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S-UMMARY 

A protein has been isolated from the’ venom of the western diamondback 
rattiesnake fC~ot&s afr~x) w&A induces acute myocardial depression when 
administered to experimental animals. Purification was achieved by gel filtration on 
Sephadex G-IQO, DEAR- and CM-cellulose ion-exchange chromatography, ultra- 
E&ration, and adsorption chromatography on hydroxyaparite. Amino acid analysis 
of the highly purified protein indicated N-terminal isoleucine -nd C-terminal tyrosine 

residues, and the absence.of free suhhydryl groups. 
Rabbits were immunized against the myocardial depressor protein (MDP) and 

a highiy specific antiserum prepared which made it possible to study other snake 
venoms for the presence or absence of IMDP. All of the North American Crotahd 
species of s6akes contain MDP in varying degrees of concentmtiou, but none of the 
Asiatic snake venoms tested reacted with the antiserum to the myocardiaf depressor 
protein. Intravenous administration of MDP to experimental animals’(dogs, cats) 
produces an immediate and profound decrease in the cardiac output, the left ventric- 
ular systolic and mean pressures, the velocity of shortening of the contractile ele- 
ment, the systemic arterial pressure and an elevation in the left =!entricufar end- 
diastolic and pulmonary wedge.pressures. These hemodyuamic changes indicate that 
MDP administration induces an acute myocardial faihue which is dose dependent. 
The potential use of this protein for the reproducible causation of left t=ntricular 
faihrre, obviatiug the need for the more commordy used surgical ligation of the 
coronary arteries, warrants a fuII investigation into its structure, active site and i& 
mechankm of action on the myocardial cell. 

Snake venoms are.eompEex glandular secretions known to contain a multitude 

* For papers I and EE In t&s series see refs. 4 and 5, respectively_ 
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of biologically a&e proteins, peptide s, and. e&mes W&k’ tie_ being i&e&ingly 
and continually Used to stud~.physiolo~,~.~~ions in both fhk normal’and ptitho- 
logical states, Such divers& a&ivi&s as blo& clotting, -~brizk@s$, nerve iti$&e 
tran.&issio~~muscle contractioq and vasodi!atio~ are tiect& by @e&k’cOmpo~ents 
isolated from the venom gland secr&ionS.~ Extens& reviews on the subject ha*e been 
recently published1-3. During the co*&se of our cont2nued inve&igation of the co&- 
parative biochemistry and pharmacology of salivary gland secret@nsL6, tfie p!e_sence 
of a protein was detected in the venom of :the western diamondback rattlesnake 
(Ciota~us ~trox) which produces acute and severe myocacdial deprkssion ‘when 
administered to anesthetized expetimental ankrkls. This rekponse is apparent within 
seconds following intravenous admini&ation of the purred protein and is associated 
primxily with 2 drastic decrease in the cardiac output and the left ventr@ular and 
arterial pressure, which -persists for periods of two hours or longer depending on the 
dose employed. 

In the p&sent report a method for obtaining this protein, henceforth named 

myocardial depressor proteia (MDP), in highly purified form is outlined and some 
of its characteristics desc&ed. Preliminary 2ccoants of portions of this work have 
been published7*8. 

Maf@s 

Crud& venom from Crofalirs afmx was uAlected from snakes housed in our 
serpentarimn under standard conditions of light and humidity and prepared for 
chromatography as described previously 9; Sephadex G-100 was obtzined from Ph.&r- 
macia (Piscataway, N.J., U.S.A.) and ionqchange celluloses, DE-52 and CM-52, 
from Reeve Angel (Clifton, NJ., U.S.A.); hydroxyapatise wis a product of Bio-Rad 
Labs. (Richmqnd, Calif., U.S.A.). 

GeijiIfr&on on.SephadexG_VlO 
Venom (S-7 g) was dise&ed in 50-55 ml of 0.12 M T&-HCl~.2 M N2Cl 

CpH 8.61, centrifuged at 49,500 g for 30 min ‘in a refrigerated centrifuge (4=) (Sorvall 
S-34 rotor). The supernatant fraction was then applied to a 5.0 x 100 cm column of 
Sephadex G-100 using upward fiow adaptors (actual bed height, 94 cm) and elution 
carried out with the same buffer. 

