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ABSTRALCT

Flectrophoretic analyses were conducted on spake venoms [rem 21 species representing Elapidac, Crotalidae snd Viperilae. Dena-
tured and native venoms. were analyzed by polyacrylamide gel electraphoretic (PAGT) mathods with sodiom dodecyl sullaiwe (5D3) and
without DS, Both SDS-PAGE and PAGE profiles of vanoms fram different snake species indicale thel some proteins and polypeptide
components of Lthese venems have common eleciropharetic characteristics suggesling u genclic 1clutionship, Cozversely, the lectrophe-
rograms alsc showed the characteristic profein and polypeptide profiles that could differentiate one snake species from another.
Therefore, both SDS-PAGE and PAGE profiles sugpest that proteins and polypeptides with similar characteristics abound among

subspecics ot related species, although cach venom has 4 unique profile that differentiates ons species frone the other.

INTRODUCTION

Snake venom toxicity ditlers belween spovics
because of 1ts composition, It is a mixture of or-
panic and inorganic compounds [1-3]. Mainly
the protein components display pharmacological
activity and lethal and injurious effects and they
are also immunogenic [4,3]. It is impertant 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—12] 1o relatively
non-lethal but deleterious actions [13—18]. Tmmu-
noelectrophoresis, immunadiffusion and, more
recently, Western immunoblot methods have
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heen employed in the study ol snake venoms
[19.20]. A review of snake venom compaonents
and their cross-reactivity [21] has been published.

Electrophoresis has been used extensively to
analyze components of snake venoms. At pres-
enl, comparative electrophoresis has been limited
to studies of snake venoms from a few species.
following sodium dodecyl sullate (SDS) treat-
ment [5.22-24]. SDS depolymerizes proteins into
subunits. In SDS polyacrylamide gel electropho-
resis (SDS-PAGLE), pelypeptdes with the same
molecular mass but derived from two dilferent
protein molecules may co-migrate. In PAGE, na-
tive protein molcoules remain intact and migrate
indenendently based on their characicrislic
charges. Hence PAGE gives a better assessment
of how many different types of native protein
molecules are present in a given venom sample.

In order to oblain a basic understunding of the
electrophoretic propertics 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 PAGT methods.

LXPERIMENTAL
Sample preparative sofution

The venom samples (Sigma, St. Louis, MO,
USA), in amounts indicated in Lhe ligure cap-

tions, were dissolved in a solution composed ol

the following: | part of .53 M Tris [(trishydroxy-
methybaminomethane] (Bio-Rad Labs., Rich-
mond. CA, USA)al pH 6.8, 1 part of 10% SDS
(Bio-Rad Labs.. Mississauga, Canada); 0.1 part
ol 2-mercaploethanol (Sigma}, 1 part of alyeeral
(Fisher Scientifie, Fair Lawn, NI, USA), 6.9
parls of distilled water and | part of 0.01% bro-
maophenal {(J. I, Baker, Phillipshurg, NI, USA)
to serve as a marker during SDS-PAGE. For
PAGE. the same preparative solution without
SDS was used to dissolve the venoms.

Electrophoresis

The SDS-traaled venoms wers separated in du-
plicate by SDS-PAGE in an electrophoresis unit
(Bio-Rad Labs., Model 2200 T'echnical Market-
g Associated, Mississauga, Canada) according
to Laemumli [23]. 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 ol 17 -
107 (lvsocyme), 27 - 107 (soybean trypsin inhib-
itory, 3% - 107 {carbonic anhydrase), 50 - 10°
{ovalbumin). 75 - 10% (bovine serum albumin)
and 130 - 107 (phosphorvlase C).

After electropharesis. the gels were stained for
I h with Coomassie Brilliant Blue R (NN, N IN"-
tetramethylethyvlenediamine) (Sigma) in 7%
aqueous acetic acid. The duplicate gels were
stained with a silver nitrate stain following a
standard melhod supplied with the silver stain kir
(Sigmal.

