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S1 Venom nanofractionation

All venoms were nanofractionated onto transparent 384-well plates (F-bottom, rounded square
well, polystyrene, without lid, clear, non-sterile; Greiner Bio One, Alphen aan den Rijn, The
Netherlands) using a Shimadzu UPLC chromatography system (‘s Hertogenbosch, The Netherlands).
The UPLC system was connected post-column to a modified Gilson 235P autosampler programmed
for nanofractionation, which was controlled by the in-house written software Ariadne, or was post-
column connected to a commercially available FractioMate™ nanofractionator (SPARK-Holland &
VU, Netherlands, Emmen & Amsterdam) controlled by FractioMator software. The UPLC system
was equipped with two Shimadzu LC-30AD parallel pumps, a Shimadzu SIL-30AC autosampler, a
Shimadzu CTO-30A column oven, a Shimadzu SPD-M20A Prominence diode array detector and a
DGU-20A5R Prominence degassing unit. All elements were remote controlled by the Shimadzu Lab
Solutions software assisted by a Shimadzu CBM-20A System Controller. Venom solutions (5.0 + 0.1
mg/mL) diluted in water to a concentration of 1.0 mg/mL were injected (50 pl) for nanofractionation
after gradient liquid chromatography (LC). A Waters XBridge reverse-phase C18 column (250 x 4.6
mm with 3.5-um pore-size particles) and a Shimadzu CTO-30A column oven maintained at 30 °C
were used for LC separations. The total eluent flow rate was 0.5 mL/min and was controlled by the
two Shimadzu LC-30AD parallel pumps. The gradient separation was carried out by linearly
increasing mobile phase B from 0 to 50% during the first 20 min, from 50% to 90% during the
following 4 min, and was then kept at 90% for 5 min. Subsequently, mobile phase B was decreased
from 90 to 0% in 1 min and kept at 0% for 10 min. Mobile phases A consisted of 98% H20, 2% ACN
and 0.1% FA, while mobile phase B consisted of 98% ACN, 2% H>O and 0.1% FA. A 9:1 (v/v) split of
the column effluent was applied, of which the smaller fraction was sent to the UV detector followed
by MS, and the larger fraction was directed to the nanofraction collector. The nanofractionator was
set to continuously collect fractions of 6 s/well. After fraction collection, the transparent 384-well
plates were freeze-dried overnight using a Christ Rotational Vacuum Concentrator (RVC 2-33 CD
plus, Zalm en Kipp, Breukelen, The Netherlands) equipped with a cooling trap operated at —80 °C.
The freeze-dried plates were stored at —20 °C until the bioassays were performed.

S2 Plasma coagulation activity assay

The HTS plasma coagulation assay used in this study was developed by Still et al. [1]. CaClz2 was
dissolved in water to a concentration of 20 mM at room temperature. A 15 mL CentriStar™ tube with
frozen plasma was defrosted to room temperature in a warm water bath and then centrifuged at 2000
rpm (805 x g) for 4 min to remove potential particulate matter. Stock solutions (10 mM) of the
compounds under investigation (i.e., varespladib, marimastat, dimercaprol and DMPS (2,3-
dimercapto-1-propane-sulfonic acid sodium salt monohydrate)) were diluted in PBS buffer to the
required concentrations. Of these diluted solutions, 10 pl were pipetted into all plate wells containing
freeze-dried venom fractions by using a VWR Multichannel Electronic Pipet (10 ul of PBS were used
for venom-only analyses as a control). Next, plates were centrifuged for 1 min at 2000 rpm (805 x g)
in a 5810 R centrifuge (Eppendorf, Germany) and then pre-incubated for 30 min at room temperature.
The final concentrations of the inhibitor solutions used in the coagulation bioassay were 20 uM, 4 uM
and 0.8 uM, and in some cases 0.16 uM, 0.032 uM and 0.0064 uM.

