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Tab le  I V  s u m m a r i z e s  d a t a  on  t he  a b s o r p t i o n  of m e th io -  
n ine  analogs.  S u b s t i t u t i o n  of t he  e - amino  group  on  me th io -  
n ine  b y  a n  h y d r o x y l  caused  a r e d u c t i o n  in t r a n s p o r t  
ve loci ty .  I n  i so la ted  t i ssue  s tudies ,  WILSON n found  no  
ac t ive  a b s o r p t i o n  of lac t ic  acid a n d  o the r s  h a v e  r epo r t ed  
fl-aIanine to  be  poor ly  t r a n s p o r t e d  12. T h e  m i n i m a l  absorp -  
t i on  of t he  h y d r o x y  as well  as t h e  N - a c e t y l a t e d  d e r i v a t i v e  
m a y  h a v e  been  due to diffusion,  t h o u g h  a p p a r e n t  t r ans f e r  
of t he  l a t t e r  c o m p o u n d  m a y  resu l t  f rom e n z y m a t i c  con- 
vers ion  to  me th ion ine .  T he  a b s o r p t i o n  of DL-ethionine 
a p p e a r e d  to be  fas te r  t h a n  I )L-methionine  b u t  q u a n t i -  
t a t i v e  c o m p a r i s o n  was  imposs ib le  because  of h igh  va r i a -  
b i l i ty .  I n  v i t ro  work  showed  L-e th ionine  to h a v e  a b o u t  
t he  s ame  a f f in i ty  for  t h e  m e t h i o n i n e  t r a n s p o r t  s y s t e m  
as L-methionine ,  whi le  D-e th ionine  h a d  m u c h  less a f f in i ty  
t h a n  D-meth ion ine  ~. 

u n d  D-Methionin  s t i m m t  bef r ied igend  f iberein  m i t  aus  
I n - v i t r o - V e r s u c h e n  e r h a l t e n e n  Aussagen  fiber K i n e t i k  
u n d  K o n s t a n t e n .  Es  w u r d e n  verh~l tn i sm/ i ss ig  n iedr ige  
T r a n s p o r t g e s c h w i n d i g k e i t e n  gemessen  ffir die N-aze ty l ie r -  
t en  u n d  H y d r o x y a n a l o g e n  y o n  Meth ion in .  
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Zusammen~assung. Die D a r m r e s o r p t i o n  yon  Me th ion in  
u n d  seine Analoge  bet  H f i h n e r n  wurde  in v ivo  un te r -  
sucht .  Das  Verh/ i l tn is  der  m i t t l e r e n  R e s o r p t i o n  v o n  L- 
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In trace l lu lar  D i s t r i b u t i o n  of Fol ic  Ac id  in M o u s e  Liver  

WRIGHT a n d  ANDERSON 1, 2 found  a p t e r i n  r educ ta se  in 
Clostridium stricklandii which  can  be  coupled  to  t he  
ox ida t i on  of p y r u v a t e .  T h e y  also n o t e d  t h a t  u n d e r  
a n a e r o b i c  cond i t ions  t h e  conve r s ion  of ser ine to  glycine 
in t he  s a m e  o rgan i sm requ i red  N A D  Mn+2, inorgan ic  
p h o s p h a t e ,  p y r i d o x a l  p h o s p h a t e  a n d  a n y  of a n u m b e r  of 
p o l y g l u t a m y l  p te r id ines .  On  o x i d a t i o n  of p y r u v a t e ,  a 
c o m p o u n d  iden t i f i ed  as d i h y d r o t e r o p t e r i n  was formed.  
These  e x p e r i m e n t s  sugges ted  to  us  t h e  possible  impor -  
t a n c e  of Io la te  in  m i t o c h o n d r i a l  ox ida t i on  of p y r u v a t e .  
F u r t h e r ,  SCRIMGEOUR et  al. 3 h a v e  i n v e s t i g a t e d  t h e  reduc-  
t i on  of fo la te  b y  fer redoxin .  MAcL~AN et  al. 4 showed  t he  
i m p o r t a n c e  of fo la te  in  p h o t o p h o s p h o r y l a t i o n  b y  soni- 
c a t ed  chloroplas ts .  T he  i n i t i a t i on  of p r o t e i n  syn thes i s  
t h r o u g h  t he  use  of N - f o r m y l m e t h i o n i n e  a n d  t h e  role of 
folic acid in  t he  m e t a b o l i s m  of C 1 uni ts ,  m a y  sugges t  a 
role for fo la te  in  p r o t e i n  syn thes i s  as well. W i t h  th i s  in 
m i n d  we s tud ied  t he  r e l a t ive  d i s t r i b u t i o n  of fo la te  in  t he  
m i t o c h o n d r i a l  and  m i c r o s o m a l  f rac t ions  of mouse  liver.  
W e  also i n v e s t i g a t e d  t he  u p t a k e  a n d  d i s t r i b u t i o n  of 
r ad ioac t i ve  fo la te  in  t h e  subce l lu la r  f rac t ions  of mouse  
l iver  homogena te s .  These  resu l t s  show h ighe r  concen t r a -  
t i on  of fo la te  in  m i t o c h o n d r i a  t h a n  m a y  be  expec t ed  
f rom t h e  k n o w n  role of fo la te  in  t h e  m e t a b o l i s m  of C1 
uni t s ,  a n d  in inc reas ing  t h e  levels  of R N A  in k i dneys  s. 

