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ABSTRACT

F]ertrophorelic analyses were conducted on sgakc venoms Gem 21 species representing Ehtpidac, Crotalidac and Viperidne . Dena-
tnratl and native venoms were analyzed by poly aerylamide gel eleetophoretle �PAGl.) methods with Sodium dudecyl sulfate �SDS) and
without SDS . Both SDS-PAGE and PAGE profiles orvenenu from diftcrent snake species indicmtc'hat auutu proteins and Polypeplide
components of these venoms have common electrophoretic chant cteristica suggesting a genetic rlalionship . Conversely, the electrophe-
rograms also showed the characteristic protein and polypeptide protilcs [hut could dilTerentiate one snake speciea from another_
Therefore, both SD5-PAGI' . :md 'AGE prohlea suggest that pruteius and polypeptides with similar characteristics abound among
subspecies or re.lated species, although each <cuom has a unique profile that differentiates one species front the other,

I N rRODIJCTtoN

Snake venom toxicity differs between species
because of its composition, It is a mixture of or-
ganic and inorganic- compounds [1-3] . Mainly
the protein components display pharmacological
activity and lethal and injurious effects and they
are also immunogenic [4,5] . It is important to un-
derstand the composition of the snake venom be-
cause of its diverse pharmacological and toxico-
logical actions . Venom components vary from
highly lethal active principles [6-121 to relatively
non-lethal but deleterious actions [13-18] . Immu-
noelectrophoressis, ii - munodiffusion and .. more
recently. Western immunoblot methods have
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been employed in the study of snake venoms
[19 .20] . A review of snake venom components
and their cross-reactivity [21] has been published .

Electrophoresis has been used extensively to
analyze components of snake venom ; . At pres-
ent, comparative electrophoresis has been limited
to studies of snake venoms from a few species_
following sodium dodccyl sulfate �SDS) treat-
ment [5.22-24]. SDS depolynterizes proteins into
subunits. In SDS polyacrylamide gel electropho-
resis �SDS-PAGE), polypcptides with the salve
molecular mass but derived from two different
protein molecules may co-migrate. In PAGE, na-
live protein molecules remain intact and migrate
independently based on their characteristic
charges . Hence PAGE gives a better assessment
of how many different types of native protein
molecules arc present in a given venom sample .

In order to obtain a basic understanding of the
electrophoretic properties inherent to native and
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denatured snake venoms, analyses of venoms
from 21 snake species were conducted by using
both SDS-PAGE and PAGE methods .

LXPERIME\TAL.

Swnpln prepanalir soldmort
The venom saanplcs �Sigma, St. Louis, MO,

USA), in amounts indicated in the figure cap-
tions. were dissolved in a solution composed of
the following : 1 part of 0 .5 M Tris [�trishydroxy-
methyl)aminornethane] �Bio-Rad Labs .. Rich-
mond_. CA. USA) at pH 6 .8, 1 part of 10% SDS
�Bio-Rad Labs . . Mississauga. Canada); 0.1 part
of 2-mercaptoethanol �Sigma) . I part of glycerol
�Fisher Scientific, Fair Lawn . N .L 11SA), 6 .9
parts of distilled water and I part of 0 .01% bro-
mophcnol �J . T . Baker, Phihipshurg, NJ, USA)
to serve as a marker during SDS-PAGE . For
PAGE .. the same preparative solution without
SDS was used to dissolve the venoms .

Electrophore. is
The SDS-treated venoms were separated in du-

plicate by SDS-PAGE in an electrophoresis unit
�Rio-Rad Labs., Model 220: 'technical Market-
ing Associated, Mississauga, Canada) according
to Laemmli [25] . The native venoms were re-
solved in PAGE without SDS . Prestained molec-
ular markers �Bio-Rad Labs .) used as references
have apparent relative molecular masses of 17
10' �lysozymc), 27 10 3 �soybean trypsin inhib-
itor), 39 . lo' �carbonic anhydrase), 50 10'
�o),albumin). 75 10' �bovine serum albumin)
and 13�1 10' �phosphorylase C-) .

After electrophoresis. the gels were stained for
I h with Coomassie Brilliant Blue R �N,N,N',N'-
tetramethylethylenediamine) �Sigma) in 7%%0

aqueous acetic acid . The duplicate gels were
stained with a silver nitrate stain following a
standard method supplied with the silver stain kit
�Sigma) .

