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ct, f l - unsa tu r a t ed  ke tone ,  t he  U V - s p e c t r u m  of w h i c h  ind i -  
ca tes  a n  e x t e n d e d  con j uga t i on  cons i s t en t  w i t h  f o r m u l a  
X I .  A c o m p o u n d  w i t h  a s imi la r  c h r o m o p h o r e  was  ob-  
t a i n e d  on  ana logous  t r e a t m e n t  of t he  16-0-acetyl  m e t h y l  
es te r  co r re spond ing  to  X.  

A more  d i rec t  proof  for  t h e  p resence  of a h y d r o x y l  
g roup  a t  C~ based  u p o n  ozonolys is  of a 1 6 - u n s u b s t i t u t e d  
de r iva t i ve  of fusidic acid wilt  b e  p u b l i s h e d  in a fo r th -  
coming  paper .  

The  a r g u m e n t s  for t h e  absence  of a m e t h y l  g roup  a t  C 9 
prev ious ly  se t  f o r th  ~ are  no  longer  va l id  in  v iew of t h e  new 
loca t ion  of the  h y d r o x y l  group.  However ,  t he  p resence  of 
a hyd rogen  a t o m  a t  C 9 can  now  be  deduced  f rom t he  for- 
m a t i o n  of the  A 9 -n  c o m p o u n d  I X  as well  as f rom t he  pre-  
v ious ly  r epor ted  ~ e x p e r i m e n t s  on  t he  base  ca t a lyzed  epi* 
mer i za t i on  of d e r i v a t i v e s  of fusidic  acid c o n t a i n i n g  a 

UV-spectrum 
(Etoi~) 

Compound M.p. )L max (m~) e [~]D(CHCla) 

V I I I  CalH4s0 s 183-1840 ~23 14000 + 440 

I X  CalH460 a 143-144 ° 221 15500 + 26 ° 

X CalH4605 153-154 ° 222 13800 + 113 ° 

X I  CalH440 s 188-189 ° 280 17500 - -358 ° 

c a r b o n y l  g roup  in  r ing  C. Fus id ic  acid is c o n s e q u e n t l y  
be l ieved  to  be  r ep r e sen t ed  b y  fo rmu la  X I [ .  

~COOH 
H O ' " ' ~ ' "  0Ac 

Zusammen/assung. D u r c h  H e r s t e l l u n g  der  zwei Ver-  
b i n d u n g e n  I X  u n d  X I  wurde  erwiesen,  dass  die H y d r o x y l -  
g ruppe  im R ing  C de r  Fusidins~ture a n  Cll h a f t e n  muss.  
D a r a u s  sowie aus  f r f iheren E x p e r i m e n t e n  ~ l~isst s ich fiir 
die Fus id insXure  die r ev id i e r t e  K o n s t i t u t i o n s f o r m e l  X I I  
ab le i ten .  

]) .  ARIGONI*,  ~V. VON DAEHNE** ,  
\'V. O. GODTFREDSEN**,  
ANDR~E ]~IARQUET*,  a n d  A. MELERA*** 

* Organisch-chemisches Laboratorium der Eidg. Techni- 
schen Hochschule, Ziirich (Switzerland), ** Leo Pharmaceu- 
tical Pro&tcts, Copenhagen (Denmark) and *** Varian AG 
Research Laboratories, Ziirick (Switzerland), July 11, 1963. 

A G r o u p  o f  F a t t y  A c i d s  with 'Tetramethylene 
Interruption' in the D o u b l e  B o n d  System ~ 

Lipids  f rom leaves  a n d  n u t s  of t h e  t r ee  Ginkgo biIoba 
c o n t a i n  severa l  C20 a n d  C1s acids  w i t h  doub le  bonds  in a 
1,7 pos i t ion  re la t ive  to  each  o ther .  I n  a n a l o g y  to  m e t h y -  
l ene - i n t e r rup t ed  doub le  bonds ,  t h e y  m a y  be  cal led ' t e t r a -  
m e t h y l e n e - i n t e r r u p t e d ' .  T h e  g roup  of i somers  r e p r e s e n t s  
a b o u t  10% of t he  f a t t y  acids in  Ginkgo  a n d  inc ludes  
nea r ly  all t he  C2o acids.  Oleic, l inoleic a n d  l inolenic  acids  
r ep re sen t  t h e  g r e a t e r  p a r t  of t h e  C~8 ac ids ;  however ,  t h e  
i somers  are p r e s e n t  in  t h e  C18 series too,  whi le  t h e y  h a v e  
n o t  b e e n  found  w i t h  t h e  Cle c h a i n  l eng th .  

