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Biosynthesis  of Animal  and Plant Bufadienolides.  Parallel Experiments  with Pregn-5-en-3-13-ol-20-  
one-20-~4C in SciUa maritima and Bufo paracnemis 

I t  h a s  b een  s h o w n  t h a t  p r egneno lone  p l a y s  a v e r y  
i m p o r t a n t  p a r t  in t he  b i o s y n t h e s i s  of ca rdeno l ides  a n d  
re la ted  c o m p o u n d s L  In  e x p e r i m e n t s  w i t h  Helleborus 
atrorubens, TSCHESCHE et  al. 2 h a v e  f o u n d  t h a t  p r e g n e n o -  
10ne-21-~4C was  a good p r ecu r so r  of t h e  bu fad ieno l ide  
hel lebrin,  b u t  as far  as we k n o w  no e x p e r i m e n t a l  work  h a s  
been  done  on t h e  b i o s y n t h e s i s  of bu fad ieno l ides  f r o m  
a n i m a l s  u s in g  t h i s  s teroid.  P r ev ious  e x p e r i m e n t s  on t h e  
b i o s y n t h e s i s  of m a r i n o b u f a g i n  h a v e  s h o w n  a t h a t  choles-  
terol  was  a p r ecu r so r  of t h e  bufad ieno l ide  in t he  t o a d  
B. marinus, b u t  cons ide r ing  t h a t  t he  label  was  on ca rbon-4  
a n d  t h e  genera l  o b s e r v a t i o n  t h a t  t he  s te ro id  nuc l eons  is 
a re la t ive  s tab le  m o i e t y  while  t h e  side cha in  is e x t e n s i v e l y  
c leaved  d u r i n g  i ts  m e t a b o l i s m ,  th i s  resu l t  d id  no t  c lar i fy  
t he  b i o s y n t h e t i c  p r o b l e m  of t h e  ~-pyrone  r ing  of m a r i n o -  
bufag in .  

C o n t i n u i n g  w i th  our  work  on t he  b i o s y n t h e s i s  of t oa d  
v e n o m s  4 severa l  i n t a c t  s p e c i m e n s  of t he  t oad  Bu/o 
paracnemis L u t z  1925 were in jec ted  s.c. w i t h  p r e g n e n o -  
lone-20-14C5 an d  33 and  80 d a y s  a f te r  in jec t ion  t h e  
v e n o m  f ro m  th e  p a ro t i d  a n d  t ib ia l  g l ands  was  collected b y  
s imple  pressure .  M a r i n o b u f a g i n  was  i so la ted  b y  c h r o m a t o -  
g raph ic  p rocedure s  a l r eady  descr ibede.  

At  t h e  s a m e  t ime ,  t r y i n g  to f ind  a cor re la t ion  b e t w e e n  
bufad ieno l ides  f r o m b o t h  origins,  2 bu lb s  of Scilla 
marilima (red squill) were inocu la ted  w i t h  t he  s a m e  
label led s teroid.  T h e  p l a n t s  were h a r v e s t e d  14 d a y s  a f te r  
in jec t ion  an d  t h e  bu fad ieno l ide  scill iroside was  isola ted 
b y  k n o w n  m e t h o d s V  T h e  resu l t s  are shown  in t he  Table .  

Tracer experiments with pregnenolone-20-14C in Scilla raaritima arid 
in Bu/o paracnemis 

Precursor Bufadienolide Specific Specific 
specific isolated activity incorpora- 
activity (dpm/mM) tion 
(dpm/mM) ~ (%) 

Scilta 3.9 • 10 s Scilliroside 2.2 • 106 0.56 
maritima 
Bu]o 7.3 • 10 s Marinobnfagin 6.5 • l0 st, 0.0001 
paracnemis 6.8 • l0 se 0.0001 

Radioaetivities were determined with a Packard Tri-Carb Model 
3305 liquid scintillation spectrometer in the usual scintillation 
solutions, b 33 days' collection. ~80 days' collection. 

T h e  resu l t s  c lear ly  ind ica te  t ha t ,  as  expec ted ,  p r e gne no -  
lone was  a good p r e c u r so r  of t he  p l a n t  bu fad ieno l ide  
scilliroside, b u t  i t  was  i nc o rpo ra t e d  in to  t h e  a n i m a l  
bu fad ieno l ide  m a r i n o b u f a g i n  in suc h  a va lue  t h a t  could  
be  neglected .  