Materials and methods. I n  s tud ies  on  t h e  subce l lu la r  
d i s t r i b u t i o n  of folate,  t h e  d i f fe ren t  cell f r ac t ions  were 
o b t a i n e d  b y  d i f fe ren t ia l  c e n t r i f u g a t i o n  of mouse  l iver  
h o m o g e n a t e s  accord ing  to  s t a n d a r d  me thods ,  all  work  
h a v i n g  been  done  a t  2-4~ The  sucrose h o m o g e n a t e  
was cen t r i fuged  a t  600 g to  o b t a i n  nucle i  a n d  cel lular  
debri .  The  s u p e r n a t a n t  was  cen t r i fuged  a t  10,000 g for  
30 m i n  to o b t a i n  m i t o c h o n d r i a .  T he  m i t o c h o n d r i a l  frac- 
t i on  was  r e suspended  in 0 . 2 5 M  sucrose  a n d  r ecen t r i fuged  
to  o b t a i n  p u r e r  m i t o c h o n d r i a .  T he  f i rs t  m i t o c h o n d r i a l  
s u p e r n a t a n t  was  cen t r i fuged  a t  100,000 g for  60 ra in  to  
o b t a i n  t h e  microsomes.  

Fol ic  acid was  a s sayed  us ing  Lactobacillus casei ATCC 
7469. The  cell f r ac t ions  were f rozen a n d  t h a w e d  a n d  t h e n  
s u b j e c t e d  to  u l t r a son i ca t i on  fol lowed b y  d i lu t ion  before  
t h e y  were a s sayed  for  folic acid.  

I n  t he  s tud ies  on  u p t a k e  f rom blood a n d  d i s t r i b u t i o n  
of r ad ioac t ive  folic acid-2-C 1~, 1 ~C of t he  fo la te  was  
a d m i n i s t e r e d  pe r  30 g of b o d y  we igh t  to  each  of 6 -9  
mice  i.v. The  d i s t r i b u t i o n  over  d i f fe ren t  per iods  of t i m e  
was s tud ied .  A t  t h e  end  of t h e  s t a t e d  l e n g t h  of t i m e  a f t e r  
i.v. admin i s t r a t i on ,  t h e  o rgans  were  isolated,  homogen i zed  
a n d  were f r ac t ioned  a t  2 ~ as pe r  t he  m e t h o d  descr ibed  
above .  The  d i f fe ren t  f rac t ions  were  c o u n t e d  for  rad io-  
a c t i v i t y  in  a p l a n c h e t  t y p e  counte r ,  m a k i n g  t he  necessa ry  
r ad iochemica l  correct ions .  The  r ad ioac t ive  folio acid-  
2-C 1~ was o b t a i n e d  as p o t a s s i u m  sa l t  f r om A m e r s h a m -  
Searle a n d  ha s  a specific a c t i v i t y  of 31.4 ~c/l~M. 