DAVIDOFF a n d  KORN 2 f o u n d  cis, cis-5,11-octadeca- 
dienoic  acid as a m a j o r  l ipid c o n s t i t u e n t  of t h e  s l ime mold  
Dictyostelium discoideum, a n d  BAGBY et al. 3 h a v e  r e p o r t e d  
cis, cis-5,13-docosadienoic acid f rom seed oil of t he  t r ee  
Limmanthes douglasii. Because  severa l  ac ids  w i t h  such  
a n  u n u s u a l  sys t em of d o u b l e  b o n d s  were de t ec t ed  in 
Ginkgo,  a de ta i led  e x a m i n a t i o n  of t h e i r  s t r u c t u r e  a n d  
b iosyn thes i s  ha s  been  u n d e r t a k e n .  As a f i r s t  s t ep  in t h i s  
di rect ion,  we r epo r t  here  t he  compos i t i on  a n d  iden t i f i ca -  
t i on  of t he  f a t t y  acids of Ginkgo biloba. 

The  m e t h y l  esters  were f r a c t i o n a t e d  b y  l i q u i d - l i q u i d  
c h r o m a t o g r a p h y  * and  gas - l iqu id  c h r o m a t o g r a p h y  5,6, a n d  
the  ind iv idua l  es ters  or  m i x t u r e s  of i somers  were iden-  
t if ied b y  ozoniza t ion  p rocedures  before  a n d  a f t e r  al- 
ka l ine  i someriza t ion.  One of t he  s t r u c t u r e  d e t e r m i n a -  
t ions  is ou t l ined  as a n  example .  A m e t h y l  es ter  h a d  b e e n  
t e n t a t i v e l y  ident i f ied  as a n  e icosa t r i enoa te  accord ing  to  
LLC a n d  GLC re ten t ions .  Ozon iza t ion - r educ t ion  7 of t h i s  
es te r  gave  a C~ a ldehyde-es te r  a n d  a C6 a ldehyde  wh ich  
were iden t i f i ed  b y  GLC. The reby ,  t he  pos i t ion  of t h e  ex- 

t r e m e  doub le  b o n d s  a t  c a rbons  5 a n d  14 were d e m o n -  
s t r a t ed .  The  f r a g m e n t s  b e t w e e n  these  doub le  b o n d s  were 
iden t i f i ed  b y  o z o n i z a t i o n - o x i d a t i o n  s. Af te r  cs tc r i f i ca t ion  
of t he  r e su l t i ng  acids,  GLC showed  d i m e t h y t  a d i p a t e  a n d  
g l u t a r a t e  in e q u i v a l e n t  a m o u n t s .  M a l o n a t e  was  also de-  
t ec ted .  These  resu l t s  locate  t he  i n t e r n a l  doub le  b o n d  a t  
e i t h e r  pos i t ion  8 or  11. 

T h e  e x a c t  loca t ion  of th i s  doub le  b o n d  c a n  be  e s t ab -  
l i shed b y  a lka l ine  i somer i za t ion  a n d  s u b s e q u e n t  ozoniza-  
t ion.  I t  was  shown t h a t  t inoleic acid,  a f t e r  a lka l ine  iso- 
m e r i z a t i o n  u n d e r  s t a n d a r d  c o n d i t i o n s  9, y ie lded  b y  ozoni-  
z a t i o n - r e d u c t i o n  C6 a n d  C~ a l d e h y d e s  a n d  C9 a n d  C m 
a ldehyde -es t e r s  in  e q u i v a l e n t  a m o u n t s .  Oleic  ac id  re- 
m a i n e d  u n c h a n g e d  u n d e r  t h e  i somer i za t ion  cond i t ions .  
Therefore ,  c o n j u g a t i o n  of doub le  b o n d s  i n t e r r u p t e d  w i t h  
one  m e t h y l e n e  g roup  proceeds  equa l ly  f rom b o t h  sides of 
t h e  u n s a t u r a t e d  sys tem,  whi le  a n  i so la t ed  doub le  b o n d  is 
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n o t  d i s tu rbed .  Th i s  p rocedure  was app l ied  to t he  C 2 0 : 3  
acid of Ginkgo.  I t  was isomerized,  recovered,  esterif ied,  
ozonized  a n d  h y d r o g e n a t e d  to yield C 6 a n d  C 7 a ldehydes  
in  e q u i v a l e n t  a m o u n t s ,  b u t  on ly  C~ a ldehyde-es te r .  The  
s t r u c t u r e  of t h i s  acid as 5, 11, 14-eicosatr ienoic  was the re -  
w i t h  es tab l i shed .  The  u l t r a v i o l e t  s p e c t r u m  of the  or ig ina l  
e s t e r  showed  no a b s o r p t i o n  while  t h a t  a f t e r  i somer iza t ion  
showed  t he  n o r m a l  c o n j u g a t e d  d iene  p e a k  a t  233 mix. 

