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B i o s y n t h e s i s  of the  B u f a d i e n o l i d e  M a r i n o b u f a g i n  

X~Ve h a v e  prev ious ly  shown  t h a t  pregnenolone-20-1~C 
resu l ted  a v e r y  poor  p recursor  of bufad ienol ides  f rom 
an ima l  or ig inL As a consequence  of t h i s  result ,  i t  was  
p o s t u l a t e d  t h a t  t he  b io syn the t i c  p recursor  of an ima l  
bufadienol ides  should  be choles terol  itself,  in disagree-  
m e n t  w i th  the  b io syn the t i c  p a t h w a y  to  vegeta l  bufa-  
dienol ides  which  are d i rec t ly  der ived  f rom pregnenolone  x, 2 
p lus  a stil l  u n k n o w n  3-carbon un i t  precursor .  

To t es t  th is  hypothes i s ,  several  i n t ac t  B. paracnemis 
spec imens  were  inocula ted  s.c. w i t h  s y n t h e t i c  a cho- 
lesterol-20-i~C (I). The v e n o m  f rom the  pa ro t i d  and  t ib ia l  
g lands  was  col lected 78 and  107 days  a f t e r  in ject ion,  
a n d  mar inobufag in  (II) was isolated and  pur i f ied  by  

emJs 

~oH 

Ae0 OH 
IV 

Precursor Cholesterol-20-xlC 
(1.93 × 107 dpm/mM) 

Product Specific Specific 
activity incor- 
dpm/mM poration 

(%) 

Cholesterol 1.93 × 104 • 0.10 
(from liver) 5.00 × 104b 0,25 
Marinobufagin 0.64 × 104 ~ 0,03 
acetate (III) 1.96 × 104b 0.10 

1.41 x 10 * ~ 
Etianie acid (IV) 1.33 × 10 ~ - 
BaCO~ 1.46 x 104 - 

78 days collection, b 107 days collection. ~ Combined from both 
collections. 

in T o a d s  Bu]o paracnemis f r o m  Choles tero l -20-x4C 

k n o w n  m e t h o d s  4. In  b o t h  cases c o m p o u n d  I I  was  found  
to  be rad ioac t ive ;  a c t i v i t y  va lues  (see Table) show the  
s low m e t a b o l i s m  of t he  an imal ,  s ince the  bes t  incorpora-  
t ion  resul ted  f rom the  longer  per iod of t ime .  I m m e d i a t e l y  
a f te r  col lect ion of t he  venom,  the  an imals  were  sacrificed, 
and  cholesterol  f rom l iver  and  gall b l adde r  was isola ted  
and  pur i f ied  by  k n o w n  proceduresL  A c t i v i t y  values  of 
choles terol  are shown  in the  Table.  

Mar inobufag in  (II) f rom b o t h  collect ions was c o mb i n e d  
and  pur i f ied  fu r the r  as t h e  aceta te .  Mar inobufag in  
ace ta t e  (III)  was  ox id ized  to  the  e t ianic  acid IV  as 
descr ibed  by  SCItR6TER e t  al.% C o m p o u n d  IV  was  sub-  
m i t t e d  to  t h e  S c h m i d t  deg rada t ion  react ion,  and  t h e  
evo lved  ca rbon  d ioxide  was col lected as ba r ium ca rbona te ,  
which  had  essent ia l ly  t he  s ame  specific ac t iv i ty  of com-  
p o u n d  I I I  

The t a b u l a t e d  values  c lear ly  ind ica te  t h a t  cholesterol-  
20-14C is an exce l len t  p recursor  of mar inobufag in ,  and  
t h a t  th is  c o m p o u n d  is solely label led a t  C-20. Hence,  
t he  p re sen t  resul ts  s t rong ly  s u p p o r t  t he  hypo thes i s  t h a t  
t he  ~-pyrone r ing of an imal  bufad ienol ides  is d i rec t ly  
der ived  f rom the  s ide-cha in  of choles teroIL 