. . 

Zh-exchang& chforfiafography 

DE4SceZ~~~~se. The-active fractions from the Sephadex G-100 column were 
poof&, Skiyzs2 for 24 h against d&i&d, deionized water at 4” and Lyophiked_ 

The lyyOpi$lized fractipn was dissolved in 2 minimal -volume (54q ml) of 
0.005 M TrisYHcI *;?N 8.0). applied to a column of DEAE-cellulose @E-52) prepared 
ac.cording.to the method of Peterson and SobdQ, and eluti with the-same buffer. 
stepwise &&ion was then carried OIZ~ with 0.005 M Tris+K%O.2 1K NaCl (#I 8,O) 
and 1.a M NaCl. : 1 

C_&f-ce&&e. The pdoled, .&tive fkadtion from thk DEkE+~&~los~~c&mm 
was dialyzed (24 @, 4”, against,4NO vol. of water): lyoph&&d,zedissolved in asmall 
voltie of 0.04 M sodium c&r&z @H 3.3, dial$zed (6 h] &&st:the same bnffer end 
applied to a ClkWellulose c&i&n (2.5 x 45 eni)-equilibrated with.the st@kg bufFe?- 
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Step&se &&ion w&s carried out & fohows: O.o4m1K sodium citrate @I3 X7), 0.40 M 
sod&K &r&e (pH 3.7) and I.0 &f h&ICI. The fractioars containing the MDP were 
pooled, dialyzed against distilled water (24 h) in the. cold (43 and fyophihzed. 

A coti (2.5 x 45 cut) was packed with hydroxyapatite gel and equilibrated 
with 1 mM potassium phosphate buff& @M 7.4) at 4”. Flow-rate of the column was 
kept at about 14 ml/L and stepwise elution carried out with increasing molarity of 
the same buffer. 

Gei eiectiophoresis 
Electrophoresis in 12.8 % poiyacryltide acidic gels containing 6 M urea was 

performed as described earlier” without modification. 

Amino acid analyses in duplicate were carried out on hi_&ly purified samples 
of the MDP according to the method originaliy described by Spa&man, Stein, and 
Moore12 using a Durrum anaIyzer Model D-500 with built-in computer. Salt-free 
samples were prepared by exhaustive dialysis against doubIe-distilled deionized 
water. Ahquots were hydrolyzed in duplicate for 24 and 96 h at 1 IO”, and the results 
averaged. No attempt was made to determine the presettee or absence of carbohydrate 
in the purified protein. 

Tryptophane content was obtained from analysis of 94-h alkaline hydrolysis 
as described by Dr&ze13. 

Approx. 1 mg of protein was oxidized with performic acid, hydrolyzed and 
analyzed for cysteic and aspartic acids as described by Hirs”. 

Approx. 5 mg of MDP were alkylated with iodoacetic acid according to the 
method of Crestield er aZ.ls. Following dialysis (to remove excess reagent and buffer) 
and iyophihzation, au acid hydrolyzate was analyzed for the presence of earboxy- 
methyl cysteine. 

The purified protein was assayed for myocardial depressor activity using 
anesthetized, closedchest beagle dogs as previously described’6. MDP was adminis- 
tered intr&enousEy at a dose of 0.5 mg per kg body weight; this dose, which was 
arrived at during earlier experimentation, produces &I immediate and severe de- 
pression in the ‘cardiac output -(not less than 50 “4 and decreases the mean left 
vent&u& and aortic arterial pres_sures by sot-less than 40% from control values. 

Five adult female New Zealarid white rabbits were immmized with the highly 



purikd rnyocardial depressor protein according to the schedule shown in Table I. 
Emulsions of Freund’s complete adjuvant (FCA). and MDP were prepared by addi- 
tion of 1 ml FCA to 1 ml of 0.85 % NaCI containing 9 mg of MDP. 

Blood was collected from the marginal ear vein, c&trifuged and the serum 
barvested and stored zt -20”. High titers of MDP ~@~S&KUTI were maintained by 

cbntimmi challenge of each animal with 0.4 rng of MDP LII saline by the intradermai 
route at I&Z@day iutervals. 

