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SUMMARY 

The properties of protelnase b (endopeptldase) isolated from the venom of 
snake, Agk,strodon halys blornhofft~, were studied Protelnase b contained approx 2 g- 
atoms of calcium per molecule as estimated by atomm absorption spectrophotometry 
and spectrophotometrlc titration with EDTA After the removal of the calcium by 
electrodlalysls or by treatment with EDTA (lO -2 M), the resulting enzvme molecule 
underwent some conformatlonal change, followed by loss of the proteolytlc activity 
This conformatlonal change and the concomitant loss of enzyme activity were fimnd 
to be irreversible 

The activity of venom proteinase b was shghtly inhibited by -SH reagent% 
including p-chloromercuribenzoate (PCMB), monoiodoacetlc acid, N-ethvlmalelmlde 
and 5,5'-dlthlo-bls-(2-nitrobenzom acid) On prolonged Incubation with the enzyme, 
PCMB caused significant inhibition In the presence of 8 M urea and IO -2 M EDTA, 
one mole o f - S H  group was found per enzyme molecule, while in the absence of urea 
and EDTA, only 20% of the -SH group was measurable 

Thus, it may be suggested that the metal is probably involved in the stablllza- 
tmn of the enzyme molecule, and that the -SH groups are closely related to the 
enzyme actw1ty of protelnase b 

INTRODUCTION 

The snake venom of Agk2strodon halys blomho~ (Japanese trivial name, 
"Mamushl") contains three protelnases differing in molecular weight, electrophoretlc 
moblhty and chromatographic behavlour I a One of these, protemase b, has been 
highly purified by relatively simple procedures 2, and tile purified enzyme wa~ 
found to be a glycoprotein with a molecular weight of 95 ooo (ref 2) The character- 
lStlc of this enzyme is its strong hemorrhagic action resulting in petechlae after mtra- 

Abbrevia t ion PCMB, p-chloromercunbenzoate  
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cutaneous inlectlon It  is thought that this enzyme AS one of the lethal principles of 
this venom4, 5 

Preliminary studies showed that extraneous addition of divalent cations usually 
inhibited the activatles of the venom protelnases, and the only exception was the 
addition of Ca 2+ and Mg 2+, which were slightly stlmulatory 1 The protelnase and 
hemorrhagic activities of venom protelnase b were inhibited by EDTA and cysteine 4 
Unlike the well characterized mammalian senne proteinases 7, the enzyme is insensi- 
tive to DFP 1 Moreover, the hydrolytic sAtes of venom proteinase b toward the oxi- 
dized insulin B-chain, glucagon, bradykxnin or synthetic peptides are quite different 
from those of trypsin (EC 3 4 4 4), a-chymotrypsin (EC 3 4 4 5) and pancreato- 
peptidase (EC 3 4 4 7), and no exopeptldase action, like that of leuclne amino- 
peptidase (EC 3 4 I i) and carboxypeptidase A (EC 3 4 2 i) and B (EC 3 4 2 2), was 
found 6 These findings prompted us to further studies on the properties of venom 
proteinase b, and this paper reports the effects of EDTA, cysteine and sulfhydryl 
reagents on the biological activities of proteinase b 

MATERIALS AND METHODS 

Prote,nase b 
Proteinase b was highly purified from the lyophihzed venom of A halys blom- 

hoffi, using gel filtration on a Sephadex G-Ioo column and chromatography on a 
DEAE-Sephadex column as described pre~aously ~ The material obtamed was homo- 
geneous in ultracentrlfugatlon, free-boundary electrophoresls and chromatography 
on a DEAE-cellulose column Specific activity, expressed as protelnase units (P U )1, 
of purified proteinase b was 52 5 

Chemicals 
Casein (Hammarsten) was a product of E Merck Sephadex G-25 (Fine t}pe) 

was purchased from Pharmacla, Uppsala, Sweden Urea of analytical grade was re- 
crystalhzed from 70% aq ethanol Commercial p-chloromercurlbenzoate (PCMB) 
was purified by the method of BOYER 7 Monolodo[laClacetlc acid was a product of 
Radiochemical Center, Amersham, England The other chemicals used were com- 
mercAal preparations of analytical grade Water was delonlzed by passage through a 
column of Amberhte ion exchange resin (a mono-bed mixture of IRA-4oo and IR-i2o) 
and distilled in a quartz distiller The delonized water was stored in polyethylene 
bottles 

Determination of protem concentration 
Protein concentration was determined at 280 nm with a Hitachi Model 124 

spectrophotometer The protein was diluted to an absorbance of less than I o with 
o 05 M Trls-HC1 buffer (pH 7 5) and the extinction coefficient 2, E ~  = 7 4, was 
used throughout these studies The molar concentration of venom proteInase b was 
calculated taking the molecular weight as 95 ooo (ref 2) 