RESULTS

A typical PAGE profile of the native venoms
from three snake families is given in Fig . 1 . These
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profiles show protein bands of venoms from dif-
ferent species with similar electrophoretic mobil-
ities �marked with black dots) and those bands
which are unique to each specific venom . Fig. I
also shows that the cobra venoms �II, lanes B, C,
• and R) have fewer distinct protein bands than
those found in the viper venoms �I, lanes A and
If : II, lanes A and F) and ratttesnake venoms �1,
lanes B and D : II lanes I and J). Fig. I further
illustrates that protein bands with similar electro-
phoretiemohilities occur more frequently in vat-
otns of snakes belonging to [tic same family . Ex-
amples of hands with similar mohilities obtained
form venoms of snake species all belonging to the
cobra family �11, lanes C and 1)), vipers �I, lame;
• and G: 11, lanes F and G) and rattlesnakes �I IL
lanes H, I and J) are depicted in Fig . I . I lowevcr .
venoms from different species do not necessarily
have the same relative proportions of proteins
with similar mohilites .

Fig, 1 also shows four randomly selected pro-
tein hands, lahelled I- d, from a native venom of
Alheeis quarnig�?ni . �lane A). Band d has a mobil-
ity similar to that of the 1vsozynte standard �not
shown). Most of the venoms examined have pro-
tein hands that have similar electrophoretic mo-
hilities to these selected proteins hands of .9 .

Typical SDS-PAGE profiles of the SDS-IreaL-
cd vcuoms �Fig . 2) show polypeptides with simi-
lar electrophoretic mobilities �marked with black
dots). Polypeptides with similar mobilities occur
more frequently in the . - . 10' rclalive molecular
mass region �1, lanes C and D . viperids ; 11 . lanes
• and E, crotalid~ ; 11 . lanes b and G, elapids) .
Fig. 2 also shows that polypeptides in the 130
10' relative molecular mass region are prominent
in the crotalid venoms �I.. lane G; II. lane 1) and
very faint in the viperid venoms �1, lanes A and
R) .
Polypeptide bands with mobilities similar to

the 17 10 3 , 39 . 10 3 and 50 10' relative molec-
ular mass markers �marked with black dots) are
present more frequently than those similar to the
130 10'' relative molecular mass marker in ven-
oms of different snake species Wig . 2, I and I1) .
Further, Fig. 2 indicates that the vcuonis from
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I-ig I . Composites of'typigd non-SDS elee4ruplrerugram, of native venams . The dots herwocn adjacent lanes indicate protein hands
with similarelectrophoreti : nrigaGmt rates-1 : 1-aneA .4!Aeri.v a'quumiycru; B = BothrnpsJnrarurn ; C = Crornlus lfridis oreganus ; D
= Cromlac h a.srlascus F = Bvis gaboncv ; I- = AgkistroJvst iimd e'lwau ; G 1'iperu?ebetine; H = F, 6i, crrrimoor . H : La no A =
Cenmerr re'rartee; B = Faja creetmoleura : C = N . hala: D = V . naia; 6 = NV he ja IccamIbia . F V. amrnnd}vvc ; C = V, ru .c.selti: H =
Agkislr,don plscir+nnu pin-nvrto ; I = hotrnvc Ian heegi'.3 = C'ulolur rn , rrh, ru'idb; K = V, pgfaaaurn; L BuIlrvpsaumrnifer; M =
Cromlurnrolossns nruloscvs The bands labelled a-d were randomly selected and use, as references m compare diHcrent veaoms . Below
each electrepherngram s the amount or each venom sample used .

the four Aaja species �11, lanes A, B, P and G)

	

are classified into six groups based on relative
predominantly have polypeptides with relative

	

molecular mass �1'ablo 1) . The data show that
molecular mass less than 17 103 .

