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SUMMARY 

The highly basic proteins from three North American rattlesnake venoms have 
been isolated by a simple combination of Bio-Gel P-2 recycling adsorption chromato- 
graphy and ion exchange on carboxymethyl-cellulose. These basic proteins constitute 
less than 10% of the total protein in the crude venoms and are characterized by having 
small molecular weights, isoelectric points above N pH 1o.S and pharmacological 
activities (igz vZ:vo and igz v&o) resembling those of crotamine, the neurotoxin from 
Crotalus dzcrrislts terri$cus, the South American tropical rattlesnake. 

The lethal action of venoms is undoubtedly due to interaction of each venom’s 
specific mixture of components. Separation and bioassay of these components shows 
the majority of toxic activity in fractions distinct from the enzymes, which frequently 
possess neurotoxic activity. Isolation and purification of many of these toxic elements 
has shown them to be low-molecular-weight polypeptides. Of the venoms examined, 
neurotoxins of this nature have been demonstrated in all elapid snakes (cobras and 
kraits), all Australian venomous snakes, all hydrophid snakes, and in some viperid 
and crotalid species. Extensive reviews on the subject have been publislled1-3. 
Scorpion venom neurotoxins have also been recently isolatedJt” and shown to be 

l To whom reprint rcqucsts shoulcl bc clircctccl. 
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highly basic, small-molecular-weight polypeptides not unlike those found in snake 
venoms. 

With the exception of crotamine 6, the basic protein neurotoxin from Crotalzcs 
durriszcs terrificus, nothing is known about the basic proteins from American rattle- 
snakes. The absence of highly basic proteins in said venoms has, in fact, been reported 
by several authors 7~8. It is of interest to note, however, that small-molecular-weight 
basic proteins having neurotoxic activity have already been obtained in a high degree 
of purity from C. v. IzelZeriO and C. adamanteats 10, The purification and some properties 
of the highly basic proteins from C. 12. horridz,cs (timber rattlesnake), C. 1% atricazcdatzcs 
(canebrake rattlesnake), and C. v. viridis (prairie rattlesnake) are the subject of this 
report. 

EXPERIMENTAL 

Materials 
Bio-Gel P-2 (200-400 mesh) and carboxymethyl-cellulose (Cellex-CM) were 

purchased from Bio-Rad Laboratories. The reagents for polyacrylamide electro- 
phoresis were obtained from the E-C Corporation, Cellophane tubing purchased from 
the Union Carbide Corporation was gently boiled for about 40 min in IO-~ M EDTA 
and stored in distilled water at 2O until used. Lyophilized C. tt. horridus, C. h. atricazr- 
datzcs, and Naja naja venoms were obtained from Sigma Chemical Co., St. Louis, MO. 
C. v. viridis venom was collected in our serpentarium. 

Venoms were prepared for chromatography in the following manner: A given 
amount of venom was dissolved in a minimal amount of distilled water cleared by 
centrifugation at 27,500 x g for 30 min and the supernatant fluid used as starting 
material. All other chemicals used were reagent grade; distilled water was passed 
through a large column of Amberlite MB-I resin (Mallinckrodt, analytical reagent 
grade) and had a resistance of approximately 2 ‘106 $2, Unless otherwise stated, all 
analytical procedures were carried out at 2’. 

Methods 
PuriJication of basic #voteins. All effluents were continuously monitored at 

254 rnp with an IX0 Model UA ultraviolet analyzer. Protein in the effluent fractions 
was determined by measuring the absorbance at 2So mp, appropriate dilutions of the 
fractions being made when absorbance was too high to allow accurate measurement. 
Individual peaks were pooled and concentrated by lyophilization following dialysis 
against distilled water. The length of dialysis varied with each chromatographic 
procedure, as follows: adsorbed fractions on Bio-Gel P-2 (5 h) and CM-cellulose 
fractions (4 h). Protein concentration was determined by the procedure of LOWRY 
et aZ.ll, using bovine serum albumin as the standard. 

Adsoq4tion chromatogra$hy on fiolyacrylamide gel. Dry Bio-Gel P-2 was suspend:- 
ed in an excess of water for at least gS h, the fine particles removed by decantation 
and the slurry packed into a column (2.5 x IOO cm) by gravity flow, followed by 
equilibration with distilled water for 48 11. Recycling chromatography was performed 
exactly as previously described12 using high-precision chromatronix valves for sample 
injection and fraction retrieval. 

