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ABSTRACT: 
Snake venom been studied for its lethality and various benefits for mankind. The latter been studied a plenty of recent 
but none related to coagulation of milk to curd.  The coagulation time of milk by samples were done using visible 
parameters i.e. change in viscosity, colour changes, white spot formation (separation between curd and whey) and 
finally observing a drop of coagulating fluid under magnification of a light microscope. Optimum parameters 
determined included concentration of coagulants, temperature and pH. Microscopic viewing included observing after 
centrifugation, under light microscope and SEM. Screening eleven venoms mostly predominantly found in tropical 
region singled out one with the most rapid coagulating timei.e by Calloselasmarhodostoma (CR). Optimization of CR 
venom related to several parameters provided venom concentration, 0.07 (w/v%); pH,7.0; temperature, 45.50C while 
that of rennet were determined to be 0.04±0.02 (w/v%); pH,7.0; temperature, 45.50C, respectively. Under these ideal 
conditions for both coagulants, comparison of their milk coagulation time found CR superior i.e. 0.41±0.02 min 
compared to 4.23±0.05 min for rennet. Milk coagulating assay guided fractionation of CR venom by using HiTrap SP 
FF and consecutively followed by HiPrep 26/60 Sephacryl S200 HR pre-packed columns led to a single band on 
coomassie stained SDS-PAGE gel. Next by LCMS analysis on the SDS PAGE band identified the presence of 
metalloproteinase kistominwithin the venom. EDTA inactivated the venom presumably chelating zinc hence 
suggesting further towards identifying kistomin as the likely protease within this venom with milk-clotting activity. 
Snake venom been potentially identified for yet another application for the benefit of mankind. In this investigation 
Malayan Pit Viper’s protease can play major role in dairy industry if studied further.   
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[I] INTRODUCTION 
The thought of snake venom being only lethal to 
mankind is outdated and no longer a current 
perception for at least those working in the field of 
toxin. Due to many evidences been brought to 
attention showing venom being beneficial for 
mankind strengthened this fact further. Human 
can share benefits from snake venom for it have 

been proven snake venom contributed in many 
field of pharmacology, toxicology and clinical 
field. Researchers had studied the function and 
benefit of the snake venom in pharmacology and 
clinical field especially for its anti-cancer 
properties[1-12], as defibrinating agent [13-14], 
antihypertensive activities [15-16] and related 
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cure for cardiovascular or systemic problems[14, 
17], HIV treatment[18-20], treatment for 
Alzheimer and other degenerative diseases[21], 
anti-microbial[22-27], tools in diagnostics[28-31] 
and so on. 
To highlight just one research area in detail, in 
cancer therapy, Vyas et al.,(2013), isolated active 
constituents of certain snake venom capable to 
bind specifically to tumor cells, thus affects the 
migration and its cell proliferation [2]. It is proven 
that, cytotoxic effects of snake venom show 
potential in fighting against tumor cells. These 
components included cardiotoxin-3 (CTX-3) 
[32]and integrin [33-34]. Cytotoxins found in 
Calloselasmarhodostoma (formerly known as 
Agkristodonrhodostoma) snake venom revealed to 
have anti-cancer property by killing at least half 
percentage of the (CTC50) tumor cells studied 
[35].    
In reality, all these only concluded that venom as a 
mixture no doubt being lethal, however once 
isolated to partial or singular entity been a very 
powerful remedy. Observing and imitating nature 
has been an excellent window into innovations in 
science and technology and here as well that 
conception been well captured to improve on 
another area of life i.e. in food industry. 
Abundance of proteolytic enzymes can induce 
milk coagulation and these proteases results not 
only from its ability to clot the milk but also from 
the relationship between milk clotting ability and 
the general proteolysis which enzyme may 
produce [36]. Proteases from animal, plant and 
microbial sources has been investigated as rennet 
substitute and milk clotting enzymes.  Different 
sources of proteases differ in their physical and 
catalytic properties with some of them have 
capacity to coagulate milk, but most of them are 
not suitable for food industry because of their 
hydrolytic action end in lower yields, fat lost from 
the curd and undesirable changes in texture and 
flavor during cheese aging [37]. Researchers have 
been encouraged to find other sources and 
alternatives of coagulant due to the difficulties in 
finding a suitable coagulant in food industries.  

Milk coagulation can be facilitated by inducing 
micelle aggregation; by enzymatic action (cheese) 
or also by adding acid (form fermented milk) [38]. 
Milk is the emulsion of fat globules and 
suspension of casein micelles in water. Casein 
micelles are hydrophobic with their natural 
tendency to aggregate. Coagulation is achieved by 
adding specific proteolytic enzyme usually rennet 
to the milk when casein micelles stick together 
[39]. κ-casein is a substrate of chymosin is the 
primary agent for milk clotting and proteinases 
which productively coagulate milk could 
recognize sequence from His 98 to Lys111, but 
exhibit specificity for Phe105- Met106 bond of κ-
casein of the casein micelle [40-45]. Hence, 
addition of chymosin (rennet) to milk causes 
coagulation.  
It has been reported that enzyme present in snake 
venom especially those in vipers hydrolyze 
proteins and membrane component which lead to 
blood clotting [46-47]. Nevertheless, no strong 
indications support homology between 
coagulation of blood and milk other than that 
studied long time ago by Jolles&Henschen[48]. 
They compared the clotting of blood and milk and 
found the common features of both process. 
Evidently there are structural homologies between 
κ-casein and N-terminal part of fibrinogen y-
chain. In addition, it has been also suggested 
similarity in cleavage mechanisms between the 
action of thrombin (blood) on fibrinogen and that 
of chymosin (EC 3.4.23.4) on the κ-casein fraction 
of milk. Both of these proteases are known to 
hydrolyze specific linkages resulting in 
development of soluble peptides and insoluble 
polymerized fractions. The specificity found to be 
dependent on amino acid sequence surrounding 
thrombin or chymosin sensitive peptide links (7-9, 
13-16) determine in part of susceptibility of 
thrombin/chymosin hydrolysis [49-50]. Currently, 
unfortunately no other studies found to actually 
correlate these two activities ever since then. 
Nevertheless, these authors’ suggestions of linking 
coagulation of milk to that of blood clothing 
process were more than enough for us to 
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hypothesize and eventually experiment on the 
possibility of snake venom (a highly capable 
blood coagulant) to also coagulate milk. Viper 
venom such as C. rhodostomahas dual effect on 
blood clotting; at particularly low concentration it 
is procoagulant while at higher dosage it acts as 
anticoagulant, the venom is an activator of Factor 
X, which speed up conversion of prothrombin to 
thrombin, results in formation of normal fibrin. 
This clotting activity observed at low 
concentrations estimated due to Factor X activator 
predominant, while at high concentration 
defibrinogenating mechanism is predominant [47]. 
Freitas et al. [51], stated that, the venom has no 
effect on platelet activity at low concentration 
however, at high concentration its effects are 
confounded in by formation of weak fibrin mesh. 
The fibrinogen clotting enzymes found in snake 
venom sample are the most frequent type of blood 
coagulation activator, they are well known among 
members of the family Viperidae (Viperinae and 
Crotalinae). Based on purification efforts, 
Malayan pit viper contains, ancrod which is the 
fibrinogen clotting enzyme responsible to target 
on alpha chain [52-54]. 
 