Zusammen[assung. Der  b iogenet i sche  U r s p r u n g  des  
Mar inobufag ins  in K r 6 t e n  Bu[o paracnemis wurde  d u t c h  
In j ek t i on  yon  Cholesterot-20-x4C nachgewiesen .  Durch  
Abbau  wurde  fes tgeste l l t ,  dass  die Gesamtak t iv i tAt  des 
P r o d u k t e s  im C-20 des  Mar iuobufagins  e n t h a l t e n  ist. 
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S u r  l e s  i n t e r m ~ d i a i r e s  de la d ~ s a l k y l a t i o n  en C~4 

Les insectes  p h y t o p h a g e s  son t  incapab les  de syn thg-  
t i se r  le cholest6rol  e t  p o u r t a n t  celui-ci leur es t  a b s o l u m e n t  
n6cessaire l .  ~. IIs p e u v e n t  l ' ob t en i r  p a r  d6grada t ion  de  
ce r ta ins  phy tos t6 ro l s  c o m m e  le fl-sitost6roI ~ d6fau t  de le 
t r o u v e r  dans  leur  nou r r i t u r e l ,  2. SVOBODA 3,4 a mon t r 6  
que  le Mpidopt~re Manduca sexta t r a n s f o r m e  le fl-sitost6rol 
en  cholest6rol  pa r  l ' in te rm6dia i re  du desmost6rol .  WIENT- 
JENS 2 ~ la sui te  de ses t r a v a u x  sur  la B la t t e  Blatella ger- 
manica a 6mis l ' hypo th~se  que  ce t te  t r a n s f o r m a t i o n  deva i t  
se faire su ivan t  un processus  inverse  de celui qui exis te  
chez les v6g~taux sup6rieurs  pour  la syn th~se  des st6rols 

du f l - s i tos t f iro l  par  le cr ique t  L o c u s t a  m i g r a t o r i a  L .  

en C29; l '6 thyl id~ne-24 cholest6rol  (fucost6rol) et  le m6 t h y -  
lbne-24 cholest6rol  se ra ien t  des  in term6diai res .  Dans  le 
b u t  de v6rifier  ce t te  hypoth~se ,  nous  avons  utilis6 un  

1 R. B. CLAYTON, J. Lipid Res. 5, 3 (1964). 
2 F. J. RITTER et W. H. J. M. WIENTJENS, T.N.O. Nieuws 22, 381 

(1967). 
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4 j .  A. SVOBOOA, M. J. THOMPSON et "vV. E. ROBBtNS, Life Sci. 

6, 395 (1967), 
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fi-si tost6rol p u r  s t r i t i6  en  3 pa r  r6duc t ion  6 de la c6tone-3 A 5 
p a r  N a B H  4 en  pr6sence  de NaB3H4. 3 m g  (1,1 × 10~ c /mn)  
o n t  6t6 in jec t6s  d a n s  l ' a b d o m e n  de  24 c r ique t s  Locusta 
migratoria des d e u x  sexes, pr is  apr~s  la  q u a t r i ~ m e  m u e  
la rva i re ,  e t  sur  une  p6r iode  de t ro i s  jours .  I ls  o n t  gt6 
m a i n t e n u s  en  vie  8 jou r s  ~ 30°C e t  tu6s  p a r  le f roid  
-- 20 °C. 

