score Coverage (kDa)
(%)
Nerve growth factor
Venom nerve growth factor 400499 4.8 128.5 31.6 13.3 D. r. russelii 1,2,3,4,5,6
Vascular endothelial growth factor
Snake venom vascular endothelial growth
327478537 1.7 650.9 34.0 16.3 D. r. russelii 1,2,3,4,5
factor toxin VR-1
Vascular endothelial growth factor A 327488518 0.01 55.7 94 22.4 V. a. ammodytes 6
Snaclec
Dabocetin alpha subunit 300490462 0.01 1659.6 36.4 17.9 D. r. russelii 4,5
P68 alpha subunit 300490470 0.2 1090.2 61.4 18.0 D. siamensis 3,5,6,8
Snaclec 3 73620111 0.6 900.4 46.0 16.9 D. siamensis 1,2,3,5
Dabocetin beta subunit 300490464 0.04 756.2 26.7 18.0 D. r. russelii 345
Snaclec 4 73620112 0.9 443.1 493 16.8 D. siamensis 1,2,3,9
P31 beta subunit 300490488 0.01 113.2 16.0 17.4 D. r. russelii 3
P31 alpha subunit 300490478 0.01 111.8 34.5 18.2 D. r. limitis 3
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Fig. 4.9b. Alignment of tryptic and semi-tryptic peptide sequences identified in WI RVV with Viperidae proteins from NCBI database. The
protein alignment was done using Clustal Omega programme (https://www.ebi.ac.uk/Tools/msa/clustalo/). The number of proteins in each
protein classes is shown in parenthesis. The distinct peptides obtained for each of the following proteins is highlighted in green or yellow
(two colours have been used in case of adjacent distinct peptides). The amino acid substitutions within the overlapping distinct peptides

obtained from MS/MS are highlighted in red colour. The LC-MS/MS identified peptides other than distinct peptides are shown in blue or

red colour.

Phospholipase A, [17]

gil24638087
gil298351762
gi|82209451
gi|82201337
gil149241831
gil408407661
gi|50874356
gi|50874310
gil25453141
91150874384
gil27151648
gil71912223
gi|3914259
gil400713
gil400714
gil2851544
gi|50874232
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———————————————— SLLEFGKMILEETGKIMIBEYSSY6CY CONGERGTPRDATDRCCFVHDCCYGNLPDCNPKSDRYK Y KRVNCEIVOEKG TS CENRICECDRAAA T CFRENT
———————————————— SLLEFGMMILEETGKIBNBEY S8 YGCYCONGGRAT PKDATDRCCFVHDCCY GNLPDCNPKSDRYKY KEVNCEIVCREOGTSCENE 1 CECDKAAATCFRENE

MRTLWILAVLLLGVEGNLVQFELLIMKVAKRSGLLSYSAYGCYCGWGGYGRPODATDRCCFVHDCCYGKVTDCNPKTASYTYSEENGEIVCGGDDPCKKJVCECDRVARTCERDN I
MRTLWIMAVLLLGVEGSLIQFETLIMKVAKKSGMFSYSAYGCYCGWGGQGQPQDATDRCCFVHEDCCYGKVTGCDPKMDIYTYSEENGDIVCGGDDPCRKEVCECDRARATCERDNK
———————————————— NEFEQFARL T DAKQEAFSFFKYISYGCYCGWGGQGT PKDATDRCCFVHADCCYARVKGCNPKLVEYSYSYRTGKTVCGGDDPCLRAVCECDRVAATCFRENM
MRTLWIVAVCLIGVEGNLYQFGEMINQKEGNE GBS VY YGCY CONCORORPODATDRCC FVHDCCYGRVKGCDPKFATYS Y SHENCL VCGEDDPCHRAVCECDRVAATCFRENM
MRILWIVAVCLIGAEGHLSQFGDMINKKTGIFGIMSYTYYGCYCGWGGKGKPLDATDRCCFVHDCCYGRVNGCDPKESTYS Y SHENCIVCGEDDPCHRAVCECDRVAATCFGENM
MRTLWIVAVCLIGAEGNLSQFGDMINKKTGIFGIMSYIYYGCYCGWGGKGKPLDATDRCCFVHDCCYGRVKGCDPKMETY S Y SHONGEI VCCEDDPCURAVCECDRVAATCFGENM
MRILWIVAVCLIGAEGHLSQFGDMINKKTGIFGIMSYIYYGCYCGWGGKGKPLDATDRCCFVHDCCYGRVNGCDPKMETY S Y SHONGEIL VCCGDDPCURAVCECDRVAATCFGENM
MRILWIVAVCLIGAEGHLSQFGDMINKKTGIFGIMSYIYYGCYCGWGGKGKPLDATDRCCFVHDCCYGRVNGCDPKMGTEYSYSHENCE I VCCEDDPCURAVCECDRVAAICFGENM
———————————————— NLIQFKKMIKKMTGKEPVVSYAFYGCYCGSGGRGKPKDATDRECEVANCCYERY TGCDPKWDDY TY SWKNGT IVCGGDDPCKKHVCECDRARATCERDNL
MRTLWIVAVCLIGVEGNLLQFGRMIFRMTAKNPLSSYSNYGCYCGWGGKGKPQDATDRCCFVHDCCYEKVNDCNPKEATYSY S HENCEEVCGDRDPCKRAVCECDRVAATCFRDNL
———————————————— NEECFABMIVRMTGKNPLSSYSDYGCYCGWGGKGKPQDATDRCCFVHDCCYEKVKSCKPKLSLY SYSFONGGIVCGDNHSCKRAVCECDRVAATCFRDNL
MRTLWIVAVCLIGVEGNLYQFARMINGKLGAFSVWNYISYGCYCGWGGQGTPKDAT DRECEVABCCYGEVRGCN PKEATYSYSHORGN T VCGRNNGCLRT I CEC DRVARNCE HBNK
MRTLWIVAVCLIGVEGNLFQFGEMI LEKECRENNBE ALY GCYCONGEOGRAQDAT DRECEVABCCYCTVNDENPRTATYSY SHENCGETVCGDNDLCLREVEEECDRAAA T CLCENV
———————————————— NLFQFGDMILOKTGKEAVHSYATYGCYCGWGGQGRAQDATDRCCFAQDCCY GRVNDCN PKATY 1Y SHENGL VCCDNDHCURAVCECDRAAATCLGENV
MRTLWIVAVCLIGVEGNLFQFGDMILOKTGKEAVHSYAT YGRYCGWGGQGRAQDATDRCCFAQDCCY GRVNDCN PKMATY 1Y SHENGEIL VCCDNDHCURAVCECDRAAATCLGENV
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SR - EMYEDElCR - -+
SR - NMYEDRlCR - -+
PSYDN-KYIQFPAKNCQEKPEPC
DTYDWKKYWRFPTKNCQESV-PC
NTYDK-KYMLYSIFDCKEESDQC
NTYDK-KYMLYSIFDCKEESDQC
Nty DK - KV SEEICKERSBOC
NTYDK-KYMLYSLFDCKEESEQC
NTYDK-KYMLYSLFDCKEESEQC
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KTYKK-RYMTYPNILCSSKSEKC
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nryDx-Ky[llyPPSECTGTE-OC
NTYNK-EYKFLSSSKCRQRSEQC
NTYDK-NYElYSISHCTEESEQC
NTYDK-NYEYYSISHCTEESEQC

NTYDK-NYEYYSISHCTEESEQC

Snake venom metalloprotease [5]

911300079900
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gi 1300079900
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EIFNP---LNIHVTLIGV--EFWCDRDLINVTSSADETLDSFGEWRASDLMTRKSHDNALLFTDMRFDLNTLGI TFLAGMCOAY REVGIVOMOGNRN FKTAV IMAHELSHNLGM- -
EIFNP---LNIHVTLIGV--EFWCDRDLINVTSSADETLNSFGEWRASDLMTRKSHDNALLFTDMRFDLNTLGI TFLAGMCOAY REVGIVOBOGNRN FKTAVIMAHELSHNLGM- -

———————————————————— D C PSS YEOHCYRGFNDLKNWT DAEKFCTEQKKGSHLVSLHS ~ == —==—===—=————————————————— _REEEEEVUNULOENLEY - -
FIFVSFGLLAVFLSLSGTGAGLDCPPDSSPYRYFCYRVFKLRKSWEAAERFCMEHPNNGHLVSTES— === === === === —m——— o MEEAEFVAKLLSNTTGKER
FISVSFGLLVVFLSLSGTGAGLDCPPDSSLYRYFCYRVFKEHKTWEAAERFCMEHPNNGHLVSTES— === === === === m——— e MEEAEFVAKLLSNTTGKER

BTG IE - - M@K oCcRM - —- - —- - —- EWSDRGNVKYKALAEES--—=--—=-——-——-——- YCLIM----1THEKEWKEN - FeNElABVeRE - —--—--—--——-———--——--———-
BTGB xpKEQECSS——-——--—- EWSDGSSVSYDNLGKEE--—=--—=-——-——-——- FRKCFVLQKESGYRMNENE-RCEER Y Plvckvp-—--—--—-- R
BEEETTGIlTRpxEoECSS——-——-——- EWSDGSSVSYDKLGKQE--—=-=—==——=——~——~ FRKCFVLEKESGYRMWFNR-NCEERYLFVCKVP——==—=-—~~ R

QCKIKTAGTVCR--REARNECDVPEHCTCOSABCPRDOLOONGEPCONNRGYCYNGDCPIMRNQC I SLFGSRATVAKDSCFQENLKGS Y YGYCRKENGRKI PCAPQDVKCGRLFCLN

QCKIKTAGTVCR--RARBECDVPEHCTCOSARCPRDOLOONGEPCONNRGYCYNGDCPTMRNQC T SLFGSRANVAKDSCFQENLKGSYYGYCRKENGRKT PCAPQDVKCGRLFCLN

NSPRNKNPCNMHY SCMDQHKGMVDPGTKCEDGKVCNNKRICVDVNEAYOS T T CESOT
NSPRNKNPCNMHY SCMDQHKGMVDPGTKCEDGKVCNNKRQCVDVNTAYQSTTG-———
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Snake venom serine protease [6]

gil765684342
gi|380875417
91138146946
91113959655
911297593758
gil134129

gi|765684342
gi|380875417
gi|38146946
91113959655
911297593758
gil134129

gi|765684342
gi|380875417
gi|38146946
9il13959655
911297593758
gil134129

MVLIKVLANLLVLQLSYAQKSSELVVGGDECNINEHRSLVFLYNN---SFGCSGTLINQQWVLSAVHCDMENVRIYLGVENLTLRNNA - EEREPEERFFCLSNKNY TKWDKDIMLI
MVLIRVLANLLVLQLSYAQKSSELVIGGDECNINEHRSLVYLYND--SNFQCGGTLINQEWVLSAAHCDMENMEI Y LGVENLSLPNKDQKRRDPKEKFFCLSSKNY TKWDKDIMLI
——————————————————————— VR TGEDECNINEHRF L.VALYTSRFRTLFCGGTLINQEWVLTAAHCDRKNFREFHGTHS KKV PNEDEQTRVPKEKFFCLS SKNY TLWDKDIML T
MVLIRVLANLLVLOLSYAQKSSELVIGGDECNINEHPFPVALHTARSKRFYCAGTLINQEWVLTAARCDRKN I REMEEVHSKNVPNEDQQIRVPKEKFFCLSSKTY TRWDKDIMLI
MVLIRVLANLLVLQLSYAQRSSELVTGGAECDINEHPFLVALHTARSKREHCEGIHIDNOWVUEARRC DRKNIRIKVGVHNKNKRNKDEMMRVPAEKFFCASSKTY TRWDKDIML I

———————————————————————— VVGGDECNINEHPFLVALYTSTSSTIHCGGALINREWVLTAAHCDRRNIRIKLGMHS KNIRNEDEQIRVPRGK Y FCLNTKFPNGLDKDIML I

KLDRPVKESTHIABHSHPSEPPR VG SVCRIMGWGAT TSPNETFPGVTHCANTINTILPY SVCRAAYKG--LPAQSRTLCGGI LEGGIGSCMGDSGGPLICNGEMHG I VAWGDDTCAQP
KLNRPVKESTHIAPHSHPSEPPSVESVCR TMGWGTVTSPNETLLDVPHCANINI LNY TVCRAAS PR--LPTQSRTLCAGI LOGGI DACKGDSGGPLICNGQIQGIVSWGNHPCAQP
RLDSPVKNSTHIAPFSLPSSPPSVGSVCRIMGWGRISPTEETYPDVPHCVNINLLEYEMCRVPYPEFGLPATSRTLCAGI LEGGKDTCRGDSGGPLICNGQFQGIASWGDDPCAQP
RLKKPVNDSTHIVPLSLPSSPPSVGSVCRIMGWGTITTTKVTYPDVPHCANINMEDY SVCRKVYRK--LPEKS REHCAGI HBGGIDSCK Y DNGGPLICNGQIQGIVSWGGHPCAQP

RLKRPVNGSTHIAPLSLPSNPASVDSECRIMGWGT ITTTKVTYPDVPHCANIKIFDYSVCREAYRK--LPEKSRELCACIINGGIDSCRADTGGPLICNGQFQGI ASWGGKPCAQP

RERRBVIVSTTARNSERSH SR GG SRCRTMGWGK ESITEDINV POVEHCTN TRV | < HCEPEYEY - - PADSRT1CAGTLJGGRDTCHGDSGGPLICNGOTQGTVAGGSEPCGOH

HKPVHY TK MDY IDWIOS T AGNTARTCEE

LKPGHYTHVFDYTDWIQSITAGNTTATCPP
HKPAAYTKVFDHLDWIKSITIAGNTDASCPP
HKPALYTNVEDYTDWIQSITAGNITATCPP
LKPALYTNVEFDYNDWIKSITIAGNTDATCPP

LKPAVYTKVEDYNNWIQNIIAGNRTVTCPP

Phosphodiesterase [1]

gi|586829527
gi|586829527
gi|586829527
gi]586829527
gi]586829527
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LLADHGMEQISCNRLEYMTDYFDKVDFFMYEGPAPRIRSKNVPKDEYTEFDSEGIVRNLTCOQKPKQYFKAYLAKDLPKRLHYVNNIRIDKVNLMVDQOWMAVRNKNYNRCNGGTHGY
DNEFKSMQAIFLAHGPGFKGKNEVTSFENIEVYNLMCDLLKLKPAPNNGTHGSLNHLLKNPFYNPSPAKEQTSPLSCPFGPVPSPDVSGCKCSSITDLGKVNERLNLNNQAKTESE
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gi|586829527 AHNLPYGRPQVLONHSKYCLLHQAKYISAYSQDVLMPLWSSYTINKSPPTSVPPSASDCLRLDVRIPAAQSQTCSNYQPDLTITPGFLYPPNFGSSNFEQYDALITSNLVPMFKGF
gi|586829527 TRLWNYFHGTLLPKYARERNGLNVISGPIFDYNYDGHFDSYDTIKEYVNDTKIPIPTHFFVVLTSCENQINTPLNCPGSLKVLSFILPHRPDNSESCADTSPDNLWVEERIQTHTA

gi]586829527 RVRDVELLTGLNFYSGLKQPLPETLQLKTFLPIFVNPVN

5’-Nucleotidase [2]
911395455152 MQTPKRRRGAQGCPRSSPSPPLLLLVGAVWFCAALSVAAGSFELTILHTNDVHARVEQTSRDSGKENGODCYGGVARRATK I RELRANHSHVLLLDAGDQYQGT IWFSFFKGREVV
g1 15868209520  —mmm oo oo

911395455152 KFMNSLGYDAMANGNAEEDNCUACUUDPUURHANFPILSANIRPKGSIASNISGY ILPYKIINVGSEKVGIIGYTTKETPVLSNPGPYLEFRDEVEELOQKHANKLTTLGVNKIIAL

g115868209520  mm oo AREKVGIIGYTTKETPVLSNPGPYLEFRDEVEELQIHANKLTTLGVNKIIAL

911395455152 GHSGFFEDQRIARKVKGVDVVVGGHTNTFLYTGSPPSTEVAAGNY PFMVKSDDGRQVPVVQAYAFGKFHGY BNVEEBDRGNY IKSSGNPTLLNKNTSEDQDVKAEVNKMKIQLHNY
911586829529 GHSGFFEDQRIARKVKGVDVVVGGHTNTFLYTGSPPSTEVPAGNYPFMVQSDDGRQVPVVQAYAFGKIHGY UNVEMENDRGNYIKASGNPILLNKDI PEDQVVKAQVNKMKIQLONY

gi]395455152 SSQEIGKTIVYLNGTTQACRFHECNLGNLICDAVIYNNVRHPDYNEWNHVSMCIVNGGGIRSPIDERANNGTITLEELTAVLPFGGTFDLLOQIKGCALKQAFEHSVHRHGQGMGEL

gi|586829529 YSQEIGKTIVYLNGTTQACREHECNLGNUICDAVLYNNLRHPDDNEWNHVSMCIVNGGGIRSPIDERANNGE LI LEE TS VUPECCTEDINOTRGCSALKQAFEHSVERHGOGTGEL

gi|395455152 LQVSGIKVVYDLSRKPGSRVVSLNVLCTECRVPTYVPLEKEKTYKLLLPSFLAGGGDGYHMLKGDSSNHSSGNLDISIVGDYIKRMGKVFPAVEGRVIFSAGTLFQAQLFLTWGLC

gi]586829529 LQVSGIKVVYDLSQKPGSRVVSLNVLCTKCRVPTYVPLEMEKTYKVLLPSFLATGGDGYHMLKGDSSNHNSGDLDISIVGDYIKRMEKVFPAVEGRVTFLDGTLFQAQLFLTWGLC

gi]395455152 ISLLYFIL
gi]586829529 ISLLFFIL

L-amino acid oxidase [2]
gi|395406796 MNVFFMFSLLFLATLGSCADDKNPLEECFREDDYEEFLEIAKNGLKKTSNPKHIVIVGAGMSGLSAAYVLAGAGHKVIVLBEASERPGGRVRTHRNVKEGWYANLGPMRVPEKHRT I

gi|704043548 MNVFFMFSLLFLAALGSCADDRNPLGECFRETDYEEFLEIAKNGLRATSNPKHVVIVGAGMSGLSAAYVLAEAGHQVTVLEASERAGGRVRTYRNDKEGWYANLGPMRLPEKHRIV
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911395406796
gi|704043548

911395406796
gi|704043548

gi1395406796
gi|704043548

911395406796
gi|704043548

REYIRKFGLKLNEFVQETENGWYFIKNIRKRVGEVKKDBGUURYPVAPSEAGRSAGOLYESLGKEMEEDRRTNCSY ILNKYDTYSTKEYLIKEGNLS PGAVDMIGDLLNEDSGYY

REYIRKFGLQLNEFHQENDNAWHFIKNIRKRVGEVKEDPGLLQYPVKPSEEGKSACOLYBESLCKMMEELKRTNCSY ILNKYDTYSTKEYLLKEGNLS PGAVDMIGDLLNEDSGYY

VSFIESLKHDDIFAYEKRFDETVGGMDQLPTSMYRATEESVHFKARVIKIQONAEKVTVTYQTTOKNLLLETADYVIVCTTSRAARREMERPPUPPRRAHALRSVHYRSGTKIFLT
VSFIESLKHDDIFGYEKRFDEIVDGMDKLPTSMYQATKEKVRFNARVIKIQONDREVTVTYQTSANEMS PVTADYVIVCTTSRATRRI TFEPPLPPKKAHALRSVHYRSGTKIFLT

CTKKEWBDDGIOGGRS TTDLPSRFIYYPNHNFTTGVGVIIAYGIGDDANFFQALNLNECADIVFNDLSSTHOL PKRDBORECY PO T TORIISLDKYAMGAT TTFTPYQFQHF SEALT

CTKKFWEDDGIRGGKSTTDLPSRFIYYPNHNEFTSGVGVIIAYGIGDDANFFQALDFKDCGDIVINDLSLIHQLPKKDIQTFCYPSMIQRWSLDKYAMGGITTFTPYQFQHFSEALT

APVGRIFFAGEYTANAHGWIDSTIKSGLTAARDVNRASEL-—--=-—-———————

APFKRIYFAGEYTAQFHGWIDSTIKSGLTAARDVNRASENPSGIHLSNDNEL

Phospholipase B [1]

gi 727360709
gi|727360709
911727360709
911727360709
gi]727360709

MIRFGNRSSSDKRRQRCWSWYWVGLLLLWAVAETRADIHYATVYWLEAEKSFQIQDVLDRNGDAYGYYNDTIQSTGWGILEIKAGYGNQHISNEILMYAAGFLEGYLTASHMSDHE
ANLFPLMIKNVIIEQKVKDFIQKQDEWTRQQIKNNMDDPFWRNAGYVIAQLDGLYMGNVEWAKRQKRTPLNDFEINFLNALGDLLDLTTAFDSQLRKSDFLSMPDVSRIYQWDMGH
CSALIKVLPGYENIYFAHSSWEFTYAATLRIYKHWDFKITDPQTKTGRASFSSYPGLLVSLDDFYILGSGLIMLQTTNSVENLFLLKQVVPESLFAWERVRIANMMADSGKTWAQIF
EKENSGTYNNQYMILDTKKIKLORSLEDGTLYITIEQIPKLVKYSDQTEVLRHGYWPSYNIPFHKVIYNMSGYTEYVQKLGLEFSYEMAPRAKIFRRDQGKVTDMESMKHIMRYNNY
KEDPYTKHNPCNTICCRQDLSRKTPVPAGCYDSKISDISMAAKFTTYAINGPPVEKDLPVESWVHENQTKHQSLPESYNFDFVTMKPVL

Kunitz-type serine protease inhibitor [8]

gi|87130864

gil239977252
gi 1239977245
gi 379647506
gi 239977248
gi 1239977254
gil123913154
9i1239977259

MSSGGLLLLLGLLTLWAEPTPTSGODRPKECHLREDEGR Y GHPRPRFY YNPATNOCOGFLAQRFRENTNNEBIR DK CROTCGRK~—— == ===~~~
MSSGGLLLLLGLLTLWAELTPISGHDRPKECHUBMDPCECHAYERS FY Y DSESKKCHEENYCOMMBNANNEBERDK CROTCRGK -~ ——-——-——-—
MSSGGLLLLLGLLTLWAELTPISGHDRPKECHUBMDPCECHARMRS FY Y DSESKKCKEENYCCMMBNANKEBOR DK CROTCGGK -~ —————-——-—
MSSGGLLLLLGLLTLWAELTPISGQDRPKFCNLAPESGRCRGHLRRINYNPDSNKCHVE R COBBENDNNEBIR KK CROFCCABRKGRPT-———-—
MSSGGLLLLLGLLTLWAELTPISGHDRPTFCNLAPESGRCRGHLRRINYNUESNKCRVE R COBBBNDNNE IR DECRQTCGGK -~~~ ——=——=-—
MSSGGLLLLLGLLTLWAELTPISGHDRPTFCNLAPESGRCRGHLRRINYNUESNKCHVE R COBBBNDNN E BINDECRH TCVGK-—————==—=-—
MSSGGLLLLLGLLTLWAELTPISGODRPKECHUPHDSGICHA H 1 PREVNPASNOCHCHNYC BN AN G BFROBcR rcGGK-—--—---——--
MSSGGLLLLLGFLTLWAELTPISGQNRPMFCHLPADSGRCKAHT PREVYNPASNOCHG MY COBBBNANNEBIRDOCRATCCABBNVGPRPR T ASN
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Cysteine rich secretory protein [2]

911190195321 MIAFIVLPILAAVLQQSSGSVDFDSESPREPEIONEIVOLANSLRRSYTPTASNMLKMEWY PEAAANAERWAFRETINHSPYNSRY I GGIKECENL YMOPYPMRITAT I HEWHKEK

911190195307 —=—-—=————=———=—————— SVDFDSES PREPETONETVDUHNSIRRS VNPTASNMLKMEWY PEAAANAERWAYRCTESHSPRDSRVLEGIKCGENT YMSPVPTKWTET THGWHGEN

911150195321 < ENNEOCASEANACHTOTVANE ; < SECAAAY GBS YN YECOYEBRGNINER 7Y T5GF PCCDCPSACDNGLCTNECSRRDEFTNCK DLV - BBNMRTKCFAS

gil190195307 KNFKYGIGAEPSNAVTGHFTQIVWYKSYRVGCAAAYCPSSKYSYFYVCQYCPAGNIRGKTATPYKSGPPCGDCPSACDNGLCTNPCTKEDKYTNCKSLVQQAGCEDKQIQSDCSAT

gi]190195321 CFCHNEII
gi]190195307 CFCOQONKII

Disintegrin [1]

911292659514 AMDCTTGPCCRQCKLKPAGTTCWRTSVSSHYCTGRSCECPSYPGNG

Nerve growth factor [1]

gi|400499 HPVHNQGEFSVCDSVSVWVANKTTATDMRGNVVTVMVDVNLNNNVYKQYFFETKCKNPNPVPSGCRGIDAKHWNSYCTTTDTFVRALTMERNQASWREFIRINTACVCVISRKNDNEG

Vascular endothelial growth factor [2]

gi]327488518 MNFLLSWIHWGLAALLYFHNAKVLQAAPAQGDGDRQQOGEVISFLTVYERSACRPVETMVDIFQEYPDEVEYIFKPSCVALMRCGGCCNDEALECVPTEVYNVTMEIMKLKPEFQ-SQ

gil327478537 —--—=--—=-—- MA--AYLLAVATLFCI-QGWPSGTVQGQVRPFLDVYERSACOTRETEVS L HOBHPDETSD I FRPSCVAVIRC SGCCTDESMKCT PVGKHTAD TOTMRMN PRTHS S

gi1327488518 HIHPMSFQQHSKCECRPKKEVRIRPENHCHPBEERRKHLYKQDPLTCKCSCKFTDSRCKSKODBENBRTCRCEKPRR

911327478537 KMEVMKBMBATACECRPRWKOGEPH- - - -[EPMEBRRGGVRAKFPFD-—————=—=== === === ———

Snaclec [7]

911300490470 MGRFISVSFGLLVVFLSLSGTRADFDCPSGWSAHDQHCYKAEBEERRSGPAETFCTEQANSGHL VS TERIEEAEFVEOLTSENTKIBADNTIC LR ORKAGYCHER TDEssvI1Y
911300490478 MGRFISVSFGLLVVFLSLSGIGADLDCPSGWSAYDQHCYQAVDEPKSWADAEKECTEOANSGHIVSTRSVGEANFVAQLASGFMOKDGT YVIWIGLRDRRKEQQCRSEWTDGSKITY
911300490488 MGRFISVSFSSLVVFLSLSGTEAGFSCPNGWSSFGQHCYKVIEPLKNWTDAEKFCREQHKESHUAST HBEEEEARVEKYASKVLKFG--SVRIGLNDPWH- -NCNWEWSDNAREDY
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gi]300490464
gi]73620112
gi]73620111
gi|300490462

gi]300490470
gi|300490478
gi|300490488
gi]300490464
gi]73620112

gi]73620111

gi|300490462

MGRFISVGFGLLVVFLSLSGTGAKQDCLSDWSFYEGYCYKVENEREMWEDAEKFCNEQVNGGYLVS FREBEEMDEVERMT EP 1 FREE- - FEWIGURDFWR - - DCYWRNS DEVNLDY

MGRFISISFGLLVVFLSLSGTEAAFCCPSGWSAYDONCYKVFTEEMNWADAEKFCTEQKNESHIVS UHBREEEKFVEINL T SENLERE - - ATWI G LENMWK - - DC RIS DRENVE v
MGRFISVSFGLLVVFLSLSGTEAAFCCPSGWSAYDONCYKVEMEEMNNADAERECTEOHRGSHLLS LHElAEADF VKK TLAMLKDG - -V IWMGLNDVWN - ~-ECNWGWTDGAKLDY
MGRFISVSFGLLVVFLSLSGTGA--DCPSDWSSHEGHCYKVFKLLKTWEDAEKFCTQOANGWHLAS TESVEEANFVAQLASETLTKSKYHANICLEDQSOROOCS Rl TOESAVSY

KNVIERFIKNCHGLERESDY RFNENNSCCDDY PHVCKF PPRC
VNWKEGE SKMCQGLAKWTY FHKNDYMNCABHYRFVCKFPPQY
KAMTR--RPYCTVMVLKPDREEWENNCCEKFVSFVCKFLA-—
RAWSR--EPNCFVSKT--TDNQWLRWNCNDPRYFVCKSRVSC
KANE - - GTNCEVER 1 - - AKNHWSHMDCSSTHNFVCKFRV-—
ETRER - - v T CHCENRETR Y HEW I TllPcGDRNPHT CKEWVER
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Table 4.3b. List of all the proteins identified by LC-MS/MS analysis of anion-exchange fractions of WI RVV. The table shows the

identified peptide ions, their mass, charge (z), the score for the ID, AM (ppm), and modified residues. Carbamidomethylated cysteine and

oxidized methionine residues are represented as ¢ and m (in lower cases).

. Accession | Protein % . . Peptide Mass AM
Protein no. (gil) score Coverage MS/MS derived peptide(s) scI:)re “ | ®a | (ppm)
Enzymatic proteins
Phospholipase A,
Acidic PLA, RV-7 400714 530.6 69.6 (C) FVHDccYGTVNDCNPK (T) 165.5 3 | 1985.8 1.36
(V) HDccYGTVNDCNPK (T) 148.6 2 1721.6 5.60
(A) ATCLGQNVNTYDK (N) 145.5 2 1495.7 4.13
(A) IcLGONVNTYDK (N) 140.5 2 1424.7 2.62
(I) cLGONVNTYDK (N) 131.1 2 | 1294.6 | 3.03
(C) LGONVNTYDK (N) 124.3 2 1151.6 -1.79
(L) GONVNTYDK (N) 114.3 2 | 1020.5 | 4.44
(R) AAATCLGQNV (N) 112.5 2 998.5 0.19
él;)(A)AAICLGQNVNTYDKNYEYYSISHCTEESE 1087 3 3817.6 4.29
(Y) GTVNDCcNPK (M) 107.6 1 986.4 3.00
(K) EVVHSYATIYGCYCGWGGQGR (A) 82.0 2 2319.0 2.35
(R) AAATCLGQNVNTYDK (N) 80.3 2 1637.8 0.73
(K) NYEYYSISHCTEESEQC— 76.7 2 | 2198.8 | 4.18
(K) TATYSYSFENGDIVcGDNDLCLR (T) 63.5 2 2670.1 -0.11
(R) ccFVHDccYGTVNDCNPK (T) 59.6 2 | 2305.9 4.82
(K) TGKEVVHSYAIYGCYCGWGGQGR (A 39.4 3 2605.2 1.24
(R) TVCECDR (&) 27.8 2 939.4 -0.87
Basic PLA, VRV-PL-VIlla 24638087 688.5 75.2 (K) DATDRcCcFVHDCcCYGNLPDCNPK (S) 209.4 4 | 2874.1 2.41
(K) LAIPSYSSYGCYCGWGGKGTPK (D) 196.7 3 2409.1 2.52
(R) QNLNTYSK (K) 110.3 2 967.5 5.19
(K) GTPKDATDR (C) 109.0 2 960.5 1.60
(T) PKDATDR (C) 96.7 2 802.4 -3.01
(I)LEETGK (L) 87.7 1 676.4 4.32
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. Accession | Protein % . . Peptide Mass AM
Protein no. (gi) score Coverage MS/MS derived peptide(s) scI:)re z (Da) | (ppm)
(K) KYmLYPDFLcK (G) 35.8 2 1535.7 6.13
(R) VNGAIVCEKGTScENRICECDK (A) 35.7 3 2599.1 -9.72
(K) LAIPSYSSYGCcYcGWGGK (G) 27.0 2 2025.9 6.72
(K) GTSCENRICECDK (A) 27.0 2 | 1628.6 1.38
(R) VNGAIVCEK (G) 25.5 2 988.5 -0.15
(R) ccFVHDccYGNLPDcCNPK (S) 17.8 3 2315.9 5.15
Basic PLA, RV-4 400713 97.6 23.9 (R) ccFVHDcc (Y) 103.6 2 | 11574 2.85
(K) LAIYSYSFQR (G) 57.6 2 1247.6 1.25
(R) ccFVHDcCYGGVK (G) 49.4 2 | 1661.6 3.63
(R) VAANCFHQNK (N) 41.7 2 1188.6 -0.60
Basic PLA, RVV-VD 3914259 5514.4 57.0 (K) YHNYPPSQCTGTEQc (-) 157.9 2 | 1841.7 2.22
(=) NLFQFAEMIVK (M) 141.6 2 | 1339.7 4.30
(R) ccFVHDcCYEK (V) 134.9 3 1577.6 3.73
(R) DNLNTYDKK (Y) 121.1 2 1110.5 4.59
(D) NLNTYDKK (Y) 113.6 2 995.5 227
(K) GKPQDATDR (C) 110.8 2 987.5 393
(R) DNLNTYDK (K) 109.9 2 982.4 5.35
(G) KPQDATDR (C) 106.7 2 930.5 3.52
(N) LNTYDKK (Y) 105.5 2 881.5 2.51
(R) VAATCFR (D) 954 2 824.4 4.28
(K) PQDATDR (C) 94.8 2 802.4 1.32
(R) AVCECDR (V) 94.6 2 909.4 2.26
(A) VCECDR (V) 88.4 2 838.3 5.37
(K) KYHNYPPSQcTGTEQcC (-) 26.2 2 | 1969.8 0.59
Basic PLA, 3 298351762 7409.7 76.0 (K) AAATICFR (N) 94.8 2 808.4 3.81
(R) ICECDK (2) 88.9 2 8243 4.64
(R) NLNTYSK (I) 100.5 2 839.4 2.22
(M) MILEETGK (L) 109.8 2 920.5 443
(K) LAVPFYSSYGCYCGWGGK (A) 175.7 2 2071.9 4.56

Chapter IV

Page 94



Proteomic analysis of Indian Russell’s Viper (Daboia russelii) venom and its immunological profiling against commercial antivenom

. Accession | Protein % . . Peptide Mass AM
Protein no. (gi) score Coverage MS/MS derived peptide(s) score z (Da) (ppm)
(R) RNLNTYSK (I) 113.2 2 995.5 -3.57
(I) YmLYPDFLCK (G) 135.8 2 | 1365.6 | 4.23
(K) IYmLYPDFLcK (G) 145.1 2 1478.7 2.72
(K) VNGAIVCEQGTSCENR(I) 54.7 2 1793.8 0.88
(K) RVNGAIVCEQGTSCENR (I) 253 3 19499 | -0.45
Acidic PLA, ammodytin 11 25453141 231.0 36.2 (K) MGTYSYSFQNGDIVcGGDDPCLR (A) 64.2 3 | 2654.1 7.27
(R) ccFVHDCCYGR (V) 41.7 2 | 1533.6 5.77
(R) VAAICFGENmMNTYDK (K) 39.7 2 1748.8 2.08
(R) VAATCFGENmMNTYDKK (Y) 32.9 3 1876.8 -0.02
Acidic PLA; DsM-a2/DSM- | 408407661 | 557.0 746 | (K) YmLYSIFDCKEESDQC () 740 | 2 | 21038 | 130
(K) KYmMLYSIFDcCKEESDQcC (-) 51.2 2 2231.9 -1.29
(R) VAAICFR (E) 40.3 2 | 8364 | -0.16
(R) VAAICFRENmMNTYDK (K) 39.9 2 | 1847.8 | 3.06
(G) GKPQDATDRccEVHDcCYGR (V) 39.8 3 2502.0 -0.24
(R) AVCECDRVAAICFR (E) 39.7 2 1726.8 -1.14
(K) TGNFGLLSYVYYGCYCGWGGK (G) 39.0 2 2422.1 5.84
(K) YmLYSIFDCK (E) 33.5 2 | 1355.6 | -0.40
(K) TATYSYSFENGDIVcGGDDPCLR (A) 324 3 2597.1 0.83
Ammodytin [1(D) isoform 50874384 1203.5 43.5 (K) YmLYSLEFDcK (E) 45.2 2 | 1355.6 3.56
(K) MGTYSYSFENGDIVCGGDDPCLR (A) 21.4 2 2598.1 8.89
Acidic PLA; homolog 2851544 | 3121 451 | (R)ABATCLGENVNTYDK (N) 533 | 2 | 16388 | 928
vipoxin A chain
(K) TATYTYSFENGDIVcGDNDLCLR (A) 33.9 2 2726.2 5.72
(-) NLFQFGDmILQK (T) 27.6 2 | 1469.8 | 4.06
Daboiatoxin 149241831 460.3 344 (=) NLFQFAR (L) 27.3 2 895.5 0.14
(K) IVcGGDDPCLR (A) 22.4 2 1261.6 0.21
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Accession | Protein % . . Peptide Mass AM
no. (gil) score Coverage MS/MS derived peptide(s) score z (a) | (ppm)
Vaspin acidic subunit (1) 50874232 | 150.4 39.9 éi)(l_“)”‘lCLGENVNTYDKNYEYYS ISHETEESE 1 3506 | 3 | 38186 | -0.70
(R) YCGWGGQGR (A) 28.5 2 | 10404 | 0.33
(K)mATYTYSFENGDIVcGDNDLCLR (A) 20.3 2 2756.1 -6.35
Basic PLA, 71912223 11115.2 66.4 (K) TATYSYSFENGGIVCGDR (D) 173.5 3 1996.9 | -9.39
(C) FVHDCCYEK (V) 121.4 2 1257.5 -6.49
(C) cFVHDCCYEK (V) 128.2 3 | 14175 | 0.38
(L) NTYDKK (Y) 94.5 2 | 768.4 1.36
(K) NPLSSYSNYGCYcGWGGK (G) 72.5 2 | 20699 | 3.24
(K) YPPSQCTGTEQC (-) 50.0 2 | 1427.6 | 0.64
Acidic PLA, Cvv-E6b 82209451 544.0 10.1 (K) QVCECDRVAAICER (D) 42.6 3 | 1726.8 1.29
(K) QVCECDR (V) 20.7 2 | 966.4 -0.32
Basic PLA, homolog 27151648 704.1 20.5 (K) EVCECDKAAAICFR (D) 26.6 2 | 1713.7 3.71
(R) ccFVHNCcCcYEK (V) 25.2 3 1576.6 -0.49
Acidic PLA, Ts-A3 82201337 443.2 10.1 (K) AVCECDKAAAICFER (D) 39.0 3 | 16137 | -1.52
(K) AVCECDK (A) 23.7 2 881.3 -0.53
Ammodytin 11(B') variant 50874310 307.8 48.6 (K) mGTYSYSFQONGATIVCGGDDPCLR (A) 32.4 2 | 2626.1 | -9.73
(R) AVCECDRVAAICFGENmMNTYDKK (Y) 32.1 3 2767.2 1.58
Ammodytin I1(F) isoform 50874356 278.8 47.8 (K) LSTYSYSFENGDIVcGGDDPCLR (A) 66.9 2 | 2626.1 | -9.98
(K) YmLYSLLDCKEESDQc (-) 38.2 2 2012.8 -0.12
Snake venom metalloprotease
fﬁ;itzrzx activator light 300079896 |  404.7 222 (R) FCmEHPNNGHLVS IESmEEAEFVAK (L) 80.4 2 129373 | 2.09
(K) FITHFWIGLR (I) 28.5 1 | 1289.7 | -0.29
(K) cEEPYPFVCK (V) 44.8 2 | 1328.6 | 0.34
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Accession | Protein % . . Peptide Mass AM
no. (gil) score Coverage MS/MS derived peptide(s) score z (a) | (ppm)
(R) mWFNHK (C) 38.3 2 878.4 0.56
Factor X activator heavy
chain 300079900 329.2 13.3 (R) FDLNTLGITFLAGMCQAYR (S) 83.6 2 2191.1 2.06
(R) SVGIVQVQGNR (N) 81.5 2 1156.6 0.22
(K)AFIELIIIVDHSmMAK (K) 75.3 1 1715.9 -1.30
EK; IYETVNSANEIFNPLNIHVTLIGVEFWcDR 75.0 3 3575.8 113
(R) DOLQONGQPCQNNR (G) 50.3 2 | 1699.7 | -1.47
(R) ARNEcCDVPEHCTGQSAECPR (D) 45.2 3 2373.0 0.59
(K) IPcAPQDVK (C) 34.0 2 | 1027.5 1.38
(R) KIPCAPQDVK (C) 32.8 2 1155.6 -0.47
(R) GYCYNGDcPImR (N) 31.8 2 1521.6 -0.01
(K) DSCFQENLK (G) 304 2 | 1140.5 | -7.26
(R) NECDVPEHCTGQSAECPR (D) 28.7 3 2145.8 -1.17
(R)NQCISLFGSR (A) 25.6 2 | 1181.6 | -0.25
(R) QcVDVNTAYQSTTGESQI (-) 24.9 2 2018.9 1.67
(K) LKPGAECGNGLccYQcK (I) 23.6 3 2014.8 1.12
Chain A, Venom (R) KDIVSPPVCGNEIWEEGEEcCDCGSPANCON
Metalloproteinase 162329887 942.0 262 PccDAATCK (L) 103.1 3 | 45138 | -0.92
(R) ARDECDVPEHCTGQSAECPR (D) 76.9 3 2374.0 2.05
(K) SHDNALLFTDmR (F) 73.7 2 1435.7 0.93
(R) RARDECDVPEHCTGQSAECPR (D) 73.1 3 2530.1 1.04
I\(]i)(g)ECDVPEHCTGQSAECPRDQLQQNGKPCQN 67.6 4 3827.6 531
(R) DECDVPEHCTGQSAECPR (D) 65.1 2 | 2146.8 | 2.70
(T) KSHDNALLFETDmR (F) 62.9 2 1563.8 0.78
(R) DOLQONGKPCQNNR (G) 56.0 2 | 1699.8 | -6.07
Q(§) AP({D)ECDVPEHCTGQSAECPRDQLQQNGKPC 497 4 4054.7 6.17
(K) cGRLFCLNNSPR (N) 40.6 2 | 14937 | -7.93
(R) SVGIVQEQGNR (N) 39.0 2 | 1186.6 | 0.37
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. Accession | Protein % . . Peptide Mass AM
Protein no. (gi) score Coverage MS/MS derived peptide(s) score z (Da) (ppm)
(K) KcNSTATNTK (I) 18.2 2 1124.5 -5.38
Coagulation factor X-
activating enzyme beta- 73621140 375.4 23.4 (K) FITHFWIGLmMIK (D) 39.1 3 | 1521.8 0.53
chain
Coagulation factor X
activating enzyme light 251205 441.9 333 (=) VLDcPSGWLSYEQHCYK (G) 105.1 2 | 21419 | 340
chain
(K) SmMTcNFIAPVVCKEF (-) 48.7 1 1689.8 -0.28
(K) FVVNLISENLEYPATWIGLGNmWK (D) 32.5 2 2810.4 3.50
Snake venom serine protease
' ﬁ;’r V activator RVV-V 134129 | 1614 203 | (R) LRRPVTYSTHIAPVSLPSR (S) 773 | 3 | 21502 | -0.24
(K) ISTTEDTYPDVPHCTNIFIVK (H) 499 3 2450.2 3.86
(K) NIRNEDEQIR (V) 47.7 2 1286.6 -0.47
(K) WeEPLYPWVPADSR (T) 44.6 2 1775.8 0.22
(R)RPVTYSTHIAPVSLPSR(S) 39.2 2 1881.0 0.68
(R) TLcAGILK (G) 42.6 2 875.5 -0.15
(R) EWVLTAAHCDR (R) 394 2 | 13576 | -0.93
(R) NEDEQIRVPR (G) 334 2 1255.6 1.43
Beta-fibrinogenase-like 765684342 181.3 13.3 (K) TSTYIAPLSLPSSPPR (V) 38.5 2 | 1686.9 1.45
(R) NNAEIRLPEER (F) 34.2 2 1340.7 -0.24
(K) VYDYTDWIQSIIAGNTAATCPP (-) 52.8 2 2456.2 5.93
yenom serine proteinase- | 3959655 | 4849 89 | (R) TLCAGILQGGIDSCK (V) 1011 | 2 | 15928 | 3.59
like protein 2
(R) IILGVHSK (N) 17.3 2 866.5 0.18
Serine protease, partial 297593758 222.9 12.7 (R) TLcAGILEGGIDSCK (V) 89.6 2 | 1593.8 1.13
(R) FHCTGTLIDNQWVLTAAR (R) 52.2 3 2088.0 1.97
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Accession | Protein % . . Peptide Mass AM
no. (gil) score Coverage MS/MS derived peptide(s) score z (a) | (ppm)
Serine protease VLSP-3 380875417 103.1 12.0 (K) TSTHIAPLSLPSSPPSVGSVCR (I) 69.6 2 | 22502 | 5.34
(K) WDKDImLIK (L) 32.9 2 1177.6 0.80
Thrombin-like enzyme 38146946 59.2 5.9 (M) vIGGDECNINEHR (F) 45.2 2 | 1554.7 6.57
(=) mMVIGGDECNINEHR (F) 32.2 3 1659.7 9.79
Phosphodiesterase
Phosphodiesterase 586829527 964.4 17.4 (K) NEVISFENIEVYNLMcDLLK (L) 87.0 2 | 2431.2 1.03
(K) FGPVSGEIImALQmADR (T) 79.0 2 1866.9 1.85
(R) VRDVELLTGLNFYSGLK (Q) 78.2 2 1924.1 0.68
(R) DVELLTGLNFYSGLK (Q) 74.2 1 | 1668.9 | 041
I(I;()VLSFILPHRPDNSESCADTSPDNLWVEER( 67.7 3 3384.6 3.40
(R) VRDVELLTGLNFYSGLKQPLPETLQLK (T) 56.2 3 3071.7 1.27
(K) DEYTFDSEGIVR (N) 41.6 1 1448.7 0.55
\(]I;) IPIPTHFFVVLTSCENQINTPLNcPGSLK ( 29 4 3 3006.7 1.97
(K) GKNEVTSFENIEVYNLMcDLLK (L) 22.9 2 2616.3 -0.25
5'-Nucleotidase
Snake venom 5'-nucleotidase | 395455152 151.3 6.8 (K) cTGODCYGGVAR (R) 62.3 2 | 13435 | -0.14
(K) QAFEHSVHR (H) 39.3 2 | 1093.5 | -0.02
(R) YDAMALGNHEFDNGLAGLLDPLLK (H) 23.4 3 2603.3 2.09
(K) YLGYLNVIFDDK (G) 18.3 2 1459.7 -0.12
S'-nucleotidase, partial 586829529 121.4 11.5 (R) FHECNLGNLICcDAVIYNNLR (H) 77.6 3 | 24352 | 3.48
(R) ANNGIITLEELTSVLPFGGTEFDLLQIK (G) 27.6 3 2903.6 2.54
L-amino-acid oxidase
L-amino-acid oxidase 395406796 366.3 9.9 (K) SAGQLYQESLGK (A) 60.1 2 | 1280.6 0.36
(R) ITFKPPLPPK (K) 57.6 2 1137.7 -1.44
(K) FWEDDGIQGGK (S) 41.5 2 1251.6 -0.37
(K) DPGLLKYPVKPSEAGK (S) 37.4 3 1698.9 0.01
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. Accession | Protein % . . Peptide Mass AM
Protein no. (gi) score Coverage MS/MS derived peptide(s) score z (Da) (ppm)
(K) ITFKPPLPPKK (K) 30.7 2 1265.8 0.25
(K) KDLOQTFcYPSIIQK (W) 63.2 2 | 1740.9 2.66
(K) VTVLEASERPGGR (V) 26.5 2 1370.7 -0.47
(K) AVEELKR (T) 36.9 2 844.5 -0.13
L-amino acid oxidase Lm29 | 704043548 554 3.7 (K) SAGQLYEESLGK (2) 34.6 2 1281.6 | -1.27
(R) VAEELKR (S) 26.4 2 844.5 0.02
Phospholipase B
Phospholipase B 727360709 161.9 6.5 (R) NAGYVIAQLDGLYmMGNVEWAK (R) 87.6 2 | 2328.1 2.04
(R) SLEDGTLYIIEQIPK (L) 83.5 1 1718.9 0.09
Kunitz-type serine protease inhibitor
Kunitz-type serine protease | 53997548 | 1311.9 345 (R) IYYNLESNKCNVEFYGGCGONDNNEETR (D | o7 | 3 | 33044 | -7.03
inhibitor B2 )
(R)RIYYNLESNK (C) 52.6 2 | 1299.7 | -1.29
(R) IYYNLESNK (C) 38.9 2 | 1143.6 | -0.89
Kunitz-type serine protease | 30077755 | 1419 417 (K) EFTYGGCHGNANNFPTR (D) 65.3 2 119539 | 2.13
inhibitor C3
(K) FcYLPADPGECmMAYIR(S) 492 2 1978.8 -5.63
(K) cKEFIYGGCcHGNANNFEPTR (D) 37.8 3 2242.0 -0.61
(R) SEFYYDSESK (K) 20.6 2 | 11255 0.15
Kunitz-type protease 379647506 | 2751.7 51.1 (R) QTCGAPR (K) 903 | 2 | 7894 | 150
inhibitor
(R) IYYNPDSNK (C) 119.8 2 1113.5 4.42
Ig{) RIYYNPDSNKcEVFEFYGGCcGGNDNNFETR ( 453 3 3493 5 6.15
(K) FeNLAPESGR (C) 38.8 2 | 11505 | -1.25
I'(<l;{) IYYNPDSNKcCEVFFYGGcGGNDNNFETRK ( 343 4 3465.5 0.89
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. Accession | Protein % . . Peptide Mass AM
Protein no. (gi) score Coverage MS/MS derived peptide(s) score z (Da) (ppm)
(K) cEVFFYGGcGGNDNNFETR (K) 84.2 2 22429 2.99
)(R) IYYNPDSNKcEVFFYGGcGGNDNNFETR (K 7.0 3 3337.4 938
Kunitz protease inhibitor-11 87130864 1635.1 25.0 (K) FCFLRPDFGR (F) 131.9 3 | 1314.6 2.24
(R) ENTNNEDTR (D) 117.4 2 1110.5 2.79
(R) SRENTNNFDTR (D) 134.9 2 1353.6 3.16
(N)NEDTR (D) 82.4 1 652.3 0.33
(T) NNFDTR (D) 91.6 2 749.3 -3.87
Kunitz-type serine protease | 153913154 | 719 504 | (R)FYYNPASNQCQGFIYGGCCONANNEETRDQ | 0 ¢ | 3 | 37655 | 1.96
inhibitor 4 cR (H)
)(R) FYYNPASNQcQGFIYGGcGGNANNFETR (D 106.1 3 3006.4 151
(K) FcHLPVDSGICR (A) 37.1 3 1460.7 -1.15
Kunitz-type serine protease | 539977954 | 3519 39.3 (R) IYYNLESNKCEVFEFYGCCCONDNNESTWDE | 1605 | 3 | 30146 | 239
inhibitor B4 cR (H)
(K) cEVFFYGGCcGGNDNNESTWDECR (H) 76.0 2 2791.1 1.09
(R) RIYYNLESNKcCEVFFYGGCcGGNDNNESTWD 26.4 4 4070.7 131
EcR (H)
Kunitz-type serine protease | 36977745 | 4237 48.8 (K) FCYLPADPGECLAHMR (S) 64.0 2 119528 | 1.18
inhibitor B1
(K) EFIYGGCHGNANKFPSR (D) 30.7 2 19539 -5.06
Kunitz-type serine protease | 39977759 | 2230 p38 | (R)FYYNPASNQCQGETYCCCCENANNEETR (D | oo | 3 | 37943 | 0387
inhibitor C6 )
(R) HTcGASGNVGPRPR (I) 21.1 2 1465.7 -0.64
Cysteine-rich secretory protein
Cystglne-rlch secretory 190195321 160.1 30.1 (R) SGCAAAYCPSSEYNYFYVcQYCPAGNIIGK 55.6 3 34695 0.68
protein Dr-CRPK (1)
(K) DEVYGQGASPANAVVGHYTQIVWYK (S) 25.5 2 2770.4 -0.20
(R) RPEIQNEIVDLHNSLR (R) 43.0 3 1933.0 2.14
Chapter IV Page 101