Accord ingly ,  i t  is poss ib le  t o  p o s t u l a t e  t h a t ,  in  t h e  case 
of toads ,  choles terol  wou ld  be  f i rs t  c o n v e r t e d  in to  an  
i n t e r m e d i a t e  w i th  a bile acid s t r u c t u r e  s w h ic h  could  be 
s u b s e q u e n t l y  t r a n s f o r m e d  in to  t h e  bufad ieno l ide  b y  
u n e x c e p t i o n a l  s t eps ;  t h e  i so la t ion  f r o m  t o a d  v e n o m "  of 
7 - a - h y d r o x y  a n d  7- f l -hydroxy-choles tero l ,  a cr i t ical  in ter -  
m e d i a t e  in t he  b i o s y n t h e s i s  of bile ac ids  ~~ would  s u p p o r t  
t h i s  h y p o t h e s i s  a l t h o u g h  no 7 - h y d r o x y - b u f a d i e n o l i d e  h a s  
been  de tec ted  yet .  I n  t h e  case  t h a t  choles terol  were  
me ta bo l i z e d  to  p regneno lone ,  th i s  would  no t  be used  b y  
t he  a n i m a l  to s y n t h e s i z e  bufadienol ides~l .  

Zusammen[assung. P r e g n e n o l o n - 2 0 J * C  wird von  ro t en  
Meerzwiebe ln  als V or s tu f e  fiir h e r z w i r k s a m e  Glykos ide  
ve rwende t ,  dagegen  k a n n  Bu/o paracnemis diese P r o d n k t e ,  
s u b k u t a n  appl izier t ,  n i c h t  in die i ibl ichen K r 6 t e n g i f t e  
i iberf i ihren.  
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Synthetic Substitute Enzymes: Part III Glutamic Acid Copolymers with Lysozyme-l ike  Activity I 

Signi f icant  ly sozyme- l ike  a c t i v i t y  was  r epor t ed  by  us  
for copo lymers  of Glu and  Phe ,  a n d  of Glu a n d  y-choles-  
t e r y l - L - g l u t a m a t e  2. These  p o l y m e r s  were s y n t h e s i z e d  in 
v iew of t h e  f o r m u l a t i o n  of a m e c h a n i s m  for t he  fl-(1-4)- 
g luco sam in id a se  a c t i v i t y  of l y sozyme  3. T h e  m o s t  im-  
p o r t a n t  f ea tu re  of th i s  m e c h a n i s m ,  the  p r o t o n a t i o n  of t he  
glycosidic  o x y g e n  a t o m  a t  t he  po in t  of f iss ion of t h e  
po lysaccha r ide  ch a in  by  t he  un ion ized  y - c a r b o x y l  of Glu 
res idue  35, an d  t h e  s t ab i l i za t ion  of t he  c a r b o n i u m  ion 
fo rmed  af te r  b o n d  f iss ion b y  t he  c a r b o x y l a t e  ion of A sp  
res idue  52, are m a d e  poss ible  since these  2 a m i n o - a c i d  
res idues  are loca ted  in h y d r o p h o b i c  a n d  hyd roph i l i c  re- 

g ions  of t he  e n z y m e  molecu le  respec t ive ly .  S y n t h e s i s  of 
Olu copo lymers  w i th  P h e  a n d  y -cho l e s t e ry l -L -g lu t ama te  
were,  therefore ,  carr ied ou t  f rom the  N - c a r b o x y a n h y -  
dr ides  of y - b e n z y l - L - g l u t a m a t e  a nd  t he  h y d r o p h o b i c  
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amino-acid  in 2 stages. In  the  first  the  N-carboxy-  
anhydr ide  of the  hydrophobic  amino-acid was in excess, 
and in the  second the  rat io  was reversed.  Subsequent  
r emova l  of the  benzyl  groups yielded pept ides  hav ing  
carboxyl  funct ions in bo th  hydrophobic  and hydrophi l ic  
regions. Amino-acid  rat ios  of the  act ive  fract ions f rom these 
copolymerizat ions,  however,  revealed t h a t  ac t iv i ty  was 
only observable  in pept ides  hav ing  an excess of the  
hydrophobic  amino-acid.  A random copolymer  of Glu and 
a hydrophobic  amino-acid  would be expected  to have  Glu 
residues and, therefore,  carboxyl ic  funct ions in the  inner  
hydrophobic  region as welI as the  outer  surface, which 
would be in a hydrophi l ic  envi ronment .  Copolymers of 
Phe-Glu,  Tyr-Glu  and Ala-Glu have,  therefore,  been 
synthesized conta in ing different  rat ios of the  2 amino-  
acids. Some of these copolymers,  indeed, have  ve ry  sub- 
s tant ia l  lysozyme-l ike  ac t iv i ty  (Figure). 