[II] METHOD 
2.1.Sample collection and preparation                                                                                                                    
A total of ten snake venom samples from various 
species in Malaysia were collected from Perlis 
Snakes Farm, State of Perlis, Malaysia. Venoms 
were milked into sterile universal containers and 
the container stored in an ice-filled insulated box 
to prevent venom deprivation. Samples were kept 
in freezer immediately upon arrival at laboratory 
followed by freeze-drying into powder form. The 
lyophilized powder was then stored at -20 � 
freezer until further usage. Additionally, 
Najanivea (endemic to Southern Africa) was a 
personal collection of one researcher of this 
study.Rennet from Mucormieheiwas purchased 
from Sigma-Adrich. BD DifcoTM skim milk was 
purchased from Thermo Fisher Scientific, USA.  

2.2. Determining Protein Content 
Protein content in samples were determined by 
following the modified procedures of Bradford 
[55],with an initial stock of 2 mg/ml of bovine 
serum albumin (BSA) purchased from Thermo 
Scientific, USA to be used to derive the standard 
curve.  
2.3. Determining Coagulation Time of Various 
Snake Venom Samples 
A total of 0.04% (w/v) of venom was weighed and 
dissolved in 1.5 ml of 5% (w/v) freshly prepared 
skim milk with temperature and pH maintained 
constant at 250C and pH 7.0, respectively. The 
amount of CaCl2 was provided in excess at 
concentration of 0.8% (w/v). Immediately after 
the venom was added into milk solution, the end 
point of coagulation was determined by observing 
for visible clot formation as described by Farah & 
Bachmann [56], (with few modifications). Briefly, 
this was done using three visible parameters i.e. 
change in viscosity, colour changes and white spot 
formation (separation between curd and whey). 
Consequently, upon observing this changes a final 
confirmation of coagulation done by observing a 
drop of the fluid under magnification of a light 
microscope. The coagulation time was defined as 
the time required for the first appearance of 
graininess in the moving film of milk on the 
surface of the glass wall [56].  
2.4.Determining Optimum Parameters of C. 
rhodostoma and M. meihei rennet 
The parameters determined were optimum protein 
concentration of samples, temperature and pH. In 
determining the optimum protein concentration, 
serial dilution of CR venom andM. meiheirennet 
were prepared ranging from 0.0045 % - 0.2845 % 
(w/v) of different protein concentration of rennet 
and snake venom in 1.5 mL of skim milk sample 
with other parameters maintained constant at 250C 
temperature and pH 7.0. The time taken for 
coagulation was recorded. 
Next, the protein concentration of 0.07% (w/v) of 
CR venomand 0.04% (w/v) M. meiheirennet were 
used for the determination of the optimum 
temperature andpH.For the latter, 0.1M Potassium 
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Phosphate buffer was prepared ranging from pH 
6.0 to 8.0, while incubation in water bath at 
temperature ranges between 30� to 60� used for 
the other parameters. Each of the coagulant 
samples was dissolved in 1.5 mL of skim 
milkcontaining CaCl2 of 0.8% (w/v). The 
parameters of temperature and pH maintained to 
be constant (except for the investigated parameter) 
at 250C and pH 7.0. Time taken to record 
coagulation time is as described earlier.  
2.5. Microscopy Techniques 
 
2.5.1. Optical Microscope 
An observation was carried out by observing a 
drop of milk (uncoagulated and undergoing 
coagulation) in a light microscope (Nikon Eclipse 
E100, USA) fitted with digital imager (DinoEye 
Eyepiece Camera Software).   
2.5.2. Scanning Electron Microscope (SEM)  
The freeze-dried specimens (curd formed due to 
CR and rennet, and milk alone) were sent for SEM 
(Fei Quanta 450, Thermo Fisher Scientific, USA) 
analysis at Central Laboratory, Universiti 
Malaysia Pahang, Malaysia. 
 
2.6. Milk Coagulation Guided Isolation and 
Identification of Active Protein 
 
2.6.1.Ion Exchange Chromatography  
The HiTrap SP FF (GE Healthcare Life Sciences) 
pre-packed with SulfopropylSepharose Fast Flow, 
a strong cation connected to the ÄKTAexplorer 
(Amersham Biosciences, Sweden). A 50mM 
ammonium acetate at pH 6.0 and 1.0M NaCl in 
50mM ammonium acetate at pH 6.0 were the start 
buffer and elution buffer (Buffer B). The 
parameters programmed to a method template as 
follows: 
Flow rate: 1.0 mL/min; Fraction size: 4.0 mL; 
Sample injection: 0.5 mL; Equilibration volume: 
15 mL; Wash out unbound: 10 mL; Elution 
volume: 30 mL; Re-equilibration volume: 15 mL 
and the linear gradient elution as shown in Fig 1. 

 
Fig: 1.Concentration of Buffer B (%) versus Eluent 
Volume (mL). 
 
The fractions were collected, freeze dried and 
consequently desalted using HiTrap Desalting 
(GE Healthcare Life Sciences, USA), a pre-
packed Sephadex G-25 Superfine column. The 
column was connected to the ÄKTAexplorer 
(Amersham Biosciences, Sweden) and utilized a 
standard template program for desalting contained 
within it. 
2.6.2. Size Exclusion Chromatography 
The active fraction eluted from ion exchange 
chromatography column (HiTrap SP FF) was 
applied onto HiPrep 26/60 Sephacryl S 200 HR 
pre-packed column (GE Healthcare Life Sciences, 
USA). The column was connected to the 
ÄKTAexplorer (Amersham Biosciences, 
Sweden). The column was equilibrated with 
50mM of ammonium acetate buffer of pH 7 and 
the elution was carried out using the same buffer 
with 2 ml sample injection at flow rate of 
1ml/min. The fractions of 6 ml were collected and 
the peak was monitored by recording the 
absorbance at 280nm. 
2.6.3. SDS PAGE  
SDS PAGE was performed to determine the purity 
of fractions with positive results. A 12% 
separating gel and 5% stacking gel were prepared 
and ran on 150 Volts until the dye reached the 
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bottom of the gel. The gel was then stained with 
warm Coomassie blue staining solution 
(PhastGelTM Blue R, GE Healthcare Life Sciences, 
USA) to allow the visualization of bands. The 
staining solution was discarded and de-stained 
with intermittent changes of 10% acetic acid 
solution until a clear visualization of bands on a 
shaker.    
2.6.4. Mass Spectrometry Analysis 
The protein band was excised from the SDSPAGE 
gel and placed in a microcentrifuge tube. The 
sample sent for identification using Liquid 
Chromatography Tandem Mass Spectrometry 
(LC-MS/MS) by Proteomics International, 
Australia. Briefly, protein sample was trypsin 
digested and peptides extracted. Peptides were 
analysed by electrospray ionisation mass 
spectrometry using the Shimadzu Prominence 
nano HPLC system (Shimadzu, Japan) coupled to 
a 5600 TripleTOF mass spectrometer [Sciex]. 
Tryptic peptides were loaded onto an Agilent 
Zorbax 300SB-C18, 3.5 µm (Agilent 
Technologies, USA) and separated with a linear 
gradient of water/acetonitrile/0.1% formic acid 
(v/v). 
 