Assay of prote,nase and hemorrhagic activity 
Caselnolytlc activity was estimated as described previously 1 and one unit of 

protelnase, expressed as P U ,  was defined as the amount of enzyme yielding an 
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increase in color eqmva len t  to I o # g  of ty ros lne  per  mln with  Fol in ' s  reagent  
Specific a c t i v i t y  was expressed as uni ts  per  mg  pro te in  Hemor rhag ic  ac t i v i t y  u as 
assayed  essent ia l ly  aceordmg to the  m e t h o d  of  KONDO et al 8 The skin of the  back  of 
a lb ino rabb i t s ,  weighing 2-2 5 kg, was dep i l a t ed  af ter  t r e a t m e n t  wi th  a pas te  of 20°0 
b a r i u m  sulfide and this  a rea  was tho rough ly  washed  wi th  u arm wate r  24 h af ter  
depi la t ion ,  o I ml  of  a sample,  d i lu ted  ser ia l ly  3-fold wi th  physiological  saline, ~ a s  
ln lec ted  m t r a c u t a n e o u s l y  into the  dep i l a ted  skin 24 h later ,  the  rabb i t s  ~e re  ki l led b3 
e ther  inha la t ion  and the skin wa~ removed  i m m e d i a t e l y  and  hxed on a glass plato 
The cross d i a m e t e r  of each hemorrhagic  spot  was measured  and the  hemorrhagic  
a c t i v i t y  was expressed as #g  of  p ro te in  per  MHD (Minimum Hemorrhag ic  Dose) as 
p rev ious ly  descr ibed 4 

Assa'~, of calcmm 
S p e c t r o p h o t o m e t n c  t i t r a t i on  with E D T A  in the  presence of murex ide  a~ indi-  

cator ,  was carr ied out  according to the  me thod  of ZAK et al 9, with the  modif ica t ion  
t h a t  all reagents  except  K O H  solut ion were d i lu ted  Io-fold,  and  the full range of  
absorbance  was scaled up to from o to o 2 ~ l t h  a Cary  ~pec t rophotomete r  Model x 4 
Calcium was also e s t ima ted  b y  a tomic  absorp t ion  spec t ropho tomet ry ,  wi th  a Hl tac ln  
Model 139 appara tu~  A l inear  s t a n d a r d  curve was ob ta ined  from IO to 60/~g/ml and 
abou t  IOO mg of pro te in  sample  were used in one analysis  For  qua l i t a t ive  analybla 
of  meta ls ,  lyoph lhzed  pro te in  was conver ted  to ash in a p l a t i n u m  crucible,  and  af te r  
add ing  o I M HC1, it  was redried,  dissolved in delonized wa te r  and  examined  in a 
S tumazu  flame spec t ropho tomete r ,  Model 63-071 

Determznatzon of free sulfhydryl group~ 
The amoun t  of  free - S H  groups was measured  b y  incorpora t ion  of  monoiodo-  

E14C]acetic acid  and  b y  spec t ropho tomet r l c  t i t r a t i on  wi th  N - e t h y l m a l e i m l d e  Fo r  
incorpora t ion  of monoxodo I14CI acet ic  acid, 6 78 mg of enzyme were dissolved m o 5 ml 
of  solut ion conta in ing  8 IO ~ M E D T A  and 8 M urea  and the  mix tu re  ~ a s  s tood for 
6 0 m m a t  37 ° T h e n ,  o 8 m l o f o 4 M T r i s - H C l b u f f e r  ( p H 8 5 )  a n d o 7 m l o f m o n o -  
iodo[14Clacetic acid  (7 9 ° IO5 counts / ram per  o 4 / , m o l e  per  ml) were added  and the 
mix tu re  was incuba ted  at  37 ° for 60 rain Excess  reagent  was removed  b y  gel f i l t ra t ion 
wi th  a Sephadex  G-25 column (I o c m x  86 cm) washed wi th  dis t i l led wa te r  Then 
the column was e lu ted  wi th  wa te r  a t  a flow ra te  of  I I  ml/h  and  I 6-ml fract ions were 
col lected An  a l iquot  of the  f ract ions  e lu ted  in the  void volume was t ransfer red  to  a 
p lanche t  and  ana lyzed  in a gas-flow counter ,  Model EA-Io2 ,  from Kobe  Kogyo C o r p ,  
J a p a n  In the  spec t ropho tomet r i c  m e t h o d  1°, IO 2 mg of  enzyme were dissolx ed in o 5 
ml of solut ion conta in ing  8 M urea  and 8 IO -2 M EDTA,  and the mix tu re  ~ab  s tood 
for 6o rain at  37 ° Then,  o 5 ml of I o M sodium ace ta te  buffer (pH 7 o) and  o 5 nil of 
N-e thv lma le imIde  (4 5 lO-4 M) were added  Af te r  s t and ing  the mix tu re  at  room 
t e m p e r a t u r e  for 15 rain, the  absorbance  at  3oo nm ~ a s  compared  wi th  t h a t  of  the  
reference sample,  c o n t a m m g  all the  reagents  except  N - e t h y l m a l e l m l d e  