Results and discussion. The  levels of folic acid in  t h e  
d i f fe ren t  subce l lu la r  f rac t ions  of mouse  l iver  are  s h o w n  
in Tab le  I. O u t  of a t o t a l  of 14.23 tzg of folic ac id  pe r  g r a m  
of mouse  liver,  2.73 ~g or a p p r o x i m a t e l y  19% is f o u n d  

Table I. Folic acid content of subcellular fractions of mouse liver 
(assayed with Lactobacillus casei) 

Cell fraction Folic acid 
(~g/g fresh total tissue ) 

Mitochondria 2.73 
Microsomes 0.75 
Cell sap (100,000 g supernatant) 10.75 
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in t he  mi tochondr i a .  T he  mic rosoma l  c o n t e n t  is m u c h  
lower a n d  is on ly  a b o u t  5% of t he  t o t a l  cel lular  folic 
acid. I n  v iew of t h e  k n o w n  func t ions  of folie acid, t h e  
h igher  c o n t e n t  of folic acid i n  m i t o c h o n d r i a  is s t r ik ing.  
This  is f u r t h e r  co r robo r a t ed  b y  t he  h igher  u p t a k e  of 
r ad ioac t ive  fo la te  b y  m i t o c h o n d r i a  (Table  I I ) .  T h e  ra t io  
of m i t o c h o n d r i a l  to  mic rosoma l  folic-2-C ~ acid c o n t e n t  
in  these  u p t a k e  e x p e r i m e n t s  var ies  f rom a b o u t  5-8. The  
same  ra t io  in  t h e  n o r m a l  mouse  is a p p r o x i m a t e l y  3.5. 
SELIG a n d  SANKAR 6 found  t h a t  a d d i t i o n  of fo la te  e n h a n c e d  
t h e  mouse  l iver  m i t o c h o n d r i a l  ox ida t i on  of p y r u v a t e  in  
t he  presence  of NAD.  Th i s  leads  us  to  w o n d e r  w h e t h e r  
m i t o c h o n d r i a l  fo la te  m a y  n o t  be  i nvo lved  in e lec t ron  
t r a n s p o r t  or in  i ts  regu la t ion .  I n  v iew of t he  fac t  t h a t  
d ihydrofo l ic  r educ ta se  m a y  use N A D P  a n d / o r  N A D  
d e p e n d i n g  on  t he  p H  of t h e  r eac t ion  m e d i u m  7, i t  is 

Table 11. Percentage distribution of radioactive folate in mouse 
liver subeellular fractions 

Cell fraction % Distribution at time elapsed 
after administration of folate-2-1aC 

conce ivab le  t h a t  fo la te  m a y  be  i n v o l v e d  in t h e  r eac t ions  
t h a t  g o v e r n  t h e  N A D P H / N A D  ra t ios  in  mouse  l iver.  
M a n y  fo la te - l inked  enzymes  h a v e  h igher  a c t i v i t y  in  cyto-  
p l a s m  s t h a n  in t he  m i t o e h o n d r i a .  Th i s  adds  s u p p o r t  to  
the  concep t  of a role for fo la te  in  m i t o c h o n d r i a l  e lec t ron  
t r a n s p o r t  r a t h e r  t h a n  in m i t o c h o n d r i a l  fo la te - l inked  
enzymes .  F u r t h e r  s tud ies  to  answer  th i s  ques t ion  are  in  
progress.  

Zusammen~assung. E i n e  b e d e u t e n d e  Menge der  gesam-  
t en  Fols~ure  der  M~Luseleberzellen i s t  in  den  Mi tochon-  
d r ien  v o r h a n d e n .  A u c h  n a c h  I n k u b a t i o n  des L e b e r h o m o -  
gena t s  m i t  r a d i o a k t i v e r  Fols~ure  wi rd  der  Gross te i l  de r  
Radioaktivi t~Lt im m i t o c h o n d r i a l e n  Ante i l  gefunden.  
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30 min 120 min 

Nuclei 19.5 14.9 
Mitoehondria 14.3 26.0 
Mierosomes 1.6 4.6 
Cell sap 64.6 54.5 
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Changes in Free Sugar During the Germination of Pea Seeds 