Proteomic analysis of Indian Russell’s Viper (Daboia russelii) venom and its immunological profiling against commercial antivenom

. Accession | Protein % . . Peptide Mass AM
Protein no. (gi) score Coverage MS/MS derived peptide(s) scI:)re z (Da) | (ppm)
(K) WTAITHEWHK (E) 33.8 2 1320.7 2.35
(R) cILNHSPYNSR (V) 31.9 2 1360.6 0.41
(K) TKCPASCFCHNEIT (-) 26.7 2 1736.8 2.63
(R) RPEIQNEIVDLHNSLRR (S) 24.4 4 2089.1 1.01
(K) gGCHSNYLK (T) 21.8 2 | 1089.5 | -4.06
(K) cPASCFcHNETIT (-) 20.8 2 1507.6 0.32
(K) cGENIYmSPYPmK (W) 15.9 2 1621.7 -0.13
(K) MEWYPEAAANAER (W) 148.2 2 1537.7 3.37
(R) SVTPTASNMLK (M) 126.7 2 1148.6 3.77
(R)VIGGIK (C) 84.5 1 586.4 1.14
Cysteine-rich secreto
pz)tein Ch.CROKs, pr;/ L | 190195307 | 1475 122 (R) KPETQNETVDLHNSLR (R) 70 | 3 | 19050 043
(=) SVDFDSESPR (K) 55.7 2 | 11385 | 0.20
(R) KPEIQNEIVDLHNSLRR (S) 41.2 4 2061.1 -0.14
Disintegrin
Jerdostatin 292659514 183.4 45.7 (R) TSVSSHYCTGR (S) 71.7 2 | 12546 | -0.61
(K) LKPAGTTCWR (T) 24.6 3 1189.6 -0.47
(R) SCECPSYPG (N) 14.4 2 | 10564 | -0.46
Nerve growth factor
Venom nerve growth factor 400499 128.5 31.6 (R) INTACVCVISR (K) 77.9 2 | 1292.6 1.18
(K) HWNSYCTTTDTFEVR (A) 60.6 2 1787.8 1.19
(K) cKNPNPVPSGCR (G) 56.2 2 | 1385.6 | 0.23
(K) QYFFETK (C) 109.5 2 | 962.5 3.55
(K) NPNPVPSGCR (G) 114.5 2 | 1097.5 1.72
(R) INTACVCcVISRK (N) 139.7 3 1420.7 7.91
(K) NPNPVPSGCRGIDAK (H) 150.4 3 1581.8 -7.78
Vascular endothelial growth factor
VEGF toxin VR-1 327478537 |  650.9 340 | (R)ETLVSILQEHPDEISDIFRPSCVAVLIR(C) | 553 | 3 [31236 ] 212
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Accession | Protein % . . Peptide Mass AM
no. (gil) score Coverage MS/MS derived peptide(s) score z (a) | (ppm)
(K) HTADIQImR (M) 50.7 2 1100.6 -0.40
(K) QGEPEGPKEPR (R) 128.0 3 1223.6 3.68
(K) cTPVGK (H) 81.8 2 | 661.3 5.22
(K) FmMEHTACECRPR (W) 145.0 4 | 1609.7 | -0.23
(R) cSGccTDESmMK (C) 121.2 2 | 13504 | 433
(A) cECRPR (W) 92.3 2 877.4 -0.18
(H) TACECRPR (W) 106.5 2 | 1049.5 | 3.66
(R) ¢SGccTDESmMKCcTPVGK (H) 15.3 3 119928 | -0.17
;;‘zig;ﬂzr endothelial growth | 35788518 | 557 9.4 (K) QLELNER (T) 412 | 2 | 9015 | -0.42
(K) QENHCEPCcSER (R) 29.5 2 | 14285 | -0.83
Snaclec
Snaclec 4 73620112 443.1 49.3 (K) FVVNLISENLEYPATWIGLGNmWK (D) 804 2 2810.4 5.59
(K) ALAEESYcLImITHEK (V) 69.5 2 | 19239 | 5.13
(K) KGSHLVSLHSR (E) 61.8 2 | 1220.7 | -0.33
(K) FVVNLISENLEYPATWIGLGNmMWKDCR (M) 56.9 3 3241.6 2.44
)(R) EEEKFVVNLISENLEYPATWIGLGNmWK (D 537 3 33257 426
(K) SmTcNFIAPVVCKE (-) 53.6 2 | 1689.8 1.38
(K) SmTcNFIAPVVCK (F) 49.5 2 1542.7 2.89
(K) GSHLVSLHSR (E) 41.8 2 | 1092.6 | -0.48
(K) VETEEmMNWADAEK (F) 88.0 2 1585.7 1.63
(R) mEWSDRGNVK (Y) 24.2 2 | 1237.6 | -1.41
Snaclec 3 73620111 900.4 46.0 (K) AWNEGTNCFEVFK (I) 52.2 2 | 1472.6 | 040
(K) VETEEmMNWADAEKFcTEQHK (G) 26.0 3 2516.1 1.14
(K) GSHLLSLHNIAEADFEVLKK (T) 24.1 4 2092.2 1.23
Dabocetin beta subunit 300490464 756.2 26.7 (K) TWEDAEK (F) 101.3 2 878.4 3.54
(K) VENEK (K) 84.1 1 636.3 -1.72
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Accession | Protein % . . Peptide Mass AM
no. (gil) score Coverage MS/MS derived peptide(s) scI:)re z (a) | (ppm)
(K) KTWEDAEK (F) 112.9 2 1006.5 4.44
(V) FNEK (K) 73.6 1 537.3 -1.88
(R) WSDGVNLDYK (N) 59.3 2 | 1196.6 0.31
(R) SSEEMDEVIR (M) 57.9 2 | 1228.6 1.34
(R) FDFFWIGLR (D) 44.6 2 | 1200.6 1.88
(R)mTFPIFR (F) 31.5 2 927.5 0.09
P68 alpha subunit 300490470 1090.2 61.4 (R) TWENLScGDDYPFVCK (F) 75.5 2 | 2008.9 6.62
R) SGDAETFCcTEQANSGHLVSIESVEEAEFVA
Q(L)ISENIK o © 664 | 3 | 4139.0 | 545
(K) TPADYVWIGLR (N) 42.5 2 1290.7 5.66
(R) KAQYCISK (W) 33.8 2 997.5 -0.51
(K) NCFGLEK (E) 32.3 2 867.4 -1.49
(K) AFDEPKR (S) 29.3 2 862.4 0.03
(K) WTDGSSVIYK (N) 21.6 2 1155.6 4.70
Dabocetin alpha subunit 300490462 1659.6 36.4 (K) cFGLNK (E) 88.3 2 738.4 0.97
(K) YHEWITLPCGDK (N) 145.6 2 | 1518.7 2.60
(R) QQCcSSHWTDGSAVSYETVTK (Y) 189.8 3 2271.0 4.61
(K) cFGLNKETK (Y) 117.7 2 | 1096.5 1.43
(K) NPFICK (S) 92.2 2 778.4 -0.33
(K) YHEWITLPcGDKNPFICK(S) 191.1 4 2278.1 1.15
(K) ETKYHEWITLPCcGDK (N) 169.4 3 | 18769 | -6.92
(K) SWVLH- 22.1 2 641.3 5.76
(K) YHAWIGLR (D) 20.1 2 1015.6 5.16
P31 beta subunit 300490488 113.2 16.0 (K) GSHLASIHSSEEEAFVSK (V) 64.5 2 | 19149 | -0.85
(R) IFWENR (G) 31.6 2 882.5 4.80
P31 alpha subunit 300490478 111.8 34.5 (K) FCTEQANSGHLVSIK (S) 38.9 2 | 1690.8 | -1.43
(K) WDYVNCAEHYR (E) 25.3 3 1512.6 -0.18
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4.1.3.2 The proteome composition of EI RVV samples

Proteomic analysis of all the GF fractions (GF1 to GF10) against the Viperidae entries
of the NCBI database initially identified 1585 and 1192 redundant venom proteins in EI RVV
(B) and EI RVV (N), respectively. However, following our stringent workflow for protein
identification (see section 3.2.1.7), the minimum number of proteins distributed among 15
snake venom protein families of EI RVV (B) and EI RVV (N) proteomes were found to be 73
and 69, respectively (Figs. 4.10a,b; Table 4.4a). In addition to the protein families identified
in WI RVV, aminopeptidase (APase), glutaminyl cyclase (GC), and hyaluronidase (Hya)
were also detected in the venom proteomes of EI RVV (B) and EI RVV (N) (Table 4.4a). The
relative abundances of the identified protein classes in EI RVV (B) and EI RVV (N) are
shown in Figs. 4.10a,b. The alignments of MS/MS-derived peptide sequences of EI RVV (B)
and EI RVV (N) with the homologous proteins from the Viperidae entries of NCBI database
are shown in Figures 4.10c,d. The lists of identified peptide ions in EI RVV (B) and EI RVV
(N), their m/z, charge (z), score for the ID, and AM (Da) are shown in Tables 4.4b,c.

a NGF
ceip: D% NOE veor b VEGF SREP 139% o .
3.88% © 1.11% PLA, 3.45% 2 LA
s =" 21.50%
\ 22.19% Snaclec i

Snaclec
11.10%

12.05%

PDE o LAAOC
0.74% 0280 1.67% 13.89%

Fig. 4.10. Protein family composition of a. EI RVV (B) and b. EI RVV (N). Abbreviations:
PLA,, phospholipase A,; SVMP, snake venom metalloprotease; SVSP, snake venom serine
protease; PDE, phosphodiesterase; NT, nucleotidase; LAAO, L-amino acid oxidase; APase,
aminopeptidase; GC, glutaminyl cyclase; PLB, phospholipase B; Hya, hyaluronidase; KSPI,
Kunitz-type serine protease inhibitor; CRISP, cysteine-rich secretory protein; Dis,

disintegrin; NGF, nerve growth factor; VEGF, vascular endothelial growth factor.
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Table 4.4a. Summary of the identified proteins in EI RVV (B) and EI RVV (N) by LC-MS/MS analysis and database search against
Viperidae family (taxid 8689) of proteins of the NCBI database.

EI RVV (B) EIRVV (N)
. . s . MW Relative GF Relative GF
Accession no. Protein Description Source organism Covera Covera
(Da) -101gP abunda fraction -101gP abunda fraction
ge (%) ge (%)
nce (%) (s) nce (%) (s)
Enzymatic proteins
Phospholipase A,
AAZ53182.1 Basic phospholipase A, D. russelii 15864 267.7 70 1.70 1-5,7-10 305.9 84 241 1-6, 8-10
AAZ53180.1 Acidic phospholipase A, D. russelii 15329 305.6 70 4.23 1-5,9, 10 283.1 81 6.05 1-10
Acidic phospholipase A, DsM-
A8CG78.1 D. siamensis 15586 188.3 58 1.85 2,4-10 198.0 41 2.27 4-6, 8-10
a2/DsM-a2'
CAA48456.1 Phospholipase A, D. russelii 15555 162.7 25 0.91 2,3,5 114.1 26 0.20 2,5
CAE47208.1 Ammodytin [12(A) variant V. a. aspis 15180 94.6 23 1.08 3-6, 10 70.6 22 1.62 4-6, 10
ABY77928.1 Phospholipase A, Sistrurus miliarius 15750 69.2 8 0.81 5-7 65.3 8 0.38 6
AHJ09529.1 Phospholipase A, T. albolabris 15867 48.9 12 2.63 1-5,7,8 58.6 12 1.57 2-5
AAN59979.1 Vaspin A V. a. zinnikeri 15411 80.5 25 0.49 3-4 46.8 11 0.05 5
ABD24037.1 Phospholipase A,-II D. r. russelii 15865 236.0 70 1.12 4 ND ND ND -
Basic phospholipase A, RVV-
P81458.1 VD D. russelii 13626 178.3 54 1.97 2-9 ND ND ND -
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EI RVV (B) EIRVV (N)
. . o . MW Relative GF Relative GF
Accession no. Protein Description Source organism Covera Covera
(Da) -101gP %) abunda fraction -101gP %) abunda fraction
ge (7o ge (7o
nce (%) (s) nce (%) (s)
PODKR3.1 Acidic PLA, Cblalpha Pseudocerastes fieldi 13625 102.1 39 0.31 4 ND ND ND -
COHJLS&.1 PLA, nigroviriditoxin B. nigroviridis 14126 83.5 28 0.86 4-7 ND ND ND -
CAE47242.1 Ammodytin 12(C) variant V. a. montandoni 15419 80.9 26 0.40 4 ND ND ND -
AAMB0564.1 Acidic phospholipase A, C. viridis viridis 15549 68.0 17 0.44 4-5 ND ND ND -
ADGS86231.1 Phospholipase A, V. ursinii 15316 66.5 26 0.36 4 ND ND ND -
AHJ09559.1 Phospholipase A, G. brevicaudus 15739 58.6 14 1.01 5-6 ND ND ND -
COHK16.1 Daboxin P D. r. russelii 13612 51.0 23 0.36 4 ND ND ND -
AHJ09557.1 Phospholipase A, G. brevicaudus 15852 46.7 14 0.77 5-6 ND ND ND -
JAV01879.1 BATXPLA, Bothrops atrox 15515 45.8 14 0.47 4-5 ND ND ND -
PODJJS.1 Basic phospholipase A, BP-I P. flavoviridis 15537 33.6 11 0.27 4 ND ND ND -
F8QNS5I.1 Acidic PA, Vur-PL3 V. renardi 15318 31.6 18 0.18 4 ND ND ND -
AAZ53183.1 Basic phospholipase A, D. russelii 15461 ND ND ND - 223.6 82 2.79 1-10
ACB59359.1 Phospholipase A, M. lebetina 15459 ND ND ND - 74.6 32 1.44 5
CAE47167.1 Ammodytin I1(F) isoform V. a. atra 15400 ND ND ND - 58.5 25 2.51 9
AAWO92122.1 | K49 phospholipase A, T. gracilis 15508 ND ND ND - 39.3 7 1.19 6
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EI RVYV (B) EIRVV (N)
. . . . MW Relative GF Relative GF
Accession no. Protein Description Source organism Covera Covera
(Da) -101gP abunda fraction -101gP abunda fraction
ge (%) ge (%)
nce (%) (s) nce (%) (s)
Snake venom metalloprotease
Hemorrhagic metalloproteinase
AAZ39880.1 ) D. russelii 69555 2753 37 6.03 1-5,7-10 310.9 42 3.53 1-5,7,9
russelysin
ADJ67475.1 Factor X activator heavy chain | D. r. russelii 69521 252.6 25 3.97 1-4,7,9 256.6 31 2.01 1,2,4,5
ADJ67473.1 Factor X activator light chain 2 | D. r. russelii 18273 188.6 63 1.86 1-3 184.5 60 1.17 1-3
ADJ67474.1 Factor X activator light chain 1 | D. r. russelii 16984 195.2 53 0.72 1-3 177.0 48 0.82 1-3
ADI47593.1 Metalloproteinase, partial E. c. sochureki 28319 148.2 9 1.19 1-3 146.1 12 0.53 1-2
AAT91068.1 Factor X activator light chain 2 | M. lebetina 18094 127.8 24 1.73 1-3 143.1 24 1.03 1-3
AFE61611.1 Factor X activator light chain 2 | D. russelii 18324 118.0 34 1.66 1-2 123.4 34 0.88 1-2
AAX38182.1 VLAIP-B M. lebetina 68843 104.0 5 1.19 1-2 108.6 5 1.56 1-2
Snake venom metalloproteinase
JAC96600.1 K E. coloratus 48851 79.0 3 0.81 2-4 ND ND ND -
Group III snake venom
ADWS54349.1 ] ) E. ocellatus 32052 84.3 12 0.61 1 ND ND ND -
metalloproteinase, partial
Coagulation factor X activating
AAB22477.1 D. russelii 47975 ND ND ND - 237.1 36 1.18 1-3
enzyme heavy chain
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EI RVV (B) EIRVV (N)
. . o . MW Relative GF Relative GF
Accession no. Protein Description Source organism Covera Covera
(Da) -101gP abunda fraction -101gP abunda fraction
ge (%) ge (%)
nce (%) (s) nce (%) (s)
AAX38181.1 VLAIP-A M. lebetina 68710 ND ND ND - 175.8 13 1.54 1,2,4,5
ADI47654.1 Metalloproteinase, partial E. coloratus 55138 ND ND ND - 124.3 6 0.30 1
ADI47578.1 Metalloproteinase, partial E. c. sochureki 63999 ND ND ND - 110.0 6 1.95 1,2,4,5
Snake venom serine protease
Factor V activator RVV-V
P18965.2 D. siamensis 28823 296.3 72 3.92 2-8, 10 233.0 74 2.53 2-6
gamma
Serine beta-fibrinogenase-like
ADP88560.1 D. siamensis 28035 169.1 39 0.79 1-2 222.5 52 1.07 1-3
protein precursor
Enzymatically inactive serine
AMB36342.1 ) ) ) V. a. ammodytes 28928 173.6 30 2.25 2-10 216.2 30 2.29 2-7
proteinase-like protein SPH-1
E0Y418.1 Serine protease VLSP-1 M. lebetina 28702 175.7 29 0.95 1-3 204.1 34 0.51 2-3
Factor V activator RVV-V
P18964.1 D. siamensis 26182 298.0 80 4.51 3-10 192.8 67 0.80 1,5-6
alpha
E0Y420.1 Serine protease VLSP-3 M. lebetina 28352 157.2 16 0.08 2 187.4 20 0.44 1,2,5
. . Agkistrodon
JAS04410.1 Serine proteinase 3 o 28246 74.5 9 0.36 2 394 9 0.51 3
piscivorus
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EI RVV (B) EIRVV (N)
. . o . MW Relative GF Relative GF
Accession no. Protein Description Source organism Covera Covera
(Da) -101gP abunda fraction -101gP abunda fraction
ge (%) ge (%)
nce (%) (s) nce (%) (s)
E0Y419.1 Beta-fibrinogenase M.. lebetina 28297 161.0 24 0.19 ND ND ND -
Thrombin-like enzyme gyroxin | C. durissus
BOFXM1.1 29347 106.6 5 0.81 -4 ND ND ND -
B1.3 terrificus
E5LOE3.1 Alpha-fibrinogenase-like D. siamensis 28496 ND ND ND 213.6 58 1.75 4-7
Venom serine proteinase-like
Q9PT40.1 ) M. lebetina 28894 ND ND ND 164.3 35 1.50 4-7
protein 2
AMB36345.1 Serine proteinase SP-4 V. a. ammodytes 28587 ND ND ND 138.2 27 0.41 2-3
JAA98034.1 Kallikrein-CohLL-4 C. oreganus helleri 28517 ND ND ND 122.7 18 0.68 2,5,6
JAA98031.1 Kallikrein-CohLL-7 C. o. helleri 28132 ND ND ND 89.6 12 0.90 3,5,6
Gyroxin-like B1 7 serine C. durissus
ABY65931.1 28184 ND ND ND 86.0 12 0.32 6
protease precursor terrificus
Snake venom serine protease
E5AJX2.1 o V. nikolskii 28216 ND ND ND 79.0 8 0.47 3,5
nikobin
Venom serine proteinase-like
Q5W958.1 B. jararaca 27815 ND ND ND 50.2 7 0.08 5
HS120
Accession no. Protein Description Source organism MW EI RVV (B) EI RVV (N)
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(Da) Relative GF Relative GF
Covera Covera
-101gP abunda fraction -101gP abunda fraction
ge (%) ge (%)
nce (%) (s) nce (%) (s)

L-amino acid oxidase

Secreted L-amino acid oxidase
ACF70483.1 D. russelii 56888 299.5 56 1.67 1-2 301.6 58 0.85 1,2

precursor
Q4F867 L-amino-acid oxidase D. siamensis 46372 ND ND ND - 284.2 57 0.65 1
Phosphodiesterase
BANS89426.1 Phosphodiesterase Ovophis okinavensis | 96239 172.1 12 0.74 1 ND ND ND -
AHJ80885.1 Phosphodiesterase M. lebetina 96181 ND ND ND - 255.6 31 0.49 1,2
5’-Nucleotidase
AHJ80886.1 S'-nucleotidase, partial M. lebetina 45031 213.9 46 0.96 1-2 235.6 43 0.51 1,2,5
Glutaminyl cyclase

Glutaminyl-peptide
AFE84762.1 D. russelii 42267 118.7 27 0.07 2 159.3 39 0.38 2,3,5

cyclotransferase
Phospholipase B
BANS2155.1 Phospholipase B O. okinavensis 64133 ND ND ND - 335 4 0.06 2
Hyaluronidase
ABI33950.1 Truncated hyaluronidase E. c. sochureki 22537 41.9 3 0.10 1,5 438 5 0.05 1,5
Accession no. Protein Description Source organism MW EI RVYV (B) EIRVV (N)
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(Da) Relative GF Relative GF
Covera Covera
-101gP abunda fraction -101gP abunda fraction
ge (%) ge (%)
nce (%) (s) nce (%) (s)
Aminopeptidase
XP 01567606
- Xaa-Pro aminopeptidase 2 P. mucrosquamatus | 77032 132.4 14 0.46 1 ND ND ND -
Non-enzymatic proteins
Kunitz-type serine protease inhibitor
ABD24041.1 Kunitz protease inhibitor-I1 D. r. russelii 9683 260.0 64 8.33 1-10 286.5 46 8.74 1-10
ABD24040.1 Kunitz protease inhibitor-I D. r. russelii 9287 228.2 56 6.51 1-10 225.2 62 6.23 1-3,5-10
Kunitz-type serine protease
A8Y7PI1.1 D. siamensis 9318 156.9 46 0.98 5-7,9, 10 178.9 49 222 3-6, 8, 10
inhibitor B1
AFD04724.1 Kunitz-type protease inhibitor | D. russelii 10132 142.4 50 1.25 5-8, 10 159.4 50 297 3-8, 10
ABD24043.1 Kunitz protease inhibitor-IV D. r. russelii 9145 157.1 48 2.65 2,4-10 128.8 48 2.74 2,4-8
Kunitz-type serine protease
A8Y7NS.1 D. siamensis 10006 152.3 49 0.59 7 ND ND ND -
inhibitor C5
Snaclec
ADK?22822.1 Dabocetin beta subunit D. r. russelii 18023 256.2 72 3.15 1-5,7-9 260.3 75 2.55 1-5,8
ADK22821.1 Dabocetin alpha subunit D. r. russelii 17493 230.9 77 2.57 1-10 259.8 80 2.28 1-6,8,9
Accession no. Protein Description Source organism MW EI RVYV (B) EIRVV (N)
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(Da) Relative GF Relative GF
Covera Covera
-101gP abunda fraction -101gP abunda fraction
ge (%) ge (%)
nce (%) (s) nce (%) (s)
ADK22825.1 P68 alpha subunit D. siamensis 17996 200.0 61 1.09 1-4 2233 65 1.22 1-3,5
ABWS82662.1 C-type lectin M. lebetina 17759 165.3 41 0.10 2 171.7 37 0.21 2
C-type lectin-like protein
AAY63871.1 D. siamensis 16923 195.2 53 0.66 1-2 177.0 48 0.82 1-3,
subunit 2
ADK22833.1 P31 alpha subunit D. r. russelii 18106 207.6 61 0.36 2-3 154.3 56 0.53 2,3,5
ADK22834.1 P31 beta subunit D. r. russelii 17378 164.3 32 0.90 2-3 146.2 28 0.34 2,3
C-type lectin-like protein
AAY63870.1 D. siamensis 18337 118.0 34 0.96 1-2 123.4 34 0.88 1,2
subunit 1
AJO70722.1 C-type lectin-like protein 2B M. lebetina 17458 109.2 16 0.22 3 46.5 6 0.05 1
AMK37409.1 C-type lectin 2 Bitis arietans 17891 77.5 19 0.46 1 ND ND ND -
JAC96622.1 C-type lectin E, partial E. coloratus 11591 69.6 16 0.22 3 ND ND ND -
B4XSZ1.1 Snaclec A16 M. lebetina 17778 49.7 11 0.22 3 ND ND ND -
Q7LZKS5.1 Snaclec bitiscetin subunit alpha | B. arietans 14935 49.3 6 0.22 3 ND ND ND -
C-type lectin-like protein
AAY63872.1 ) D. siamensis 16910 ND ND ND - 232.6 74 1.93 1,2,5
subunit 3
Q4PRC9.1 Snaclec 4 D. siamensis 16811 ND ND ND - 198.3 69 1.11 1-3
Accession no. Protein Description Source organism MW EI RVYV (B) EIRVV (N)
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(Da) Relative GF Relative GF
Covera Covera
-101gP abunda fraction -101gP abunda fraction
ge (%) ge (%)
nce (%) (s) nce (%) (s)
ABWS82659.1 C-type lectin M. lebetina 17717 ND ND ND - 923 19 0.12 2,5
Cysteine-rich secretory protein
ACE73567.1 CRISP Dr-CRPK D. russelii 26688 255.2 41 2.24 2-7 265.4 65 1.87 2-6, 8
ALB06109.1 Cysteine-rich secretory protein | G. intermedius 26880 150.1 16 1.30 2-5 ND ND ND -
AAP20602.1 Cysteine-rich venom protein P. jerdonii 26865 78.6 6 0.33 4 ND ND ND -
Deinagkistrodon
ACE73575.1 CRISP Da-CRPa, partial 24743 ND ND ND - 183.4 28 1.21 1,4,5
acutus

Vascular endothelial growth factor
ACN22046.1 VR-1 precursor D. r. russelii 16278 202.9 47 0.63 2-3 226.9 65 3.45 1-4,
P82475.2 VEGF toxin ICPP M. lebetina 12574 90.8 25 0.49 2-3 ND ND ND -
Nerve growth factor
AAA03282.1 Nerve growth factor D. russelii 13283 152.8 18 1.11 2-3 174.6 57 0.73 1-3,5
Q2XXL6.1 Venom nerve growth factor 1 Azemiops feae 25024 72.6 9 0.45 3 ND ND ND -
Disintegrin
AAP20878.1 Jerdostatin P. jerdonii 11849 104.1 27 2.24 6-10 91.7 19 1.38 6-8, 10

ND: not detected by LC-MS/MS analysis
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Fig. 4.10c. Alignment of tryptic and semi-tryptic peptide sequences identified in EI RVV (B) with Viperidae proteins from NCBI database.
The protein alignment was done using Clustal Omega programme (https://www.ebi.ac.uk/Tools/msa/clustalo/). The number of proteins in
each protein classes is shown in parenthesis. The distinct peptides obtained for each of the following proteins is highlighted in green or
yellow (two colours have been used in case of adjacent distinct peptides). The amino acid substitutions within the overlapping distinct
peptides obtained from MS/MS are highlighted in red colour. The LC-MS/MS identified peptides other than distinct peptides are shown in

blue or red colour.

Phospholipase A; [21]

PODJJS. 1 MRTLWIMAVLLLGVDGSLVQLWKMI FQETGKEAAKNYGLYGCNCGVGRRGKPKDATDSCCYVHKCCYKKVTGCDPKMDSY SY SWKNKATVCGEKNPPCLKQVCECDKEVANCTRENLGTY
CAR48456.1 MRTLWIVAVCLIGVEGNLFQFARMINGKLGAFSVINYISYGCYCGWGGOGHPKDATDRCCFVHDCCYGGVKGCNPKLATYSYSFORGNIVCGRN-NGCLRT ICECDRVAANCFHONKNTY
AAZ53182.1 MRTLWIVAMCLIGVEGNLFQFARMIDAKQEAFSFFKY ISYGCYCGWGGQGTPKDASDRCCFVHDCCYARVKGCNPKLVEYSYSYRTGKIVCETY-NRCKREVCECDREAARCT.GBNvNTY
ABD24037.1 MRTLWIVAMCLIGVEGNLFQFARMIDAKQEAFSFFKYISYGCYCGWGGQGTPKDASDRCCFVHEDCCYARVKGCNPKLVEYSYSYRTGKIVCETY-NRCKRAVCECDRAARCT.GfDVNTY
AHJ09529.1 MRTLWIMAVLLVGVEGHLMOFENMIMKVAGRSGIWWYGSYGCYCGKGGOGRPQDAEDRCCFVHDCCYRENGCDPKDDFYKY SEENGDIVCEED-NPCTKETCECDKAAATCFRDNIETY
AAMB0564.1 MRTLWIVAVLLLGVEGSLVQFEMLIMKVAKRSGLFSYSAYGCYCGWGGHGRPQDATDHCCFVHDCCYGKVTDCNPKTASYTYSEENGE IVCGGD-DPCKK@VCECDRVAATCFRDNIPTY
AHJ09559.1 MRTLWIMAVLLLGVEGSLIQFETLIMKVVKKSGMVIY SNYGCYCGWGGQGRPQDATDRCCFVHDCCYGKVTGCDPKMDVY SFSEENGDIVCGGD-DPCKKEICECDRAAATCFRENINTY
JAV01879.1 MRILWIMAVLLVGVEGNLWQFGKMINEEMGKFAFLNYVSYGCYCGWGGGGEPKDARDRCCFVHEDCCYGKVTGCNAKMDT YTY SRENGDIVCGGD-DPCKKQICECDRVAVICFRDNKDTY
AAZ53180.1 MRTLWIVAVCLIGVEGNLEoFEMIvRMTGKEAVHSET YacycawecocKrPopliTprRecFVEDCCYBTHINDCNPKMATYS Y SFENGDTVCGDN-NLC LKIVCECDREA AR CT.GENVNTY
PODKR3.1  —————————————moo NLFQFGEMIFEKTGKEAVHSYATYGCYCGWGGQGRAMDATDRCCFVHDCCYGRVNGCNPKMATY STSFONGDIVCGDN-DLCLRAVCECDRAAATCLGONVNTY
AAN59979.1 MRTLWIVAVCLIGVEGNLFQFGDMILOKTGKEAVHSYATYGCYCGWGGQGRAQDATDRCCFAQDCCYGRVNDCNPKMATY TYSFENGDIVCGDN-DLCLRAVCECDREAARCT.GlNVNTY
P81458.1 ————m———mmmm— o NLFQFAEMIVKMTGKNPLSSYSDYGCYCGWGGKGKPQDATDRCCFVHDCCYEKVKSCKPKLSLYSYSFONGGTVCGDN-HSCKRAVCECDRVAATCFRDNLNTY
AB8CG78.1 MRTLWIVAVCLIGVEGNLEoFEEMINOKFENEG IS Bl ¥ 6EYCENGERGK PQDAT DRCCFVHDCCYGRVKGCDPKTATYSYSFENGDIVCGED-DPCLRAVCECDRVAATCFRENMNTY
F8ONS51.1 MRTLWIVAVCLIGVEGNLFQFGKMIKYKTGKSALLSYSAYGCYCGWGGQGKPQDPTDRCCFVHDCCYGRVNGCNPKMDTYSYSFLNGDIVCGED-DPCLRATCECDRAAATICFGENVNTY
CAE47208.1 MRTLWIVAVCLIGVEGNLYQFGNMI FKMTKKSALLSYSNYGCYCGRGGKGKPQDATDRCCEVHDCCYMGNGCDPKL.STYSYSFENGDIVCGGD-DPCLRAVCECDRVAATCFGENLNTY
CAE47242.1 MRILWIVVVCLIGVEGNLYQFGKMI FKMTKKEALFSEDYGCYCGWGGKGEPODETDRCCFVEDCCYGRVNGCDPKLTIYSYSFENGDIVCGGD-DPCKRAVCECDRVAATCFGENLNTY
ADG86231.1 MRILWIVAVCLIGVEGNLYQFGKMIRYKTGKEALLSEEDYGCYCGWGGOGHPKDETDRCCFVHDCCYGRVNGCDPKLTIYSYSFENGDIVCGGD-DSCKRAVCECDRVAATCFGENLNTY
COHK16.1  =—==——————mmm— e SLLEFGKMILEETGKLAIPSYSSYGCYCGWGGKGTPKDATDRCCEFVHDCCY@NPDCNNKSKRYRYKKVNGATVCEKG-TSCENRICECDKAAATCFRONLNTY
ABY77928.1 MRTFWIVAVLLVGVEGHLLOFNNMIKFETNKNATPFYAFYGCYCGWGGRGRPKDATDRGCFVHDCCYKLTDCSPKTDIYSYSWKSGVITCGEG-TPCEKQTICECDRAAAVCFGENLPTY
COHJL8.1  ————————mmmmm— o NLHoFfRMTKLETRKEAVPFElFYGCYCGWGGOGHPKDETDRCCFEHDCCYGKLTKCNTKSDLYSYSSKYGFLLCGKG-TWCEEQT CECDRTAATCLRRSLDTY
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AHJ09557.1 MRTLWIMAVLLLGVEGNLLOFNKMIKEETGKNATPFYAFYGCYCGWGGQGKPKDGTDRCCFVHDCCYGRLPNCNTKSDIYSYSLKEGY I TCGKG-TWCEEQTCECDREAABCFRRNLDTY
PODJJS. 1 N-KKYTIYPKPFCKKA--DTC
CAR48456.1 N-KEYKFLSSSKCRQ-RSEQC
ARZ53182.1 N-KGYMFLSSYYCRQ-KSEQC
ABD24037.1 N-KGYMFLSSYYCRQ-KSEQC
AHJ09529.1 Q-NKYWFYPAKYCKE-ESEPC
AAMB0564.1 D-NKYWRFPPENCQE-EPEPC
AHJ09559.1 NDKKYWAFGAKNCPQEESEPC
JAV01879.1 N-KKHRVLNGKNCQE-ASDPC
AAZ53180.1 p-kNYENYHTsHCE-ESEQC
PODKR3.1 N-kNYEHYfTSHCHE-ESEQC
AAN59979.1 D-KNYEYYSTSHCTE-ESEQC
P81458.1 p-kkYENYBPsoclic-TE-oc
A8CG78.1 D-KKYMLYBTFDCRE-ESDOC
F8QN51.1 D-KKYKYYSSSHCTE-TE-QC
CAE47208.1 D-KKYKNYPSSHCTE-TE-QC
CAE47242.1 D-KKYKNYPSSQCTE-TE-QC
ADG86231.1 D-KKYKNYPSSQCTE-TE-QC
COHK16.1 S-KKYMLYPDFLCKG-ELVC—
ABY77928.1 K-KRYMFYPDFLCTD-PSEKC
COHJLS.1 K-LKYMFYLDSYCKG-PSEKC
AHJ09557.1 N-NGYMFYRDSKCTE-TSEEC

Snake venom metalloprotease [10]

BDTA7503. L e
BDWSA349. 1 s e e
ADJ67475.1 MMOVTLLVTTSLAVFPYQGSST I LESGNVNDYEVVY POKVTAMPKGAVKQPEQKYEDTMQYEFEVNGE PVVLHLEKNKI LFSEDYSETHY Y PDGRET TTNPPVEDHCY YHGHT ONDGHS SA
ARZ39880.1 MMOVLLVTICLAVFPYHGSSIILESGNVNDYEVVYPQKVTAMPKEAVKQPEQKYEDAMOYKFEVNGEPVLLHLEKNKDLFSEDYSETHY SPDGREI TTKPLVQDHCYYHGHIQNDAHSSA
JACO6600 .1  mmm e
ARX38182.1 MMQVLLVTICLAVFPYQGSSTILESGNVNDYEVVYPQKT TALPKGATQQPEQKYEDATKYEFKVNGKPVVLHLEKNKGLFSEDYSETHY TPDGRET TINPPVEDHCY YHGRTQNDADSTA
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- - — —_— —

ADJ6TATA . L —m o
T =T T ——— e --ed At A A A i l e A i s A i — A A -A—- i it
ADT67473 . ] e
AFEG161 0.1 —o oo
ADIAT593. ] cm
ADWSA340. 1 oo
ADJ67475.1 SISACNGLKGHFKLRGEMYFIEPLKLSNNEAHAVYKYENIEKEDETPKMCGVTQTNWESDKPIKKASQLVSTSAQ-~---FNKAFIELTITVDHSMAKKCNS--TATNTKIYETVNSANET
ARZ39880.1 SISACNGLKGHFKLRGEMYLIEPLKLSDSEAHAVYKYENVEKEDEALKMCGVTQTNWESDEPIKKASLLVATSERNRYFNPYSYVELI ITVDHSMVTKYKNDLTAIRFNVEELVNTINET
JAC96600.1 —m oo oo QTNWESDEPFKASQLN-LTPEQRTYLKSKKYIELVIVADY IMFWKYDHDLSTIRTRIYEIVNTLNVI
ARX38182.1 STSACNGLKGHFKLQGEMYLIEPLRIPDSEAHATYKYENTEKEDEAPKMCGVTQTNWESDEPTKASQLN-LTPEQRTYLKSKKYVELVIVADY IMFWKYDRSLSTIRTRIYETVNTLNVT
ADT6TATA . L mm oo MGRFIFVS
AATOL068. 1 oo MGRSISVS
ADJ6TAT3. ] oo MGRFIFVS
AFE6L61 L.l —m MGRFISVS
ADTAT593. 1 oo MGHSLGMLEDTKSCTCGA
ADW54349.1 oo RHDHAQLLTNVTLDGTTLGITFVFGMCKSDRSVELIRDYSNITFNMAY IMAHEMGHSLGMLHDTKSCTCGD
ADJ67475.1 FNPLNIHVTLIGVEF--WCDRDLINVTSSADETLDSFGEWRASDLMTRKSHDNALLFTDMRFDLNTLGITFLAGMCOAYRSVCEVOMOCERNFKTAVIMAHELSHNLGMYHDGKNC ICND
AAZ39880.1 FRY Y TRVPIVCEB TS WKNRDLINVTSAANVTLDLFGEWRKSYLLPRKIHDNSQLLTAIDLNGLT IGMAYVSTMCQSKY SVGHvVOBHSEINLRVAVTMAHE T GHNLGLTHDGVYCTCGG
JAC96600.1 YRVLNIYVALVGLEI--WCKGNLINVTSSAYDTLDSFGEWREKDLLNRKRHDNAQLLTGIDFSGAAAGRGYVGRMCQPKYSVGIVQDHNKIYLLVASAMAHEMGHNLGMDHDGIHCTCGA
ARX38182.1 YRFLNIYIALVAVEI--WSKGDLINVTSSAYDTLDSFGEWRERDLLNRKRHDNAQLLTGINFNGPSAGRGFVGRMCQPKYSVGEVOBHSHI YL LVASAMAHEMGHNLGMDHDRIDCTCGA
ADJ67474.1 FGWLVVFLSLSGTEARLDCPSGWLEYEQHCYKGFNDLKNWT DAEKFCTEQK KGO HEVS LRSS e e e s e e e R e R F v VNI T SEN T - ————- YPATW--IGLG--NMWKDCR---
AAT91068.1 FGLLAVFLSLSGTGAGLDCPPDSSPYRYFCYRVFKEQKNWADAERFCAERPNNGHLVSTES-==========~~ MEEAEFVAQLLSKITGKF-—--~ ITHFW--TGLRIEDKKQQCR-~~
ADJ67473.1 FGLLAVFLSLSGTGAGLDCPPDSSPYRYFCYRVFKLRKSWEAAERFCMEHPNNGHLVSIES-—--======-~~ MEEAEFVAKLLSNTTGKF-—--- ITHFW--IGLRIKDKEQECS--~-
AFE61611.1 FGLLVVFLSLSGTGABLDCPPDSSEYRYFCYRVFKEHKTWEAAERFCMEHPNNGHLVSIES-———————---—- MEEAEFVAKLLSNTTGKF-—--- ITHFW--IGLMIKDKEQECS---
ADI47593.1 NPCIMFSEVSEPTPKEFSRCSYDQYRDYLPKYNPKCIFDPPLRNDIVSPAVCGNE IWE-———~ EGEECDCGSPADCENSCCDAATCKLKPGAECGNGECCDKCKTIRTAGTECREARBECD
ADW54349.1 KPCIMFSKESVPPPKEFSSCSYDQYNKYLLKYNPKCILDPPLRKDIASPAVCGNGIWE- -~~~ EGEECDCGSPEDCENPCCDAATCKLKPGAECGNGECCDNCKIRKAGTECREARBECD
ADJ67475.1 SSCVMSPVLSDQPSKLFSNCSIHDYQRYLTRYKPKCILEPPLRKDIVSPPVCGNE IWE-——-- EGEECDCGSPADCQNPCCDAATCKLKPGAECGNGLCCYQCKI KFAGTMCRRARKNECD
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ARZ39880.1 YSCIMSAVLGDQPSKYFSNCSYNQYRRFLTEHNPECT IFPPLRTDIVSPPACGNELLE -~~~ RGEECDCGSPENCRDPCCDAASCKLHSWVECESGKCCNQCRFKRAGTHCREARBECD
JAC96600.1 KSCIMSGILRCETSYLFSDCSREAHRKYLINNMPQCILNKPLKTDIVSPPVCGNYFVE-——-- VGEECDCGSPRNCODQCCDAATCKLRPGAQCGEGVCCYQCKFKRAGTVCRPANGECD
AAX38182.1 KSCIMSGILRCETSYLFSDCSREEHRKYLINKMPQCILNKPLKTDIVSPAVCGNYFVE-———- VGEECDCGSPANCQDRCCDAATCKLRPGAQCGDGVCCYQCKFRRAGTVCRPANGECD
ADJ67474.1 —m——mmm——mm— e MEWSDRGNVKYKALAEESYCL-———--——---—= 1M1 THERVWK SMCBl v CKF - - —— - - —— -~~~
AAT91068.1 ———=—————————— SEWSDGSSVSYDNLLKREFRKCFGL,—=——=--==~ EKGTGYRSWENLFCHEBEPHvckvrPPNC- - - -
ADJ67473.1 ——————mmmm—— o SEWSDGSSVSYDNLGKEEFRKCFVI,—————---— QKESGYRMWFNHKCEEPY PFVCKVPPEC ————— === = = =~ = — —m = oo
AFE61611.1 ———————mm— SEWSDGSSVSYDKLGKEEFRKCFVL——=-----— EKESGYRMWENRNCEERYVEVCKVPPEC— = === === === == —mmm— e
ADI47593.1 vBEHCTGOSAECPRNEFORNGOPCLNNSGYCYNGDCPIMKNQCTLLFSPNATVDVDACFQWNLRGI FDGYCTKETGSYGRRFPCAPQDVKCGRLYCLDKSARKKKRCKTNY S PDDENKGM
ADW54349.1 vBEHCTGOSAECPRNEFORNGOPCLNNSGYCYNGDCPIMLNQCTALFSPSATVAQDSCFORNLQGS YYGYCRKETGHYGKRFPCAAQDVKCGRI YCLDNSFKK—————====——————~~—
ADJ67475.1 vBeaCcTGOSAHC PREBEGONCOPEONNRGYC YNGDCP IMRNQC T SLFGSRATVAKDSCFQENLKGSYYGYCRKEN - - -GRET PCAPODJKCGRTL.FCLNNS PRNKNPCNMHY SCMDOHKGM
AAZ39880.1 KlEQCTGREANCPVDEFHENCRPCUANEGYCYNGKC P TMYHOCHALFGONVTGVQDSCFQYNRLGVY YAYCRKEN - - -GR§ I PCAPKDK CGREFMESYR S PGNQI PCLPYY I PSDENKGM
JAC96600.1 VSDHCTGQSAECPTDHFQKNGOPCLLNRGYCYNGRCPIMIHQCIILWGPGTTVSPDICFOENNKGQGYFYCRREN---NKHIPCAPODRKCGRLFCKLPI-HENTHPCNYRYSDVALDYGM
AAX38182.1 VSDLCTGQSAECPTDQFORNGOPCONNKGYCYNGTCPIMEKQCTSLFGASATVAQDSCFQFNRRGNHYGYCRKEN-~-NTKTACAPEDVKCGRLYCLDNSSGHKNPCQTYY I PSDENKGM
ADT674T 4. L o
AATOL068. 1 —m e e
ADJT67473. 1 m e e
AFEGL61 1.1 oo
ADI47593.1 A
ADW54349.1 —mmmmmmmmm e
ADJ67475.1 VDPGTKCEDGKVCNNKRQCVDVNEAYQSTTGFSQT
AAZ39880.1 VDHGTKCGDGKVCSNG-QCVDLNEAY -————----
JAC96600.1 VDPGTKCGDGMVCNGN-RECV~-======——===~~
AAX38182.1 VDPGTKCGDGMVCSNG-KCVDVTIAY -——————--
ADJ67474.1 mmmmmmmmmm e
AATO1068.1 ———————mmmm e
ADJ67473.1 mmmmmmmmmm e
AFE61611.1 ——mmmmmmmm e
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Snake venom serine protease [9]