[III] RESULTS 
Table 1. Milk coagulation time of various snake 
venoms. 
 
Sample Protein 

content 
(µg) 
Mean ± 
SE 

Percenta
ge of 
protein 
(%) 

Coagulati
on time 
(minutes) 
mean ± 
SE 

Calloselasmarhodostoma 
(viper) 

778.89±0.
03 

77.8 2.83±0.10 

Najasputatrix 
(cobra) 

268.40±0.
01 

26.8 3.33±0.34 

Trimeresuruswagleri(viper
) 

574.36±0.
01 

57.4 3.67±0.56 

Bungaruscandidus 
(krait) 

478.63±0.
02 

47.9 12.00±0.5
1 

Najakaouthia 
(cobra) 

384.91±0.
00 

38.5 15.03±0.1
9 

Ophiophagushannah(cobra
) 

287.18±0.
02 

28.7 30.00±0.1
9 

Najanivea 
(cobra) 

752.14±0.
02 

75.2 47.00±0.4
7 

Bungarusfasciatus 
(krait) 

678.63±0.
01 

67.9 ˃ 60* 

Trimeresurushageni(viper) 628.59±0.
01 

62.9 ˃ 60* 

Trimeresurussumatranus(v
iper) 

428.21±0.
00 

42.8 ˃ 60* 

Trimeresuruspurpureomac
-ulatus 
 (viper) 

547.01±0.
02 

54.7 ˃ 60* 

 
Data presented as standard error (SE) with repeats of 
n=3. The end point was recorded when discrete 
particles (whitish liquid) were discernible. *denotes 
those samples unable to show convincing coagulation 
immediately.  
 
3.1. Coagulation Time of Various Snake Venom 
Samples  
The milk coagulation time for various snake 
venoms are as shown in Table 1. CR found with 
the most rapid coagulating activity of 2.83±0.10 
minutes (also incidentally with the highest protein 
content of 77.8%), and Najasputatrix(26.8% 
protein content) andTrimeresuruswagleri(57.4% 
protein content) followed next with coagulating 
time to be less than four minutes. Hence, no direct 
correlations can be made between coagulation 
time and protein content.  
 
3.2. Optimum Parameters of CR and rennet 
In determining the optimum coagulating 
parameters for CR and rennet, an initial 
investigation to find out the optimum amount 
required for the coagulating activity was carried 
out.  As shown in Fig 2 (graph A & B) the amount 
of 0.07% and 0.04% (w/v) of CR and rennet 
respectively determined as the optimum protein 
content required for each of the coagulant.  
These amounts were next utilized in the 
determination of other parameters and results been 
summarized in  
Table 2. The optimum values for each parameter 
(pH and temperature) were obtained based on 
graphs (C to F) shown in Fig 2.  
The graphs of A-B provided similar patterns for 
the rate of coagulation whereby observed to be 
reaching a plateauing effect. While the graphs of 
C-F, a pattern of non-symmetrical bell shape with 
an obvious peak.   
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Fig: 2. Determining optimum parameters byA: 
increasing CR protein concentration (w/v%); B: 
increasing rennet protein concentration (w/v%); 
C: varying pH environment for CR; D: varying pH 
environment for rennet;  E: varying temperature 
for CR; F: varying temperature for rennet. 
 
As shown in Table 2, the optimum pH and 
temperature determined for both rennet and 
CRwere pH 7.0 and 45.4oC, respectively. Though 
both coagulants had similar optimum conditions 
(i.e. pH 7.0 and temperature of 45.5oC), the 
coagulation time differed markedly as CR was 
found better in its coagulating rate once tested 
with their optimum conditions as shown in Table 
2.  
Table 2.Summary of optimum conditions for C. 
rhodostoma venom and rennet. 

Parameter 

CR Rennet 
Optimu

m 
condition 

Coagulatio
n time 

(minute) 

Optimu
m 

condition 

Coagulatio
n time 

(minute) 
Protein 

concentratio
n (w/v%) 

0.07  1.36±0.01 0.04 23.00±0.58 

pH 7.0 2.50±0.03 7.0 6.20±0.12 
 

Temperature 45.5 o C 0.34±0.03 45.5 o C 2.00±0.25 
#Comparison 

of CR and 
rennet 

0.07; 7.0; 
45.5oC 0.41±0.02 0.04; 7.0; 

45.5oC 4.23±0.05 

#The coagulation time of CR venom and rennet 
under their respective optimum conditions.  
All data presented as ±SE with repeats of n= 3. 
 
 

3.3. Microscopic View of Samples   
The visuals (Fig 3) of pre- and post-coagulations 
showed (X-Z) images of milk before and after 
coagulation by CR and rennet viewed in three 
different observations i.e. after centrifugation, 
under light microscope and SEM. Evidently, milk 
appeared soluble throughout even after 
centrifugation while in both CR and rennet treated 
milk a clear curd (precipitated at the bottom) and 
whey (solution) being separated signifying 
coagulation.  
The curds formed (moldy looking) due to these 
two coagulants were easily differentiated from 
milk under a low magnification using a light 
microscope.    
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Fig: 3.pre- and post-coagulations of milk:Inset of X 
boxed area showing a tube containing 1 ml of 
uncoagulated milk (control), structure of milk at 
low magnification (100X) viewed with light 
microscopy (center) and SEM image of freeze 
dried milk  (far right) at 3.50KX. Inset of Y boxed 
area showing a tube of milk with clear visible 
separation of curd and whey after coagulation by 
CR and centrifuged at 10,000 rpm for 2 minutes, 
structure of CR coagulated milk at low 
magnification (100X) viewed with light 
microscopy (center) and SEM image of freeze 
dried curd (far right) at 3.50KX. Inset of Z boxed 
area showing a tube of milk with clear visible 
separation of curd and whey after coagulation by 
rennet and centrifuged at 10,000 rpm for 2 
minutes, structure of rennet coagulated milk at 
low magnification (100X) viewed with light 
microscopy (center) and SEM image of freeze 
dried curd (far right) at 3.50KX.  
The images of freeze-dried milk, viewed under 
SEM showed individual structures of casein 
micelles. It has round, spherical like shape and 
distributed evenly throughout the milk sample.  
The image of caseinate curd due to CR showed 
strong shadowing effects due to surface roughness 

by the development of strands of gel formed due 
to coagulation. The particles surface showed 
clump of uneven surface forming compact 
structure. Caseinate curd of rennet showed 
uneven, irregular clumps with much larger hollow 
space which appeared as if to be large globular 
particles emerging from their interior and forming 
a thread of network. 
 