Electrod~ alvsz s 
Elec t rod la lys i s  was carr ied out  b y  a modif icat ion of  the  m e t h o d  of IMANIbH111 

essent ia l ly  according to the  technique  of  STEIN et al 12 The enzyme solut ion was 
sub jec ted  to e lect rodla lvs ls  wi th  cons tan t  s t i r r ing  in a cold room agains t  runn ing  
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delonized wate r  for a definite t ime  The  in i t ia l  concen t ra t ion  of  enzyme was about  
o 5% and the  p H  was ad jus t ed  to 7 5 wi th  o I M N a O H  Af te r  e lectrodialysis ,  the  
p ro te in  concent ra t ion ,  ca lc ium con ten t  and  casemoly t lc  a c t i v i t y  of an a l iquot  of  the  
enzyme solut ion were measured  

Measurement of dzfference spectra and sedzmentahon 
Difference spec t ra  were recorded wi th  a Ca W a u t o m a t i c  spec t ropho tomete r ,  

Model 14 Pmred  cells wi th  two c o m p a r t m e n t s  were used to compensa te  for the  ab- 
sorp t lon  of the  solvent  Sed imen ta t ion  measurement s  were per formed  in a Hi tach i ,  
Model UCA-I ,  u l t racent r i fuge  at  52 ooo r e v / r a i n  at  15 8 ° 

R E S U L T S  

Effect of urea 
Venom pro temase  b was t r ea t ed  wi th  var ious  concen t ra t ions  of urea  at  37 ° 

(Fig i)  W h e n  t r ea t ed  wi th  I M urea,  no significant loss of  a c t i v i t y  was observed  
W i t h  2 M and 4 M urea,  the  effect seemed to have  two phases  an increase in a c t i v i t y  
i m m e d i a t e l y  af ter  the  add i t i on  of urea  and  then  a g radua l  decrease W i t h  concent ra-  
t ions of more than  5 4 M urea,  the  pro te inase  a c t i v i t y  d i sappeared  wi th in  I h Table  I 
shows the  caseinolyt ic  and  hemorrhagic  ac t iv i t ies  of p ro temase  b af ter  exposure  to  
var ious  concen t ra t ions  of  urea  for 4 h The two acti~ i t les seemed to decrease in para l le l  

, ii'-o J ' ' 1  

o; --X3b ° 6b" I;,o 
Time (mm) 

÷2 

-2  

o 
x 

ta - 4  

- 6  

- 8  

• _ m ~  

2&o ' 36o 3~o 
X(nm) 

l q g  i E f f e c t  o f  u r e a  o n  t h e  c a s e m o l y t m  a c U v l t y  o f  v e n o m  p r o t e l n a s e  b E n z y m e  (o 32 rag)  ~ a s  
m c u b a t e d  a t  37 ~ in  4 o m l  o f  o 05 M s o d m m  a c e t a t e  ( p H  7 o) c o n t a m m g  ~ a r l o u s  c o n c e n t r a t i o n s  
o f  u r e a  A c t i v i t y  w a s  a s s a y e d  u s i n g  o 5 m l  o f  i n c u b a t i o n  m i x t u r e  U r e a  (M) O - - - O ,  I G - - C  , z 
( ~ - - ( ~ ,  4 ,  D - - D ,  5 4 ,  x - - x ,  6 7 5 ,  / ~ - - A ,  8 1  

F i g  2 U l t r a w o l e t  a b s o r p t i o n  d i f f e r e n c e  s p e c t r a  o f  v e n o m  p r o t e l n a s e  b t r e a t e d  w , t h  u r e a  ~lhe 
r e f e r e n c e  cel l  c o n t a i n e d  n a t i v e  e n z y m e  (3 24 m g / m l )  d i s s o l v e d  m o i M s o d i u m  a c e t a t e  ( p H  7 o) 
T h e  s a m p l e  cel l  c o n t a i n e d  t h e  s a m e  c o n c e n t r a t i o n  o f  e n z y m e  m o i M s o d m m  a c e t a t e  ( p H  7 o) 
c o n t a i n i n g  8 M u r e a  i ,  i m m e d i a t e l y  a f t e r  d i s s o l v i n g  t h e  e n z y m e ,  2, a f t e r  5 m l n ,  3, a f t e r  3 ° m m  
4, a f t e r  i h ,  5, a f t e r  24 h ,  6, a f t e r  48 h 
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2 A B L E  i 

E F F E C T S  OF U R E A  ON H E M O R R H A G I C  A N D  C A S E I N O L Y T I C  A C T I V I T I E S  OF V E N O M  P R O T E I N A S E  b 

P r o t e l n a s e  b (o 3 rag) w a s  t r e a t e d  "a i th  I o m l  o f  o I M s o d i u m  a c e t a t e  ( p H  7 o) c o n t a i n i n g  u r e a  
i n c u b a t e d  a t  37 ° A f t e r  4 h, t h e  s a m p l e s  w e r e  d i l u t e d  2 2-fold  x~lth o 9°0  NaC1 a n d  t h e  act lx  ltle~ 
,a e re  e s t i m a t e d  