P18964.1 —mmmmmmmmmmmmm vllcepEcnTNEHPFLVATHTETSSTHHCEGAL INBEWVLTAAHCDRRNTRTKLGMHSKN T RNEDEQTRVPRGKY FCLNTKFPNGLDKDIMLTRLRR
P18965.2 MVLIKVLANLLVLQLS YAQKSSELVVGGDECNINEHPFLVALYTSASSTlHCHEGAL INBEWVLTAAHCDRRNTRIKLGMESKNTRNEDEQTRVPRGKY FCLNTKFPNGLDKDIMLIRLRR
BOFXMI .1 MVLIRVLANLLILQLSYAQKSSELVIGGDECNINEHNFLVALYEYWSQSFLCGGTLINEEWVLTAACDRKHT LT YVGVHDRSVQF DKEQRRFPKEKY FFNCRNNFTKWDKDIML TRLNK
AMB36342.1 MVLIRVLANLLVLOLSYAQKSSELVEGGDECNINEHPFLVALETER SKREYClGTL INBEWVL TAABCDRKNTRT I LGVHSKNVPNEDEQMRV PKERFFCLSSKTYTRWDKD IMLTRLKR
EO0Y418.1 MVLIRVLANLLVLHLSYAQKSSELVIGGDECNINEHPFLALMYNS TSMKFHCSGTLLNEEWVLTAAHCDMENMOT Y LGVHDKKN PNKDQQTRVPKEMFFCLSNKS Y TPWDKDIMLTRLNS
JAS04410.1 MVLIRVLANFLILQLSYAQKSSELVIGGDECNINEHRSLALMYNSS--GFICGGTLINQEWVLTAAHCNMENMK I DFGVENGRVEY DDMQTRVPEEKFFCLS SNNDTEWDKDIMLIRLDR
ADP88560.1 MVLIKVLANLLVLQLSYAQKSSELVVGGDECNINEHRSLVFLYN-N--SFGCSGTLINQOWVLSAVHCDMENVRI YLGVHNLTLRNNA-ETRLPEERFFCL.SNKNY TKWDKDIML I KEDR
E0Y419.1 MVLIRVLANLLLLQLSHAQKSSELVVGGDECNINEHRSLVFLYN-S--SFGCGGTLINQEWVLSAAHCDMENMRI Y LGWENFSLPNMNQKRRVAKEKFFCLSSKNY TEWDKDIMLIKMNR
E0Y420.1 MVLIRVLANLLVLOLS YAQKSSELVIGGDECNINEHRSLVYLYNDS--NFQCGGTLINQEWVL,SAAHCDMENME T Y LGVENT,ST,PNKDQKRRDPKEKFFCTLSSKNY TKWDKDTMLTKLNR
P18964.1 PVTYSTHIAPVSLPSRSRGVGSRCRIMGWGKISTTEDTYPDVPHCTNIFIVKHKWCEPLYP--WVPADSRTLCAGI LKGGRDCHGDSGGPLICNGOIBGTVABGSEPCGOHLKPARY TK
P18965.2 PVTYSTHIAPVSLPSRSRGVGSRCRIMGWGKISTTEDTYPDVPHCTNI FIVKHKWCEPLYP--WVPADSRTLCAGI LKGGRDTCHGDSGGPLICNGEMEAGTVABGSEPCGOHLKPARYTK
BOFXM1.1 PVSYSEHIAPLSLPSSPPIVGSVCRVMGWGT IKSPQETLPDVPHCANINLLDYEVCRTAHPQFRLPATSRILCAGVLEGGI DTCHRDSGGPL ICNGEFQGTVSWGDGPCAQPDKPALY SK
AMB36342.1 PVNDSTHIAPLSLPSSPPSVGSVCRIMGWGT I TTTKVTYPDVPHCADINMFDY SVCQKVYR--KLPEKSRTLCAGILQGGT DCKVDNGGPLICNGQIQGIVSWGGY PCAQPHKPALY TN
E0Y418.1 PVTYSTHIAPFSLPSSPPTVGSVCRIMGWGAITSPNETYPDVPHCANIE IflYSVCRKANGESGUPERSRTLCAGVLQGGIDfctADSGGPLICNGOFfcTVAIGREPCAOPOT.PARYTK
JAS04410.1 PVRNSAHIAPLSLPSNPPRLGSVCRIMGWGAITSPNETFPDVPHCANINT IRYSVCQAVYL--GMPVQSRILCAGI LRGGIDSCKGDSGGPLLCNGQFQGILSAGGDPCAQPRVPGLYIK
ADP88560.1 BURTsTlI2PLSLPSSPERVGSVCRIMGHGAITSPNETFPGVTHCANIN I Y SVCRAAYK--GLPAQSRTLCGGILEGGIGSCMGDSGGPLICNGEMHGIVAWGDDTCAQPHKPVHY TK
EO0Y419.1 PVTYSTHVAPLSLPSSPPSVGSVCRIMGWGATTSPNETYPDVPHCANINTI LNYTVCRAAHP--WLPAQSRTLCAGILQGGI DICKGDSGGPLICNGQTIQGTVSWGDNPCAQPLKPGHY TN
E0Y420.1 PvKTSTHIAPLSLPSSPPEVGSVCRIMGWGTVTSPNETLLDVPHCANINI LNY TVCRAASP--RLPTQSRTLCAGILOGGI DACKGDSGGPLICNGQIQGIVSWGNHPCAQPLKPGHY TH
P18964.1 VFDYNNWIQNIIAGNRTVTCPP
P18965.2 VFDYNNWIQSTIAGNRTVTCPP
BOFXM1.1 VFDHLDWIQNIIAGSETVNCPS
AMB36342.1 VFDYTDWIQSIIAGNITATCPP
E0Y418.1 VFDYSDWIQSIIAGNTAATCPS
JAS04410.1 VEDYTDWIQSTTAGNTAATCPP
ADP88560.1 VEDYTDWIQSIIAGNTAATCPP
E0Y419.1 VFDYTDWIQSIIAGNTTATCPP
E0Y420.1 VEDYTDWIQSIIAGNTTATCPP
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L-amino acid oxidase [1]

ACF70483.1 MNVFFMFSLLFLATLGSCADDKNPLEECFREDDYEEFLEIAKNGLKKTSNPKHIVIVGAGMSGLSAAYVLAGAGHKVTVLEASERPGGRVRTHRNVKEGWYANLGPMRVPEKHRIIREY T
RKFGLKLNEFVQETENGWYFIKNIRKRVGEVKKDPGLLKYPVKPSEAGKSAGQLYQESLGKAVEELKRTNCSYILNKYDTYSTKEYLIKEGNLSPGAVDMIGDLLNEDSGYYVSFIESLK
HDDIFAYEKRFDEIVGGMDQLPTSMYRAIEESVHFKARVIKIQONAEKVTVTYQTTOKNLLLETADYVIVCTTSRAARRITFKPPLPPKKAHALRSVHYRSGTKIFLTCTKKFWEDDGIQ
GGKSTTDLPSRFIYYPNHNFTTGVGVIIAYGIGDDANFFQALNLNECADIVENDLSSTIHQLPKKDLOTFCYPSIIQKWSLDKYAMGAITTFTPYQFQHFSEALTAPVGRIFFAGEYTANA

HGWIDSTIKSGLTAARDVNRASEL

Phosphodiesterase [1]

BAN89426.1 MEMFPEDKDETEMGEKSTLDLIDFQTERITIKRSTLRKYKILCVVLFISLVAVALGLGLGLGLKEPVQPQAQSWSCSKLRCGEKQIANVLCSCSEDCLEKKDCCTDYKSICKGETSWLKDK
CASPSATQCPAGFEESPLILEFSMDGFRAGYLESWDSLMPNINKLKTCGTHAKYMRAVYPTKTFVNHYTIATGLYPESHGIIDNNIYDVNLNLNEFSLSGSAARNPAWNGGQPIWHTATYQG
LKAATYFWPGSEVKINGSYPTIFKNYNKSIPFEARVTEMLKWLDLPKDKRPDFYTLY IEEPDTTGHKYGPVSGEIIKALEMADRTLGMLMEGLKQRNLHNCVNLILLADHGMEEISCDRL
EYMANYEFNNVDFFMYEGPAPRIRSKNVPKDFYTFDSEGIVKNLTCOKPKQYFKAYLSKDLPKRLHYVNNVRIDKVNLMVDQOWMAVRDKKFTRCKGGNHGYDNEFKSMOATIFLAHGPGEN
EKNEVTSFENIEVYNLMCDLLKLKPAPNNGTHGSLNHLLKNPFYTPSPAKEQSSPLSCSFGPVPSPDVSGCKCNSITELEKVNQRLNEFSNQAKTESEAHNLPYGRPEVLONHSKYCLLHQ
AKYISAYSQDILMPLWSSYTIYRSTPTSVPPSASDCLRLDVRIPAAQSQTCSNYQPDPTITPGFLYPPNENSSNFEQYDALITSNIVPMEFKGFTRLWNYFHTTLIPKYATERNGLNVISG
PIFDYNSDGHFDSYNTSKQHVNNTKIPIPTHYFVVLTSCENEMNTPLNCLGPLKVLSFILPHRPDNSESCADTLPENLWVEERIQIHTARVRDVELLTGLNFYSGLKQPLPETLOLKTFEL

PIFVNPVN

5’-Nucleotidase [1]

AHJB80886.1 AREKVGIIGYTTKETPVLSNPGPYLEFRDEVEELQIHANKLTTLGVNKIIALGHSGFFEDQRIARKVKGVDVVVGGHTNTFLYTGSPPSTEVPAGNYPFMVQSDDGRQVPVVQAYAFGKY
LGYLNVVFNDKGNVIKASGNPILLNKDIPEDQVVKAQVNKMKIQLONYYSQEIGKTIVYLNGTTQACRFHECNLGNLICDAVIYNNLRHPDDNEWNHVSMCIVNGGGIRSPIDERANNGI
ITLEELTSVLPFGGTFDLLOIKGSALKQAFEHSVHRHGOGTGELLQVSGIKVVYDLSQKPGSRVVSLNVLCTKCRVPTYVPLEMEKTYKVLLPSFLATGGDGYHMLKGDSSNHNSGDLDT

SIVGDYIKRMEKVFPAVEGRVTFLDGTLFQAQLFLTWGLCISLLFFIL

Glutaminyl cyclase [1]

Q90YA8.1 MARERRDSKAATFFCLAWALCLALPGFPQHVSGREDRVDWTQEKYSHRPTILNATCILOVTSQTNVNRMWONDLHPILIERYPGSPGSYAVROQHIKHRLOGLOAGWLVEEDTFQSHTPYG
YRTFSNIISTLNPLAKRHLVIACHYDSKYFPPQLDGKVFVGATDSAVPCAMMLELARSLDRQLSFLKQSSLPPKADLSLKLIFFDGEEAFVRWSPSDSLYGSRSLAQKMASTPHPPGARN
TYQIQGIDLFVLLDLIGARNPVFPVYFLNTARWEFGRLEATEQNLYDLGLLNNYSSERQYFRSNLRRHPVEDDHIPFLRRGVPILHLIPSPFPRVWHTMEDNEENLDKPTIDNLSKILQVE

VLEYLNLG
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Hyaluronidase [1]
ABI33950.1 MYHIWIKFLAAWIFLKRENGVHVMQAKAPMYRNEPFLVEWNAPTTQCRLRYKEDLVTTVGETAAMGAAGIVEWGSVQYASTVDSCOKVKKYMNGPLGRYIVNVTTAAKICSRVLCRKNGR

CVRKHSDSNAFLHLFPESFRIMVYANATEKKVIVKGKLELENLIYLRENFMCQCYQGWKGLYCEEYSIKDIRKI

Aminopeptidase [1]

XP 015676063.1 MASVSSLLRAWILLSLHGCVTSYPKQADSAAEDIRNCTINPPYLPPTVIVTDERLKTLREHMKTHKLSAYIVPNTDAHLSEYVAERDKRLSWMTGEFSGSEGTGVITLOQKAALFTDSRYWI
QAERQMDCNWELQKSVWINSIGOQWILKEVPAGETIGLDPFLEFSVDTWENYHQVLEGTNRTLEFLEVNLVDLVWGSERLPPPTNTIYRLADDFMGSTWOQEKVASARKOMEEHSKKPTATILL
SGLEETAWLFNLRGDDIPYTPVFYAYTLLTKTDISLFANRSRLSKEALOMLTAGCPESPCVKVEDYEQIGASLRKYVHODGVIIWIGTEYTTLGLYKEIPQENLLEDDFSPVMLSKAVKN
HIRDAVALIRYLVWLEKNVPKNSVDEASGANYLNTLRREELHCKGPSFETISASGLNAALAHYSPSNLTSRKLSLNEMYLLDSGGQYFDGTTDITRTIHWGEPTAFQKEAYTRVLMGNID
LSKLVFPPRSSGRLVESFARRPLWEAGLNYGHGTGHGIGNFLSVHEWPVGFQSNNVPLDKGMFTSIEPGYYHDGEFGIRLEDVALVVQAKTKYPVKEEPYLTFKVVSLVPYARNLINESL

LSRDQIQYINKYYETIRQIIGPELQRRQLEEEYRWLEKNTEPFSHASLLAASLGTLAVSTLASGLLPAAQH

Kunitz-type serine protease inhibitor [6]

ABD24041.1 MSSGGLLLLLGLLTLWAEPTPISGQDRPKFCFLRPDFGRYGHPRPRFYYNPATNQCOGFLAQRSHENENEFTRDKCROTCGRK -~ -~
A8YT7P1.1 MSSGGLLLLLGLLTLWAELTPISGHDRPKFCYLPADPGECLARMRSFYYDSESKKCKEFlYceCHoNENErPSRDKCROTCGGR-————-
AFD04724.1 MSSGGLLLLLGLLALWAELTPISGHDRPKFCYLPADPGECMAY IRSFYYDSESKKCKEFHEYGGCHGNENEFBTRDKCROTCRAPRKGRHT
ABD24043.1 MSSGGLLLLLGLLTLWAELTPISGQDRPKECHIPVDSGICRAH I PREYYNPESNOCOfFlycccBeonENErBTrRDOCRATCGGK-—----
ABYTNS.1 MSSGGLLLLLALLTLWAELTPISGHDRPTFCNLAPESGRCRGHLRREYYNPBSNKCEfFHYccCBeNENEFTRKKCROTCGAPRKGRPT
ABD24040.1 MSSGGLLLLLGLLTLWAELTPISGHDRPTFCNLAPESGRCRGHLRRIYYNLESNKCKIFEYcGCEoNENEFETRDECROTCGGR -~~~

Snaclec [13]
ADK22822.1 MGRFISVGFGLLVVFLSLSGTGARoDCIpwsFlEGHCYKvENE KHTNEDAEKECNEOVNGEY BV S Bl S SEEMBFV I RMTEBPMERF - - DFlWI GLRDFW--RDCYWRWEDGVNL D YHAHS

AJ070722.1 MGRFISVSFGCLVVFLSLSGTGADQDCPSDWS SHEGHCYKVENLRMNWADAEKFCTEVVSGGHL T SLNSAEEVDFMIKLVFPTLKF -~ DEWI GLRDFW--RDCHWGWSDGVKLDYKAWS
ADK22834.1 MGRFIFVSFSLLVVFLPLSGTEABFSCPlcns SHGOlCYKVIEPLKNWT DAEKFCREQHKGSHLAS IS SEEEEFVSKVASKVLKF - -GSV I GLNDPW- -~ HNCNWEWSDNARFDYKAMT
AAY63871.1 MGRFISVSFGWLVVFLSLSGTEAMLDCPfcwL SHEQHCYKGFNDLKNWT DAEKFCTEQKKGSHLVSLHSREEEKFVVNL I SENLEY -~ PATWI GLGNMW--KDCRMEWS DRGNVKYKALA
B4XS71.1 MGRLISVSFGLLVVFLSLSGTGADQDCLPGHSFYEGHCYKVENVKKTWEDAEKFCOKQSNGKHLAT IfWLGKANFVADLVTLMN-SDPDLDWI GLRVEDKRQQCSSHWTDGSAVSYENVV
ADK22821.1 MGRFISVSFGLLVVFLSLSGTG--ADCPSDWSSHEGHCYKVFKL LK TNBDAEKECHOOANCWHEAS IHSVEBANEVACTASE T RE K Y HBwTGLRDOSOR0oCcssHWlDGSAVS YTVT
Q7LZK5.1  mmmmmmmmmmmm e D--PGCLPDWSSYKGHCYKVFKKVETWEDAEKFCVEN--SGHLAS I DSKEEADFVTKLASQTLTKEFVYDAWIGLRDESKTQQCS PQWTDGSSVVYENVD
AAY63870.1 MGRFISVSFGLLVVFLSLSGTGABLDCPEDS SIERYEEYRVFKEHK TWEAAERFCHEHPNNGHLVS ISMEEARFVAKLLSNTTGKF I THFWI GLMIKDKEQECSSEWSDGSSVSYDKLG
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ADK22833.1 MGRFISVSFGLLVVFLSLSGIGARLDCPEGws 2ol Yoavpr RSHBPAERECHECANS CHve 1S VGEANFvAQLASCRMOKBETlIREGER DRRKEQQCRSEWT DGSKT T YVNWK

JACO6622. 1 s NGGHLVSIQSREEGNFVAQLVSGFIQRPGIYVWIGLRDRRKEQQCTSEWNDGSKII YHlINWK
AMK37409.1 MGRFIFLSSGLLVVFLSLSG--ADFECPTEWCPYDQHCYRAFDEPKRSVDAEKFCVEQ--AGHLASIESQEEADFVAQLVSENVKSSPDYVWIGLWNQRKEQYCNKKWTDGSSVI YQNMV
ADK22825.1 MGRFISVSFGLLVVFLSLSGTRADFDCPSGWSAHDQHCYKAFDEPKRSGDAETFClEQANSGHLVS IfsvEEARFVAQL T SERT KT BADY MW CORNORKEOYCI SKWTDGSSVI YKNV I
ABW82662.1 MGRFIFVRFGLLVVFLSLSGTGARFrDCPEDWs AfDOlic YKAFDEPKRSGDAEKFCTQOANGGHLVS IESVEEAEFVAQLI SENIKTSADYVWIGLWNQRKAPYCVSKWTDGS SVI YKNVI

ADK22822.1 RESEPNCEVEKT T - - DNOWHRWNCNDBREFVCKSRVSC--

AJO70722.1 D--EPNCYVAKTV--DYOWLFRDCNRTSRFICKSRVPR-—
ADK22834.1 R--RPYCTVMVLKPDRIFWENRGCEKEVEFVCKFLA----
AAY63871.1 E--ESYCLIMITH--EKVWKSMTCNFIAPVVCKF------
B4XSZ1.1 H--NTKCFGLDQKTGYRTWVALRCELAYHFICMSRVPRGA
ADK22821.1 K--YTKCFGLNKETKYHEWETLPCGDENEF T CKSWVLE- -
Q7LZK5.1 E--PTKCFGLDVHTEYRTWTDLPCGEKNPFICKSRLPH-—
ARY63870.1 KQEFRKCFVlEKESGYRMWENRNCEERYLFVCKVPPEC-—
ADK22833.1 EGESKMCQGLAKEYEARWE Y VNCAEEYRFvCKFPPQY -
JAC96622.1 EGESKMCQGLAKWTDFHEWDNINCADRYRFVCKFPSQC-—
AMK37409.1 ERFRKNCFGLEKESGYRTWENLCCGDBYBFVCKFPPRC--
ADK22825.1 ERFIKNCFGLEKESDYRTWFNLSCGDDYPFVCKFPPRC-—
ABW82662.1 ERFIKNCFGLEKETNYRTWFNLSCGDDYPFVCKSPA---—

Cysteine-rich secretory protein [3]

ALB06109.1 MIVFIVLPILAAVLQQS SGSVDFDSESPRIPE IONEIVDLHNSLRRSVNPTASNMLKMEWSFNAAQNAKRWADRCTFAYSPONLRTVGKLKCGENLFMSSHPFPWTRVIQFWYDENKNEK
AAP20602.1 MIAFIVLPILAAVLQQSSGNVDFDSESPRKPEIQNEITIDLHNSLRRSVNPTASNMLKMEWYPEAAANAERWAYGCIESHSSRDSRVIEGIKCGENIYMSPYPMKWTDITHAWHGEYKDFEFK
ACE73567.1 MIAFIVLPILAAVLQQSSGSVDFDSES PR.PE IQNEIVDLHNSLRRSVTPTASNMLKMEWYPEAAANAERWAFRCILNHSPYNSRVIGGIKCGENIYMSPYPMKWTAI IHEWHKEKKDEV
ALB06109.1 YGVGANPPNAIIGHYTQVVWYKSYLVGCAAARCPSSSYNYLYVCHYCPAGNIIGKIATPYKSGPPCGDCPSACDNGLCTNPLKYEDRFSNCNDLVKQLSCONNNIKSSCPASCFCHNEIK
AAP20602.1 YGVGAVPSDAVVGHYTQIVWYKSYRIGCAAAYCPSAEYSYFYVCQYCPAGNMIGKTATPYTSGPPCGDCPSDCDNGLCTNPCRQENKFTNCDSLVRQS SCQDNYMKTICPASCFCHNE II
ACE73567.1 YGQGASPANAVVGHYTQIVWYKSYRSGCAAAYCPSSEYNYFYVCQYCPAGNIIGKIATPYTSGPPCGDCPSAC DNGLCTNPCSHHDEFTNCKDLV_TICPASCFCHNE II
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Vascular endothelial growth factor [2]
ACN22046.1 MAAYLLAVAILFCIQGWPSGTVQGQVRPFLDVYER-ETLVSILQEHPDEISDIFRPSCVAVLRCSGCCTDESMKCTPVGKHTADIQIMRMNPRTHSSKMEVMKFIEHTACECRPR

P82475.2 = —mmmmmmmmmm—m———————— o QVRPFPDVYQRSACQARETLVSILQEYPDEISDIFRPSCVAVLRCSGCCTDESLKCTPVGKHTVDMQIMRVNPRTQS SKMEVMKFIEHTACECRPR

ACN22046.1 [iKOGEPEGPKEPRRGGVRAKFPFD

P82475.2 RKQGEPDGPKEKPR—-——————-——

Nerve growth factor [2]

ARAAD3282. 1 s HPVHNQGEFSVCDS
02XXL6.1 GEDNVPLGSPATSDLSDTSCAKTHEALKTSRNTDOHY PAPKKAEDQEFGSAANT IVDPKLFQKRRFOSPRVLFSTQPPPLSRDEQSVEFLDNADSLNRNIRAKRGTHPVHNQGEY SVCDS
AAA03282.1 VSVIWVANKTTATDMRGNVVTVMVDVNLNNNVYKQY FFETKCENPNPVPSGCRG T DAKHWNSYCTTTDTFVRALTMERNQASWRF TRINTACVCVISRKNDNFG
02XXL6.1 VSVWVANKTTATDIRGNLVTVMVDINLNNNVYKQY FFETKCENPNPVPSGCRGT DARHWNSYCTTTHTYVRALTKEGNQASWRFIRTDTACVCVISRITENFG

Disintegrin [1]

AAP20878.1 MIQVLLVTICLAVFPYQVSSKTLKSGSVNEYEVVNPGTVTGLPKGAVKQPEKKHEPMKGNTLOQKLPLCTTGPCCRQCKLKPAGTTCWRTSVSSHYCTGRSCECPSYPGNG
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Fig. 4.10d. Alignment of tryptic and semi-tryptic peptide sequences identified in EI RVV (N) with Viperidae proteins from NCBI database.
The protein alignment was done using Clustal Omega programme (https://www.ebi.ac.uk/Tools/msa/clustalo/). The number of proteins in
each protein classes is shown in parenthesis. The distinct peptides obtained for each of the following proteins is highlighted in green or
yellow (two colours have been used in case of adjacent distinct peptides). The amino acid substitutions within the overlapping distinct
peptides obtained from MS/MS are highlighted in red colour. The LC-MS/MS identified peptides other than distinct peptides are shown in

blue or red colour.

Phospholipase A; [12]

AAZ53182.1 NLFQFARMIAKOEAFSFFRYISYGCYCGWGGQGT PKDASDRECEVADCC YRV KGCNPKLVEYSYS Y REGRIvVORMNR CKkRAVCECDRAATCL.eBNVNTYNKGYMELESHYCROKSEQC
AAZ53180.1 NEFoFABVINR TcKEAVEEYAT YGCYCGWGGQGKPODATDREECEVADCCYEVNDENPRMAT Y SY SFENGDI VCEBNNT.CHlTVCECOREAA T cL.GBNVNTYDRNYER vl 1BHCTEESEQC
AHJ09529.1 HLMQFENMIMKVAGRSGIWWYGSYGCYCGKGGOGRPQDASDRECFVEDCCYBANGCDPKDDFYKY SEENGDIVCEEDNPCTKE ICECDKAAATCFRDNIETYQNKYWEY PAKYCKEESEPC
CAR48456.1 NLFQFARMINGKLGAFSVWY I SYGCYCGWGGOGTPKDATDRCCFVHDCCYGGVKGCNPKLATYSYSFORGNIVCGRNNGCLRTICECDRVAANCFHONKNTYNKEYKFLSSSKCRORSEQC
ACB59359.1 DLSQFGDMINKKTGTFGLFSYIYYGCYCGWGGKGKPQDATDRCCEFVHDCCYGSVNGCDPKLSTYSYSFONGDIVCEBBDPCHBAVCECDRVAAICSGENMNTY DKKYMBYBLEDCKEESEKC
ARN59979.1 NLFQFGDMILQKTGKEAVHSYATYGCYCGWGGQGRAQDATDRCCFAQDCCYGRVNDCNPKMATYTYSFENGDIVCGDNDLCLRAVCECDREAATCLGENVNTYDKNYEYYSISHCTEESEQC
AAZ53183.1 NLLOFGEMI FRMTAKNPLSEYSNYGCYcaneeKGKPODAT DRECFVHEDCCYEBVNDCNPKTATYSYSFENGGIVCEBRDPCEBAVCECDREAATCFRENLNTY DR YREYEPBoCcTGTEQC-
CAE47208.1 NLYQFGNMIFKMTKKSALLSYSNYGCYCGRGGKGKPQDATDRECFVHDCCYEBVNGCDPKLSIYSYSFENGDIVCGGDDPCLRAVCECDRVAATICFGENLNTYDKKYKNYPSSHCTETEQC-
ABY77928.1 HLLQFNNMIKFETNKNAIPFYAFYGCYCGWGGRGRPKDATDRECFVADCCYHBLTDCSPKTDIYSYSWKSGVITCGEGTPCEKQICECDRAAAVCFGENLPTYKKRYMFY PDFLCTDPSEKC
ARW92122.1 SLIQLWEMIFQEMGKGAAKKYGLYGCNCGMGHRGRPVDATDRCCSVHKCCYKKLTDCDPKTDRY SYSWENGAIVCGGDDPCRKEVCECDKATT ICFRENLDTYDKKYKI YLKFLCKKPEPC-
A8CG78.1 NLYOFGEMIHoKTENEC U Y GCYCENGERGK PODAT DRCCFVHDCCYGRVKGCDPKTATY S YSFENGDIVCGGDDPCLRAVCEC DRARTCERENuN T vDRK Y MBYE THockEESDOC
CAE47167.1 HLSQFGDMINKKTGIFGIMSYIYYGCYCGWGGKGKPLDATDRCCFVHDCCYGRVNGCDPKLSTYSYSFENGDIVCGGDDPCLRAVCECDRVAAICFGENMNTY DKKYMEYBLEDCKEESDOC

Snake venom metalloprotease [13]

AAB22477 .1 m e
ADTA7593. 1 mm oo
AAX38182.1 MMQVLLVTICLAVFPYQGSSIILESGNVNDYEVVYPOQKITALPKGAIQOPEQKYEDAIKYEFKVNGKPVVLHLEKNKGLFSEDYSETHYTPDGREITINPPVEDHCYYHGRIQNDADSTA
ADI47578.1 W  —mmmmm e m e KOPEQKYEDTMQYEFKVKGEAVVLHLEKNKGLFSEDYTETHYAPDGREITTKPAVEDHCYYHGRIQNDADSSA
AAX38181.1 MMQVLLVTISLAVFPYQGSSIILESGNVNDYEVVYPQKVTAMPKGAVKQPEQKYEDAMQYEFKVKGEPVVLLLEKNKDLFSEDYSETHYSPDGREITTNPPVEDHCYYHGRIQNDADSSA
AGL45259.1 MIQVLLVIICLAVFPYQGSSIILESGNVNDYEVVYLOKVTAMNKGAVKQPEQKYEDTMOYEFKVNGEPVILHLEKNKDLFSEDYSETHYSPDGREITTNPPVEDHCYYHGRIQNDADSTA
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AAZ39880.1 MMQVLLVTICLAVFPYHGSSIILESGNVNDYEVVYPQKVTAMPKEAVKQPEQKYEDAMQYKFEVNGEPVLLHLEKNKDLFSEDYSETHYSPDGREITTKPLVQODHCYYHGHIQNDAHSSA
ADJ67475.1 MMQVLLVTICLAVEFPYHGSSIILESGNVNDYEVVYPQKVTAMPKEAVKQPEQKYEDAMQYKFEVNGEPVLLHLEKNKDLFSEDYSETHYSPDGREITTKPLVQODHCYYHGHIQNDAHSSA
ADI47654 .1 @ mm e oo o
ADJ6T7474 .1 @ mm o e oo oo o
AAT91068.1 @ mm oo oo
AFE61611.1  mm oo oo o
ADJ6T7473 .1  mm e o e
AAB22477 .1 mm oo LVSTSAQ----FNKIFIELVIIVDHSMAKKCNS--TATNTKIYEIVNSANEI
ADI47593 .1 @ mm oo o
AAX38182.1 SISACNGLKGHFKLQGEMYLIEPLRIPDSEAHAIYKYENIEKEDEAPKMCGVTQTNWESDEPIK-ASQLNLTPEQRTYLKSKKYVELVIVADY IMFWKYDRSLSTIRTRIYEIVNTLNVI
ADI47578.1 SISACNGLKGHFKLRGEMYFIEPLKIPDSEAHAVYKYENIEKEDEAPKICGVKKTNWESDKSIQEASQLNLTPEQQRYLNSEKHIKVAITADYLIYRKYGRNLFTIRTRIYEIINILNAT
AAX38181.1 SISACNGLKGHFMLQGETYLIEPLKLPDSEAHAVYKYENVEKEDEAPKMCGVTQTNWESDEPIKKASQLNLTPEQRRYLNSPKYIKLVIVADYIMFLKYGRSLITIRTRIIEIVNILNVI
AGL45259.1 SISACNGLKGHFQLRGETYFIEPLKIPDSEAHAVYKYENVEKEDEAPKTCGVTQTNWESDELIKKASQLNLTPEQQRYLNSPKYIKLVIVADYIMFLKYGRSLITIRTRIYEIVNLLNVI
AAZ39880.1 SISACNGLKGHFKLRGEMYLIEPLKLSDSEAHAVYKYENVEKEDEALKMCGVTQTNWESDEPIKKASLLVATSERNRYFNPYSYVELIITVDHSMVTKYKNDLTAIRTWVIELVNTINEI
ADJ67475.1 SISACNGLKGHFKLRGEMYFIEPLKLSNNEAHAVYKYENIEKEDETPKMCGVTQTNWES DKPIKKASQ_—— ——AFIELIIIVDHSMAKKCNS--TATNTKIYEIVNSANET
ADI47654.1 SISACNGLKGHFKLRGEMYLIEPLKIPDNEAHAVYKYENIEKEDEAPKMCGVTQDNWESDEPIK-ASQLVATSEQRRFA--KRYIEFVIVVDHSMFRKYNNDSTAIRTWIYEMVNTINETI
ADJ6T7474 .1  mm oo o o MGRFIFVS
AATO91068.1 @ mm oo oo MGRSISVS
AFE61611.1  mm oo e oo MGRFISVS
ADJ6T7473 .1  mm e oo oo o - MGRFEFIFVS
AAB22477.1 FNPLNIHVTLIGVEFW--CDRDLINVTSSADETLNSFGEWRASDLMTRKSHDNALLEFTDMREFDLNTLGITFLAGMCQAYRSVEIVQEQGNRNFKTAVIMAHELSHNLGMYHDGKNCICND
ADI47593 .1 @ mm e e oo MGHSLGMLHDTKSCTCGA
AAX38182.1 YRFLNIYIALVAVEIW——SKGDLINVTSSAYDTLDSFGEWRERDLLNRKRHDNAQLLTGINFNGPSAGRGFVGRMCQPKYSVGIVQDHSIIYLLVASAMAHEMGHNLGMDHDRIDCTCGA
ADI47578.1 YRAFHMHVALVFLEIW--SNGDKINVLPAANVTLDLFGKWRLSDLLNRREHDNAQLLTGINFDGPTAGLGYVGSMCEPQYSAAIVQODHNKINILVAMAMAHELGHNLGMNHDEKFCTCGA
AAX38181.1 -LII-LLGLE IW--NNGDKINVLPETKVTLDLFGKWRERDLLNRRKHDNAQLLTDINEFNGPTAGLGYVGSMCDPQYSAGIVQDHNKVNFLVALAMAHEMGHNLGMEHDEIHCTCGA
AGL45259.1 YRVLNIYIALVGLEIW--NNGDKINVLPEAKVTLDLFGKWRETDLLNRRKHDNAQLLTGINFNGPTAGLGYLGSMCNPQYSAGIVQODHNKVNFLVALAMAHEMGHNLGMDHDGIQCTCGA
AAZ39880.1 -LII-LVGLE IW--KNRDLINVTSAANVTLDLFGEWRKSYLLPRKIHDNSQLLTAIDLNGLT IGMAYVSTMCQSKYSVGIVQDHSIINLRVAVTMAHE IGHNLGLTHDGVYCTCGG
ADJ67475.1 FNPLNIHVTLIGVEFW——CDRDLINVTSSADETLDSFGEWRASDLMTRKSHDNALLFTDMRFDLNTLGITFLAGMCQAYRSVGIVQVQGIRNFKTAVIMAHELSHNLGMYHDGKNCICND
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ADI47654.1 YLTWNIRVPLVGLEIW--NKGDLINVLSSAGDTLDSFGEWRQRDLLNRKRHDNAHLLTATDFDGQTIGLAYRGTMCQSKYSTGVVQDHSATNLLVAVAMAHELGHNLGI SHDTSFCTCHA
ADJ67474.1 FGWLVVFLSLSGTEARLDC PEGWLS YEQHCYKGFNDLKNWT DAEKECHBORKGSHLVS L~~~ ——=———---~ HSREEEKEVVNBLSENUEY - ———————— PATHICHG - - NMWK DCR -~ -
ART91068.1 FGLLAVFLSLSGTGAGLDCPPDSSPYRYFCYRVFKEQKNWADAERFCAERPNNGHLVST~==========~~ ESMEEAEFVAQLLSKITGK-FI———-—~- THFWIGLRIEDKKQQCR -~ -
AFE61611.1 FGLLVVFLSLSGTGARLDCPEDSSLYRYFCYRVFKEHK TWHEAAERFCMEHPNNGHLVS T~ == === ===~~~ ESMEEAEFVAKLLSNTTGK-FI-——--- THFWIGLMIKDKEQECS -~
ADJ67473.1 FGLLAVFLSLSGTGAGLDCPPDSSPYRYFCYRVFKLRKSWEAAERFCMEHPNNGHLVST ————======--— ESMEEAEFVAKLLSNTTGK-FI-—=--- THFWIGLRIKDKEQECS--~-
AAB22477.1 SSCVMSPVLSDQPSKLFSNCSTHDYQRYLTR-————=-=-~ YKPKCIFNPPLRKDIVSPPVCGNEIWEEGEECDCGSPANCONPCCDAATCKLKPGAECGNGLCCYQCKIKTAGTVCRTRR
ADI47593.1 NPCIMFSEVSEPTPKEFSRCSYDQYRDYLPK------—=~ YNPKCIFDPPLRNDIVSPAVCGNEIWEEGEECDCGSPADCENSCCDAATCKLKPGAECGNGECCDKCKIRTAGTECRA-—
AAX38182.1 KSCIMSGILRCETSYLFSDCSREEHRKYLIN-—=—===--— KMPQCT LNKPLKTDIVSPAVCGNYFVEVGEECDCGSPANCODRCCDAATCKLRPGAQCGDGVCCYQCKFRRAGTVCRP -~
ADI47578.1 KSCIMSGTLSCEGSFRFSNCSQEENRKYLTIR-————---— KMPQCILKKPLKTDIVSPPVCGNYLVELGEDCDCGTPTFCONPCCNAATCKLTPGSQCADGECCDQCRFRRAGTECRP -~
ARX38181.1 KSCIMSGTLSCEASTRFSNCSREEHQKYLIN-------~~ KMPQCTLNKPLKTDIVSPAVCGNYLVELGEDCDCGSPRDCQONPCCNAATCKLTPGSQCADGECCDQCKFRRAGTVCRP -~
AGLA45259.1 KSCIMSGTLSCEASIRFSNCSQEEHRKYLIN--------~- KMPQCILNKPLKTDIVSPAVCGNYLVELGEDCDCGSPRDCQONPCCNAATCKLTPGSQCADGECCDQCKFGRAGTVCRP -~
AAZ39880.1 YSCIMSAVLGDQPSKYBONCOYNOYRRFLTE—————---— BNPECI Ifp P REPTVSPPACCNENUERGEECDCGS PENCRDPCCDAASCKLHSWVECESGKCCNQCRFKRAGTECRP - -
ADJ67475.1 SSCVMSPVLSDQPSKLFSNCSTHDYQRYLTR-—-===~~~ YKPKCILHPPLREDIVSPPVCGNE IWEEGEECDCGS PADCONPCCDAATCKLKPGAECGNGLCCYQCKIKTAGTVCRR -~
ADI47654.1 NSCIMAPYLSIQPSKLFSNCSEIQYEMFLTQ-~~--———~ RNPQCI INKPLRREIVSPPVCGNELLEVGEECDCGSPANCRDPCCDAASCKLHSWVECESGECCDQCRFKRAGTECRP -~
ADJ67474.1 —————- MEWSDRGNVKYKALAEESYCLI----MITHEKVWKSMCNElP-------- A VCKE — == === mm == m
AAT91068.1  -----—- SEWSDGSSVSYDNLLKREFRKCFGLEKGTGYRSWENLECEEEHP-------- I VCKVPPNC === === == == mmmmmm e
AFE61611.1 ----—- SEWSDGSSVSYDKLGKEEFRKCFVLEKESGYRMWFNRNCEERYV———=---~ L VCKVPPEC— === === == === —mmmm— e
ADJ67473.1 —————- SEWSDGSSVSYDNLGKEEFRKCFVLOKESGYRMWFNHKCEEPY P—————-—— L VCKVPPEC— === === === mmm e
ARB22477.1 arDECDVEBEHCTGOSABCPRDOTL.OONGKPCONNRGYCYNGDCPTMRNQCT SLFGSRANVAKDSCFQENLKGSYYGYCRKEN-~~GRKI PCAPQDVKCGRLFCLNNS PRNKNPCNMHY SCM
ADI47593.1 ARDECDVEBEHCTGOSABCPRNEFQRNGOPCLNNSGYCYNGDCPTMKNQCT LLFSPNATVDVDACFQWNLRGT FDGYCTKEIGSYGRRFPCAPQDVKCGRLYCLDKSARKKKRCKTNY SPD
AAX38182.1 ANGECDVSDLCTGQSAECPTDOFQRNGQPCONNKGYCYNGTCPIMEKQCI SLFGASATVAQDSCFQFNRRGNHYGYCRKEN -~ ~NTKIACAPEDVKCGRLYCLDNSSGHKNPCQIYYIPS
ADI47578.1 AKDECDMADLCNGQSDECPKDQFQRNGHPCONNNGYCYNGKCPVMGNQCT SLEGSRATVAEDACFQFNRLGSDYGYCRKEN---GIKI PCAPEDVKCGRLYCFDNLPEHKNPCOTYYTLR
AAX38181.1 ANGECDVSDLCTGQSAECPTDOFQRNGQPCONNNGYCYSGTCPTMGKQCTSLFGASATVAQDACFQFNSLGNEYGYCRKEN---GRKI PCAPQDVKCGRLYCFDNLPEHKNPCQIYYTPS
AGL45259.1 ANGECDVSDVCTGQSAECPTDOFQRNGHPCONNNGYCYNGTCPILGKQCTI SLFGASATVAQDACFQFNRLGNEYGYCRKEN--~GRKI PCAPQDVKCGRLYCFDNLPEHKNPCQIYYTPR
AAZ39880.1 aArDEcDKBEOCTGREANCPVDEE HENGRPCHANEGYCYNGRC P TMY HOCHALFGONVTGVODSCFQYNREGVYYAYCRKEN - - ~GRK I PCAPKDEKCGRLYCS YKSPGNO T PCUPY YIS
ADJ67475.1 ArNEcDVEBEHCTGOSABCPRDOTL.OONGOPCONNRGYCYNGDCPTMRNQCT SLEGSRATVAKDSCFQENLKGSYYGYCRKEN-~~GRKI PCAPQDVKCGRLFCLNNS PRNKNPCNMHY SCM
ADI47654.1 AKDDCDMAESCTGQSSVCPVDSFHENGQPCLHNLGYCYNGKCPTTLYQCRAFLGNNAVGVDESCFQYNRLGNSYAYCRKEN---GIKIPCAPKDEKCGRLYCSYNSFGNHISCLPCYRAD
ADJT67474 . ] m o
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AT 1068, 1 —m o m
AFE6L61 L.l —mm
ADT6TA7 3. ] oo
ARB22477.1 DQHKGMVDPGTKCEDGKVCNNKRQCVDVNTAYQSTTG- -~
ADI47593.1 DENKGMVD— === === === === ———mmm oo
AAX38182.1 DENKGMVDPGTKCGDGMVCS-NGKCVDVTIAY = ==—-~~~~
ADI47578.1 DENKGMVEPGTKCENGKVCI -NGKCVDVNTAY -~ —-----~~
AAX38181.1 DENKGMVDPGTKCGDGKHC SENrocVDliNTAY - - ———-——-
AGLA45259.1 DENKGMVDPGTKCGDGMACSSNGQCVDVNTAY - ———————~
AAZ39880.1 PENRGMvDHGTRCGDGKilcs-NGocvDllNTAY - - ———----
ADJ67475.1 DQHKGMVDPGTKCEDGKVCNNKRQCVDVNTAYQSTTGFSQT
ADI47654.1 EEDKGMVDEGTKCGDGKVCS-NGHCVDLNIAY -—------~
ADJ67474.1 oo
AAT91068.1 ——mmmmmmmmm
AFE61611.1 ——mmmmmmm e
ADJ67473.1 —mmmm e

Snake venom serine protease [15]

Q5W958.1 QKSSELVIGGDECNINEHPFLAFLYTG---WIFCSGTLINKEWVLTVKQCNNRRPMRIYLGMHTRSVPNDDEEIRY PKEMFICPNKK----— KNDTMLTRLNRPVNNSEHTAPLSTPSNP
P18965.2 OKSSELVVGGDECNINEHPFLVALYTSASSTIHCAGALINREWVLTAAHCDR-RNTRIKLGMHSKNTRNEDEQTRVPRGKYFCLNTKFPNGLDKDIML IRLRRPVTYSTHTAPVSLPSRS
P18964.1 ———-—- vllcepEcnINERBFLVALYTSTSSTHAECEHGHEL INBEWVLTAAHCDR-RNTRTKLGMHSKNTRNEDEQTRVPRGKY FCLNTKFPNGLDKDIMLTRLRRPVTYSTHIAPVSLPSRS
JAA98031.1 QKSSELVVGGHPCNINEHRSLVVLENSS--GFLCAGTLINEEWVL,TAAHCDS -KNFQMQTL.GVHSKKVL.NEDEQTRDPKEKF T C PNKKKDDEKDKDTML, TRL.DSPVSNSEHTAPLST.PSSP
ESAJX2.1 QKSSELVIGGDECNINEHPFLAFVTSD---RRRCAGTLINQEWVL,TAAHCNG-KYMKTELGVHDKMVRNEDKQTRVPKQKFFCTL.SSKEY TMWDKDTML TRLNTPVNNSTHTAPVST.ASRP
AMB36342.1 0KSSELVGGDECN INEHEFLVALHTARSKRFYCAGTLINQEWVLTAARCDR-KNTRT I LGVHSKNVPNEDEQMRVPKEKFFCLSSKTYTRWDKDTMLTRLKRPVNDSTHIAPLSLPSSP
Q9PT40.1 QKSSELVIGGDECNINEHPFPVALHTARSKRFYCAGTLINQEWVLTAARCDR-KNTRTILGVHSKNVPNEDQQTRVPKEKFFCLSSKTYTRWDKDIMLIRLKKPVNDSTHIVPLSLPSSP
JAA98034.1 QKSSELTTGGEECNTNEHRFLVALYTFRSKREHCHCHL INBEWVL. TAAHCDR-KNTRTKLGTHS TNVTNEDAQTRVPKEKFFCLSSKTY TKWDKDTML TRLKRPVNNSPHTATLST.PSNP
ESLOE3.1 OKSSELVVGGHPCNIYEHHFLAFMYNSS--GFMCSGTLINQQWVLSAAHCDM-ENMHIYLGLHS FKLPNKDQKKRVAKEKFFCLSSKSYTKWDKDIML I KRBV NS T T ASHS UPSNE
JAS04410.1 QOKSSELVIGGDECNINEHRSLALMYNSS--GFICGGTLINQEWVLTAAHCNM-ENMKIDFGVHNGRVHYDDMQTRVPEEKFFCLSSNNDTEWDKDIML TRLDRPVRNSAHTAPLSLPSNP
ABY65931.1 QKSSELVIGGDECNINEHRLLATIVYTN---SSQCAGTLINQEWVLTAAHCDG-ENMDIYLGVHNESVQYDDEEGRVAAEKFFCLSSRNY TKWDKDTMLTRLNTPVRNSTHTAPLSTPSSP
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ADP88560.1 0KSSELVHIGGDECNINEHESLVFLYNN---SFGCSGTLINQQWVLSAVHCDM-ENVRI YLGVHENLTLRNNA-EIRLPEERFFCLSNKNY TKWDKD TML T KL PR PVK STV TAPHSTESEE
E0Y418.1 QKSSELVEGGDECNINEHEFLATLMYNSTSMKFHCSGTLLNEEWVLTAAHCDM-ENMQT Y LGVHDKKNPNKDQQTRVPKEMFFCLSNKSYTPWDKDIMLIRLNSPVTYSTHIAPHST.PSHP
AMB36345.1 QKSSELVIGGDECNINEHRSTLALMYNSTSMKFHCSGTLLNQEWVLTAAHCDM-ENMQTHLGVHDVST,PNKDEKRRVAKEKFFCT,SSKSYTLWNKDIMLIKLNRPVTYSTHTAPLST,PSSP
E0Y420.1 QOKSSELVIGGDECNINEHRSLVYLYNDS--NFQCGGTLINQEWVLSAAHCDM-ENME I YLGVHNLSLPNKDOKRRDPKEKFFCLSSKNY TKWDKDIMLIKLNRPVKESTHTIAPHST.PsEP
Q5W958.1 PSVGSVCRIMGWGT IiPBXATYPDVPHCANINLENYTVCRGAHA--GLPVTSRKLCAGVLEGGI DTCSADSGGPLICNGQLOGIVSWRGGSCAQPHKPGLY TKVFDYLPWIQSTTAGSTT
P18965.2 RGVGSRCRIMGWGKISTTEDTYPDVPHCTNI FTIVKHKWCEPLYP--WVPADSRTLCAGI LKGGRTCHGDSGGPL,ICNGEMHGTVHGGSEPCGOHLKPARY TKVFDYNNWT QST TAGNRT
P18964.1 RGVGSRCRIMGWGKISTTEDTYPDVPHCTNI FIVKHKWCEPLYP--WVPADSRTLCAGI LKGGRDTCHGDSGGPLICNGQIQGIVAGGSEPCGOHLKPAVY TKVEDYNNWI@HT TAGNET
JAA98031.1 pSVGSVCRIMGWGT I§PlKETY PDVPHCANTNT LDHAVCRAAY P--WNPVASTTLCAGTQQGGKDTCRADSGGPLICNGEIQGIVSWGGHPCGQAREPGVY TKVFDY TDWIQS T TAGKKT
E5AJX2.1 PVVGSVCRIMGWGT IfSBKVILPDVPHCANIEI IKY SKCQGVHP--ELPAKGRVVCAGIWQGGKDSCHGDSGAPLICNGOLOGLLSWGGDPCAQPLOPGLYTDIFDY SDWIQSIIAGNTT
AMB36342.1 PSVGSVCRIMGWGTITTTKVTYPDVPHCADINMFDYSVCOKVYR--KLPEKSRTLCAGILQGGIDSCKVDNGGPLICNGQIQGTVSWGGYPCAQPHKPALY TNVEDY TDWIQST TAGNTT
Q9PT40.1 PSVGSVCRIMGWGTITTTKVTYPBVPHCANINMFDYSVCRKVYR--KLPEKSRTLCAGILQGGIDSCKVDNGGPLICNGQIQGIVSWGGHPCAQPHKPALY TNVEDY TDWIQST TAGNTT
JAA98034.1 PSVGSVCRIMGWGT I SATKETYPDVPHCANINILDYEVCRAAH--GGLPATSRTLCAGILKGGKDSCKGDSGGPLICNGETQGIVSWGAHPCGQSLKPGVYTNVEDYTEWIQST TAGNTD
E5LOE3.1 BRvGsvcrIMGWGS IliSEXRITEEVPHCANT NI MPYlVOR v T YR— - B PHoSREECACHSERR ISC1.GDSGGPLICNGQIQGT VWG SDPCVNREAPSHY TR VDY T D il T AGNEA
JAS04410.1 PRLGSVCRIMGWGAITSPNETFPDVPHCANINI IRYSVCQAVYL--GMPVQSRILCAGILRGGIDSCKGDSGGPLLCNGQFQGI LSAGGDPCAQPRVPGLY IKVEDY TDWIBET TAGNA
ABY65931.1 PSVGSVCRVMGWGTITSPNETYPDVPHCANINLFDYEVCLAAY PEFGLPATSRTLCAGIQQGGKDTCGSDSGGSLICNGQFQOGTVSWGDNPCAQPHKPAY TKVI.DDTEWT QST TAGNTA
ADP88560.1 BRVGSVCRIMGWGAITSPNETFPGVTHCANINIHPYEvCRAAYK- L PBOSRTLCGGILEGGIGSCMGDSGGPLICNGEMHGI VlWGDDTCAQPHK PVllY TKUHDY TDW DS T T ACNEA
E0Y418.1 PTVGSVCRIMGWGAITSPNETYPDVPHCANTEIHDYBVCRKAYG--@LPEKSRTLCAGVLOGGITCLADSGGPLICNGQFQGIVlWGRHPCAQPQLPARYTKVFDYSDWIQST TAGNTA
AMB36345.1 PRVGSVCRIMGWGAITSPNETYPDVPHCANINILNYAVCRAENP--WLPAQSRTLCAGHLOGGIFTCKGDSGGPLICNGQIQGIVSWGDSPCAQPLNPGHY TKVEDY TDWIQST TAGNTN
E0Y420.1 PSVGSVCRIMGWGTVTSPNETLLDVPHCANINTLNYTVCRAASP--RLPTQSRTLCAGILQGGIDACKGDSGGPLICNGQIQGTVSWGNHPCAQPLKPGHY THVEDY TDWIQST TAGNTT
Q5W958.1 ATCPP

