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Fatty acid composition in spinach leaves (Spinacea oleracea), as determined by gas-liquid chromatography 

Fatty acids 16:0 16: I 16:1 16:3 18:0 18:1 18:2 18:3 
lrans 

Total lipid ] 7.0 tr ~ 2.4 7.4 0.5 6.0 14.6 51.4 
Acetone soluble lipid 6.7 tr 0.5 12.3 0.5 4.1 8.8 67.0 
Acetone insoluble lipid 24.7 tr 4.8 tr tr 9.2 25.0 36.3 
Phospbatidyt glycerol 20.0 tr 31.7 0.6 2.6 8.0 37.1 
Lyso phosphatidyl glyeeroD, 32.4 tr  0.5 - 1.2 2.4 ~..1 61.4 
Fatty acid liberated from 11.1 tr 58.9 - - 3.1 14.5 1 ~'4 
pbospbatidyl glycerol b 

Traces of compounds less than 0.5%. b Use was made of phospholipase A from Crolalus adanumteus. 

trans) a n d  a h e x a t r i e n o i c  acid ( t 6 : 3 )  were  found  to  be  
p r e s e n t  (Table) .  As ou t l i ned  b y  DEBUCH these  u n s a t u r a t e d  
C~e f a t t y  acids  a re  specif ic  for  t he  ch loroplas t .  F r a c t i o n a -  
t i on  b y  m e a n s  of ace tone-MgCl  2 p r e c i p i t a t i o n  r e n d e r e d  a n  
i n t e r e s t i n g  d i s t r i b u t i o n  of b o t h  f a t t y  acid c o n s t i t u e n t s .  
T h e  16:1 trans-fatty acid was  r ecovered  in  t he  p r ec i p i t a t e  
con t a in ing ,  t o g e t h e r  w i t h  o t h e r  lipids, p r ac t i ca l l y  all  of 
t h e  phosphol ip ids ,  whereas  t he  16 :3  f a t t y  acid res idue  
a p p e a r e d  to  be  p r e s e n t  in  t he  so luble  f r ac t ion  w h i c h  is 
r i ch  in ga lac to l ip ids  (Table) .  Af te r  two  c h r o m a t o g r a p h i c  
runs  of t h e  ace tone  insoluble  f r ac t ion  on  silicic acid 
co lumns ,  we o b t a i n e d  a c h r o m a t o g r a p h i c a l l y  a n d  a n a l y t -  
ical ly  pu re  f r ac t ion  of p h o s p h a t i d y l  glycerol  (glycerol-  
p h o s p h o r u s  r a t i o :  2.04). Surpr i s ingly ,  gas c h r o m a t o -  
g r a p h y  of t h e  f a t t y  acid m e t h y l  es ters  d e m o n s t r a t e d  t h a t  
t h e  16:1 trans-fatty acid r e p r e s e n t e d  as m u c h  as 30% of 
t he  t o t a l  f a t t y  acid res idues  of p h o s p h a t i d y l  glycerol  
(Table).  T h e  f a t t y  acid m e t h y l  e s t e r  was  i so la ted  in a 
pu re  s t a t e  b y  m e a n s  of gas  c h r o m a t o g r a p h y .  T he  I R -  
s p e c t r u m  a n d  o x i d a t i v e  d e g r a d a t i o n  in per fec t  a g r e e m e n t  
w i t h  t h e  work  of DEBUCH 9 showed th i s  acid to  be  iden t ica l  
w i t h  A3-trans-hexadecenoic acid. 

