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Background – The aim of present study was to investigate a possible link between the 
creatine kinase (CK) content in the V. xanthia raddei venom and its acute toxicity values.  

Methods – Creatine kinase, the ATP-generating enzyme belonging to a phosphotransferases 
family, has been completely purified from the venom of Vipera xanthia raddei using a novel 
method of affinity chromatography on ADP-Sepharose.  

Results – This enzyme is proven to be a compound for determining an acute toxicity degree 
provided by the intramuscular (IM) venom injection to mice. Not being a toxic agent itself, this 40 
kDa monomer protein, however, increases the toxicity level when added to a natural total or 
creatine kinase-depleted venom composition.  

Conclusion – A possible significance of the data presented for research on a snake bite-
promoted coagulopathies is under discussion.  
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Introduction 
 

ll reptile venoms ever tested contain the 
complex mixtures of peptides and 
proteins. Only a few of those 

compounds are, in fact, identified and proven to be 
the autonomous toxic agents themselves, while 
many  others  play a regulatory role "orchestrating"  
some key events in a multistep scenario of the 
snake bite-induced catastrophic disorders.1 – 3  

It has been reported that creatine kinase (CK) 
isolated recently from the Vipera xanthia raddei 
venom is able to modify the rat blood and capillary 

 
 

endothelial cells thrombin receptors making easier 
the development of coagulopathy known as a 
disseminated intravascular blood coagulation (DIC 
syndrome).4, 5  

The aim of present study was to investigate a 
possible link between the CK content in the V. 
xanthia raddei venom and its acute toxicity values.  

 
Materials and Methods  

 
A lyophilized venom samples obtained from 63 

male and female (1 – 2-year-old, 60 – 70 cm long) 
Vipera xanthia raddei snakes collected in the 
countryside 15 – 20 km South-West of Nakhjevan 
City, Province of Nakhjevan, Republic of 
Azerbaijan, during July-August of 2002, by a team 
of serpentologists from the Rostov State 
University. The samples were then combined for 
further acute toxicity tests and CK 
chromatographic isolation. Each one of the 
individual reptiles used was a donor of not less 
than 4.5 g of the lyophilized total venom in a 3-
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week donorship duration (a lyophilized venom was 
kindly donated by Dr. Veloshin, Rostov State 
University, Rostov-on-Don, Russia).  

Male and female albino mice (25 – 30 g) were 
obtained from a randomly-bred colony and 
maintained on a standard vitaminized diet. The 
animals were subjected to a single intramuscular 
(IM) injection of either venom or its purified 
compounds with a following estimation of the 
minimum lethal doses and LD50 values. LD50 and 
the corresponding confidence intervals were 
determined by the Litchfield and Wilcoxon 
methods (PHARM/PCS version 4, Sigma, USA). 
Data were expressed as mean values ± SEM and 
were tested with ANOVA and Tukey-Kramer tests.  

A population of the venom CK molecules was 
selectively isolated and completely purified by 
affinity chromatography on ADP-Sepharose using 
our procedure described below. A lyophilized total 
venom was first dissolved in 25 mM potassium 
phosphate buffer (pH 6.50)/10 mM 
ethylenediaminetetraacetic acid (EDTA) (1 mg/2.5 
– 3 mL). Then 10 volumes of ice-cold acetone 
were added to precipitate native proteins. Pellets 
was collected by centrifugation at 10,000 rpm for 
15 min (+4oC) and redissolved in buffer A (15 mM 
potassium phosphate, pH 6.35, 20 mM MgCl2/5.0 
mM phosphocreatine) at room temperature.  

The very same buffer A was then used to 
equilibrate the column and for the first step of 
elution (pH 6.35 step). The 2.5 – 3.0 mL portions 
of the acetone powder solution (2 – 4 mg/mL) 
were applied onto 0.9 x 12.5 cm column packed 
with the ADP-Sepharose CL-6B (Sigma, USA). 