P18965.2 VTCPP

P18964.1 VTCPP

JAA98031.1 VNCPP

E5AJX2.1 ATCPP

AMB36342.1 ATCPP

Q9PT40.1 ATCPP

JAA98034.1 ATCPP

E5LOE3.1 ATCPS
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JAS04410.1 ATCPP
ABY65931.1 VTCPP
ADP88560.1 ATCPP
E0Y418.1 ATCPS
AMB36345.1 ATCPP
EO0Y420.1 ATCPP

L-amino acid oxidase [2]

ACF70483.1 MNVFFMFSLLFLATLGSCADDKNPLEECFREDDYEEFLETAKNGLKKTSNPKHIVIVGAGMSGLSAAYVLAGAGHKVTVLEASERPGGRVRTHRNVKEGWYANLGPMRVPEKHRIIREYT
Q4F867.2  —mmmmm—m—————————— ADDKNPLEECEF-————————————— - —— s —— REDDHRIVREYI
ACF70483.1 RKFGLKLNEEFVQETENGWYFIKNIRKRVGEVKKDPGLLKYPVKPSEAGKSAGQLYQESLGKAVEELKRTNCSYILNKYDTYSTKEYLIKEGNLSPGAVDMIGDLLNEDSGYYVSFIESLK
Q4F867.2 RKFGLKLNEFVQETENGWYFIKNIRKRVGEVKKDPGLLKYPVKPSEAGKSAGQLYQESLGKAVEELKRTNCSYILNKYDTYSTKEYLIKEGNLSPGAVDMIGDLLNEDSGYYVSFIESLK
ACF70483.1 HDDIFAYEKRFDEIVGGMDQLPTSMYRAIEESV.FKARVIKIQQNAEKVTVTYQTTQKNLLLETADYVIVCTTSRAARRITFKPPLPPKKAHALRSVHYRSGTKIFLTCTKKFWEDDGIQ
Q4F867.2 HDDIFAYEKRFDEIVGGMDQLPTSMYRAIEESVIFKARVIKIQQNAEKVTVTYQTTQKNLLLETVDYVIVCTTSRAARRITFKPPLPPKKAHALRSVHYRSGTKIFLTCTKKFWEDDGIQ
ACF70483.1 GGKSTTDLPSRFIYYPNHNFTTGVGVIIAYGIGDDANFFQALNLNECADIVFNDLSSIHQLPKKDLOQTFCYPSIIQKWSLDKYAMGAITTFTPYQFQHFSEALTAPVGRIFFAGEYTANA
Q4F867.2 GGKSTTDLPSREFIYYPNHNFTTGVGVIIAYGIGDDANFFQALNLNECADIVENDLSSTIHQLPKKDLQTFCYPSIIQKWSLDKYAMGAITTFTPYQFQHFSEALTAPVGRIFFAGEYTANA
ACF70483.1 HGWIDSTIKSGLTAARDVNRASEL

Q4F867.2 HGWIDSTIKSGLTAARDVNRASEL

Phosphodiesterase [1]

AHJ80885.1 MIQQOKVLFISLVAVALGLGLGLGLKESVEPQVSCRYRCNETFSKMASGCSCDDKCTERQACCQDYEDTCVLPTQSWSCSKLRCSEKRMANVLCSCSEDCLEKKDCCTDYKSICKGETSWL
KDQCASSSAAQCPSGFEQSPLILFSMDGFRAGYLETWDSLMPNINKLKTCGTHAKYMRAVYPTKTFVNHYTIVTGLYPESHGIIDNNIYDVTLNLNEFSLSAPTMTNPAWNGGQPIWHTVT
YOGLKAATYFWPGSEVKINGSYPTIYKVYNKSIPFEARVTEVLKWLDLPKAERPDFVTLYIEEPDTTGHKFGPVSGEI IMALOMADRTLGMLMEGLKQRNLHNCVNLILLADHGMEQISC
NRLEYMTDYFDKVDFFMYEGPAPRIRSKNVPKDFYTEFDSEGIVRNLTCQKPKQYFKAYLAKDLPKRLHYVNNIRIDKVNLMVDQQWMAVRNKNYNRCNGGTHGYDNEFKSMQATFLAHGP

GFKGKNEVTSFENIEVYNLMCDLLKLKPAPNNGTHGSLNHLLKNPFYNPSPAKEQTSPLSCPFGPVPSPDVSGCKCSSITDLGKVNERLNLNNQAKTESEAHNLPYGRPQVLONHSKYCL
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LHOQAKYISAYSQDVLMPLWSSYTINKSPPTSVPPSASDCLRLDVRIPAAQSQTCSNYQPDLTITPGFLYPPNFGSSNFEQYDALITSNLVPMFKGFTRLWNYFHGTLLPKYARERNGLNV
ISGPIFDYNYDGHEFDSYDTIKEYVNDTKIPIPTHFFVVLTSCENQINTPLNCPGSLKVLSFILPHRPDNSESCADTSPDNLWVEERIQTHTARVRDVELLTGLNEFYSGLKQPLPETLQLK

TFLPIFVNPVN

5’-Nucleotidase [1]

AHJ80886.1 AREKVGIIGYTTKETPVLSNPGPYLEFRDEVEELQIHANKLTTLGVNKIIALGHSGFFEDQRIARKVKGVDVVVGGHTNTFLYTGSPPSTEVPAGNYPFMVQSDDGRQVPVVQAYAFGKY
LGYLNVVENDKGNVIKASGNPILLNKDIPEDQVVKAQVNKMKIQLONYYSQEIGKTIVYLNGTTQACRFHECNLGNLICDAVIYNNLRHPDDNEWNHVSMCIVNGGGIRSPIDERANNGI
ITLEELTSVLPFGGTFDLLQIKGSALKQAFEHSVHRHGOGTGELLQVSGIKVVYDLSQKPGSRVVSLNVLCTKCRVPTYVPLEMEKTYKVLLPSFLATGGDGYHMLKGDSSNHNSGDLDI

SIVGDYIKRMEKVFPAVEGRVTFLDGTLFQAQLFLTWGLCISLLFFIL

Glutaminyl cyclase [1]
AFE84762.1 MARERRDSKAAAFFCLAWALGLPLLGFPQHVGGREDRADWTQEKYSHRPTILNATSILQVTSQTNVSRMWONDLHPIMIERYPGSPGSYAVRQHIKHRLOGLOQAGWLVEEDTFQSHTPYGYRT
FSNIISTLNPLAKRHLVIACHYDSKYFPPQLDGKVEVGATDSAVPCAMMLELARSLDRQLSFLKQSSLPTKADLSLKLIFFDGEEAFVRWSPSDSLYGSRSLAQKMSSTPHPPGARNTYQTQG

IDLEFVLLDLIGARNPVFPVYFLNTARWFGRLEAIEQNLHDLGLLNNYSSERQYFRSNLRQHPVEDDHIPFLRRGVPILHLIPSPFPRVWHVMEDNEENLDKPTIDNLSKILQIFVLEYLNLG

Phospholipase B [1]

BAN82155.1 MIRFGNPSSSVKRROQRCRSWYWGGLLLLWAVAETRADIHYATVYWLEAEKSFQIKAVLDKNGDAYGYYNDTIQSTGWGILEIKAGYGNQPISNEILMYAAGFLEGYLTASHMSDHFANLE
PLMIKNVIIEQKVKDFIQKQDEWTRQQIKNNKDDPEFWRNAGYVIVQLDGLYMGNVEWAKQQOKRTPLTNFEISFLNVIGDLLDLIPALYSELRKSDFRSMPDVSRIYQWDMGHCSALIKVL
PGYENIYFAHSSWEFTYAATLRIYKHLDFKITDPQTKTGRASFSSYPGFLSSLDDFYILGSMILDTKKIKLOQRSLEDGTLYIIEQIPKLVKYSDQTKVLRNGYWPSYNIPFDKVIYNMSGY
REYVORHGLEFSYEMAPRAKIFRRDQGKVTDME SMKSTMRYNNYKEDPYAKRNPCNT ICCRQDLDRRTPVPAGCYDSKVADISMASKFTAYAINGPPVEKGLPVFSWVHENKTKHQGLPE
SYNFDFVTMKPVL

Hyaluronidase [1]

ABI33950.1 MYHIWIKFLAAWIFLKRENGVHVMQAKAPMYRNEPFLVEWNAPTTQCRLRYKEDLVTTVGETAAMGAAGIVEFWGSVQYASTVDSCQKVKKYMNGPLGRY IVNVTTAAKICSRVLCRKNGRCVR

KHSDSNAFLHLFPESFRIMVYANATEKKVIVKGKLELENLIYLRENFMCQCYQGWKGLYCEEYSIKDIRKI
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Kunitz-type serine protease inhibitor [5]

ABD24040.1 MSSGGLLLLLGLLTLWAELTPTSGHDRPTFCH BEEEcRCrRcH REEY Y N IEENRCEKN i v cCBB@NANEFETRDECROTCGGK -~~~ —————- -~
A8Y7P1.1 MSSGGLLLLLGLLTLWAELTPTSGHDRPKECHT BEBECECEAMR s v YDsESKKCKEFl Y cCBM@NANEF PSRDKCROTCGGK -~ ———-———--~
AFD04724.1 MSSGGLLLLLGLLALWAELTPISGHDRPKFCH L BEBECHCH-AMER sy v0sEskkCKEFlY cGEEBNANEFBTRDKCROTCRAPRKGRHT - -~ —-—
ABD24043.1 MSSGGLLLLLGLLTLWAELTPTSGODRPKECHL ERBEcECEA: 1 prEY yNEEENE OB Fll v ccBB@NANNFETRDOCRHTCGGK -~~~ —————-—~

ABD24041.1 MSSGGLLLLLGLLTLWAEPTPTSGODRPKECH EEBECE Y cHrrrrEy yNEEENE COf FilREREN TNNE TR DK CROTCGRK -~ ———=————~~

Snaclec [12]

ADK22834.1 GFSCPNGWSSFGQHCYKVIEPLKNWTDAEKFCREQHKGSHLSTHS SEEEAFVSKVASKVLKE - - @8l I GLEDPw- - ENCNWEWEDFARFDYKAMTR - -RPYCTVMVLKPDRIFWENRG
ADK22822.1 BopcrspwsFYEGYCYKRVFNEKKTWEDAEKFCREQVNGGY LS FRESEEMDEVERMTF PIFRF--DFFWIGLEDFW--RDCYWRWEDEVNL DY KAHER - - BENCEMSK T - - THvowL RN
AJ070722.1 DQDCPSDWSSHEGHCYKVENLRMNWADAEKFCTEVVSGGHLI SLNSAEEVDFMIKLVEFPILKE - —[JlWIGLEDFW--RDCHWGWSDGVKLDYKAWSD--EPNCYVAKT--VDYQWLEFRD
AAY63872.1 AFCCPSGWSAYDONCYKVEFTEEMNWADAEKECHEOBRGSHISL.HNT AEADFVLKKT LAMLKD- -GV IWMGLEDVW--NECNwe Wl D2 « BBV RANE - - BlNCENERT - - ABN=wsHMD
Q4PRCY.1 AFCCPSGWSAYDONCYKVFTEEMNWADAEKFCTEQKKGSHLISLHSREEEKFVVNLISENLEY - - PATWI GLGNMW—--KDCRMEWS DRGNVKYKALAE--ESYCLIMIT--HEKVWKSMT
AAY63871.1 BizDCPSGWLSYEQHCYKGFNDLKNWTDAEKFCTEQKKGSHLVSLHSREEEEFVVNL I SENLEY - - PATWIGLGNMW - -KDCRMEWSDRGNVKYKALAE - -ESYCLIMIT--HEKEWKSMT
ADK22821.1 --DCPSDWSSHEGHCYKVFKLLKTWEDAEKEFCl00ANGWHLES TESVEEANFVAQLASETL TK RN C LRDOSOR00CS SHWiDESAVS YE TV - - Y TRCFBLNKETKEHEWI TLP
ABW82659.1 DQDCLPGWSFYEGHCYKVENVKKTWEDAEKFCQKQSNGKHLET IEWLGKANFVAELV--TLMKLETHVWIGLRVEDKRQQCS SHWTDGSAVSYENVVH--NTKCFGLDQKTGYRTWVALR
ARY63870.1 BrocrrpssLYREECYRVFKEHKTWEAAERFCEHPNNGHL S IESMEEAEFVAKLLSNTTGKF I THFWIGLMIKDKEQECS SEWSDGSSVS Y DKLGKQEFRKCEILEKESGlRMWENRN
ADK22833.1 BrpcrsGwsAYDOHCYQAVDE PKEWADAEKECHEOANSCHEUMS TR S VGEANFVAQLASGFMQKDG T YVWI GLRDRRKEQQCRSEWT DGSKI I YVNWKEGE SKMCOGLAKNE VN HKWDY VN
ADK22825.1 DFDCPSGWSAHDQHCYKAFDEPKRSGDAETFCHEQANSGHIfISTESVEEAEFVAQL I SENT K BRBMMNICURNORKEOYC I SKWTDGSSVIYKNVIERF IKNCFGLEKESDYRTWENLS
ABW82662.1 BrocPPDWSAYDOHCYKAFDEPKRSGDAEKFCTQOANGGHLVS IESVEEAEFVAQL I SENIKTSADYVIWIGLWNQRKAPYCVSKWTDGSSVIYKNVIERFIKNCFGLEKETNYRTWENLS
ADK22834.1 CEKFVSFVCKFLA-——-
ADK22822.1 CNPPREFvCKSRVSC--
AJ070722.1 CNRTSRFICKSRVPR--
AAY63872.1 cBstHlFvCKFRV -~~~
Q4PRCY.1 CNFIAPVVCKF-——---
AAY63871.1 CNFIAPVVCKF-——---
ADK22821.1 CcBoxNBF 1 CcKEWVLE - -
ABW82659.1 CELAYHFICMSRVPRGA
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AAY63870.1 CEERYLFVCKVPPEC--
ADK22833.1 CRERYRrvcKrPPOY -~
ADK22825.1 CGDDYPFVCKFPPRC-—
ABW82662.1 CGDDYPFVCKSPA---—

Cysteine-rich secretory protein [2]

ACE73567.1 MIAFTIVLPILAAVLOQSSGSVDFDSESPREPEIONETVDLENSLRRSVTPTASNMLKMEWY PEAAANAERWAFRC T LNHSPYNSRVIGGIKCGENT YMS PYPMKWTAT THEWHKEKKDEY
ACE73575.1 ———————mmmmmm—mmmm o SVDFDSESPREPEIQONEIVDLHENSTLRRSVNPTASNMLKMEWY PEAAANAERWAYRCTEEHSSRDSRVLEGIKCGENT YMS PNPMKWTE I THAWHGE YKDFK
ACE73567.1 Y EOEASPANAVVGHY TOTVIWYKS YRSGCAAAYCPSSEYNYFYVCQYCPAGNT IGKIATPYTSGPPCGDCPSACDNGL.CTNPCSHHDEFTNCKDLVKQ-GCHSNY LKTKCPASCFCHNET T
ACE73575.1 YGVGADPPNAVTGHYTQIVWYKSHHLVCC-CLCPLSKYSYFYVCQYCPAGNT IGKIATPYTSGPPCGDCPSACDNGLCTNPCTQEDKY TNCKSLLQODSCQDAGMOSKCSASCFCONKT T

Vascular endothelial growth factor [1]
ACN22046.1 MAAYLLAVAILFCIQGWPSGTVQGQVRPFLDVYERSACQTRETLVSILOEHPDEISDIFRPSCVAVLRCSGCCTDESMKCTPVGKHTADIQIMRMNPRTHSSKMEVMKFMEHTACECRPR

WKQGEPEGPKEPRRGGVRAKFEFPFD

Nerve growth factor [1]

AAA03282.1 HPVHNQGEFSVCDSVSVWVANKTTATDMRGNVVTVMVDVNLNNNVYKQYFFETKCKNPNPVPSGCRGIDAKHWNSYCTTTDTEFVRALTMERNQASWREFIRINTACVCVISRKNDNEG

Disintegrin [1]

AAP20878.1 MIQVLLVTICLAVFPYQVSSKTLKSGSVNEYEVVNPGTVTGLPKGAVKQPEKKHEPMKGNTLOQKLPLCTTGPCCRQCKLKPAGTTCWRTSVSSHYCTGRSCECPSYPGNG
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Table 4.4b. List of all the proteins identified by LC-MS/MS analysis of GF fractions of EI RVV (B). The table shows the identified
peptide ions, their m/z, charge (z), the score for the ID, AM (ppm), and modified residues. Carbamidomethylated cysteine and oxidized

methionine residues are represented as ¢ and m (in lower cases).

Protein Accrel:(s)smn -101gP Cozf:/er)a ge MS/MS derived peptides -101gP | z m/z ppm
. (1)
Enzymatic proteins
Phospholipase A,
(R) AAATCLGONVNTYDKNYENYAISHCTEES
Acidic PLA, AAZ53180.1 305.6 70 | EQc (-) 704 | 3| 12515 22
(K) EAVHSYATIYGCYCGWGGQGKPQDATDR (C
) 684 | 2| 15237 2.4
(E) GNLFQFAEMIVK (M) 61.0 |2 698.9 0.7
(C) FVHDccYGTVNDCNPK (M) 47213 662.6 -0.2
(K) TVCECDR (A) 37.6 | 2| 4702 -0.2
Basic PLA, AAZ53182.1 267.7 70 | (K) GYmFLSSYYCR (Q) 77.0 | 2 731.8 -1.0
(R) AVCECDRVAAICLGONVNTYNK (G) 69.0 | 3 852.4 -1.7
(K) LVEYSYSYR(T) 67.0 | 2 590.3 -0.8
(R) TGKIVCETYNR (C) 6153 447.6 -0.5
(K) QEAFSFFK (Y) 49212 502.2 -0.3
(C) FVHDCCYAR (V) 40.8 | 2 614.3 -14
(K) RAVCECDR (V) 384 |2 533.2 0.7
(E) GNLFQFAR (M) 379 | 2 476.8 -0.7
PLA,-II ABD24037.1 236.0 70 | (R) VAAIcCLGQDVNTYNKG (Y) 499 | 2 861.9 -0.4
Basic PLA, CAA48456.1 162.7 25 | (W)NYISYGCYCGWGGQGTPK (D) 61.6 | 2| 1005.9 1.3
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Acc::(s)swn -101gP COZ:;? ge MS/MS derived peptides -101gP m/z ppm
. 0
Acidic PLA, PODKR3.1 102.1 39 | (K)NYEHYSISHCmEESEQC (-) 21.5 1081.4 8.9
Ammodytin I12(A) variant CAE47208.1 94.6 23 | (R) ccFVHDCCYGGVN (G) 30.4 767.3 7.2
PLA; nigroviriditoxin basic (K) NAVPFYAFYGCYCGWGGQGQPKDATDR (C
subunit B COHJLS.1 83.5 28 |) 73.3 1543.2 -0.1
(-) NLLQFNR (M) 20.5 452.8 0.0
(K) SALFSYSDYGCYCGWGGKGKPQDATDR (C
Ammodytin 12(C) variant CAE47242.1 80.9 26 |) 43.5 1016.1 0.9
Acidic PLA, inhibitor vaspin A
chain AAN59979.1 80.5 25| (R)AAAICLGENVNTYDK (N) 344 819.9 -0.2
(K) SALLSYSDYGCYCGWGGQGKPKDATDR (C
PLA, ADG86231.1 66.5 26 | ) 37.1 985.8 1.8
Daboxin P COHK16.1 51.0 23 | (R) ccFVHDcCYGNLPDCNNKS (K) 20.5 1153.4 14
PLA, AHJ09529.1 48.9 12 | (Q) DASDRccEFVHDCCYGRA (N) 21.5 697.9 -0.1
Basic PLA, BP-I PODJJ8.1 33.6 11 | (K)AVAICLRENLGTYNK (K) 33.6 832.9 -1.8
Acidic PLA, Vur-PL3 F8QNS51.1 31.6 18 | (L)NGDIVCGDDDPCLR (A) 23.3 774.8 0.3
Basic PLA; RVV-VD P81458.1 178.3 54 | (K) YHNYPPSQcTGTEQc (-) 79.8 9214 0.9
PLA, ABY77928.1 69.2 8 | (R) GCEVHDcCcYEK (L) 47.1 709.3 0.8
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Protein Acc::(s)swn -101gP COZ:;? ge MS/MS derived peptides -101gP | z m/z ppm
. 0
Acidic PLA, AAMSE0564.1 68.0 17 | (K)QVCECDR (V) 322 | 2| 4837 -0.5
PLA, AHJ09559.1 58.6 14 | (R)DNLNTYNDKK (Y) 44.0 | 2 612.8 -0.2
Chain A, PLA, AHJ09557.1 46.7 14 | (R) VAAECFR (R) 32.1 | 2| 4267 0.8
BATXPLA, JAV01879.1 45.8 14 | (G) GGQPKDATDR (C) 312 | 2 522.8 -0.4
Acidic PLA, AB8CG78.1 188.3 58 | (K) YmLYSIFDcKEESDQc (-) 792 | 2| 10524 0.5
(K) TGNFGLLSYVYYGCYCGWGGKG (K) 56.2 | 2| 1240.0 1.4
(G) NLYQFGEmMINOQK (T) 52712 750.9 0.6
(K) TATYSYSFENGDIVcGGDDPCLR (A) 382 | 2| 1299.1 1.5
Snake venom metalloprotease
Hemorrhagic metalloproteinase
russelysin AAZ39880.1 275.3 37 | (R)LGVYYAYCR (K) 66.8 | 2 582.8 -0.7
(K) LHSWVECESGK (C) 65.0 | 2 666.3 -0.2
(K) SPGNQIPcLPYYIPSDENKGmVDHGTK (C
) 59.6 | 2| 1011.8 1.0
(K) YKNDLTAIR (T) 579 |2 5473 0.4
(K) YSVGVVQDHSK (I) 55512 609.8 -0.9
(K) VCSNGQCVDLNIAY (-) 52.6 | 2 806.9 -0.5
(R) AGTECRPARDECDKAEQCTGR (S) 499 | 2| 1234.0 1.7
(R) SANCPVDEFHENGRPcLHNFGYCYNGK (C
) 49.5 | 3] 1081.5 14
(R) GEEcDcGSPENCR (D) 429 | 3 785.3 -1.2
(R) KSYLLPR (K) 39.7 | 2 438.8 0.0
(K) IPCAPKDEK (C) 389 |2 5293 -0.3
(R) LYCSYK (S) 374 | 2| 4172 0.8
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Acc;(s:ion -101gP COZ:Z )a ge MS/MS derived peptides -101gP | z m/z ppm
(R) RELTEHNPECIINPPLR (T) 330 |2 702.7 -1.6
(R) TWVFELVNTINEIFKYLYIRVPLVGLEIW
K (N) 25.2 924.8 1.2
(R) KIPCAPK (D) 2152 4072 1.1
Factor X activator heavy chain ADJ67475.1 252.6 25 | (R) ARNECDVPEHCTGQSAECPR (D) 70.8 | 2| 1187.0 1.5
(R) SVGIVQVQGNR (N) 672 |3 578.8 0.4
(K)GSYYGYcR (K) 60.9 | 2 513.2 -0.3
(R) KSHDNALLFTDmR (F) 57212 782.4 -1.1
(R) KIPCAPQDVK (C) 46.0 | 2 578.3 0.0
(R) DOLOONGQPCOQNNR (G) 448 | 2 567.3 1.1
(K) ROCVDVNTAYQ (S) 44.6 | 2 677.3 0.4
(K) cILYPPLRK (D) 393 |3 580.3 -0.2
(K) TAGTVCR (R) 332 | 2 382.7 0.0
Factor X activator light chain | ADJ67474.1 195.2 53 | (K) FVVNLISENLEYPATWIGLGNmWK (D) 714 |2 937.5 -0.8
(K) SmTcNFIAPVVCKE (—) 493 |2 845.4 1.8
(A) VLDcPSGWLSYEQHCYKG (F') 43.0 | 2| 1100.0 0.4
(K) KGSHLVSLHSREEEK (F') 298 | 2 579.3 -0.1
(K) FcTEQK (K) 29.1 |2 406.7 -0.5
Factor X activator light chain 2 ADJ67473.1 188.6 63 | (R) IKDKEQECSSEWSDGSSVSYDNLGK (K) 842 |2 950.1 0.8
(A) GLDcPPDSSPYR (Y) 658 | 2 682.3 -0.1
(K) FITHFWIGLR (I) 59.8 |2 645.4 0.1
(R) FcmEHPNNGHLVSIESmEEAEFVAK (L) 55512 979.8 -1.7
(K) SWEAAER (F) 42.6 | 2| 4247 0.2
Metalloproteinase, partial ADI47593.1 148.2 9 | (E) CRAARDDCDVPEHCTGQSAECPR (N) 51.8 |2 878.4 2.8
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Protein Acc::(s)swn -101gP COZ:;? ge MS/MS derived peptides -101gP | z m/z ppm
. 0

Group I1II snake venom

metalloproteinase ADW54349.1 84.3 12 | (E) CRPARDDCDVAEHCTGQSAECPR (N) 21.1 | 2 859.4 2.1

Factor X activator light chain 2 AAT91068.1 127.8 24 | (L)NCEEPYPFVCK (V) 379 | 2 693.3 0.9
(R) YECYR (V) 31.8 | 2| 4047 -0.2

Factor X activator light chain 2 AFE61611.1 118.0 34 | (A) GLDcPPDSSLYR (Y) 472 12 690.3 0.2
(K) cFVLEK (E) 354 |2 398.2 0.5

VLAIP-B AAX38182.1 104.0 5 | (K) YSVGIVQDHSK (I) 739 12 616.8 -0.1

Snake venom metalloproteinase

K, partial JAC96600.1 79.0 3 | (K)NIPCAPQDVK (C) 284 |2 542.8 -0.2

Snake venom serine protease
(Q) GGIDTcLADSGGPLICNGQFQGIVAWGR (

Serine protease VLSP-1 E0Y418.1 175.7 29 | H) 76.0 | 2| 1460.2 1.0
(E) IYDYSVcR (K) 47.6 | 2 538.2 -0.8
(K) AYGGLPEK (S) 43412 417.7 0.3
(L) PAFYTK (V) 26.1 | 2 363.7 0.6

Enzymatically inactive serine

proteinase-like protein SPH-1 AMB36342.1 173.6 30 | (R) FYCAGTLINQEWVLTAAR (C) 103.0 | 2| 1057.0 0.5
(R) TLCAGILQGGIDSCK (V) 63.9 | 2 796.9 0.4
(K) EKFFcLSSK(T) 46.3 | 2 573.3 0.7
(L) VIGGDECNINEHPFLVALHTAR(S) 22.6 | 4 616.3 -0.6

Snake venom serine protease ADP88560.1 169.1 39 | (L) VVGGDECNINEHR (S) 69.6 | 2| 749.8 0.8
(K) TSTYIAPLSLPSSPPR (V) 594 |2 844.0 0.8
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Protein Acc::(s)swn -101gP COZ:;? ge MS/MS derived peptides -101gP | z m/z ppm
. 0
(R) NNAEIRLPEER (F) 47.0 | 2 670.8 0.4
(K) VYDYTDWIQSITIAGNTAATCPP (-) 36.5 | 2| 1228.6 1.2
(N) INILPYSVCR (A) 362 | 2 617.8 -0.1
(K) LDRPVK (T) 287 2| 3642 0.5
(K) WDKDImLIK (L) 28412 589.3 -0.4
Beta-fibrinogenase E0Y419.1 161.0 24 | (R) TLCAGILQGGIDTCK (G) 68.2 | 2 803.9 0.1
(K) FFCLSSKN (Y) 22.3 501.7 -0.1
Serine protease VLSP-3 precursor | E0Y420.1 157.2 16 | (K) TSTHIAPLSLPSSPPSVGSVCR (I) 989 2] 1125.6 0.5
Serine proteinase 3 JAS04410.1 74.5 9 | (K)VEDYTDWIQSIIAGNTAATCPP (-) 74.5 12| 1220.6 23
(_
) VVGGDECNINEHPFLVALYTSTSSTIHCGGA
Factor V activator RVV-V alpha | P18964.1 298.0 80 | LINR (E) 87.7 | 3| 12679 0.6
(K) ISTTEDTYPDVPHCTNIFIVK (H) 874 | 2| 1225.6 -0.7
(K) HKWCEPLYPWVPADSR (T) 83.6 | 2| 1021.0 -0.4
(R) DTcHGDSGGPLICNGQIQGIVAGGSEPCG
QHLKPAVYTK (V) 744 | 3 1360.3 1.7
(R) GKYFCLNTK (F) 67.0 | 2 565.8 0.7
(K) FPNGLDKDIMLIR (L) 56.6 | 3 511.3 -1.3
(R) TLcAGILKGGR (D) 557 12| 5733 0.2
(R) LRRPVTYSTHIAPVSLPSR (S) 53413 717.4 -0.3
(K) NIRNEDEQIRVPR (G) 49.0 | 2 819.9 0.6
(N) REWVLTAAHCDR (R) 464 | 3 505.2 -0.3
Factor V activator RVV-Vy P18965.2 296.3 72 | (A) SSTIHCAGALINR(E) 55.0 ]2 700.4 2.7
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Protein Acc::(s:ion -101gP COZ:Z )a ge MS/MS derived peptides -101gP | z m/z ppm

(M) HGIVAGGSEPcGQHLKPAVYTK (V) 355 | 4] 57713 0.9

Thrombin-like enzyme gyroxin

B1.3Precursor BOFXMI.1 106.6 5| (N) GEWVLTAAHCDR (K) 36.8 | 2 707.8 0.3

L-amino acid oxidase

Secreted L-amino acid oxidase

precursor ACF70483.1 299.5 56 | (R) IFFAGEYTANAHGWIDSTIK (S) 89.0 | 2| 1121.1 1.9
(K) SAGQLYQESLGK (A) 75.7 |2 640.8 -1.0
(K) YAMGAITTEFTPYQFQHFSEALTAPVGR (I
) 75.0 | 3| 1007.5 1.0
(K) KDLQTFCYPSIIQK (W) 69.9 | 2 871.0 -1.1
(S) GLSAAYVLAGAGHK (V) 625 |2 657.9 0.4
(K) NLLLETADYVIVCTTSR (A) 56.3 | 2 984.5 4.3
(K) HDDIFAYEKR (F) 542 |3 431.9 -0.1
(C) ADDKNPLEECFREDDYEEFLETIAK (N) 52913 992.4 2.4
(K) KFWEDDGIQGGK (S) 52.7 |2 690.3 2.7
(K) VIVTYQTTQKN (L) 51.7 |2 641.8 0.5
(K) VIVLEASERPGGR (V) 45.6 | 2 685.9 0.2
(L) LKYPVKPSEAGK (S) 41.6 | 2 658.9 0.9
(K) YDTYSTK (E) 41.6 | 2 439.2 -0.5
(K) LNEFVQETENGWYFIKN (I) 40.9 | 2| 1066.0 0.3
(K) SGLTAAR (D) 38.6 | 2 338.2 0.0
(R) RITFKPPLPPKK (A) 37713 474.6 0.3
(R) ATEESVHFK (A) 3752 530.3 -1.5
(K)AVEELKR (T) 343 |2 422.7 -0.5
(K) IFLTCTK (K) 3152 441.7 -0.4
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Protein Acc::(s:ion -101gP COZ:Z )a ge MS/MS derived peptides -101gP | z m/z ppm

Phosphodiesterase

Phosphodiesterase BANS89426.1 172.1 12 | (C) VRDVELLTGLNFYSGLK (Q) 762 | 2 962.5 0.5
(K) EQSSPLScSFGPVPSPDVSGCKO 594 | 2| 1161.5 -1.9
(K) YCLLHQAK (Y) 57512 516.8 -0.4
(K) TFLPIFVNPVN (-) 53412 630.9 0.4
(A) NVLcScSEDCLEK (K) 374 |2 807.3 -0.2
(K) QPLPETLQLK (T) 362 | 2 583.8 1.5
(V) LcScSEDCLEKK (D) 33.8 |3 510.2 0.5

5’-Nucleotidase

5'-nucleotidase, partial AHJ80886.1 213.9 46 | (R) FHECNLGNLIcDAVIYNNLR (H) 88.3 | 2| 1218.1 1.7
(R) HGOGTGELLQVSGIK (V) 71.1 | 2 762.4 -0.7
(R) VVSLNVLcTK (C) 62.8 | 2 566.8 0.5
(R) QVPVVQAYAFGK (Y) 60.7 | 2 653.9 0.5
(Q) LONYYSQEIGK (T) 589 |2 671.8 1.0
(K) ITALGHSGFEFFEDQR (I) 53.1 |3 530.6 -0.4
(K) ASGNPILLNK (D) 52312 513.8 -0.6
(K) VGIIGYTTK (E) 50.8 | 2| 4763 -0.1
(R) ANNGIITLEELTSVLPFGGTFDLLQIK (G
) 423 |3 968.5 1.5
(R) VPTYVPLEmMEK (T) 41.1 | 2 661.3 1.0
(K) DIPEDQVVK (A) 358 | 2 521.8 -0.4
(K) VVYDLSQKPGSR (V) 350 |3 450.2 0.1
(K) ETPVLSNPGPYLEFRDEVEELQIHANK (L
) 348 | 3] 1042.2 -0.2

Glutaminyl cyclase

Glutaminyl-peptide

cyclotransferases Q90YAS.1 118.7 27 | (K) LIFFDGEEAFVR (W) 774 | 2 721.9 0.6
(G) LOGLOAGWLVEEDTFQSHTPYGYR (T) 36.6 | 3 932.5 -0.6
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Protein Acc::(s)swn -101gP COZ:;? ge MS/MS derived peptides -101gP | z m/z ppm
. 0

(R) TEFSNIISTLNPLAK (R) 29.9 759.9 -0.2
(R) NPVFPVYFLNTAR (W) 24.7 769.4 0.9

Hyaluronidase

Hyaluronidase ABI33950.1 41.9 3| (K)GKLELENLIYLR(E) 419 | 3 487.6 -2.0

Aminopeptidase

XP 0156760

Xaa-Pro aminopeptidase 2 63.1 132.4 14 | (K) EALQmLTAGCPESPCVK (V) 582 |2 953.9 0.4
(R) GDDIPYTPVEFYAYTLLTK (T) 548 | 2| 1039.0 1.1
(R) LADDFmGSTWQEK (V) 532 |2 772.3 -0.9
(R) YWIQAER (Q) 448 [ 2| 4832 0.0
(R) TTHWGEPTAFQK (E) 354 |3 472.2 0.5
(K) VVSLVPYAR (N) 28412 502.3 -0.9
(R) YLVWLEK (N) 25.6 | 2 475.8 1.7

Non-enzymatic proteins

Kunitz-type serine protease inhibitor

KSPI BI A8Y7PI.1 152.7 49 | (K) cKEFIYGGCHGNANK (F) 24.1 | 4] 4394 -0.2

KSPI AFD04724.1 142.4 50 | (R) SFYYDSESKK (C) 62.6 | 2 627.3 -0.2
(K) cKEFIYGGCHGNANNEPTR (D) 59.5 |3 748.0 0.1

KSPI 1 ABD24040.1 228.2 56 | (K) VFFYGGCGGNANNFETRDECR (Q) 544 | 2| 12355 1.7
(R) IYYNPDSNKCEVFFYGGCGGNDNNFETR (

KSPI C5 ABYT7NS.1 152.3 49 | K) 619 | 3] 1113.1 3.2
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Acc::(s)swn -101gP COZ:;? ge MS/MS derived peptides -101gP | z m/z ppm
. 0
KSPI IV ABD24043.1 157.1 48 | (A)ELTPISGQDRPK (F) 354 | 2 670.9 0.7
(R) FYYNPASNQCQGFIYGGCGGNANNFEFETR (
D) 63.8 1603.7 -0.5
(K) FCHLPVDSGICR (A) 55.0 730.8 0.6
KSPI I ABD24041.1 260.0 64 | (R) SRENTNNFEFDTR (D) 56.0 677.3 0.6
(R) YGHPRPR (F') 40.0 441.7 0.0
Snaclec
P68 alpha subunit ADK22825.2 200.0 61 | (R) TWFNLScGDDYPFEFVCK (F) 803 | 2| 1004.9 1.2
(K) TPADYVWIGLR (N) 71.0 | 2 645.8 -0.1
(K) WIDGSSVIYK (N) 55.0 ]2 578.3 -0.2
(K) AFDEPKR (R) 45112 431.7 0.4
(R) KAQYCISK (W) 438 2] 499.3 -0.3
(K) RSGDAETFcTEQANSGHLVSIESVEEAEF
VAQLISENIK(T) 36.2 | 4| 1074.5 0.5
(K) NcFGLEK (E) 283 [ 2| 4342 0.0
C-type lectin-like protein 2 AAY63871.1 195.2 53 | (A) VLDcPSGWLSYEQHCYKG (F) 43.0 2| 1100.0 0.4
C-type lectin-like protein 3A ABW82662.1 165.3 41 | (A) DEDcPPDWSAYDQHCYK (A) 66.5 1102.4 -2.1
C-type lectin 2 AMK37409.1 77.5 19 | (R) TWLNLCcGDDYPEVCcK (F) 24.9 995.9 1.5
Dabocetin alpha subunit ADK22821.1 230.9 77 | (K) YHEWITLPcGDKNPFICK (S) 83.0 | 2] 11395 -0.1
(Q) ROQCSSHWTDGSAVSYETVTK (Y) 65.5 |3 809.7 -0.3
(K) SKYHAWIGLR (D) 58.1 12 615.8 0.7
(K) TWEDAEKFCTQQANGWHLASIESVEEANFE
VAQLASETLTK (S) 428 | 4| 1135.5 -0.3
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Acc;(s:ion -101gP COZ:Z )a ge MS/MS derived peptides -101gP | z m/z ppm

(K) SWVLH (-) 26.8 | 2 321.2 0.7

C-type lectin-like protein 1 AAY63870.1 118.0 34 | (A) GLDcPPDSSLYR(Y) 472 12 690.3 0.2
(R) FcmEHPNNGHLVSIESmEEAEFVAK (L) 463 | 4 735.1 -0.8

(K) cEFVLEK (E) 354 |2 398.2 0.5

(R) YFCYR (V) 31.8 |2 404.7 -0.2

Dabocetin beta subunit ADK22822.1 256.2 72 | (A) KODCLSDWSFYEGYCYK (V) 84.0 | 2] 1125.0 0.6
(K) KTWEDAEKFCcNEQVNGGYLVSFEFR (S) 79.6 | 3 926.4 1.0

(R) WSDGVNLDYK (A) 68.0 | 2 598.8 -0.3

(R) FDFFWIGLR (D) 67.7 |2 600.8 -0.2

(K) AWSREPNCEVSK (T) 63.7 |2 740.9 0.1

(K) TTDNQWLR (W) 58.6 | 2 517.3 -0.1

(R) SSEEmDFVIR (M) 56.1 | 2 614.8 0.0

(R)mTFPIFR (F) 42.1 ]2 464.2 0.1

(R) WNCNDPR (Y) 29.5 |2 481.2 0.0

(R) YEVCK (S) 27312 358.7 0.1

P31 alpha subunit ADK?22833.1 207.6 61 | (K) SVGEANFVAQLASGFmMOQK (D) 904 | 2| 950.5| -0.9
(A) DLDCPSGWSAYDQHCYQAVDEPK (S) 723 | 2| 1371.1 0.9

(K) SWADAEKFCcTEQANSGHLVSIK (S) 69.6 | 2 826.7 0.5

(K) DGIYVWIGLR (D) 548 | 3 596.3 -1.9

(K) WDYVNCAEHYR (F) 388 |2 756.8 -2.8

(K)WTYFHK (W) 29712 441.2 0.7

2

P31 beta subunit ADK22834.1 164.3 32 | (K) GSHLASIHSSEEEAFVSK (V) 108.2 | 2 958.0 0.1
(A) GEFScPNGWSSFGQHCYK (V) 62.6 | 2| 1009.9 1.0
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Protein Acc::(s)swn -101gP COZ:;? ge MS/MS derived peptides -101gP | z m/z ppm
. 0

(R) IFWFNR (G) 434 12| 4417 0.5
(K) FVSFVCcK (F) 41.7 12 443.7 -0.9

C-type lectin-like protein 2B AJO70722.1 109.2 16 | (K)FDFIWIGLR (D) 632 |2 583.8 -0.1

C-type lectin E, partial JAC96622.1 69.6 16 | (C) TSEWNDGSKIIYVNWK (E) 507 12| 9705 1.9

Snaclec A16 B4XSZ1.1 49.7 11 | (K) HLATIEWLGK (A) 337 |2 584.3 0.0

Snaclec bitiscetin subunit alpha Q7LZKS5.1 49.3 6 | (V) GTWEDAEK (F) 334 | 2| 4682 -0.1

Cysteine-rich secretory protein

Cysteine-rich secretory protein

Dr-CRPK ACE73567.1 255.2 41 | (K) KDEVYGQGASPANAVVGHYTQIVWYK (S) 903 |3 966.8 -0.3
(R) cILNHSPYNSR (V) 69.6 | 2 680.8 0.4
(K) TKCPASCFcHNETTI (-) 584 |2 868.9 0.2
(K) WTAIIHEWHK (E) 573 |2 660.8 0.4
(P) RRPEIQNEIVDLHNSLR (R) 49.0 | 3 697.0 -1.6
(S) GSVDFDSESPR (R) 453 |2 598.3 -0.5
(K) QGCHSNYLK (T) 25713 369.5 0.2

Cysteine-rich secretory protein ALB06109.1 150.1 16 | (R) KPEIQNEIVDLHNSLRR (S) 378 | 4 516.0 -0.9

Cysteine-rich venom protein AAP20602.1 78.6 6 | (M) KTNCPASCFCHNEIT (-) 262 | 2 897.4 1.2

Vascular endothelial growth factor

Snake venom vascular endothelial (R)ETLVSILQEHPDEISDIFRPSCVAVLR (C

growth factor toxin VR-1 ACN22046.1 202.9 47 1) 76.7 | 2| 15623 -0.3
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Protein Acc::(s)swn -101gP COZ:;? ge MS/MS derived peptides -101gP | z m/z ppm
. 0

(R) WKQGEPEGPKEPR (R) 73.5 |2 769.4 0.9
(K)HTADIQImR (M) 563 | 2 550.8 -0.5
(K) FmMEHTACECRPR (W) 44.6 | 2 805.3 0.8
(R) SACQTR (E) 336 | 2| 3617 -0.5

Snake venom vascular endothelial

growth factor toxin P82475.2 90.8 25 | (R) PEPDVYQR(S) 38.1 |2 511.3 -0.5
(K) FTEHTACECRPR (R) 20.6 | 3 521.9 -0.1

Nerve growth factor

Venom nerve growth factor 1 AAA03282.1 152.8 18 | (K)HWNSYCTTTDTFVR (A) 85.7 |2 894.4 0.4
(R) INTACVCVISR (K) 71.5 |2 646.8 0.6
(K) cKNPNPVPSGCR (G) 455 |2 693.3 1.0

Venom nerve growth factor 1 Q2XXLé6.1 72.6 9 | (K)cRNPNPVPSGCcR (G) 49.7 1 2 707.3 -7.2
(K)QYFFETK (C) 458 | 2 481.7 -1.1

Disintegrin

Jerdostatin AAP20878.1 104.1 27 | (R) TSVSSHYCTGR (S) 654 |2 627.8 0.5
(K) LKPAGTTCWR (T) 52912 595.3 -0.6
(R) SCECPSYPG (N) 36.5 | 2 528.7 -0.5
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Table 4.4c. List of all the proteins identified by LC-MS/MS analysis of GF fractions of EI RVV (N). The table shows the identified peptide

ions, their m/z, charge (z), the score for the ID, AM (ppm), and modified residues. Carbamidomethylated cysteine and oxidized methionine

residues are represented as ¢ and m (in lower cases).