The  i n f r a r ed  s p e c t r u m  of t he  e i cosa t r i enoa te  showed 
less t h a n  5 %  trans d o u b l e  bond .  Th i s  s ample  was re- 
covered  a n d  h y d r o g e n a t e d  analyt ical ly~% I t  ab so rbed  
91% of t he  t heo re t i c a l  va lue  for  t h r ee  doub le  bonds .  The  
h y d r o g e n a t e d  es te r  was  rec rys ta l l i zed  a n d  ident i f ied  as  
m e t h y l  a r a c h i d a t e  b y  m e l t i n g  p o i n t  a n d  mixed  m e l t i ng  
po in t .  

The fatty acids of Ginkgo biloba 

Component % of total in Double bond Relative amounts of 
position isomcrs in 

nut leaf nut leaf 

C14:0 ~.6 1.0 
C16:0 11.3 ~2.3 
C16:1 6,2 3.1 7 nfinor 

9 major nmjor 
11 minor 

C16:2 it. tr. 7, 10 minor major 
9, 1~ major minor 

C16:3 4.8 7, 10, 13 major 
9, lg, 15 minor 

C18:0 0.7 
CI8:1 B0.0 6.8 9 major major 

11 minor minor 
C18:2 ,12.3 ~0.8 ~5, 1I minor 

9, 12 major major 
C18:3 1.6 32.0 ~5, 11, 14 major 

9, 1% 15 major major 
11, 14, 17 minor 

C20:2 0.9 tr. ~5, 11 major major 
11, 14 minor minor 
14, 17 minor 

C20:3 4.1 6.3 ~5, 11, 14 major major 
C20:4 tr. 1.7 ~5, 11, 14, 17 major major 

9, 1~2, 15, 18 minor minor 

• Tetramethylene interrupted isomer. 

O z o n i z a t i o n - h y d r o g e n a t i o n ,  ozon iza t ion -ox ida t ion ,  a n d  
o z o n i z a t i o n - h y d r o g e n a t i o n  a f t e r  i somer i za t ion  e luc ida ted  
t h e  s t r u c t u r e  of t he  e icosa t r ienoic  acid.  These  p rocedures  
were used  also w i t h  t he  o t h e r  f a t t y  acid f r ac t ions  a n d  
were g iven  p r io r i t y  in  t h a t  sequence  w h e n  t he  a m o u n t  of 
m a t e r i a l  d id  n o t  suff ice to  c a r r y  o u t  all  t h e  p rocedures  
m e n t i o n e d  above .  E x p e r i e n c e  in GLC w i t h  n u m e r o u s  
a u t h e n t i c  i somers  s h o w e d  t h a t  sh i f t s  of r e t e n t i o n  t ime  
for i somers  e n c o u n t e r e d  in  G i n k g o  were c o n s i s t e n t  w i t h  
t he  chemica l  ev idence .  T h e  a n a l y t i c a l  r esu l t s  are  l is ted in 
t he  Table .  

The  compos i t i on  of t h e  t o t a l  f a t t y  ac ids  f rom n u t s  of 
t he  Ginkgo  was s imi la r  to  t h a t  of  t h e  l eaves  e x c e p t  for  
t he  d ra s t i c  decrease  of l inolenic  acid.  Th i s  c o n f o r m s  w i t h  
t he  o b s e r v a t i o n  t h a t  t he  p resence  of t h i s  ac id  is o f t en  
assoc ia ted  w i t h  t h a t  of ch lorophyl l .  

T h e  occur rence  of u n s a t u r a t i o n  in the  C s pos i t i on  wh ich  
is i so la ted  f rom t h e  o t h e r  doub le  b o n d s  po in t s  t o w a r d  bio-  
s y n t h e t i c  m e c h a n i s m s  wh ich  so far  h a v e  n o t  b e e n  recog- 
nized.  I t  m a y  be  n o t e d  t h a t  in  sp i te  of t he  p resence  of" 
5, 11, 14-C20:3,  a n  acid,  5,8, 11, 14-C20:4 (a rach idonic )  
is no t  fo rmed  b y  th i s  p l an t .  