This particular affinity sorbent contains the ADP 
(substrate for CK) ligand attached to a 6.0% 
agarose cross-linked porous matrix by the 11 
atoms-long adipinate dihydrazide spacer which is 
convalentely bound to 2'-hydroxy group of the 
ADP-ribose ring.  

Once the sample applied, the initial elution was 
started with buffer A. Then, as shown in Figure 1, 
first linear pH 6.35 – 4.35 gradient (formed on 
buffer B containing 15 mM potassium 
phosphate/l0 mM MgCl2) and a consequent second 
linear pH 7.0 – 9.0 gradient (formed on buffer C 
containing 30 mM potassium phosphate/l0 mM 
MgCl2) were applied to the column followed by 
the final elution with buffer D (30 mM potassium 
phosphate, pH 9.0/20 mM MgCl2/5/0 mM 
creatine). All elution steps listed were performed at 
+4oC, 2.0 – 2.2 mL/min. The SQ400 gradient 
formerly connected with the Uvicord III UV-VIS 
detection unit (LKB, Sweden) was employed. To 
record elution profiles, both in-flow UV (A280)-
monitoring and the CV activity control for each 
one of the 1.0 mL eluate portions were carried out 
(Figure 1).  

All protein measurements were performed 
using the Bradford colorimetric technique (AI17- 
QLS Bio-Rad Kit, Bio-Rad, USA). CK specific 
ATP-synthesizing activity values were determined 
by a routine method. 5  

The resulted CK purified fraction as well as the 
rest of the venom protein pool compounds were 
collected separately and then lyophilized for 
further use in acute toxicity tests.  

In   all   acute   toxicity  studies,   the  following  

 
Figure 1. Preparative chromatography of the acetone-insoluble proteins of the V. xanthia raddei venom on ADP-
Sepharose. 
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venom samples were separately tested using the 
100-mice groups per each one of the parameters 
estimated: a) intact total venom (containing 0.20 – 
0.25 pmoles CK per 1.0 mg total protein); b) CK-
lacking venom; and c) CK-enriched venom 
samples containing 0.40, 0.80, 1.50, 2.50, and 
0.500 pmoles CK per mg total protein, 
respectively. A nonspecific toxicity control test 
was carried out with ovalbumin (Mr = 45 kDa, 
Sigma, USA) replacing CK in the venom 
modification experiments.  

To evaluate the efficiency of the selective 
removal of CK from the venom, its proteins were 
fractionated before and after chromatography on 
ADP-Sepharose (Figure 2). For this purpose, a 2D 
isoelectric focusing/electrophoretic separation in 
0.15 x 20 x 20 cm polyacrylamide slab gels 
containing a linear 3.0 – 10.0 pH gradient (first 
dimension, horizontal) and a linear 9 – 16% 
acrylamide gradient (2nd dimension, vertical) were 
applied. Ready-to-use Criterion BR-346 slabs 
calibrated within the 100-14 kDa range (Bio-Rad, 
USA) were processed conventionally in the 
Protean II-XL Cell (Bio-Rad, USA) and then were 
silver-stained in the presence of sodium thiosulfate 
according to a standard protocol.6  

To prove the purity and the monomer nature of 
enzyme isolated, its samples were analyzed 
electrophoretically in both 0.5% SDS-containing 
and SDS-lacking 10% polyacrylamide slab gels 
(0.15 x 8.5 x 8.5 cm) using a standard 35 mM Tris-
glycine (pH 8.80) separation system.7 A silver- 

staining development of electrophoregrams was 
carried out as indicated above.6 In this case, the 
following protein markers purchased from 
Boehringer (Germany) were employed: bovine 
milk α-lactalbumin (14 kDa), soybean trypsin 
inhibitor (20 kDa), bovine erythrocytes carbonic 
anhydrase (31 kDa), bovine muscle actin (43 kDa), 
bovine serum albumin (66 kDa), and bovine 
myocardial phosphorylase B (97 kDa).  

All chromatographic and electrophoretic 
procedures including CK activity measurements 
were carried out at the facilities of Moscow 
Medical Academy Laboratory Center , and acute 
toxicity tests were performed at the MMA School 
of Pharmacy, Moscow, Russia (in 2003).  