Protein Accl\elis.ion -101gP Coz’oeAt' )a ge MS/MS derived Peptides -10lgP | z| m/z ppm
Enzymatic proteins

Phospholipase A,

Basic PLA, AAZ53182.1 305.9 84 | (R) VAAICLGQONVNTYNKGYMFLSSYYcCR (Q) 859 | 3| 1031.5 0.8
(R) MIDAKQEAFSFFKYISYGCYCGWGGQGTP
K (D) 84.6 | 3| 1166.2 -2.7
(R) VKGCNPKLVEYSYSYR (T) 59.2 | 3 655.0 -0.9
(K) RAVCECDRVAAICLGONVNTYNK (G) 55213 904.4 -0.6
(K) DASDRCcFVHDCcCcYAR (V) 44.6 | 3 678.9 0.6
(K) GENPKLVEYSYSYRTGK (I) 39513 674.7 0.5
(K) LVEYSYSYRTGKIVCETYNR (C) 37.0 | 3 834.4 2.4
(K) MTGKEAVHSYAIYGCYCGWGGQGKPQDAT

Acidic PLA, AAZ53180.1 283.1 81 | DR(C) 89.7 | 3| 1155.2 -1.2
(-) NLFQFAEMIVKMTGK (E) 79512 879.0 1.2
(R) AAATCLGONVNTYDKNYENYATISHCTEES
EQc (-) 73.7 13| 12515 0.0
(R) cCFVHDccYGTVNDCNPK (M) 60.8 | 2| 1096.4 0.4
(K) TVCECDRAAATICLGQONVNTYDK (N) 56.7 | 3 853.4 -0.3
(N) GDIVcGDNNLCLK (T) 56.0 | 2 739.3 -0.1

PLA, AHJ09529.1 58.6 12 | (Q) DASDRcCEFVHDCCYGRA (N) 229 | 3] 6979 0.4

PLA, CAA48456.1 114.1 26 | (W)NYISYGCYCGWGGQGTPK (D) 47.6 | 2| 1005.9 0.2
(=) NLFQFAR (M) 214 | 2] 476.8 -1.5
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Protein Accl\?zsmn -101gP COZ;? ge MS/MS derived Peptides -10lgP | z| m/z ppm
. ()

PLA, ACB59359.1 74.6 32 | (K) YMLYSLFDCcK (E) 46.7 | 2| 6703 -0.8
(Q) NGDIVCGDDDPCLR (A) 2552 774.8 0.3

Vaspin A AANS59979.1 46.8 11 | (R)AAAICLGENVNTYDK (N) 46.8 | 2| 8199 0.3
Basic PLA, AAZ53183.1 223.6 82 | (K)NPLSSYSNYGCYCGWGGK (G) 77.0 | 2| 1006.9 -0.9
(R) KYPPSQCTGTEQc (-) 66.7 | 2 778.3 0.8

(R) AVCECDRVAATCFR (D) 65.7 12| 8579 0.7

(K) TATYSYSFENGGIVcGDRDPcK (R) 64.5 | 2] 1249.0 -0.9

(R) VAATCFRDNLNTYDKK (Y) 355 13| 6393 -0.1

(R) ccFVHDCCYEK (V) 33.8 | 3] 5075 -0.7

(=) NLLQFGR (M) 259 | 2] 4242 -1.4

(N) GGIVcGDRDPCKR (A) 25.6 | 3 497.2 0.4

Ammodytin [12(A) variant CAE47208.1 70.6 22 | (R) ccFVHDCCYGGVN (G) 224 2] 7673 7.2
PLA, ABY77928.1 65.3 8 | (R) GCFVHDcCcYEK (L) 419 2] 7093 0.0
K49 PLA,-like protein AAW92122.1 39.3 7 | (R) DNLDTYDKK (Y) 393 [ 2] 5563 -1.8
Acidic PLA; DsM-a2/DsM-a2' A8CG78.1 198.0 41 | (K) YMLYSIFDCKEESDQc (-) 96.5 | 2| 10444 1.2
(K) TGNFGLLSYVYYGCYCGWGGK (G) 77.8 1 2] 1211.5 0.6

(=) NLYQFGEMINQK (T) 61.1 ]2 742.9 0.6

(R) AVCECDRVAAICFR (E) 42112 863.9 -1.9

(R) VAATICFRENMNTYDKK (Y) 20.8 | 3 654.0 -0.1

Ammodytin I1(F) isoform CAE47167.1 58.5 25 | (Y) SYSFENGDIVcGGDDPCLR (A) 47.4 | 2| 1081.0 0.6
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Protein Accl\?zsmn -101gP COZ;? ge MS/MS derived Peptides -10lgP | z| m/z ppm
. ()
(K) YMLYSLLDCKEESDQc (-) 22.1 |2 998.9 -3.1
Snake venom metalloprotease
Hemorrhagic metalloproteinase
russelysin AAZ39880.1 310.9 42 | (R)RFLTEHNPECIINPPLR (T) 82.8 | 2| 1053.6 1.7
(R) TDIVSPPACGNELLER (G) 73.7 | 2 885.9 -1.4
(K) NDLTAIRTWVFELVNTINEIFKYLYIR (V
) 71.7 1 3] 1115.6 1.8
(R) DPccDAASCK (L) 63.6 | 2| 5922 -0.4
(K) LHSWVECESGK (C) 63.5 ]2 6663 -2.4
(R) LGVYYAYCRK (E) 548 | 2 646.8 -0.7
(R) SANCPVDEFHENGRPCLHNFGYCYNGK (C
) 52.3 | 3| 1081.5 -0.6
(K) SPGNQIPcLPYYIPSDENKGmVDHGTK (C
) 52.1 ]3] 1011.8 -1.2
(K) VcSNGQCVDLNIAY (-) 51.0 |2 806.9 -1.8
(K) YSVGVVQDHSK (1) 50.2 | 2| 609.8 -0.8
(R) AGTECRPARDECDKAEQCTGR (S) 49.0 | 2| 1234.0 1.0
(G) VQDSCcFQYNR (L) 478 | 2| 658.8 -0.1
(R)LYCSYK (S) 4551 2] 4172 0.0
(R) TWVFELVNTINEIFKYLYIRVPLVGLEIW
K (N) 39.9 | 3| 12327 5.1
(I) KIPCAPKDEK (C) 393 |2 593.3 0.4
(R) KSYLLPR (K) 358 |2 438.8 0.2
(R) GEECDcGSPENCR (D) 332 |2 785.3 -3.4
(K) YESNcSYNQYR (R) 22912 751.3 2.2
(K) IYEIVNSANEIFNPLNIHVTLIGVEFWcD
Factor X activator heavy chain ADJ67475.1 256.6 31 | R(D) 79.6 | 3| 1192.6 0.9
(R) GYCYNGDcPImR (N) 68.6 | 2| 7613 1.0
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Protein Accl\?zsmn -101gP Coz:;r)a ge MS/MS derived Peptides -10lgP | z| m/z ppm
. ()

(D) ARNECDVPEHCTGQSAECPR (D) 65512 1187.0 1.3
(R) SVGIVQVQGNRNFK (T) 623 ]2 773.4 -0.4
(K) GSYYGYcCR (K) 62.1 |2 513.2 0.1
(K) DSCFQENLK (G) 56.6 | 2| 5708 -2.3
(R) LECLNNSPR (N) 55.6 | 2] 5608 -0.6
(R) KSHDNALLFTDmR (F) 53.7 12 782.4 1.6
(K) RQCVDVNTAYQ (S) 47412 677.3 0.6
(K) cILYPPLRK (D) 43113 387.2 0.5
(K) TAGTVCR (T) 373 | 2| 3827 -0.1
(Q) LVSTSAQFNK (A) 345 |2 547.8 -1.0
(R) ASDLmTR (K) 333 [ 2] 4052 -0.3
(K)AFIELITIVDHSmMAK (K) 258 | 3 572.7 -1.9

Coagulation factor X activating
enzyme heavy chain AAB22477.1 237.1 36 | (R) DECDVPEHCTGQSAECPR (D) 73.1 | 2| 1073.9 3.0
Factor X activator light chain 1 ADJ67474.1 177.0 48 | (K) FVVNLISENLEYPATWIGLGNmWK (D) 74.1 | 2| 1405.7 1.4
(A) VLDcPSGWLSYEQHCYKG (F) 49.9 | 2| 1100.0 -1.6
(K) SmTcNFIAPVVCKE (-) 459 | 2| 8454 -0.7
(K) ALAEESYCLIMITHEK (V) 29313 636.6 -1.7
(K) FcTEQK (K) 262 |2 406.7 1.1
(K) KGSHLVSLHSREEEK (F') 225 4 434.7 -0.3
Metalloproteinase, partial ADI47593.1 146.1 12 | (E) CRAARDDCDVPEHCTGQSAECPR (N) 452 | 3] 8784 2.1
Metalloproteinase, partial ADI47654.1 124.3 6 | (R) VPLVGLEIWNK (G) 382 | 2| 6344 -2.7
Factor X activator light chain 2 AFE61611.1 1234 34 | (K) cFVLEKESGYR (M) 56.7 | 3| 463.2 0.4
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Protein Accl\?zsmn -101gP COZ‘;? ge MS/MS derived Peptides -10lgP | z| m/z ppm
. ()
(A) GLDcPPDSSLYR (Y) 53.0 |2 690.3 -0.5
(R) YECYR (V) 325 [ 2] 4047 -2.2
Metalloproteinase, partial ADI47578.1 110.0 6 | (M)GNQCISLFGSR (A) 422 12| 6198 -0.7
(D) YLIYR (K) 23912 364.2 0.4
Factor X activator light chain 2 ADJ67473.1 184.5 60 | (R) IKDKEQECSSEWSDGSSVSYDNLGK (E) 87.0 | 3] 950.1 -0.6
(A) GLDcPPDSSPYR (Y) 60.2 | 2 682.3 -0.5
(R) FcmEHPNNGHLVSIESmEEAEFVAK (L) 589 |3 979.8 1.6
(K) FITHFWIGLR(I) 56.1 | 2 645.4 -1.4
(R) KSWEAAER (F) 41.7 | 2] 488.7 0.0
VLAIP-A AAX38181.1 175.8 13 | (R) LYCFDNLPEHK (N) 722 | 2| 7183 0.4
(N) VTLDLFGK (W) 53.1 2] 4468 0.2
(K) mPQCILNKPLK (T) 503 |2 679.4 -1.4
(R) IYEIVNILNVIYRVLNIYIALLGLEIWNN
GDK (I) 44.0 | 4] 941.0 -0.5
(K) AcCSSNRQCVDVNTAY (-) 38512 872.9 0.1
(R) KIPCAPQDVKCGR (L) 22,6 | 3 510.3 -0.4
H3 metalloproteinase precursor 1 AGL45259.1 169.7 11 | (R) IYEIVNLLNVIYR (V) 56.8 | 2| 8115 0.2
(K) INVLPEAK (V) 383 | 2] 4423 -0.4
Factor X activator light chain 2 AAT91068.1 143.1 24 | (L)NCEEPYPFVCK (V) 512 12| 6933 -0.9
VLAIP-B AAX38182.1 108.6 5| (K)YSVGIVQDHSK(TI) 734 | 2 616.8 -0.6
Snake venom serine protease
Serine beta-fibrinogenase-like protein | ADP88560.1 | 222.5 ‘ 52 | (K)VYDYTDWIQSIIAGNTAATCPP (-) | 73.4 | 2‘ 1228.6 | -0.8
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Protein Accl\?zs'ion -101gP COZ‘;:; ge MS/MS derived Peptides -10lgP | z| m/z ppm
(L) VVGGDECNINEHRS (L) 6352 793.4 0.4
(K) TSTYIAPLSLPSSPPR (V) 62.5 |2 844.0 -1.0
(R) NNAEIRLPEER (F) 60.7 | 2| 6708 0.3
(M) HGIVAWGDDTCcAQPHKPVHYTK (V) 389 | 4 630.1 0.0
(R) FFCLSNK (N) 37.6 | 2 458.2 -0.3
(K) LDRPVK (T) 353 [ 2] 3642 0.0
(H) cANINILPYSVCR (A) 316 | 2 790.4 -1.8
(K) GLPAQSR (T) 21.0 [ 2] 364.7 0.2
Enzymatically inactive serine
proteinase-like protein SPH-1 AMB36342.1 216.2 30 | (R) FYCAGTLINQEWVLTAAR (C) 102.9 | 2| 1057.0 0.2
(R) TLCAGILQGGIDSCK (V) 67.0 |2 796.9 -0.4
(K) EKFFcLSSK(T) 48.8 | 2| 5733 -0.6
(K) TYTRWDKDIMLIR (L) 48.6 | 3 571.0 0.0
(L) VIGGDECNINEHPFLVALHTAR (S) 432 | 4 616.3 -1.3
(Q) GGIDTcLADSGGPLICNGQFQGIVAWGR (
Serine protease VLSP-1 E0Y418.1 204.1 34 | H) 87.7 1 2| 1460.2 -0.5
(P) FSLPSSPPTVGSVCcR(I) 613 ]2 795.9 1.1
(E) IYDYSVCR (K) 49912 538.2 -0.4
(A) YGGLPEK (S) 335 2] 3822 -0.8
(L) PAFYTK (V) 323 1|2 363.7 -0.2
(L) VIGGDECNINEHPFLAL (M) 314 |2 949.5 -0.5
Serine protease VLSP-3 E0Y420.1 187.4 20 | (K) TSTHIAPLSLPSSPPSVGSVCR(I) 94.6 | 2| 1125.6 1.9
Serine proteinase SP-4 AMB36345.1 138.2 27 | (R) TLcAGILQGGIDTCK (G) 682 | 2| 8039 0.7
(K) FHCSGTLLNQEWVLTAA (H) 312 |2 974.0 -1.0
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Protein Accl\?zsmn -101gP COZ;? ge MS/MS derived Peptides -10lgP | z| m/z ppm
. ()

Kallikrein-CohLL-4 JAA98034.1 122.7 18 | (R) FHCSGTLINQEWVLTAA (H) 31.2 1 2| 974.0 -1.0

Factor V activator RVV-V gamma P18965.2 233.0 74 | (K) ISTTEDTYPDVPHCTNIFIVK (H) 79.0 | 2| 1225.6 0.9
(K) HKWCEPLYPWVPADSR (T) 73.7 | 2| 1021.0 -3.2
(R) TLCAGILKGGR (D) 59.712 573.3 0.0
(R) LRRPVTYSTHIAPVSLPSR (S) 55313 717.4 -0.3
(R) ENVLTAAHCDR (R) 54.6 | 2 679.3 -0.3
(R) GKYFCLNTK (F) 52.8 | 2 565.8 0.3
(L) VVGGDECNINEHPFLVALYTSASSTIHCA
GALINR (E) 458 | 4] 9472 1.6
(K) YECLNTKFPNGLDKDIMLIR (L) 434 | 4 615.3 -1.7
(R) cRIMGWGK (I) 41.1 | 3] 3365 -0.1
(R) DTcCHGDSGGPLICNGEMHGIVAGGSEPCG
QHLKPAVYTK (V) 40.0 | 6 685.3 -0.1
(N) IRNEDEQIRVPR (G) 354 |3 508.9 -0.8
(R) IKLGMHSK (N) 349 | 3 305.2 -0.1
(K) VEDYNNWIQSIIAGNR(T) 29413 637.3 -0.9

Serine proteinase 3 JAS04410.1 39.4 9 | (K)VEDYTDWIQSIIAGNTAATCPP (-) 39.4 | 2| 1220.6 0.9

Venom serine proteinase-like protein

2 Q9PT40.1 164.3 35| (K)VTYPDVPHCAN (I) 26.7 636.8 -1.2
(I) IILGVHSK (N) 24.2 433.8 -5.0

Kallikrein-CohLL-7 JAA98031.1 89.6 12 | (R) IMGWGTITPTK (E) 519 [ 2] 6028 -0.2

Snake venom serine protease nikobin | ESAJX2.1 79.0 8 | (R) IMGWGTISSPK (V) 427 | 2| 588.8 -2.3

Venom serine proteinase-like HS120 | Q5W958.1 50.2 7 | (R) IMGWGTITPSKA (T) 347 12| 6313 -0.3
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Protein Accl\?zsmn -101gP COZ;? ge MS/MS derived Peptides -10lgP | z| m/z ppm
. ()

Alpha-fibrinogenase-like ESLOE3.1 213.6 58 | (K) KILPFVPHCANINIVPYTVCR (V) 68.7 | 2| 1256.2 0.9
(R) RIGScLGDSGGPLICNGQIQGIVSWGSDP
CVNR (G) 61.1 | 3] 1177.2 -1.3
(K) SYTKWDKDIMLIK (L) 56.5 | 3 547.6 -1.8
(R) GAPSIYTKVEFDYTDWIHSITIAGNTAATCP
S(-) 54.8 | 3] 1086.2 0.3
(R) TLCAGVSGR (R) 53.0 | 2] 4607 -0.2
(R) IMGWGSITSPK (K) 52712 588.8 -2.1
(R) VIYRPLPEQSR (T) 52.6 | 2 679.4 0.6
(K) LNKPVTYSTHIASLSLPSNPPR (V) 43713 798.1 -1.3
(_
) VVGGDECNINEHPFLVALYTSTSSTIHCGGA

Factor V activator RVV-V alpha P18964.1 192.8 67 | LINR (E) 69.5 | 3| 1267.9 0.2
(K) VEDYNNWIQONITIAGNR (T) 57912 969.0 -0.5
(K) NIRNEDEQIR (V) 22012 643.8 0.6
(R) EWVLTAAHCDRR (N) 20.6 | 3 505.2 -0.7

Gyroxin-like B1 7 serine protease ABY65931.1 86.0 12 | (Q) PHKPALYTK (V) 30.1 | 3] 3522 0.2

L-amino acid oxidase

Secreted L-amino acid oxidase ACF70483.1 301.6 58 | (K) LNEFVQETENGWYFIK (N) 92.5 | 2| 1009.0 -1.0
(R) IFFAGEYTANAHGWIDSTIK (S) 87.4 | 2| 1121.1 0.0
(K) IOONAEKVTVTYQTTOK (N) 87312 990.5 0.4
(K) YAMGAITTFTPYQFQHFSEALTAPVGR (I
) 773 | 2] 1510.7 -1.6
(K) KDLOQTFCYPSIIQK (W) 734 | 2 871.0 -1.9
(K) SAGQLYQESLGK (A) 70.0 | 2] 6408 -0.7
(K) NLLLETADYVIVCTTSR (A) 66.5 | 2 984.5 0.9
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Protein Accl\?zs'ion -101gP COZ‘;:; ge MS/MS derived Peptides -10lgP | z| m/z ppm

(C) ADDKNPLEECFREDDYEEFLETIAK (N) 57.8 | 2| 1488.2 0.9
(K) EGWYANLGPmR (V) 51412 655.3 -0.6
(R) ATEESVHFK (A) 48.6 | 2 530.3 -0.3
(K) VIVLEASERPGGR (V) 45912 685.9 -0.8
(K) VIVTYQTTQKN (L) 42,712 641.8 0.6
(L) LKYPVKPSEAGK (S) 402 |2 658.9 0.5
(K) STTDLPSR (F) 38.6 | 2 438.7 0.0
(K) AVEELKR (T) 359 |2 422.7 0.5
(R) RITFKPPLPPKK (A) 338 |3 474.6 0.6
(K) SGLTAAR (D) 29112 338.2 -0.1
(K) EGNLSPGAVDmMIGDLLNEDSGYYVSFIES
LKHDDIFAYEK (R) 26.5 | 4| 1117.5 5.5
(S) THQLPK (K) 172 | 2] 368.2 -0.4

L-amino-acid oxidase Q4F867.2 284.2 57 | (K) KEWEDDGIQGGK (T) 514 690.3 2.3
(R)AIEESVR (F) 41.7 402.2 0.0
(K) IFLTCTKK (F) 19.2 337.5 -1.0

Phosphodiesterase
(K) VLSFILPHRPDNSESCADTSPDNLWVEER

Phosphodiesterase AHJ80885.1 255.6 31 ] (1) 79.0 | 3| 1128.5 2.1
(T) NPAWWGGQPIWHTVTYQGLK (A) 773 12| 1170.1 0.7
(K) DFYTFDSEGIVR (N) 772 | 2 724.8 -1.8
(R) VRDVELLTGLNFYSGLK (Q) 74.1 12 962.5 0.9
(K) FGPVSGEIImALQmADR (T) 732 |2 934.0 -1.8
(K) AATYFWPGSEVK (I) 712 | 2 678.3 -2.1
(K) IPIPTHFFVVLTScENQINTPLNcPGSLK
(V) 65.5 | 3] 1099.6 1.3
(R) LWNYFHGTLLPK (Y) 633 |2 744.9 -2.0
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Protein Accl\?zs'ion -101gP COZ‘;:; ge MS/MS derived Peptides -10lgP | z| m/z ppm

(K) YCLLHQAK (Y) 564 |2 516.8 -0.9
(R) cNGGTHGYDNEFK (S) 52912 749.8 0.3
(K) SPPTSVPPSASDCLR (L) 45.6 | 2 785.9 -0.5
(K) TFLPIFVNPVN (-) 454 | 2 630.9 0.4
(K) TESEAHNLPYGRPQVLQONHSK (Y) 428 | 3 802.4 0.3
(R) LNLNNQAK (T) 382 |2 457.8 -0.3
(A) NVLcScSEDCLEK (D) 38.1 | 2] 8073 0.2
(K) QPLPETLQLK (T) 347 | 2 583.8 -0.8

5'-Nucleotidase

5'-nucleotidase, partial AHJ80886.1 235.6 43 | (R) FHECNLGNLIcDAVIYNNLR (H) 95.0 | 2| 1218.1 -0.4
(R) HGOQGTGELLQVSGIK (V) 874 |2 762.4 -1.6
(K) ITALGHSGFFEDQR (I) 72412 795.4 -3.3
(K) VVYDLSQKPGSR (V) 59.6 | 2 674.9 -1.2
(R) VVSLNVLCTK (C) 592 | 2] 566.8 -1.9
(K) ASGNPILLNK (D) 58.6 | 2 513.8 -0.7
(Q) LONYYSQEIGK (T) 57.8 |2 671.8 -0.7
(K) VGIIGYTTK (E) 504 ]2 476.3 -0.7
(R)ANNGIITLEELTSVLPFGGTFDLLQIK (G
) 49.6 | 2| 14523 0.4
(K) DIPEDQVVK (A) 39.6 | 2 521.8 -0.8
(K) QAFEHSVHR (H) 37712 555.8 -0.5
(R) VPTYVPLEmMEK (T) 327 |2 661.3 53
(K) ETPVLSNPGPYLEFRDEVEELQTHANK (L
) 32.5 [ 3] 10422 -0.5

Glutaminyl cyclase

Glutaminyl-peptide cyclotransferase | AFE84762.1 | 172.0 ‘ 54 | (K) VFVGATDSAVPcAMMLELAR (S) 66.6 | 2‘ 1069.5 | 0.6
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Protein Accl\?zs'ion -101gP COZ‘;:; ge MS/MS derived Peptides -10lgP | z| m/z ppm
(K) LIFFDGEEAFVR (W) 61.8 ]2 721.9 0.3
(R) VWHVMEDNEENLDKPTIDNLSK (1) 55.6 | 3 876.1 -0.6
(R) LEATEQNLHDLGLLNNYSSER (Q) 52913 810.1 0.5
(R) NPVFPVYFLNTAR (W) 49.0 | 2 769.4 -0.2
(R) TEFSNIISTLNPLAK (R) 43412 759.9 1.1
(R) LOGLOAGWLVEEDTFQSHTPYGYR (R) 40.0 | 3 932.5 0.3
(Q) HPVEDDHIPFLR (G) 362 | 3 492.3 2.6
(R) YPGSPGSYAVR (Q) 25.7 12| 57713 -1.6
(R)RGVPILHLIPSPFPR (V) 25.1 | 3 567.0 -1.5
(R) MWONDLHPIMIER (Y) 21.1 |3 561.6 -1.7
(R) HLVIACHYDSK (Y) 16.2 | 3 448.2 -6.1
Phospholipase B
Phospholipase b BANS82155.1 33.5 4| (R)SLEDGTLYIIEQIPK (L) 23.5 860.0 0.9
(K) NNKDDPFWR (N) 20.0 596.3 2.1
Hyaluronidase
Truncated hyaluronidase ABI33950.1 43.8 5| (K) LELENLIYLR(E) 43.8 | 2| 6384 0.0
Non-enzymatic proteins
Kunitz-type protease inhibitor
KSPI I ABD24040.1 225.2 62 | (G) VFFYGGCGGNANNFETRDECR (C) 62.7 | 2| 8789 0.5
(K) RIYYNLESNKcK (Q) 50.8 13| 824.0 0.1
44.1 | 3] 5299 -1.1
KSPI Bl A8Y7P1.1 178.9 49 | (K) FcYLPADPGECLAHMR (S) 709 | 2| 9769 -1.0
(K) cKEFTYGGCHGNANK (F) 694 2| 8779 0.3
(R) SEYYDSESKK (C) 569 | 2] 6273 -0.5
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Protein Accl\?zs'ion -101gP COZ‘;:; ge MS/MS derived Peptides -10lgP | z| m/z ppm

KSPI AFD04724.1 159.4 50 | (K)FcYLPADPGECMAYIR (S) 83.6 | 2| 981.9 -0.7
(K) cKEFIYGGCHGNANNFEPTR (D) 469 | 3 748.0 -0.5
(R) FYYNPASNQCQGFIYGGCGGNANNFETR (

KSPI IV ABD24043.1 128.8 48 | D) 72.7 | 3] 1069.5 -0.8
(K) FCHLPVDSGICR (A) 59.0 | 2 730.8 -0.1

KSPI I ABD24041.1 286.5 46 | (R) FYYNPATNQCQGFLAQR (S) 87.3 1039.5 -1.0
(R) SRENTNNFDTR (D) 53.9 677.3 -0.5
(K) FCFLRPDFGR (Y) 52.3 657.8 -1.4

Snaclec

C-type lectin-like protein subunit 3 AAY63872.1 232.6 74 | (K) GSHLLSLHNIAEADFVLKK (T) 82.4 | 2| 1046.6 -1.1
(M) GLNDVWNECNWGWTDGAK (L) 81.4 | 2| 1061.5 -0.3
(=) AFccPSGWSAYDQNCYK (V) 79.1 | 2| 10574 -0.9
(K) NHWSHmDcSSTHNFVCK (F) 704 | 2| 1081.9 0.8
(K) VETEEmMNWADAEK (F) 56.0 | 2 793.3 -0.6
(K) AWNEGTNCFEFVFKIAKN (H) 354 |3 633.6 -2.1
(K) FcTEQHK (G) 242 | 3 317.1 0.3
(K) LDYKAWNEGTNCFVFK (I) 241 |3 664.6 -1.8

P68 alpha subunit ADK22825.1 2233 65 | (K) TPADYVWIGLR (N) 73.5 2] 645.8 0.3
(R) SGDAETFCcTEQANSGHLVSIESVEEAEFV
AQLISENIK(T) 68.4 | 3| 1380.3 0.3
(K) AFDEPKR (S) 43712 431.7 -0.3
(R) KAQYCISK (W) 435 12| 4993 -1.0
(K)NVIER (F) 28.7 | 2| 3157 0.7

Snaclec 4 Q4PRCI.1 198.3 69 | (K) FVVNLISENLEYPATWIGLGNmMWK (D) 74.1 | 2| 1405.7 1.4
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Protein Accl\?zs'ion -101gP COZ‘;:; ge MS/MS derived Peptides -10lgP | z| m/z ppm
(K) ALAEESYCLIMITHEK (V) 293 | 3 636.6 -1.7
(K) FcTEQK (K) 262 |2 406.7 1.1
C-type lectin-like protein subunit 1 AAY63870.1 123.4 34 | (R) FcmEHPNNGHLVSIESmMEEAEFVAK (L) 579 | 3| 979.8 -0.5
(K) cEVLEKESGYR (M) 56.7 | 3| 463.2 0.4
(—=) GLDcPPDSSLYR(Y) 53.0 |2 690.3 -0.5
(R) YECYR (V) 325 | 2] 4047 2.2
Dabocetin beta subunit ADK22822.1 260.3 75 | (-)KQDcLSDWSFYEGYCYK (V) 76.6 | 2| 1125.0 0.7
(R) WSDGVNLDYK (A7) 68.1 | 2| 598.8 -0.8
(K) KTWEDAEKFCcNEQVNGGYLVSFEFR (S) 679 | 3 926.4 1.1
(K) TTDNQWLR (W) 632 |2 517.3 -0.5
(K) AWSREPNCFEVSK (T) 61.6 | 2 740.9 0.5
(R) WNCNDPR (Y) 379 | 2| 481.2 -0.5
(R)MTFPIFRFDFFWIGLRDEWR (D) 35513 899.8 1.1
(R) SSEEmDFVIR (M) 29512 614.8 -0.5
(R) YEVCK (S) 21.1 | 2] 3587 -0.2
Dabocetin alpha subunit ADK22821.1 259.8 80 | (K) YHEWITLPcGDKNPFICK (S) 89.0 | 2| 1139.5 0.8
(Q) ROQCSSHWTDGSAVSYETVTK (Y) 55813 809.7 0.4
(-) DcPSDWSSHEGHCYK (V) 499 | 2] 9329 0.6
(K) SKYHAWIGLRDQSOR (Q) 44.0 | 3 615.7 -0.2
( ) TWEDAEKFcTQQANGWHLASIESVEEANF
VAQLASETLTK (K) 43.1 | 4| 1135.5 0.5
(K) cFGLNK (E) 36.5 2] 369.7 -0.1
(K) SWVLH (-) 289 | 2] 321.2 -0.1
C-type lectin-like protein subunit 2 AAY63871.1 177.0 48 | (=) VLDcPSGWLSYEQHCYK (G) 78.1 | 2| 1071.5 0.0
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Protein Accl\?zsmn -101gP COZ;? ge MS/MS derived Peptides -10lgP | z| m/z ppm
. ()
(K) SmMTcNFIAPVVCK (F) 46.5 |2 771.9 0.2
(N) FIAPVVCKEF (-) 28.712 540.8 0.2
c-type lectin ABWS82662.1 171.7 37 | (R) TWENLScGDDYPFVcK (S) 96.3 | 2| 1004.9 -0.3
(-) DEDcPPDWSAYDQHCYK (A) 72.7 | 2] 11024 0.0
(K)WTDGSSVIYK (N) 66.1 | 2 578.3 -0.6
(K) NcFGLEK (E) 324 |2 434.2 -0.7
P31 beta subunit ADK22834.1 146.2 28 | (K) GSHLASIHSSEEEAFVSK (V) 923 12| 958.0 0.2
(K) FGSVWIGLNDPWHNCNWEWSDNAR (F) 69.5 | 3 987.4 -0.1
C-type lectin ABW82659.1 92.3 19 | (K)HLATIEWLGK (A) 56.0 | 2| 5843 -1.2
P31 alpha subunit ADK22833.1 154.3 56 | (K) SVGEANFVAQLASGFMQK (D) 91.1 | 2| 9425 -0.3
(K) SWADAEKFCTEQANSGHLVSIK (S) 67.6 | 3 826.7 0.5
(R) FVCKFPPQY (-) 41.7 12 593.3 -2.6
(—) DLDcPSGWSAYDQHCYQAVDEPK (S) 39313 914.4 -0.3
(K) WITYFHKWDYVNCAEHYR (F) 279 | 4 594.5 -0.9
C-type lectin-like protein 2B AJO70722.1 46.5 6 | (K)FDFIWIGLR (D) 46.5 | 2| 583.8 1.5
Cysteine-rich secretory protein
Cysteine-rich secretory protein Dr-
CRPK ACE73567.1 2654 65 | (K) cGENIYMSPYPmK (W) 85.6 | 2| 803.3 0.2
(R) SVTPTASNMLKMEWYPEAAANAER (W) 79.5 |3 889.8 0.8
(R) RPEIQNEIVDLHNSLRR (S) 71.6 | 3 697.0 0.2
(K) TKCPASCFCHNETITI (-) 589 |2 868.9 -0.1
(K) WTAITIHEWHKEK (K) 4591 3 526.6 -0.8
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Protein Accl\?zsmn -101gP COZ;? ge MS/MS derived Peptides -10lgP | z| m/z ppm
. ()

(N) PcSHHDEFTNcKDLVK (Q) 445 | 4 497.5 -0.5
(G) SVDFDSESPRRPEIQNEIVDLHNSLR (R) 37.1 | 4 763.9 -0.7
(K) EKKDFVYGQGASPANAVVGHYTQIVWYK (
S) 345 | 4] 789.7 -0.2
(K) IATPYTSGPPcGD (C) 31.5| 2| 668.3 -0.4

Cysteine-rich secretory protein Da- (=

CRPa, partial ACE73575.1 183.4 28 | ) SVDFDSESPRKPEIQNEIVDLHNSLRR (S) 27.8 | 4 795.9 1.5

Vascular endothelial growth factor

VR-1 precursor ACN22046.1 226.9 65 | (K) cTPVGKHTADIQIMR (M) 69.8 863.9 0.3
(R) WKQGEPEGPKEPR (R) 68.0 769.4 0.2
(R) SACOQTRETLVSILQEHPDEISDIFRPScV
AVLR (C) 59.1 | 4] 9575 -1.4
(R) cSGCcTDESMKcTPVGK (H) 489 | 3] 640.6 -0.1
(R) THSSKMEVMKFmMEHTACECRPR (W) 284 | 4 692.8 -0.5

Nerve growth factor

Nerve growth factor AAA03282.1 174.6 57 | (I) GIDAKHWNSYCTTTDTEVR (A) 623 13| 739.0 -0.8
(K) cKNPNPVPSGCR (G) 548 | 2] 6933 0.2
(R) INTACVCcVISRK (K) 41.7 | 2 710.9 0.3
(R) ALTMERNQASWR (F') 315 | 3 488.2 0.1
(K) TTATDMRGNVVT (V) 18.8 12 633.3 -1.1

Disintegrin

Jerdostatin AAP20878.1 91.7 19 | (R) TSVSSHYCTGR (S) 63.7 627.8 -0.7
(K) LKPAGTTCcWR (T) 42.3 595.3 -0.3
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4.1.3.3 The proteome composition of SI RVV sample

In gel-trypsin digestion and subsequent MS/MS search against the Viperidae entries
of the NCBI database returned 431 initial hits in SI RVV, though we eventually identified 66
distinct proteins to represent the ST RVV proteome, that were clustered into 14 enzymatic and
non-enzymatic venom protein families (Table 4.5a; Fig. 4.11a). The alignment of MS/MS-
derived peptide sequences of SI RVV with the homologous proteins from the Viperidae
entries of NCBI database is shown in Figure 4.11b. The list of identified peptide ions in SI
RVV, their m/z, charge (z), the score for the ID, and AM (Da) is shown in Table 4.5b.

VEGF KSPI NGF
CRISP 3 680, 1.67% /_1.64%

4.94%

12.86%

Fig. 4.11a. Protein family composition of SI RVV. The pie chart represents the relative
occurrence of different enzymatic and non-enzymatic protein families of SI RVV.
Abbreviations: PLA,, phospholipase A;; SVMP, snake venom metalloprotease; SVSP, snake
venom serine protease; PDE, phosphodiesterase; NT, nucleotidase; LAAO, L-amino acid
oxidase; PLB, phospholipase B; GC, glutaminyl cyclase; CP, carboxypeptidase; KSPI,
Kunitz-type serine protease inhibitor; CRISP, cysteine-rich secretory protein; Dis,

disintegrin; NGF, nerve growth factor; VEGF, vascular endothelial growth factor.
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Table 4.5a. Summary of the identified proteins in SI RVV by LC-MS/MS analysis and database search against the Viperidae family of
proteins (taxid 8689) of the NCBI database. *The gel sections are indicated in Fig. 4.8.

Relative
MW Morpheus Coverage Gel
Accession No. Protein description Source organism abundance
(Da) score (%) section(s)*
(%)

Enzymatic proteins
Phospholipase A,
P86368 Basic phospholipase A, 3 D. russelii 13687 175.1 74.4 21.07 1-4,6-10
P59071 Basic phospholipase A, VRV-PL-VIIla D. russelii 13611 108.0 61.2 18.98 1,7-10
P31100 Acidic phospholipase A, RV-7 D. siamensis 15421 34.5 27.5 0.83 8

Acidic phospholipase A, homolog vipoxin A
P04084 ) V. a. meridionalis | 13639 254 31.2 0.34 8

chain
ATXA4P4 PLA,(ITA)-Aze2 A. feae 17085 17.1 11.9 0.15 9
Q6H3C5 Basic phospholipase A, Ts-G6D49 T. stejnegeri 13819 17.0 18.0 1.62 1,2,8,10
QIRP79 Basic phospholipase A, chain HDP-1P V. nikolskii 15566 15.0 13.0 0.12 9,10

Acidic phospholipase A, D toxin B chain
Q7T3TS5 D. siamensis 14828 10.1 13.0 0.04 10

(Fragment)
Q910A0 Phospholipase A, EC3 E. coloratus 15638 8.1 13.0 0.03 10
P34180 Neutral phospholipase A, ammodytin 12 V. a. ammodytes 15309 7.1 13.1 0.07 1
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Relative
MW Morpheus Coverage Gel
Accession No. Protein description Source organism abundance
(Da) score (%) section(s)*
(%)
Snake venom serine protease
ESLOE3 Alpha-fibrinogenase-like D. siamensis 28496 51.0 25.2 1.20 6,7
Q9PT40 Venom serine proteinase-like protein 2 V. lebetina 28894 335 12.7 1.66 4,5
ESLOE4 Beta-fibrinogenase-like D. siamensis 28035 30.7 14.8 1.27 3,-5
E0Y419 Beta-fibrinogenase V. lebetina 28297 17.2 5.8 0.95 2,-5
E0Y420 Serine protease VLSP-3 V. lebetina 28352 14.4 8.5 0.14 34
013058 Snake venom serine protease 3 P. flavoviridis 28065 143 8.5 0.23 5
A7LAC6 Thrombin-like enzyme 1 T. albolabris 29150 14.3 8.4 0.49 5
Q6T6S7 Venom serine proteinase-like protein 1 B. gabonica 28982 13.4 6.9 0.84 5
) ) C. durissus
BOFXM3 Thrombin-like enzyme gyroxin 28184 13.3 8.4 0.20 34
terrificus
Q9PTUS Snake venom serine protease BPA B. jararaca 28058 13.1 10.8 0.28 5
Q8AY79 Beta-fibrinogenase stejnefibrase-2 T. stejnegeri 28028 12.5 8.5 0.11 34
AO0A194ARG4 Serine proteinase 6a S. tergeminus 28943 12.4 6.5 0.58 5
Q5I2B5 Thrombin-like protein 3 D. acutus 29071 10.1 10.8 0.60 5
QII8X2 Thrombin-like enzyme acutobin D. acutus 28815 9.3 8.5 0.07 4
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Relative
MW Morpheus Coverage Gel
Accession No. Protein description Source organism abundance
(Da) score (%) section(s)*
(%0)
Q7SYF1 Thrombin-like enzyme cerastocytin Cerastes cerastes 27974 9.1 5.9 0.08 4
[4CHP3 Thrombin-like protein G. halys 26518 8.1 6.3 0.19 4
DSMIA3 Rhinocerase 5 protein (Fragment) B. rhinoceros 28620 8.1 8.5 0.13 4
P18964 Factor V activator RVV-V alpha D. siamensis 26182 73 7.3 3.84 1,6,7
L-amino acid oxidase
G8XQX1 L-amino-acid oxidase D. russelii 56888 276.9 47.4 3.98 1-8,10
B5U6YS8 L-amino-acid oxidase E. ocellatus 56523 70.8 16.1 0.44 3
A0A024BTN9 L-amino acid oxidase Bs29 (Fragment) B. schlegelii 56376 59.1 10.5 1.99 2,3
T2HQ57 Amine oxidase O. okinavensis 58087 50.1 10.5 0.34 3
QI0W54 L-amino-acid oxidase G. blomhoffii 57092 41.0 10.7 0.15 3
POC2D7 L-amino-acid oxidase (Fragments) V. berus berus 10295 314 50.0 0.34 3
Calloselasma
P81382 L-amino-acid oxidase 58221 28.6 8.3 0.07 3
rhodostoma
AOAOATWCY6 Amine oxidase E. coloratus 56738 26.7 5.8 0.15 3
Q6WP39 L-amino-acid oxidase T. stejnegeri 58601 18.1 6.0 0.06 3
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Relative
MW Morpheus Coverage Gel
Accession No. Protein description Source organism abundance
(Da) score (%) section(s)*
(%)

Snake venom metalloprotease
K9JAWO Factor X activator heavy chain D. russelii 69521 181.1 22.1 1.79 1-5,7

Zinc metalloproteinase-disintegrin-like
Q4VMO8 V. lebetina 68710 79.6 15.3 1.36 3.4

VLAIP-A

Coagulation factor X-activating enzyme
Q7T046 ) V. lebetina 68775 13.3 59 0.48 4

heavy chain
K9JCB2 Factor X activator light chain 2 D. russelii 18273 10.1 15.8 1.00 9
5’-Nucleotidase
F8S0Z27 Snake venom 5'-nucleotidase C. adamanteus 64682 85.0 17.1 0.23 3
WSEFS0 S'-nucleotidase (Fragment) V. lebetina 45031 65.6 21.8 1.58 2,4
Phosphodiesterase
WEE7D1 Phosphodiesterase V. lebetina 96181 183.5 32.8 1.03 1,2,4
J3SEZ3 Venom phosphodiesterase 1 C. adamanteus 96373 81.8 13.7 0.40 1,4
Phospholipase B
F8S101 Phospholipase B C. adamanteus 64049 32.6 6.1 0.97 4
Glutaminyl cyclase
MOINCG3 Glutaminyl-peptide cyclotransferases D. russelii 42116 45.8 16.0 0.99 4,5
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Relative
MW Morpheus Coverage Gel
Accession No. Protein description Source organism abundance
(Da) score (%) section(s)*
(%0)
Carboxypeptidase
J3RYP4 Carboxypeptidase E-like C. adamanteus 53839 10.3 2.3 0.04 4
Non-enzymatic proteins
Snaclec
Q4PRDO Snaclec 3 D. siamensis 16910 94.9 57.4 5.77 9,10
Q4PRC7 Snaclec 6 D. siamensis 16584 39.7 28.8 0.27 8
K9JBV0 P68 alpha subunit D. siamensis 17996 35.7 17.1 1.66 7,8
Q4PRC6 Snaclec 7 D. siamensis 18067 33.2 19.3 0.71 7,8,10
K9JDF6 P31 beta subunit D. siamensis 17338 28.4 28.0 0.35 8
A0A140DCO06 C-type lectin 2 B. arietans 17891 223 19.5 0.22 8
Q38L02 Snaclec dabocetin subunit alpha D. siamensis 17507 20.3 21.4 5.1 9,10
. . P'
QSFZI6 Snaclec trimecetin subunit alpha 18255 12.3 20.5 0.23 8
mucrosquamatus
K9JBU9 P31 alpha subunit D. siamensis 18106 11.5 6.3 0.15 8
E2DQZ6 Snaclec jerdonuxin subunit alpha P. jerdonii 18102 11.2 10.1 0.05 8
AO0A0CSDQXS8 C-type lectin-like protein 2B V. lebetina 17458 9.7 6.0 0.06 10
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Relative
MW Morpheus Coverage Gel
Accession No. Protein description Source organism abundance
(Da) score (%) section(s)*
(%)

Cysteine-rich secretory protein
F2Q6F2 Cysteine-rich secretory protein Dr-CRPK D. russelii 26688 155.0 60.7 2.15 1,7,8

Cysteine-rich secretory protein Dr-CRPB
F2Q6F3 D. russelii 25044 30.3 154 2.79 7,8

(Fragment)
Vascular endothelial growth factor

Snake venom vascular endothelial growth
P82475 V. lebetina 12574 16.1 24.5 3.04 9

factor toxin ICPP

Snake venom vascular endothelial growth
P67861 ) D. russelii 16278 8.2 24.8 0.64 7

factor toxin VR-1
Nerve growth factor
P30894 Venom nerve growth factor D. russelii 13283 40.9 17.4 1.64 8,10
Kunitz-type serine protease inhibitor
Q2ES48 Kunitz-type serine protease inhibitor 3 D. russelii 9417 18.9 36.7 0.92 10
A8YTPS Kunitz-type serine protease inhibitor BS D. siamensis 9901 8.2 16.7 0.75 10
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Fig. 4.11b. Alignment of tryptic and semi-tryptic peptide sequences identified in SI RVV with Viperidae proteins from NCBI database.
The protein alignment was done using Clustal Omega programme (https://www.ebi.ac.uk/Tools/msa/clustalo/). The number of proteins in
each protein classes is shown in parenthesis. The distinct peptides obtained for each of the following proteins is highlighted in green or
yellow (two colours have been used in case of adjacent distinct peptides). The amino acid substitutions within the overlapping distinct
peptides obtained from MS/MS are highlighted in red colour. The LC-MS/MS identified peptides other than distinct peptides are shown in

blue or red colour.