Following incubation, 20 ul of the CaCl2 solution was pipetted into each well of a 384-well plate
with vacuum-centrifuged (to dryness) venom fractions, followed by 20 ul of centrifuged plasma
using a Multidrop™ 384 Reagent Dispenser (Thermo Fisher Scientific, Ermelo, The Netherlands) after
in-between rinsing the Multidrop with Milli-Q. Immediately after plasma addition, the plate was
placed in a Varioskan™ Flash Multimode Reader (Thermo Fisher Scientific, Ermelo, The
Netherlands) and a kinetic absorbance measurement was performed at a wavelength of 595 nm at
room temperature for 100 min. All analyses were performed at least in duplicate for checking the
reproducibility. The slope of the signal obtained for each well was normalized by dividing the slope



to the median of all the slope signals from all wells in that measurement. The coagulation curves were
plotted versus the chromatographic retention time for each fraction collected in three different ways
(very fast coagulation activity, slightly/medium increased coagulation activity and anticoagulation
activity) to fully depict both the procoagulation and anticoagulation activities in each well. The slope
of the average 0-5 min reading was used to depict very fast coagulation activity, the slope of the
average 0-20 min reading was used for slightly/medium increased coagulation activity, and the
single reading at 100 min was used to assess anticoagulation activity. This way, the procoagulant
activity is presented in two different distinct bioactivity chromatograms to clearly discriminate
between very fast coagulation (i.e., maximum absorbance and thus full coagulation reached within a
few minutes) and slightly/medium increased coagulation (i.e., maximum absorbance reached within
tens of minutes).

S3 Inhibitory effects of varespladib, marimastat, dimercaprol and DMPS on coagulopathic venom
toxins from Echis species

The Echis species investigated in this study were Echis carinatus (India) and Echis ocellatus
(Nigeria). Venoms from these snakes were analyzed to assess the inhibition of coagulopathic venom
toxins by different concentrations of varespladib, marimastat, dimercaprol and DMPS. Duplicate
reconstructed coagulation bioassay chromatograms showing the effectiveness of the tested inhibitors
at various concentrations against coagulopathic toxins from nanofractionated E. carinatus venom are
shown in Figures S1-54. In each Figure, the bioassay chromatograms depicted on the right, and which
do not have superimposed correlated UV data, represent replicates of the chromatograms on the left.
Varespladib inhibited both anticoagulant and procoagulant venom activities (Figure S1). In the
venom-only analysis, a weak positive peak (22.1 min) followed by an intense sharp positive peak
(22.3 min) was observed for the very fast coagulation activity. Two sets of intense and broad positive
peaks (19.9-21.2 min and 21.2-22.8 min), which were the result of several closely co-eluting proteins,
were observed for the slightly/medium increased coagulation activity. An intense sharp negative
peak (19.4-19.9 min) was observed in the anticoagulation chromatogram. Upon increasing the
varespladib concentration, all bioactivity peaks decreased and became narrower. For the very fast
coagulation activity, the weak positive peak (22.1 min) was readily neutralized by 0.8 uM
varespladib. No activity was detected at a 4 uM varespladib concentration. For the slightly/medium
increased coagulation activity, the first cluster of positive peaks (19.9-21.2 min) was fully neutralized
at a varespladib concentration of 4 uM, while the activity of the second positive cluster (21.2-22.8
min) decreased in a concentration-dependent manner. Only an intense sharp positive peak (21.9 min)
was retained at the highest varespladib concentration tested (20 uM). For anticoagulant activity, the
activity of the negative peak (19.4-19.9 min) decreased in both height and width with increasing
varespladib concentrations. No activity was detected at 20 uM varespladib.
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Figure S1. Duplicate bioassay chromatograms of nanofractionated E. carinatus venom in the presence
of different concentrations of varespladib.

Marimastat strongly inhibited procoagulant activity, while displaying limited efficacy against
anticoagulant activity, as shown in Figure S2. In the venom-only analysis, a positive shoulder peak
indicating potent activity was detected for both the very fast coagulation activity (22.1-22.9 min) and
the slightly/medium increased coagulation activity (21.2-23.1 min), and an intense sharp negative
peak (19.2-19.9 min) followed by a weak negative peak (20.3 min) was observed in the anticoagulation
chromatogram. By increasing the marimastat concentration, the procoagulant activity decreased
significantly, while the anticoagulant activity was not affected. For the very fast coagulation activity,
only a weak positive peak (22.1-22.9 min) was detected at a marimastat concentration of 0.032 uM,
and no activity was observed at a 0.16 uM marimastat concentration. For the slightly/medium
increased coagulation activity, the intense positive shoulder peak (21.2-23.1 min) was decreased and
became narrower with increasing the marimastat concentrations. No activity was observed at 0.8 uM
marimastat. Neither the intense sharp negative peak (19.2-19.9 min) nor the weak negative peak (20.3
min) in the anticoagulation chromatograms were diminished at any marimastat concentration tested.
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Figure S2. Duplicate bioassay chromatograms of nanofractionated E. carinatus venom in the presence
of different concentrations of marimastat.