3.4. Identification of the Coagulant within C. 
rhodostoma 
As shown in Fig 4(a), a total of 4 peaks were 
eluted out and the desalting done for all cumulated 
fractions. Upon screening the freeze dried 
fractions for coagulating activity only peak 2a 
observed with activity. Consequent, stepwise size 
exclusion chromatography of protein mixture 
within the relevant peak 2a provided profile as 
shown in Fig 4(b) with significant coagulation to 
be present in peak 5b only. The coagulation 
activity is as shown in Fig. 5. 

 
Fig: 4.Chromatograms of protein separations.(a) 
HiTrap SP FF cation exchange chromatography of 
10mg CR crude venom and (b) Size exclusion of active 
peak 2a (25mg) separated into peaks of 1b - 6b. 
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Fig: 5.Coagulation by fraction in peak 5b.Inset of 
boxed area showing a tube of milk with clear visible 
separation of curd and whey after coagulation by 
fraction in peak 5b once centrifuged at 10,000 rpm for 
2 minutes and structure of coagulated milk at low 
magnification (100X) viewed with light microscopy 
(center). On the far right, SDS-PAGE gel; Lane 1: Low 
Molecular Weight Calibration Kit (GE Healthcare 
Biosciences, USA) molecular marker, Lane 2: Crude 
venom of CR, Lane 3: HiPrep 26/60 Sephacryl S 200 
HR size exclusion chromatography obtained peak 5b. 
 
Table 3. Protein Identification Summary on the SDS 
PAGE Gel Band of Peak 5b. 
Search Parameters Results 
Database/version: 
MSPnr100/Mascot 
2.4.1 

protein hit and rank: 1 

Variable 
modification: 
oxidation (M) 

protein accession: P0CB14 

Taxonomy filter: 
Serpentes (June 2017; 
121,572 sequences) 

Protein description: 
sp|P0CB14|VM1K_CALRH 
Snake venom metalloproteinase 
kistomin n=1 Tax_Id=8717 
[Calloselasmarhodostoma] 

Enzyme: Trypsin Protein score: 658 
Maximum Missed 
Cleavages: 1 emPAI: 1.49 

Peptide & fragment 
mass tolerances: 
±0.2Da 

peptides matched: 30 (18 non-
duplicate, 12 duplicate) 

Mass values: 
Monoisotopic 

Peptides (non-duplicate only): 
107, 140, 142, 153, 211, 575, 576, 
702, 705, 796, 889, 917, 918, 945, 
950, 997, 1094, 1120 

Instrument type: 5600 
TripleTOF mass 
spectrometer [AB 
Sciex], ESI-QUAD-
TOF 

Peptides found significant and top 
ranking: 9 

Data in Table 3 indicated the protein hit ranked 
number one due to the highest score attained. The 
protein identified as snake venom 
metalloproteinase (SVMP) kistomin belonging to 
the snake of Calloselasmarhodostoma. Evidently, 
no other protein belonging to the database of CR 
identified within the hit list.Hence, the kistomin 
enzyme was purified from C. rhodostomaas 
asingle band with molecular weight found 
between 20-30kDa on SDS-PAGE (Fig 
5).Similarly, Vejayan et al. [57], in their attempt 
to map the proteome of Calloselasmarhodostoma 
identified kistomin as an intense two dimensional 
electrophoresis (2-DE) spot between molecular 
weight of 20-30kDa.  
Table 4. Coagulation activity in presence of a chelating 
agent. 

Samples 0.07% 
(w/v) 
CR 
only 

0.07% 
(w/v) CR 
in 50mM 

EDTA 

Kistomin 
only 

Kistomin 
in 50mM 

EDTA 

Coagulation 
of 5 % (w/v) 

milk 
+ -- + -- 

+, coagulated within a minute; --, no coagulation 
 
Table 4 showed results of0.03% (w/v) 
kistomintreated to milk in the absence and the 
presence of 50mM ethylenediaminetetraacetic 
acid (EDTA). Only milk treated with CR and 
kistominprovided a tube with clear separation 
between whey and curd after centrifugation at 
10,000 rpm for 2 minutes (figure not provided). 
Kistomin been reported to be deactivated in the 
presence of EDTA (a chelating agent). Evidently 
in this experiment no coagulation observed once 
the EDTA been included in tubes containing 
either CR or the isolated kistomin alone.Hence, 
indicating kistominto be the protease acting as the 
coagulant within the CR venom.   
 
[IV] DISCUSSION 
Generally, venoms of Viperidae known to contain 
more haemotoxin and metalloproteinase exerting 
strong proteolytic activity while Elapid venoms 
contain neurotoxins and cardiotoxin hence with 
weaker proteolytic activity [58-59]. The 
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comparison of proteome in four snake venoms 
belonging to Viperidae and Elapidae by Vejayan 
et al. [57], showed clear distinction with Viperidae 
venoms prominent with more of higher molecular 
weight spots in 2-DE compared to the Elapidae 
venoms studied with mostly lower molecular 
weight 2-DE spots (presumably belonging to 
neurotoxins). Apart from the two viper species i.e. 
CalloselasmarhodostomaandTrimeresuruswagleri
shown with rapid milk coagulations while the 
other three vipers Trimeresurushageni, 
Trimeresurussumatranus and 
Trimeresuruspurpureomaculatusprovided 
unconvincing activity of more than an hour. 
Similarly, no direct correlation can be made 
between protein content of venom and coagulating 
activity. In this study, the protein content of the 
eleven snake venoms was between 30 and 80%. 
Generally, snake venoms mainly comprise of 
protein which make 70-90% of the dry weight of 
snake venom [2, 60]. Different species have 
different types of venoms and even the 
composition of protein within the single species 
vary depending on age, climate, geographical 
location, its habitat, diet and etc[61-63].Mackessy 
et al. [64] has conducted a study of protein content 
in four growth categories (neonates, juveniles, 
adults and large adults) of Boigairregularissnake 
and found that the percentage of the protein 
content in this snake is increasing from 47.5 to 
90.2% as the snake aged.  
Interestingly, Najasputatrix(spitting cobra) venom 
found with high milk coagulating activity even 
though with the lowest protein content. 
Najasputatrix (also known as Javan spitting cobra) 
venom may have evolved from a specialization of 
prey ingestion rather than prey capture, since the 
venom can cause disruption of the cornea and 
produces intense pains when in contacts with eye 
[65].Moreover, it has been found that, 5% of N. 
sputatrix venom dry weight consists of high 
molecular weight proteins and enzymes (> 30000 
MW); and the enzymes composition include 
phosphodiesterase, 5'-nucleotidase, protease, L-
amino acid oxidase, hyaluronidase, alkaline 

