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ABSTRACT

Alzheimer’s disease (AD) is a neurodegenerative disorder that primarily affects individuals over 60
years of age, characterized by symptoms such as memory impairment and cognitive decline. The
pathogenesis of AD involves multiple factors, including protein misfolding and oxidative stress.
A crucial aspect of AD progression is the dysregulation of cholinesterase enzymes, particularly
acetylcholinesterase (AChE) and butyrylcholinesterase (BChE), which contribute to neurotoxic
amyloid plaques and neurofibrillary tangles. This study investigates the potential of proteins and
peptides from the venom of Calloselasma rhodostoma as BChE inhibitors, aiming to explore new
therapeutic avenues for AD. Venom was extracted, fractionated, and analyzed using ultrafiltration,
SDS-PAGE, and LC-HRMS. In vitro assays evaluated the BChE inhibition activity, while in silico
molecular docking assessed the binding affinities of the identified peptides. The study identified
several venom-derived peptides with significant BChE inhibitory potential, notably CFVVQPWEGK

and IDVLSDEPR, which demonstrated strong

binding affinities and stability in docking studies.

These findings highlight the potential of peptides
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INTRODUCTION

Alzheimer’s disease (AD) represents a prevalent neurodegenerative disorder
predominantly afflicting individuals aged 60 years and above (Abubakar et al., 2022;
Breijyeh & Karaman, 2020; Monteiro et al., 2023; Panachamnong et al., 2014). Various
lifestyle factors, such as smoking, alcohol consumption, high cholesterol, and high sugar
intake, along with genetic predispositions, exert notable influences on AD susceptibility
(P. Chen et al., 2023; Stern et al., 2022). Dementia, an outcome of AD, presents a range
of symptoms, including temporal and spatial disorientation, memory impairment, mood
swings, and aphasic manifestations (Duce et al., 2019; Liao et al., 2022; van der Schaar
et al., 2022). The pathogenesis of AD encompasses protein misfolding, aggregation
phenomena, oxidative stress, mitochondrial dysfunction, and neuronal inflammation
within cerebral tissues (Bendjedid et al., 2020; Bhushan et al., 2018; Monteiro et al.,
2023). Recent pharmacological studies have emphasized the importance of cholinesterase
inhibition as a therapeutic strategy for AD management, with heterocyclic scaffolds and
flavonoid derivatives being particularly promising (Mughal et al., 2021; Obaid, Mughal,
et al., 2022; Obaid, Naeem, et al., 2022).

Central to neurotransmission, acetylcholine (ACh) orchestrates pivotal roles by
interacting with cholinesterase enzymes, comprising predominantly acetylcholinesterase
(AChE), and to a lesser extent, butyrylcholinesterase (BChE) (Darvesh, 2016; Greig et
al., 2005; Makin, 2018; Xing et al., 2021). In physiological states, AChE predominantly
facilitates ACh hydrolysis, accounting for approximately 80%, while BChE contributes
to roughly 10% (R. Chen et al., 2023; Pereira et al., 2022). Conversely, in AD pathology,
elevated AChE activity may lead to amyloid accumulation and neurofibrillary tangle (NFT)
formation (Ferreira-Vieira et al., 2016; Ma et al., 2022), potentially diminishing ACh levels
(Abubakar et al., 2022; Bhushan et al., 2018). Concurrently, escalated BChE activity may
foster neuritic plaque and NFT formation, culminating in cerebral tissue degeneration
and clinical dementia manifestations (Liao et al., 2022; Mushtagq et al., 2014; Stern et al.,
2022). Furthermore, heightened AChE activity may trigger an escalation in ACh levels,
thereby augmenting the activity of BChE in the brain (Darvesh, 2016; Mushtaq et al.,
2014). This surge in activity fosters the formation of neocortical amyloid-rich neurotic
plaques and NFT, thereby instigating cerebral tissue degeneration and consequent clinical
manifestations of dementia (Mushtaq et al., 2014). The dual role of AChE and BChE in
both neurotransmission and amyloid aggregation has been further supported by in vitro
and in vivo studies of novel cholinesterase inhibitors, including chalcone derivatives and
other small molecules that show neuroprotective potential (Al-ghulikah et al., 2023).
Importantly, in advanced stages of AD, AChE activity diminishes while BChE activity
remains stable or even increases, shifting the regulation of acetylcholine primarily to
BChE (Lee et al., 2018; Wright et al., 1993). This highlights the therapeutic relevance of
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targeting BChE, particularly since most current treatments such as Donepezil are highly
AChE-selective, with only Rivastigmine acting as a dual inhibitor (Kandiah et al., 2017;
Nordberg et al., 2009).

Snake venom serves not only as a defensive mechanism but also fulfils a pivotal role
in prey immobilization (Aird et al., 2015; Fry et al., 2006; Lai & Lu, 2023). Consequently,
venom constituents predominantly comprise bioactive agents, encompassing a spectrum of
compounds such as carbohydrates, biogenic amines, lipids, purine nucleosides, peptides,
and proteins, constituting 70-90% of its composition (Adukauskiené et al., 2011; Chan et
al.,2016; Lai & Lu, 2023; Oliveira et al., 2022). The heterogeneity in venom composition
is notably influenced by factors such as habitat, seasonal variations, age, gender, and dietary
preferences (Durban et al., 2017; Ferreira De Oliveira et al., 2022; Neumann et al., 2020).
Interestingly, snake venoms themselves have been screened for intrinsic cholinesterase-
inhibiting components, highlighting their potential as natural sources of enzyme inhibitors
relevant to AD research (Liesener et al., 2007). Calloselasma rhodostoma, commonly
known as the Malayan Pit Viper, thrives in tropical climates and prevalent across Southeast
Asian territories including Vietnam, Thailand, Malaysia, and the Indonesian archipelago,
particularly Borneo and Java Island (Aphrodita et al., 2025; Oh et al., 2021; Tan et al.,
2022; Tang et al., 2019). As a constituent of the Viperidae family, which boasts the largest
venom gland and longest fangs among its serpentine counterparts, C. rhodostoma venom
holds considerable intrigue for its potential therapeutic applications (Cerda et al., 2022;
Khimmaktong et al., 2022; Kusuma et al., 2023; Tang et al., 2019). In recent years, there
has been an increasing focus on researching peptides and proteins as promising candidates
for new therapeutic interventions (Chan et al., 2016; Oliveira et al., 2022; Sofyantoro et
al., 2022). Several studies have been conducted to identify anticholinesterase activity from
snake venom, specifically for the AChE inhibitor. Snake venom proteins that have already
been identified as AChE inhibitors are fasciculin-1 and fasciculin-2, which are isolated
from green mamba Dendroaspis angusticeps. Research has also found that there is AChE
inhibition activity in Bothrops moojeni venom using ESI/MS and Ellman assay (Karlsson et
al., 1984; Liesener et al., 2007). However, the potential of snake venom as a BChE inhibitor
is a promising area yet to be explored and needs further investigation. The current study
aimed to identify the proteinaceous constituents within C. rhodostoma venom and assess
their viability as inhibitors of BchE, particularly in the context of Alzheimer’s disease.

