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a n d  t h e n  remains  a t  this  level .  I n  aqueous  so lu t ion  un-  
de r  o p t i m u m  cond i t ions  t h e  m a x i m u m  v a l u e  a t t a ined  
Corresponds to  approximate ly-  a 50% convers ion  and  
t h e n  s lowly  decreases  unt i l  t he  abso rp t ion  approaches  
t h a t  of  atlo-gibberic acid  (max.  = 266 mp,  e = 320) 4. 
F u r t h e r m o r e ,  g ibberel lenic  ac id  yields allo-gibberic and  
gibber ie  acid  when  t r e a t ed  under  t he  acidic  condi t ions  
described~ for t he  p r epa ra t i on  of these  two  acids  f rom I. 

The  above  obse rva t ions  s t rong ly  ind ica te  t h a t  gib- 
bere l lenic  acid  is an a r t i f ac t  p roduced  f rom I by  acid 
ca ta lys is  dur ing  the  f e r m e n t a t i o n  and /o r  isola t ion 
process.  Accep t ing  the  p roposed  s t ruc tu re  1 for gibberel l ic  
ac id  (I). gibb~r~ lIenic ac id  m a y  be  fo rmu la t ed  as IV,  i ts  
f o rma t ion  f rom I p r e s u m a b l y  p roceed ing  by  w a y  of  the  
c a r b o n i u m  ion i n t e r m e d i a t e  (V)L No s t r i c t ly  ana logous  
mode l  for compar i son  of u l t r a v i o l e t  abso rp t ion  appears  to 
be  ava i lab le  b u t  t he  obse rved  abso rp t i on  of I V  is no t  in- 
compa t ib l e  w i t h  t he  v a l u e s  r epor t ed  for d iene  s y s t e m s t  
The  res is tance of the  t e t r a - s u b s t i t u t e d  double  bond in 
IV  towards  h y d r o g e n a t i o n  (see above)  is no t  surpr is ing 
and  finds i ts  para l le l  in t he  observed  res is tance to 
c a t a l y t i c  r educ t ion  of an  ana logous  double  bond  in A s,9- 
b icyc lo(4 .3 .0)nonene-5 ,5-d icarboxyl icL A l t h o u g h  the  
ev idence  p resen ted  here  does n o t  rule ou t  the  a l t e rna te  
s t ruc tu re  (VI) for g ibberel lenic  acid,  t he  r eady  conver -  
s ion of th is  acid by  d e c a r b o x y l a t i o n  and  d e h y d r a t i o n  to  
t h e  a r o m a t i c  allo-gibberic ac id  (II)  suppor t s  s t ruc tu re  IV.  

A l t h o u g h  the  d a t a  r epo r t ed  here  suppo r t  t he  con ten-  
t ion t h a t  g ibberel lenic  acid  (IV) is de r i ved  f rom I by  
acid  cata lysis ,  t he  convers ion  of  I to  IV  in aqueous  acid 
on a p r e p a r a t i v e  scale was no t  feasible because  of the  
low so lub i l i ty  of I and  the  f o r m a t i o n  of fu r the r  degrada-  
t ion  p roduc t s  unde r  these  condi t ions .  On  the  o the r  hand,  
acid me thano lys i s  fol lowed by  neu t r a l i za t ion  wi th  
me thano l i c  sod ium m e t h o x i d e  p rov ided  a new crys ta l -  
l ine dibasic  acid (m.p. 188-190 °, gas evolu t ion)  which  
l ikewise has  an  abso rp t ion  m a x i m u m  a t  253 m #  (s = 
19,000). Th is  acid  was recovered  unchanged  a f te r  a 12 h 
t r e a t m e n t  w i t h  i N sod ium hydrox ide .  Th i s  obse rva t i on  
t oge the r  w i th  the  ana ly t i ca l  d a t a  (Calcula ted  for 
C2oH2,Oe: C, 66-65; H,  6.71 ; O-CHa(1),  8.61 ; tool. weight ,  
360. F o u n d :  C, 66.11; H,  7.25; O-CH3,  7.89; m o l . w e i g h t  
by  e lec t romet r i c  t i t r a t ion ,  360) al low the  fo rmula t ion  of 
th is  acid as the  m e t h y l  e ther  of g ibbere l lenic  acid (VII).  
The  a l t e rna t e  s t ruc tu re  (VII I )  can  be ru led  ou t  since its 
f o r m a t i o n  requi res  an  un l ike ly  c a r b o n i u m  ion in ter -  
media te .  T h a t  th is  m e t h y l  e ther -ac id  is cor rec t ly  re- 
p resen ted  by  V I I  was d e m o n s t r a t e d  b y  its convers ion  to 
allo-gibberic acid (II),  e m p l o y i n g  the  mi ld  acidic  con-  
d i t ions  ~ which  effect  the  convers ion  of I to  I I .  Vigorous  
ac id  t r e a t m e n t  4 of V I I  yie lds  g ibber ic  acid  ( I I I ) .  T h e  
d i rec t  convers ion  of IV to V I I  using me thano l i c  sulfur ic  
acid  could  n o t  be real ized ind ica t ing  t h a t  the  convers ion  
of I to V I I  does no t  invo lve  I V  as an  in t e rmed ia t e .  