phosphomonoesterase and acetylcholinesterase 
[66-67]. 
Meanwhile, elapid snake (with the exception of 
Najasputatrix) from this study also possess 
coagulation activity but the time taken for 
coagulation is much longer than viper species. 
Elapid species mainly comprised of neurotoxins 
[57] and have weak proteolytic activity [58]. In 
addition, elapid venoms contain various active 
basic polypeptides (non-enzymatic) which 
constitute 25-60% of the venom dry weight and 
have fewer enzymes than viper venoms [66]. 
Najakaouthia venom consists of enzymes mostly 
being high molecular and composition differing 
from Najasputatrix venom. The former has higher 
neurotoxin content than Najasputatrix[66]. In this 
study, Ophiophagushannahvenom also exhibited 
milk coagulation activity. Ophiophagushannahor 
also known as King Cobra has relatively higher 
enzyme content than venoms of most cobras. The 
biological active elements that have been 
characterized are neurotoxin, hemorrhagic and 
non-hemorrhagic proteases, L-amino acid oxidase, 
phospholipase A2 enzymes and alkaline 
phosphomonoesterases[66]. This venom contains 
five proteases which is likely hemorrhagic 
protease types having molecular weight around 
70000daltons[68]. Furthermore, the previous 
study by Vejayan et al. [57], found the protein 
map of Ophiophagushannah displayed 
dissimilarities in relation to the other two elapids 
(Najakaouthia and Bungarusfasciatus). In the 2-
DE proteome profile of the venoms, protein spots 
of Ophiophagushannah venom were displayed at 
the higher molecular mass region similar to the C. 
rhodostoma. 
In this study, C. rhodostomavenom sample 
exhibited excellent milk clotting activity and was 
selected for optimization of parameters together 
with commercialized Mucormieheirennet. Apart 
from the protein concentration, all other 
parameters i.e. pH and temperature were found 
similar as optimum conditions of both samples. 
Calcium chloride was added in excess to the skim 
milk as a firming agent. Zerrin[69] claimed 
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accumulation of calcium escalates rate of firming 
of rennet-induced milk gel (curd) and firmness of 
gel (curd). Calcium chloride causes charge 
neutralization of negatively charged groups found 
on casein micelle surface and possible 
development of calcium bridges which speed up 
the clotting as well. Interestingly, distinctive bell 
shaped curves with maximum peaks denoting 
optimum pH and temperature commonly obtained 
for any enzyme. Upon performing coagulating 
activity using these ideal conditions for each 
sample, it was determined C. rhodostomavenom 
was superior to rennet. The rennet used is a 
recombinant fungal, Mucormiehei,derived source. 
It comprises of proteins with higher level of purity 
compared to the crude venomincidentally explains 
the use of almost double the amount of C. 
rhodostomavenom for the optimum coagulating 
activity.  
Three visual observations clearly separated the 
coagulated (by CR and rennet) and uncoagulated 
outcomes of milk. Such indicators relevant as the 
evaluation method for coagulation required to be 
customized for this study due to the low amount 
of venom material available from the snakes. 
Though a number of milk coagulation method 
available none found suitable to be used in 
evaluating the milk coagulating activity of snake 
venoms such as ultrasonic[70-72], heated 
thermistor [73], formagraph [74-75], rheological 
assay [76-77], NIR light backscatter [77-78],mid-
Infrared reflectance spectroscopy [79] and diffuse 
reflectance [80].Based on the SEM images of 
freeze dried milk sample, the micelles are 
markedly found to be separated from each other 
and found to contain in groups. According to 
Mimouni et al. [81], the surface of the particles 
was principally smooth; any roughness on its 
surface is due to the consequence of freeze-dried 
technique done.  
Isolation of the coagulant present within CR 
involvedstep wise assay guided purification by 
initial ion exchange separation followed by size 
exclusion chromatography and consequent gel 
band de novo peptide mass spectrometry analysis 

to finally identifySVMP kistomin as the highest 
scored match. The approach involved mass 
spectra data of the unknown peptide within 
protein in peak 5b submitted and found the most 
appropriate match with known peptide sequence 
of CR protein database. The results of the protein 
identified was in contrast to the earlier expected 
protease i.e. ancrod, being the major form of 
thrombin like-enzymes in C. rhodostoma venom.  
Ancrod is a reptilian fibrinogenases with a high 
degree of sequence similarity to those of 
mammalian serine proteinase [66, 82]. While 
SMVP kistomin is also a fibrinogenase capable of 
cleaving (protease activity) specifically the 
glycoprotein platelets to impair their function to 
cause hemostasis. This zinc containing enzyme (as 
such known to be inhibited by EDTA chelating 
agent) having 25kDa molecular weight belongs to 
the C. rhodostoma venom metaloproteinase 
(M12B) family capable to selectively cleave 
human platelet glycoprotein Ib[83-85]. Hence, the 
function of SMVP kistomin in coagulating milk 
can be explained due to its protease activity. In 
general, as it is similar to chymosin function, 
likely SMVP kistomin too specifically cleaves κ-
casein fraction of milk resulting in development of 
insoluble fractions which polymerizes[86-87]. The 
recent studies had found that metalloproteinases 
isolated from Paenibacillusspp. [88-89]and 
Termitomycesclypeatus[90] have the ability to 
induce milk clotting. The specificity of the 
coagulant in cleaving casein within its amino acid 
sequence is crucial as other viper venom studied 
(expected to contain protease as well) unable to 
coagulate milk as comparable to C. rhodostoma.  
 
[V] CONCLUSION 
This study identified the potentials of snake 
venom in coagulating milk as whole and more 
importantly the ability of one outstanding venom 
related to this activity. A comparison with 
commercial milk coagulant indicated potentials of 
the Malayan Pit Viper venom and consequently 
identified the protease within this venom to be 
metalloproteinase of kistomin. Though yet again 
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doubts may arise in considering venom protease 
as a likely coagulant for the dairy industry due to 
its low abundance from snake however it is 
expected with the eventual genetic engineering of 
it’s gene into a suitable microbe may overcome 
this challenge.This work merely proposes a 
protease originating from snake venom uniquely 
capable to coagulate milk. Whether it is able to be 
utilized commercially is another challenge 
altogether. 
 
ACKNOWLEDGEMENT 
We would like to thank Perlis Snake Farm, 
Malaysia for the supply of venom. Also a special 
thanks to Mr Salman Faris bin Zaharin(snake 
handler). The work done by funding contributed 
by Universiti Malaysia Pahang under grant code 
of RDU1603134. 
 
REFERENCES 
1. Ande SR, Kommoju PR, Draxl S, et al. 

Mechanisms of cell death induction by L-
amino acid oxidase, a major component of 
ophidian venom. Apoptosis. 
2006; 11(8):1439-1451. 

2. Vyas VK, Brahmbhatt K, Bhatt H, et al.  
Therapeutic potential of snake venom in 
cancer therapy: current perspectives. Asian 
Pac J Tropical Biomed. 2013; 3(2):156-162. 