MATERIALS AND METHODS
Venom Collection

The study protocol was approved by the Ethics Committee of Research and Testing
Laboratory (LPPT), Universitas Gadjah Mada, Indonesia (Certificate Number: 00051/04/
LPPT/X/2023). Venoms were sourced from C. rhodostoma, a member of the Viperidae
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family from Kaliurang, Yogyakarta, Indonesia. This specimen, encompassing one adult
female, was approximately 1 to 2.5 years old. Venom extraction procedures were carried
out after a 2-week period of fasting to ensure repletion of the venom glands. The harvested
venom was kept at -80°C for 24 hours, followed by freeze-drying to preserve the protein
integrity. Upon completion, the powdered venom specimen was stored at -20°C.

Ultrafiltration

Snake venom proteins were separated using Ultrafiltration Vivaspin® Maeso (50, 30, and
10 kDa) and Amicon® Ultrafiltration (3 kDa). Each apparatus underwent a preliminary
washing procedure with PBS (0.01 M; pH 7) followed by centrifugation. Five milligrams
of venom were dissolved in 2 mL of PBS (0.01M; pH7), followed by centrifugation (5000
rpm; 5 minutes; 4°C). Supernatant was then transferred to the Vivaspin device (50 kDa)
and subjected to centrifugation (10,000 rpm; 5 minutes; 4°C). The filtered samples were
further refined through successive filtration steps using decreasing filter sizes (50 - 10
kDa). The residual content was obtained through reverse centrifugation (3000 rpm; 3
minutes; 4°C). The filtrate from the 10 kDa filtration stage was subsequently transferred to
the Amicon device (3 kDa) and subjected to centrifugation (14,000 G; 30 minutes; 4°C).
The resulting residue was obtained through reverse centrifugation (14,000 G; 10 minutes;
4°C). Following these procedures, the fractions, encompassing both filtrates and residues,
were preserved at -20°C until subsequent analysis.

Anion Exchange Chromatography

Snake venom protein was subjected to fractionation using a HiTrap Q HP Column (5 mL)
as in Tang et al., (2016). Approximately 5 mg of C. rhodostoma venom was dissolved
in 2 mL of PBS (0.01 M, pH 7) and subsequently subjected to centrifugation at 10,000
rpm for 5 minutes. The supernatant was carefully isolated and subjected to fractionation.
The column was initially pre-equilibrated with a starting buffer (Tris HC1 0.02 M, pH 8)
followed by elution with NaCl 0.5 M in Tris HC1 0.02 M, pH 8, at a flow rate of 1 mL/
min. Fractions were collected at 3 mL intervals over 15 cycles and subsequently stored at
-20°C for subsequent analysis.

Protein Quantification

Protein quantification was performed using the Bradford Assay method with Bovine
Serum Albumin (BSA) stock solution (1 mg/mL) serving as the standard reference.
Samples of 5 uL were combined with 795 pL of distilled water and 200 pL of Bradford
reagent. The absorbance was then measured at 595 nm wavelength employing a
Spectrophotometer.
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SDS-PAGE

In SDS-PAGE analysis, aliquots of 25 puL samples were dispensed into sterile microtubes,
followed by the addition of 6.25 pL of 5x sample buffer (Abbkine). Subsequently, the tubes
were homogenized using a vortex and sealed with parafilm. These samples underwent
incubation at 100°C for 2 - 3 minutes using a water bath, followed by immediate transfer
to ice for 15 - 30 minutes, thus undergoing a heat shock treatment. The SDS gel (Q-PAGE
TGN Precast Gel; QP4510; SMOBio Technology) was set up within the SDS chamber
containing the running buffer. Gel electrophoresis ensued at 80 V for 90 minutes. Post-
electrophoresis, the gel was stained utilizing Coomassie Brilliant Blue (CBB) on a shaker
overnight. Subsequent destaining involved immersion in a solution comprising 50%
methanol, 40% distilled water, and 10% glacial acetic acid on a shaker for 2-3 hours. Upon
complete destaining, immersion in 10% glacial acetic acid followed.

Protein Digestion

For protein digestion, a 1 mg venom sample was diluted in 200 pL of MilliQ water as in
Tang et al., (2016). From this dilution, 30 uL was aliquoted into a fresh microtube. To this,
4 uL of Protease Max and 2 pL of DTT were added. The mixture underwent incubation at
55°C for 20 minutes within a water bath. Subsequent to this, 2 pL of iodoacetamide was
introduced, followed by incubation at room temperature for 15 minutes in the dark. Tris-
HCI1 (100 mM), in a volume three times that of the total mixture, was added, followed by
2 pL of Trypsin Gold (Trypsin Gold, Mass Spectrometry Grade; V5280; Promega). The
sample was subjected to overnight incubation at room temperature or incubated at 37°C for
3 hours. The digested protein was subjected to Liquid Chromatography High-Resolution
Mass Spectrometry (LC-HRMS) analysis and BChE inhibition assay.

LC-HRMS

Trypsin-digested crude venom and AEC fractions were subjected to LC-HRMS. LC-HRMS
analysis was conducted at the Laboratory for Integrated Research and Testing (LPPT),
Universitas Gadjah Mada, Indonesia. Samples were injected into the LC-HRMS system,
which featured a reverse-phase separation column connected to an EASY-Spray column
system (Thermo Scientific Q Exactive benchtop LC-HRMS with High-Performance
Quadrupole Precursor and High-Resolution Accurate Mass Orbitrap Detection). Elution
was conducted using two mobile phases: mobile phase A (0.1% formic acid in water) and
mobile phase B (0.1% formic acid in acetonitrile), with a gradient applied at a flow rate
of 100 uL/minute. For mass spectrometry detection, high-resolution and accurate mass
mode in positive ion mode were utilized. Subsequently, data from LC-HRMS underwent
processing utilizing Proteome Discoverer 3.0 software on a computer system to obtain
peptide sequences present in the digested venom, alongside information regarding the
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master protein, isoelectric point (pl) values, and molecular weight. For data validation, a
precursor mass error tolerance of £10 ppm and a fragment mass error tolerance of +0.02
Da were applied. Protein identifications were filtered using a false discovery rate (FDR) of
<1% at both peptide and protein levels, and only proteins with at least two unique peptides
were considered confidently identified.