U~La concentration (31) Relative actw#y 

Caseznolytzc Hemorrhagic 

N o n e  IOO O IOO O 

I lO 3 o 98 o 
2 71 0 71 5 
3 25 5 22 0 
4 7 ° S 4  
5 2 2 U n d e t e c t a b l e  

with increase in the  concen t ra t ion  of  urea  The u l t rav io le t  difference spec t ra  of 
pro te lnase  b in the  presence of  8 M urea  were measured  at  room t e m p e r a t u r e  and  the 
resul t  is given in F ig  2 A blue shift  was found 5 mln af ter  the  add i t ion  of urea,  which 
reached to about  70% of the  m a x i m u m  af ter  I h The blue shift  was not  reversed 
and  the  enzyme a c t i v i t y  was not  res tored  on remova l  of  urea  b y  dialysis  overnight  
agains t  o I M sodium ace ta te  buffer (pH 7 o) conta in ing  IO -4 M calcium This  suggests  
t h a t  urea  dena tures  the  enzyme i r revers ib ly  

Content and removal of calcaum 
A significant amoun t  of  ca lcmm was de tec ted  b 5 flame spe c t ropho tome t ry  in 

the  purif ied pro te lnase  b Emiss ion lines for magnes ium,  manganese ,  zinc and o ther  
meta ls ,  which were found s ignif icant ly  in the  crude venom of A halys blomhoffit, 
were also seen, bu t  these seemed to be present  in only  t race  quant i t i es  In qua n t i t a t i ve  
assay  of  calcium, about  2 moles of  ca lcmm were found per  enzyme molecule,  a l though 
the  conten t  in different  p repa ra t ions  va r ied  somewhat  as shown in Table  I I  

On electrodaalysls,  calcium content  decreased progress ively  bu t  comple te  
r emova l  of i t  was not  achieved even af ter  dialysis  for 24 h (Table I I I )  The casein- 
o lytm a c t i v i t y  of  p ro temase  b, decreased g radua l ly  dur ing  dia l  5 sis, and  was not  recox er- 
ed b y  ex t raneous  add i t ion  of var ious  amount s  of ca lc ium,  even at  a final concent ra t ion  
of IO a M When  the  enzyme was t r ea t ed  wi th  E D T A  (8 lO -8 ZVI) o r  E D T A  (8 IO -2 M) 
conta in ing  8 M urea  and then  sub lee ted  to gel f i l t ra t ion th rough  a Sephadex  G-25 
column,  calc ium was no longer de tec tab le  (Table IV) On p r e t r e a t m e n t  of the  enzyme 
wi th  8 M urea  conta in ing  no E D T A  only  abou t  ha l f  the  t o t a l  amoun t  of  calcium x~ as 
r emoved  

T A B L E  i i  

M E T A L  C O N T E N T  OF V E N O M  P R O T E I N A S E  b 

Protemase b Calcium (llg equzvalent per mg p~ote~n) 

L o t  i o 91 
L o t  2 o 84 
L )t 3 o 78 
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T A B L E  [ I I  

REMOVAL OF CALCIUM FROM VENOM PROTEINASE b BY ELECTRODIALYSIS 

A b o u t  5 m g  o f  p r o t e i n a s e  b i n  d i a l y s i s  t u b i n g  w a s  s u b j e c t e d  t o  e l e c t r o d x a l y s i s  a s  d e s c r i b e d  in  
MATERIALS AND METHODS A f t e r  d i a l y s i s  f o r  t h e  i n d i c a t e d  t i m e ,  t h e  p r o t e i n  c o n c e n t r a t i o n ,  c a l c i u m  
c o n t e n t  a n d  c a s e t n o l y t l c  a c t i v i t y  w e r e  m e a s u r e d  T h e  l a s t  c o l u m n  s h o w s  t h e  r e l a t i v e  a c t i v i t y  a f t e r  
a d d i t i o n  o f  CaC1 z a t  a f i n a l  c o n c e n t r a t i o n  o f  IO -a  M 

Electrodzalys,~ tame (h) Calcium content (%) Relatzve caseznolytw actwzty 

+ CaClz 

O I O O  O I O O  O I I O  O 

3 84 o 78 o 89 o 
7 73 5 66  o 71 5 

12 5 6  o 48 5 55 5 
24  35 2 20 o 23 6 

T A B L E  I V  

R E M O V A L  O F  C A L C I U M  F R O M  V E N O M  P R O T E I N A S E  B Y  " V A R I O U S  T R E A T M E N T S  

P r o t e l n a s e  b (14 9 rag)  w a s  t r e a t e d  w i t h  t h e  i n d i c a t e d  a m o u n t s  o f  u r e a  o r  E D T A  in  I 5 ni l  o f  o 4 M 
T n s - H C 1  b u f f e r  ( p H  8 5) a t  37 ° f o r  I h A f t e r  d e s a l t l n g  b y  p a s s a g e  t h r o u g h  a S e p h a d e x  G - 2 5  co -  
l u m n  (I 2 c m  × 9 o  c m ) ,  t h e  c a l c i u m  c o n t e n t  w a s  m e a s u r e d  b y  s p e c t r o p h o t o m e t n c  t i t r a t i o n  