3. Calderon LA, Sobrinho JC, Zaqueo KD, et al. 
Antitumoral activity of snake venom 
proteins: new trends in cancer 
therapy. BioMed Res Int. 2014; 2014; 19 
pages. 

4. Facchin F, Ciano M, Canaider S, et al. 
Treating Cancer with Snake Venom and 
Serum: Case Series. Alter &Integ Med. 2014; 
3(3): 1-10. 

5. Sun D, Sun M, Zhu W, et al. The anti-cancer 
potency and mechanism of a novel tumor-
activated fused toxin, DLM. Toxins. 
2015;7(2):423-438. 

6. Shanbhag VKL. Applications of snake 
venoms in treatment of cancer. Asian Pac J 
Tropical Biomed. 2015; 5(4):275-276. 

7. Trinh KX, Thuc PV, My CT, Markland FJr, 
Swenson S, et al. A Novel Anti-tumor 

Protein from CalloselasmaRhodostoma 
Venom in Vietnam. Anat Physiol. 2016; 6: 
213.  

8. Thakur R, Kini S, Kurkalang S, et al. 
Mechanism of apoptosis induction in human 
breast cancer MCF-7 cell by Ruviprase, a 
small peptide from Daboiarusseliirusselii 
venom. Chem-Bio Interactions. 2016; 258: 
297-304. 

9. Ebrahim K, Vatanpour H, Zare A, et al. 
Anticancer activity a of Caspian Cobra 
(Najanajaoxiana) snake venom in human 
cancer cell lines via induction of 
apoptosis. Ira J Pharma Res. 2016; 15(Suppl): 
101-112. 

10. Zakraoui O, Marcinkiewicz C, Aloui Z, 
Othman, H, et al.  (2016). Lebein, a snake 
venom disintegrin, suppresses human colon 
cancer cells proliferation and tumor‐induced 
angiogenesis through cell cycle arrest, 
apoptosis induction and inhibition of VEGF 
expression. Mol Carcinogenesis. 2017; 56(1): 
18-35. 

11. Bonilla-Porras AR, Vargas LJ, Jimenez-Del-
Rio M, et al. Purification of nasulysin-1: A 
new toxin from Porthidiumnasutum snake 
venom that specifically induces apoptosis in 
leukemia cell model through caspase-3 and 
apoptosis-inducing factor 
activation. Toxicon. 2016;120:166-174. 

12. Lee HL, Park MH, Hong JE, et al. Inhibitory 
effect of snake venom toxin on NF-κB 
activity prevents human cervical cancer cell 
growth via increase of death receptor 3 and 5 
expression. Arc toxicol. 2016; 90(2):463-477. 

13. de Oliveira F, de Sousa BB, Mamede CCN, 
et al. Biochemical and functional 
characterization of BmooSP, a new serine 
protease from Bothropsmoojeni snake 
venom. Toxicon. 2016; 111:130-138. 

14. Sanchez EF, Richardson M, Gremski LH, et 
al. A novel fibrinolytic metalloproteinase, 
barnettlysin-I from Bothropsbarnetti (barnett´ 
s pitviper) snake venom with anti-platelet 
properties. Biochimica et BiophysicaActa 
(BBA)-General Subjects. 2016; 1860(3):542-
556. 



Uncovering a Protease in Snake Venom Capable To Coagulate Milk to Curd 

Jaya Vejayan, et al.                                                                                                                                          420 

15. Camargo AC, Ianzer D, Guerreiro JR, et al. 
Bradykinin-potentiating peptides: beyond 
captopril. Toxicon. 2012; 59(4):516-523. 

16. Kodama RT, Cajado-Carvalho D, Kuniyoshi 
AK, et al.  New proline-rich oligopeptides 
from the venom of African Adders: Insights 
into the hypotensive effect of the 
venoms. Biochimica et BiophysicaActa 
(BBA)-General Subjects. 2015; 
1850(6):1180-1187. 

17. CampolinaRebelloHorta C, Chatzaki M, 
Almeida Rezende B, et al. Cardiovascular-
Active Venom Toxins: An Overview. Cur 
Med Chem. 2016; 23(6):603-622. 

18. Zhang YJ, Wang JH, Lee WH, et al. 
Molecular characterization of 
Trimeresurusstejnegeri venom L-amino acid 
oxidase with potential anti-HIV 
activity. BiochemBiophy Res Com. 
2003; 309(3):598-604. 

19. Alrajhi AA &Almohaizeie A. Snake venom 
preparation for drug-resistant human 
immunodeficiency virus. Ann Saudi Med. 
2008; 28(4): 292-293. 

20. Meenakshisundaram R, Sweni S 
&Thirumalaikolundusubramanian P. 
Hypothesis of snake and insect venoms 
against Human Immunodeficiency Virus: a 
review. AIDS Res Therapy. 2009;6(1):25. 

21. Lacoste B, Tong XK, Lahjouji K, et al. 
Bradykinin B1 receptor blockade in the 
treatment of Alzheimer's disease: 
improvement of cognitive and 
cerebrovascular functions and reduction of 
amyloidosis. Alzheimer's & Dementia. 
2011; 7(4):S512-S513 

22. Al-Asmari AK, Abbasmanthiri R, Osman 
NMA, et al. Assessment of the Antimicrobial 
Activity of Few Saudi Arabian Snake 
Venoms. Microbio J. 2015; 9:18. 

23. Falcao CB, de La Torre BG, Pérez-Peinado 
C, Barron AE, Andreu D, Rádis-Baptista G. 
Vipericidins: a novel family of cathelicidin-
related peptides from the venom gland of 
South American pit vipers. 2014; 
46(11):2561-71. 

24. Almeida JR, Lancellotti M, Soares AM, et al. 
CoaTx-II, a new dimeric Lys49 

phospholipase A 2 from 
Crotalusoreganusabyssus snake venom with 
bactericidal potential: Insights into its 
structure and biological roles. Toxicon. 
2016; 120:147-158. 

25. İğci N, Nalbantsoy A, Erkan LG, et al. 
Screening of cytotoxic, anti-angiogenic, anti-
tumorogenic and antimicrobial activities of 
Anatolian Viperaammodytes (Nose-horned 
viper) venom. Turk J Biochem. 
2016; 41(6):483-491. 

26. Florea G, Andrei Ş, Ciurca D, et al. New RP-
HPLC Method for Separation of 
Najahajehaje Venom and Studies of its 
Bactericidal Effect. ActaMedicaMarisiensis. 
2016; 62(1): 90-94. 

27. Samy RP, Sethi G, Lim LH. A brief update 
on potential molecular mechanisms 
underlying antimicrobial and wound-healing 
potency of snake venom molecules. Biochem 
pharma. 2016; 115:1-9. 

28. Marsh NA. Diagnostic uses of snake 
venom. Pathophysiology Haemostasis and 
Thrombosis. 2002; 31(3-6):211-217. 

29. Schöni R. The use of snake venom-derived 
compounds for new functional diagnostic test 
kits in the field of 
haemostasis. Pathophysiology Haemostasis 
and Thrombosis. 2005; 34(4-5):234-240. 

