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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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homogenizer .  Molar sucrose was selected as the  homoge-  
nizing med ium after  a number  of pre l iminary  exper iments ,  
since this  molar i ty  has been found to result  in a be t t e r  
separa t ion  of the  various subcel lular  s t ruc tu res  t h a n  the  
lower ones, as judged by  the  d i s t r ibu t ion  of cy toeh rome  
oxidase  ac t iv i ty  and by  the  R N A / p r o t e i n  rat io 3. The 
fract ions were isolated by different ia l  cen t r i fuga t ions  in a 
Spinco Model L Ul t racent r i fuge  as ind ica ted  in the  tex t .  
The pellets were re-suspended,  wi thou t  washing,  in 0.25 AI 
sucrose by gentle homogeniza t ion  wi th  a tefh:m pestle.  All 
the opera t ions  were carried out  a t  0-2°C. 

ATPase  ac t iv i ty  was tes ted  in a med ium of the  following 
composit ion,  in a final volume of 2 ml:  50 m~VI KC1; 25 
m M  Tris-HC1 buffer, p H  7.4; 2.5 mAI A T P ;  2.0 m M  
MgC1 v and 0.4 m:]// CaC12, when  indicated.  I n c u b a t i o n  
t ime, 15 min at  25°C. The react ion was s topped  by addi-  
t ion of 1 ml of cold N perchloric acid. 

Inorganic  phospha te  was e s t ima ted  according to the  
m e t h o d  of MARTIN and DOTY, as modif ied  by  LINDBERG 
and ERNSTER 4. Pro te in  con t en t  was measured  by  e i ther  
the  biure t  react ion 6, or the  LOWRY procedure~.  

Results and Discussion. VVhen f rac t iona t ing  a pigeon 
breas t  muscle homogena t e  in 3I  sucrose, the  p a t t e r n  of 
d is t r ibut ion  of cy tochrome  oxidase shows t h a t  mos t  of t he  
mi tochondr ia  are sed imented  below 50,000 ga. Therefore ,  
in the table  the results  are r epor ted  which  refer  to the  
fract ions isolated by apply ing  g rav i t a t iona l  forces up  to 
50,000 g. 

The effect of Ca ++ on the Mg*+-stimulated ATPase activity of various 
mitoehondria[ fractions from pigeon breast muscle 

Fractions ATPase activity 
(~ moles Pi/mg protein/h) 

40(Ig 2,000g × 10rain 
2,000 g-10,000 g × 10 min 

10,000 g-'26,000 g × 20 rain 
126,000 g-50,0[)0 g × 30 min 

without with 0.4 mM % A 
Ca++ Ca++ 
15.85 16.63 ~ 4.8 
26.41 ~3.72 1(}.~ 
6'2.1(I 54.20 1"2.8 
45.68 34.46 --24.'2 

Experimental conditions: The enzynmtic activity was tested in a 
medium of the following eolnposition, in a final volume of 2 nil: 
50 inM KC1; 25 mM tris-HCl buffer, pH 7.4; '2.5 mM ATP; 2.0 mM 
MgCls, and resuspended enzyme corresponding to 0.1-0.9 nag pro- 
tein. Incubation time, 15 min at 25°C. The values represent the 
average of six experiments. 

As shown in the Table,  the  addi t ion  of Ca ++ resul ted ill 
a marked  inhibi t ion of the  Mg++-st imulated ATPase  acti- 
v i ty  of all the  muscle mi tochondr ia l  p repara t ions ,  wi th  
the  except ion  of the  one ob ta ined  at  low cent r i fugal  force 
which occasionally showed a sl ight ac t iva t ion .  However ,  
in no case was this  ac t iva t ion  found to be of an order  of 
magn i tude  comparab le  wi th  t h a t  usually observed  in 
liver mi tochondr ia .  The inhibi t ion appeared  to increase 
progressively in the  fract ions ob ta ined  at  h igher  cent r i -  
fugal forces, and  to reach max ima l  values in the  range of 

s ed imen ta t ion  typ ica l  of microsomes  (35 to 50% of inhi-  
bi t ion a t  105,000 g for 1 h). The fact  t h a t  the  specific 
ac t iv i ty  of the  f rac t ion isolated be tween  26,000 g and  
50,000 g was lower t h a n  t h a t  of the  f rac t ion ob ta ined  be- 
tween  10,000 g and 26,000 g could possibly be expla ined  
by  the  presence  of subcel lular  s t ruc tures ,  d i f fe rent  f rom 
mi tochondr i a  and  microsomes  (lisosomes ?), demon-  
s t r a t e d  by  electron microscope inves t iga t ion  of the  pellet .  