Apr6s  e x t r a c t i o n  des  l ip ides  e t  s apon i f i c a t i on  s u i v a n t  
les m 6 t h o d e s  hab i tue l l es ,  les s tgrols  on t  6t6 isol6s p a r  
c h r o m a t o g r a p h i e  p r 6 p a r a t i v e  sur  couche  m i n c e  (CCM) 
d ' a c ide  s i l ic ique d a n s  le sys t~me de  s o l v a n t s  p e n t a n e -  
a c6 t a t e  d ' 6 t h y l e  7 : 3 v /v .  Les s tgrols  (26,4 m g  r a d i o a c t i v i t 6  
6,8 × 105 c /mn)  apr~s p r o p i o n y l a t i o n  ¢ e t  a d d i t i o n  de  2 m g  
des  p r o p i o n a t e s  de fucost6rol ,  desmost6ro l ,  m6 thy l~ne -24  
eholest6rol ,  o n t  6t6 s6par6s en  4 g roupes  p a r  CCM sur  
a l u m i n e - A g N O 3  d a n s  le sys t~me h e x a n e - a c 6 t a t e  d ' 6 t h y l e  
100:8  v /v .  Le  1 ~r g roupe  (Rf  0,70) co r r e spond  a u x  pro-  
p i o n a t e s  de cholest6rol ,  campes t6 ro l ,  f l-sitostgrol e t  
s t i gmas t6 ro l ;  le 2 e (Rf  0,40) co r respond  au  p r o p i o n a t e  de 
fucos t6ro l ;  le 3~ (Rf  0,30) co r re spond  au p r o p i o n a t e  de 
desmostgro l ,  e t  le 4 e g roupe  (Rf  0,18) au  p r o p i o n a t e  de 
m6 thy l~ne -24  cholest6rol .  C h a c u n  de ces g roupes  de pro-  
p iona t e s  de s t6rols  a en s u i t e  6t6 ana lys6  p a r  c h r o m a t o -  
g raph ie  gaz- l iquide  (CGL) p r 6 p a r a t i v e  sur  une  co lonne  

1% de  OV 101 de 2 m de l ongueu r  e t  ~ une  t e l n p g r a t u r e  
de  245°C. Les d i f f6rents  p r o p i o n a t e s  o n t  6t6 recuei l l is  
la  sor t ie  de  l ' appa re i l  e t  leur  r ad ioac t i v i t 6  mesur6e  s6pa-  
r gmen t .  Nous  aver ts  observ6  les r ad i oac t i v i t 6 s  r e l a t ives  
ci-apr~s (par  r a p p o r t  ~ la  s u m m a t i o n  des  r ad ioac t iv i t6 s  
recueil l ies) : choles t6rol  11, 6 %  ; fucost6rol  0, 5 % ; desmost6-  
rol  0 ,1% ; m e t h y l e n e - 2 4  choles tgro l  0 %  ; s t6rol  p robab l e -  
m e n t  en  Cz~ non  ident i f i6  0 ,15%;  fl-si tost6rol 87% (con- 
t i e n t  le pr6curseur) .  La  poss ib i l i t6  d ' u n e  r 6 i n t r o d u c t i o n  du  
t r i t i u m  en  3 apr~s  6change  es t  exclue  p a r  la c o n s t a t a t i o n  
que  le m6thy lSne-24  choles tgro l  es t  t o t a l e m e n t  d 6 p o u r v u  
de rad ioac t iv i t6 .  

Ces r6su l t a t s  nous  p e r m e t t e n t  de conc lure  que  le 
fl-sitost6rol es t  t r a n s f o r m 6  en  choles t6rol ;  le fueostgrol  
e t  le desmos t6ro l  son t  des i n t e rm6d ia i r e s  de ce t t e  t r a n s -  

f o r m a t i o n  ; a u c u n e  r a d i o a c t i v i t 6  n ' a  pu  4tre  observ6e  d a n s  
le m6thy16ne-24 choles t6ro l  ou t o u t  a u t r e  s t6rol  en  C28; 
pa r  con t r e  nous  a v o n s  observ6  la  pr6sence  d ' u n  propio-  
n a t e  de s t6rol  r ad ioac t i f  qu i  es t  s6par6 au  m6me  e n d r o i t  
que  le p r o p i o n a t e  de m6thy16ne-24 choles t6rol  en  CCM 
(0,15% de  la r ad ioac t iv i t6 )  et  d o n t  le c o m p o r t e m e n t  en  
CGL ( t emps  de  r 6 t e n t i o n  u n  peu  sup6r ieur  ~ ceux  des  
fl-sitost6rol e t  fucost6rol)  i nd ique  qu ' i l  p e u t  co r r e spond re  