RESULTS

A typical PAGE profile of the native venoms
from three snake tamilies is given in Fig. 1. These
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profiles show protein bands of venoms from dil-
ferent species with similar electrophoretic mobil-
ities (marked with black dots) and those bunds
which are unique to each specific venom. Fig. |
also shows that the cobra venoms (11, lanes B, C,
D and I') have fewer distinct protein bands than
thase found in the viper venoms (I, lanes A and
[T: T1, Tanes A and F} and rattlesnake venoms (1,
lancs B and D: II lunes [ and J). Fig. | further
ilinstrates that protein bands with similar eleclro-
phoretic mobilites occur more frequently in veo-
oms of snakes belonging (o the same family, Tx-
ammples of bands with similar mebilitics obtaned
form venoms ol snuke species all belonging to the
cobra family (11, lancs C and 12), vipers (1, lunes
Hund G: 1L lanes F and () and rattlesnakes (11,
lanes H, I and J) arc depicted in Fig. 1. ITowever.
venoms [rom different species do not necessarily
have the same relative proportions of proteins
with similar mohilites.

Fig, 1 also shows [our randomly selected pro-
tein bands, labkelled a-d. from a native venom ol
Atherts sguamigera (lane A). Band d has a mobil-
ity similar to that of the lysozyme standard (nol
shown). Maost of the venoms examined have pro-
tein bands that have similar ¢lectrophoretic mo-
hilities to these selecled proteins bands of A.
StUAHIIECFY.

Typical SDS-PAGE profiles ol the SDS-(real-
ed venoms {Fig. 2) show polypeptides with simi-
lar electrophoretic mabilitics (rnarked with black
dotsp. Polyneplides with similar mohilities occur
maore [requently in the 17 - 190 relative molecular
mass region (I lanes C and D. viperids: 11, langs
D and E, erotalids; 1, lanes F and G, elapids).
Fig. 2 ulso shows that polvpeptides in the 130 -
107 relative moiceular mass region are prominent
in the crotalid venoms (1, lang G: 11 lane 1} and
very [mint in the viperid venoms (1, lanes A and
B).

Polypepude bands with mobilitdes similar to
the 17 - 107,39 . 107 and 50 - 197 relative molee-
ular mass markers (marked with bluck dots) are
present more {requently than those similar to the
130 - 107 relative molecular mass marker tn ven-
oms ol dillerent snake species (Iig. 2, [ and 1),
Farther, Fig. 2 indicates that the venoms [rom
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Fig. 1. Composites of typical on-SDS electrvpheragrams of native venoms. The dets berween adjacent lanes indicate pratein bands
Atheriy squamivera; B = Bavheops jorarace; C = Crotofus viridis oreganus, D
Vipera Iobotina; B = Fehis coringnes. 110 Lane A =

Foammoedyien: G = Voruseelli H =

with similar electrophotetic migraiion rates. 1; Lane &
= Crozaluy basilicons, 0 = Wity gabonica; |© = Agkivtrodun ridostena, G
Ceruster verasles: B = Najawmeianolewca: C = N hgu: D = Nonaig b = N, wedo haowtbia, F
Aghkistradon piseivorny piscivorus, 1 = hothrops lansbergiin ) = Crofelus virsdis viridic, K= V. palaestinae, L — Bodbrops avmamifior, M =
Crosiafus molossus mofossus. The bands lubelled a—d were randomly scleeted and used s references ta compare ditficred venoms. Below

euch eleciropherogram e the ametnt of each vanom sample used.

are clussified into six grouns bascd on relative
maolecular mass (Lable 1). The data show that
most of the polypeplides have relative molceular
mass less than 17 - 107 and rarely larger than 130
107, 1n addition, polypeptides, with similar clee-

the four Naja species (11, lanes A, B. F and G)
predominantly have polypeptides with relative
molecular mass less than 17 . 102