Microimmunodit%sion tes& were‘ dose esseutiaEy a~ desmied 6i CrowIe2i 
using agarosecoated microscope slides (i yO Calbiochem- agarose) in phosphate 
buffer at pH 7.4 using the technique of Pi&da et &.I8 without modiftcation. 

Pooled fractions from the Sephadex G-100 column were analyzed for L-amino 
acid oxsdase?, .SnucIeotidase, phosphodiestere, and phosphohpase-A=. 

RESULTS . . 

Sephadex G-100 gel titration (Fig. 1) resolved the crude V~II~EEZ ~&III_ C. rzfm~ 
into five subfractions which have been partially identi&d as follows: fraction IA, a 
large-molecular-weight fraction excluded from the cohunn contains tiost of- the 
J’-nucleotidase activity and other unident&d components; fraction I3 contains the 
r-amino acid oxidase, phosphodiesterase, some~reemnant S-fiucleotidase activity and 
other cmiponets. 

Subfractio& HA and IiB cuntai~~ z$ of the phos&oElpase-A activity, the bull; 
of the proteolytically active protei&, the hemorrhagic components of the venom and 
the myocardial depressor protein. The ratio of these two subfractionS to the to&& 
protein in -the sfarting material varies drasticafiy .in -different batches of the crude- 
veaom aitd is correfatabfe, at feast to Some extenE; to the geograp_h$cal region Eoti 
which the snakes w%re cZ&ctedZZ_ Fraction IE coutains the stua&mofect&r~we&ht 
components of the venom &hItig a peptide @K W_, 2000)~respbtir%b fdr some of 
the severe hypetension observed f&owing the bite by- the western &tio&S6ack 
:&he-!saakels 

- -_ 
. Y‘_1- - . .c ; - ;- 

&xcex&mge t.-&mm&~q*iy . 
-5 : 

- -_ I 
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Fig. f. Elution profzk of the gel f%ration step (103 x 5 cm Sephardex G-100) us& in the purification 
of MDP from C. atrax venom. had: 5 g venom in SO ml 0.12 M Tris-HC1-0.20 L% Nail bufkr 
@ES 8.6). The f&&ions pooled for fwtker purification are indiated by the solid bar. Further details 
inrex& 

dlon 11 (A and B) on DE-52 yields three major peaks (Fig. 2) of which fraction @II) 
cmtati most of the MDP. 

CM-ceHukm_ The elation profile obtained from ion exchmge ehromztogmphy 
of fk&ioo DII on CM-celWose is shown in Fig. 3. Most of ffie MDP is found in 
th= retarded fraction (Cc) but some activity is also normally found in fraction Cd 
and the ratio for the two peaks varies for d.ifEerent lots of crude venom. 

Several batches of venom were processed up to and including the CM-celiulose 
step and the resulting fractions Cc pooled prior to the Gnal purikation step on 

I BEAE--SE 
l2.§ x 45OC;n) 
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Fig_ 3. Ciiomatog~~phy of DEAE-cellulose p~urif~ed MDP on CM+Ahlose. Stepwise elution w&s 
carried out as show-o in the figure and the fractions marked by the cross-hatched area pookd, concen- 
trated by ultmfil~tion uld lyopbilize& 

Bio-Gel HTP. For the elution profile, shown in Fig. 4, the resulting fractions Cc from 
several batches of venom were pooled, dissolved in distilled water and percolated 
through a column of &o-Gel HTP (2.5 x 45 cm) previously equilibrated with 0.001 M 
potassium phosphate buffer @H 6.8). Pooled fraction HA-I containing the highly 
purikd MDP was then re-chromatographed on hydroxyapatite and the resulting 
fkaction (see Fig. 5) used for further chemical and biological analysis. 
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Fig. 4. E%ydroxyapatite cohmn chrozmtography of higUy ptied MDP following puri&ation by gel 
f%ration and ion exchange. Several batches of venom were fractionated through the CkQehhe 
step and the _szsultkg fractions Cc pooled, coacentntd aqd appkd to a Bio-get HTP calm. Frac- 
tion E&4-1 (iidicated by tkesM& area) contzimzd the b&k ofthe MDP ad appeared homogeneous 
5s sho~in by re-dmmatography on hy&oxyapa&e. 
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Fig. 5. Re-chromatography of highly purifkd MDP on hydroxyapatite. Fraction EEA-1 (see Fig. 4) 
was dissokd in 5 ml of 0.001 M potassium phosphate buffer (pH 7.4; and carefully Iayercd on the 
cokmm which had been equilibrated with the same buffer. Other details as in Fig_ 4. 