Treatment Calczum content (moles~mole protein) 

N o n e  2 04  
8 10 -2 M E D T A  Ni l  
8 M u r e a  o 95 
8 IO -~ M E D T A  c o n t a i n i n g  8 M u r e a  N d  

"i A B L E  V 

E F F E C T S  O F  E D T A  ON T H E  H E M O R R H A G I C  A N D  C A S E I N O L Y T I C  A C T I V I T I E S  O F  V E N O M  P R O T E I N A S E  b 

P r o t e l n a s e  b (2 lO -6 M) w a s  t r e a t e d  w i t h  E D T A  i n  o 5 m l  o f  o i M s o d i u m  a c e t a t e  ( p H  7 o) a t  
37 ° A f t e r  s t a n d i n g  t h e  m i x t u r e  f o r  4 h ,  t h e  c a s e l n o l y t m  a n d  h e m o r r h a g i c  a c t i v i t i e s  w e r e  e s t i m a t e d  
o n  s a m p l e s  a p p r o p n a t e l v  d i l u t e d  w i t h  o 9 %  NaC1 

EDTA concentratwn (eqmmolar) Relative actwzty 

Case~nolytzc Hemorrhagw 

N o n e  I 0 0  0 I O 0  0 

o 5 - -  IOO o 
I O 8 0  2 8 3  0 

I 5 - -  6 7 5  
2 o 43 5 49  o 
2 5  - -  3 5 5  
3 ° 1 9 5  1 8 o  
4 o 8 o T r a c e  
5 o 4 5 T r a c e  
6 o I 7 T r a c e  
7 o I 4 U n d e t e c t a b l e  
8 o I U n d e t e c t a b l e  
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Effect of EDTA 
Table  V show~ the effect of  E D T A  on venom prote lnase  b Inac t iva t ion  ot the  

enzyme depended  on the  E D T A  concen t ra t ion  and,  wi th  four equlmolar  concent la -  
t lons of E D T A  under  the  condi t ions  descr ibed in Table  V, the  caseinolytm act lvl t}  
was a lmost  complete ly ,  and  hemorrhagic  ac t lxaty  was comple te ly  lost On t r e a t m e n t  
wi th  EDTA,  the hemorrhagic  ac t i v i t y  and the caselnolytm actlx l ty  decreased nea r ly  
in paral le l  Moreover,  in para l le l  wi th  the  d i sappearance  of casemolvt lc  and  hemor-  
rhagm act ivi t ies ,  the  u l t r avmle t  difference spec t ra  of  pro te in  t r ea t ed  with  E D T A  
showed a d i s t rac t  blue shift ,  and the value  of As reached to max ima l  over  three molar  
equiva len ts  of  E D T A  (Fig 3) Al though  tile m a x i m u m  ~ alue ofAe u a s  smal ler  t han  

*2[ - - - -  

\ ,  \ \ 

0 \ , ~ . 

I , ,  / 

~, - 2 ~ " 
o 
× 

'~ - 4  

- 6  

280  * 300  320 

A ( n m )  

F i g  3 U l t r a v i o l e t  a b ~ o r p t m n  d i f f e rence  s p e c t r a  ot ~ e n o m  p r o t e l n a s e  b t r e a t e d  w i t h  E D T A  t h e  
e n z y m e  (2 48 nlg) ~ a s  t r e a t e d  ~ l t h  o 5 -4  m o l a r  e q m ~ a l e n t s  o f  E D T ~ i  a t  37 ° l o r  4 h nl  2 o m l  o f  
o i M s o d i u m  a c e t a t e  ( pH  7 o) The  d i f f e rence  s p e c t r u m  of  E D I  ~ . - t rea ted  c n z v m e  wrs~ts n a t i v e  
enz.cnle  ~ a ~  t a k e n  - - ,  o 5 - -  I ,  - - ,  2 - - - - ,  ~ a n d  4 n l o l a r  e q u l x a l e n t s  

I, lg  4 U l t r a c e n t r l f u g a l  p a t t e r n  o f  ~ c n o m  p r o t e l n a ~ e  b r e a c t i v a t e d  w i t h  E D 3  A E n z )  me  r e a c t i v a t -  
ed  w i t h  E D T A  (see t e x t )  w a s  dlalT~sed o v e r n i g h t  a g a i n s t  3 1 of  p h o s p h a t e  buf fe r  ( pH  7 o) I o i 
in  a co ld  r o o m  C e n t r l f u g a t m n  ~ a s  c a r r i e d  o u t  a t  52 ooo re~ / m l n  a t  15 8 ° for  9o m m  a t  o 4 8 ° °  
p r o t e i n  c o n c e n t r a t m n  T h e  p h o t o g r a p h  ~ a s  t a k e n  a f t e r  45 m l n  c e n t r l f u g a t l o n  

t ha t  ob ta ined  wi th  8 M urea  (see Fig  2), the  effect caused b y  the add i t ion  of E D  YA 
was considered to be essent ia l ly  s imilar  to t ha t  of  urea  The blue shift  was not  reve l -  
s i n e  even on add i t i on  of  ca lcmm at  a final concent ra t ion  of  io  -~ M, sugges tmg tha t  
d e n a t u r a t m n  of the  enzyme b y  E D T A  is i r revers ible  like t ha t  by  urea  