30. Fox JW, Serrano SM. Approaching the 
golden age of natural product 
pharmaceuticals from venom libraries: an 
overview of toxins and toxin-derivatives 
currently involved in therapeutic or 
diagnostic applications. Cur Pharma Design. 
2007; 13(28):2927-2934. 

31. McClearyRJ,  Kini RM. Non-enzymatic 
proteins from snake venoms: a gold mine of 
pharmacological tools and drug 
leads. Toxicon. 2013; 62:56-74. 

32. Huang SJ & Kwan CY. Inhibition by 
multivalent cations of contraction induced by 
Chinese cobra venom cardiotoxin in guinea 
pig papillary muscle. Life sci. 
1996; 59(4):55-60. 

33. Jin H, Varner J. Integrins: roles in cancer 
development and as treatment targets. Bri J of 
Cancer. 2004; 90(3):561-565. 



Uncovering a Protease in Snake Venom Capable To Coagulate Milk to Curd 

Jaya Vejayan, et al.                                                                                                                                          421 

34. Koh CY, Kini RM. From snake venom toxins 
to therapeutics–cardiovascular 
examples. Toxicon. 2012;59(4):497-506. 

35. Jamunaa A, Vejayan J, Halijah I, Sharifah 
S,H, Ambu S Cytotoxicity of Southeast Asian 
snake venoms. J.VenomAnim Toxins Incl 
Trop Dis. 2012; 18: 150-56. 

36. Tavares JFP, Baptista JAB, Marcone MF. 
Milk-coagulating enzymes of tuna fish waste 
as a rennet substitute. Int J Food Sci& 
Nutrition. 1997; 48(3):169-176. 

37. Delissier JP, Mercier JC, Ribadeau Dumas B. 
Reproduction nutrition development. Annal 
Bio AnimaleBiochim. Biophys. 1974; 
14:343. 

38. Hallén E. Coagulation properties of milk: 
Association with milk protein composition 
and genetic polymorphism. Doctoral Thesis. 
Department of Food Science, Swedish 
University of Agricultural Sciences, Uppsala, 
Sweden. 2008; Available from: 
http://pub.epsilon.slu.se/1879/1/EH_kappa_E
H.pdf.   

39. Farrell HM, Malin EL, Brown EM, et al. 
Casein micelle structure: What can be learned 
from milk synthesis and structural 
biology? Current Opinion in Colloid & 
Interface Sci. 2006; 11(2):135-147. 

40. Smith JL, Yada RY. Characterization of two 
aspartyl proteinases from a commercial 
fungal (Mucormiehei) rennet. Canadian Inst 
of Food Sci& Tech J. 1991; 24(1):48-56. 

41. Walsh MK, Swaisgood HE. Investigating the 
use of the chymosin-sensitive sequence of κ-
casein as a cleavable linker site in fusion 
proteins. J Biotech. 1996; 45(3):235-241. 

42. Jacob M, Jaros D, Rohm H. Recent advances 
in milk clotting enzymes. Int J Dairy Tech. 
2011; 64(1):14-33. 

43. Møller KK, Rattray FP, Sørensen JC, et al. 
Comparison of the hydrolysis of bovine κ-
casein by camel and bovine chymosin: A 
kinetic and specificity study. J Agri Food 
Chem. 2012; 60(21):5454-5460. 

44. Holt C, Carver JA, Ecroyd H, et al. Invited 
review: Caseins and the casein micelle: their 
biological functions, structures, and behavior 

in foods. J Dairy Sci. 2013; 96(10): 6127-
6146. 

45. Fox PF, Guinee TP, Cogan TM, et al. 
Enzymatic coagulation of milk. Fund of 
Cheese Sci(pp. 185-229). 2017; Springer US. 

46. Bawaskar HS, Bawaskar PH. Snake bite 
poisoning. J Mahatma Gandhi Inst Med Sci. 
2015; 20(1):5. 

47. Dambisya YM, Lee TL, Gopalakrishnakone 
P. Action of Calloselasmarhodostoma 
(Malayan pit viper) venom on human blood 
coagulation and fibrinolysis using 
computerized thromboelastography 
(CTEG). Toxicon; 1994; 32(12):1619-1626. 

48. Jolles P, Henschen A. Comparison between 
the clotting of blood and milk. Trends 
Biochem Sci. 1982; 7(9):325-328. 

49. Kaye NM, Jollès P. Characterization of the 
amino acids of bovine fibrinogen involved in 
the fibrinogen-thrombin interaction of the 
blood clotting process. comparison with the 
milk clotting process. Mol Cell Biochem. 
1978; 20(3):173-182. 

50. Rutherfurd KJ, Gill HS. Peptides affecting 
coagulation. Bri J Nutri. 2000; 84(S1):99-
102. 

51. Freitas MA, Geno PW, Sumner LW, et al. 
Citrate is a major component of snake 
venoms. Toxicon. 1992; 30(4):461-464. 

52. Ouyang C, Yeh HI, Huang TF. Purification 
and characterization of a platelet aggregation 
inducer from Calloselasmarhodostoma 
(Malayan pit viper) snake venom. Toxicon. 
1986;24(7): 633-643. 

53. Nielsen VG. Ancrod revisited: viscoelastic 
analyses of the effects of 
Calloselasmarhodostoma. J of thrombosis 
and thrombolysis. 2016; 42(2):288-293. 

54. Nielsen VG, Jacobsen WK. Iron modulates 
the alpha chain of fibrinogen. Biometals. 
2016; 29(2):235-238. 

55. Bradford MM. A rapid and sensitive method 
for the quantitation of microgram quantities 
of protein utilizing the principle of protein-
dye binding. Anal Biochem. 1976; 72(1-2): 
248-254. 



Uncovering a Protease in Snake Venom Capable To Coagulate Milk to Curd 

Jaya Vejayan, et al.                                                                                                                                          422 

56. Farah Z, Bachmann MR. Rennet coagulation 
properties of camel milk. Milchwissenschaft. 
1987;42(11):689-692. 

57. Vejayan J, Khoon TL, Ibrahim H. 
Comparative analysis of the venom proteome 
of four important Malaysian snake species. J 
Venom Anim Toxins Incl Trop Dis. 2014; 
20(1):6. 

58. Farid TM, TuAT, El-Asmar MF. 
Characterization of cerastobin, a thrombin-
like enzyme from the venom of 
Cerastesvipera (Sahara sand viper). Biochem. 
1989; 28(1):371-377. 

59. Li SH, Wang JQ, Zhang XM, et al. Proteomic 
characterization of two snake venoms: 
Najanajaatra and Agkistrodonhalys. Biochem 
J. 2004; 384(1):119-127. 

60. TuAT. (1977). Venoms: chemistry and 
molecular biology. John Wiley & Sons. 

61. Aragón F, Gubenšek F. Bothrops asper 
venom from the Atlantic and Pacific zones of 
Costa Rica. Toxicon. 1981; 19(6):797-805. 