The inhibitory effects of dimercaprol on E. carinatus venom are shown in Figure S3. In the
venom-only analysis, an intense positive shoulder peak (22.0-22.4 min) was noted in the very fast
coagulation chromatogram. A weak positive peak (21.5 min) followed by an intense positive peak
(21.8 min) and another weak positive peak (22.3 min) made up a non-baseline separated positive peak
(21.3-22.4 min), which was followed by a weak peak (22.9 min) in the slightly/medium increased
coagulation chromatogram. An intense and relatively broad anticoagulant negative peak (19.1-19.9
min) was also detected. The anticoagulant activity was not influenced by dimercaprol. The activity
of the positive shoulder peak (22.0-22.4 min) in the very fast pro-coagulation chromatogram was
fully inhibited by 4 uM dimercaprol. For the slightly/medium increased coagulation activity, the
majority of non-baseline separated positive peaks (21.3-22.4 min) were neutralized by 0.8 uM
dimercaprol, and only a sharp and intense positive peak (22.3 min) was retained at this concentration.
No further neutralization was observed upon increasing the concentration of dimercaprol. The latest
weak positive peak (22.9 min) which eluted after the non-baseline separated positive peak (21.3-22.4
min) was still visible at a dimercaprol concentration of 0.8 uM, but was fully inhibited by 4 uM
dimercaprol.
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Figure S3. Duplicate bioassay chromatograms of nanofractionated E. carinatus venom in the presence

of different concentrations of dimercaprol.

The inhibitory effect of DMPS on E. carinatus venom is shown in Figure S4. Similar to
dimercaprol, DMPS showed almost no effect on anticoagulant activity, as expected for these metal-
chelating drugs targeting SVMPs. For the very fast coagulation activity, the intense positive shoulder
peak (22.0-22.4 min) was reduced to a very weak positive peak (22.1 min) at a concentration of 0.8
puM DMPS. No activity was detected at 4 uM DMPS. For the slightly/medium increased coagulation
activity, the non-baseline separated positive peak (21.3-22.4 min) changed into a shoulder peak (21.6-
22.7 min) at 0.8 uM DMPS, and was further decreased by increasing the DMPS concentration, despite
the fact that full neutralization was not achieved at the highest DMPS concentration tested. The latest
eluting weak positive peak (22.9 min) was reduced, but still visible at 0.8 uM DMPS concentration,
and was fully inhibited at 4 uM DMPS.

Echis carinatus Echis carinatus
vs DMPS vs DMPS
220 nm

) ) 254 nm

anticoagulation 280 nm anticoagulation
T IOSA S MU‘M‘T T WAEE) u M =
| —4uM
\ . . I

slightly/medium ‘J\‘ ——0.8uM slightly/medium ¥ —0.8uM
mcreased coagulatlon | ——PBS mcreased coagulation PB§ )

S IPUV S SUURU AT LSV D UV USRSV N ——— gy

very fast coagulation |

RAAT St ivinti- et U | SRS

0 10 20 30 40 0 10 20 30 40
t(min) t(min)
Figure S4. Duplicate bioassay chromatograms of nanofractionated E. carinatus venom in the presence
of different concentrations of DMPS.