Inhibition Assay

The evaluation of Butyrylcholinesterase (BChE) inhibition activity was carried out using
the Butyrylcholinesterase Inhibitor Screening Kit (Colorimetric; ABCAM) (Li et al., 2021;
Obaid, Naeem, et al., 2022). Trypsin-digested crude venom was diluted with 0.3% DMSO.
Subsequently, 1 uL of the diluted samples and 9 puL of BChE Assay buffer were dispensed
into designated wells, to achieve final concentrations of 200 and 300 ppm. The enzyme
control and background control wells received 10 uL of BChE Assay buffer, whereas the
positive control well was loaded with 5 uL of Rivastigmine at final concentrations of 200
and 300 ppm. The negative control well was filled with 10 pL of 0.3% DMSO. Each well,
excluding the background control well, was supplemented with 5 uL of BChE enzymes.
The final volume in each well was adjusted to 80 uL, followed by an incubation period of
30 minutes at room temperature in the absence of light. Subsequently, 20 pL of reaction
mix (10 pL of diluted BChE substrate, 5 pL of probe mix, and 5 pL of BChE assay buffer)
was loaded into each well. Absorbance readings were recorded using a Microplate Reader
at a wavelength of 412 nm, with measurements taken at 5-minute intervals over a total
duration of 60 minutes.

Molecular Docking

Molecular docking is an effective method for predicting and aligning target binding
sites, exploring potential conformations of compounds, and elucidating the interactions
between a ligand and its receptor (Frimayanti et al., 2021; Hidayatullah et al., 2020).
Post-acquisition of peptide sequences via LC-HRMS, a meticulous selection process
ensued employing ProtParam, ToxinPred, and AllerTop algorithms to discern stable,
non-toxic, and non-allergenic peptides. Three-dimensional structure of peptides were
modelled using the PEPFOLD4 webserver (https://mobyle2.rpbs.univ-paris-diderot.fr/
cgi-bin/portal.py#forms::PEP-FOLD4). Rivastigmine (CID 77991), as a positive control,
was obtained through PubChem. BChE receptors were retrieved from Uniprot (Code:
P06276) and then modelled using the Swiss Model Expasy web server. As the BChE
receptor structure obtained from UniProt does not include a native ligand, Rivastigmine,
a clinically established BChE inhibitor, was used as a positive control and benchmark for
validating peptide interactions. Ligand and receptor preparation were meticulously executed
employing Biovia Discovery, Chimera, and PyMol, followed by molecular docking using
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PyRx. The result of protein-peptide docked complexes was rendered visually utilizing
PyMol and Discovery Studio.

ADMET Prediction

The Simplified Molecular Input Line Entry System (SMILES) structural format of the
two best peptides from the molecular docking result was acquired using a web-based
tool, PepSMI (https://www.novoprolabs.com/tools/convert-peptide-to-smiles-string).
The PepSMI web server will convert the peptide sequences into SMILES. The ADMET
evaluation was carried out using ADMETIab 3.0 web server (https://admetlab3.scbdd.com/)
by entering the peptide’s SMILES (Xiong et al., 2021). Then, Absorption, Distribution,
Metabolism, Excretion, and Toxicity properties, including several parameters such as
Human Intestinal Absorption (HIA), Papp/Caco-2 permeability, Blood-Brain Barrier (BBB),
Plasma Protein Binding (PPB), CYP1A2 inhibitor-substrate, CYP3 A4 inhibitor-substrate,
TV, Half-Life, hERG blockers, Drug Induced Liver Injury (DILI), Ames mutagenicity, and
Human Hepatoxicity were examined using the ADMETIab 3.0 webserver.

RESULTS AND DISCUSSION
SDS-PAGE Analysis

The initial determination of the protein concentration within the crude venom revealed
a concentration of 40 pg/mL. Subsequent ultrafiltration procedures were conducted,
segregating the filtrate and residue across varying molecular weight cut-off (MWCO) filters
(50, 30, 10, and 3 kDa). Notably, the protein concentration within the residues surpassed
that of the filtrates. Specifically, the residue obtained from the 50 kDa filter exhibited a
protein concentration of 13.60 ug/mL, in stark contrast to the filtrate’s concentration of
5.70 pg/mL. Similarly, the filtrates from the 30 kDa and 10 kDa filters displayed protein
concentrations of 7.02 pg/mL and 8.53 pug/mL, respectively. Notably, no residue was
obtained from the filtrates of these two filter sizes. Conversely, the residue from the 3 kDa
filter demonstrated a protein concentration of 44.38 png/mL, while its filtrate showcased a
concentration of 11.21 pg/mL. These quantifications underscored the presence of a protein-
enriched fraction resulting from Anion Exchange Chromatography (AEC), with the highest
observed protein concentration within one of the 15 fractions derived from the venom of
C. rhodostoma, amounting to 11.02 pg/mL.

Figure 1A shows 11 discernible protein bands evident within the SDS gel. These
identified molecules within the crude venom spanned molecular weights ranging from
approximately 13.68 to 115.08 kDa. This observation highlighted distinct protein clusters
visualized within the SDS gel, indicative of disparate molecular size ranges. SDS-PAGE
analysis of proteins harvested from AEC revealed 9 distinct bands within the fraction
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derived from C. rhodostoma snake venom (Figure 1B), spanning molecular weights from
14.74 to 67.49 kDa. Figure 1B illustrates that the bands observed in the residue on the SDS
gel are frequently characterized by smearing. This phenomenon is attributed to the filtration
process, as outlined in the device manual, wherein residue concentration typically occurs
during centrifugation, consequently resulting in smearing during SDS-PAGE analysis.

Notably, discrepancies in protein banding patterns were discernible among the filtrates
from each filtration step. Particularly, filtrates from filters with smaller MWCO exhibited
fewer discernible bands in comparison to those from larger filters (Figure 1C). Commencing
with the 50 kDa residue (R50) displaying 12 bands, the subsequent filtrate (F50) exhibited
a reduced band count of approximately 5. A further decline in band count was evident in
the subsequent filtrate of 30 kDa (F30), manifesting only 2 bands. These banding patterns
persisted in subsequent filtrates, namely filtrate 10 kDa (F10) and filtrate 3 kDa (F3).

Snake venom, traditionally perceived as predominantly proteinaceous with concentrations
ranging between 70% to 90%, exhibits variability across different snake families (Fry et al.,
2006; Oliveira et al., 2022; Vejayan et al., 2010). Protein content in the Colubridae family was
found to range from 49.8% to 96.4% (Hill & Mackessy, 1997). Factors such as freeze-drying
and improper storage conditions can influence protein concentration, potentially leading to
sample degradation (Sofyantoro et al., 2024; Vejayan et al., 2010).