CM-ceEZuZose chzromatograflhy. Carboxymethyl-cellulose (Cellex-CM) was further 
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purified and prepared for column chromatography by the method of PETERSON ANB 

SOBERi3. l?ollowing equilibration in 0.04 M sodium citrate (pH 3.48) the material 
was packed to a bed height of 22 cm in 1.5 x 30 cm columns. This was followed by 
further washing with I 1 of the same buffer and the samples added to the resin surface. 
A constant flow rate was maintained with peristaltic LKB pumps (LKB Instruments, 
Inc., Maryland) with fractions of approximately 3.0 ml collected by means of an 
automatic fraction collector (ISCO). 

PoZyncryln?&de elcctro~lzoresis. Fractions at the final stage of purification were 
identified and compared to whole venom by means of gel electrophoresis (E-C Ap- 
paratus Corp.). This procedure was carried out in acidic, G Al urea polyacrylamide 
gels by a modification of the method of JORDAN AND R.AYMOND~~ as previously de- 
scribedit. 

Amino acid com?osition.. Duplicate samples of electrophoretically homogeneous 
basic proteins were prepared for amino acid analysis by dialysis against two changes 
of 4000 volumes of distilled water at 2O for a total of 2 11. Aliquots (1.40 mg of protein) 

were hydrolyzed for 25 11 by the procedure of MOORE ANID STEINWAY. The hydrolysates 

were analyzed on a Beckman-Spinco 12oC amino acid analyzer. Tryptoyhan was 

determined by the calorimetric methods of SPIES AND CHAMBERS~ and BArwAN 
AND KOSHLAND~~. 

Biological assay ~vocedures. Adult (over 30 days old) male Swiss albino mice 
(&?zts mzcscz~lzcs) from a homogeneous stock and weighing 25-35 g were used in all 
experiments. The diet consisted of Purina Laboratory Chow and tap water nd Zibitzmz. 

Varied amounts of material from the different stages of purification of the ven- 
om were administered to groups of ten mice. The dose was administered intra- 
peritoneally, as so many mg per kg of body weight, carried in a minimal amount 
(not esceeding 0.2 ml) of physiologic saline solution. Tile effects on neuromuscular 

transmission were studied using a modified 13ijLBRTNof9 phrenic nerve-diaphragm 

preparation as described by RUSSELL AND LoNG~O. (Detailed results of this facet of 

the study will be reported separately.) 

RESULTS 

Recycling adsorption chromatograms of C. ZJ. vl:ridl:s (Fig. I), C. 11.. Izorricl~ 
(Fig. 2) and C. 12. ntricazsdntzts (Fig. 3) venoms do not differ significantly from each 
other or from those obtained by the same method during the isolation of C. ndmzcm- 
teas basic protein 12921 In each case, those proteins having isoelectric points of - pN , 

10,s or higher are adsorbed unto the polyacrylamide gel and can be selectively de- 
sorbed by increasing the ionic strength of the eluting medium (i-c. 1.0 it/r NaCl). Even 
when very high sample loads are applied to the column, excellent recoveries of basic 
protein can still be affected by increasing the number of cycles through which the 
crude venoms are subjected. (Figs. 1-3 represent second-cycle elution profiles.) Cobra 

(Naja naja) venom contains a very high percentage of basic protein (over 40”/“) which 
can be rapidly isolated to a very high degree of homogeneity after five continuous cy- 
cles on Bio-Gel P-2. A representative elution curve is shown (Fig, 4) for comparative 

. purposes. 
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Pigs. s-7. Ion-exchange chromatography of Bio-Gel P-2 puriliccl basic proteins from C. ZI. vivid,is 
(275 mg), C. 1~. Ilo,‘vidzis (85 mg) and C. Il. alr&zz~dalrrs (zs mg) venoms. The adsorbccl fractions 
(IV; Figs. r-3) wcrc poolccl, clialyzecl (3-G h), conccntratccl by lyophilization and appliccl to 
1.5 x 30 cm columns of CM-cclluIosc. Fractions CM-C11 rcprcscnt the small-molecular-weight, 
highly basic protein toxins frdm each venom. 

Ion-exchan.ge chronzatogra$4ay. Results of ion-exchange chromatography of the 
adsorbed fractions from Bio-Gel P-2 are shown in Figs. 5-7. In each case, two major 
peaks can be discerned. On bioassay, both fractions were highly toxic but by dif- 
ferent modes of action. While CM-CT. fractions had anticoagulant activity, fractions 
CM-C11 were neurotosic. 

Analytic $vocedzcres 
Polyacrylanzide gel. It can be seen from the results obtained after gel electro- 

phoresis (Fig. 8) that the basic proteins from Crotalid venoms can be purified by the 
procedures described in this report and that the final fractions (CM-CII) are consistent 
with a high degree of homogeneity. 