The  f a t t y  acid compos i t i on  of t h e  lec i th in  f r ac t ion  f rom 
s p i n a c h  leaves  was  f o u n d  to  b e  v e r y  s imi la r  to  t h a t  re-  
p o r t e d  b y  SASTRY a n d  KATES ~ for  l ec i th in  f rom r u n n e r -  
b e a n  leaves.  A l t h o u g h  t h e  c h a r a c t e r i z a t i o n  of t h e  o t h e r  
p h o s p h o l i p i d  species is n o t  y e t  comple te ,  t he  ev idence  
a v a i l a b l e  now ind ica t e s  t h a t  t h e  16 :1  trans-fatty acid is 
c o n c e n t r a t e d  m a i n l y  in p h o s p h a t i d y l  glycerol.  Th i s  f ind-  
ing is r e l e v a n t  to  t h e  r e c e n t  w o r k  of NICHOLS% w h o  sug- 
ges ted  t h a t  l ec i th in  a n d  p h o s p h a t i d y l  e t h a n o l a m i n e  are  
p r e s e n t  m a i n l y  in  m i t o c h o n d r i a  a n d  nuclei ,  whe reas  

p h o s p h a t i d y l  glycerol  is speci f ica l ly  c o n c e n t r a t e d  in the  
ch lorop las t .  

T h e  pos i t i ona l  d i s t r i b u t i o n  of t h e  f a t t y  acids  was in- 
v e s t i g a t e d  a f t e r  a comple t e  hyd ro lys i s  of p h o s p h a t i d y l  
g lycerol  w i t h  p h o s p h o l i p a s e  A (EC 3.1.1.4) f rom Crotalus 
adamanteus TM. B y  v i r t u e  of t h e  pos i t i ona l  spec i f ic i ty  of 
th i s  e n z y m e  the  Aa-trans-hexadecenoic acid a p p e a r e d  to 
be  loca ted  exc lus ive ly  a t  t h e  2-pos i t ion  of  p h o s p h a t i d y l  
g lycerol  (Table) .  I t  is i n t r i g u i n g  t h a t  a p r e d o m i n a n t  p a r t  
of l inolenic  ac id  occupies  t he  1-posi t ion.  Hence ,  t h e  dis t r i -  
b u t i o n  of monoeno ic  a n d  po lyeno ic  f a t t y  acid c o n s t i t u e n t s  
in  p h o s p h a t i d y l  glycerol  differs  s ign i f i can t ly  *from the  
d i s t r i b u t i o n  usua l ly  found  in seve ra l  o t h e r  phospho l ip id  
t ypes  f rom t h e  a n i m a l  a n d  p l a n t  k ingdom.  

Zusammen/assung. D e r  G e h a l t  a n  Aa-trans-Hexadecen" 
s~ure  im P h o s p h a t i d y l g l y c e r o l  aus  g r i inen  S p i n a t b l ~ t t e r n  
(Spinacea oleracea) erweis t  s ich als au f fa l l end  hoch.  Die 
e n z y m a t i s c h e  H y d r o l y s e  zeigt  die C~6-Monoens~iure mi t  
der  fl-Stelle des P h o s p h a t i d s  ve rkn i ip f t .  

15". HAVE, RKATE, J.  DE G1ER, 
a n d  L, L. M. VAN DEENEN 

Department o/Biochemistry, Laboratory o/Organic 
Chemistry, Ri]ksuniversiteit, Utrecht (The Netherlands), 
February 21, 1964. 

12 F, HAVERKATE, U. M. T. HOUTSMULLER, and L. L. M. VA~ 

DEENEN, Biochim. biophys. Acta 6J, 547 (1962). 

A l t e r n a t i v e  P a t h w a y s  of  G l u c o s e  M e t a b o l i s m  in 
D e v e l o p i n g  Chick  B r a i n  1 