The SDS-PAGE analysis of the protein content in the crude venom and its subsequent
fractions reveals a complex and heterogeneous protein composition. The differential
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Figure 1. Electrophoretic analysis via SDS-PAGE depicting (A) crude venom, (B) Anion Exchange
Chromatography (AEC) fractions, and (C) ultrafiltration fractions of C. rhodostoma snake venom. M: marker;
C: crude venom; AEC: Anion Exchange Chromatography fractions; R50: 50 kDa residue; F50: 50 kDa filtrate;
M: marker; F30: 30 kDa filtrate; F10: 10 kDa filtrate; F3: 3 kDa filtrate; R3: 3 kDa residue

2094 Pertanika J. Trop. Agric. Sci. 48 (6): 2087 - 2117 (2025)



Venom Peptides from C. rhodostoma as Cholinesterase Inhibitors

protein concentrations observed across various molecular weight cut-off (MWCO) filters
underscore the selective retention and passage of proteins based on size. The stark contrast
in protein concentrations between residues and filtrates, especially in the 50 kDa and 3 kDa
filters, indicates that larger proteins are predominantly retained, while smaller proteins pass
through. The presence of multiple distinct protein bands, ranging from 13.68 to 115.08 kDa
in the crude venom, highlights the diversity of protein sizes. The progressive reduction
in the number of protein bands in the filtrates as the MWCO decreases suggests effective
size-based separation. However, the smearing of protein bands, particularly in the residues,
likely results from the concentration process during filtration, as noted in the device manual.
This phenomenon could indicate potential aggregation or degradation during processing,
warranting further optimization of the filtration protocol. Moreover, the identification of
nine distinct bands in the fraction derived from anion exchange chromatography, spanning
molecular weights from 14.78 to 67.49 kDa, suggests a selective enrichment of specific
protein subsets. These findings provide a foundational understanding of the protein
composition and separation dynamics in C. rhodostoma venom, offering valuable insights
for future studies on the functional and toxicological properties of these proteins.

In vitro Inhibition Activity of BChE

The observed in vitro inhibition activities unveiled that the trypsin-digested crude venom
of C. rhodostoma, administered at a concentration of 200 ppm, showed an estimated BChE
inhibition of 43.75% (Table 1). Similarly, at a concentration of 300 ppm, the trypsin-
digested venom exhibited an inhibition activity of 25%. In contrast, compared to the
positive control (Rivastigmine), concentrations of 200 ppm displayed inhibition activity of
91.67%, while concentrations of 300 ppm showed inhibition activity of 93.75% (Table 1).

The observed inhibition activity of BChE by the trypsin-digested crude venom of C.
rhodostoma demonstrates a dose-dependent response, with higher concentrations (300
ppm) not consistently leading to increased inhibition compared to lower concentrations
(200 ppm). This suggests the presence of both inhibitory and potentially counteractive
components within the trypsin-digested venom. The variation in inhibition percentages,
ranging from 25% to 43.75%, indicates a complex interaction between the venom

Table 1
Evaluation of the inhibitory efficacy of trypsin-digested crude venom against Butyrylcholinesterase (BChE)
Samples Concentration (ppm) Inhibition Activity (%)
Trypsin-digested crude venom 200 43.75
300 25
Rivastigmine 200 91.67
300 93.75
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constituents and BChE. In contrast, the positive control, Rivastigmine, exhibited
significantly higher inhibition rates (91.67% to 93.75%), underscoring its potency and
specificity as a BChE inhibitor. The lower efficacy of the venom might be attributed to
the crude nature of the extract, which could contain a mixture of compounds with varying
levels of inhibitory activity. These findings highlight the need for further fractionation and
identification of active components within the venom to elucidate the specific mechanisms
underlying BChE inhibition. Additionally, comparing these results with those from other
snake venoms or natural sources could provide insights into unique or shared biochemical
pathways. Although the observed inhibition percentages were lower than those of the
positive control, the significance of these findings lies in the successful identification
of novel peptides with measurable BChE inhibitory activity. This preliminary evidence
provides an important foundation for future optimization and structural modification aimed
at improving potency and therapeutic potential. It should also be noted that only two
concentrations were tested in this preliminary screening, which was sufficient to identify
promising inhibitory activity but limited in providing detailed dose-response relationships.
More comprehensive concentration-dependent assays will be needed in future studies to
validate and expand upon these findings.

In silico Inhibition Activity Assessment

Analysis of LC-HRMS from crude venom data revealed the presence of 15 proteins across
5 distinct protein families within the crude venom of C. rhodostoma (Supplementary Table
1). These families encompass L-Amino Acid Oxidase, Snake Venom Metalloproteinase
Kistomin, Zinc Metalloproteinase or Disintegrin, Snaclec Rhodocytin subunit beta, Snaclec
Rhodocentin subunits alpha, beta, delta, and gamma, Thrombin-like Enzyme, Acidic and
Basic Phospholipase A2. Moreover, the crude venom exhibited a spectrum of 136 identified
peptide sequences upon trypsin digestion (Supplementary Table 2). Conversely, samples
isolated through AEC revealed 10 proteins spanning 4 protein families, including Zinc
Metalloproteinase or Disintegrin, Snake Venom Metalloproteinase Kistomin, Thrombin-
like Enzyme Ancrod, Snaclec Rhodocentin subunits alpha, beta, delta, and gamma,
Snaclec Rhodocytin subunit alpha, and Basic Phospholipase A2 (Supplementary Table
3). Meanwhile, a total of 42 peptide sequences were discerned from the trypsin-digested
venom subjected to Anion Exchange Chromatography (Supplementary Table 4).