Venom pro te lnase  b dena tu red  b y  E D T A  ~aa  appl ied  to u l t racen t r l fuga l  ana-  
lysis To avoid  au todiges t lon  the in t ac t  enzyme (14 6 rag) was t r ea t ed  at  4 ° wi th  o 2 
mmole  of  E D T A  in 2 3 ml of  o I M sodium ace ta te  buffer (pH 6 8) for 4 days  un t i l  
the  casemoly tm act l~aty d i sappeared  The inac t ive  p ro te in  was then  d la lysed  o~er- 
n igh t  agams t  3 1 of  phospha te  buffer (pH 7 o), I o i ,  in a cold room Fig  4 shows the 
u l t r acen tn fuga l  p a t t e r n  of this  inac t ive  enzyme I t  gave a single symmet r i ca l  peak  
wi th  a sed imen ta t ion  cons tan t  of 4 4q S, a value ident ica l  wi th  t ha t  for in tac t  enz 5 me 
repor ted  in the  previous  pape r  ~ Thus i t  is unl ike ly  t ha t  r emova l  of  calc ium causes 
dissociat ion of the  enzyme and  change in i ts  subumts  
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Reactbon t ,me (m,n) 

F i g  5 E f l c c t s  o f - S H  r e a g e n t s  o n  c a s e l n o l y t m  a c t i v i t y  o f  v e n o m  p r o t e m a s e  b Euz-v lne  (o 32 nlt~) 
w a s  t r e a t e d  w i t h  o n e  o f  t h e  r e a g e n t s  (IO -a  M) in  o 8 m l  o f  o o 4 M T r l s - H C 1  b u f f e r  ( p H  8 5) a t  37 '  
A f t e r  s t a n d i n g  t h e  m ~ x t u r e  f o r  t h e  l n d m a t e d  t i m e  t h e  c a s e m o l v t m  a c t l v l t v  w a s  m e a s u r e d  
c o n t r o l ,  O - - - Q ,  5 , 5 ' - d l t h l o - b l s - ( 2 - n l t r o b e n z m c  a c i d ) ,  ( ]~--(]~,  P C M B ,  ( 7 ) - - 0 ,  m o n o m d o a c e t t c  
a c i d ,  × - - x ,  N - e t h y l m a l e m u d e ,  [~ - - [Z] ,  m o n o m d o a c e t a m l d e  

E~tstence of a free sulfhydrvl group and its reactlv~ty 
Fig  5 shows the  effects o f - S H  reagents  on the  caseinolyt ic  ac t iv i ty  of  venom 

pro te lnase  b The  enzyme was i nac t i va t ed  b y  t r e a t m e n t  wi th  lO -3 M PCMB, bu t  otl  ~'r 
reagents ,  such as 5 ,5 ' -d l th io-bls- (2-nl t robenzolc  acxd), monoaodoacet lc  acid and N-  
e thy lma le lmlde  at  concent ra t ions  of  lO -3 M had  no significant effect To examine  the  
poss lb lh ty  of  the  exis tence of  a free - S H  group,  the  u l t rav io le t  difference spec t rum of 
a mix tu re  of  enzyme and PCMB versus enzyme alone an the  presence of  8 M urea  wa~ 
measured  and a typ ica l  spec t rum of  a P C M B - m e r c a p t l d e  was ob ta ined  The  numbe~ 
of  free - S H  groups m the enzyme was de t e rmined  b y  t i t r a t i on  wi th  N-e thy lma le lmlde  
and mcorpora t lon  of monoiodoI~4C]acetac acid  af ter  de na tu r a t i on  of  the  enzyme 
wi th  u rea  or E D T A  As shown in Table  VI,  one mole o f - S H  group was found per  
enzyme molecule  and  the  values  ob ta ined  b y  the  two me thods  were In good accord-  
ance However ,  th is  - S H  group is not  t l t r a t e d  comple te ly  even in the  presence of 8 M 
urea  or 8 IO -2 M E D T A  (Table VI) The m a x i m u m  value  of t l t r a t a b l e  - S H  group~ 
was ob ta ined  only  In the  presence of 8 M urea  conta in ing  8 IO 2 M E D T A  When  venom 

rl A B L E  V I  

R E A C T I V I T Y  O F  T H E  F R E E  S U L F H Y D R Y L  G R O U P  I N  V E N O M  P R O T E I N A S E  b 

l h e  p r o c e d u r e s  u s e d  a r e  d e s c r i b e d  m MATERI~LS AND METHODS 

Treatment Sulfhydryl reagent 

N-Ethylmalezrmde 3Iono~odo[a4C]acetzc acid 
(moles of - S H  group per mole protezn) 