Cor re l a t ion  of t he  u n u s u a l  i somers  found  in Ginkgo  
w i t h  i t s  ea r ly  a n d  u n i q u e  place in the  evo lu t ion  of p l a n t  
life would  be  m o s t  in te res t ing .  W o r k  in t h a t  d i r ec t ion  is 
u n d e r w a y  in th i s  l a b o r a t o r y  n.  

Zusarnmenlassung. I n  B l / i t t e rn  u n d  Niissen von  Ginkgo 
biloba w u r d e  cine G r u p p e  unges~i t t ig ter  Fe t t sAuren  ge- 
funden ,  die in  i h r e r  S t r u k t u r  v o n d e r  t ib l ichen  A n o r d n u n g  
de r  D o p p e l b i n d u n g e n  in Fe t t sAuren  abweichen .  J ede  de r  
u n g e w 6 h n l i c h e n  S~urcn  h a t  die d s o l i e r t e ,  D o p p e l b i n d u n g  
in AS-Posit ion,  was  au f  e ine  n e u a r t i g e  B i o s y n t h e s e  d ieser  
Dien-,  T r i en -  u n d  Te t r aensAuren  h inweis t .  
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On the OriI~in of the Mg++-Act ivated ATPase  
of Muscle Mitochondrial  Preparations 

I n  c o n t r a s t  to  those  of t he  liver, musc le  m i t o e h o n d r i a  
h a v e  b e e n  found  to  e x h i b i t  a Mg++-s t imula ted  A T P a s e  
ac t i v i t y ,  e v e n  if f resh ly  p r e p a r e d  a n d  h a v i n g  a good 
p h o s p h o r y l a t i n g  c a p a c i t y  1. I t  was  the re fore  conc luded  
t h a t  such  A T P a s e  m u s t  e i t h e r  r e p r e s e n t  a n o r m a l  p rop-  
e r ty ,  specif ic  f o r  musc le  m i t o c h o n d r i a ,  or  de r ive  f rom 
some  c o n t a m i n a t i n g  m a t e r i a l  p r e s en t  in t h e  m i t o c h o n -  
d r ia l  p r e p a r a t i o n s  of muscle  t issue.  Such  c o n t a m i n a t i o n  
a p p e a r s  to  be  fa i r ly  possible,  because  of t he  ex is tence  in  
t h e  musc le  f ibre  of d i s t i nc t  Mg++-s t imula ted  A T P a s e  act i -  
v i t ies  assoc ia ted  w i t h  t h e  myof ib r i l s  a n d  t he  s a r c o t u b u l a r  
sys tem.  

I n  o rder  to  disclose a possible  occur rence  of c o n t a m i -  
n a t i n g  m a t e r i a l  in  muscle  m i t o c h o n d r i a l  p r epa ra t ions ,  
a n d  to  ga in  i n f o r m a t i o n  on  i ts  origin,  t he  effect  of ca lc ium 
on  t he  Mg++-s t imula ted  A T P a s e  a c t i v i t y  has  been  in-  

v e s t i g a t e d  in p igeon b r e a s t  musc le  h o m o g e n a t e  f r ac t ions  
o b t a i n e d  b y  d i f f e ren t i a l  c en t r i f uga t i on  a t  va r ious  g rav i -  
t a t i o n a l  forces. In  t he  p resence  of Mg ++, ca l c ium does in 
fac t  a c t i v a t e  myof ib r i l l a r  A T P a s e  whi le  s t r o n g l y  inh i -  
b i t i n g  t h a t  of t he  s a r c o t u b u l a r  s y s t e m  3. F u r t h e r ,  c a l c i u m  
has  iong been  k n o w n  to cause  s t r u c t u r a l  d a m a g e  in t y p i c a l  
m i t o c h o n d r i a l  p r e p a r a t i o n s ,  s u c h  as those  of l iver,  r esu l t -  
ing in a s u b s t a n t i a l  increase  of t he  Mg++-s t imu la t ed  
ATPase .  

AIaterial and Methods. M i t o c h o n d r i a  were  p r e p a r e d  
f rom p igeon  b r e a s t  muscle .  T h e  t i ssue  was  m i n c e d  a n d  
h o m o g e n i z e d  in 6 vol  of 2V/ sucrose  w i t h  a luc i te  P o t t e r  
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