	

most of the polypeptides have relative molecular
In order to describe and compare the different

	

mass less than 17 10 3 and rarely larger than 130
venoins, the polypeptides present in each venom
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trophoretic mobility occur more frequently in the
relative molecular mass < 17 10' region . Table I
also shows the relative total number of protein
bands present in native and SITS-treated venotns .
Statistical analyses indicate that the viper and the

C E. C.-Mendo_o e! ;I . r J . Clsrevnuto!.'r' . ?d 0 t 14921 355 r�3

Fig . 2 . Compusi.cv, of typical SUS eleclrnpherngr:ams nt venoms from 21 snake species . The dots beiween adlac.nt Danes indicaic lhf
polypeptide bands with simi[arulcotiophmcLie niigraIic" roles . I : I al-ie A = V:~nr .. k-ic rom : R - 6I t ulacslinJC : C - I• rn welt, D =
Ort s gohoniru ; E - AOro ., sq,mmiyrrul F - Bum,ops iarmaru; Ci = Bothmps ,ncntnrf/er I I = SI) S PAGE standard; I - �I ra.vcs
'e'-re, ; ] = Bai[ropc �ousterg :i; K = Crot,d e uridi, or cg anus . 11 . LaneA - Nay, haja B ,b . a elrmrleura ; � Chi, I) -
C'r,1 r&,c bn.t7/Lerrn ; F = C,tah,r molorsus I - - .1''aia trzpu G = N . nwu lcronlteut, H - I-', urnnrrela I = rlgfuv!rrxtwx rhrrarerwnti: .1

9~ki.,nr:dnn p:rasara .cpie . :rrn•ac :K =Rat7rope7un,h'rpii,L=�' trhnl-iridisvbidis . Beloweachelecttopiterogrurnistheamount
oI eutl Vellum sample used . Numhers on Ihr ri ;rhl Are raintive molecular masses �Ie indicates . 103 ; .

rattlesnake venoms have comparable total num-
bers of polvpcptidc hands . Both have significant-
ly more �p _0.115) polypeptide bands than the
cobra venoms.

Fig. 3 shows the marked dif ercnee between
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i 11 Ill

grums, will, and wit - out SDS. n ; venous Istai:ted With Coomas-
sic 13riiiianI Blue)- I = Naju naia �Eli pidae). 11 = 1 Peru ruase'I/
� Vipcridael : III = A,e$LIroilnrz rkodosmrrrat I Crohaida : ) .

typical clectrophoretic profiles of the native and
SDS-treated venoms. SUS-trcaLed venoms of co-
bras �lane 1) have polypeptides with mostly low
relative molecular mass, unlike the SIDS-treated
venoms of vipers �lane 11) and crotalids �lane 111) .
The rates of elcetrophoretic mobility of the pro-
teins and their polypeptide subuni is indicate both
the similarities and the difference among venoms
from various species belonging to the same, or
difl rent, phylogenetic families .

It was further observed �Fig . 3) that the SDS-
treated venoms are markedly more sensitive to
detection than the native venoms. For example,
with N. na/a, in order to obtain adequate and
comparable quality of detection . ca . 100 j�g of the
SDS-treated venom �'I, right lane) were needed
compared with ca. 300 gg of the native venom �1,
left lane) .

1

11

i. E. C alcnm,c,,- rt uL t J. 0,,rnrnu ;ogr . CEO r 1YY1 . .h'-3P, i

A B C D E F G H I

I'ia- 4 . Pair of r,pica'] cleclroplierouams of the cativz ecnoms,
-opressenIin)t ihru inske fu nili~s, detected with �1) sllvcr stain
and �11) Cnou .utiic 3 :illiant Blue slain . Lines : .A - 4ehurmrl?rr

r{rcu7n.r:ornq: R - .4 Iro,ivoras puiorua, C = Burkrq ;, srr-

u , ;ru: D - Ceruu!~ .e eeraale,, ; F - Cra,1u�aGnrrldLrurrgnnmi: I-

- .V2ga ngia; � I h.chv rirmaijes H - Piper,, p,;1ac inae; I =

I!pern rueeelli . Thu numbars below eaell lane are l he anrn ots of
venom sample appliad-

Fig. 4 shows a pair of typical electrophero-
grains of native venom proteins from representa-
tive species Elapidae, Viperidae and Crotalidac,
indicating that some proteins detected with the
Coomassie Brilliant Blue stain are undetectable
with the silver stain and Mice versa- For example,
the fastest migrating hands in the A . pi 'eivorus
piscivorus venom �lane B) were detectable with
the silver stain burt not with the Coomassie Bril-
liant Blue stain . The opposite was observed with
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Fig . a . Pat[ ul typical SOS electropherograms of the polypep-
rides Lori venoms representing three snake families, detected
with o n silvrr stain ar.d �IT) Coomassic Brilliant Bluestai,- Lang .
A d,,�:istrsdcn ritodostona . B A . pfv ornc pint dams: C =