N o n e  o I 8  o 2 1  

8 10 -2 M E D T A  o 39 o 28  
8 M u r e a  o 45 o 36  
8 M u r e a  c o n t a l m n g  8 lO -2 M E D T A  i o8  I i i  
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prote inase  b was exposed  to  varloub su l fhydryl  compounds  at  final concent ra t ions  of  
Io  -3 M, the  caseinolyt lc  a c t i v i t y  was s t rong ly  i nac t i va t ed  b y / ~ - m e r c a p t o e t h y l a m m e  
and cysteme,  and  shgh t ly  i nac t i va t ed  b y  glutath~one, /~-mercaptoethanol  and  thlo-  
g lycola te  (F~g 6) The a c t i v i t y  d i sappea red  af ter  the  t r e a t m e n t  wi th  IO -~ M of/~- 
m e r c a p t o e t h y l a m m e  or cy~telne for IO rain Also, the  enzyme t r ea t ed  with  cyste ine  
showed a d is t inc t  b lue  shift ,  suggest ing t h a t  the  cyste lne  t r e a t m e n t  resul ted  m the 
conformat lona l  change of the  enzyme molecule (F~g 7) The blue sh~ft at  286 nm 
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Fig  6 Effects  of sul thydr:A compounds  on venom pro te lnase  b E n z y m e  (o 34 rag) was  t r e a t e d  
l th  IO- a M of one of the  su l thydrv l  c o m p o u n d s  1or the  m d l c a t e d  t ime  in 4 o m l  of o I M Tr l s -HCI  

buffer (pH 8 5) a t  37 ° and  the  casemolv t l c  a c t i v i t y  was then  measured  O - - O ,  th log lyco la te ,  
[~--[ : ] ,  f l -mercap toe thano l ,  × - - × ,  g lu t a th lone ,  ( ~ - - ( ~ ,  cys t eme ,  @ - -@,  f l - m e r c a p t o e t h y l a m m e  

Fig  7 Ultra~ lolet  abso rp t ion  difference spec t ra  of v e n o m  p ro t emase  b i n a c t i v a t e d  ~ l t h  cy s t eme  
The enzyme  ( io  rag) ,~as i n a c t i v a t e d  wi th  o i M c ys t e me  for I h in i o ml  o f o  4 M Trls-HC1 buffer 
(pH 8 5) a t  37 ° and  the  i nac t ive  enzyme  was sub jec t ed  to  gel h ] t ra t ion  t h r o u g h  a Sephadex  G-2~ 
co lumn (i  2 cnl  × 90 cm) Using  the  f rac t ion  of the  e lua te  con t a in ing  pro tem,  the  u l t r av i o l e t  
difference spec t r a  of the  inactl~ e enzyme  versus n a t i v e  enzyme  were measured  - -  - - ,  i m m e d i a t e l y  
a f te r  de sa l tmg ,  -- -- -- ,  a f ter  s t a n d i n g  a t  room t e m p e r a t u r e  in io  -4 M CaC12 a t  p H  8 8 for 16 h 
and  - - - - ,  for 48 h 

did  not  d i sappea r  b y  the add i t ion  of calc ium at  a final concent ra t ion  of  IO -1 M, and 
b y  this  t r e a t m e n t  enzyme a c t i v i t y  was not  res tored  

Erchange reaction between c3,stezne and the d, sul/ide groups zn venom prote2nase b 
E n z y m e  (21 9 rag) dissolved in 6 o 1Ii1 of  o I M Trls HCI buffer (pH 8 5), con- 

t a l n m g  5 IO-~ M cystelne,  was m c u b a t e d  at  37 ° Af te r  the  ind ica t ed  t imes  an ahquo t  
(o 03 ml) of  the  mcuba t lon  mix tu re  was t aken  and i ts  caselnolyt lc  a c t i v i t y  was 
e s t ima ted  Ano the r  o 5-ml ahquo t  of  the  nux tu re  was mixed  wi th  o 5 ml of  I M HC1 
to s top the exchange reac t ion  The mix tu re  was then  d ia lyzed  for 3 days  agams t  3 1 
of  o or  M HCI, wi th  six changes of the  HCI Then the d ia lyzed  solut ion was lyophl l lzed  
and  the  residue was dissolved m i o m l  of o 4 M Trls-HC1 buffer (pH 8 5) con taming  
8 M urea  and lO -2 M E D T A ,  and o 2 ml of monolodo[laC]acet lc  acid (I 33 lOS counts /  
rain p e r / , m o l e  per  ml) was added  Af ter  the  incuba t ion  at  37 ° for 2 h, the  mix tu re  
was d ia lyzed  for 6 days  agains t  IO l of  dis t i l led water ,  changing the wa te r  four t imes  
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f A B L E  V I I  

EXCHANGE REACTION B E T W E E N  CYSTEINE AND THE D I S U L F I D E  GROUPS IN VENOM PROTEINASE b 

T h e  p r o c e d u r e s  u s e d  a r e  d e s c r i b e d  i n  t h e  t e x t  