In order to deseribe and compare the different
venoms, the polypeptides present in each venom
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Fig. 2. Compusice ol typical SDS electrapheragrams of venoms from 21 snuke specics. The doss between adjavent lanes indicate the
polypeptide bands with similur chectrophorelic migratom rules. 11 Lave A = Fipery lebeting: B — V. pafaestinge; C — V. el D =
Ditiy gobonicw, L~ Atheris squamizerat ¥ — Bothrops igraraca; G = Bathrops awmiwifer, 11 = S8 PAGE suandard; 1 — Coraatey
cevates, 1 = failrops fanshergis, K = Crotulus vividis soegaouy. 1 Lane A — Naja haju: B = ~omelanoiouea; C = Eehis cavinarug 1Y —
Crodabis hazilisensy B = Ceotalus molassus; 1 = Najanajer G = N ongfee heeathio, H — V. wmsdvivs: 1 = Agkistrodon rhodesram: )
= Aghiviradon piscivorus piscieovus: K = Bathrops farsherge, L = Craialos vicidis viridis, Below cach electropherogram s L dmount

al eaclt venom sunple wseld. Numbers on the right are relativie molecular masses (k indicates - 107,

ralllesnake venoms have comparable total num-
relative melecular mass < 17 - 107 region. Table I bers of polypeptide bands. Both have significant-
also shows the relative total numher of protein vy more {(p <0.05) pelypeptide bands than the

bands present in native and SDS-treated venoms, cobra venoms,
Statistical analyses indicate that the viper and the Fig. 3 shews (e marked difference beiween

trophoretic mobility cccur mare frequently in the
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Fig. 3 Paiis of 1eprescutative polyacryamide electrophero-
grufns, withand witzout 5 Db, of venows (stained with Coomas-
sie Briliant Biuz). I = Majr nage (Clipidae) 1 = Vieera russelli
(Yiperidae): 1L = Agkisiradun siadoseomae (Crotelidag).

typical electrophoretic profiles of the native and
SDS-treated venoms. S1I8-treated venoms of co-
bras (lane 1) have polypeptides with mostly low
relative molecular mass, unlike the SDS-treated
venoms ol vipers {lanc [1) and crotalids (lane 111,
The rates of clectrophoretic mohility of the pro-
teing and their polypeptide subunils indicale both
the simularities and the difference among venoms
from various species belonging to the sume, or
different, phylogenetic fanulics,

It was further observed (Iig. 3} that the SDS-
treated venoms are markedly more sensitive 1o
defection than the native venoms. For example,
with N. muje, In order to obtain adequare and
comparable quality of detection, ¢a. 100 pg ol the
SDS-treated venom (1, night lane) were needed
compared with ca. 300 pg of the nalive venom (1,
left lanc).
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lig & Pair of typicai electrophierograms of the mative venoms,
«gpresenting three snake Gamihas, detected with (1) silver stain
and (D) Cocagsic Boalliant Blue stuin, Lanest A — dgkivrradon
shodosterna. B — A plaivorns piscrvares, C = Bothrops far
aracn 1Y — Cevastes verasios, B — Crostalis veridiy ecegonns 1

— Nafa nijer, G = bohiy carinains H o — Vipera peadaesinge; 1=
Fiper russeili, The numbars below each lane sre the amounnis of

venom ssmple appliad.

Ig. 4 shows a pair of typical electrophero-
arams of native verom proteins from representa-
tive species Elapidac, Viperidae and Crotalidae,
indicating that some protems detected with the
Coomassic Brilliant Blue stain are undetectable
with the silver slain and vice versa. For example,
the lastest migrating hands in the A, piseivorus
piscivorys venom (lane B) were detectable wilh
the silver stain but not with the Coomassic Bril-
liunl Blue stain. The oppasite was observed with
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Fig. 5. Pair ul typical SDS electropheragrame of the polypep-
tudes from venoms repressnting three snake families. detocted
with i D) silver stain ard ¢11) Coomnassic Brilliant Blue sraim. 1.ane:
A — Apkistrodon riadostoma, B — A piseivorns piscivorus: C =

Bothrops jararaca: D = Cerastes covasres: b= Crotulus viridis
oregamuy: B = Echis carinarus, G = Nuju ngyee H — Vipera
risselli. The numbers below each fanc are the amounts ef venom
sample applied.

the faster migrating bands of the venoms of Ce-
rasies cerasies (lane ) and V. palaestinae (lane
H). With the A naja venom (lane ), the silver
slain detected only two protein bhands whereas
the Coomassie Brilliant Blue stain detccted cight
hands. Similar staining properties were observed
when silver and Ceomassic Brilliant Biue stain-
ing methods wars used on SDS-PAGE gels (Fig.
3).