 
Results 

 
As seen from our data, not more than 0.3 –  

0.5% of the total venom protein was isolated as a 
CK activity-carrying fraction (Figure 1), while the 
only protein molecules removed from the venom 
by ADP-Sepharose chromatography were the ones 
with Mr = 40 kDa and isoelectric point (pI) = 6.30 
– 6.40 (Figure 2, arrow sign marked). This 
electrophoretically homogenous protein with a 
high affinity to ADP is proven to have CK activity 
estimated as 22,766 ± 208 pmoles ATP formed 
from ADP and phosphocreatine in 1 min by 1 mg 
of isolated protein at 30°C, pH 6.35, which was 
measured according to a routine method consisting 

  
Figure 2. Two-dimensional PAAG slab fractionation of the Vipera xanthia raddei venom proteins before (A) and after 
(B) of the venom creatine kinase (CK) removal by affinity chromatography on ADP-Sepharose. 
1st dimension: isoelectric focusing in the linear 3.0   – 10.0 pH gradient (horizontal); 2 nd dimension: electrophoresis in 
the linear 9-16% acrylamide gradient calibrated within the 100 – 14 kDa range by Bio-Rad Laboratories (USA), pH 
8.60, 0.25% SDS (vertical). 6 Arrow sign indicates the fraction with a marked CK activity.  

Archive of SID

www.SID.ir



The instant death symphony is likely to be orchestrated by CK of the Mid-Asian Viperidae venom  
 

Archives of Iranian Medicine, Volume 7, Number 2, April 2004  96 

of the direct and precise HPLC (S5CN-ODS 
reverse phase column/10 – 60% pyridine linear 
gradient elution) estimation of ATP formed.5  

Both selectivity of the CK isolation and the 
absence of a non-CK contamination in a purified 
enzyme are proven by an adequate electrophoretic 
analytical technique (Figures 2 and 3, 
respectively). When artificially added to the venom 
of its origin, CK increases the probability of the 
fatal result in acute toxicity tests. All CK-enriched 
venom samples were produced by mixing the 
intact venom with extra amounts of its CK, 
manifests a significantly higher levels of acute 
toxicity as compared to both nonmodified and CK-
lacking venoms. The CK removal led to about 40% 
decrease in the venom acute toxicity (Table 1).  

 
Discussion 

 
We have shown that in spite of the fact that the 

isolated venom CK is unable to promote any 
essential toxic effect, a mere presence of this 
enzyme protein in authentic mixture of the venom 
compounds is a necessary condition for a normal 
toxicity of a whole intact venom (Table 1). It is 
worthy to note that an acute toxicity of CK isolated 
from the venom is close to LD50 values estimated 
for an a priori nontoxic protein, ovalbumin. A very 
limited toxic property of both proteins was found 
to be the result of a common allergic reaction. 3, 5  

A modification of the venom which was 
achieved by artificial addition of purified CK to a 
natural product this enzyme is originally from 
leads to a truly dramatic shift in acute toxicity 
including a sharp elevation of the fast lethal result 
probability (Table 1). 

The selectivity of CK removal (Figure 2) and 
its purity (Figure 3) related to our chromatographic 
procedure are high enough to make sure that all 
statements listed above are correct. An obvious 
efficiency of this procedure is determined not only 
by a high capacity level of ADP-Sepharose chosen 
but also by the ability to serve as a mild cationite 
due to a long spacer and available ADP phosphate 
groups.8   

It is hardly possible to come up now with any 
strong, one-way-interpreted conclusion on a 
molecular mechanism of the phenomenon we 
described. Nevertheless, even these, our 
preliminary data, look promising for further 
research related to a so called "tiny architecture"  2 
of animal venoms. Thus, a cooperative effect of a 
multicompound Viperidae venom presumes nicely 
orchestrated synergism in both toxic and nontoxic 
compounds contributions to the DIC syndrome 
pathogenesis including, for example, the activating 
impact provided by nontoxic peptides towards the 
blood and the vascular endothelial cells thrombin 
receptors.3, 4  

Since CK is also known to be one of the factors 
modifying these receptors,4, 5 it seems logical to 
assume that a snake bite-promoted coagulopathies1 
may be dependent upon the presence of this 
peculiar protein in the venom (Table 1).  