Phospholipase A; [10]

P04084.3 ——mmmmmmm———mm—— NLFQFGDMI LOKTGKEANMS YATYGCYCGWGGQGRAQDATDRCCFAQDCCYGRVNDCNPKTAT Yl SFENGDIVCGDNDLCLRAVCECDRAAAT CLGENVNTYD
P31100.1 MRTLWIVAVCLIGVEGNLFQFGEMIMEKTGKEVVHSYATYGCYCGWGGQGRAQDAT DRECEVADCCY GIVNDENPR TAT YYSFENGDIVCGDNDLCLRTVCECDRAAAT CLGENINT v
P34180.2 MRTLWIVAVCLIGVEGNLYQFGNMIFKMTKKJALLSYSNYGCYCGWGGKGKPQDATDRCCFVHDCCYGRVNGCDPKLSTYSYSFENGDIVCGGDDPCLRAVCECDRVAATCFGENLNTYD
091020.1 MRTLWIVAVWLMGVEGHLYQFENMTYQKTGKAT TAYSNYGCYCGWGGKGKPQDATDRCCFVHDCCYGRVNGCDPKMGTYSYSFONGDTVCGGDDPCLRAVCECDRVAANCFAENLKTYN
Q1RP79.1 MRILWIVAVCLIGVEGNLFQFAKMINGKLGAFSVINYISYGCYCGWGGQGT PKDATDRCCFVHDCCYRVEGCNPKLAT YAYSFKKGNTVCGKNNGCLRDICECDRVAANCFHONONTYN
Q7T3T5.1 ———————- MCLIGVEGNLFQFARLIDAKQEAFSFFKYISYGCYCGWGGQGTPKDATDRCCEFVHDCCYHRVEGCNPKLVEYSYSYRTGKIVCGGDDPCLRAVCECDRVAATCFRENMNTYD
ATX4P4 MRTLWIVAVLLMGVEGSLLOFGAMI TEETLRNPVTSYSAYGCYCGVGGRRQPMDATDRCCEFVHDCCY§RVEDCNPKTLHY TYGRRNNVIVCRWGNECQKAVCECDKAAATCFRRNLKSYK
Q6H3C5.2 —mmmmmmmmmmmm—eo SLLEFGEMIBEETGKNPLSSYTSYGCYCGWGGQGEPKDDTDRCCFVHDCCY GKLWGCSPKTDI YFY FRKNGATVCGRGTWCEKQTCECDKAAATCFRENLATYK
P86368.1 @ ———m————————— stLEFClMIBEE Tk ANBEYSEYGEYCEHGERATPR DA TDRCCFVHDCCYGNLPDCNPKSDRYKYKEINGH T VCEQGTSCENR TCECDKAAA T CFRENENTYE
P59071.1 ——mmmmmmmm—— e stLEFGEMIBEET cKEAMBEYSSYEEYCEWGERKG T PKDATDRCCFVHDCCYGNLPDCNPKS DRYKYKRVNGATVCEKGT SCENRT CECDKAAAT CFRONMNTYE
P04084.3 KNYEYYSTSHCTEESEQC-————====---—
P31100.1 KNYEYYSTSHCTEESEQC-—-—===-==---—
P34180.2 KKYKNYPSSHCTETE-QC-————==-=----—
091020.1 KKYWLSSTIDCKEESEKC-—————===---—
Q1RP79.1 KNYKFLSSSRCRQTSEQC-———======--~
Q7T3T5.1 KKYMLYSTFDCKEESDQC-—========--=
ATX4P4 IGLQFYVDAFCRGKSPKCPEGQEKPLKITOQS
Q6H3C5.2 EEYHSYGKSGCTEKSPKC-—————=—==---—

P86368.1 RISy PDFLCRGE LK ~C—————————————
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P59071.1 BB YMLYPDFL.CKGELK-C--—--—--—--—~

Snake venom serine protease [18]

Q5I2B5 MVLIRVLANLLILQLSYAQKSSELVIGGVECDINEHRFLAAFFKYQPWTFQCAGTLIHEQWVLGAAHCYKRGLNI YLGMHNQSIQFDDEQRRYATEEHYYRCDEKLTKWEKDVVLLKLNE
Q8AY79.1 MELIRVLANLLILQLSYAQKSSELVVGGDECNINEHRSLVAIFN--STGFFCSGTLINQEWVVTAAHCDSKNFKMKFGAHSKKLLNEDEQTRNPKEKF ICPNKKNNDVLDKDIMLIKLDS
P18964.1  —mmmmmmmmmmmmmmmmmmo oo VVGGDECNINEHPFLVALYTSTSS TECEGEL INREWVLTAAECDRRNTRIKLGMESKNTRNEDEQTRVPRGKY FCLNTKFPNGLDKDIMLIRLRE
I4CHP3 ~  —mmmmmmmmmmmmmmmmmoooo MIIGGDECNINEHRFLVALYTSRSRTLFCGGTLINQEWVLTAAHCDRKNFRIKLGMHSKKVPNEDEQTRVPKEKFFCLSSKNYTLWDKDIMLIRLDS
AOA194ARGA MVLIRVLANLLILQLSYAQKSSELVIGGEGCNINEHRFLVALYTFKSKRFHCSGTLINQEWVLTAAYCDRKNIRIKLGTHS TNVTNEDVQTRVPKKKFFCLSSKTY TRWDKDIMLIRLKR
Q9PT40.1 MVLIRVLANLLVLQLSYAQKSSELVIGGDECNINEHPFPVALHTARSKREMCAGHL INBEWVL TAARCDRKNTRT I1L.GVH SKNVPNEDOBIRVPKEKF FCLSSKTY TRWDKDIMLTRLKK
Q6T6S7.1 MVLIRVLANLLLLOLSYAQESSELVIGGDECDINEHPFLVALHTARSKRFHCAGTLLNEEWVLTAARCDRKNTIRIKFGVHNKNVONE DEEMRVPKEKHFCVSSKTY TRWDKDIMLIRLKR
D8MIA3 -VLIRVLANLLLLQLSYAQESSELVIGGDECDINEHPFLVALHTARSKRFHCAGTLLNKEWVLTAAHCDMENMOIYLGLHNI SRPNOQDQKRRVPKQKFFCLSNKTY TRWDKDIMLIKLNS
Q918x2.1 MVLIRVLANLLILQLSYAQKSSELVIGGVECDINEHRFLVALYELTSMTFLCGGTLINQEWVVTAAHCDRLQLYLY IGMHDKYVKFDDEQGREPIEKYFYNCSNNLTTRDKDIMLIRLDR
Q7SYF1.1 MVLISVLASLLVLQLSYAQKSSELVIGGAECNINEHRSLVLLYN--SSRLFGGGTLINKEWVLSAAHCDGENMKI YLGLHHFRLPNKDRQIRVEEKY FCRDRKS - - TVDKDIMLIKLNK
ESLOE3.1 MVLIRVLANLLVLOLSYAQKSSELVVGGHPCNIYEHHFLAFMYN--SSGFMCSGTLINQOWVLSAAHCDMENMHI YLGLHS FKLPNKDQKKRVAKEKFFCLS SKS Y TRWDRD IMUTK L NE
ATLAC6.1 MVLITVLANLLILQLSYAQKSSELVIGGDECNINEHRFLVALYDVWSGDFLCGGTLINKEYVLTAAHCETRNMY I YLGMENKNVQFDDEQRRY PKKKYFFRCSNNFTRWDKDIMLIRLNE
BOFXM3.1 MVLIRVLANLLILQLSYAQKSSELVIGGDECNINEHRLLAIVYT---NSSQCAGTLINQEWVLTARAHCDGENMDI YLGVENESVQYDDEEGRVAREKFFCLSSRNY TKWDKDIMLIRLNT
013058.1 MVLIRVLANLLILQLSYAQKSSELVIGGDECNINEHRSLVVLEN--SSGALCGGTLINQEWVLTAAHCDMPNMQIYLGVHSASVPNDDEQARDPEEKYFCLSSNNDTEWDKDIMLIRLNR
Q9PTUS.1 MVLIRVIANLLILQLSNAQKSSELVIGGDECNITEHRFLVEIFN--SSGLFCGGTLIDOEWVLSAAHCDMRNMRI YLGVHNEGVQHADQQRREMEEKFFCLSSRNY TKWDKDIMLIRLNR
ESLOE4.1 MVLIKVLANLLVLOLSYAQKSSELVVGGDECNINEHRSLVFLYN---NSFGCSGTLINQOWVLSAVHCDMENVRI YLGVANLTLRNNA-H1REPEeRrresNkny TRWDKDIML IKLER
EO0Y419.1 MVLIRVLANLLLLQLSHAQKSSELVVGGDECNINEERSLVFLYN---SSFGCGGTLINQEWVLSAAHCDMENMRIYLGWENFSLPNMNQKRRVAKEKFFCLSSKNY TEWDKDIMLIKMNR
E0Y420.1 MVLIRVLANLLVLQLSYAQKSSELVIGGDECNINEHRSLVYLYN--DSNFQCGGTLINQEWVLSAAHCDMENMEI YLGVHNLSLPNKDQKRRDPKEKFFCLSSKNY TKWDKDIMLIKLNR
Q5I2B5 PVBNSTHIAPLSLPSSPPSIGSLCRVMGWGIMSSTKDILPDVPHCANINLLNYTECVAPYP--NIPVTTRLWCAGILEGGI DTCHODSGGPLICDGQFQGIVSYGAHPCGQGPKPGIYTN
Q8AY79.1 SVSNSEHIAPLSLPSSPPSVGSDCRIIGWGSITPIEVTYPDVPYCANINLLDDAECKPGYP--ELLPEYRTLCAGIVEGGKDTCGGDSGGPLICNGQFHGIVSYGGHPCGQSLKPGIYTK
P18964.1 PVEBISTHIAPVSLPSRSRGVGSRCRIMGWGKISTTEDTY PDVPHCTNIFIVKHKWCEPLY P-~WVPADSRTLCAGILKGGRDTCHGDSGGPLICNGQIQGIVAGGSEPCGQHLKPAVYTK
I4CHP3 PVKNSKHIAPFSLPSSPPSVGSVCRIMGWGRISPTEGTYPDVPHCVNINLLEYEMCRAPYPEFELPATSRTLCAGI LHGGEDTCRGDSGGPLICNGQFQG I ASWGDDPCAQPHKPAAYTK
AOA194ARGA PFNNSEHIVPVNLPSNPPSLGSVCRIMGWGTISATKETYPDVPHCANINILDYEVCQAAYPEFGLPATSRTLCAGI LKGGKDSCKGDSGGPLICNGEIQGIVSWGAHPCGOSLKPGVYTK
Q9PT40.1 PVNDSTHIVPLSLPSSPPSVGSVCRIMGWGTITTTKVTYPDVPHCANINMFDY SVCRKVYR--KLPEKSRTLCAGI LBGCHDECKVDNGGPLICNGOIQGIVSWGGHPCAQPHKPALY TN
Q6T657.1 PVNDGTHIAPLSLPSNPPSVGSVCRIMGWGSITTTKVTYPDVPHCANIKLFDYSVCRDAYK--GLPEKSRTLCAGILEGGIDSCKVDNGGPLICNGQFQGIGSWEGHPCAQPLKPALYTN
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D8MIA3 PVPYSTHIAPLSLPSSPPIVGSVCRIMGWGATKSPNENVPHVPHCANINILHYSVCRATYG--RLPAKSRTLCAGI PRRRIGSCLGDSGGPLICNGQVEGIVSWASKPCVHNGAPGMY TK
Q918%2.1 PVDNSTHIAPLSLPSRPPSVGSVCRVMGWGAISPSRDVLPDVPHCVNINLVNNAECRRAY P--RLPATSRTLCAGVMOGGIDSCNRDSGGPLICDGQFQGVVNWGGNPCAQPNMPALY TK
Q7SYF1.1 PVNNSTHIAPLSLPSSPPSVGSDCRIMGWGTITSPNDTYPKVPHCANINILEHSLCERAYN--DLSASSRTLCAGHEAGGI DTCKGDSGGPLICNGQIQGIVSWGDEVCGKPNKPGVYTK
E5LOE3.1 PVllSTHIASLSLPSNPPRIGSVORINGNGS IES PRK I LPFVPHCANINIVPYTVCRVIVRS S BUPHOSR T LCACHBBRR I GSCLGDSGGPLICNGQIQGIVSWGSDPCVNRGAPSIYTK
ATLAC6.1 PVENSEHIAPLSLPSSPPSVGSVCRVMGWGT ITSPNETLPDVPRCANINLLNY TVCRGVEP--RLPARSRTLCAGVLQGGIDTCKRDSGGPLICNGQLOGVVEWGPKPCAQPRKPALY TK
BOFXM3.1 PVRNSTHIAPLSLPSSPPSVGSVCRVMGWGT ITSPNETYPDVPHCANINLFDYEVCLAAY PEFGLPATSRTLCAGIQQGGKDTCGSDSGGSLICNGQFQGIVSWGDNPCAQPHKPALY TK
013058.1 SVRNSHHIAPLSL.PSSPPEVGSVCRIMGWGAITSPNETYPDVPYCANIKLLRYSLCRV-YQ--RMPAQSRILCAGI LQGGKGICKGDSGGPLICNGQFQGIVHGGGKTCAQPYEPGLYIK
Q9PTUS.1 PVNNSEHIAPLSLPSNPPSVGSVCRIMGWGTITSPNATFPDVPHCANINLENYTVCRGAHA--GLPATSRTLCAGVLQGGIDTCGGDSGGPLICNGTFQGIVSWGGHPCAQPGEPALYTK
ESLOE4.1 pVElSTHIAPLSLPSSPPRVGSVCRIMGWGAITSPNETFPGVTHCANINILPY SVCRAAYK --[BLPEOSRTLCGGILEGGIGSCMGDSGGPLICNGEMHGIVAWGDDTCAQPHKPVHY TK
EO0Y419.1 PVTYSTHVAPLSLPSSPPSVGSVCRIMGWGAITSPNETYPDVPHCANINILNYTVCRAAHP--WLPAQSRTLCAGIMBGGIDTCKGDSGGPLICNGQIQGIVSWGDNPCAQPLKPGHY TN
E0Y420.1 PVKTSTHIAPLSLPSSPPEVGSVCRIMGWGTVTSPNETLLDVPHCANINILNYTVCRAASP--RLPTQSRTLCAGILQGGI DACKGDSGGPLICNGQIQGIVSWGNHPCAQPLKPGHYTH
Q5I2B5 VFDYTDWIQRNIAGNTDATCPP
Q8AY79.1 VEpYNEWEBs 1 TAGNTAATCPP
P18964.1 vEpyNEwi@n1acnErvTCceP
I4CHP3 VFDHLDWIENIIAGNTDASCPP
AOA194ARGA VFDYTEWIQSIIAGNTDATCPP
Q9PT40.1 VEDYTDWIQSIIAGNITATCPP
Q6T657.1 VFEYTDWIEGIIARNTTVTCPP
D8MIA3 vlpyTowifsIIGGNTSATCPL
0918x2.1 vlpynowiBsIfiacnTTAACPP
Q7SYF1.1 VFDYTDWIRNIIAGNTAATCPQ
ESLOE3.1 vlpyTDwIllsT1IAGNTAATCPS
ATLAC6.1 VENHLDWIQSIIAGNTTVTCPP
BOFXM3.1 VLDDTEWIQSIIAGNTAVTCPP
013058.1 VllpyTowI@l1 1AGNTTATCPP
Q9PTUS.1 VFDYLPWIQSIIAGNTTATCPP
ESLOE4.1 vlpyTowisT1AGNTAATCPP
E0Y419.1 VFDYTDWIQSIIAGNTTATCPP
EO0Y420.1 VEDYTDWIQSIIAGNTTATCPP
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L-amino acid oxidase [9]

G8XQX1.1 MNVFFMFSLLFLATLGSCADDKNPLEECFREDDYEEFLE I AKNGLKKESNPRATVIVCACMSCHSAAY VA SGAGHKY TVLEASER PEBRVR THRNVKEGHENL.GPMRVPEKHR T TR

B5U6YS.1 MNIFFMFSLLFLATLGSCADDKNPLEECFREADYEEFLE TAKNGLKKT SNPKDIVVVGAGMSGLSAAYVLA---GAGHKVTVLEASQLVGGRVRTHRNAKEGWYANLGPMRT PEKHRTVR
AOAOALWCY6 MNVFFMFSLLFLATLGSCADDKNPLEECFREADYEEFLEIARNGLKKTSNPKDIVVVGAGMSGLSAAYVLA---GAGHKVTVLEASERVGGRVRTHRNTKEGWYANLGPMRT PEKHRT IR
POC2D7.1  —mmmmmmmmmmmmmm o ADDKNPLEECFREDDYEEFLEIAKNGLKKTSNPKHIVYPVKPSEQLYEESLRDQLPTSMHRY PSMI ——-OKMAGE Y TANABGWESTIK---———-----
AOA024BTN9.1  ——————=—————————m SCADDRNPLEECFQETDYEEFLETARNGLKATSNPKHVVIVGAGMSGLSAAYVLA-~--GAGHOVTVLEASERAGGRVRTYRNDKEGWYANLGPMRLPEKHRIVR
P81382.2 MNVFFMFSLLFLAALGSCADDRNPLAECFQENDYEEFLE TARNGLKAT SNPKHVVIVGAGMAGLSAAYVLA---GAGHOVTVLEASERPGGRVRTYRNEEAGWYANLGPMRLPEKHRIVR
Q6WP39.1 MNVFFMFSLLFLAALGSCADDRNPLEECFRETDYEEFLEIARNGLKATSNPKHVVIVGAGMSGLSAAYVLA---GAGHEVTVLEASERAGGRVRTYRNDEEGWYANLGPMRLPEKHRTVR
T2HQ57 MNVFFTFSLLFLAALGSCADDRNPLEECFRETDYEEFLEIARNGLKATSNPKHVVIVGAGMSGLSAAYVLA---GAGHQVTVLEASERAGGRVRT YRPEKEGWYANLGPMRLPEKHRIVR
090W54.1 MNVFFMFSTLLFLAALGSCADDRNPLEECFRETDYEEFLE TARNGLKAT SNPKHVVIVGAGMSGLSAAYVLS -~ ~GAGHQVTVLEASERAGGRVRTYRNDKEGWYANLGPMRL.PEKHRTVR
G8XQX1.1 EYIRKEGERONBEVORTENGNYEIRN I RKRVGEVKKDPGLLKY PVKPSEAGKSAGOLYQESLGKAVEELKRTNCSY ILNKYDTYSTKEYLIKEGNLSPGAVDMIGDLENEDSGYYVSFIE
B5U6Y8.1 EYIRKFGLELNEFVQETDNGWYFVKNIRKRVGEVKKDPGLLKYPVKPSEAGKSAGQLYQEALGKAVEELKRTNCSYMLNKYDTYSTKEYLIKEGNLSfcavoMIGpIfiNEDSGYYVSFliE
AOAOAIWCY6 EYTRKFGLELNEFVQETDNGWYFIKNTRKRVGEVKKDPGLLKYPVKPSEAGKSAGQLYQASTLKKAVKELKRTNCS YMLNKYDTYSTKEYLIKEENLSPGAVDMIGDIINEDSGYYVSFIE
POC2DT .1 e

AQOA024BTN9.1 EYITKFGLQLNEFSQENENAWYFIKNIRKRVGEVKKDPGLLQYPVKPSEEGKSAGQLYEESLGKVVEELKRTNCSYILDKYDTYSTKEYLIKEGNLSPGAVDMIGDLINEDSGYYVSFIE

P81382.2 EYIRKFDLRLNEFSQENDNAWYFIKNIRKKVGEVKKDPGLLKYPVKPSEAGKSAGQLYEESLGKVVEELKRTNCSYILNKYDTYSTKEYLIKEGBLSPGAVDMIGDLENEDSGYYVSFIE
Q6WP39.1 EYTRKFNLQLNEFSQENDNAWHFVKNIRKTVGEVKKDPGVLKYPVKPSEEGKSAEQLYEESLRKVEKELKRTNCSY ILNKYDTYSTKEYL I KECN NS PCAVDMIGD L NNE DRGY VS B TR
T2HQ57 EYTRKFGLQLNEFSQENENAWYFIKNIRKRVGEVNKDPGLLKYPVKPSEEGKSAGQLYEESLGKVVEELKRTNCSYILNKYDTYSTKEYLLKECN NS PCAVDMICDVENEDSCY VS BT E
Q90W54.1 EYIRKFGLQLNEFSQENDNAWYFIKNIRKRVGEVKKDPGVLKYPVKPSEEGKSAGQLYEESLGKVVEELKRTNCSYILNKYDTYSTKEYLLKEGNLSPGAVDMIGDLENEDSGYYVSFPE
G8XQX1.1 SEKHDDIFAYEKRFDEIVGGMDQLPTSMYRATEESVHFKARVIKIQONAE KNV EYOTTOKN M= TADYVIVCTTSRAARRETERPPUPPKKAHALRSVHYRSGTKI FLTCTKKFWEDD
B5U6Y8.1 SEKHDDI FAYEKRFDE T VGGMDQLPTSMYRATEKSVLFKARVTK I QQNAEKVRVTYQTAAKTLSDVTADYVIVCTTSRAARRINFKPPTLPPKKAHALRSVHYRSATKI FLTCTKKEFWEDD
AOAORIWCY6 SLKHDDIFAYEKREDEIVECMDRLPTSMYRA T EKSVLFKARVTKIQONAEKVRVTYQTAAKHLEEVTADYVIVCTTSRAARRINFKPPLPPKKAHALRSVHYRSGTKI FLTCTKKFWEDD
POC DT . L s

AOAO24BTN9.1 SLKHDIIFIYEKRFNEIVDGMDILPTSMYIAIEEKVRFNARVIKIQQNDNEVTVTYQTSENEMSPVTADYVIVCTTSRAARRITFEPPLPPKKAHALRSVHYRSGTKIFLTCTKKFWEDD

P81382.2 SLKHDDIFAYEKRFDEIVDGMDKLPTEMYRDIQDKVHFNAQVTKIQQNDOKVTVVYETLSKETPSVTADYVIVCTTSRAVRLIKFNPPLL,PKKAHALRSVHYRSGTKIFLTCTTKFWEDD
Q6WP39.1 SEREDDTIFAYERRF DE TVDGMDKL PTEMYRATEEKVHFNAQVIKIOKNAEEVTVTYHTPEKDTSFVTADYVIVCTTSRAARRIKFEPPLPLKKAHALRSVHYRSGTKIFLTCTKKFREDE
T2HQ57 SEREDDTFAYERR FDE TVGGMDEL PTEMBRA TEEKVHFNARVIKIQQDAKKVTVTYQTPAKDTSLVTADYVIVCTTSRATRRIKFEPPLPPKKAHALRSVAYRSGTKIFLTCTKKFWEDE
Q90W54.1 SLRHDDIFAYEKRFDEIVEGMDKLPTEMYRATEEKVHLNAQVIKIQKNAEKVTVVYQTPAKEMASVTADYVIVCTTSRATRRIKFEPPLPPKKAHALRSVHYRSGTKI FLTCTKKFWEDE
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G8XQX1.1 GIQGGKSTTDLPSRFIYYPNHNFTTGVGVITIAYGIGDDANFFQALNLNECADIVFNDLSSTHQLPKKDLQTFCYPST I QKNS IDRYAMGAT T IE T PYOFOH S BANTAPVGR [ FFAGEYT
B5U6Y8.1 GIQGGKSTTDLPSRFIYYPNENFTSGVGVIIAYGIGDDSNFFLSLTLNECADIVFSDLSSIHQLPKNDIQKFCNPSVIQKWSLDRYAMGAITTFTPYQFQDYSKALTAPAGRVYFAGEYT
AOAOAIWCY6 GTIHGGKSTTDLPSRFIYYPNHNFTSGVGVITAYGIGDDANFFQALSLNECADIVENDLSSTHOLPKSDIQKFCCPSMIQKWSLDKYAMGAT TTFTPYQFQHFSEALTAPAGRI YFAGEYT
POC2DT .1 e

AQOA024BTN9.1 GIHGGKSTTDLPSREFVYYPNHDFSSGSAVIMAYGIGDDANFFQALDHKDCGDTVINDLSLIHQLTKEEIQSFCYLSKIQRWSLDKYAMGGITTFTPYQFQHFSEALTAPFKRIYFAGEYT

P81382.2 GIHGGKSTTDLPSRFIYYPNHNFTNGVGVITAYGIGDDANFFQALDFKDCADIVENDLSLIHQLPKKDIQSFCYPSVIQKWSLDKYAMGGITTFTPYQFQHFSDPLTASQGRIYFAGEYT
Q6WP39.1 GIHGGKSTTDLPSRFIYYPNHNFTSGVGVITIAYGIGDDANFFQALDLKDCGDIVINDLSLIHQLPREEIQTFCYPSMIQKWSLDKYAMGGITTFTPYQFQHFSEALTSHVDRIYFAGEYT
T2HQ57 GIHGGKSTTDLPSRFIYYPNHNFTSGVGVIIAYGIGDDANFFQALDFKDCADIVINDLSLIHQLSREEIQAFCYPSVIQKWSLDEYAMGGITTFTPYQFQHFSEPLTAPVGKVEFAGEYT
Q90w54.1 GIHGGKSTTDLPSRFIYYPNHNFTSGVGVIIAYGIGDDANFFQALDFKDCADIVINDLSLIHQLPREEIQTFCYPSMIQKWSLDKYAMGGITTFTPYQFQHFSEPLTASVDRIYFAGEHT
G8XQX1.1 ANAHGWIDSTIKSGLTAARDVNRASEL---—-=-—-—-————-—
B5U6Y8.1 ANAHGWIDSTIKSGLTAARDVNQASEL----—-—-—-—-—-——-—
AQAOALIWCY6 ANAHGWIDSTIKSGLTAARDVNRASEL----————=———
POC2D7.1 = mmmmmm e m o m oo

AQOA024BTN9.1 AQFHGWIDSTIKSGLTAARDVNRASENPSGIHLSNDN-—

P81382.2 AQAHGWIDSTIKSGLRAARDVNLASENPSGIHLSNDNEL
Q6eWP39.1 AHAHGWIDSSIKSGLTAARDVNRASENPSGIHLSNDDEL
T2HQ57 AQAHGWIDSTIKSGLTAARDVNRASENPSGIHLSNDNEL
Q90wW54 .1 AEAHGWIDSTIKSGLRAARDVNRASEQ---—-—-——-—-—--—-—

Snake venom metalloprotease [4]

RVV-X heavy chain and zinc metalloprotease (3)

K9JAWO MMQVLLVTISLAVFPYQGSSIILESGNVNDYEVVYPQKVTAMPKGAVKQPEQKYEDTMQYEFEVNGEPVVLHLEKNKILFSEDYSETHYYPDGREITTNPPVEDHCYYHGHIQNDGHSSA
Q7T046.1 MMQVLLVTISLAVFPYQGSSIILESGNVNDYEVVYPQKITALPEEAVQQOPEQKYEDTMQYEFEVNGEPVVLHLEKNKDLFSEDYSETRYSPDGRETTTKPPVQDHCYYHGRIQNDAYSSA
04vM08.1 MMQVLLVTISLAVFPYQGSSIILESGNVNDYEVVYPQKVTAMPKGAVKQPEQKYEDAMQYEFKVKGEPVVLLLEKNKDLFSEDYSETHYSPDGREITTNPPVEDHCYYHGRIQNDADSSA
K9JAWO SISACNGLKGHFKLRGEMYFIEPLKLSNNEAHAVYKYENIEKEDETPKMCGVTQTNWESDKPIKKASQLVSTSA--QFN--KAFIELIITIVDHSMAKKCNST--ATNTKIYEIVNSANET
Q7T046.1 SISACNGLKGHFKLQGETYLIEPLKIPDSEAHAVYKYENIEKEDEAPKMCGVTQTNWESDEPIKKASQLVATSAKRKFH--KTFIELVIVVDHRVVKKYDSA--ATNTKIYEIVNTVNETI
04vM08.1 SISACNGLKGHFMLQGETYLIEPLKLPDSEAHAVYKYENVEKEDEAPKMCGVTQTNWESDEPIKKASQLNLTPEQRRYLNSPKYIKLVIVADYIMFLKYGRSLITI_
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K9JAWO FNPLNIHVTLIGV--EFWCDRDLINVTSSADETLDSFGEWRASDLMTRKSHDNALLEFTDMRFDLNTLGI TFLAGMCQAYRSHGTVOMBGERNFKTAVIMAHEL SHNLGMYHDGKNCICND
Q7T046.1 FIPLNIRLTLIGV--EFWCNRDLINVTSSADDTLDSFGEWRGSDLLNRKRHDNAQLFTDMKFDLSTLGITFLDGMCOAYRSVGIVQEHGNKNFKTAVIMAHELGHNLGMYHDRKNC ICND
04VMO08.1 FRVLNIYTALLGL--ETWNNGDKINVLPETKVTLDLEFGKWRERDLLNRRKHDNAQLLTDINFNGPTAGLGYVGSMCDPQY SHc TvoBENEVNF1.VAT AMAHEMGHNT,GMEHDE THCTCGA
K9JAWO SSCVMSPVLSDQPSKLFSNCSTHDYQRYLTRYKEHCTNMBPERKD I VSPPVCGNE IWEEGEECDCGS PADCONPCCDAATCKLKPGAECGNGLCCYQCKIKTAGTVCRRARNECDVPEHC
Q7T046.1 SSCIMSAVLSSQPSKLFSNCSNHDYRRYLTTYKPKCILNPPLRKDIASPPICGNEIWEEGEECDCGSPKDCONPCCDAATCKLT PGAECGNGLCCEKCKIKTAGTVCRRARDECDVPEHC
04VMO08.1 KSCIMSGTLSCEASTRFSNCSREEHOKYLINKMPC TP HTD1VSPAVCGNYLVELGEDCDCGSPRDCONPCCNAATCKLTPGSQCADGECCDQCKFRRAGTVCRPANGECDVSDLC
K9JAWO TGQSAECPRDQLOONGOPCONNRGYCYNGDCPIMRNQCISLFGSRATVAKDSCFQENLKGSYYGYCRKENGRKI PCAPQDVKCGRLFCLNNS PRNKNPCNMHY SCMDQHKGMVDPGTKCE
Q7T046.1 TGQSAECPADGFHANGQPCQNNNGYCYNGDCPIMTKQCTSLFGSRATVAEDSCFQENQKGSYYGYCRKENGRKI PCAPQDIKCGRLYCLDNSPGNKNPCKMHYRCRDQHKGMVEPGTKCE
Q4VMO08.1 TGQSAECPTDQFORNGQPCONNNGYCYSGTCPTMGKQCTSLFGASATVAQDACFQFNSLGNEYGYCRKENGRKI PCAPQDVKCGREVCEDNUPBHKNPCOTYYTPSDENKGMVEPGTKCG
K9JAWO DGKVCNNKRQCVDVNTAYQSTTGFSQT

Q7T046.1 DGKVCNNKRQCVDVNTAY - == --===~

Q4VMO08.1 DGKACSSNRQCVDVNTAY--———--—=

RVV-X light chain (1)
K9JCB2 MGRFIFVSFGLLAVFLSLSGTGAGLDCPPDSSPYRYFCYRVFKLRKSWEAAERFCMEHPNNGHLVSIESMEEAEFVAKLLSNTTGKFITHFWIGLRIKDKEQECSSEWSDGSSVSYDNLGK

EEFRKCEFVLQKESGYRMWFNHKCEEPYPEFVCKVPPEC

Glutaminyl cyclase [1]

MONCG3 MARERRDSKAAAFFCLAWALGLPLLGFPQHVGGREDRADWTQEKYSHRPTILNATSILQVTSQTNVSRMWONDLHPIMIERYPGSPGSYAVRQHIKHRLOGLOQAGWLVEEDTFQSHTPYG
YRTFSNIISTLNPLAKRHLVIACHYDSKYFPPQLDGKVFVGATDSAVPCAMMLELARSLDRQLSFLKQSSLPTKADLSLKLIFFDGEEAFVRWSPSDSLYGSRSLAQKMSSTPHPPGARN
TYQTQGIDLFVLLDLIGARNPVFPVYFLNTARWEFGRLEATEQNLHDLGLLNNYSSERQYFRSNLRQHPVEDDHIPFLRRGVPILHLIPSPFPRVWHVMEDNEENLDKPTIDNLSKILOTEF

VLEYLNLG

Phosphodiesterase [2]
W8E7D1 MIQQKVLFISLVAVALGLGLGLGLKESVEPQVSCRYRCNETFSKMASGCSCDDKCTERQACCODYEDTCVLPTQSWSCSKLRCSEKRMANVLCSCSEDCLEKKDCCTDYKSICKGETSWL

J3SEZ3.2 MIQQKVLFISLVAVTLGLGLGLGLKESVQPQVSCRYRCNETFSKMASGCSCDDKCTERQACCSDYEDTCVLPTQSWSCSKLRCGEKRIANVLCSCSDDCLEKKDCCTDYKSICKGETSWL

Chapter IV Page 173



Proteomic analysis of Indian Russell’s Viper (Daboia russelii) venom and its immunological profiling against commercial antivenom

W8E7D1 KDQCASSSAAQCPSGFEQSPLILFSMDGFRAGYLETWDSLMPNINKLKTCGTHAKYMRAVYPTKTFVNHYTIVTIGLYPESHGI IDNNIYDVTLNLNFSLSAPTMTNPAWWGGQPITWHTVT
J3SEZ3.2 KDKCASSGATQCPAGFEQSPLILFSMDGFRAGY LENWDSLMPNINKLKTCGTHAKYMRAVYPTKTFVNHYTIATGLYPESHGI IDNNIYDVNLNLNFSLSSSTARNPAWNGGQPIWHTAT
WSE7D1 YQGLKAATYFWPGSEVKINGSYPTIYKVYNKSIPFEARVTEVLKWLDLPKAERPDFVTLYIEEPDTTGHKFGPVSGEI IMALOMADRTLGMLMEGLKQRNLHNCVNLILLADHGMEQISC
J3SEZ3.2 YQGLKAATYFWPGSEVKINGSYPTIFKNYNKSIPFEARVTEVLKWLDLPKAKRPDFLTLYIEEPDTTGHKYGPVSGEI IKALQMADRT LGMLMEGLKQRNLENCVNLILLADHGMEEISC
W8E7D1 NRLEYMTDYFDKVDFFMYEGPAPRTIRSKNVPKDFY TFDSEGIVRNLTCOKPKQYFKAYLAKDL PKREHYVNNEREDK VN LMVDQQOWMAVRNKN YNRCNGGTHGY DNE FKSMOAT FUARGE
J3SEZ3.2 DRLEYMANYFNNVDFFMYEGPAPRIRSKNVPKDFYTFDSEGIVKNLTCRKPKQYFKAYLSKDLPKRLHYANNIRI DKVNLMVDOOWMAVRDKKFTRCKGGTHGYDNEFKSMOAT FLAHGP
W8E7D1 EFRCKNEVTSFENIEVYNLMCDLLKLKPAPNNGTHGSLNHLLKNPFYNPSPAKEQTSPLSCPFGPVPSPDVSGCKCSS ITDLGKVNERLNLNNQAKTESEAHNLPYGRPQVLONHSKYCL
J3SEZ3.2 GFNEKNEVTSFENIEVYNLMCDLLKLKPAPNNGTHGSLNHLLKNPFYTPSPAKEQSSPLSCPFGPVPSPDVSGCKCSSITELEKVNQRLNLNNQAKTESEAHNLPYGRPQVLONHSKYCL
WSE7D1 LHQAKYISAYSQDVLMPLWSSYTINKSPPTSVPPSASDCLRLDVRIPAAQSQTCSNYQPDLTITPGFLY PPNF§SSNFEQYDALITSNLVPMFKGFTRLWNYFHGTLLPKYARERNGLNV
J3SEZ3.2 LHQAKYISAYSQDILMPLWSSYTIYRSTSTSVPPSASDCLRLDVRIPAAQSQTCSNYQPDLTITPGFLY PPNFlSSNFEQYDALITSNIVPMFKGFTRLWNY FHTTLI PKYARERNGLNV
W8E7D1 ISGPIFDYNYDGHFDSYDTIKEYVNDTKEPIPTHEEVVETSCENOINTPUNCPGSTIKYLSFILPHRPDNSESCADTS PENLWVEERTQTHTARVRDVELLTGLNFYSGLKQPLPETLQLK
J3SEZ3.2 ISGPIFDYNYDGHFDSYDTIKQHVNNTKIPIPTHYFVVLTSCENQINTPLNCLGPLKVLSFILPHRPDNSESCADTS PENLWVEERIQTHTARVRDVELLTGLNFYSGLKQPLPETLQLK
W8E7D1 TFLPIFVNPVN

J3SEZ3.2 TFLPIFVNPVN

Phospholipase B [1]

F8S5101.1 MIRFGNPSSSDKRRQRCRSWYWGGLLLLWAVAETRADIHYATVYWLEAEKSFQIKDVLDKNGDAYGYYNDAIQSTGWGILEIKAGYGNQPISNEILMYAAGFLEGYLTASHMSDHFANLFPL
MIKNVIIEQKVKDEFIQKQODEWTRQQIKNNKDDPFWRNAGYVIAQLDGLYMGNVEWAKRQKRTPLTDFEISFLNAIGDLLDLIPALHSELRKSDFRSMPDVSRIYQWDMGHCSALIKVLPGYE
NIYFAHSSWEFTYAATLRIYKHLDFRITDPQTKTGRASFSSYPGLFGSLDDFYILGSGLIMLQTTNSVENLSLLKKVVPESLFAWERVRIANMMADSGKTWAETFEKONSGTYNNQYMILDTK
KIKLOQRSLEDGTLYIIEQVPKLVKYSDQTKVLRNGYWPSYNIPFDKEIYNMSGYGEYVQRHGLEFSYEMAPRAKIFRRDQGKVTDMESMKFIMRYNNYKEDPYAKHNPCNTICCRQDLDRRT

PVPAGCYDSKVADISMAAKFTAYAINGPPVEKGLPVESWVHENKTKHQGLPESYNEDEVTMKPVL
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5’-Nucleotidase [2]

F85027.2 MOTPKRRRGAQGCPRSSPSPPLLLLVRAVWFCAALSVAAGSFELTILHTNDVHARVEQT SRDSGKCTGODCYGGVARRATKIRELRAKHREVLLLDAGDQYQGTVWFNFFKGREVVKFMN
BB S0 e
F85027.2 SLRYDAMALGNHEFDNGLAGLLDPLLKHANE PIHSANIRPKGS TASNISGYILPYKI INVGSEKVGI IGYTTKETPVLSNPGPYLEFRDEVEELOJHANKL TTL.GVNKI IALGHSGFSED
WBEFSO  mm e RRERVGTIGYTTKE T PVLSNPGPYLEFRDEVEELOlHANKL TTL.GVNKT TALGHSGFFED
F850%7.2 QRIARKVKGVDVVVGGHTNTFLYTGSPPSTEVAAGNYPFMVQSDDGRQVPVVQAYAFGKYLGYLNVIFDDKGNVIKSSGNPILLNKDISEDQDIKAEVNKMKIQLANYSSQEIGKTIVYL
WSEFS0 QRIARKVKGVDVVVGGHTNTFLYTGSPPSTEVPAGNY PFMVQSDDGRQVPVVQAYAFGKYLGY LNVVENDKGNVIKASGNPILLNKDI PEDQVVKAQVNKMKIQLONYYSQEIGKTIVYL
F85027.2 NGTTQACRFHECNLGNLICDAVIYNNVRHPDDNEWNHVSMCIVNGGGIRSPIDERENNGHITLEELTVLPFGGTFDLLOIKGSALKQAFEHSVHRHGEGMGELLQVSGIKVVYDLSRKP
WBEFSO NGTTQACRFHECNLGNLICDAVIYNNLRHPDDNEWNHVSMCIVNGGGIRSPIDERENNGEITLEELTBVIPFGGTFDLLOTIKGSALKQAFEHSVHRHGQGTGELLQVSG I KV DHOORE
F85027.2 GSRVLSLNVLCTECRVPTYVPLEKEKTYKLLLPSFLAAGGDGYHMLKEDSSNHSSCNUD TS IVEDYTKRMGKVF PAVEGRMI FSAGTLFQAQLFLTWGLCVSLLYFIL

W8EFS0 ESRVVSLNVLCTKERVP IV VPEEMEK T YKVLLPSFLATGGDGYHMLKGDS SNEHNSGDLDISTVGDY IKRMEKVF PAVEGRVTFLDGTLFQAQLFLTWGLCISLLFFIL

Carboxypeptidase [1]

J3RYP4 MAGRGQVWALALALCALPGSLCLOQETEATEPETPAALGGGANRRRRLSQEDGISFEYHRYPELREALVSVWLQCPSISRIYTVGRSFEGRELLVIEVSDNPGEHEPGEPEFKYVGNMHGN
EAVGRELLIFLAQYLCNEYQKGNETIINLIHSTRIHIMPSLNPDGFEKAASQPGELKDWEFVGRSNAQGIDLNRNFPDLDRIVYVNEREGGPNNHLLKNMKKAVDONLKLAPETKGVIHWI
MDIPFVLSANLHGGDLVANYPYDETRTGSAHEYSSCPDDAIFQSLARSYSSFHPAMSNPNRPPCRKNDDDSSFIDGTTNGGAWY SVPGGMODENYLSSNCFEITVELSCEKFPPEETLKS
YWEDNKNSLISYIEQIHRGIKGFIRDLOGNPIANATISVEGINHDITSAKDGDYWRLLVPGNYKVTASASGYLAITKKVAVPFSPATIRVDFDLESLSERKEEEKEELMEWWKMMSETLNFE

Snaclec [11]

K9JDF6 MGRFIFVSFGLLVVFLSLSGTEAGFSCPNGWSSFGQHCYKVIEPLKNWTDAEKFCREQHKGSHLES THSEREERFvSKvASKVLKECE- -fwrcLnDfw- -ElcxwlwBoNaBrovramT
Q4PRDO.1 MGRFISVSFGLLVVFLSLSGTEAAFCCPSGWSAYDONCYKVFTEEMNWADAEKFCTEQHKGSHLESLHIRE ABF v KR T .AML KB G- -lve N Dfiv - -EllcvwBvilioc 2B r.oykawn
Q4PRC6.1 MGRFISISFGLLVVFLSLSGTGAKQDCLSDWSFYEGYCYKVENEKKTWEDAEKECNBOVNGEYIMSERS SEEMDFV T RMFEPIER F DF - - FW I GLRDFW - -RDCYWRWSDGVNLDYKAWS
AOAOC5DQX8 MGRFISVSFGCLVVFLSLSGTGADQDCPSDWS SHEGHCYKVENLRMNWADAEKFCTEVVSGGHL I SLNSAEEVDFMIKLVFPILKEFDF -~ ITWIGLRDFW--RDCHWGWSDGVKLDYKAWS
Q4PRC7.1 MGRFISVSFGLLVVFLSLSGTGA-~-DCPSEWSSHEGHCYKVFKLLKTWEDAEKFCTEQKKGSHINO DHSREEEKFVVNL T SENLEY PA-~TWI GLGNMW--KDCRMEWSDRGNVKYKALA
K9JBU9Y MGRFISVSFGLLVVFLSLSGIGADLDCPSGWSAYDQHCYQAVDE PKSWADAEKFCTEQANSGHLVS IKSVGEANFVAQLASGFMOKDGT YWTI GLRDRRKEQQCRSEWTDGSK I T YVNWK
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K9JBVO MGRFISVSFGLLVVFLSLSGTRADFDCPSGWSAHDQHCYKAFDEPKRSGDAETFCTEQANSGHLVS IESVEEAEFVAQLI SENIKTJADYVWIGLRNQRKAQYCISKWTDGSSVIYKNVI
AOA140DCO6 MGRFIFLSSGLLVVFLSLSG--ADFECPTEWCPYDQHCYRAFDEPKRSVDAEKFCVEQ--AGHLASIESQEEADFVAQLVSENVKSSPDYVWIGLWNQRKEQYCNKKWTDGSSVIYQNMY
0381.02.1 MGRFISVSFGLLVVFLSLSGTGA--DCPSEWSSHEGHCYKVFKLLKTWEDAEKFCTOANGWHLAS IfSVEEANFVAQL ASE TL TKERYAAWEGHR DO SKRQQCS SHWTDGSAVSYETVT
Q5FZI6.1 MGRFIFVSFGLLVVFLSLSGTGA--DCPSDWSSFRRYCYKPFKQLKTWEDAERFCWEQHKGBHLVS TESSGEGDFVAQLLSENIKTTKYHVWIGLS IONKRQQCRS INSDGSSVSYENLV
E2DQZ6.1 MGRFTFVSFGLLVVFLSLSGTGADFDCIPGWSAYDRYCYQAFSEPKNWEDAESFCEEGVKTSHLVS IESSGEGDFVAQLVSEKIKTSFQYVWIGLRIQNKEQQCRSEWTDASSVNYENLT
K9JDF6 R--fPYCTVMVLKPDRI FWFNRGCEKEVEFVCKFLA--
Q4PRDO. 1 E-—-fTNCEVE--KIAKNEWSHEMDCS SHENFVCKFRV--
Q4PRC6.1 R--EPNCFVS--KTTDNQWLRWNCNDPRYFVCKSRVSC
AOAOC5DQX8 D--EPNCYVA--KTVDYQWLFRDCNRTSRFICKSRVER
Q4PRC7.1 EES----YCLIMITHEKVAKEMEcNETAPVVCKE----
K9JBUY EGESKMCQGLAKiEYEARWDEvVEcABEYRFVCKFPPOY
K9JBVO ERFIKNCFGLEKESDYRTWFNLSCGDDYPFVCKFPPRC
A0A140DCO6 ERFRKNCFGLEKESGYREWLEL.CCGDBYPFVCKFPPRC
038L02.1 K--YTKCFGLNKETKYHEwIfir.pcoDfNPF I CKEMVEH
Q5F2I6.1 KPFSKKCFVLKKESEFHKWFNIYCGERNLFMCKFLQPR
E2DQZ6.1 KQFSKKCYALKKGTELRTWENVECGTENPFVCKYTPEC

Vascular endothelial growth factor [2]

P67861 MAAYLLAVAILFCIQGWPSGTVQGQVRBENDVYERSACOTRETLVS I LOEMPDETSDIFRPSCVAVLRCSGCCTDESMKCTPVGKHTADT QT MRUNPRIHSSKMEVIMK FMEHTACECRPR
P82475 mmmmmmmmmmmmmmmmmmmmeee oVRPFHEDVYQORSACOARETLVSTLOEJPDETSDIFRPSCVAVLRCSGCCTDESLKCTPVGKHTVDMQTMRVNPRTQS SKMEVMKFTEHTACECRPR
P67861 WKQGEPEGPKEPRRGGVRAKFPFD
P82475 RKQGEPDGPKEKPR—-——--————~

Nerve growth factor [1]

P30894.1 HPVHNQGEFSVCDSVSVWVANKTTATDMRGNVVTVMVDVNLNNNVYKQYFFETKCKNPNPVPSGCRGIDAKHWNSYCTTTDTFVRALTMERNQASWRFIRINTACVCVISRKNDNEG
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Cysteine rich secretory protein [2]

F206F2 —-ommmmooooooooo- MIAFIVLPILAAVLOQSSGSVDFDSES PRRPEIONEIVIlENS LRREVIIBTASNMORMENY PEARANARR " ~ - S PN RVIGCIRCCENT VNS BYE
F206F3  mmmmmmmmm e SVDFDSESPRKPEIONE T VEEHNS DRRSVEPTASNMBRMEWY PEAAANAERWAFRCTILJHSPYNSRVIGGTKCGENT YMSSNP
F2Q6F2 WRvilll « tHe v e KRB E Y GO AR P AN AV VG Y TOMVIYKS YRS GCAAAYCPSSEYNYFYVCQYCPAGNI IGKIATPYTSGPPCGDCPSACDNGLCTNPCSHHDEF TNCKDLVK -[JECHS
F20Q6F3 IKEE I RKWaBER <Nl v oK AN P SNAVV CHY TOMVINYKS YR T GCARAYCPSSAYKYFYVCQYCPAGNIVGRTAT PYKSGQPCGDCPSACDNGLCTNPCRREDVETNCI DMAKGESCOD
F2Q6F2 N¥ERTKCPASCFCHNET T
F2Q6F3 NYMKLNCPAACFCRNEIK

Kunitz-type serine protease inhibitor [2]
Q2ES48 MSSGGLLLLLGLLTLWAELTPISGHDRPKFCYLPADPGECMAYIRSFHYDSESKKCKEFIYGGCHGNANIFPTRDKCRQTCRGK ——————

AB8YTP5 MSSGGLLLLLGLLTLWAELTPISGHDRPKFCYLPADPGECLAHMRSFYYDSESKKCKEFIYGGCHGNANIFPSRDKCRQTCGASAKGRPT
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Table 4.5b. List of all the proteins identified by LC-MS/MS analysis of SDS-PAGE bands of SI RVV. The table shows the identified

peptide ions, their m/z, charge (z), the score for the ID, AM (Da), and modified residues. Carbamidomethylated cysteine and oxidized

methionine residues are represented as ¢ and m (in lower cases).

Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score

Phospholipase A,

P86368 Basic PLA, 3 175.1 (K) IYMLYPDFLcKGELK (C) 16.4 630.0 -2.022
(K) RVNGAIVCEQGTSCENR(I) 14.2 650.6 | 3 | -0.009
)(SLLEFGmmILEETGKLAVPFYSSYGCYCGWGGK (
A) 13.1 946.4 -0.049
(R) RNLNTYSKIYMLYPDFLCK (G) 10.1 1220.1 | 2| -0.100
(K) LAVPFYSSYGCYCGWGGKATPK (D) 4.1 8237 | 3| -0.006

P59071 Basic PLA, 108.0 (K) KYMLYPDFLCKGELK (C) 16.2 6353 | 3| -1.007
(=) SLLEFGKmILEETGK (L) 12.3 8554 | 2| -1.050
(K)mILEETGKLAIPSYSSYGCYCGWGGK (G) 9.1 981.8 | 3| -0.013
(R) ccFVHDccYGNLPDCNPK (S) 6.3 772.6 | 3| -0.011
(K) GTScCENRICEcCDKAAAICFEFR (Q) 5.1 6053 | 4 | -0.032
(K) RVNGAIVCEKGTSCENR (I) 2.1 651.0 | 3 0.967
(K) SDRYK (Y) 1.5 3347 | 2| 0.008
(K) AAATCFRQNLNTYSK (K) 1.1 585.6 | 3| -2.026
(R) ONLNTYSKKYmLYPDFLcCK (G) 1.1 814.0 | 3| -2.069

P31100 Acidic PLA, 34.5 (K) TATYSYSFENGDIVCcGDNDLCLR (T) 18.2 | 1336.1 | 2| 0.986
(=) NLFQFGEmMILEK (T) 15.6 7429 | 2| -0.002
(R) AAATCLGQNVNTYDK (N) 14.1 819.4 -0.007
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Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score
(R) ccFVHDccYGTVNDCNPK (M) 11.0 769.0 | 3| -1.014
Acidic PLA; homolog vipoxin A
P04084 chain 25.4 (K) TATYTYSFENGDIVCcGDNDLCLR (A) 13.2 1342.6 | 2 | -0.022
(K) TGKEAVHSYATYGCYCGWGGQGR (A) 6.1 645.0 -0.034
AT7XAP4 PLA,(ITA)-Aze2 17.1 (R) ccFVHDcCcYGRVNDCNPK (T) 17.1 787.0 | 3| -1.992
Q6H3C5 Basic PLA, 17.0 (-) SLLEFGRMIKEETGK (N) 8.3 868.4 | 2| -2.097
QI1RP79 Basic PLA, chain HDP-1P 15.0 (R) ccFVHDCcCcYGRVRGCNPK (L) 15.0 782.0 | 3| -1.086
Q7T3T5 Acidic PLA, daboiatoxin B 10.1 (R) ccFVHDCCYARVKGCNPK (L) 10.1 7773 | 3| -1.098
Q910A0 PLA, EC3 8.1 (K) FATTAYSNYGCYCGWGGK (G) 8.1 696.0 | 3| -1.026
P34180 Neutral PLA, ammodytin 12 7.1 (K) SALLSYSNYGCYCGWGGK (G) 7.1 1021.0 | 2| -1.969
Snake venom serine protease
ESLOE3 Alpha-fibrinogenase-like 51.0 (K) VEDYTDWIHSIIAGNTAATCPS (-) 20.3 | 1220.1 | 2| -0.014
(K) LNKPVTYSTHIASLSLPSNPPR (V) 12.2 798.1 -0.006
(K) KILPFVPHCANINIVPYTVCR (V) 8.2 8378 | 3 0.024
Venom serine proteinase-like
QIPT40 protein 2 33.5 (R) TLCAGILQGGIDSCK (V) 18.2 796.9 0.001
(R) FYCAGTLINQEWVLTAAR (C) 15.3 1057.0 -0.014
(K)NIRIILGVHSK (N) 3.1 625.4 -0.059
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Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score
(K) NVPNEDQQIRVPK (E) 3.1 5133 | 3 0.982
E5SLOE4 Beta-fibrinogenase-like 30.7 (K) VYDYTDWIQSIIAGNTAATCPP (-) 16.1 8194 | 3| 0.011
(K) LDRPVKTSTYIAPLSLPSSPPR (V) 6.1 599.6 | 4| -0.017
(R) NNAEIRLPEER (F) 5.2 4479 | 3 0.984
(K) GLPAQSR (T) 3.7 365.7 | 2 1.999
E0Y419 Beta-fibrinogenase 17.2 (R) TLCAGILQGGIDTCK (G) 17.2 803.9 | 2 | -0.002
E0Y420 MACLB Serine protease VLSP-3 14.4 (K) TSTHIAPLSLPSSPPSVGSVCR (T) 14.4 750.7 | 3| -0.009
013058 Snake venom serine protease 3 14.3 (R)NSKHIAPLSLPSSPPSVGSVCR (I) 14.3 764.7 2.007
(K) VEDYTDWIQNITIAGNTTATCPP (-) 3.2 833.1 | 3| -0.015
A7LAC6 Thrombin-like enzyme 1 14.3 (R) LNRPVRNSEHIAPLSLPSSPPSVGSVCR (V) 9.0 | 1010.2 | 3| 1.928
Venom serine proteinase-like
Q6T6S7 protein 1 13.4 (R) FHCAGTLLNKEWVLTAAR (C) 134 696.4 | 3| -0.048
BOFXM3 Thrombin-like enzyme gyroxin B1.7 13.3 (R) NSTHIAPLSLPSSPPSVGSVCR (V) 13.3 7554 | 3| 1.021
QI9PTUS Snake venom serine protease BPA 13.1 (R) FAREKFFCLSSR (N) 4.0 7744 | 2| -0.051
Q8AY79 Beta-fibrinogenase stejnefibrase-2 12.5 (K) VEDYNDWMKS I IAGNTAATCPP (-) 12.5 | 1235.6 | 2 | -0.968
AO0A194ARG4 | Serine proteinase 6a 12.4 (K) KKFFcLSSK (T) 5.2 5733 12| 0.948
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Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score
Q512B5 Thrombin-like protein 3 10.1 (K) LNKPVRNSTHIAPLSLPSSPPSIGSLCR (V) 10.1 | 1000.2 | 3 | -0.133
QII8X2 Thrombin-like enzyme acutobin 9.3 (K) VYDYNDWIRSITAGNTTAACPP (-) 9.3 829.7 | 3| 1.997
Q7SYF1 Thrombin-like enzyme cerastocytin 9.1 (R) TLcAGIEKGGIDTCK (G) 9.1 810.9 -1.974
(R) QIRVAKEK (Y) 2.1 486.3 -0.048
14CHP3 Thrombin-like protein 8.1 (R) TLcCAGILEGGKDTCK (G) 8.1 8109 | 2| -1.987
D8MIA3 Rhinocerase 5 protein 8.1 K (VYDYTDWIRSIIGGNTSATCcPL (-) 8.1 8344 | 3| -1.103
(_
) VVGGDECNINEHPFLVALYTSTSSTIHCGGALIN
P18964 Factor V activator RVV-V alpha 73 R (E) 14.1 9512 | 4| -0.025
(R) DTcHGDSGGPLICNGQIQGIVAGGSEPCcGQHL
KPAVYTK (V) 13.2 816.6 | 5| -0.016
(K) VEDYNNWIQNITIAGNR(T) 8.1 969.5 | 2 0.975
(R) LRRPVTYSTHIAPVSLPSR (S) 7.3 538.3 | 4| -0.008
(R) TLCAGILK (G) 4.4 4383 | 2 | -0.004
L-amino acid oxidase
G8XQXI1 L-amino-acid oxidase 276.9 (K) NLLLETADYVIVCTTSR (A) 24.7 984.5| 2| 0.002
(K) EGNLSPGAVDMIGDLLNEDSGYYVSFIESLKH
DDIFAYEK (R) 152 | 1118.0 | 4| 1.969
(K) REDEIVGGmDQLPTSmMYR (A) 13.5 716.3 | 3| -0.002
(K) SAGQLYQESLGK (A) 134 640.8 | 2 | -0.001
(K) KDLOQTFcYPSIIQK (W) 12.3 581.0 | 3 0.001
(K) WSLDKYAmMGAITTFTPYQFQHFSEALTAPVGR
(I) 12.2 9132 | 4| 0.006
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Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score
(K) HIVIVGAGmMSGLSAAYVLAGAGHKVTVLEASE
RPGGR (V) 12.1 730.6 | 5| 1.963
(K) VIVTYQTTOQK (N) 11.5 584.8 | 2 0.001
(R) IFFAGEYTANAHGWIDSTIK (S) 11.2 7477 | 3| -0.020
(R) ITFKPPLPPKK (A) 9.4 422.6 | 3 | -0.002
(K) TSNPKHIVIVGAGMSGLSAAYVLAGAGHK (V) 9.1 706.4 | 4 | -0.005
(R) RITFKPPLPPK (K) 8.3 4319 | 3 0.001
(K) EGWYANLGPmMRVPEK (H) 8.2 588.3 | 3 0.013
(K) AVEELKR (T) 7.1 422.1 | 2 | -1.359
(K) IFLTcTKKFWEDDGIQGGK (S) 6.1 747.7 | 3| -2.033
(K) SGLTAAR (D) 4.6 338.2 | 2| -0.001
(K) YDTYSTK (E) 4.4 4392 | 2 0.002
(R) SGTKIFLTCTK (K) 4.2 4192 | 3 0.001
(K) LNEFVQETENGWYFIKNIR (K) 4.1 801.1 | 3 0.982
(K) FGLKLNEFVQETENGWYFIK (N) 4.1 8214 |3 0.002
(K) KFWEDDGIQGGKSTTDLPSR (F) 4.1 1118.1 | 2| -1.983
(K) YPVKPSEAGK (S) 34 3595 1 3] 0.994
(R)AIEESVHFKAR (V) 3.3 429.6 | 3 0.000
(R) VGEVKKDPGLLK (Y) 2.5 4283 | 3 0.008
(K) EGNLSTGAVDMIGDLMNEDSGYYVSFVESMKH
B5U6YS8 L-amino-acid oxidase 70.8 DDIFAYEK (R) 15.1 | 1127.5 -1.951
(K) SAGQLYQEALGK (A) 8.2 632.8 | 2| -0.001
L-amino acid oxidase Bs29 (K) EGNLSPGAVDMIGDLLNEDSGYYVSFIESLKH
A0A024BTN9 | (Fragment) 59.1 DNIFGYEK (R) 3.1 | 14844 | 3| -1.038
T2HQS57 Amine oxidase 50.1 (K) REDEIVGGMDQLPTcmcR (A) 5.1 551.0 | 4 | -0.056
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Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score

(K) EGNLSPGAVDMIGDVLNEDSGYYVSFIESLKH

DDIFAYEKR (F) 3.1 1149.0 | 4 | -0.192
QI0W54 L-amino-acid oxidase 41.0 (K) SAGQLYEESLGK (V) 14.5 6413 | 2| 0.000

(R) FDEIVGGmMDKLPTSMYR (A) 7.3 659.0 -0.038

(K) EGNLSPGAVDMIGDLMNEDSGYYVSFPESLRH

DDIFAYEK (R) 7.1 11213 14| 1.073
POC2D7 L-amino-acid oxidase (Fragment) 314 (-) ADDKNPLEECFREDDYEEFLEIAK (N) 20.2 744.6 | 4| -0.018
P81382 L-amino-acid oxidase 28.6 (R) FDEIVDGmMDKLPTAMYR (D) 5.1 672.6 -1.015

(R) SVHYRSGTKIFLTCcTTK (F) 4.1 1001.0 | 2 1.921

(K) EGDLSPGAVDMIGDLLNEDSGYYVSFIESLKH

DDIFAYEK (R) 3.1 1113.5 | 4| -0.938
AOAOATIWCY6 | Amine oxidase 26.7 (K) REDEIVGGmDRLPTSmYR (A) 12.3 7253 | 3| -1.020

(K) EANLSPGAVDmMIGDLLNEDSGYYVSFIESLK (

H 9.1 | 11222 3] 2.044

(K) TLSYVTADYVIVCTTSR (A) 7.3 650.7 1.023
Q6WP39 L-amino-acid oxidase 18.1 (K) REDEIVDGMDKLPTSmYR (A) 9.2 547.8 | 4| -1.023

(K) EGNLSPGAVDMIGDLMNEDAGYYVSFIESMKH

DDIFAYEK (R) 7.1 11188 | 4 1.031
Snake venom metalloprotease
K9JAW0 Factor X activator heavy chain 181.1 (K)AFIELIIIVDHSmAK (K) 10.2 573.0 | 3| 1.002

(K) cILYPPLRK (D) 7.4 5803 | 2 0.001

(R) DOLQONGQPCQNNR (G) 6.2 8514 | 2| 1.967

(R) SVGIVQVQGNRNFK (T) 5.1 516.0 | 3 0.001
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Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score
(K) PKCILYPPLR (K) 41| 62842 -0.967
Zinc metalloproteinase-disintegrin-
Q4VMO08 like VLAIP-A 79.6 (R) KIPCAPQDVK (C) 10.4 5773 | 2| -2.026
(R) VLNIYTIALLGLEIWNNGDK (I) 9.4 1079.6 | 2 0.010
(R) LYCFDNLPEHK (N) 9.3 4792 | 3 0.001
(K) NPcQIYYTPSDENKGmVDPGTK (C) 9.1 844.1 | 3 0.032
(K) VTLDLFGK (W) 8.6 446.8 | 2 0.000
(K) YLINKmPQCILNKPLK (T) 5.1 664.4 | 3 1.968
(R) TRIYEIVNILNVIYR (V) 4.4 627.0 | 3 0.007
(K) ScImSGTLSCEASIR(F) 4.1 844.8 | 2 0.947
(R) KHDNAQLLTDINEFNGPTAGLGYVGSMcDPQYS
AGIVQDHNK (V) 4.0 8904 | 5| 1924
(K) ASQLNLTPEQR (R) 3.1 628.4 | 2| -0.907
Coagulation factor X-activating
Q7T046 enzyme heavy chain 133 (K) QcISLFGSR (A) 13.3 5333 | 2| -2.009
(K) TAVIMAHELGHNLGmYHDR (K) 5.2 550.0 -0.017
(K) GmVEPGTK (C) 3.2 4187 12| 2016
K9JCB2 Factor X activator light chain 2 10.1 (R) MWFNHKCEEPYPFVCK (V) 3.0 7247 | 3| 0.007
Glutaminyl cyclase
Glutaminyl-peptide
MINCG3 cyclotransferases 45.8 (R)NTYQTQGIDLFVLLDLIGAR (N) 10.5 750.7 | 3| -0.032
(R) VWHVMEDNEENLDKPTIDNLSK (I) 7.2 661.3 | 4 0.015
(R) LEATEQNLHDLGLLNNYSSER (Q) 7.2 810.1 | 3| -0.004
(K) ILOQIFVLEYLNLG (-) 3.2 768.0 | 2 0.022
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Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score
(K)QSSLPTK (A) 1.5 380.7 | 2 | -0.004
Phosphodiesterase
WSE7DI1 Phosphodiesterase 183.5 (K) FGPVSGEIImALQmMADR (T) 16.3 934.0 | 2 | -0.004
(K) GKNEVTSFENIEVYNLmcDLLK (L) 12.2 878.1 | 3| -0.017
(R) IPAAQSQTCcSNYQPDLTITPGFLYPPNFGSSN
FEQYDALITSNLVPmFK (G) 11.3 13754 | 4 | -0.131
(K) VLSFILPHRPDNSEScADTSPDNLWVEER (1) 10.3 846.6 | 4 | -0.056
(K) NVPKDEFYTFEFDSEGIVR (N) 9.3 629.6 | 3 | -0.009
(K) cSSITDLGK (V) 9.2 490.7 | 2 0.000
(K) NPFYNPSPAK (E) 8.2 567.8 | 2| -0.004
(K) IPIPTHFFVVLTSCENQINTPLNCPGSLK (V) 8.2 1099.6 | 3 0.000
(K) SmQATIFLAHGPGFK (G) 7.1 760.4 | 2| -0.002
(R) LWNYFHGTLLPK (Y) 6.2 7449 | 2 | -0.004
(K) SPPTSVPPSASDCLR (L) 43 7859 | 2 0.001
(R) LEYmMTDYFDKVDFFmYEGPAPR (1) 4.1 9227 | 3| -0.012
(K) RLHYVNNIR(I) 3.2 395.6 | 3| -0.002
J3SEZ3 Venom phosphodiesterase 1 81.8 (R) VRDVELLTGLNFYSGLKQPLPETLQLK (T) 11.3 768.7 | 4| -0.009
(K) VLSFILPHRPDNSEScCADTSPENLWVEER (I) 11.2 8504 | 4 0.999
(K) TFLPIFVNPVN (-) 10.5 6309 | 2 | -0.004
(K) AATYFWPGSEVK (I) 9.4 6783 | 2| -0.012
(K) AKRPDFLTLYIEEPDTTGHK (Y) 7.1 778.0 | 3 0.933
(R) LNLNNQAK (T) 6.4 457.8 | 2 0.000
(K) TESEAHNLPYGRPQVLQNHSK (Y) 6.2 602.1 | 4| -0.015
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Protein Peptide AM
Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score

(K) YCLLHQAK (Y) 6.1 517.8 | 2 1.994
(R) IDKVNLMVDQQWmMAVR (D) 5.1 660.0 | 3 | -0.001
(K) SIPFEAR (V) 3.9 4102 | 2| 0.000
(K) ALOMADRTLGMLMEGLK (Q) 3.1 9479 | 2 0.918
(K) DKCASSGATQCPAGFEQSPLILFSmDGER (A) 3.1 1065.1 | 3| -0.063

Phospholipase B

F8S101 Phospholipase B 32.6 (K) HQGLPESYNFDFVTmKPVL (-) 13.1 746.7 0.001
(K) QODEWTRQQIKNNK (D) 2.1 563.6 | 3 0.860

5’-Nucleotidase

F8S0Z7 Snake venom 5'-nucleotidase 85.0 (R) YDAMALGNHEFDNGLAGLLDPLLK (H) 18.3 868.4 | 3 | -0.005
(K) LLLPSFLAAGGDGYHmMLK (G) 14.2 641.0 | 3 1.973
(K) YLGYLNVIFDDKGNVIK (S) 134 657.7 | 3| -0.003
(R) TNNGTITLEELTAVLPFGGTFDLLQIK (G) 11.3 1452.8 | 2| -0.997
(=) SFELTILHTNDVHAR (V) 11.2 5853 | 3 1.009
(K) HANFPILSANIRPK (G) 10.3 526.6 | 3 0.001
(K) GDSSNHSSGNLDISIVGDYIK (R) 9.2 727.0 | 3 0.981
(R) QVPVVQAYAFGK (Y) 8.4 6539 | 2| -0.002
(K) VFPAVEGR (M) 6.7 437.7 | 2 | -0.001
(R) HPDDNEWNHVSmcIVNGGGIR (S) 6.1 606.8 | 4 0.982
(K) cTGQODCYGGVAR (R) 5.3 6728 12| 0.976
(K) TIVYLNGTTQACR (F) 5.1 7494 | 2 0.990
(K) ETPVLSNPGPYLEFRDEVEELQNHANK (L) 5.0 782.1 | 4 0.002
(R) SPIDER(T) 43 358.7 | 2 0.002
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Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score

WSEFS0 5'-nucleotidase (Fragment) 65.6 (R) FHECNLGNLICDAVIYNNLR (H) 16.2 8124 | 3 | -0.007
(R) ANNGIITLEELTSVLPEFGGTFDLLQIK (G) 13.3 14528 | 2 0.973
(R) HGQGTGELLQVSGIK (V) 11.5 508.6 | 3 0.005
(R) VVSLNVLCTK (C) 10.4 566.8 | 2 | -0.001
(=) AREKVGIIGYTTK (E) 9.4 4792 | 3 | -0.159
(R) cRVPTYVPLEmEK (T) 7.4 546.6 | 3 | -0.001
(K) ASGNPILLNKDIPEDQVVK (A) 7.2 6844 | 3 0.980
(K) IQLONYYSQEIGK (T) 7.2 528.6 | 3 0.041
(K) VVYDLSQKPGSR (V) 6.6 450.2 | 3 0.002

Carboxypeptidase

J3RYP4 Carboxypeptidase E-like 10.3 (R) VDFDLESLSER (K) 10.3 6553 | 2| -0.007
(K) VAVPEFSPAIR (V) 7.1 5298 | 2 1.873
(R)ELLVIEVSDNPGEHEPGEPEFK (Y) 52 822.1 | 3| -0.021
(R) LLVPGNYK (V) 4.4 4523 | 2| -0.004
(K) AASQPGELKDWEVGR (S) 33 5543 | 3| -0.002

Snaclec

Q4PRDO Snaclec 3 94.9 (K) VETEEMNWADAEK (F) 20.5 7853 | 2| -0.010
(K) AWNEGTNCFVFK (I) 14.5 736.8 | 2 | -0.006
(K) GSHLLSLHNIAEADFVLKK (T) 12.2 5238 | 4| -0.020
(K) NHWSHmDCcSSTHNFVCK (F) 10.1 5410 | 4| -1.991
(K) KTLAmLK (D) 3.4 410.8 | 2 0.007
(K) TLAMLKDGVIWmMGLNDVWNECNWGWTDGAK (L
) 2.1 | 1171.5 | 3| -0.032

Q4PRC7 Snaclec 6 39.7 (K) SmTcNFIAPVVCKEF (-) 14.3 8454 | 2 | -0.006
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Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score
(R) EEEKFVVNLISENLEYPATWIGLGNMWK (D) 13.1 1103.9 -0.064
(K) GSHLVSLHSR (E) 8.3 546.8 -0.002
(R) MEWSDRGNVK (Y) 3.1 611.3 0.003
K9JBVO0 P68 alpha subunit 35.7 (K) TPADYVWIGLR (N) 14.3 645.8 0.000
(R) KAQYCISK (W) 8.2 4993 | 2 | -0.004
Q4PRC6 Snaclec 7 33.2 (R) SSEEmDFVIR (M) 13.4 614.8 | 2| -0.004
(R) FDEFWIGLR (D) 10.5 600.8 | 2 | -0.002
(R) WSDGVNLDYK (A) 9.3 598.8 | 2 | -0.006
(K) FcNEQVNGGYLVSFR (S) 7.1 598.0 | 3 2.018
(R)MTFPIFR (F) 5.3 456.2 | 2 | -0.005
K9JDF6 P31 beta subunit 28.4 (K) FGSVWIGLNDPWHNCNWEWSDNAR (F) 17.3 987.4 | 3| -0.008
(K) FVSFVCK (F) 9.4 442.7 | 2| -2.012
(K) RPYCTVmMVLKPDR (1) 6.2 5503 | 3| -1.989
(R) EQHKGSHLASIHSSEEEAFVSK (V) 3.2 488.2 | 5| -0.003
AO0A140DC06 C-type lectin 2 223 (R) TWLNLccGDDYPFEFVCK (F) 10.1 | 10239 | 2 | -1.038
(K) TWEDAEKFCTQQANGWHLASIESVEEANFVAQ
Q38L02 Snaclec dabocetin subunit alpha 20.3 LASETLTK (S) 132 | 11358 | 4| 0.958
(K) YHEWITLPcGDKNPFICK (S) 12.3 5703 | 4 | -0.008
(K) SKYHAWIGLR (D) 8.0 410.9 | 3 | -0.001
(K) SWVLH (-) 4.5 3212 1 2] 0.000
(K) cFGLNK (E) 3.2 369.7 | 2| 0.003
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Accession No. Protein Description Morpheus Peptide Sequence(s) Morpheus m/z z (Da)
Score Score

(R) FCWEQVKGAHLVSIESSGEGDEFVAQLLSENIK

Q5FZ16 Snaclec trimecetin subunit alpha 12.3 (T) 123 | 11939 |3 | 1972

K9JBU9 P31 alpha subunit 11.5 (K) DGIYVWIGLR (D) 11.5 5963 | 2| -0.010
(K) WDYVNCAEHYR (F) 6.1 504.9 | 3| -0.007
(K) FCTEQANSGHLVSIK(S) 5.2 564.6 | 3 0.997
(K)WTYFHK (W) 3.1 4412 | 2 | -0.002

E2DQZ6 Snaclec jerdonuxin subunit alpha 11.2 (R) TWENVYCGTENPFVCK (Y) 112 | 10119 | 2| 0.970

AO0A0C5DQX8 | C-type lectin-like protein 2B 9.7 (K) FDFIWIGLR (D) 9.7 583.8 | 2| -0.004

Vascular endothelial growth factor

P82475 VEGF toxin ICPP 16.1 (R)ETLVSILQEYPDEISDIFRPSCVAVLR (C 16.1 1051.2 | 3 2.012
(R) PEPDVYQR (S) 5.3 511.3 [ 2| -0.001

P67861 VEGF toxin 8.2 (R)ETLVSILQEHPDEISDIFRPSCVAVLR (C) 8.2 781.7 | 4 | -0.015
(R) PELDVYERSACQTR (E) 2.1 8724 | 2 2.024
(K) cTPVGKHTADIQImR (M) 2.0 8724 | 2 0.991
(K) QGEPEGPKEPRR (G) 2.0 689.4 | 2| -1.998
(R) MNPRTHSSKmEVmK (F') 1.0 8534 | 2| -1.929

Nerve growth factor

P30894 Venom nerve growth factor 40.9 (R) INTACVCcVISR (K) 14.4 646.8 | 2 | -0.002
(K) HINSYCTTTDTEVR (A) 10.2 596.6 -0.002
(R) ALTMER (N) 4.5 360.7 | 2| -0.004
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Cysteine-rich secretory protein
(R) SGCAAAYCPSSEYNYFYVCQYCPAGNIIGK (I

F2Q6F2 CRISP Dr-CRPK 155.0 ) 194 | 11575 | 3| -0.017
(R)RPETIQNEIVDLHNSLRR (S) 13.5 523.0 | 4| -0.007
(R) SVITPTASNMLKMEWYPEAAANAER (W) 12.3 900.4 | 3| -0.008
(K) WTATTHEWHK (E) 8.1 660.8 | 2 | -0.006
(K) TKCPASCFCHNETT (-) 7.1 8689 | 2| -0.010
(K) DEVYGQGASPANAVVGHYTQIVWYKSYR (S) 3.1 7949 | 4| -0.050
(R) cILNHSPYNSRVIGGIKCcGENIYMSPYPMK (W
) 30| 1166.8 | 3| -0.213
(K) QGCHSNYLK (T) 2.1 5543 12| 1.011
(K) EKKDFVYGQGASPANAVVGHYTQIVWYK (S) 1.0 10519 | 3 | -1.954

F2Q6F3 CRISP Dr-CRPB (Fragment) 30.3 (R) KPEIQNEIVEFHNSLR (R) 6.1 651.0 | 3| -2.048
(R) cILDHSPYNSR (V) 3.1 4545 | 3 0.006
(K)KNFIYGK (G) 2.1 4348 | 2| -0.994
(K)WIETIRKWHDEK (K) 2.0 5522 |3 1.844
(R) REDVFTNCcIDMAKGR (S) 1.0 906.5 | 2 0.053
(K) GANPSNAVVGHYTQVVWYK (S) 1.0 6974 | 3 0.060
(K) PEIQNEIVEFHNSLRRSVNPTASNMLK (M) 1.0 10419 | 3 0.008

Kunitz-type serine protease inhibitor

Q2ES48 KSPI 3 18.9 (K) FCYLPADPGECmMAYIR (S) 9.5 989.9 | 2| -0.005
(K) EFIYGGCHGNANNFPTR (D) 9.3 652.0 -0.008

A8Y7PS5 KSPI B5 8.2 (K) EFTIYGGCHGNANK (F) 5.5 489.6 | 3| -0.004
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4.1.3.4 A comparative analysis of the RVV proteomes from EI, WI, and SI

A comparative analysis of the RVV proteomes from EI, WI, and SI suggested that
only 11 proteins (2 SVMPs, 3 SVSPs, and single isoforms each of NT, LAAO, NGF, VEGF,
snaclec, and CRISP) were shared (based on presence of homologous distinct peptides) by all
the RVV samples, whereas 25, 15, 21, and 39 proteins were uniquely represented in EI RVV
(B), EIRVV (N), WI RVV, and SI RVV, proteomes, respectively (Fig. 4.12a). Further, there
was significant variation in number of identified toxin isoforms and relative abundances of
enzymatic as well as non-enzymatic classes of proteins in RVV samples from EI, WI, and SI

and these differences are shown in Table 4.6 and Figs. 4.12b,c.

Table 4.6. Distribution of toxin isoforms identified in RVV samples from different

geographical locations of India by proteomic analysis.

Protein family WIRVV EIRVV (B) EIRVV (N) SIRVV
PLA, 17 21 12 10
SVMP 5 10 13 4
SVSP 6 9 15 18
LAAO 2 1 2 9
PDE 1 1 1 2
NT 2 1 1 2
Hya ND 1 1 1
PLB 1 ND 1 1
GC ND 1 1 1
AMT ND ND ND ND
APase ND 1 ND ND
KSPI 8 6 5 2
Snaclec 7 13 12 11
CRISP 2 3 2 2
VEGF 2 2 1 2
NGF 1 2 1 1
Dis 1 1 1 ND
Total 55 73 69 66

ND: not detected by LC-MS/MS analysis
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Fig. 4.12a. A Venn diagram representing the distribution of shared and unique
proteins/toxins among RVV samples from different regions of India. The Venn diagram was
generated using FunRich V3 Tool. The numbers in parentheses indicate the total number of
proteins identified in the respective RVV proteomes. Variation in relative abundance of b.
enzymatic proteins and ¢. non-enzymatic proteins in RVV samples from WI, SI, and

Burdwan and Nadia districts representing EI RVV samples.
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4.1.4 Enzymatic activities of crude and/or GF fractions of WI, EI, and SI RVV samples

A comparative analysis of the enzymatic activities (specific activity) displayed by
RVV samples from WI, EI, and SI is summarized in Table 4.7. While SI RVV exhibited
significantly higher (p<0.05) PLA,, LAAO, ATPase, ADPase and AMPase activities
compared to the same activities of RVV samples from two other regions of India, it exhibited
poor SVMP, fibrinogenolytic, and TAME and BAEE esterase activities. On the contrary, WI
RVV was characterized with significantly higher (p<0.05) SVMP, fibrinogenolytic, PDE,
TAME and BAEE-esterase activities, albeit it exhibited relatively poor hyaluronidase,
LAAO, and PLA; activities compared to other RVV samples (Table 4.7). Further, SVMP,
fibrinogenolytic, TAME and BAEE-esterase activities of EI RVV were superior to SI RVV;
however, was significantly lower compared to WI RVV. In addition, EI RVV was
characterized with highest hyaluronidase activity and relatively poor ATPase, ADPase and

AMPase activities compared to RVV samples from other parts of India (Table 4.7).

Table 4.7. A comparison of enzymatic and esterolytic activities exhibited by RVV from
different regions of India. Values are mean = SD of triplicate determinations. Significance of

difference compared to other RVV samples, *p<0.05 (ANOVA).

Enzymatic Origin of RVV sample
activity (U/mg) WI EI (Burdwan) | EI (Nadia) SI
PLA,*(x 10°) 0.6 = 0.03 0.8 +0.02 0.9 +0.02 1.1+0.03*
SVMP " 0.15+0.03* |0.10£0.021 | 0.07+0.011 | 0.012+0.01
LAAO® 19.8+0.92 |26.7+0.71 247406 105.9 +2.2%
Fibrinogenolytic® [ 9.8 +0.21* 7.6+0.13 54+0.11 0.8 +0.02
Fibrinolytic 0.7 +0.04 0.5+0.01 03+0.01 0.9 +0.01*
ATPase ©(x 10°) [ 4.5+0.15 1.5+0.05 1.9+ 0.06 90.0 + 20.0*
ADPase ° (x 10°) | 6.4+0.25 2.4+0.09 2.4+0.05 180.0 + 41.2*
AMPase ¢ (x 10") | 1.7£0.05 0.5+0.02 0.4 +0.02 31.2+8.80*
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Enzymatic Origin of RVV sample

activity (U/mg) WI EI (Burdwan) | EI (Nadia) ST

Hyaluronidase " 63.4+2.11 19182+ 64.1* | 1946.4 £56.3* | 126.0+2.3

PDE ¢ 11.8+£0.08* [4.5+0.10 43+0.12 47+0.11
TAME " (x 10%) 19.1+0.8% [3.4+0.11 3.2+0.09 1.6 +0.05
BAEE' (x 10%) 2.8+0.08 2.0+0.07 2.0+ 0.06 0.007 + 0.04

* One unit is defined as a decrease by 0.01 in absorbance at 740 nm after 10 min of
incubation. ® One unit is defined as change in absorbance at 450 nm per min at 37 °C. ¢ One
unit is defined as 1 nmol of kynurenic acid produced per min. ¢ One unit is defined as 1.0 pg
of tyrosine equivalent liberated per min per ml of enzyme. © One unit is defined as
micromoles of Pi released per min. " One unit is defined as a 1% decrease in turbidity at 405
nm in comparison to control (100% turbidity).  One unit is defined as micromoles of p-
nitrophenol released per min. " One unit is defined as an increase by 0.01 in absorbance at
254 nm during the first 5 min of the reaction at 37 °C. ' One unit is defined as an increase by

0.01 in absorbance at 244 nm during the first 10 min of the reaction at 37 °C.

Further, the peak GF1 of WI and EI RVV samples were characterized with highest
ATPase, ADPase, AMPase, LAAO, PDE, hyaluronidase, SVMP, and fibrinogenolytic
activities, while esterolytic activities were prominent through fractions GF3 and GF4 of WI
RVYV, and fractions GF2 and GF3 of EI RVV (Tables 4.8a-c). PLA; activity was predominant
in fractions GF5 and/or GF6, while fibrinolytic enzymes eluted through fractions GF2 to GF4
of WI and EI RVV (Tables 4.8a-c). However, due to very low amount of SI RVV sample
available to us, the gel-filtration chromatography of this RVV sample could not be done.
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Table 4.8a. Assay of enzymatic and esterolytic activities of WI RVV and its GF fractions. Values are mean + SD of triplicate

determinations.
) WI RVV GF fractions
Properties
GF1 GF2 GF3 GF4 GF5 GF6 GF7 GF8 GF9 GF10

ﬁ;fty?eli;)omem 66408 | 43+02 | 84+09 |160+0.10 | 9.6=09 | 145+0.11 | 111209 | 1.8+0.3 | 44=03 | 40+02
Enzymatic activity (Unit/mg)

PLA,"(x 10%) 02+0.01 | 0.1+£0.01 | 1.9+0.06 | 2.7+0.11 | 47+020| 1.7£0.05 | 1.2+0.04 | 0.7+0.02 | 0.6+0.01 | 1.2+0.08
SVMP ° 2.33+0.05 | 0.70+0.01 - - - - - - - -
LAAO © 23.7£0.96 | 19.7+0.86 - - - - - - - -
Fibrinogenolytic? | 10.7+0.30 | 7.8+025 | 2.6+0.10 | 45+0.17 | 5.7+0.25 - 1.4+ 0.12 - 12+0.24 -
Fibrinolytic ¢ - - 244012 | 6.0+025 [ 05+£0.02| 2.5+0.11 - - 0.7+0.14 -
ATPase © (x 10°) 9.5+026 | 03+0.13 - - - - - - - -
ADPase ¢ (x 10°) | 8.5+028 | 0.2+0.19 - - - - - - - -
AMPase € (x 10%) | 4.1+0.11 - - - - - - - - -
Hyaluronidase * 71.4+£2.54 - - - - - - - - -
PDE & 22.6+0.11 | 1.0+0.02 - - - - - - - -
TAME " (x 10?%) 1.9+£0.08 | 0.9+0.04 - 57+0.12 | 0.8+£0.04 | 2.4+0.10 - - - -
BAEE' (x 10%) - 33+0.09 | 2.8+0.05 | 4.0+0.10 | 0.5+0.04 | 0.2+0.01 - - - -

* One unit is defined as a decrease by 0.01 in absorbance at 740 nm after 10 min of incubation.

® One unit is defined as change in

absorbance at 450 nm per min at 37 °C. © One unit is defined as 1 nmol of kynurenic acid produced per min. ¢ One unit is defined as 1.0 pg

of tyrosine equivalent liberated per min per ml of enzyme.

® One unit is defined as micromoles of Pi released per min. " One unit is defined
as a 1% decrease 1 111 turbidity at 405 nm in comparison to control (100% turbidity). & One unit is defined as micromoles of p- mtrophenol
released per min. " One unit is defined as an increase by 0.01 in absorbance at 254 nm during the first 5 min of the reaction at 37 °C. ' One
unit is defined as an increase by 0.01 in absorbance at 244 nm during the first 10 min of the reaction at 37 °C.
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Table 4.8b. Assay of enzymatic and esterolytic activities of EI RVV (B) and its GF fractions. Values are mean £ SD of triplicate

determinations.
Properties EI RVV (B) GF fractions
GF1 GF2 GF3 GF4 GF5 GF6 GF7 GF8 GF9 GF10

?,ftyeig;)"mem 172405 | 39+01 |104+0.1|173£05 | 47402 | 125404 | 54+0.1 | 39=01 |43+0.1 | 1.2+0.02
Enzymatic activity (Unit/mg)

PLA" (x 10%) 0.8+ 0.02 1.0+0.03 | 1.8+0.06 | 3.2+0.09 | 8.5+0.21 | 84+026 | 3.3+0.10 | 1.8+0.05 |[23+0.1| 0.4+0.01
SVMP * 0.19+0.02 | 0.03 +0.003 - - - - - 0.01 +0.001 - -
LAAO ° 38.0+1.10 | 15.0£0.50 - - - - - - - -
Fibrinogenolytic? | 10.1+0.21 | 7.0+0.18 | 1.4+0.08 | 1.6+0.09 | 1.7£0.11 - - 2.1+0.13 - -
Fibrinolytic ¢ - 40+0.13 |2.6+0.10 | 1.7+0.09 | 2.4+0.07 | 0.7 +0.02 - - - -
ATPase © (x 10%) 33+0.11 0.1+0.01 - - - - - - - -
ADPase © (x 10°) | 33+£0.07 | 29+0.04 |0.5+0.01 - - - - - - -
AMPase ¢ (x 10") | 2.8+0.08 - - - - - - - - -
Hya ' (x 10%) 3.0+0.15 - - - - - - - - -
PDE & 417+14 9.1+0.3 - - - - - - - -
TAME " (x 10%) 0.8+0.01 6.2+0.18 - - - 0.8 +0.02 - - - -
BAEE ' (x 10%) 08+0.02 | 22+0.08 |42+0.11]04+0.01]0.2+0.01]0.5+0.01 - - - -

“ One unit is defined as a decrease by 0.01 in absorbance at 740 nm after 10 min of incubation. ® One unit is defined as change in
absorbance at 450 nm per min at 37 °C. © One unit is defined as 1 nmol of kynurenic acid produced per min. ¢ One unit is defined as 1.0 pg
of tyrosine equivalent liberated per min per ml of enzyme. ¢ One unit is defined as micromoles of Pi released per min. " One unit is defined
as a 1% decrease in turbidity at 405 nm in comparison to control (100% turbidity). ® One unit is defined as micromoles of p-nitrophenol
released per min. " One unit is defined as an increase by 0.01 in absorbance at 254 nm during the first 5 min of the reaction at 37 °C. " One
unit is defined as an increase by 0.01 in absorbance at 244 nm during the first 10 min of the reaction at 37 °C.
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Table 4.8¢c. Assay of enzymatic and esterolytic activities of EI RVV (N) and its GF fractions. Values are mean £ SD of triplicate

determinations.
Properties EI RVV (N) GF fractions
GF1 GF2 GF3 GF4 GF5 GF6 GF7 GF8 GF9 GF10
gjf;eilenld) content | 183104 53+02 | 10101 | 15605 | 49+0.1 | 13.1£04 | 115202 | 2401 | 3901 | 1.1£0.1
Enzymatic activity (Unit/mg)
PLA," (x 10%) 1.2+0.03 19+0.07 | 22+0.08 | 32+0.09 | 94+026 | 88+0.29 | 41+0.1 | 3.1+0.1 | 25+0.08 | 2.7+0.09
SVMP " 0.16+0.02 | 0.01£0.001 - - - - - - - -
LAAO® 438+ 1.1 142+0.5 - - - - - - - -
Fibrinogenolytic! | 9.2+0.17 62+0.19 | 1.2£0.09 | 1.3+0.10 | 0.7+0.05 - - - 1.4 +0.09 -
Fibrinolytic ¢ - 49+0.15 | 25+0.11 | 2.7+0.07 | 1.4+0.12 | 0.5+0.02 - - - -
ATPase © (x 10%) 4.0+0.12 0.4 £ 0.02 - - - - - - - -
ADPase © (x 10°) 9.7 +0.07 2.6+0.03 | 0.3+0.01 - - - - - - -
AMPase © (x 10%) 2.0 £0.06 - - - - - - - - -
Hya ' (x 10°) 2.8+0.11 - - - - - - - - -
PDE ¢ 409+1.2 4.0+0.2 - - - - - - - -
TAME " (x 10%) 3.9+0.10 7.1+£0.15 | 1.3+0.05 - - 0.3 +0.02 - - - -
BAEE ' (x 10%) 0.1+0.01 35+0.12 | 1.7+0.09 | 0.2+0.01 - 0.2 +0.09 - - -

“ One unit is defined as a decrease by 0.01 in absorbance at 740 nm after 10 min of incubation. ® One unit is defined as change in
absorbance at 450 nm per min at 37 °C. © One unit is defined as 1 nmol of kynurenic acid produced per min. ¢ One unit is defined as 1.0 pg
of tyrosine equivalent liberated per min per ml of enzyme. © One unit is defined as micromoles of Pi released per min. " One unit is defined
as a 1% decrease in turbidity at 405 nm in comparison to control (100% turbidity). ® One unit is defined as micromoles of p-nitrophenol
released per min. " One unit is defined as an increase by 0.01 in absorbance at 254 nm during the first 5 min of the reaction at 37 °C. ' One

unit is defined as an increase by 0.01 in absorbance at 244 nm during the first 10 min of the reaction at 37 °C.
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4.1.5 Some pharmacological properties of WI, EI, and SI RVV samples and their GF

fractions

All the RVV samples demonstrated pro-coagulant activity under in vitro conditions
and could reduce both prothrombin time and activated partial thromboplastin time; however,
to a different extent (Table 4.9). In addition, prothrombin activation property of WI RVV was
comparable to EI RVV (B) and superior to EI RVV (N) and SI RVV (Figs. 4.13a,b). The
RVYV samples were devoid of direct haemolytic activity; however, they exhibited profound
haemolysis of goat erythrocytes in presence of egg-yolk phospholipids (Table 4.9). Further,
the SI RVV sample demonstrated superior platelet aggregation property against goat PRP
compared to WI and EI RVV samples, while EI RVV samples reduced the platelet count
(thrombocytopenia) to a significantly higher extent (p<0.05) than WI and SI RVV (Table

4.9).
a
1 2 3 4 5 ¢ 18 -
Prothrombin — . e -
Meizothrombin — .
[ —

Thrombin —» | —

F1 —

F2 -

Meizothrombin & Thrombin formation (folds) O

* *

16 -
14 -
12 -
10 -
8 -
6 -
4
2
0

WI RV EIRVV (B) EIRVV (N) SIRWV

RVV samples

Fig. 4.13a. Prothrombin (PTH) activation by crude RVVs (40 pg/ml) from different regions
of India. Lanes 1 and 2 contain control PTH and PTH treated with FXa, respectively. Lanes 3
to 6 contain PTH treated with WI RVV, EI RVV (B), EIRVV (N), and SI RVV, respectively.
b. The cumulative band intensity (calculated from densitometry of the gel) of meizothrombin
and thrombin formed in the negative control (lane 1) was considered as 1 and fold increase in
band intensity of the same in the samples was calculated. Significance of difference with

respect to EI RVV (N) and SI RVV, *p<0.05.
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Notably, high molecular weight pro-coagulant enzymes (>30 kDa) were separated in
fractions GF1 to GF4 of WI and EI RVV samples. Nevertheless, WI and EI RVV proteins
eluted through fractions GF5 to GF8 exhibited anticoagulant activity; however, GF8 of EI
RVV (B) was found to be pro-coagulant in nature (Tables 4.10a-c). Further, indirect
haemolytic activity was significantly higher in fractions GF5 and GF6 of WI and EI RVV
samples, while fractions GF1 to GF4 of WI and EI RVV demonstrated a significant reduction
in platelet counts (Tables 4.10a-c). In addition, platelet aggregation property was more
pronounced in fractions GF1 to GF4 of EI RVV, while the latter fractions, GF5 to GF7,
caused deaggregation of platelets (Tables 4.10a-c).

Table 4.9. A comparison of pharmacological properties exhibited by RVV from different
regions of India. Values are mean + SD of triplicate determinations. Significance of

difference compared to other RVV samples, *p<0.05 (ANOVA).

Pharmacological property Origin of RVV sample
(40 pg/ml) WI EI (Burdwan)| EI (Nadia) SI
Pro-coagulant activity (U/mg) * [1700.0 + 71.0*%| 956.2+31.4 | 832.1+32.4 |685.3+25.1
PT (U/mg) * (x10°) 52+0.1% 2.7+ 0.06 2.6 £0.06 1.1 £0.05
APTT (U/mg) * (x10%) 18.2+0.7* 10.1+0.1 93+0.1 3.8+0.11
Direct haemolysis (%) ° 0.2+0.01 0.4+0.01 0.3+£0.01 0.7£0.1*
Indirect haemolysis (%) b 18.0+0.5 31.0+1.10 348+ 1.21 |41.0+1.60%*
Reduction in platelet count (%) © | 36.5+ 1.1 53.0£1.2* 52.6+14* | 22.7+0.8
Platelet aggregation (%) ¢ 13.8£0.31 27.6£1.0 257+€1.1 |353+0.9*

* One unit of pro-coagulant activity was defined as a decrease in 1 s of clotting time of PPP
incubated with RVV samples, compared to control PPP (1X PBS, pH 7.4). ® Haemolytic
activity was assayed against 5% (v/v) mammalian (goat) erythrocytes. ¢ Platelet count of

control was 5.2 + 0.21 x 10° cells/ml. ¢ Platelet modulation was assessed using goat PRP.
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Table 4.10a. Some pharmacological properties of WI RVV (40 pg/ml) and its GF fractions (10 pg). Values are mean + SD of triplicate

determinations. Significance of difference with respect to negative control (1X PBS, pH 7.4), *p<0.05.

count (%) ¢

Pharmacological
GF-1 GF-2 GF-3 GF-4 GF-5 GF-6 GF-7 GF-8 GF-9 GF-10
property
Plasma clotting activity
. 74+0.10 | 11.5+0.21 | 10.0+0.15 | 8.7+0.11 | 1.5£0.04 | 11.9+0.14 | 1.0£0.03 | 2.6+0.09 ND ND

(U/mg) (x10%)*
Coagulant /

) C C C C AC AC AC AC - -
Anticoagulant
PT (U/mg) (x10%)* 72+£0.21*% | 494+0.32*% | 3.6+ 0.11* | 23 £0.10¥ | 1.5+0.07* | 3.0+ 0.12* | 0.7+0.02 | 1.2+0.01* | 0.5+£0.02 | 0.3+0.01
APTT (U/mg) (x10%)* 1.6 £0.06*% | 1.9+0.04* | 1.3+£0.03* | 1.1£0.01* | 1.1 +£0.04* | 1.4+£0.06* | 0.3+0.01* | 0.1£0.02 | 0.2+£0.01 | 0.2+0.01
Direct haemolysis (%) ° 1.0+ 0.03 - - 1.3+0.04 | 0.9+0.02 - - - 0.8 +£0.02 -
Indirect haemolysis (%) ° | 26.1 + 1.1* | 6.7 +0.4* 25+0.1 48+03* | 164+05% | 273+ 1.1* | 03=£0.1 1.1£0.1 8.1+0.2% 5.6+0.1
Reduction in platelet

53.8+0.9* | 462+ 1.1* | 50.0+1.4* | 46.2+1.3* | 13.5+04* | 3.8+0.1 35+0.1 1.7+0.1 1.5+£0.1 02+0.1

“ One unit of pro-coagulant activity was defined as a decrease in 1 s of clotting time of PPP incubated with RVV samples, compared to

control PPP (1X PBS, pH 7.4). ® Haemolytic activity was assayed against 5% (v/v) mammalian (goat) erythrocytes. ¢ Platelet count of

control was 5.2 + 0.21 x 10° cells/ml.
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Table 4.10b. Some pharmacological properties of EI RVV (B) (40 pg/ml) and its GF fractions (10 pg). Values are mean + SD of triplicate

determinations. Significance of difference with respect to negative control (1X PBS, pH 7.4), *p<0.05.

Pharmacological
GF1 GF2 GF3 GF4 GF5 GFo6 GF7 GF8 GF9 GF10
property
Plasma clotting activity
. 123+£021 | 11.8+0.14 | 84+0.12 | 3.4+0.09 | 18.8+0.57 | 13.1+£0.38 | 0.7+0.01 5.8+£0.11 ND ND
(U/mg) (x10%)°
Coagulant /
) C C C C AC AC AC C - -
Anticoagulant
PT (U/mg) (x10%)* 72+0.19*% | 62+0.20*% | 4.8+0.23*% | 25+0.14*% | 22+0.10* | 1.4+0.05* | 0.1+0.01 | 1.5£0.02* | 0.1 £0.01 | 0.3+0.01
APTT (U/mg) (x10%)* 2.1£0.07* | 2.1 £0.05*% | 1.6£0.04* | 1.5£0.04* | 0.9+£0.04* | 0.7+£0.03* | 0.2+£0.01* | 0.1 £0.01 - 0.1£0.01
Direct haemolysis (%) ° 1.3+0.04 - 1.8+ 0.05 2.0+ 0.07 0.7+0.02 - - - - -
Indirect haemolysis (%) ° | 26.1£0.9% | 1.2+0.05 32+0.09 | 8.8+0.07* | 41.3£1.2*% | 388+ 1.1* | 6.1 £0.12* | 3.0£0.05 | 4.1+0.08 | 1.0+0.01
Reduction in platelet
526+ 1.5% | 51.3+1.1% | 49.1£1.8*% | 47.8 +1.2% 1.7+£0.1 - - - - -
count (%) °
() () () () ) ) )
Platelet modulation (%) ¢ ND ND ND
36.8+1.2*% | 31.7+£0.9*% | 294+1.0% | 23.3+1.1* | 289+ 1.2*% | 19.2+1.0*% | 10.5+0.3*

* One unit of pro-coagulant activity was defined as a decrease in 1 s of clotting time of PPP incubated with RVV samples, compared to

control PPP (1X PBS, pH 7.4). "Haemolytic activity was assayed against 5% (v/v) mammalian (goat) erythrocytes. ¢ Platelet count of

control was 5.2 + 0.21 x 10 cells/ml. ¢ Platelet modulation was assessed using goat PRP. The (+) and (-) sign represent platelet aggregation

and deaggregation activities, respectively. ND: not detected
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Table 4.10c. Some pharmacological properties of EI RVV (N) (40 pg/ml) and its GF fractions (10 pg). Values are mean + SD of triplicate

determinations. Significance of difference with respect to negative control (1X PBS, pH 7.4), *p<0.05.