Amino acid analysis, Table I shows the results of amino acid analyses as deter- 
mined from duplicate 28-h hydrolysates. No tryptophan residues were found by the 
methods described. The minimal molecular weights based on amino acid composition 
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Fig. 8. Polyacrylamicle elcctrophoresis of crude venoms and their corrcsponcling purificrl basic 
protein toxins. Conditions for clectrophorcsis: voltage, 250 V (constant) ; current, 100 mA; prc- 
run, 3.5 h; clcctrolytc, 0.37 M glycinc-citric acid buffer, pH 2.9; load, 20-40 ill (14-2s mg/ml); 
length of separation, 5 h (4O) : gel concentration, 14% Cyanogum-41. 1 = C. I&. atricazldalus cruclc 
venom; 2 = C. IL. atricnudatzcs basic protein; 3 = C. v. vkidis crucle venom; 4 = C. v. vividis basic 
protein; 5 = C. d. tewificzcs cruclc venom, shown here for comparative purposes; 6 = C. lz. kovvi- 
dzrs crude venom; 7 = C. IL Irowidzcs basic protein; 5 = Naja rtaja basic protein (set fraction IV, 
Fig. 4) ; 9 - Najn ,naja. crucle venom; x0 = C. admnmlczts basic protein. The gels wcrc purposeI> 
over-clcstainccl (80 min) in order to show the purificcl basic proteins in better contrast to the 
cruclc venoms. 

of the basic proteins are as follows: C. v. viridG, G3oS-Gg5z; C. Iz. ntricnz~dntus, 6310- 
6777,: C. 1%. horridats, 4808-5178. 

Isoelectric fmints. Isoelectric points for the purified basic proteins were obtained 
by comparison with the electrophoretic behavior of lysozyme, cytochrome c and 
ribonuclease whose isoelectric points decrease in that order22. The venom basic pro- 
teins and lysozyme migrated unidirectionally to the cathode during electrophoresis 
for 6 h, at pH 10.6 in S M urea polyacrylamide gels. The relative positions of the 
standard proteins were in accord with their respective isoelectric points. Since all the 
,venom basic proteins migrated ahead of lysozyme, their isoelectric point exceeded 
10.23, the isoelectric point of lysozyme22. 

Biological assay j5rocedawes 
The LD,, values and generalized symptomatology following administration of 

the purified basic proteins to Swiss albino mice are shown in Table II. On the modi- 
fied B~~LBRING preparation, the basic proteins stimulate the indirectly elicited con- 
traction (muscle through nerve), while depressing the directly elicited contraction 
(muscle directly). These changes occur concurrently and appear to be initiated simul- 
taneously at concentrations as low as 2 X IoW5 mg. Further details on the neurotoxic 
activity of all the basic proteins will be reported separately. 
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,MINO ACID COnlPOSITION 01’ sonlx RAT’TLl~SNAICIS VE.NOM HASlC I’ROTTtISS 

C. 21. vividis C. IL. at&airdatris C. h. Iromidm 
- 

A verage Residues A vcvage Rcsidws A vcmage Rrsid~ires 
OY cx- OY cs- OY rx- 

lvapolalcd~ Calczt- A s- tvapvlatodc Calcu- A s- t~apolatcdi~ Cctlclr- /I s- 
(p~wole) latcd b mrned (pruzolc) fatcd1, sumed (p?nolc) laled” sLlrued 

Lysinc 
Histiclinc 
Ammonia 
Arginine 
Aspartic acid 
rhreoninc 
Sxinc 
Slutarnic acicl 
Prolinc 
3lycitlc 
klaninc 
Half cystinc 
Valine 
Methioninc 
Isolcucine 
Lcucinc 
l’yrosinc 
Phcnylalnninc 
Tryptophanc 

Total 

0.1G5 G.I 
0.05G 2.1 

0.201 9.7 
0.058 2.2 

0.12g 4.8 
0.042 1.G 

0.078 2.9 

0.095 3.5 
0.070 2.6 
o.x2Y 4.7 
0.053 2.0 
0.105 3.9 
0.045 1.7 
0.027 1.0 

0.065 2.4 
0.070 2.G 

0.050 1.S 

0.05 I 1.g 
0.000 - 

G 
2 

IO 

2 
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5 
2 

1 
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I 
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2-3 
2 

2 

5o6-61 

I.24 

0.72 
o.Gg 

O.dT 

1.2g 

0.59 
0.71 
0.81 

0.00 

1.54 
0.50 
0.00 

O.GI 

0.2.2 

0.2G 

0.39 
0.3% 

“653 
0.00 

5.6 
3.3 
3.1 
1.9 
5.9 
2.9 .*’ 

3 .2 
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0.0 

‘. 7.0 
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3.0 
‘2 I s 
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1,s j 
1.7 
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- 