16l
DISCUSSION

Previous studics of protein components of ven-
oms from clapid and crotulid snakes have been
accomplished by clectrophoretic methods using
starch gel [26,27] or polyacrylumide gel [5,22,28—
30]. By using PAGE with 12% polyacryiamide
gels in 6 M urea [30], more than ten protein bands
have been consistently detecled for venoms from
varions species of North American snakes [S].
Protein campanents with similar migration rates
appeared to he more prevalent among venoms
from snakes belonging 10 the same genus,

Likewise, a study [22] using SDS-PAGE ac-
cording o Laemumli [25] demonstrated a striking
similarity of some protein components of venoms
from five ruttlesnake species. The sepirating gel
used wlso contained 12% polyvacrvlamide gels in
addition to 0,1% SDS.

Electrephoretic profiles obtained for venoms
from different species, genera and families by
PAGL and SDS-PAGE indicate similar electro-
phoretic mobilitics of some proteins and poly-
neptides. The similarity of the electrophoretic
profiles of proteins or polypeptides present in the
venaoms of Crotalidae species observed in this
study concurred with the carlier reports [5,22].
The similarity of, or the difference in, protein
compoatents present in V. russelli venoms com-
pared with those from different species has also
been demonstrated by immunegenic cross-reac-
tivity [20]. The primary structures of homologous
prolcins in taxins of various snake species have
been studied o establish a hicrarchy [31]. Tt was
reporied that evolutionary changes in the compo-
sition and structure ol a protein could be very
exlensive witheul affecting its catlalytic or toxic
activity,

Pravious reports have shown that several snake
venonis contain ¢nzymes [5,6,8,22]. Bradykinin-,
histamine- and serolomn-releasing  proteases
have been shown to mediate autopharmacolog-
ical actions produced by some  venoms
[8,10,11,33-35]. In addition, Hendon and Tu [36]
have demonsirated the importance of an enzyme
in the mechanism of neurotoxicity in that a com-
hination of events must kappen before a certain
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loxic factor can exert its action. [t is necessary,
thercfore. to cstablish the toxicity of the proteins
or polvpentides present in snake venoms investi-
gated, A knowledge of individual or cambina-
tions of toxic factors s crucial and Tundamental
m developing a more comprehensive type of pro-
tection and therapy against many. if not all. types
of snake venoms and constituenis. Therefore, it is
impractical to develep preventive and/or ther-
apeutic measurcs against venom ol each snake
species or individual toxic component ol snake
VenoIms.

This study suggests that ¢ertain proteins from
nauve venoms and polypeptides derived from
SDS-trcated venoms do not react strongly with
the silver nitrate stain and are not readily detect-
able. In gontrast, they praduce an intense reac-
ticn with the Coomassie Brilliant Blue stain and
arc readily detectable. These findings concurred
with a previous report [37] that the general use-
fulness and relahility of the silver stuin method
[35.39] remain uncertain.

In conclusion, the characterizalion ol proteins
and polypepudes present in venoms of 21 snake
species by PAGE and SDS-PAGE has been
achieved. The clectrophoretic profiles show that
several polypeptides or proteins with similar elec-
traphoretic mobilitics are commonly present in
venoms of didlerent but related snake species.
Similarly, certain proteins. or polypeplides from
these venoms, appear typical only of specics be-
longing to the same genus or family. The study
further suggests the usefulness of hoth PAGE
and SDS-PAGE in characterizng lhe relation-
ship and the uniqueness of each snake Tamily or
subspecies between related species.
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