Since the  Mg++ s t imula ted  ATPase  ac t iv i ty  associated 
wi th  tile sa rco tubu la r  sys t em is the  only one known  to be 
s t rongly  inh ib i ted  by  add i t ion  of Ca~ I 2, it  m a y  be con- 
c luded t h a t  f r agmen t s  of sa rco tubu la r  origin are likely 
to c o n t a m i n a t e  mi tochondr i a l  p repa ra t ions  f rom muscle 
t issue ob ta ined  by  the  convent iona l  isolat ion procedures .  
In  th is  connect ion,  it should be added  t h a t  e lectron micro- 
scopical  examina t i ons  of the  f ract ions  have  shown tha t ,  
even at  the  lowest  g rav i t a t iona l  forces employed ,  vesicular  
s t ruc tures  closely resembl ing  those  of sa rco tubu la r  origin 
are c o m m o n l y  present ,  in te rmingled  wi th  mi tochondr ia .  
Thus  sa reo tubu la r  f r agmen t s  could be responsible ,  a t  
least  in par t ,  for the  r emarkab ly  h igh  ATPase  ac t iv i ty  in 
the  presence  of Mg ++ of such p repara t ions ,  i t  should  be 
fu r the r  emphas ized  t h a t  the  c o n t a m i n a t i o n  need no t  be 
large in order  to  give appreciable  in terference,  since the  
specific ac t iv i ty  is far h igher  in sa rco tubu la r  t h a n  in mi to-  
chondr ia l  p repa ra t ions  2. 

The above  cons idera t ions  do no t  exclude,  however ,  the  
ex is tence  in muscle  mi tochondr i a  p rope r  of a Mg ++- 
s t imula ted  ATPase  such as t h a t  of l iver mi tochondr ia .  
The fact  t h a t  the  mi tochondr i a l  f ract ions  isolated a t  low 
grav i t a t iona l  force appeared  to  be only  s l ight ly  inhib i ted ,  
or even  somet ime  ac t iva ted ,  by  add i t ion  of Ca++, s t r eng th -  
ens the  above possibi l i ty.  

Riassunto. Nelle p reparaz ion i  mi tocondr ia l i  di muscolo 
p resen te  una  no tevole  attivit5~ ATPas ica  s t imola ta  dal  

Mg+ I, anche  se i mi tocondr i  sono in ta t t i  e ben fosfori lanti .  
Q u e s t s  a t t iv i th  ATPasica ,  s t imo la t a  da Mg++, a p p a r e  
essere in ib i ta  da l l ' agg iun ta  di Ca ++. Poichb ques to  com- 
p o r t a m e n t o  ~ t ipico della a t t i v i t k  ATPas ica  associa ta  ai 
microsomi,  gli autor i  concludono che l 'at t ivit '~ ATPas ica  
s t imola ta  da Mg ++ delle preparaz ioni  mi tocondr ia l i  di 
muscolo 5 mol to  p robab i lmen te  espressione di un inquina-  
men lo  delle p reparaz ion i  s tesse da pa r t e  di f r a m m e n t i  
or ig inant i  dal  reticolo sareoplasmico.  
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Etude de la d i s t r ibut ion  du c a l c i u m  d a n s  l 'os  
h a v e r s i e n  avec  le r a d i o a n a l y s e u r  h m i c r o s o n d e  

61ectronique 

Le radioanalyseur  5. microsonde dlectronique peu t  ~tre 
utilisd avec succ~s pour  l '6tude des t issus biologiques 
mindralisds. La dis t r ibut ion du calcium a 6td d6terminde 
au moyen  de eel  i n s t rumen t  d i n s  la dent ine  et  l 'dmail  par  

BOY'DE, SV¢ITSUR ct FEARNHEAD 1, dans  l 'os adu l te  par  
TouslMlS 2, e t  dans  le cart i lage @iphysa i r e  par  BROOKS, 
TOUSIMIS et  BIRKS 3. 

1 A. BOVDE, V. S. SWITSUR et R. W. FEARNIIEAD, J. Ultrastructure 
Res. 5,201 (1961). 

2 A. J. TowslMiS, ISA Proceedings 8, 53 (196°). 
3 E. J. BROOKS, A. J. TowslMlS et L. S. B~RKS, J. Ultrastrueture 

Res. 7, 5(3 (1962). 