A m o n g  t i le  free ol igosaccharides ,  sucrose, raffinose,  a n d  
s t achyose  h a v e  b e e n  found  in seeds of Leguminosae  ~, 
Cruciferae ~, a n d  Li l iaceae 3. A large a m o u n t  of s t a chyose  
was  found  in  peas  4, a n d  t h e  d i s t r i b u t i o n  of these  oligo- 
sacchar ides  of t he  raf f inose  f ami ly  in  peas  a n d  l ima  b e a n s  
du r ing  t h e  course of r i pen ing  per iods  h a s  been  s tud ied  5, 6. 
I n  e x p e r i m e n t s  w i t h  pea  ex t rac t s ,  i t  h a s  been  sugges ted  
t h a t  t he  sucrose is s y n t h e t i z e d  f rom U D P G  a n d  D-fruc- 
toseT, 8. I n  ana logy  w i t h  t h e  f o r m a t i o n  of sucrose in 
p lan t s ,  D-ga l ac to se - l -phospha t e  or D-galactose nucleo- 
t ides  h a v e  been  sugges ted  as i n t e r m e d i a t e s  in t h e  fo rma-  
t ion  of raf t !nose  and  s t achyose  f rom sucrose b y  e n z y m a t i c  
sy s t ems  ca r ry ing  on  t r ~ns ga l ac t o s y l a t i on  reac t ions  9. I n  
t he  course of a s t u d y  on  g e r m i n a t i o n  of soybeans ,  
~-galactos idase  wh ich  is respons ib le  for  t he  sp l i t t ing  of 
D-galactose f rom t h e  reserve  o l igosacchar ides  of t h e  raf-  
f inose family,  a n d  enzymes  wh ich  pa r t i c i pa t e  in  t h e  
m e t a b o l s i m  of D-galactose were foundS~ 

I n  t he  s t u d y  descr ibed  here,  i n d i v i d u a l  free sugars  
were ana lyzed  d u r i n g  t h e  course of t h e  g e r m i n a t i o n  of 
pea  seeds a n d  we obse rved  t h e  reverse  of t he  process  b y  
wh ich  t h e  reserve  o l igosacchar ides  of t he  raff inose  f ami ly  
are  fo rmed  d u r i n g  t h e  r i pen ing  process.  

D r y  pea  seeds (Pisum sativum, v a r i e t y  E a r l y  perfec-  
t ion) p roduced  a t  t h i s  S t a t i o n  were  selected and  soaked  
in w a t e r  c o n t a i n i n g  10% (v/v) of Clorox for 18 h a t  room 
t e m p e r a t u r e .  The  r e h y d r a t e d  seeds were pIaced in p e t r i  
d ishes  to  g e r m i n a t e  a t  r o o m  t e m p e r a t u r e  (23~ Ger-  
m i n a t e d  peas  were t a k e n  a t  i n t e rva l s  f rom 0 to 100 h 
and  e x t r a c t e d  w i t h  80% alcohol  for  t h e  ana lys i s  of ind iv i -  

dua l  free sugars  b y  a q u a n t i t a t i v e  p a p e r  c h r o m a t o g r a p h i c  
m e t h o d  5, n 

I t  was  obse rved  (Figure) t h a t  t he  decrease  in  t h e  
abso lu t e  a m o u n t  of s t achyose  a n d  raf f inose  is accom-  
p a n i e d  b y  a co r re spond ing  increase  in  sucrose d u r i n g  
g e r m i n a t i o n  of pea  seeds. The  a m o u n t  of t h e  on ly  r educ ing  
hexose  (glucose) m o n i t o r e d  he ld  c o n s t a n t  a t  0.5-1.0 
mg/gra in .  F r u c t o s e  and  ga lac tose  were  obse rved  in t r ace  
a m o u n t s  only. 

A p p a r e n t I y  ~-galaetos idase  a n d  ga lac tok inase  sys t ems  
were v e r y  ac t ive  a t  t h e  ea r ly  s tages  of g e r m i n a t i o n  of 
pea  seeds a n d  reversed  t h e  t r a n s g a l a c t o s y l a t i o n  r eac t ion  
of t h e  r ipen ing  process  of peas.  Therefore ,  s t a chyose  a n d  
raf f inose  were h y d r o l y z e d  to galac tose  a n d  sucrose, a n d  
t he  l i be r a t ed  galac tose  was c o n v e r t e d  r ap id ly  in to  t h e  
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