‘_ . 
:.-,_ 

-y_;: .-:-:-.;::I __ _ -_.-. -- i; --__ _ __ __ -__ 
&~ekctrophoresis of(kom Ieft to right): pooled C. a~rox venom from Odessa, 

Texas (IO, 20 and 40~1; myoczdial depressor protein (20,4Opl); pooled C. arrox venom from Big 
Sprkgs, Texas; myocardkl depressor protein (4Opi); hypotensive pptide from C. a~ox venom (20 
~1); f-ion Cd (see Fig 2) from DEAE-cellulosc cbromatogmphy. Conditions for ekctrophoresis: 
voltzge, 250 V (constzmt); current, 100 mA; prerzm, 4 h; electrolyte, 0.37 M gly~ine-O_l M citric 
acid buffer @Ef 29); separation, 4 h (3”). Gel concentration, I_ 7 8 o/0 Cyanogum-41. Migration is 
from top (-+) to bottom <-). 



Anaino acid anafysis 

The results of the amino acid analysis of rhe highly purikd MDP are Shown 
in Table II. These values were derived from dupticate hydrolyzates at 24 and 96 h. 
‘Values for serine and threonke were extrapokted to zero time hydrolysis and that 
reported for isoleucine was the maximum value obtained. 

TABLE II 

AMINO ACID COMPOSI’FLON OF h4DP 

Amino acid Hy&olysis rime Adjusted Re.sSues 
VQiue 

24h 96h 

Mauiue 
Xrginine 
Aspartic ecid 
Cilutzmicacid 
Glycine 
!Xistidine 
Iso!eucine 
Leucine 
LySiSle 
Methionine 
Pbenyidanine 
Proline 
Serine 
lkeotie 
nyptoplzn"' 
Tyrosine 
VaIfne 
Qstehe* 
Cystinep 

TotalmhimaI 
residues 

aost 0.056 
0.034 0.035 
0.121 0.118 
0.098 0.100 
0.099 0.095 
0.018 0.013 
0.025 0.028 
O.iW O.@?l 
0.059 0.058 
0.011 O-014 
0.024 0.021 
0.056 0.059 
0.052 0.038 
0.043 0.036 
- 0.004 
0.029 0.023 
0.0% 0.050 
- - 

0.054 4.5 4 
0.035 2.9 3 
0.120 10.0 10 
0.099 8.2 8 
0.097 8.0 8 
0.015 11 1 
0.028' 2.3 2 
O-U41 3.4 3 
0.058 4.8 5 
O-012 1.0 1 
0.022 1.8 2 
0.058 4.8 5 
0.058" 4.8 5 
0.045-* 3.8 4 
O.GM -- 
0.026 2.2 2 
0&?7 3.9 4 
- 

0.053 

- - 

4.4 4 
.- 

71 - 

= Mhum v2Iue. 
"~polatedtozero*rimeDy~Iysis. 
=*=AIkaIinehydroIysis. 
fiFormetho& ofdetermin&ionr seetext_ 

No carboxymethyl cysteine was found after acid hydrolysis- of the alkylated 
protein and, thus, it has been dedrxced that MDP contains no free suEmydryZ groups. 

Since the ratio cysteic-aspartic acid was 0.88 following hydrolysis of the 
performic acid o_xidized protein and the amount of aspartic acid 0.120 Moles per mg 
proteid, the combined cystine plus cysteine is reported as 0. LO6 pmole$mg: merefore, 
MDP contains 0.053 prnotes p&r m g of cystine bzsed -on its complete f&c of free 
sulfhydql a.mirm acid residue. _ 

. 