Introduction. A widely  used m e t h o d  of c o m p a r i n g  t he  
re la t ive  a m o u n t s  of glucose m e t abo l i z ed  b y  t h e  t w o  m a j o r  
k n o w n  p a t h w a y s ,  in  d i f f e ren t  t issues,  is b a s e d  on  t he  dif-  
f e ren t i a l  u t i l i za t ion  of specif ical ly label led  glucose. C-6 of 
t he  glucose molecule  is c o n v e r t e d  to c a r b o n  d iox ide  b y  
glycolysis  and  t he  t r i ca rboxy l i c  cycle. C-1 of the  glucose 
molecule  is c o n v e r t e d  to CO 2 b o t h  b y  th i s  p a t h w a y  a n d  
b y  t he  h e x o s e - m o n o p h o s p h a t e  s h u n t  2,3. This  m e t h o d  was 
used  in p rev ious  i nves t i ga t i ons  in  t h i s  l a b o r a t o r y  con-  
ce rn ing  the  r e l a t ive  i m p o r t a n c e  of t he  two p a t h w a y s  in 
va r ious  t i ssues  a 6. S t u d y  was now e x t e n d e d  to e m b r y o n i c  
ch ick  b r a i n  w i t h  t h e  purpose  of c o m p a r i n g  t he  re la t ive  

r a t e s  of t he  g lyco ly t ic  a n d  h e x o s e m o n o p h o s p h a t e  p a t h -  
ways  a t  va r ious  d e v e l o p m e n t a l  s tages .  

M'aterial and methods. E m b r y o s  were  r e m o v e d  f rom 
fert i le eggs i n c u b a t e d  for 6 to  21 d a y s  a t  37°C a n d  s t aged  
accord ing  to  t h e  HAMBURGER a n d  HAMILTON : s tage  
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series, f rom which equ iva len t  age was calculated.  E m -  
bryonic, newly-ha tched  and  adu l t  ch icken bra ins  were 
removed and dissected clear  f rom sur rounding  mem-  
branes. All  o ther  s t ruc tures  such as opt ic  cups, were  com- 
pletely r emoved .  

The bra in  t issue was cu t  into small  pieces and a cell 
suspension (1 : 5 in Krebs -R inge r  buffer,  p H  7.2) was ob- 
tained by  gentle  p ipet t ing .  0.2 ml  of this  suspension was 
placed in a "Warburg flask con ta in ing  0.3 ml  of Krebs-  
Ringer b u f f e r +  0.1% glucose and 2.5 #C of e i ther  1 -O *- 
glucose or  6-Cl*-glucose (from the  Rad iochemica l  Centre,  
Anlersham). The  cent ra l  well  of the' flask conta ined  0.2 ml  
of 1 M h y a m i n e  base, 

The  flasks were  incuba ted  in a W a r b u r g  appara tus  for 
2 h a t  37°C, t he  reac t ion  was s topped  by  addi t ion  of 0.2 
ml of 1 M citric acid. The  flasks were shaken for 30 rain 
and the  hyamine  solut ion was q u a n t i t a t i v e l y  recovered  in 
Several me thano l  washings.  T h e  r ad ioac t iv i t y  was counted  
in a l iquid  scint i l la t ion counter ,  

Production of z4CO= from glucose-l-14C and glucose-GJ4C 

Age 14COu production in c.p.m. Ratio 
(less background) GI/G6 

Glucose-l-14C Glucose-6:4C 

6 days 1260 624 2.1 
1290 5~6 2.9 

9 days 1236 770 2.3 
1128 680 1.9 

10 days 2640 1530 1.7 
2670 990 2.6 

18 days 2860 890 3.2 
2685 780 3.4 

14 days 3270 1290 2.8 
2790 630 4.5 

19 days 1290 990 1.3 
1190 700 1.7 

Newly-hatched 1930 I l l6  1.7 
1580 1098 1;4 

Adult 2574 2640 0.9 
2700 3100 0.9 
1800 1560 1.2 

6dG, 

3 

:b-- 

2 3 4 5 6 7 8 10 11'1?-13 ~151617'18192021 3DaysAdult 
Age 0fembry0s (days) After hatching 

Ratios of 1'CO~ yields from glucose 1-14C and glucose 6-14C in chick 
brain at various developmental stages. 