Hothrops yarn race . D = Cc, awes ccrasrn~_ F. = �romhca r6'idis

ore,Kanw : F = Echls cartnmus; Ci = Nayu raja : H - Iripera

nuselli. The nomhere helnw each lane arc the amounts of venom
sample applied .

the faster migrating bands of the venoms of Ce-
rastes cerastes �lane D) and V. palaestinae �lane
H). With the Y_ Aria venom �lane F), the silver
stain detected only two protein bands whereas
the Coomassie Brilliant Blue stain detected eight
bands. Similar staining properties were observed
when silver and Coomassic Brilliant Blue stain-
ing methods were used on SDS-PAGE gels �Fig .
5) .

DISCL SS[ON

Previous studies of protein components of ven-
oms from clapid and crotalid snakes have been
accomplished by elcclroplioretic methods using
starch gel [26 .2?] or polyacrylamide gel [5,22,28-
30] . Ry using PAGE with 12% polyacrylamide
gels i n 6 Nf urea [30], more than ten protein bands
have been consistently detected for venoms from
various species of North American snakes [5] .
Protein components with similar migration rates
appeared to he more prevalent among venoms
from snakes belonging to the same genus .

Likewise, a study [22] using SDS-PAGE ac-
cording to Laemmli [25] demonstrated a sinking
similarity of some protein components of venoms
from five rattlesnake species . The separating gel
used also contained 12% polyacrylamide gels in
addition to 0 .1 % SDS .

Electrophoretic profiles obtained for venoms
from different species, genera and families by
PAGE and SD5-PAGE indicate similar electro-
phoretic mobilities of some proteins and poly-
peptides. The similarity of the clectrophoretic
profiles ofproteins or polypeptides present in the
venoms of Crotalidae species observed in this
study concurred with the earlier reports [5,22] .
The similarity of. or the difference in, protein
components present in V. rrsselli venoms com-
pared with those from different species has also
been demonstrated by immunogenic cross-reac-
tivity [20] . The primary structures of homologous
proteins in toxins of various snake species have
been studied to establish a hierarchy [31] . It was
reported that evolutionary changes in the compo-
sition and structure of a protein could be very
extensive without affecting its catalytic or toxic
activity .

Previous reports have shown that several snake
venoms contain enzymes [5,6 .8,32] . Bradykinin-,
histamine- and serotomn-releasing proteases
have been shown to mediate autopharrnacolog-
ical actions produced by some venoms
[8,10,11,33-351 . In addition, Hendon and Tu [36]
have demonstrated the importance of an enzyme
in the mechanism of neurotoxicity in that a coin-
hination of events must happen before a certain

361
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toxic factor can exert its action . It is necessary,
therefore, to establish the toxicity of the proteins
or polypeptides present in snake venom lnvesLi-
Rated. A knowledge of individual or combina-
tions of toxic factors is crucial and fundamental
in developing a. more comprehensive type of pro-
tection and therapy against many. if not all, types
of snake venoms and constituents . Therefore, it is
impractical to develop preventive and%or ther-
apeutic measures against venom of each snake
species or individual toxic component of snake
venoms .

This study suggests that certain proteins from
native venoms and polypeptides derived front
SDS-treated vcnoms do not react strongly with
the silver nitrate stain and are not readily detect-
able. In contrast, they produce an intense reac-
tion with the Coomassie Brilliant Blue stain and
arc readily detectable . These findings concurred
with a previous report [37] that the general use-
fulness and reliability of the silver stain method
[38.39] remain uncertain .

In conclusion, the characterization of proteins
and polypeptides present in venoms of 21 snake
species by PAGE and SUS-PAGE has been
achieved . The clectrophoretic profiles show that
several polypeptides or proteins with similar elec-
Lrophoretic mobilities are commonly present in
moms of dillerent but related snake species .
Similarly, certain proteins . or polypeptides from
these venoms, appear typical only of species be-
longing to the same genus or family. The study
further suggests the usefulness of both PAGE
and SDS-PAGE, in characterizing the relation-
ship and the uniqueness of each snake faunily or
subspecies between related species .
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