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Tissue damage from the effects of severe 
envenomization by the western diamondback 
rattlesnake Crotalus atrox has been adequately 
described ( 1 ) . Since destruction of connective 
tissues is one effect of venom on tissues, 
a series of studies were instituted to deter- 
mine the mechanism by which venom de- 
grades fibrous proteins of connective tissues. 
We have previously observed that rattlesnake 
venom degrades elastic as well as collagen 
fibers of mesentery (2 ) .  The  present report 
gives evidence that rattlesnake venom con- 
tains elastolytic enzyme activity. 

Materials and Methods. The aortas of 200 
g rats were excised and incubated in Hanks' 
tissue culture medium with and without 500 
mg % venom.2 At various time intervals fol- 
lowing incubation a t  37" the aortas were 
fixed in 10% neutral formalin, embedded in 
paraffin, sectioned a t  6 pm and stained with 
Verhoff's elastic tissue stain. 

Elasltindytic activity of venom was also 
measured by the method of Shotton (3) using 
Congo red--elastin2 as substrate. Elastin (2.5 
mg) was suspended in 7.0 ml of 0.02 M 
sodium borate buffer (pH 8.8). Venom solu- 
tions (1 ml) were added and incubations 
were allowed to proceed a t  37" with constant 
shaking. After centrifugation, solubilization 
of dye-proltein complexes was monitored 
photometrically at 495 nm. Controls for 
spontaneous liberation of Congo red were in- 
cluded. An estimation of the amount of 
Congo red-elastin solubilized was made on 
the basis of complete solubilization with 
purified pancreatic e l a ~ t a s e . ~  

1 This study was supported by US. Public Health 
Service Grant Nos. DE 02743, DE 0-3400 and DE 
02232. 

2 Sigma Chemical Co., Sit. Louis, MO. 
3 Worthinaton Biochemical Corp., Freehold. NJ. 

f-BOC-~-alanine p-nitrophenyl esterase 
activity of venom was determined by  a 
modifica~on of the procedures described by  
Viser and Blout (4).  The  final reaction mix- 
ture to assay venom alanine p-niltmphenyl 
esterase activity contained 3.0 X lW4 M 
t-BOC-L-alanine p-ni tropheno14 and 10 m M  
Tris-HC1 and 10 mM piperazine-N-N1abis- 
(2-ethane sulfonic acid) monosodium mono- 
hydrate (PIPES) a t  pH 8.0.5 The release of 
p-nitrophenol was followed spectrophotometri- 
cally a t  347.5 nm during incubations a t  25". 
The  amount of p-nitrqhenol liberated was 
calculated using an extinction coefficient of 
5.5 X lo3 liters/mole/cm (4). The effect of 
enzyme inhibitors was determined by assaying 
venom solutions preincubated 15 min with 
diethyldithiocarbamate, HgC12, KCN, EDTA 
and phenyl methyl sulfonyl fluoride at con- 
centrations of 5 mM. 

Results. Aorta incubated in tissue culture 
medium without venom for 4 h r  (Fig. 1A) 
and 20 hr (Fig. 1B) showed the typical struc- 
ture and stability of intact elastic fibers of 
the tunica media. After a 4 hr incubation 
with venom (Fig. 1C) there were definite 
breaks in the inner lamellae of elastic fibers, 
and after 20 hr incubation with venom (Fig. 
1D)  the elastic fibers had completely dis- 
appeared. 

Rattlesnake venom catalyzed the solubili- 
zation of Congo red-elastin (Fig. 2). During 
a 3 hr incubation of Congo red-elastin with 
99 pg protein, 31% of the elastin in the re- 
action mixture was solubilized. Elastin soh- 

4 Cyclo Chemical Co., Los Angeles, a. 
5 The K ,  (apparent) for t-BOC-Ldalanine p-nitrlo- 

phenol was determined to be 1.6 X M .  Using 10 
m M  Tris and 10 m:M PIPES, the optimal pH $or the 
alanine p-nitrophenol esterase activity was found to 
be pH 8.0. 
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FIG. 1. Effect of C. atrox v e w m  on native elastic fibers of rat aorta. Aolrta segments were 
incuibated with 0.5% venom a t  37": (A) 4 hr incubation without venom; (B) 20 hr  incubation 
without venom; (C) 4 hr incubation with venom; (D) 20 hr incubation with venom. 

bilization rake increased in a linear manner 
with increasing venom protein conlcentrations 
from 0.9 to 7.3 mg (Fig. 3) .  Sixty-seven 
percent od the elastin in the reaction mixture 
was solubilized during a 2 hr incubation with 
7.3 mg venom protein. 