Peptide sequences were chosen based on their physicochemical attributes, including
stability, non-toxicity, and non-allergenicity. This selection process yielded 12 peptide
sequences from the crude venom (Table 2) and 7 peptide sequences from AEC (Table 3).
All identified peptide sequences underwent docking simulations using PyRx to assess
their inherent inhibitory activity against BChE. The docking outcomes revealed diverse
binding modes, characterized by varying binding affinities and RMSD values. Modes
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Table 2
Evaluation of binding affinity and RMSD values for peptide components derived from trypsin digestion of C.
rhodostoma crude venom against BChE

No. Peptide Sequence Mode B“;il::ﬁ /if([)ill)my Rl(\g?)
Rivastigmine (control) 3 -6.3 0.965

. NEEAGWYANLGPMR 2 -7.9 2.834
2. DCADIVEFNDLSLIHQLPK 2 -6.5 2.651
6 -6.2 2.67
3. DFDGNTVGLAFVGGICNEK 3 -6.3 2.231
8 -6.1 3.203
4. YCAGVVQDHTK 1 -7.6 2.36
3 -71.5 2.055
8 -6.9 2.773
5. LEAVFVDMVMENNFENK 1 -7 1.541
6. SNLEWSDGSSISYENLYEPYMEK 3 -6.4 2.891
8 -6 2.525
7. GPNPCAQPNKPALYTSIYDYR 2 -7 2.251
4 -6.9 1.93
8. DELADEDYVWIGLR 1 -7 1.674
9. EQQCSSEWSDGSSVSYENLIDLHTK 1 -6.3 2.021
4 -5.7 2.024
10. CFVVQPWEGK 2 -7.8 2.226
11. QAENGHLVSIGSAAEADFLDLVIVVNFDK 8 -4.7 2.042
12. GHLVSIGSDGEADFVAQLVTNNIK 2 -7.2 2.516
4 7.1 2.187
6 -7.1 2.114

meeting predefined criteria for both binding affinity and RMSD were deemed indicative
of peptides’ potential to inhibit BChE activity (Table 2 and Table 3).

Table 2 demonstrates the binding affinities of peptides derived from crude venom,
ranging from -4.7 to -7.9 kcal/mol, while Table 3 showcases the binding affinities of peptides
from AEC samples, ranging from -6.5 to -8.8 kcal/mol. A more negative binding affinity
indicates a stronger interaction between the peptide and the BChE receptor (Alsedfy et
al., 2024). Notably, within Table 2, the sequence CFVVQPWEGK (mode 2) exhibits the
highest affinity value of -7.8 A and a favorable RMSD value of 2.226 kcal/mol among
peptides from crude venom. Conversely, from Table 3, the peptides from AEC samples
highlight the sequence IDVLSDEPR (mode 2) with the highest affinity value of -8.8 A
and a commendable RMSD value of 2.228 kcal/mol. Considering the binding affinity and
RMSD scores of CFVVQPWEGK and IDVLSDEPR, it can be inferred that these two
sequences demonstrate the most promising interaction with the BChE receptor.
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The 3D visualization of the interaction between the CFVVQPWEGK peptide and the
BChE receptor is depicted in Figure 2A. Similarly, the interaction between the IDVLSDEPR
peptide and the BChE receptor is illustrated in Figure 2B. As illustrated in Figure 3A,
CFVVQPWEGK binds with BChE with amino acid residues Trp110, Asp98, Leu314,
Gly361, Phe306, Pro309, Tyr310, GIn95, Leu301, Ala305, Asn96, Pro387, Thr312 and
Phe357 engage in van der Waals interactions (Figure 3A). Meanwhile, as illustrated in
Figure 3B, the active peptide ligand IDVLSDEPR binds with Ser107, Asp98, Ala356,
Asnlll, Glyl49, His466, Gly467, Tyr468, Glyl145, Val316, Leu3 14, Ser315, GIn95,
Glu304, Thr312, GIn147, and Gly361 of receptor amino acid residues through van der
Waals interactions. A comprehensive depiction of the interactions occurring between the
ligand and the amino acid residues within the BChE receptor is provided in Table 4.

Table 3
Binding affinity and Root Mean Square Deviation (RMSD) analysis of peptides derived from trypsin-digested
Anion Exchange Chromatography fractions of C. rhodostoma venom against BChE

Binding Affinity

No. Peptide Sequence Mode (keal/mol) RMSD (A)
2 -8.8 2.228
4 -8.7 2.291
1. IDVLSDEPR
6 -8.6 2.297
7 -8.6 2.871
1 -1.5 2.618
2 7.5 1.857
3 -7.3 2.182
2. VLCAGDLR 4 -7.1 2.418
5 7.1 2.307
6 -7 3.177
8 -7 2.725
1 -8.7 2.052
3. SWIGLK
2 -8.5 1.896
2 -8.8 2.381
4. CFVVQPWEGK 3 -8.8 2.257
4 -8.5 2.61
1 -6.8 1.367
5. DFDGNTVGLAFVGGICNEK 4 -6.7 1.887
8 -6.5 2.807
1 -71.5 2.496
2 -7.3 2.903
6. LASQTLK
3 -7.2 2.781
7 -7 2.195
2 =17 1.942
7. DELADEDYVWIGLR
4 -1.5 2.244
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Table 4
Computational analysis of molecular interactions between peptides derived from trypsin digestion of C.
rhodostoma venom and the BChE receptor using the PyRx application

Carbon Hydrogen  Conventional Van Der Other Types of Bond
Bond Hydrogen Bond Waals Formation

Ser107 Pi-Pi Stacked
His466 Trpl10
PR Tyr468 Asp98 Pi Alkyl / Alkyl
Rivastigmine (Control) Gly106 - Thr148 Tyr360
Gly144 Ala356

Gly467 Trp458

Phe357

Glyl45

Leu314

Asnlll

Asp98

Gly311 Trpl10

1le384 Thr312

Pro313 Val308 Pro387
Gly311 Asn317 Ala305
GIn147 Gly361

Glu304 Phe306

Pro309

Tyr310

GIn95

Leu301

Asn96

Ser107
Asp98
Ala356
Asnlll
Gly149
His466

Trpl10 Pro313 Clyde7
Ala305 Asn317 Tyrdos
IDVLSDDEPR Gly144 AsnO6 ?1231’31 i‘g Pi-Alkyl

GIn147 Gly311 Phe357
Leu314 Trpl10

Ser315
GIn95
Glu304
Thr312
GInl147
Gly361

Ligand

Amide-Pi Stacked
Glyl144
CFVVQPWEGK
Pi-Alkyl / Alkyl
Tyr360

Pi-Sigma
Tyr360

Previous research has shown that hydrogen bonds help to improve the binding and
ACHE inhibitory activity (Lu et al., 2011; Obaid, Mughal, et al., 2022; Obaid, Naeem, et
al., 2022; Peitzika & Pontiki, 2023). Hydrogen bonds play an important role to stabilize
the ligand inside the catalytic triad. The active peptide ligand CFVVQPWEGK is observed
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Figure 2. Three-Dimensional visualization illustrating the interactions between (A) CFVVQPWEGK and
(B) IDVLSDEPR peptides with the Butyrylcholinesterase (BChE) receptor. Yellow: BChE; green: peptides

binding to Gly311, Ile384, Val308, Asn317, GIn147, and Glu304, as well as IDVLSDEPR
binds to Pro313, Asn317, Asn96, and Gly311 in hydrogen bonds. Hydrogen bonds
enhance the binding affinity of these peptides. The n-n interactions, hydrogen bonds, and
strong hydrophobic interactions between the ligand and AChE inhibit AChE’s activity by
competing for the acetylcholine binding site. These interactions may also prevent amyloid
fibrillogenesis by blocking the beta-amyloid recognition zone at the peripheral site. In
recent studies, N-, O-, and S- based heterocyclic agents have demonstrated potential anti-
cholinesterase activity. Their easy preparation, low toxicity, and high bioavailability are
driving their increasing use (Lu et al., 2011; Obaid, Mughal, et al., 2022; Obaid, Naeem,
et al., 2022; Peitzika & Pontiki, 2023).