Up until very recently, there was no one 
example of phosphotransferases in a long list of 
identified snake venom compounds. Earlier, we 
reported the mere presence of CK in the venom of 
V. xanthia raddei, not making any effort to reveal a 
possible role of this enzyme in the venom 
pathophysiological effect.5 A major technical 
limitation we had in the past was a very complex 
multistage chromatographic procedure of CK 
purification which was developed using 
hydrophobic (Phenyl-Sepharose), anion exchange 
(Mono Q), and affinity (ADP- Sepharose) 
chromatographies.5 This was a serious obstacle in 
obtaining a large amount of enzyme we needed for 
toxicological tests. To the best of our knowledge, 
the publication mentioned 5 is still the only report 
on CK purification from the snake venom. 

In the present study, however, we have made an 
essential progress in simplification and general 

 
Figure 3. Electrophoresis of purified CK in 10% 
polyacrylamide gels containing (A) and lacking (B) of 
sodium dodecylsulfate (SDS) in the presence of protein 
molecular mass markers.  
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improvement  of  our chromatographic method.  So 
we propose now a new single-column procedure 
based on a complex gradient elution from ADP-
Sepharose (see Methods, Figure 1). As a result, we 
have got a research tool which makes it possible to 
find out a link between the venom CK content and 
the acute toxicity level (Table 1). So it would be 
safe to say that the major problem we have with 
our work at this moment is a natural limitation in 
purchasing of the biological material for our study, 
which is the venom of law-protected wild animal.  

 
Conclusion 

 
1. This is the first report ever published on the link 

between CK and the snake venom toxic effect. 
2. The original chromatographic technique we 

proposed is a very convenient and efficient tool 
for any research on enzyme studies as well as 
on other members of variable kinases family, 
i.e., enzymes with a high affinity to ADP.  

3. Further studies on pathophysiological value of 
the Viperidae venom CK should include in vitro 
studies on blood cells conducted with both total 
venoms and purified enzyme to investigate 
cytomorphology associated with a possible 
biochemical effects. Another promising 
research direction is a pathomorphological 
study on tissues and organs (myocardium, 
blood vessels) of animals subjected to venoms

and their CK-modified samples. This may help 
to come closer to a better understanding of the 
venom toxic coagulopathy pathogenesis. 
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Table 1. A dependence between the creatine kinase (CK) content in the venom of Vipera xanthia raddei and it's acute 
toxicity. 

Sample tested 
CK content, pmoles/mg total 

venom protein 
(mean ± SEM) 

DL50, mg/kg 
(mean ± SEM) 

IM*, % 
(mean ± SEM) 

Ovalbumin — 1,860 ± 215 Zero 
Venom CK, purified — 1,638 ± 187 Zero 
Intact total venom 0.22 ± 0.06 2.2 ± 0.07 14 ± 4 
CK-lacking venom 0.01 ± 0.004 3.9 ±  0.01 6 ± 1 
CK-enriched venom 

A 
B 
C 
D 
E 

 
0.40 
0.80 
1.50 
2.50 
5.50 

 
1.9 ± 0.2 
0.9 ± 0.2 
0.4 ± 0.1 

0.08 ± 0.01 
0.06 ±  0.008 

 
22 ± 4 
36 ± 4 
48 ± 5 
67 ± 4 
72 ± 5 

* IM= instant mortality taken as a relative amount of mice died within a 5-min interval after injection. 

Archive of SID

www.SID.ir



 

 

https://sid.ir/1791
https://sid.ir/1792
https://sid.ir/1793
https://sid.ir/1795
https://sid.ir/1794
https://sid.ir/1796
https://sid.ir/1702
https://sid.ir/1700
https://sid.ir/1699
https://sid.ir/1698
https://sid.ir/1787