-. fn the absace of ukxentri~gal anzdysis the molecular weight for MQP was 
estimated From amino acid an@sis and by difkrentia~ uItr&Itration using Amicon 
membranes. With the number of metlrionfne residues taken as unity, the minimal 
molea_&& weight for MDP was estiated to be approximately lO,oOO daltons (9379), 
with tryptophan excluded from the &kahtion. An attempt to corroborate this 
motecular weight was made by passage of a solution of MDP (HI tig/ml) through 
Amicun ukr&kation membranes. While 96 % of the MDP could bz recovered in the 
ultraGltrate (after three consecutive washes), from-a PM30 membrane iOQO~ of MDP 
remained in the retentate after ultrafIltration on a UM10 membrane. 

'Fable III shows the myocardial depressant activity of this bi_&ly purifkd 
protein from the venom of Cr~d.cs am~x. l&ravenous administration of %%DP to 
anesthetized, closed chest be@e dogs induces a severe and immediate depression in 
the cardiac output, the arterial pressure and other dependent variabfes. These efEcts 
.zppear to be a direct efliect of MDP OQ myocardial function and w-ill be described in 
detail in a more appropriate journalz4_ 

-FABLE Hf 

HEMODYNAAMIC EFFECTS OF MDP 

AAP, Mean aortie arterial pressure (mmHg); SVR, systemic vascular resistance (dyne~cm-_xc-5); Q, cardiac out- 
put (l/n&); CI, cardiac index (mijkg/min); LVEDP, Ieft ventricular end-diastolic pressure (mmHg); LVP, mean 
left ventricular pressure (mmHg); PWP, ptdmooary wedge (capillary) pressure (mmHg). The number of animaIs 
stud&d is given in parentheses under the control vahxs. Each value represents the mean f standard error and its 
prabability value by Student’s t test an&&: NS = not significzmt Studies were carried out in de be&e dogs. 
(10-17 kg), anesthetized with pentobarbital sodium (30 mg/kg) and respiration maintained with a Bennett respi- 
rator. Catheters were advan& with ECG monitoring via the neck and femoral vessels to the pulmonary artery, 
right atrium, aortic root and left ventricle_ Pressure transduarrs (Statham) placed at midthoracic level were used to 
measue left ventricolq (p23Gb) and other pressures (p23Db): aortic, Ieft ventricular end-diastolic (LVEDP), 
pulmonary artery, and pulmonary wedge pressures. Central venous pressure was monitored with a water mano- 
meter and cm-Sac output determined with indocyanine green. All pressures and dye curves were recorded on a 16- 
channel photo_mphic oscilloscopic system (EIectronics for MedZne). Once a post-catheterization hemodynamb 
steady-state was reached, MDP was administered intraveno&Iy in a boius (0.50 mg/kg ir, 2 ml slaine) via the right 
femoral vein and the ensuing hemodynamic changes analyzed and compared to control values. 

Time 
(min) 

AAP SVR Q LVEDP LVP PWP 

Control 

3 
Pvdue 

5 
PvalKo 

10 
P value 

20 
P vaiue 

30 
P v&e 

45 

P v&e 

I24& 7 

(S) 

7984 * 512 

(a 
11966 f 2521 
NS 

13468 f 3465 
NS 
14211 f 4220 
NS- 
g412 * 1841 

NS 
7939 f- $921 

NS 

1.22 * 0.09 

03 
0.44 f 0.10 
<a001 
0.40 * 0.12 
<0.001 

0.39 & 0.11 
-=z 0.001 
0.57 & 0.20 
< 0.02 
0.58 2 0.12 

< 0.005 

110* 5 
(8) 

39; 8 
CO.001 
37 f IO 

to.001 

34 * 10 
< 0.001 
52 f 16 

< 0005 
52 -_L IO 

< o.oot 

9.1 i 1.1 
(8) 

13.5 i 0.8 
NS 
19.7 f 3.6 
< 0.02. 
13.6 & 2.9 
NS 
15.1 f 3.3 
NS 
11.3 * 3.3 
NS 

33 * 7 
CO.005 
33 & 5 
< 0.005 
31 f5 
< 0.001 
31*5 
< O_ool 
29 * 8 
< 0.005 

8.3 * 1 

(5) 

8.2 & 2.4 
NS 
12.4 f 4.2 
NS 

5.5 &- 0.7 
< 0.10 
11.5 * 3.5 
NS 
-16.2 + 4.1 
NS 
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LWnu?lologicai &znl&A&l of ll2WP 
The results of imm~unodiffusion analysis are shown in Fig. 7. MElP is highly 

antigenic in the rabbit when the immunization schedule herein described is followed. 