The reconstructed coagulation bioassay chromatograms showing the inhibitory effects of
different concentrations of varespladib, marimastat, dimercaprol and DMPS against
nanofractionated venom toxins from E. ocellatus are shown in Figures 55-58. The inhibitory effect of
varespladib on E. ocellatus venom is shown in Figure S5. For the venom-only analysis, a weak positive
peak (24.8 min) followed by an intense positive peak (25.1-26.2 min) was observed in the very fast
coagulation chromatogram, an intense positive shoulder peak (25.1-27.1 min) was observed in the
slightly/medium increased coagulation chromatogram, and an intense negative peak (23.4-24.4 min)
followed by a weak negative peak (26.1 min) was observed in the anticoagulation chromatogram. In



presence of varespladib, the weak positive peak (24.8 min) in the very fast coagulation chromatogram
was fully neutralized at a low varespladib concentration (0.16 uM). The activity of the intense positive
peak (25.1-26.2 min) in the very fast coagulation chromatogram decreased with increasing
concentrations of varespladib, but this intense positive peak (25.1-26.2 min) could not be fully
neutralized by the highest varespladib concentration tested (20 uM). For the slightly/medium
increased coagulation activity, the intense positive shoulder peak (25.1-27.1 min) became smaller and
narrower upon increasing the varespladib concentration, and became a sharp intense positive peak
(26.0 min) at a concentration of 0.16 pM varespladib. The activity of this intense sharp positive peak
(26.0 min) decreased dose-dependently by further increasing the varespladib concentration but full
neutralization was not achieved. For the anticoagulant activity, the intense negative peak (23.4-24.4
min) decreased by increasing the varespladib concentration and was fully neutralized by varespladib
at a concentration of 4 pM. The activity in the latest eluting weak negative peak (26.1 min) was
unaffected by varespladib in the 0.16-4 uM range, but was fully neutralized by 20 uM varespladib.
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Figure S5. Duplicate bioassay chromatograms of nanofractionated E. ocellatus venom in the presence

of different concentrations of varespladib.

The inhibitory effect of marimastat on E. ocellatus venom is shown in Figure S6. In the venom-
only analysis, an intense sharp positive peak (25.4-26.2 min) can be seen both in the very fast
coagulation activity chromatogram and in the slightly/medium increased coagulation activity
chromatogram. An intense sharp negative peak (23.5-24.1 min) can be seen in the anticoagulation
activity chromatogram. For the marimastat analyses, the intense sharp negative peak (23.5-24.1 min)
in the anticoagulation chrontogram was not influenced by marimastat, while the activity of the
intense sharp positive peak (25.4-26.2 min) indicating slightly/medium increased coagulation
decreased with increasing marimastat concentrations. Full inactivation of these procoagulant
activities was achieved at a marimastat concentration of 4 uM. For the very fast coagulation activity,
a weak positive peak (25.8 min) was still observed at 0.032 uM marimastat, which was fully
neutralized by 0.16 uM marimastat.
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Figure S6. Duplicate bioassay chromatograms of nanofractionated E. ocellatus venom in the presence

of different concentrations of marimastat.

The inhibitory effects of dimercaprol on E. ocellatus venom is shown in Figure S7. Only moderate
inhibition was achieved against both the very fast coagulation activity (25.2-26.2 min) and the
slightly/medium increased coagulation activity (25.2-26.2 min). The positive peaks (25.2-26.2 min)
decreased with increasing dimercaprol concentrations, but full inhibition was not achieved.

Dimercaprol could not inhibit the anticoagulant activity (23.5-24.1 min).
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Figure S7. Duplicate bioassay chromatograms of nanofractionated E. ocellatus venom in the presence

of different concentrations of dimercaprol.

The inhibitory effect of DMPS on E. ocellatus venom is shown in Figure S8. For the venom-only
analysis, an intense sharp positive peak (25.6-26.3 min) was observed both in the very fast
coagulation chromatogram and in the slightly/medium increased coagulation chromatogram, and a
sharp intense negative peak (23.4-24.1 min) was noted in the anticoagulation chromatogram. The
sharp positive peak (25.6-26.3 min) in both the very fast coagulation chromatogram and the
slightly/medium increased coagulation chromatogram was reduced by increasing the DMPS
concentration. Full inhibition was achieved for the very fast coagulation activity at 20 uM DMPS but
was not attained for the slightly/medium increased coagulation activity. The anticoagulant activity
(23.4-24.1 min) was not influenced by DMPS.
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Figure S8. Duplicate bioassay chromatograms of nanofractionated E. ocellatus venom in the presence
of different concentrations of DMPS.