Results and comment. The results  of the  exper iments  
wi th  cell-suspension embryonic ,  newly -ha tched  and  adul t  
chicken brains  are summar ized  in the  Table.  F r o m  the  
convers ion rat ios of glucose ca rbon  to carbon  d ioxide  i t  
appears  t h a t  t he  ac t i v i t y  of ~he hexose -monophospha t e  
p a t h w a y  is r a the r  high dur ing  embryon ic  life, hav ing  a 
m a x i m u m  be tween  the  12th and 15th days  of incubat ion,  
then  gradua l ly  declining a t  t he  t ime  of ha tching ,  and 
a lmos t  comple te ly  d isappear ing  in the  adu l t  ch icken 
brain.  The  recovery  of C140 ~ f rom glucose- l -C 14 was 
twice  t h a t  ob ta ined  f rom glucose-6-C 14 dur ing  the  6 th  to 
the  10th day  of incubat ion.  This  increased fur ther  to 
reach a m a x i m u m  at  the  14th day  (Figure).  

Soon before ha tch ing  the  ra t io  G1/G6 slowly decreased 
and 3 days  af ter  ha tch ing  was abou t  1.4. I n  these  experi-  
ments  wi th  adul t  chicken bra in  the  ra t io  G1/G6 was 
cons tan t ly  found to  be abou t  1, thus  indica t ing  t h a t  only  
a minor  p a r t  of t he  glucose, if any,  was metabol ized  by  
the  adul t  bra in  t i s sue ' th rough  the  hexose -monophospha te  
shunt .  

Since the  recogni t ion of the  hexose- lnonophospha te  
p a t h w a y  in an imal  tissue, several  s tudies have  shown t h a t  
this p a t h w a y  of glucose metabo l i sm provides  the  pentoses  
for nucleic  acid synthesis ;  i t  also cont r ibu tes  to the  pro-  
duc t ion  of T P N H ,  an essent ial  coenzyme for the  bio- 
synthesis  of fats  and of o ther  organic  compounds  s. 

The re  is ev idence  t h a t  the  metabo l i sm of glucose via 
th is  p a t h w a y  is enhanced under  those condi t ions  in which 
an increased produc t ion  of these end products  is re- 
quiredg, 10. Thus  embryon ic  d e v e l o p m e n t  could be a 
physiological  condi t ion  wherein  the  exigency of the  
rap id ly  growing tissues would  require  an  increased ac- 
t i v i t y  of the  pentose  shunt .  

In  sea-urchin eggs undergoing  c leavage  and gastrula-  
t ion, the  hexose -monophospha te  p a t h w a y  appears  to be 
the  ma jo r  route  of glucose metabol ism,  whereas  24 h la ter  
glycolysis and  the  Krebs  cycle become p r e d o m i n a n t  n : S .  

The exper imenta l  resul ts  indicate  t h a t  s imilar  changes 
in the  re la t ive  rates  of glucose me tabo l i sm via t he  two  
a l t e rna t ive  pa thways ,  t ake  place in the  developing chick 
brain.  F r o m  the  va lues  of t he  G1/G6 ratios,  i t  appears  
t h a t  the  pentose  shun t  is ac t ive ly  opera t ing  th rough  all 
of the  embryon ic  life. This  a c t i v i t y  a t t a ins  a m a x i m u m  
dur ing the  second week of incubat ion,  declines thereaf te r  
and  is prac t ica l ly  absent  in the  fully deve loped  brain.  I t  
is conceivable  t h a t  this pa t t e rn  of ca rbohydra te  metab-  
olism ref lects  t he  rap id  ra te  of b iosynthe t ic  react ions  
which  t a k e  place in deve lop ing  bra in  tissue. 

Riassunto. ~ s t a t e  s tud ia to  il me tabo l i smo di glucosio 
marca to  in C-1 e C-6, nel cervello di pollo in var ie  fasi di 
svi luppo.  I r i su l ta t i  o t t enu t i  indicano che, men t r e  nel 
cervello adul to  la mass ima  par te  del glucosio v iene  me ta -  
bol izzata  a t t r ave r so  il cicto di Embden-Meyerof f ,  nei  
cervello embr iona le  in fase di svi luppo anche la v ia  di 
Warburg -Dickens  6 a t t i v a m e n t e  operante .  
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