Gibbere l l in  A, has  been  r epo r t ed  s to  be a d ihydro-  
gibberel l ic  acid  h a v i n g  one double  bond  and should  
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there fore  be  I X  or  X.  As a sample  of gibberel l in  A19 in 
acidic  so lu t ion  d id  n o t  deve lop  the  t yp i ca l  abso rp t ion  a t  
253 m/t ,  i t  m u s t  possess s t ruc tu re  I X .  Th is  same s t ruc-  
ture  has  r ecen t l y  been  proposed  b y  Su~IKI  et al. s on t h e  
basis of  ozonolysis  exper iments .  
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Zusammen/assung 
U n t e r  den  F e r m e n t a t i o n s p r o d u k t e n  yon  Fusarium 

rnonili]orme f inde t  s ich neben  der  b e k a n n t e n  Gibt~erellin- 
s~ture als N e b e n p r o d u k t  die Gibbere l lens~ure .  I den t i -  
f iz ierung und Cha rak t e r i s t i ka  dieser  Siiure (IV) werden  
beschr iebenl  F i i r  Gibbere l l in  A 1 wird die S t r u k t u r  (IX) 
angegeben .  

9 We thank Dr. F. H, STODOLA O f Peoria, Illinois, for the generous 
gift of a sample of pure gibberellin A 1. 

Release  of  Bradyk in in  as  Related to the Es terase  
Act iv i ty  of Tryps in  and of the V e n o m  of 

Bofhrops jararaea 

I n  a p rev ious  pape r  x we h a v e  shown t h a t  the  b rady-  
k in in  re leas ing a c t i v i t y  of the  v e n o m  of Bothrops ]araraca 
is n o t  re la ted  to  its p ro t eo ly t i c  a c t i v i t y  on casein. Two  
a p p a r e n t l y  d i s t inc t  p ro t eo ly t i c  ac t iv i t i es  were  d e m o n -  
s t r a t ed  in t he  v e n o m  depend ing  upon  the i r  d i f fe ren t  h e a t  
to le rance .  Whi l e  t h e  a c t i v i t y  on casein  was  found  to  be  
eas i ly  des t royed  on  a few minu t e s  hea t i ng  in boi l ing 
water ,  the  r ema in ing  es terase  a c t i v i t y  on benzoyl-L- 
arginine  m e t h y l  es te r  (BAME) p r o v e d  to  be  more  
t h e r m o s t a b l e  and  o n l y  pa r t i a l ly  des t royed  2. As shown 
by  SCHW~RT et al. 3 t ryps in  besides i ts  p ro teo ly t i c  a c t i v i t y  
on casein  also d isplays  esterase a c t i v i t y  on B A M E ,  the  
l a t t e r  be ing  cor re la ted  to  its amidase  a c t i v i t y  on benzoyl -  
L-arginine amide  4. The  v e n o m  of Bothrops ]araraca has 
also been shown to  ac t  on casein  and  the  benzoyl-L-  
a rg in ine  e thy l  es ter  s. I t  there fore  seems possible t h a t  t h e  
c o m m o n  m e d i a t o r  for b r a d y k i n i n  release of b o t h  t ryps in  
a n d  t h e  snake v e n o m  m a y  be  the i r  r e spec t ive  es terase  
ac t iv i t ies .  I n  t he  p resen t  w o r k  we h a v e  shown  t h a t  such  
a cor re la t ion  can  be demons t r a t ed .  I f  t ryps in  inh ib i to r  is 
r e m o v e d  by  app ly ing  the  d e n a t u r e d  p lasma  as a sub-  
s t r a t e  a d i rec t  re la t ionship  is found be tween  the  b r a d y -  
k in in  re leas ing effect  of t ryps in  and  the  hea t ed  v e n o m  
of Bothrops ]araraca when  c o m p a r e d  wi th  the i r  r espec t ive  
es terase  ac t iv i t i es  on B A M E .  