In human catalytic BChE, the active site of BChE is positioned in a deep gorge with
specific amino acid keys such as Ser226, His466, and Glu353 surrounded by six amino
acids. At the lip of the active site, the substrate interacts with aspartic acid (Asp) and tyrosine
(Tyr). Tryptophan (Trp) facilitates the creation of an anionic site (Jovici¢, 2024). Molecular
docking analysis shows that the CFVVQPWEGK ligands may not interact with the active
site of the BChE enzyme, indicating they likely inhibit the enzyme through other sites.
On the other hand, IDVLSDEPR and Rivastigmine interact with the active site of BChE
with only one amino acid key residue, His666, with van der Waals interaction.

In the docking analysis of Rivastigmine (Table 2; Figure 4), it is apparent that
the ligand engages with the BChE, displaying a binding affinity of -6.3 kcal/mol and
an RMSD value of 0.965 A. Comparative scrutiny between the docking outcomes of
Rivastigmine as the reference and the active peptide ligand sequences CFVVQPWEGK
and IDVLSDEPR derived from crude venom and AEC showcases concordant specific
amino acid residues pivotal in BChE receptor interaction. As delineated in Figure 4 and
Table 4, the Rivastigmine ligand forms van der Waals interactions with Thr 148, Asp 98,
His 466, Ser 107, Gly 144, and Gly 467.
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Figure 3. Two-Dimensional visualization of the molecular interaction between (A) CFVVQPWEGK and (B)
IDVLSDEPR peptides with the Butyrylcholinesterase (BChE) receptor
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Figure 4. (A) Three-dimensional (3D) and (B) two-dimensional (2D) representations of the molecular
interaction between Rivastigmine (control) and the Butyrylcholinesterase (BChE) receptor. Yellow: BChE;
green: Rivastigmine

The in-silico inhibition activity assessment of trypsin-digested peptides from the crude
venom and AEC samples from C. rhodostoma provides a comprehensive view of the
venom’s biochemical diversity and potential therapeutic applications. The identification of 15
proteins across five distinct families in the crude venom, including L-Amino Acid Oxidase,
Snake Venom Metalloproteinases (like Kistomin), Zinc Metalloproteinases or Disintegrins,
Snaclec Rhodocytin and Rhodocentin subunits, Thrombin-like Enzymes, and Acidic and
Basic Phospholipase A2, underscores the complex nature of snake venoms. The detection of
136 peptide sequences further highlights the intricate peptide landscape within the venom. In
contrast, the AEC samples, which revealed 10 proteins spanning four families and 42 peptide
sequences, suggest that chromatographic techniques can effectively enrich specific bioactive
components, potentially offering a more targeted approach to peptide isolation.

The docking simulations using PyRx revealed significant variations in binding affinities
and Root Mean Square Deviation (RMSD) values among the identified peptides, suggesting
arange of inhibitory activities against BChE. Notably, peptides such as CFVVQPWEGK
and IDVLSDEPR demonstrated the strongest binding affinities, with values reaching -7.8
kcal/mol and -8.8 kcal/mol, respectively. These values indicate a strong interaction with
the BChE receptor, surpassing the binding affinity of the control compound, Rivastigmine,
which was -6.3 kcal/mol. The detailed molecular interactions, particularly van der Waals
interactions and hydrogen bonds with key residues like Trp 110, Asp 98, and Gly 467,
highlight the specificity of these peptides in binding to BChE.
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The variations in peptide sequences and binding affinities between the crude venom
and AEC samples underscore the importance of peptide diversity in modulating enzymatic
activity. The results suggest that specific peptides, potentially more concentrated or isolated
through AEC, may offer more potent inhibition of BChE. This finding aligns with the
broader pharmacological interest in identifying and optimizing venom-derived peptides
for therapeutic use, particularly as inhibitors of cholinesterases, which are relevant in the
treatment of neurodegenerative diseases like Alzheimer’s.

Absorption, Distribution, Metabolism, Excretion, and Toxicity (ADMET)
Prediction

The two best peptides identified through virtual screening and molecular docking were
analyzed for their ADMET properties. ADMET evaluation was performed to predict
pharmacology and pharmacodynamic properties. By assessing the molecule’s ADMET scores,
drug pharmacokinetics in the human body can be predicted (Flores-Holguin et al., 2021;
Sarkar et al., 2021). The result of the ADMET prediction for the lead peptides is presented
in Table 5, along with a comparative analysis with Rivastigmine as a positive control.
CFVVQPWEGK and IDVLSDEPR exhibit quite similar properties in ADMET evaluation.
In the absorption category, human intestinal absorption (HIA) results are positive for all
peptides, excluding Rivastigmine, which has a negative HIA, indicating that the absorption
of peptides in the intestine is poorly absorbed compared to Rivastigmine. However, the Caco-
2 permeability of the two lead peptides is poor compared to Rivastigmine, which exhibits
optimal permeability. Drug bioavailability is determined by its absorption in the body after
oral administration (Flores-Holguin et al., 2021). The ability of a peptide to traverse the
Blood-Brain Barrier (BBB) is assessed through the BBB permeability index. BBB and Central
Nervous System (CNS) permeability are important factors in designing an Alzheimer’s drug
candidate (Abdelazeem et al., 2024). Both CFVVQPWEGK and IDVLSDEPR peptides,
as well as Rivastigmine, show BBB-positive results and optimal plasma protein binding
(PPB), suggesting they can effectively penetrate the BBB. Regarding metabolism, none of the
peptides or Rivastigmine inhibit the CYP1A2 and CYP3A4 enzymes, indicating that these
peptides may enhance metabolism (Abdul-Hammed et al., 2021). Similar to Rivastigmine,
the peptides CFVVQPWEGK and IDVLSDEPR display a short half-life. In terms of toxicity,
several parameters were assessed, including hERG blockers, drug-induced liver injury (DILI),
Ames mutagenicity (AMES), and human hepatotoxicity. All lead peptides and Rivastigmine
were found to be non-blockers, non-toxic to the liver, and AMES-negative. Nonetheless, the
human hepatotoxicity results raised the possibility of toxicity for the two peptides, including
Rivastigmine. These findings indicate that the CFVVQPWEGK and IDVLSDEPR peptides
from C. rhodostoma venom are able to cross the BBB and imply the potential safety as a
new drug candidate.
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Taken together, the differential binding modes observed for these peptides provide
valuable insights into the structure-activity relationships that govern their interactions
with the BChE receptor. This knowledge is crucial for the rational design of peptide-based
inhibitors, where modifications to enhance binding affinity and specificity can be guided by
the docking results. The ADMET prediction also indicates that our peptides nearly met the
pharmacokinetics criteria for a drug-like molecule. The study’s comprehensive approach,
combining LC-HRMS analysis, peptide sequencing, and in silico docking, and ADMET
evaluation, provides a robust framework for exploring the therapeutic potential of venom-
derived peptides. These findings pave the way for future studies focusing on the functional
characterization of these peptides and their development as leads in drug discovery. While
molecular dynamics (MD) simulations would provide deeper insights into peptide-BChE
interactions, this study was limited to docking-based screening as an initial step, and MD
analysis is planned for future validation of the most promising candidates.