Incubatzon t~me wzth cyste~ne Relative caseznolytw actzv~ty - S H  groups appear,ng (moles 
(m~n) per mole prote~n) 

O IOO O I IO 

5 69  3 I 62  
IO 59  O I 69  
20 51 5 2 09  
6 0  39  5 2 58  

I 8 o  28 5 2 IO 
6 0 0  18 o 2 32 

Then, the radioactivity incorporated was measured with o 2-o 4 ml of the dialyzed 
~olutlon, and the moles o f - S H  groups newly appeared were calculated 

Table VII  shows the results of exchange reaction between cystelne and the 
disulfide groups in the enzyme protein The numbers of free -SH groups in the enzyme 
molecule increased inversely with decrease in the casemolytlc activity, reaching about 
twice the initial number after IO h This may suggest that  there are disulfide bonds 
which are easily exchangeable with cystelne and that the exchange reaction accom- 
panies the irreversible denaturation of the enzyme molecule 

D I S C U S S I O N  

Recently several workers have independently isolated highly purified proteo- 
lytlc enzymes (endopeptldases) from venoms of snakes of the genera Crotalus 13, 
Agklstrodon2,a, 14 and Trlmeresurus15,16 These protelnases were bhown to be homo- 
geneous by currently available criteria Their isoelectrm points differ, but their 
molecular weights all range between 22 000 and 25 000, except for those of the 
protemases isolated from A halys blornhoafi, ~ A common feature of proteinaseb from 
the Crotahdae venoms is that  they all hydrolyze peptide bonds with amino groups 
contributed by leucine and phenylalanine residues, and require more than a penta- 
peptlde sequence for hydrolysis of this bond6,1a, 15-17 Another common characteristic 
of the venom protelnases is that  they are easily inactivated by EDTA and cystelne ~,14, 
15,1s In these properties they differ from well known mammalian endopeptldases 

Protelnase b from A halys blomhoffi, venom contains approx 2 gatoms of 
calcium per enzyme molecule The removal of the metal results the conformatlonal 
change of the enzyme protein, as ludged from the blue shift in its ultraviolet difference 
spectra This conformational change of the protein with concomitant loss of enzymatic 
and hemorrhagic activities is irreversible, and addition of Ca 2+ does not result in 
reactivation of the biological activities or reversal of the denaturation Protein freed 
from metal does not differ in its s=o,w value from native enzyme, suggesting that loss 
of calcium does not lead to dissociation or association of protelnase molecules Thus, 
the calcium atom in venom proteinase seems very important in retaining the native 
state of the enzyme molecule I t  is also possible to consider that the enzyme undergoes 
denaturation in the presence of EDTA, loses its activity and as a consequence of the 
denaturation, it loses also its calcium Thus, It is supposed that Ca z+ has some role 
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to maintain the ter t iary atructure related to caselnol 3 tic act~ it 3 oi protemaae /) The 
decrease of  caseinolytlc actlwt~ accompanies the decrease of hemorrlmgic act ivi ty  of 
protelnase t) 

When the enz3me is exposed to monmodoacehc  acid, N-ethylrnalelmlde or 
5,5'-d~thlo-b~s-(2-mtrobenzo~c acid) (each of  io  -~ M) for a relatlxely long period, 
enzymat ic  act ivi ty  is shght ly intub~ted PCMB is especially inhibi tory and this led 
to the finding of a free - S H  group, one mole of -SH group per enzyme molecule 
However,  in the native state of the enzyme, the - S H  group only partially reat t~ with 
- S H  reagents (cf Table VI), suggesting tha t  some conformatmnal  change of enz 3 me 
may  be necessary before the - S H  group becomes reactive I t  seems, therefore, tha t  
there must  be s tenc hindrance of the - S H  group b? a ng~d conformatlonal  ~tructure 

As pre~ musly reported ~,~, venom protemase 1s nlarkedl 3 lnact~  ated by  ~ anous  
kinds of  ~ulfl~? drvl compound~, e~peclall} by c} sterne Ttu~ machvat lon ,  hke tha t  b~ 
EDTA,  seem~ to reduce a concomitant  conformatlonal  change of  the enzyme molt cule 
(of F~g 7) At present, there is some evidence tha t  c~ sterne can be exchanged ~ t h  an 
internal d~sulfide bond in tile molecule, because the number  of SH groups increases 
after t rea tment  of the enzyme u l t h  cystelne reaching about  twice the m~tial number  
This suggests tha t  venom protemase contains d~sulfide bridges which are easily ex- 
changeable u~th cysteme, and tha t  this exchange reaction participates in the irre- 
versible denaturat ion of  the enzyme molecule 

From the above results, it seems tha t  the - S H  group and calcium a tom in 
enom protema~e b are closely related to enzyme act ivi ty  and to retaining the confor- 

mat ion of the enzyme molecule The ~tate of the - S H  group in the molecule is uncel- 
tam, but  thi~ group m a y  be deeply buried and chelated w~th calemm Fur ther  m\  estl- 
gat~ons are reqmred on the role of  the - S H  group and metal  in the presence of  the 
substrate 
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