H e a t i n g  a solut ion of the  v e n o m  in a boi l ing wa te r  
b a t h  for 1-3 min  x was enough  to  de s t roy  comple t e ly  i ts  
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p ro teo ly t i c  a c t i v i t y  on casein and reduced  to  a b o u t  
50% its  esterase a c t i v i t y  on B A M E .  H o w e v e r  if  hea t ing  
was con t inued  a s low b u t  con t inuous  d rop  in t he  res idual  
esterase a c t i v i t y  was  observed.  Comple t e  des t ruc t ion  
was ob ta ined  af te r  a p ro longed  hea t i ng  for 90 rain in a 
boil ing wa te rba th .  Th is  would  ind ica te  (Fig. i)  t h a t  we 
are  deal ing  wi th  a comp lex  e n z y m a t i c  m i x t u r e  and  t h a t  
a t  least  t h ree  d i f ferent  ac t iv i t i e s  a re  i n v o l v e d :  (1) A 
the rmolab i l e  a c t i v i t y  as measu red  on casein;  (2) a ther -  
molabi le  esterase ac t iv i ty ,  poss ib ly  connec ted  wi th  
a c t i v i t y  (1), and (3) a more  t h e r m o s t a b l e  esterase com-  
ponent ,  concerned w i t h  t he  release of b radyk in in .  

The  capac i t y  of the  v e n o m  of re leas ing b r adyk in in  
when  incuba t ed  wi th  fresh p lasma;  f irs t  increased af te r  
a shor t  hea t ing  of t he  v e n o m ,  c o n c o m i t a n t l y  w i t h  a 
drop in p ro teo ly t i c  ac t iv i ty ,  un t i l  a m a x i m u m  is a t t a in -  
ed a f te r  1-3 rain of hea t i ng  the  v e n o m .  T h e r e a f t e r  t he  
yield decreased in  para l le l  w i t h  t he  es terase  ac t iv i ty .  
The  ini t ia l  increase in  t he  y ie ld  of b r a d y k i n i n  m i g h t  be  
expla ined  b y  the  fac t  t h a t  t h e  b r a d y k i n i n  de s t roy ing  
a c t i v i t y  of the  v e n o m  disappears  w i t h  i ts  p ro t eo ly t i c  
a c t i v i t y  on casein.  

The  c lo t t ing  power  of  t i le  v e n o m  decreased  sha rp ly  
when  hea t  was applied.  The re  was a m a r k e d  in i t ia l  drop  
af ter  1 min  hea t ing ,  to  abou t  30% of t he  in i t ia l  va lue ,  
fol lowed b y  a slow decrease  in para l le l  w i th  t he  r e l a t ive ly  
t he rmos t ab l e  es terase  a c t i v i t y  (Fig. 1). I t  can  there fore  
be conc luded  t h a t  th is  res idual  es terase  a c t i v i t y  cor re la t -  
ed to  b r adyk in in  release also is e f fec t ive  in b r ing ing  a b o u t  
the  coagula t ion  of t he  blood.  
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Fig. 1.--Effect of heat denaturation upon the bradykinin releasing 
and clotting activities of the venom of Bothrops ~araraca, as related 
to its esterase activity on BAME. In abscissae, time in minutes of 
heating a 0-5% saline solution of {he venom at pH 6 in a boiling 
waterbath. Temperature at the end of heating periods 8~795°C. The 
proteolytic activity on casein as measured by absorption in U.V. 
d e c r e a s e d  t o  z e r o  after 1 rain heating (the curve is not presented in 

this graph). 