5-G 
3 
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: 
3 
3 
4 
0 

7 
2 
3 
3 
I 
I 
2 

2 

2-3 
0 

52-54 

0.79 8.7 
0.31 3.4 
0.30 3.3 
0.28 3. 1 
0.30 3.3 
0.11 1.2 

0.14 r.6 

0.22 2.4 
0.00 0.0 

0.43 4,s 
0.07 I.0 

0.11 1.2 

0. I-1 I.6 

o.og 1.3 

0.w 1.3 
0.10 1.1 

0.00 1.3 
0.12 1.3 
0.00 - 

9 
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I 
0 

3X-42 

1’ l3y extrapolation bnsccl on cluplicntc aS- and 50-h l~yclrolysntcs. 
11 Taking rnethioninc = 1.0. No corrections have been muclc for hyclrolytic losses. 
c Average values of cluplicatc 28-h hyclrolysatcs. 
d Values obtainccl from a single 2%11 liyclrolysate. 
0 Dctcrnlinecl by colorimctriclT ant1 sl~cctroplionictric’H mctliods. 

112 ViVO PHARMACOLOGICAL ISI’FIECTS 012 I’URI1~1EI~ RATTLl%SXAKl~ VISNOM IJASIC 1’ROTIEINS 

Subcutaneous LD,, in mice: C. v. vil#idis, 41 mg/kg; C. h. hvvitllts, 43 mg/kg; and C. IL. atvica?i- 
dates, 32 rng/Q body weight, 

Time (~rnin) -T+l, 

1 Immccliatc prostration, acute 
exol~litlialnius, blanching ancl 
flattening of ears, marltecl extension 
of hincllimbs, motor twitches and 
clcath within 30 sec. 

_ .- __.- __.-.-.... .__ ._.-.-.- _._._._ _.._-._ . .._-..- . .- .~ ._ 

LD,O 

2-3 

3-5 

5-s 

._.. _ _..._. -_..- .--. - .----. . . --.- .-.-. -... ..-. _.. ._.. .,.-. _ ..__ - _... ._._. _ ..__._ - 

Inimcclintc prostration, csophthalmus. 
sonic l~lancliinp and flattening of ears, 
cstensor paresis of hindlimbs with 
curling of forelimbs under bocly. 

Continuccl liincllimb paresis or 
paralq:sis, other signs improvccl. 
Righting rcflcs intact. 

Wcakncss of hincllinilw 

Mctrkccl muscu1a.r weakness, motor 
twitches, irregular respirations, 
prostration - death ; or SOIY~C muscular 
weakness, chiefly in hincllimbs --c survival 

.- .__,_ ..- _.__.._. -__-_.-_.-__--_- _--__- 
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DISCUSSION, 

A procedure for the isolation of the basic proteins from C. v. viridis, C. h. Itcorri- 
dots and C. h. atricaudatus has been described in this report. This procedure involves 
repeated adsorption chromatography on highly cross-linked polyacrylamide gel and 
ion exchange on CM-cellulose. 

Within a few minutes of administration of the basic proteins, the animals could 
be observed with marked neurotoxic symptoms. They showed ptosis, were ataxic, and 
had jerky body movements with a stiff-legged, shuffling gait. Sometimes a transient 
hyperexcitability was observed, with the animal rapidly losing the ability to respond 
to any stimuli. The most striking single syndrome, occurring to some degree in all 
animals observed, was extreme tonic hyperextension of the hind limbs, often ac- 
companied by rigidity of the tail, which was maintained for long periods (6 or more 
hours in animals with a sublethal dose). There were frequent convulsive episodes, 
generally preceding death. Irregular, often audible, gasping respiration was observed. 
Death was of rapid onset, if occurring at all. As was the case for C. adamanteus basic 
protein, the relative toxicity of diluted solutions has been found to devease as the 
purity of the toxins increased. This effect can be explained by the denaturation of 
the toxins at very low concentrations and it will be worthwhile to see if the effect can, 
in fact, be reversed by the addition of proteins (i.e. serum albumin). Rapid onset of 
neurotoxic symptoms follows even when very small doses are administered to the 
assay animals. In the case of C. v. viridis and C. lz. horridus basic proteins 0.51 mg/kg 
body weight, or approximately 1/80 of the LD,, provoked marked neurotoxic symp- 
toms which were sustained for several hours although no deaths were recorded. 

Necropsy of these animals revealed no hemorrhagic sites or other gross pathol- 
ogy, and complete absence of necrosis at the site of injection was observed. 

Now that low-molecular-weight neurotoxins have been isolated from C. ada- 
manteus, C. 12. atricaudatus, C. h. horridus and C. v. viridis venoms, further research is 
indicated to test their immunologic properties. It may be therapeutically advanta- 
geous to bind these materials to CM-cellulose in order to enhance their antigenicity 
in the preparation of antivenin. 
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