un  p r o p i o n a t e  de  s t6rol  en  C29. La  d 6 g r a d a t i o n  du  
fl-si tost6rol se fe ra i t  donc  p a r  le s c h 6 m a  s u i v a n t  : fl-sitost6- 
rol  + fucost6rol  ( +  s t6rol  en  C29 non  ident i f i6  ?) --~ des- 
mos t6ro l  -->- cholest6rol .  Des  exp6r iences  parall61es effec- 
tu6es  chez  l ' abe i l l e  d p i s  mell i / ica s c o n d u i s e n t  ~ des con-  
c lusions  s imila i res .  Les  r ad ioac t i v i t 6 s  on t  6t6 mesur6es  
sur  u n  s c in t i l l a t eu r  Nuc l ea r  Chicago de r e n d e m e n t  50%.  

S u m m a r y .  The  locus t  Locusta  migratoria L. t r a n s f o r m s  
fl-si tosterol  i n to  choles terol .  Fucos te ro l ,  de smos t e ro l  a n d  
a n  u n k n o w n  s te ro l  ( p r o b a b l y  in C29 ) are found  to be  in te r -  
media tes ,  b u t  n o t  24 -me thy l ene  choles terol .  
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Z u m  P r o t o n e n t r a n s f e r  in  M o d e l l s y s t e m e n  ffir d ie  

N a c h  e iner  H y p o t h e s e  yon  LOWDIN 1 k a n n  ein P r o t o n e n -  
t r a n s f e r  in  de r  Desoxy r ibonuk le in s l i u r e  t iber  das  Wasse r -  
s t o f f b r t i c k e n s y s t e m  der  komplement /~ ren  B a s e n  Aden in -  
T h y m i n  (A-T) u n d  G u a n i n - C y t o s i n  (G-C) h i n w e g  m u t a g e n e  
E f f ek t e  ausl6sen,  w o m i t  der  q u a n t e n m e c h a n i s c h e  T unne l -  
e f fek t  als m6gl iche  U r s a c h e  de r  s p o n t a n e n  Cancerogenese  
u n d  des  A l t e rns  au f t r i t t .  L 6 w m N  z i t i e r t  i n f r a r o t s pek t ro -  
skop ische  A r b e i t e n  yon  ZIMMI~RMANN 2 a m  Imidazo l  als 
Beweis  fiir das  P r o t o n e n t u n n e l n  fiber i n t e r m o l e k u l a r e  
Wasse r s t o f fb r i i cken  h inweg.  W e g e n  de r  aus se ro rden t -  
l i chen  B e d e u t u n g  dieses P r o b l e m s  h a b e n  wir  in f ra ro t -  
spek t ro skop i s che  U n t e r s u c h u n g e n  a n  Model len  de r  kom-  
p l e m e n t ~ r e n  B a s e n  de r  DNS,  n~m l i ch  1 - M e t h y l t h y m i n / 9 -  
M e t h y l a d e n i n  (A-T-Modell)  u n d  1-Methylcytosin/9-f i~thyl-  
g u a n i n  (G-C-Modell),  du rchge f f ih r t  ; die K r i s t a l l s t r u k t u r e n  
be ide r  Model le  (1: 1-Mischkris ta l le)  s ind  b e k a n n t  3,4. 