In addition to elastinolytic activity, venom 
contained esterase activity against the elastase 
substrate t-BOC-L-alanine p-nitrophenol 
(Fig. 4).  Venom solutions catalyzed the lib- 
eration of 0.07 14 prndes p-nitrophenol/rng 
protein/min with the assay employed. The 
reaction was linear over a venom protein con- 
centration range from 0.1 to 0.5 mg. Alanine 
p-niitrophenyl esterase was inhibited 76% 
with diethyldikhiocarbamate, 92 % with 
HgC12, 65% with KCN, 85% with EDTA 
and 81% with phenyl methyl sulfonyl 
fluoride. 

Discussion. Rattlesnake venom is known to 
contain a variety of proteolytic enzymes (5- 

10). The fact that C. atrox venom is able to 
degrade 
Congo 
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FIG. 2. Effect of incu)batiion ttlmle on elastolysis 
with Congo red-elastin substrate. Values are cor- 
reoted for spontaneous breakdown of substrate. Re- 
awtion mixtures contained 99 pg venom pnotein. 
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activity against the synthetic elastase sub- 
strate t-BOC-~-alanine p-nitrophenyl ester is 
the evidence that venom contains an elastase- 
like enzyme. Alanine esters have a high 
affinity for pancreatic elastase (4) ; however, 
they are not entirely specific for the elastases. 
Janoff ( 11 ) compared pancreatic and leuko- 
cyte elastase for their alanine p-nitrophenyl 
esterase activity with commercial prepara- 
tions of nine hydrolytic enzymes. Chymo- 
trypsin had the highest alanine p-nitrophenyl 
esterase activity among the enzymes tested; 
but, chymotrypsin had only one-tenth the 
specific activity of pancreatic elastase. 
Among purified enzymes from snake venoms 
a thrombin-like enzyme from Crotalus 
adamanteus (12) and Arvin from the Malayan 
pit viper Ancistrodon rhodostoma (13) con- 
tained significant alanline @-nitrcphenyl 
esterase activity. Enzyme purification studies 
will be necessary to establish whether the 
elastolytic, elastinolytic, and alanine p-nitro- 
phenyl esterase activity reside in the same 
enzyme. 

Degradation of tissue elastic fibers by 
venom, in conjunction with the action of 
venom hyaluronidase (5, 14) and collageno- 
lytic enzymes ( 2 ,  15) provides a plausible 
tmec,hanism for the in vivo effects of rattle- 
snake venom on connective tissues and blood 
vessels. 
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FIG. 3.  Efiect of venom pratein concentration on 
elastdysis, with Congo red4astin as substrate. 
Values are corrected for spontaneous breakdown of 
substrate. Incubations were carried out fior 2 hr at  
37”. 
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FIG. 4. t-BOC-L-alanine p-nitrophenyl esterase 
activity of C. atrox venom. The reaction mixture 
contained 3.0 X M t-BOC-L-alanine $-nitro- 
phenol, 10 mM Tris and 10 m M  PIPES (pH 8.0), 
and 50 pug venom protein: ( 0 )  complete system; 
(0) less enzyme; ( A )  boiled enzyme; ( X ) less 
subbstrate. 

Summary. In vitro incubation of rat aorta 
with rattlesnake venom led to the destruction 
of the elastic fibers of the aorta. Correlated 
with this action, venom contained enzyme 
activity which solubilized Congo red-elastin 
and catalyzed the release of p-nitrophenol 
from the synthetic elastase substrate t-BOC- 
L-alanine p-nitrophenol. Therefore, rattle- 
snake venom contains an elastase-like 
enzyme. 

We thank Mr. Mackwell Hickemon, Mr. Michael 
L. Reid and Mrs. Dora Woodson for their tech- 
nical assistance. 
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