Af t e r  3 min  hea t ing  of the  v e n o m  res idual  es terase  
a c t i v i t y  was found to  be a b o u t  z/2 o of t h a t  of  t rypsin .  
Since des t ruc t ion  of b r adyk in in  by  the  v e n o m  was 
p r e v e n t e d  by  the  hea t ing  and since the  b r adyk in in  
des t roy ing  effect  of plasma,  as well  as t he  ' t r y p s i n  in- 
h ib i tor  also were r emoved  by  l l ea t  d e n a t u r a t i o n  of t he  
p l a smaL a compar i son  of the  esterase a c t i v i t y  wi th  the  
b r ad y k i n in  releasing effect  of the  v e n o m  was m a d e  
possible. The  exper iments  were pe r fo rmed  by  app ly ing  
e q u i p o t e n t  esterase act iv i t ies  (BAME) of. t r yps in  and  
h e a t e d  v e n o m  on dena tu red  plasma.  E q u a l  a m o u n t s  of 
b r a d y k i n i n  were  found  to  be  released wi th  b o t h  agen ts  
showing  a para l le l i sm be tween  the  re la t ive ly  t h e r m o -  
s table  es terase  a c t i v i t y  of the  v e n o m  and  i ts  b r adyk in in  
re leas ing effect .  A s t r ik ing  difference was found regard-  

ing the  speci f ic i ty  of t he  p ro t eo ly t i c  a c t i v i t y  of b o t h  
agents .  A l t h o u g h  the  c o n c e n t r a t i o n  of spl i t  p roducts  
w i t h  abso rp t ion  in U.V.  l ight  increases  w i t h  t i m e  and in 
para l le l  w i th  b r a d y k i n i n  release w h e n  t ryps in  is used, no 
measu rab l e  a m o u n t s  of p ro t e in  sp l i t  p roduc t s  are  ob- 
t a ined  w i t h  t he  h e a t e d  venom.  I n  a n o t h e r  series of ex-  
pe r imen t s ,  increas ing  concen t r a t i ons  of  v e n o m  and 
t r yps in  were  i n c u b a t e d  wi th  d e n a t u r e d  p lasma,  and  the  
ra t ios  of the i r  r espec t ive  es terase  a c t i v i t y  (BAME)  were  
de t e rmined  (Fig. 2). I n  e a c h  case equa l  b r adyk in in  
release was ob ta ined  wi th  b o t h  agents .  
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Fig. ~.--Bradykinin released from denatured plasma proteins with 
increasing equlpotent (BAME) esterase concentrations of trypsin and 

the heated venom (mg/ml plasma). 

These  f indings  agree wi th  those  descr ibed b y  HOLTZ 
and  RAUDONAT 6 who  were  able to  sepa ra te  b y  f rac t iona-  
t i o n  w i t h  a m m o n i u m  su lpha t e  a t h romb in - l i ke  f rac t ion  
(Koagul in)  f rom a p ro t eo ly t i c  f rac t ion  which  ac t iva t e s  
p ro th romb in .  The  b r a d y k i n i n  re leas ing a c t i v i t y  was 
p resen t  in t h e  non-p ro t eo ly t i c  ' K o a g u l i n '  f rac t ion  of the  
Bothrops v e n o m .  

I n  conclus ion:  F r a c t i o n a t i o n  b y  h e a t  of t he  v e n o m  
of Bothrops jararaca gives a f rac t ion  w i t h  the  specific 
a c t i v i t y  on benzoyl- l . -arg in ine  m e t h y l  es ter  (BAME) 
which  can  be d i rec t ly  cor re la ted  to  b r a d y k i n i n  release 
f rom f lesh  or d e n a t u r e d  p lasma  and wi th  t he  c lo t t ing  
power  on fresh p lasma.  W h e n  c o m p a r e d  wi th  t he  effect 
of t ryps in  equa l  ra t ios  are  ob ta ined  w i t h  t he  hea ted  
v e n o m  for t h e  b r a d y k i n i n  re leas ing effect  and  the  ester- 
ase a c t i v i t y  on B A M E .  The  h igh  speci f ic i ty  of t he  v e n o m  
in releasing b r a d y k i n i n  would  ind ica te  t h a t  b radyk in in  
is held  in  a t e r m i n a l  posi t ion in t he  precursor  molecule .  
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Zusammen[assung 

Die p ro teo ly t i sche  Aktivi t~i t  des Giftes yon  Bothrops 
jararaca w i r d  durch  E r h i t z e n  le icht  ze r s t6 r t  und  dabei 
eine Es te rase  m i t  griSsserer Hi t ze res i s t enz  abget rennt .  
N a c h  H i t z e f r a k t i o n i e r u n g  des Giftes s t eh t  die Akt iv i t~ t  
dieser  Es t e ra se  in d i r e k t e m  Verh~iltnis z u m  abgegebenen 
B r a d y k i n i n  und  zur  Ger innung  des fr ischen Plasmas.  
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