Fo r  the  synthesis  of these Glu copolymers,  the  N- 
ca rboxyanhydr ides  of y-benzyl-L-glutamate  and the  
second amino-acid  in the  appropr ia te  ra t io  were dissolved 
in d ioxane  (1 mmol /100  ml) and polymer iza t ion  ini t ia ted 
with  t r i e thy lamine  (0.005 mmol/100 ml). Deblocking of 
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Lytic activity of synthetic Glu copolymers (0.5 mg/inl) and hen 
egg-white lysozyme (0.05 mg/ml). FI, formic acid insoluble; FS, 
formic acid soluble; BI, bicarbonate insoluble; BS, bicarbonate 
soluble. 

the  prec ip i ta ted  copolymers  was achieved by  t r ea tn len t  
wi th  2 N H B r  in AcOH.  The Phe-Glu copolymers  were 
separated into formic-acid soluble and insoluble fract ions 
before t r e a t m e n t  wi th  HBr ,  and all copolymers  were 
f rac t ionated  into  b icarbonate  soluble and insoluble 
materials .  

Lyr ic  ac t iv i ty  of the  copolymers  was assessed by  the i r  
ab i l i ty  to decrease t he  t u rb id i t y  of suspensions of 
Micrococcus lysodeikticus as described earlier 3. The  ac t ive  
copolymers  also degraded the  cell wall  of M. lysodeikticus 
with  l ibera t ion of reducing sugars. The  most  ac t ive  
polymer,  Pheo0GlUl04 and egg-white  lysozyme degraded 
the  cell wall  of 21/[. lysodeikticus to glycopept ides  t h a t  were 
indis t inguishable on paper  electrophoresis  (0 .1M sodium 
borate-HC1 buffer, p H  6.5; 3.8 vo l t s / cm for 18 h). Paper  
electrophoresis  of 6 N HC1 hydrolysa tes  of these glyco- 
pept ides  revealed the  same ninhydr in-pos i t ive  zones. 
Ph%0Glul0 has also been found to make  amoebic  cysts 
susceptible to emet ine  hydrochlor ide  in a manner  analo- 
gous to egg-white  lysozyme s. 

I t  is no t  possible to get  an absolute  assessment of the  
ac t iv i ty  of Pheg0Glul0 as this po lymer  is insoluble. 
Assays have,  therefore,  been carried out  wi th  suspensions. 
E v e n  so, i t  would  appear  (Figure) t h a t  Pheg0Glul0 has 
about  1/a the  ac t iv i ty  of egg-white  lysozyme and the  
bicarbonate-soluble  Phe:0Glu,0 one- ten th  the  act ivi ty .  
TY%0Glul0 is far  less ac t ive  than  the  corresponding Phe-  
Glu copolymer  Phe90Glul0. Copolymers Ala90Glul0, 
AlaToGluao, AlasoGluso, TyrToGlu30, TyrsoGluso and 
Ph%oGl%0 are all inact ive.  

Zusammen/assung. Synthet i sche  Copolymere aus 
Glutaminsgure  und Phenyla lan in  zeigen Lysozym-  
aktivit~Lt. Mit e inem Produk t  PhegoGlulo wurde ca. ein 
Dr i t te l  der  Lysozymakt iv i tXt  erreicht.  

SUSHMA SRIVASTAVA, K. B. 1V~ATttUR 
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analysis correspond to these values closely. 
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P e n d u l l n ,  a N e w  B i s c o c l a u r i n e  A l k a l o i d  f r o m  Coccu lus  p e n d u l u s  D i e l s  1 

Dur ing  a p r o g r a m m e  for screening p lan t  ex t rac ts  for 
biological  activit ies,  hypotel ls ive  and ant icancer  act ivi t ies  

w e r e  seen in the  50% e thanol  ex t rac t  of the  leaves and 
s tem of Cocculus pendulus (Forsk) Diels (Syn. C. leaeba 
DC) 2. Fol low-up studies located bo th  these act ivi t ies  in 
the  alkaloidal  fraction,  which, as a result ,  h a s  been t aken  
up for more detai led studies. 

Columbine and pa lmi t ine  have  been found earlier in 
this p lan t  3. More recent ly  coclaurine, menisar ine and 
s inact ine have  also been located 4. 

I n  the  present  inves t iga t ion  5, a new biscoclaurine base, 
designated pendulin,  (C37H40N~Oe) (M+, 608), nip 192- 
194~ [e]D + 265~ has been isolated. Pendul in  forms a 
hydrochlor ide  m p  276-278 ~ a picrate  m p  210-212 ~ and 
a d imenth iod ide  m p  282-286 ~ I ts  I R - s p e c t r u m  in K B r  
has absorpt ion  bands  a t  3322, 2857, 1587, 1506, 1458, 
1372, 1267, 1221, 1117, 1070, 1020 and 972 cm -1 indicat ing 

the  presence of hydroxy l  and e ther  funct ions in the  mole:  
eule and its a romat ic  nature .  I t s  U V  m a x i m u m  at  
284 nm (log e, 3.84) in e thanol  is ba thochromica l ly  
shifted to 306 n m  on addi t ion  of sodium hydroxide  in a 
manner  typ ica l  for bis(benzyl)isoquinoline bases e. 
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obtained and optical rotations routinely determined in CHC13 
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