I n  b e i d e n  F~l len  we ichen  die I R - S p e k t r e n  de r  l : l -  
K o m p l e x e  v o n  d e n e n  der  m e c h a n i s c h e n  Mischung  a b  
(F igur  1), wie v o n  KYOGOKU et  al. 5 ffir den  K o m p l e x  aus  
1 - M e t h y l t h y m i n  u n d  9 - M e t h y l a d e n i n  be re i t s  be sch r i eben  
wurde .  Die N H - V a l e n z s c h w i n g u n g s b a n d e n  (v, in  de r  No- 
m e n k l a t u r  v o n  PIMENTEL 6), h a b e n  eine k o m p l e x e  S t r u k t u r  
m i t  zah l r e i chen  S u b m a x i m a .  Diese in s t a r k e n  Wasse r -  
s t o f f b r f i c k e n s y s t e m e n  of t  b e o b a c h t b a r e  F e i n s t r u k t u r  k a n n  
v e r s c h i e d e n e  U r s a c h e n  h a b e n :  1. ? ]be r l age rung  de r  N-H-  

k o m p l e m e n t i i r e  B a s e n p a a r u n g  in  N u k l e i n s i i u r e n  

V a l e n z s c h w i n g u n g  v8 m i t  Vie l fachen  der  "Wellenzahl de r  
n i e d e r f r e q u e n t e n  ( N - H . . .  N ) - V a l e n z s c h w i n g u n g  v~ 6 : 
v = v , + n v ~ , ;  n = O, 1, 2 . . . .  (F requenzmodu la t i on )7 ,  s; 
2. P r o t o n e n t u n n e l n  in K o m b i n a t i o n  mi t  der  v o r s t e h e n d  
g e n a n n t e n  F r e q u e n z m o d u l a t i o n ,  wodureh  zus/ i tz l iche Auf-  
s p a l t u n g  der  S u b m a x i m a  erfolgt  2 ; 3. A u f s p a l t u n g e n  d u r c h  
n / i c h s t n a c h b a r l i c h e  K o p p l u n g  schwingende r  G r u p p e n  in 
F e s t k 6 r p e r n g ;  4. FERMI-Resonanz de r  b r e i t e n  v, m i t  
K o m b i n a t i o n s -  oder  Obe r schwingungen .  

E i n e  E n t s c h e i d u n g  dar i iber ,  ob  P r o t o n e n t r a n s f e r  u n d  
F r e q u e n z m o d u l a t i o n  die F e i n s t r u k t u r  de r  v8 v e r u r s a c h e n ,  
k a n n  d u r c h  Vergle ich  des bei  R a u m t e m p e r a t u r  a u f g e n o m -  
m e n e n  I R - S p e k t r u m s  m i t  d e m  bei  t i e fen  T e m p e r a t u r e n  
erziel t  werden.  Das  A b k i i h l e n  der  P r o b e  b e w i r k t  e ine  
Ver fes t igung  der  Wasse r s to f fb r i i cke ,  w o d u r c h  die A t o m -  
abs t / inde  ve rk i i rz t  werden .  Die  K r a f t k o n s t a n t e  u n d  d a m i t  
a u c h  die S c h w i n g u n g s f r e q u e n z  yon  v, n e h m e n  d a b e i  
k le inere  W e r t e  an,  w~Lhrend K r a f t k o n s t a n t e  u n d  Schwin-  
gungs f requenz  yon  v~ b e i m  A b k i i h l e n  anwachsenX°. Dar -  
fiber h i n a u s  n i m m t  d u r c h  die A b s t a n d s v e r k f i r z u n g  in de r  
ve r f e s t ig t en  Wasse r s to f fb r i i cke  die P o t e n t i a l b a r r i e r e  zwi- 
schen  den  b e i d e n  P o t e n t i a l m i n i m a  des  P r o t o n s  a b  n ,  die 
d u r c h  den  T u n n e l e f f e k t  v e r u r s a c h t e n  A u f s p a l t u n g e n  yon  
S c h w i n g u n g s t e r m e n  wi i rden  s o m i t  ve rg r6s se r t  ~2. B e i m  
A b k i i h l e n  so l l t en  folgl ich alle S u b m a x i m a  auf  de r  h6he r -  