Pharmacological
GF1 GF2 GF3 GF4 GF5 GFo6 GF7 GF8 GF9 GF10
property
Plasma clotting activity
. 12.1£0.23 | 11.0+£0.13 | 8.9+0.11 6.6+0.19 | 19.8+047 | 147+0.51 | 0.5+0.01 | 0.4+0.01 ND ND
(U/mg) (107"
Coagulant /
) C C C C AC AC AC AC - -
Anticoagulant
PT (U/mg) (x10%)* 7.0+£0.14* | 6.1+0.21* | 4.6+0.17* | 34+£0.10* | 3.3+0.12* | 1.6+£0.05* | 0.2+£0.01 | 0.5+0.01 | 0.3£0.02 | 0.1 £0.01
APTT (U/mg) (x10%)* 2.1£0.07* | 20+£0.05*% | 1.5+£0.02* | 1.2+£0.04* | 1.0+ 0.02* | 0.8+0.02* | 0.1 £0.01* - 0.1£0.01 -
Direct hemolysis (%) ° 1.4+0.04 - 1.5£0.05 1.8£0.06 | 0.6+0.02 - - - - -
Indirect hemolysis (%) " 282+ 1.1 0.8 +£0.02 1.5£0.04 | 59+0.18 |448+1.18 | 433+£1.51 | 84+£021 | 39+£0.09 | 3.7+0.11 | 2.8+0.09
Reduction in platelet
53.0+£1.2% | 52.6+1.8% | 50.0+0.8% | 48.3+1.4* - - - - - -
count (%) ¢
) () () () ) ) )
Platelet modulation (%) ¢ ND ND ND
349+ 1.1*% | 348+£08*% | 34.7+£1.2% | 259+£1.0% | 30.0+1.2* | 22.2+0.8*% | 10.8 £0.3*

* One unit of pro-coagulant activity was defined as a decrease in 1 s of clotting time of PPP incubated with RVV samples, compared to

control PPP (1X PBS, pH 7.4). ® Hemolytic activity was assayed against 5% (v/v) mammalian (goat) erythrocytes. © Platelet count of

control was 5.2 + 0.21 x 10 cells/ml. ¢ Platelet modulation was assessed using goat PRP. The (+) and (-) sign represent platelet aggregation

and deaggregation activities, respectively. ND: not detected
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4.1.6 Neutralization of enzyme activities and pharmacological properties of WI, EI,

and SI RVYV samples by commercial PAV manufactured in India

The in vitro neutralization potency of commercial Indian PAVs towards
enzymatic and some pharmacological properties of WI, EI, and SI RVV samples was
found to vary significantly. The enzymatic and pharmacological activities of SI RVV
were well neutralized (>80%) by PAVs with exception of PLA, activity, while the
PAVs failed to neutralize several activities such as PLA,, fibrin(ogen)olytic, TAME,
BAEE (Figs. 4.14a-d, 4.15), indirect haemolysis and pro-coagulant properties of WI and
EI RVV samples (Figs. 4.16a-d, 4.17). Further, platelet aggregation property and
reduction in platelet count induced by WI and EI RVV samples were moderately
(~50%) neutralized by all the tested PAVs (Figs. 4.16a-d). Nevertheless, the
neutralization of enzymatic activities and pharmacological properties of WI RVV by
MAV was found to be superior to PAV (Figs. 4.15, 4.17). However, due to the
unavailability of reliable snakebite detection kit in India, physicians prefer to administer
PAV for treating snakebite. As a result, not enough MAYV raised against RVV was
available for performing the neutralization as well as immuno cross-reactivity studies

against RVV samples from EI and SI.
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Enzymatic activities
Fig. 4.14. Neutralization of enzyme activities of WI RVV, EI RVV (B), EI RVV (N),
and SI RVV by a. Bharat Serums and Vaccines Ltd. (BSVL) PAV at 1:10 (venom:

antivenom; protein: protein) ratio. Values are mean + SD of triplicate determinations.
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Significance of difference of SI RVV with respect to WI RVV, EI RVV (B), and EI
RVV (N), *p<0.01.
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Fig. 4.14. Neutralization of enzyme activities of WI RVV, EI RVV (B), EI RVV (N),
and SI RVV by b. Premium Serums and Vaccines Pvt. Ltd. (PSVPL) PAV and ec.
Virchow Biotech Pvt. Ltd. (VBPL) PAV at 1:10 (venom: antivenom; protein: protein)

ratio. Values are mean = SD of triplicate determinations. Significance of difference of

SI RVV with respect to WI RVV, EI RVV (B), and EI RVV (N), *p<0.01.
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Fig. 4.14. Neutralization of enzyme activities of WI RVV, EI RVV (B), EI RVV (N),
and SI RVV by d. Biological-E Ltd. (Bio-E) PAV at 1:10 (venom: antivenom; protein:

protein) ratio. Values are mean = SD of triplicate determinations. Significance of

difference of SI RVV with respect to WI RVV, EI RVV (B), and EI RVV (N), *p<0.01.
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Fig. 4.15. Neutralization of enzyme activities of WI RVV by Bharat Serums and
Vaccines Ltd. (BSVL) PAV and Vins BioProducts Ltd. (VINS) MAV at 1:10 (venom:
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antivenom; protein: protein) ratio. Values are mean + SD of triplicate determinations.

Significance of difference with respect to PAV, *p<0.05.
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Fig. 4.16. Neutralization of pharmacological properties of WI RVV, EI RVV (B), EI
RVV (N), and SI RVV by a. Bharat Serums and Vaccines Ltd. (BSVL) PAV and b.
Premium Serums and Vaccines Pvt. Ltd. (PSVPL) PAV at 1:10 (venom: antivenom;
protein: protein) ratio. Values are mean = SD of triplicate determinations. Significance
of difference of SI RVV with respect to WI RVV, EI RVV (B), and EI RVV (N),
*p<0.05.
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Fig. 4.16. Neutralization of pharmacological properties of WI RVV, EI RVV (B), EI
RVV (N), and SI RVV by e¢. Virchow Biotech Pvt. Ltd. (VBPL) PAV and d.
Biological-E Ltd. (Bio-E) PAV at 1:10 (venom: antivenom; protein: protein) ratio.
Values are mean + SD of triplicate determinations. Significance of difference of SI

RVV with respect to WI RVV, EI RVV (B), and EI RVV (N), *p<0.05.
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Fig. 4.17. Neutralization of pharmacological properties of WI RVV by Bharat Serums
and Vaccines Ltd. (BSVL) PAV and Vins BioProducts Ltd. (VINS) MAV at 1:10
(venom: antivenom; protein: protein) ratio. Values are mean + SD of triplicate

determinations. Significance of difference with respect to PAV, *p<0.05.

4.1.7 Assessment of immunological cross-reactivity of RVV samples against
commercial polyvalent (PAV) and/or monovalent (MAV) antivenom by ELISA

and immunoblot analysis
4.1.7.1 ELISA

All the PAVs under the study demonstrated immuno cross-reactivity with WI,
EI, and SI RVV samples; however, to a significantly different extent (Figs. 4.18a-d).
Nevertheless, recognition of WI RVV proteins by MAV was superior to PAV (Figs.
4.18a). The high (>50 kDa) and mid molecular mass venom toxins (~20 to 50 kDa)
eluted in fractions GF1 to GF4 of WI and EI RVV were better recognized than their low
molecular weight counterparts (<20 kDa) eluted through fractions GF5 to GF10 (Figs.
4.18a-c).
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Fig. 4.18. Immunological cross-reactivity of a. WI RVV and its GF fractions, b. EI
RVV (B) and its GF fractions with commercial PAV and/or MAV by ELISA. Values
are mean £ SD of triplicate determinations. Significance of difference with respect to

cross-reactivity of PAV, *p <0.05.
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Fig. 4.18. Immunological cross-reactivity of ¢. EI RVV (N) and its GF fractions, and d.
SI RVV with commercial PAV by ELISA. Values are mean £ SD of triplicate

determinations.
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4.1.7.2 Immunoblot analysis

Immunoblot analysis also demonstrated better immuno-recognition of high (>50

kDa) and mid-molecular weight RVV toxins (~20 to 50 kDa) by PAV compared to the

low molecular weight counterparts (<20 kDa) (Figs. 4.19a-d). Further, in accordance

with the ELISA results, MAV exhibited better immuno recognition of WI RVV proteins

compared to PAV (Fig. 4.19a). In addition, densitometry analysis of the crude RVV

blots probed independently with four Indian commercial PAVs suggested that SI RVV,

compared to RVV samples from WI, and EI exhibited better immuno cross-reactivity

against PSVPL PAV, while there was no significant difference in the immuno cross-

reactivity of the RVV samples against BSVL, VBPL, and Bio-E PAVs (Fig. 4.20).
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Fig. 4.19. Immunological cross-reactivity of a. WI RVV, b. EI RVV (B), ¢. El RVV
(N), and d. SI RVV with commercial PAV and/or MAV by Western blot analysis. The

blots were probed with respective PAV or MAV, developed using BCIP/NBT substrate,

and scanned on an Epson scanner (section 3.2.4.2).
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Fig. 4.20. Densitometry analysis of the immunoblots of RVV samples detected by
commercial PAVs. The analysis was done using ImageQuant TL software (GE
Healthcare, Sweden). Significance of difference of SI RVV with respect to WI RVV, EI
RVV (B), and EI RVV (N), *p<0.05.

Further, in accordance with the results of ELISA, immunoblot analysis of the
GF fractions of WI and EI RVV also suggested the better immuno recognition of the
high (>50 kDa) and mid molecular mass RVV toxins (~20 to 50 kDa) eluted in fractions
GF1 to GF4 of WI and EI RVV compared to their low molecular weight counterparts
(<20 kDa) eluted through fractions GF5 to GF9 (Figs. 4.21a-c).
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Fig. 4.21. Immunological cross-reactivity of GF fractions of a. WI RVV, b. EI RVV
(B), and ¢. EI RVV (N) with commercial PAV (BSVL) by Western blot analysis as

described in section 3.2.4.2.
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4.1.8 Second generation antivenomics of RVV samples against commercial PAVs

to identify partial/least immune recognized proteins of RVV

SDS-PAGE analyses of the PAV unbound fractions of WI, EI and SI RVV
samples suggested that most of the non-retained proteins were in the molecular weight
range of ~10 - 15 kDa (Figs. 4.22-4.25). The in-gel trypsin digestion and subsequent
LC-MS/MS analysis of partial/least immunogenic RVV proteins present in the SDS-
PAGE bands of PAV unbound fractions indicated that these proteins belong to PLA,,
SVSP, SVMP, LAAO, KSPI, snaclec, VEGF, CRISP, and NGF protein families (Figs.
4.22b, 4.24a,b, 4.25b). Further, the label-free quantitative analysis suggested that PLA,
followed by KSPI were the least recognized proteins among all the RVV samples (Figs.
4.22b, 4.24a,b, 4.25b). In addition, quantitative proteomics analysis also showed that
PAVs do not contain sufficient antibodies against proteases (SVMP and SVSP) of WI
and EI RVV samples (Figs. 4.22b, 4.24a,b).
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Fig. 4.22a. 12.5% SDS-PAGE analysis of WI RVV, PAV-immuno-affinity column
unbound and bound fractions of WI RVV. Lane M contains protein molecular markers.
Lanes 1 and 4 represent crude WI RVV (500 ug proteins, reduced). Lanes 2 and 5
represent WI RVV unbound proteins (representing partial or least immunogenic

proteins) eluted from immuno-affinity column coupled with PAV manufactured by

BSVL and PSVPL, respectively. Lanes 3 and 6 represent WI RVV bound proteins
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eluted from immuno-affinity column coupled with PAV manufactured by BSVL and
PSVPL, respectively. WI B1 to WI B3 and WI P1 to WI P3 represent the excised
protein bands subjected to in-gel trypsin digestion and subsequent LC-MS/MS analysis
for protein identification. b. Percentage of unbound proteins of WI RVV eluted from
immuno-affinity columns coupled with PAV (BSVL and PSVPL) as calculated from
MS2 based label-free quantification method.
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Fig. 4.23. 12.5% SDS-PAGE analysis of EI RVV samples and their PAV-immuno-
affinity column unbound and bound fractions. Lane M contains protein molecular
markers. Lanes 1 and 4, and 7 and 10 represent crude EI RVV (B), and EI RVV (N)
(500 pg proteins, reduced), respectively. Lanes 2 and 5, and 8 and 11 represent EI RVV
(B), and EI RVV (N) unbound proteins (representing partial or least immunogenic
proteins) eluted from immuno-affinity column coupled with PAV manufactured by
BSVL and PSVPL, respectively. Lanes 3 and 6, and 9 and 12 represent EI RVV (B),
and EI RVV (N) bound proteins eluted from immuno-affinity column coupled with
PAV manufactured by BSVL and PSVPL, respectively. B Bl to B B5, B P1 to B P5, N
B1 to NB5, and N P1 to NP5 represent the excised protein bands subjected to in-gel
trypsin digestion and subsequent LC-MS/MS analysis for protein identification.
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Fig. 4.24. Percentage of unbound proteins of a. EI RVV (B), and b. EI RVV (N) eluted
from immuno-affinity columns coupled with PAV (BSVL and PSVPL) as calculated

from MS2 based label-free quantification method.
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Fig. 4.25a. 12.5% SDS-PAGE analysis of SI RVV, PAV-immuno-affinity column
unbound and bound fractions of SI RVV. Lane M contains protein molecular markers.
Lanes 1 and 4 represent crude SI RVV (500 pg proteins, reduced). Lanes 2 and 5
represent SI RVV unbound proteins (representing partial or least immunogenic
proteins) eluted from immuno-affinity column coupled with PAV manufactured by
BSVL and PSVPL, respectively. Lanes 3 and 6 represent SI RVV bound proteins eluted
from immuno-affinity column coupled with PAV manufactured by BSVL and PSVPL,
respectively. SI B1 to SI B3 and SI P1 to SI P3 represent the excised protein bands
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subjected to in-gel trypsin digestion and subsequent LC-MS/MS analysis for protein
identification. b. Percentage of unbound proteins of SI RVV eluted from immuno-
affinity columns coupled with PAV (BSVL and PSVPL) as calculated from an average
of MS1 (Summed Peptide-Spectrum Match Precursor Intensity) and MS2 (NSAF)

based label-free quantification methods.

4.2 Discussion
4.2.1 Densitometry of SDS-PAGs and its correlation with proteomic data

Densitometry analysis of the SDS-PAGs of crude RVV samples under reduced
condition suggested the predominance (56.1% to 62.1%) of RVV proteins in the mass
range of ~6 to 25 kDa, which is primarily represented by PLA,, RVV-X light chain,
KSPI, NGF, snaclec, disintegrins, CRISP, and VEGF [1-9]. This is in good accordance
with a previous proteomic study on Pakistan RVV that was found to contain abundant
(64.5%) low-molecular-mass (5 to 15 kDa) proteins in its venom [9]. Notably, the
molecular masses of WI and EI RVV proteins eluted in different GF fractions, were
found to be different by SDS-PAGE analyses under reduced and non-reduced
conditions. Several low molecular weight proteins bands (~15 to 20 kDa) were observed
along with high molecular weight RVV components (>50 kDa) in GF1 and GF2
fractions of WI and EI RVV, which is consistent with the findings on Pakistan RVV [9].
These findings unambiguously suggest the occurrence of multiple subunits, self-
aggregation of proteins, non-covalent oligomers (multimeric forms), and/or interactions
among the RVV proteins [10-12]. Notably, the proteins present in GF7 of WI RVV
showed a broad band in the range of ~15 to 28 kDa under non-reduced condition, while
under reduced condition, they migrated at a molecular weight range of ~6 to 10 kDa
which indicates self-aggregation of proteins in native state. A similar observation was
also reported for the Rusvikunin complex, previously isolated and characterized from
Pakistan RVV [11], which suggest the occurrence of such protein complexes in WI
RVV. However, such aggregation of proteins could not be identified in EI RVV

samples.

Further, the relative abundance of RVV proteins determined by MS-based label-
free protein quantification was well correlated with the densitometry analysis of SDS-

PAGE protein bands (reduced). For example, the percent band intensity of RVV
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proteins in the molecular mass range of 10 to 22 kDa representing PLA,, snaclec,
VEGF, NGF, and KSPI was found to be 56.1%, 62.1%, 57.4%, and 60.7% in WI RVV,
SI RVV, EI RVV (B), and EI RVV (N), respectively, whereas, the cumulative relative
abundance of the above RVV proteins by MS-based quantitative proteomics was
determined at 58.3%, 64.8%, 58.4%, and 62.0% in WI RVV, SI RVV, EI RVV (B), and
EI RVV (N), respectively. Similarly, the cumulative relative abundance of RVV
proteins in the molecular mass range of >45 kDa, represented by SVMP, LAAO, NT,
PDE, PLB, and carboxypeptidase (CP), determined by LC-MS/MS analysis (26.7%,
16.4%, 23.7%, and 20.2% in WI RVV, SI RVV, EI RVV (B), and EI RVV (N),
respectively) and by SDS-PAGE analysis (27.5%, 17.8%, 24.0%, and 21.2% in WI
RVV, SI RVV, EI RVV (B), and EI RVV (N), respectively) was found to be nearly
identical. This method of correlation of proteomic data with percent SDS-PAGE band
intensity of crude venom should be considered as a ‘Gold Standard’ for quantitative

proteomic analysis of venom.
4.2.2 Venom proteome composition of RV from WI, SI, and EI

With the advent of biochemical assays including purification and
characterization of enzymes, RVV complexity was gradually determined [13,14].
However, this approach has a major limitation for the identification and quantification
of the non-enzymatic and minor components of snake venom, which is often crucial
since these components may dictate the differences in severity of pathogenesis and
clinical symptoms following envenomation [15]. These constraints have now been
overcome by the recent advancements in the field of mass spectrometry coupled with
robust database search algorithms, and the development of powerful venom de-
complexing strategies that have become integral to biological research and have helped

the evolution of the field of venom proteomics [2,16-18].

Generally, prior to mass spectrometric analysis, venom de-complexation, the
first step of proteomic workflow is achieved by either 1D or 2D SDS-PAGE, or liquid
chromatography (gel-filtration, ion-exchange and/or reversed-phase high-performance
liquid chromatography), or a combination of liquid chromatography and 1D SDS-PAGE
techniques [16]. The choice of a particular workflow depends on several factors, such as
the aims and objective of the study, the quantity of available starting material (snake
venom), analytical facilities, and database status. Nevertheless, every chromatography

method has its own advantages and limitations. For example, RP-HPLC followed by
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gel-based identification strategies are often limited by the staining of proteins in low
abundance and glycoprotein, and by the loss of smaller peptides (<5 kDa) in SDS-
PAGE [16]. Further, organic solvents like acetonitrile, used for the elution of venom
proteins in RP-HPLC can cause their denaturation, thereby disrupting the native state of
venom proteins and protein-protein complexes of snake venoms that play an important
role in venom-induced lethality and toxicity. Therefore, the enzymatic and
pharmacological properties of RP-HPLC fractions may not be well correlated to the
protein(s) composition of that venom fraction, which would hinder the toxicovenomic
study. Fractionation of venoms by gel-filtration (GF) and/or ion-exchange (IE)
chromatography can circumvent these difficulties [9]; however, subsequent in-solution
trypsin digestion and the mass spectrometry analysis of GF or IE fractions have
additional hurdles. First, it is difficult to draw a relationship between the identified
peptides and their parent protein [16]. Second, a shotgun proteomics approach for
analyzing complex venom proteomes often faces the problem of low peptide coverage,
possibly because generally, 10 - 30% of the acquired spectra are successfully matched
to protein sequences in the target database [19]. To circumvent the above problem,
some stringent identification criteria, for example, a -10logP value > 30 and 20, for
protein and peptide, respectively, the presence of at least one unique peptide and
overlapping distinct peptide were adopted in this study. Further, semi-tryptic peptides

were also considered to improve the protein identification and coverage [20].

Quantification of identified components through proteomic analysis
(quantitative proteomics) is another important way to understand the variation in snake
venom composition. However, without isotope labeling methods this can be very
challenging. Nevertheless, toxinologists have represented the relative abundance of the
venom proteome components by using various strategies. For example, determination of
the area under RP-HPLC peaks at 215 nm (AUC) provides a surrogate measure of the
peptide bonds [16,21-25] and therefore relative areas provides a measure of relative
abundance of the venom components. However, these absorbance values may be
influenced by the side chain composition of the toxins, where the aromatic side chains
(present in tyrosine, tryptophan, phenylalanine, and histidine) contribute significantly
and thus can be biased towards the composition of different proteins eluted in the RP-
HPLC peaks [26]. On the contrary, MS-based label-free quantification strategies have

become popular due to the relative ease of experimentation and the small amount of
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sample needed [8,9,27], but which is still limited by database dependency. Further, the
paucity of relevant entries in the target database is an inevitable drawback associated
with shotgun mass spectrometry-based protein identification, and several important
components of snake venoms, such as ATPase and ADPase enzymes, may be
overlooked because they have yet to be documented in the databases [9] (present study).
Thus, every proteomic workflow has its own pros and cons, and the use of a particular
strategy depends on the major objective of the study. In our particular study, correlation
of mass spectrometry data with biochemical and pharmacological properties of RVV
proteins and its protein complexes was the major objective and therefore, we preferred
venom fractionation by gel filtration chromatography. Nevertheless, due to the
availability of a very small amount of SI RVV sample we opted for venom de-

complexation by 1D SDS-PAGE.

RVV is primarily haemotoxic, affects the blood coagulation cascade of the
victims, and is predominated by protein classes inducing consumption coagulopathy and
blood anticoagulation [13,14]. Notably, the occurrence of enzymatic proteins in RVV
samples from WI, Burdwan, Nadia, and SI was determined at 67.5%, 59.9%, 56.5% and
70.0%, that clearly suggests that RVV is predominated by enzymatic classes of proteins.
Here is a brief account of the enzymatic proteins identified in RVV from different

geographical locales of India.
4.2.2.1 Enzyme toxins in RVV

Irrespective of the geographical location, the most abundant class of protein
identified in RVV is PLA,, a multi-functional toxin that exhibits diverse
pharmacological effects including neurotoxicity, cardiotoxicity, myotoxicity, necrosis,
anticoagulant, hypotensive, haemolysis, haemorrhage, edema, platelet modulation, and
membrane damage [5,14,28-35]. Their molecular weight ranges from 10 to 15 kDa and
they are classified under Groups I and II of the secretory PLA, (sPLA;) [3]. Although
PLA;s are predominant in RVV samples from WI, EI, and SI, their relative abundance
as well as number of PLA; isoforms vary dramatically. Such a great discrete difference
in relative abundance of a major RVV toxin class obviously signifies the role of
geographical variation in determining the disparities in venom composition. Further,
similar to the previous observation on Pakistan RVV [9], PLA, enzyme was detected
through all the GF peaks of WI and EI RVV, advocating interaction of this enzyme with

other RVV proteins to augment the toxicity of interacting components [36].
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Another striking difference was the occurrence of variable amounts of
neurotoxic PLA, isoforms among different venom samples. Three isoforms of
neurotoxic PLA;s in WI RVV (Daboiatoxin, gi|149241831; VRV-PL-VIIla,
£i|24638087; and RV-4 gi|400713) and SI RVV (VRV-PL-VIlla, P59071.1; Basic
phospholipase A, chain HDP-1P, QIRP79.1; and Daboiatoxin, Q7T3T5.1) contributing
3.2% and 19.1%, respectively were identified by LC-MS/MS analyses, while EI RVV
completely lacked this sub-class of PLA; toxin.

RVYV is reported to constitute substantial quantities of proteolytic enzymes
[10,37-42]. These are the primary components of RVV that dictates the in vitro pro-
coagulant nature of this venom and thus they play a crucial role in the
pathophysiological effects of RV envenomation [14,37]. Snake venom proteases are
broadly classified as serine proteases and metalloproteases [37,43], and both groups are
found in significant amounts in RVV. They accomplish their task by the proteolytic
cleavage of a number of blood coagulation factors such as Factor X and V,
prothrombin, fibrinogen, fibrin, etc., thereby rendering a state of imbalance in the

haemostatic system in victims or prey [10,37-39].

Based on their size and domain structure SVMPs are grouped to PI, PII, and PIII
classes [41,43]. PIII-SVMPs are high molecular weight components (>60 kDa) of RVV
and they represent the second, and fourth most abundant enzymatic class of protein in
WI and EI RVV, and SI RVV, respectively. In addition to affecting the haemostatic
system in victims, SVMPs induce hemorrhage, edema, necrosis or muscular
degeneration [37,38,42,44,45]. Among the identified isoforms, RVV-X, which can
potentially activate blood coagulation factor X, was identified in all the RVV samples.
It is a heterodimer of a heavy chain of molecular weight 59 kDa and heterogeneous light
chains of molecular weights 18 and 21 kDa [41]. In addition, isoforms of a and/or B-
fibrinogenase were also detected in the RVV samples. These SVMPs can cleave a
and/or B chains of the fibrinogen molecules, thereby contributing to consumption

coagulopathy [10,37,38].

SVSPs are fibrin(ogen)olytic enzymes with molecular mass typically in the
range of ~23-33 kDa [39,46-49]; however, Russelobin is a high molecular mass serine
protease reported from Pakistan RVV [40]. They are associated with RV-induced
coagulopathy by virtue of their ability to cleave a wide range of blood coagulation

factors. Some of the SVSPs demonstrate fibrinogen clotting activity and they are termed
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“snake venom thrombin-like enzymes” (SVTLEs) [40,50,51], while others can cleave
kininogen (kallikrein-like proteases) [52], Protein C, and plasminogen [46,53]. In
addition, RVV-V, a ~30 kDa monomeric serine protease that activates blood
coagulation factor V [39], was identified in all the venom samples. SVSPs represent the
second, and third most abundant enzymatic class in SI RVV, and EI and WI RVV,

respectively.

LAAO are homodimeric and thermolabile enzymes with a molecular weight in
the range of 60-150 kDa [54,55]. The characteristic yellow color of RVV is due to the
presence of FAD, a cofactor of LAAO enzymes [55,56]. They can catalyze the
oxidative deamination of an L-amino acid to an a-keto acid, liberating ammonia and
hydrogen peroxide; the latter is particularly detrimental to cells [57]. This class of
proteins is reported to induce edema, apoptosis, platelet modulation, haemolytic
activity, anticoagulant effects, and hemorrhagic effects [55,58,59]. LAAO is the second
most abundant enzymatic class of toxin in SI RVV (7.5%); however, they were
identified as minor venom components (<2%) in EI and WI RVV (Fig. 4.12b) which

again highlights the geographical variation in venom composition of RV.

NT (AMPase, ADPase, and ATPase) is another group of high molecular weight
enzymes which can cleave a wide range of nucleotide molecules in presence or absence
of divalent metal ions [60,61]. In their native state, they usually occur as bulky
multimers of ~260 kDa, while the molecular mass of their monomeric sub-units ranges
from 60-70 kDa [62,63]. Due to their low relative abundance (0.4% to 1.8%) in all the
investigated RVV samples (Fig. 4.12b) and transient stability, these snake venom
enzymes are poorly characterized [9,64]. However, some of the studies reported their
role in modulation of platelet function via the action of adenosine released upon

enzymatic cleavage of nucleotides [63,65].

PDE can affect blood coagulation and modulation of platelet function in victims
by cleavage of phosphodiester bond from the 3’ terminus of polynucleotides or
endonucleolytic cleavage of both double and single-stranded RNA and DNA, thereby
releasing 5’-mononucleotides [66]. These enzymes are single subunit high molecular
mass venom proteins with molecular mass ranging from 100 to 140 kDa [67,68]. The
relative abundance of this minor component of RVV was found to be comparable (0.5%

to 1.4%) among the RVV samples under study (Fig. 4.12b).
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Hya, a class of endo-B-glycosidases, is known as ‘spreading factor’, and their
molecular weight ranges from 33 kDa to 110 kDa [69]. The wide range in their
molecular mass is attributed to either their structural heterogeneity due to post-
translational modification or to faulty characterization [70]. They can degrade
hyaluronic acid (endo-B-N-acetyl-D-hexosamine) present in the extracellular matrix of
local tissue, thereby promoting local hemorrhagic effects as well as aiding in the
distribution of venom following injection [69,71]. Therefore, these enzymes likely have
a significant contribution to RV-induced toxicity, however, until now there is no report

on the purification and characterization of Hya from RVV.

In addition to Hya, the relative abundance of other minor enzymatic classes of
RVV, such as GC, PLB, APase, and CP, was found to be comparable in RVV samples
from EI, WI, and SI (Fig. 4.12b); however, proteomic analysis could not detect some of
these enzymes in all RVV samples, perhaps consistent with their probable roles as
housekeeping proteins, rather than venom toxins. In addition, because of their extremely
low contribution to total venom composition (<1%), variation in the relative abundance
of these enzymes in a particular RVV sample is not likely to influence the toxicity of

venom.
4.2.2.2 Non-enzyme toxins in RVV

KSPI binds to the active site of serine proteases via 6 conserved cysteine
residues, termed as the Kunitz motif (P3, P2, P1, P1°, P2’ and P3’) [2,72]. They are low
molecular weight proteins (~6 to 10 kDa) comprising of 50-60 amino acids. Apart from
their inhibitory activity on serine proteases, they are also reported to block ion-channels
and act on coagulation, fibrinolysis, and inflammation [6,11,73-75]. KSPI is the most
abundant non-enzymatic component of WI and EI RVV; however, they were detected in

minor amounts in SI RVV reflecting geographical variation in RVV composition.

Snaclecs are comprised of larger quaternary structures of disulfide-linked homo-
or hetero-dimers, the molecular weight of the monomers being in the range of 8 to 16
kDa [7,76]. They target blood coagulation factors, cell membranes, and platelet
receptors and thereby trigger haemostatic imbalance in victims [7,77-80]. They
represent the most and second most abundant non-enzymatic class of protein in SI RVV
and EI RVV, respectively. On the contrary, their relative abundance in WI RVV was
significantly lower compared to the other two RVV samples (Fig. 4.12¢).
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CRISP consist of a single polypeptide chain of 20-30 kDa with 16 conserved
cysteine residues [1]. They are reported to inhibit smooth muscle contraction and cyclic
nucleotide-gated ion channels [81,82]. With a relative abundance of 6.8%, CRISP is the
second most abundant non-enzymatic protein class in WI RVV, while they are minor

venom components (<5%) in El and ST RVV (Fig. 4.12¢).

VEGF (~23-33 kDa) are reported to bind to the cellular receptors like KDR and
Flt-1 and exhibit potent hypotensive effect and enhancement of vascular permeability
[83]. NGF belongs to a family called “neurotrophic factors” and their molecular weight
ranges from 25 kDa to 54 kDa [4]. They are a class of poorly characterized venom
protein, and their pharmacological effect in victims or rationale of existence in snake
venoms is yet to be deciphered. However, a few preliminary studies have reported the
role of NGF in apoptosis, vascular permeability and wound healing [84]. Dis, the
cysteine-rich low molecular weight (4 to 15 kDa) RVV component, is generated by the
proteolytic cleavage of Class P II metalloproteases [85]. They are reported to bind
platelet integrin receptors via a conserved arginine-glycine-aspartic acid (RGD) motif
[85-87]. This binding inhibits or interferes with integrin-ligand interactions, eventually
leading to haemostatic imbalance in the victims [85,86]. VEGF, NGF, and Dis are
minor RVV components and their relative abundance was found to be comparable in all
the RVV samples (Fig. 4.12c). An in-depth study is required to explore the actual
pharmacological effects of these non-enzymatic toxins of RVV in RV-bite patients or

experimental animals.

4.2.3 The venom compositions of RV from WI, SI, and EI correlates well with their

biochemical properties

The enzymatic activities exhibited by WI, EI, and SI RVV were consistent with
the proteomic analyses of the RVV samples with exception to ATPase, and ADPase
enzymes. The presence of these enzymes in RVV could not be ascertained by proteomic
analysis owing to the lack of a comprehensive species-specific database [9,20,88]
(present study). SVMP, LAAO, ATPase, ADPase, AMPase, Hya, and PDE are
primarily higher molecular weight enzymatic proteins (>50 kDa) in RVV and thus were
eluted near the void volume (GF1) of the GF column. SVSPs are mid-molecular weight
(~23 to 33 kDa) RVV enzymes that exhibit TAME and BAEE-esterase and fibrinolytic
activities, and according to their molecular weight these activities were predominant in

GF2 to GF4 of WI and EI RVV. Further, the highest specific PLA, activity was
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observed in fractions GF5 and GF6 which is in accordance with the molecular weight of

these enzymes (~10 to 15 kDa) [32, 34].

SI RVV exhibited higher PLA,, LAAO, and AMPase activities compared to the
RVV samples from other regions of India which is consistent with the higher relative
abundances of these enzymes in SI RVV. On the contrary, the lower SVMP,
fibrinogenolytic, TAME and BAEE esterase activities of SI RVV compared to other
RVV samples is in accordance with the lower amounts of proteases present in this
venom. Further, WI RVV, containing relatively higher amounts of proteases compared
to SI and EI RVV, was characterized with superior SVMP, fibrinogenolytic,
phosphodiesterase, and TAME and BAEE esterase activities. Further, SVMP,
fibrinogenolytic, and TAME and BAEE esterase activities of EI RVV were superior to
these activities displayed by SI RVV; however, was significantly lower compared to WI
RVV. EI RVV was characterized with highest hyaluronidase activity and relatively poor
ATPase, ADPase and AMPase activities compared to RVV samples from other parts of
India. Interestingly, although the relative abundance of proteases in WI and EI RVV
samples was found to be comparable (32.0 to 33.7%) by proteomic analysis, albeit the
WI RVV sample demonstrated significantly higher (p<0.05) fibrinogenolytic specific
activity compared to EI RVV samples. This finding unambiguously indicates that it is
not only the relative abundance of the protease enzymes found in a venom, but the
potency or enzymatic strength (in terms of specific activity) of individual toxin may
also determine the extent of pharmacological activity exhibited by RVV. Additionally,
SVMPs have wide substrate specificity and all of them may not display fibrinogenolytic
activity [43,89]. Further, this activity may also be attributed to SVSPs; therefore, a
direct correlation between fibrinogenolytic activity and content of SVMP may not
always be expected. Nevertheless, SI RVV was characterized with least fibrinogenolytic
activity which is well correlated with proteomic analysis showing lower relative

abundance of protease enzymes in this venom (17.5%).

Therefore, qualitative as well as quantitative differences in enzyme activity in
RVV samples from different locales indicate geographical variation in venom
composition of RV. Further, the toxicity of venom samples depends on the qualitative
and quantitative distribution of different enzymes and toxins in the venom [14,90];

therefore, these disparities in enzymatic properties of RVV may also be responsible for
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the differences in severity of pathogenesis and clinical symptoms following RV

envenomation.

4.2.4 Pharmacology and clinical manifestations of RV envenomations and their

correlation with RVV proteome composition determined by proteomic analysis

An adult RV possesses approximately 200-225 mg of venom in its glands, and
therefore, bites can result in large amounts of venom being injected to prey or a victim
[29]. The LDsy of RVV (in mice) is reported in the range of 0.7 (i.v.) to 10 mg/kg (i.p.)
depending upon the geographic source of the venom and the EI sample was found to be
the most lethal compared to RVV samples from western, southern and northern India
[13,14,91]. This indicates that in addition to geographic differences in RVV
composition, acute toxicity of venom also varies across the Indian sub-continent. RVV
samples from all the three regions of India were found to be pro-coagulant under in
vitro conditions, the potency being dictated by the distribution and abundance of SVMP
and SVSP, more specifically, RVV-X and RVV-V. In addition, the venom samples
induced indirect hemolysis of erythrocytes (exhibited primarily by PLA, enzymes),

aggregation of platelets and reduction in platelet count (thrombocytopenia).

The variation in pharmacological properties exhibited by RVV from different
parts of India was well corroborated by the proteomic findings. For example, the lower
pro-coagulant activity displayed by SI RVV, compared to RVV samples from WI and
El, was consistent with the lower cumulative abundance of SVMP and SVSP in the
former RVV. The exceptionally low relative abundance of KSPI in SI RVV (compared
to EI and WI RVV) was well correlated with its low trypsin inhibitory activity [13].
Further, platelet aggregation by RVV components such as snaclec, LAAO, and SVTLE
is yet another mechanism of provoking haemostatic disturbance in prey/victim [92-94].
The cumulative relative abundance of these components in SI RVV (23.7%) surpassed
that of WI (2.4%) and EI (13.6-13.8%) RVV samples which explains the greater platelet
aggregation activity demonstrated by SI RVV [92-94]. Therefore, the proteomic
analyses of these venoms provided sufficient evidence to account for the observed
differences in pharmacological property exhibited by RVV samples from different

localities on the Indian sub-continent.

At the onset of RV envenomation, a victim experiences extreme pain at the bite

site and its proximal lymph nodes which is accompanied by rapid swelling, local
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ecchymosis and intense blebs over the affected extremities that may extend to
abdominal or chest wall within 6 to 8 h post envenomation [95-97]. These clinical
manifestations are primarily due to the action of abundance of SVMPs in RVV that
causes lysis of basement membranes of blood vessels followed by plasma extravasation
and leukocyte infiltration thereby initiating an inflammatory response ultimately leading
to swelling [45,98,99]. Subsequently, there is development of wet gangrene or non-
healing ulcers and if untreated, the bitten part usually toe or finger results in auto-
amputations [95]. Gradually, the venom starts its effect on the blood vascular system by
provoking  haemostatic ~ disturbances, including rapid thrombosis and
hypofibrinogenemia that ultimately results in consumption coagulopathy and
incoagulable blood [95]. This is steered by the concerted action of the serine proteases
and some metalloproteases (FX activator) that activate prothrombin, Factor X and V,
and fibrin(ogen)olytic enzymes that catalyze hydrolysis of fibrinogen and/or fibrin
[39,40,100,101]. Subsequently, abundant anti-coagulant RVV proteins such as PLA,,
KSPI, and snaclec exert anti-coagulant action by inhibiting various blood coagulation
factors such as thrombin, and/or Factor Xa, thereby resulting in incoagulable blood [5-
7,102-104]. These ailments further progress to compartment syndrome, characterized by
increased pressure within one of the body's compartments resulting in insufficient blood
supply to tissues within its vicinity, and loss of sensation over the nerve areas passing
through the compartment [95]. Further, RV-envenomed patients also develop
hypovolemia due to blood loss by either external bleeding or accumulation in
compartments, acute kidney injury (previously termed as acute renal failure or ARF),
intravascular haemolysis, haematemesis (blood vomiting), haematuria (blood in urine),
haemoptysis, hypotension, and enhanced capillary permeability [14,95-97,105].
Intravascular haemolysis and bleeding complications are primarily inflicted by PLA;
isoenzymes that can cause lysis of phospholipids of erythrocyte membranes thereby
leaving the cells vulnerable to dissolution [29]. While RVV X activators, LAAO, and
PLA; isoforms are responsible for acute kidney injury [106-108], VEGF exhibits potent
hypotension and enhancement of vascular permeability thereby resulting in overall

bleeding complications [83].

The above major clinical symptoms are manifested by RV-envenomed patients
throughout the country; however, RV-bite patients from SI and a few victims from WI

are also reported with ptosis, bulbar palsy, inter-nuclear ophthalmoplegia, and
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respiratory paralysis due to pre-synaptic neuromuscular block [95,96,109,110]. While
the neurological symptoms are very frequent and severe in SI, they are very rarely
reported in WI. These differences in severity of neurological symptoms can be well
explained on the basis of variable amounts of neurotoxic PLA, isoforms in RVV
samples from SI (19.1%) and WI (3.2%) as determined by proteomic analyses. RV-
envenomed patients from EI neither exhibit neurotoxic symptoms [14] nor any such

PLA, isoform was identified in EI RVV.

4.2.5 Potency of commercial polyvalent antivenom in the treatment of RV-

envenomed patients in India

Parenteral administration of equine antivenom is the only adequate choice of
treatment for snake envenomation. However, the safety and efficacy of equine
antivenom are of immense concern for successful hospital management of bite victims
[111-113]. Due to the frequency and severity of envenomation by the ‘Big Four’ snakes
(N. naja, D. russelii, E. carinatus, and B. caeruleus), the Indian commercial PAV is
raised against a cocktail of venoms of these four species. However, several other species
of venomous snakes such as N. kaouthia, B. sindanus, B. walli, B. niger, Hypnale
hypnale, Trimeresus malabaricus, and T. gramineus are also reported to cause a
significant number of fatalities [113-118]. Therefore, the inclusion of venom from some
of these medically relevant snake species in the immunizing mixture might also be
considered to render the Indian PAV effective against a wide range of medically

relevant snake species.

Several studies have raised concerns regarding the efficacy of commercial
Indian PAVs to recognize and neutralized the low molecular weight (<20 kDa) toxins of
RVV [9,11,23,119]. These findings correlated well with the results of the present study.
While poor immunogenicity of low molecular mass RVV toxins clearly seems to be the
bottleneck for generating sufficient antibodies against these toxins in horses, poor
recognition of heterologous RVV toxins with respect to disparities in RVV composition
owing to geographical location is also a major concern [14,120]. In India, the venoms
collected from snakes inhabiting a small area around Mahabalipuram in Tamil Nadu, SI
by the Irula Snake Catchers Industrial Cooperative Society (ISCICS) is the primary
source of snake venoms for raising commercial PAV [113]. However, there are reports
stating the inefficacy of Indian PAV against snakebite in areas distant from the source

of immunizing venoms. In particular, clinical reports suggest relatively poor
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effectiveness of Indian PAV in the treatment of RV envenoming in Maharashtra and
northern Kerala [113]. Further, for better hospital management of snakebite victims,
development of three new regional antivenoms in India was also proposed. For
example, in addition to the ‘Big Four’ species, venoms of N. kaouthia, B. walli, B. niger
and one of the pit-vipers in north-east PAV, N. oxiana, B. sindanus, E. c. sochureki and
Macrovipera lebetina in north-west PAV, and B. sindanus, H. hypnale, T. malabaricus,
and 7. gramineus in south-west PAV might be included in the respective immunizing
cocktails [113]. However, the design of such region-specific PAVs is yet to be
implemented and one of the major reasons may be the cost factor and scarcity of

sufficient amount of venom for raising antivenom in horses.

ELISA and western blotting are widely used to determine the immuno-reactivity
of venom components against commercial PAV [9,23,24,88,121]. Both these analyses
of crude WI, EI, and SI RVV, and GF fractions of WI and EI RVV unequivocally
pointed towards the poor immunogenicity of low molecular mass components (<20
kDa) of these venom samples. Further, the swamping of abundant better immunogenic
high-molecular mass RVV proteins, as well as antibodies against the other three species
of ‘Big Four’ snake present in PAV, might be a possibility for the observed poor
immuno recognition of low molecular mass RVV proteins. In addition, WI RVV and its
GF fractions exhibited better immuno cross-reactivity towards MAV compared to PAV,
thereby indicating that MAV is a better choice of antivenom treatment against RV bites.
However, due to a lack of reliable snakebite detection kits in India, the species of snake
responsible for envenomation cannot be identified with certainty and therefore,
physicians prefer administration of PAV for treating snakebite. This also necessitates

the development of a reliable snakebite detection Kkit.

Although widely employed due to ease of operation, however, ELISA and
western blotting methods are associated with certain limitations. Assessment of
immuno-reactivity by western blot analysis provides a Yes/No response and thus is
primarily a qualitative technique [122]. Further, preparation of samples for separation
by SDS-PAGE analysis under reduced conditions may denature the proteins thereby
leading to loss of conformational epitopes [122]. On the contrary, although ELISA can
quantify the antibody binding levels, however, the proteins that lack recognizing
antibodies in the antivenom cannot be identified [122]. Antivenomics analysis provides

the necessary qualitative as well as quantitative information on the immunological
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profile of venoms in which immuno-reactivity is coupled to proteomic identification of
the reacting and non-reacting venom components [21,25]. The method relies on the
principle of either immunodepletion of venom toxins by antivenom (1% generation) or
immunoaffinity chromatography (2nd generation) followed by the LC-MS/MS
identification of the antivenom unbound and bound venom components [21,25,88,122].
Identification of poorly immunogenic components of venom can provide valuable
insights for designing immunizing protocols specifically against these toxins so as to
develop improved antivenom that will deliver more extensive protection against all

venom toxins.

Antivenomics studies suggested that PLA, and KSPI are the major PAV
unbound toxins in WI, EI, and SI RVV samples. All the major PLA; isoforms of the
RVV samples from WI (gi|400714), EI (AAZ53180.1) and SI (P86368) were found to
be poorly immuno-reactive to Indian PAVs. In addition, the tested PAVs could not
recognize the major neurotoxic PLA, isoform (P59071) of SI RVV. Further, several
SVMP and SVSP were also identified in PAV unbound fractions of EI RVV. As already
described, these are haemostatically active proteins in RVV that play a pivotal role in
RVV-induced toxicity and exhibit diverse pharmacological effects in bite victim.
Therefore, poor recognition of these RVV toxins by commercial PAVs can be major

hurdle for effective antivenom therapy [9,23].

RVV is predominated by enzymatic proteins that play a profound role in its
pharmacological effects; therefore, the neutralization potency of antivenom against a
wide array of enzymatic activities and pharmacological properties of RVV also provides
valuable information on the efficacy of the tested antivenom. Interestingly, the
neutralization potency of PAVs toward various properties of WI, EI, and SI RVV was
found to vary significantly. Nevertheless, MAV exhibited better neutralization of
enzymatic activities and pharmacological properties of WI RVV. All the enzymatic
activities and pharmacological properties exhibited by SI RVV were well neutralized by
PAVs with exceptions of PLA; and indirect hemolytic activity. Therefore, the poor
inhibition of PLA; activity of RVV is well corroborated with the poor recognition of
PLA; enzymes established by antivenomics studies. On the contrary, PAVs were found
to be extremely poor in neutralizing several enzymes such as fibrin(ogen)olytic, TAME,
BAEE, and pro-coagulant properties of WI and EI RVV. This discrepancy in

neutralization potency of PAVs against the venom of same species of snake further
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demonstrates the role of geographic location and its influence on RVV composition,
leading to the differential efficacy of the same antivenom against different populations
of RV. Further, the better neutralization of SI RVV toxins compared to those from EI
and WI correlates well with the findings of the western blot as well as antivenomics
studies. The use of snake venoms primarily from Irula Snake Catchers’ Industrial
Cooperative Society, SI for raising equine antivenom [113] explains the observed
differential neutralization potency of commercial PAVs against RVV samples from
different locales of the country. Therefore, there is an urgency in devising improve
immunization schemes to include venom pools from wide geographical locations to
render the existing PAV effective throughout the country. Alternatively, efforts can also
be made to develop region-specific antivenoms for better hospital management of RV
bite patients [113]. Moreover, our study also suggests the development of species-
specific snakebite detection kit for better treatment of snakebite patients using MAV

instead of PAV.
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