62. Alape-Girón A, Sanz L, Escolano J, et al. 
Snake venomics of the 
lanceheadpitviperBothrops asper: geographic, 
individual, and ontogenetic variations. J 
Proteome Res. 2008; 7(8): 3556-3571. 

63. Goswami PK, Samant MA, Srivastava RS. 
Snake venom, anti-snake venom & potential 
of snake venom. Int J Pharm Sci. 2014.6:4-7. 

64. Mackessy SP, Sixberry NM, Heyborne WH, 
et al. Venom of the Brown Treesnake, 
Boigairregularis: ontogenetic shifts and taxa-
specific toxicity. Toxicon. 2006; 47(5):537-
548. 

65. Young BA, Dunlap K, Koenig K, et al. The 
buccal buckle: the functional morphology of 
venom spitting in cobras. J Exp Bio. 
2004; 207(20):3483-3494. 

66. Tan NH. [cited 18 May 2017] In: Toxins 
From Venoms of Poisonous Snakes 
Indigenous To Malaysia: A Review. 
[internet] 2004; Available from: 
http://www.tanngethong.com/toxins_from_ve
noms_of_poisonous_.htm.  

67. Tan NH, Tan CS. Enzymatic activities of 
Malayan cobra (Najanajasputatrix) 
venoms. Toxicon. 1987; 25(11):1249-1253. 

68. Yamakawa Y, Omori-Satoh T. A protease in 
the venom of king cobra 
(Ophiophagushannah): purification, 
characterization and substrate specificity on 
oxidized insulin B-chain. Toxicon. 
1988;26(12):1145-1155. 

69. Zerrin Y. Determination of rennet clotting 
time by texture analysis method. Food Nutri 
Sci. 2013; 4(11): 1108-1113. 

70. Gunasekaran S, Ay C. Milk Coagulation 
Cut‐Time Determination Using Ultrasonics. J 
Food Process Eng. 1996; 19(1):63-73. 

71. Bakkali F, Moudden A, Faiz B, et al. 
Ultrasonic measurement of milk coagulation 
time. Measurement Sci Tech. 
2001; 12(12):2154. 

72. Dwyer C, Donnelly L, Buckin V. Ultrasonic 
analysis of rennet-induced pre-gelation and 
gelation processes in milk. J Dairy Res. 
2005; 72(03):303-310. 

73. Passos EF, Monteiro PS, Oliveira RC, et al. 
Predicting the cutting time of coagulating 
milk for cheese production using a heated 
thermistor. J Food Sci. 1999; 64(5):879-882. 

74. McMahon DJ, Brown RJ. Evaluation of 
Formagraph for Comparing Rennet 
Solutions1, 2. J Dairy Sci. 1982; 65(8):1639-
1642. 

75. Aleandri R, Schneider JC, Buttazzoni LG. 
Evaluation of milk for cheese production 
based on milk characteristics and 
Formagraph measures. J Dairy Sci. 
1989; 72(8):1967-75. 

76. Silva SV, Allmere T, Malcata FX, et al. 
Comparative studies on the gelling properties 
of cardosins extracted from 
Cynaracardunculus and chymosin on cow's 
skim milk. Int Dairy J. 2003; 13(7):559-564. 

77. Júnior BR, Tribst AA, Cristianini M. 
Comparative study among rheological, near-
infrared light backscattering and confocal 
microscopy methodologies in enzymatic milk 
coagulation: Impact of different enzyme and 
protein concentrations. Food Hydrocolloids. 
2017; 62:73-82. 

78. Nicolau N, Buffa M, O’callaghan DJ, et al. 
Estimation of clotting and cutting times in 
sheep cheese manufacture using NIR light 



Uncovering a Protease in Snake Venom Capable To Coagulate Milk to Curd 

Jaya Vejayan, et al.                                                                                                                                          423 

backscatter. Dairy Sci& Tech. 2015; 
95(4):495-507. 

79. Dal Zotto R, De Marchi M, Cecchinato A, et 
al. Reproducibility and repeatability of 
measures of milk coagulation properties and 
predictive ability of mid-infrared reflectance 
spectroscopy. J Dairy Sci. 
2008; 91(10):4103-4112. 

80. Payne FA, Hicks CL, Shen PS. Predicting 
Optimal Cutting Time of Coagulating Milk 
Using Diffuse Reflectance1. J Dairy Sci. 
1993; 76(1):48-61. 

81. Mimouni A, Deeth HC, Whittaker AK, et al. 
Investigation of the microstructure of milk 
protein concentrate powders during 
rehydration: alterations during storage. J 
Dairy Sci. 2010; 93(2):463-472. 

82. Burkhart W, Smith GF, Su JL, et al. Amino 
acid sequence determination of Ancrod, the 
thrombin-like α-fibrinogenase from the 
venom of Akistrodonrhodostoma. FEBS 
letters. 1992; 297(3):297-301. 

83. Huang TF, Chang MC, Teng CM. 
Antiplatelet protease, kistomin, selectively 
cleaves human platelet glycoprotein 
Ib. Biochimica et BiophysicaActa (BBA)-
General Subjects. 1993; 1158(3):293-299. 

84. Hsu CC, Wu WB, Chang YH, et al. 
Antithrombotic effect of a protein-type I class 
snake venom metalloproteinase, kistomin, is 
mediated by affecting glycoprotein Ib-von 
Willebrand factor interaction. Mol 
pharmacology. 2007; 72(4):984-992. 

85. Hsu CC, Wu WB, Huang TF. A snake venom 
metalloproteinase, kistomin, cleaves platelet 
glycoprotein VI and impairs platelet 
functions. J Thrombosis and Haemostasis. 
2008;6(9):1578-1585. 

86. Home DS, Banks JM. Rennet-induced 
coagulation of milk. Cheese: 
ChemPhyMicrob. 2004; 1:47-70. 

87. Hidalgo ME, Pires MS, Risso PH. A study on 
bovine kappa-casein aggregation after the 
enzymatic action of chymosin. Colloids and 
Surfaces B: Biointerfaces. 2010;76(2):556-
563. 

88. Hang F, Wang Q, Hong Q, et al. Purification 
and characterization of a novel milk-clotting 

metalloproteinase from Paenibacillus spp. 
BD3526. Int J Bio Macromolecules. 
2016; 85:547-554. 

89. Hang F, Wang Q, Hong Q, et al. Structural 
insight into a novel neutral metalloproteinase 
from Paenibacillus spp. BD3526: 
Implications for mechanisms of rapid 
inactivation and calcium-dependent 
stability. Int J Bio Macromolecules. 2017; 
95:1082-1090. 

90. Majumder R, Banik SP, Khowala S. 
Purification and characterisation of κ-casein 
specific milk-clotting metalloprotease from 
Termitomycesclypeatus MTCC 5091. Food 
Chem. 2015; 173:441-448. 

 