Fig. 7. MioroimmunodifYusion analysis for identity l&s of myocardial depressor protein (MDP) 
in various snake venoms. Ln e~h case undiluted speci& antiserum (AS) to MDP was placed in the 
central well, IMDP (0.01 m&ml) in the !eft and crude venom (5 mglml) in the adjacent (right) well. 
The fol&ing venoms were tested and found to form identical lines: CA (C. a&ox, western diamond- 
bzck rattler); CVV (C. viridis viridis, prairie rattler); CRR (C. rz&er ~&MS-, red diamondback rattler); 
CVL (C. viridis htosis, Great Basin rattler); AAA (Agkistrodon cct4tu.s GC.WUS~ shargnosxi pit viper) 
showed a partial line of ide&ity while BF (Bungarus fmckztm, banded krait) had complete non- 
identity- 

DISCUSSION 

That the venom secretions from all species of rattlesnakes are similar has been 
a widely believed misconception which, at least in part, arose from the fact that some 
of the erzzymatically active proteins, i.e., phosphoiipase A, phosphodiesterase, and 
S-nucleotidase are indeed present, in varying concentrations, in all of these venoms. 

As early as 1966, Eertke et al. 25 advanced the idea that “Venoms represent 
body &ids whose compositions are characteristic for a given species”. This idea has 
been coArmed by the results of extensive investigations in OUT laboratory of the 
non-enzymatic components of venoms from different rattlesnake species -and sub- 
species. Thus, four of these venoms {C. adamanteus, Ch. Ircrriiircs, C.v_ vir&s, and 
C/1. atr&m$&zts) contain a sm.&-molecular-weight toxin w&h Gs a prssynaptic 
&ion that can be blocked by d-tribocurarine or #Z-bungarotoxin16. These toxins are, 
however, absent in most of the other rattlesnake venoms so far studied in our labora- 



tiOCARDL4L DEPRESSOR PROTEfN FROM C. ATROX 313 

tory. On ttre other Sand, two of the venoms (C. adrrmanterrs and CX horridus) 
possess a thrombm-Like enzymeZ7*28 which is not present in most of the others, These 
difherences exist for other components of rattlesnake venoms, i.e., bradykinin releasing 
enzyme, a-protease, etc., and serve to reiterate the fact that these secretions are 
highly speciaiized and species specific. 

?Zhe methods for the isolation and purification of a protein with myocardial 
depressor activity from the venom of Croralus arrow are described in this report. 
This so-calkd myocardia! depressor protein or MDP can be obtained in highly 
purified form using standard techniques of separation: gel filtration, ion-exchange 
and adsorption chromatography OQ hydroxyapatite. The final preparation is a 
protein with a minimal molecular weight of approx. lO,c##, daltons, which does not 
contain free sullhydryl groups, sulfur being present as the distide, cystiue. MDP is 
devoid of the phosphohpase A, and the proteolytic and esterolytic activities known 
to exist in the crude venom of C. a&ox. When administered intravenously to anesthe- 
tized beagle dogs, MDP induces a severe depression of myocardial activity which is 
dose dependent. Because of these unique biological effects, MDP should prbve a 
v:ry useful tool for probing further into the celbdar mechanisms of myocardial con- 
tractility, without toxic side eiEcts to other organs, and without having to resort to 
surgical Ligation of the coronary arteries. This, however, will require a completely 
homogeneous protein preparation which, up to this point, we have not been able to 
obtain. In spite of the very high degree of purikation so far reached, the present 
MDP preparation appears to have at least one and possibly two minor contaminants 
which are still detectable by polyacrylamide electrophoresis and immunological 
techniques. Et is our primary interest to achieve a homogeneous MDP preparation 
in order to investigate its mechanism of action on the mammalian myocardium. 
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