CONCLUSION

This study successfully isolated and identified specific protein components from the venom
of C. rhodostoma, revealing their potential as inhibitors of BChE. The venom’s protein and
peptide fractions demonstrated promising inhibitory activity against BChE, suggesting a
possible application in the management of Alzheimer’s disease (AD). Notably, two peptides,
CFVVQPWEGK and IDVLSDEPR, exhibited the highest binding affinities and optimal
interactions with BChE, positioning them as candidates for further investigation. Looking
ahead, there is a compelling need for in vivo studies to evaluate the efficacy and safety of
these peptides in animal models of AD. Additionally, further refinement of peptide isolation
techniques could enhance the purity and yield of these bioactive compounds. Understanding
the detailed mechanisms through which these peptides interact with BChE at a molecular
level will be crucial for the development of new therapeutic strategies. Exploration of
venom components from other snake species may also yield novel inhibitors, broadening the
scope of potential treatments. Ultimately, these endeavours could lead to the development
of innovative therapeutics for neurodegenerative diseases, offering hope for more effective
management options for patients with AD.
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APPENDIX

Supplementary Table 1
Composition of proteins within crude C. rhodostoma venom following trypsin-mediated digestion elucidated
via LC-HRMS analysis

Protein . Accession Total Peptide Mole.c ular
Famil Protein Protein Sequences Weight
L-amino-acid oxidase
OS=Calloselasma rhodostoma P81382 3 >8,2
LAAO L-ami id oxidase OS=B
-an.nno-ac:l oxidase OS=Bungarus o QLS2 3 58,7
fasciatus
Basic phospholipase A2 homolog
W6D49 OS=Calloselasma QI9PVF4 10 15,4
rhodostoma
PLA-2 Acidic phospholipase A2 S1E6-c
OS=Calloselasma rhodostoma QOPVED 7 158
Phospholipase A2 OS=Calloselasma AOAOH3U266 6 15.5
rhodostoma
Snake venom metalloproteinase
kistomin OS=Calloselasma POCB14 18 47,4
SVMP rhodostoma
Zinc metalloproteinase/disintegrin
OS=Calloselasma rhodostoma P30403 1 >
Thrombin  Thrombin-like enzyme ancrod
like OS=Calloselasma rhodostoma P26324 10 26,6
Enzyme Thrombin-like enzyme ancrod-2
ancrod 0S=Calloselasma rhodostoma Pa7797 4 2.1
Snaclec rhodocetin subunit alpha
OS=Calloselasma rhodostoma P81397 12 16
Snaclec rhodocetin subunit beta
OS=Calloselasma rhodostoma P81398 6 15,2
Snaclec rhodocetin subunit delta
OS=Calloselasma rhodostoma D2YWw40 > 14.8
Snaclec/ ] .
CTL Snaclec rhodocetin subunit gamma
(Fragment) OS=Calloselasma D2YW39 5 15,7
rhodostoma
Snaclec rhodocytin subunit alpha
OS=Calloselasma rhodostoma Q1841 > 158
Snaclec rhodocytin subunit beta Q91840 3 16.8

OS=Calloselasma rhodostoma
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Supplementary Table 2
Peptide sequences identified in the crude venom of C. rhodostoma following trypsin digestion, analyzed via
Liquid Chromatography-High Resolution Mass Spectrometry (LC-HRMS)

No Master Protein Sequence
1. L-amino-acid NEEAGWYANLGPMR

oxidase RFDEIVDGMDKLPTAMYR
KDIQSFCYPSVIQK
VTVVYETLSK
SAGQLYEESLGK
RFDEIVDGMDK
FDEIVDGMDKLPTAMYR
ETPSVTADYVIVCTTSR
EGDLSPGAVDMIGDLLNEDSGYY VSFIESLKHDDIFAYEK
NPLAECFQENDYEEFLEIAR
DCADIVFNDLSLIHQLPK
HVVIVGAGMAGLSAAYVLAGAGHQVTVLEASERPGGR
EGDLSPGAVDMIGDLLNEDSGYYVSFIESLK
NEEAGWYANLGPMRLPEK
DIQSFCYPSVIQK
LNEFSQENDNAWYFIK
HDDIFAYEK
EGDLSPGAVDMIGDLLNEDSGYYVSFIESLK
IFLTCTTK
KDPGLLK
YDTYSTK
STTDLPSR
FDEIVDGMDK
FWEDDGIHGGK
KVGEVK
VHFNAQVIK
DPGLLK
VVEELK
FNPPLLPK
LPTAMYR
LIKFNPPLLPK

2. Snake venom VYLVIVADKSMVDK

metalloproteinase  ETLYSFAK

kistomin SSAKETLYSFAK
WRVEDLSK
IEEQGHQMVNTMNECYRPMGIIIMAGIECWTTNDFFEVK
DFDGNTVGLAFVGGICNEK
DFDGNTVGLAFVGGICNEKYCAGVVQDHTK
VPLLMAITMGHEIGHNLGMEHDEANCK
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Supplementary Table 2 (continue)

No

Master Protein

Sequence

4.