S4 Inhibitory effects of varespladib, marimastat, dimercaprol and DMPS on the activities of
coagulopathic venom toxins from Daboia russelii

The reconstructed duplicate chromatograms showing the inhibitory effects of varespladib,
marimastat, dimercaprol and DMPS on nanofractionated D. russelii (Sri Lanka) venom are shown in
Figures S9-5S12. Varespladib could dose—-dependently reduce all coagulopathic activities observed,
but was not able to fully neutralize these activities at the highest concentration tested (20 pM).
Marimastat and dimercaprol could only reduce the pro—coagulopathic activities in a concentration-
dependent manner. Marimastat neutralized all pro-coagulant activities at a concentration of 4 uM.
Dimercaprol could fully neutralize these activities at the highest concentration tested (20 uM). DMPS
showed no inhibition on these activities at tested concentrations of 20 uM and 4 pM.
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Figure S9. Duplicate bioassay chromatograms of nanofractionated D. russelii venom in the presence

of different concentrations of varespladib.



Daboia russelii
vs marimastat

anticoagulation

slightly/medium
increased coagulation

——0.0064 uM
—— PBS

Daboia russelii
vs marimastat

anticoagulation

slightly/medium
increased coagulation

20
t(min)

Figure S10. Duplicate bioassay chromatograms of nanofractionated D. russelii venom in the presence

of different concentrations of marimastat.
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Figure S11. Duplicate bioassay chromatograms of nanofarctionated D. russelii venom in the presence

of different concentrations of dimercaprol.
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Figure S12. Duplicate bioassay chromatograms of nanofarctionated D. russelii venom in the presence

of different concentrations of DMPS.



S5 Inhibitory effects of varespladib and marimastat on the activities of coagulopathic venom

toxins from Bitis arietans

The reconstructed duplicate chromatograms showing the inhibitory effects of varespladib and
marimastat on nanofractionated B. arietans (Nigeria) venom are shown in Figures 513-S14. At the
venom concentration used for the analyses (1.0 mg/mL), only anticoagulant activity was observed.
Varespladib could dose-dependently reduce all coagulopathic activities, and full neutralization was
achieved at a low concentration (0.8 uM). Marimastat did not affect anticoagulant activity, even at

the highest concentration tested (20 pM).
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Figure S13. Duplicate bioassay chromatograms of nanofractionated B. arietans venom in the presence

of different concentrations of varespladib.
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Figure S14. Duplicate bioassay chromatograms of nanofractionated B. arietans venom in the presence

of different concentrations of marimastat.

S6. Inhibitory efficacy of small molecule inhibitors and metal chelators on venom toxins
identified and depicted in Table 1.

PA2A1_ECHCA, which was reported to lack hemorrhagic activity [4], was neutralized by 20 uM
varespladib, but not affected by marimastat, dimercaprol or DMPS. PA2A5_ECHOC, for which no
anticoagulant activity has been reported in Uniprot KB, was neutralized by 4 uM varespladib, but
not by marimastat, dimercaprol or DMPS. The SL1_ECHOC, SL124_ECHOC, VM3E2_ECHOC and
VMBE6_ECHOC procoagulant candidates were not fully neutralized by varespladib and
dimercaprol, but were effectively neutralized by 0.16 uM marimastat (i.e., a very low concentration)
and by 20 uM DMPS. It could unfortunately not be determined which exact toxins were inhibited by



varespladib and/or by dimercaprol, and to what proportion per toxin, as in these cases several venom

toxins closely co-eluted. However, it is highly likely that the SVMPs are the dominant procoagulants
given that it is known that SVMPs are procoagulant in this species and the SVMP inhibitors can block
this activity. The PA2B8_DABRR, PA2B5_DABRR and PA2B3_DABRR were neutralized by 20 uM
varespladib, but not influenced by marimastat and dimercaprol. Of these, only PA2B8_DABRR was
reported to exhibit anticoagulant activity [5]. Only SLA_BITAR and SLB_BITAR were found back in
the anticoagulation area (negative peak at retention time 16.7-17.1 min), which was fully inhibited
by a low concentration of varespladib (0.8 pM). This anticoagulation area was not influenced by

marimastat.
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