Zinc
metalloproteinase/
disintegrin

Snaclec rhodocetin
subunit alpha

Thrombin-like
enzyme ancrod

ACVMAPEVNNNPTKK
DRKPECLFK

KPECLFK

KPHNDAQFLTNK

ACVMAPEVNNNPTK

YCAGVVQDHTK

SMVDKHNGNIK

VEDLSK

ACVMAPEVNNNPTK

VYLVIVADK

AYLDSICDPER

YIENQNPQCILNKPLR

HVDIVVVVDSR
HDGEYCTCYGSSECIMSSHISDPPSK
SVGIVQNYHGITLNVAAIMAHEMGHNLGVR
HSNDLEVIR

ESDLIK

LRPGAQCGEGLCCEQCK

GDMPDDR

CTGQSADCPR
ECDCSSPENPCCDAATCK

CFLMDHQSGLPK

SWIGLK
LEAVFVDMVMENNFENK
SNLEWSDGSSISYENLYEPYMEK
TWEEAER

DCPDGWSSTK

EAHLVSMENR
FCTEQEKEAHLVSMENR
WHTADCEEK
CFLMDHQSGLPK

NVFMCK

FCTEQEK
GPNPCAQPNKPALYTSIYDYR
IDVLSDEPR
DSCNSDSGGPLICNEELHGIVAR
TSWDEDIMLIR

FDDEQERYPK
VIGGDECNINEHR

FDDEQER
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Supplementary Table 2 (continue)

No Master Protein Sequence
RIDVLSDEPR
SEKFDDEQERYPK
VLCAGDLR
6. Basic QQFNTGIFCSK

phospholipase A2 GEILCGETNPCLNQACECDK

homolog FEKGEILCGETNPCLNQACECDK
DNLDTYNKK
DATDQCCADHDCCYK
NYGMYGCNCGPMK
MIMVMTGK
KLTDCDPK

ESYSYK
DNLDTYNK

7. Acidic TATYSYTEENDGIVCGGDDPCK
phospholipase A2 TATYSYTEENDGIVCGGDDPCKK
SGFFWYSFYGCYCGWGGHGLPQDPTDR
RSGFFWYSFYGCYCGWGGHGLPQDPTDR
CCFVHDCCYGK
QVCECDR
CQEDPEPC
8. Phospholipase A2 FNTGIFCSK
GEILCGETNPCLNQACECDK
FEKGEILCGETNPCLNQACECDK
NYGMYGCNCGPMK
MIMVMTGK
ESYSYK
9. Snaclec rhodocytin  AQENGAHLASIESNGEADFVSWLISQK
subunit alpha DELADEDYVWIGLR
GLEDCDFGWSPYDQHCYQAFNEQK
EQQCSSEWSDGSSVSYENLIDLHTK
TWDEAEK
10.  Thrombin-like LDSCHCDSGGPLICSEEFHGIVYR
enzyme ancrod-2  V[DVLPDEPR
FDDEQER
FDDEQERFPK
11. Snaclec rthodocetin  CFVVQPWEGK
subunit beta QAENGHLVSIGSAAEADFLDLVIVVNFDK
NAFLCK
CPTTWSASK
TWIEAER
AWTGLTER
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Supplementary Table 2 (continue)

No Master Protein Sequence
12. Snaclec rhodocetin  TWEDAESFCYAQHK
subunit delta EEEAFVGK
TVSFVCK
RPYCAVMVVK
WEWSDDAK

13. Snaclec rhodocetin  GHLVSIGSDGEADFVAQLVTNNIK

subunit gamma DFNCLPGWSAYDQHCYQAFNEPK
(Fragment)

TWDEAER
WDYSDCQAK
NPFVCK
14. Snaclec DWQEQSECLAFR
rhodocytin subunit - GVHTEWLNMDCSSTCSFVCK
beta NWADAER
15. L-amino-acid YPVKPSEEGK
oxidase YDTYSTK
STTDLPSR
Supplementary Table 3

Characterization of proteins elicited from Anion Exchange Chromatography fractionation of C. rhodostoma
venom via trypsin digestion and analyzed by LC-HRMS

Accession Total Peptide Molecular

Protein Family Protein Protein Sequences  Weight (kDa)
SVMP Snake venom metalloproteinase kistomin POCB14 2 474
Zinc metalloproteinase atau disintegrin ~ P30403 8 54
PLA-2 Basic phospholipase A2 homolog Q9PVF4 2 15.4
Thrombin- Thrombin-like enzyme ancrod P26324 10 26,6
like Enzyme  Thrombin-like enzyme ancrod-2 P47797 3 29,1
Ancrod
Snaclec atau Snaclec rhodocetin subunit alpha P81397 6 16
CTL Snaclec rhodocetin subunit beta P81398 6 15,2
Snaclec rhodocetin subunit delta D2YW40 3 14,8
Snaclec rthodocytin subunit alpha QoI841 1 15,8
Snaclec rhodocetin subunit gamma D2YW39 1 15,7
Supplementary Table 4

Peptide sequences identified from the Anion Exchange Chromatography fraction of C. rhodostoma following
trypsin digestion analyzed by LC-HRMS

No Master Protein Sequence
1 Zinc metalloproteinase/ LRPGAQCGEGLCCEQCK
disintegrin HDGEYCTCYGSSECIMSSHISDPPSK
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Venom Peptides from C. rhodostoma as Cholinesterase Inhibitors

Supplementary Table 4 (continue)

No

Master Protein

Sequence

ECDCSSPENPCCDAATCK
HVDIVVVVDSR
HSNDLEVIR

2

10

Thrombin-like enzyme ancrod

Snaclec rhodocetin subunit
alpha

Snaclec rhodocetin subunit
beta

Snake venom
metalloproteinase kistomin
Basic phospholipase A2
homolog W6D49

Snaclec rhodocetin subunit
delta

Thrombin-like enzyme
ancrod-2

Snaclec rhodocytin subunit
alpha

Snaclec rhodocetin subunit
gamma (Fragment)

CTGQSADCPR
YIENQNPQCILNKPLR
AYLDSICDPER
DSCNSDSGGPLICNEELHGIVAR
VIGGDECNINEHR
RIDVLSDEPR
TSWDEDIMLIR

IDVLSDEPR

MNLVFGMHR
FDDEQERYPK

FDDEQER

VLCAGDLR

VMGWGSINR
LEAVFVDMVMENNFENK
CFLMDHQSGLPK
EAHLVSMENR
DCPDGWSSTK

TWEEAER

SWIGLK

CFVVQPWEGK
CPTTWSASK
KCFVVQPWEGK

TWIEAER

AWTGLTER

KTWIEAER
IEEQGHQMVNTMNECYRPMGIIIIMAGIECWTTNDFFEVK
DFDGNTVGLAFVGGICNEK
GEILCGETNPCLNQACECDK
QQFNTGIFCSK
TWEDAESFCYAQHK
WEWSDDAK

LASQTLK

ILCAGDLQGR

FDDEQER

YIDVLPDEPR
DELADEDYVWIGLR

WDYSDCQAK
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