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G l u c o s e - 6 - P h o s p h a t e  P o o l s  in  I s o l a t e d  Rat  D i a p h r a g m  

S~Aw a n d  STADIE 1 h a v e  p o s t u l a t e d  t h e  exis tence,  in  
i so la ted  r a t  d i a p h r a g m ,  of two sepa ra t e  E m b d e n - M e y e r -  
ho t  p a t h w a y s  d i f fe ren t  in  cel lular  loca l iza t ion  a n d  re- 
sponse  to  insul in.  

However ,  i n c u b a t i o n  w i t h  d i f fe ren t  m e t abo l i t e s  of a 
r eac t i on  sequence  resu l t s  in  sh i f t ing  pool  sizes, s equen t i a l  
u p t a k e  of t h e  s u b s t r a t e  a n d  a r e a r r a n g e m e n t  in  t h e  yields 
of t h e  s a m e  f ina l  p roduc t s .  A c o m p a r t m e n t a l  s i t ua t i on  
can  the re fo re  be  deduced  f rom para l le l  reac t ions ,  in  wh ich  
b o t h  s u b s t r a t e s  are p r e s e n t  a l t e r n a t e l y  label led.  I n  th i s  
m a n n e r  t h e  d i s t r i b u t i o n  of labe l  in  t h e  f ina l  p r o d u c t s  
a l low a c o m p a r i s o n  of t h e  fa te  of g lucose -6 -phospha te  
coming  f rom t h e  e x t e r n a l  m e d i u m  a n d  glucose-6-phos-  
p h a t e  der ived  f rom glucose. LANDAU a n d  SIMS~, in  fact ,  
i n c u b a t i n g  d i a p h r a g m  w i t h  b o t h  glucose (10 m M )  a n d  
g lucose -6 -phospha te  ( 2 m M )  a l t e r n a t e l y  labelled,  pre-  
s en t ed  ev idence  wh ich  sugges ted  t h a t  2 pools  of glucose- 
6 - p h o s p h a t e  a re  loca ted  in  musc le  cells. T he  a s s u m p t i o n s  
m a d e  b y  these  a u t h o r s  did  no t  t a k e  in to  accoun t  t he  
poss ible  l i m i t a t i o n s  of cell surface  p e r m e a b i l i t y  to  t he  
u p t a k e  of e i t he r  subs t r a t e .  

I n  t he  p r e s e n t  inves t iga t ion ,  a n  a t t e m p t  has  been  m a d e  
to s t u d y  t he  role of s u b s t r a t e  c o n c e n t r a t i o n  on  t h e  pres-  
ence of t he  2 c o m p a r t m e n t s .  T he  d a t a  o b t a i n e d  were 
cons i s t en t  w i t h  a m e t a b o l i c  c o m p a r t m e n t a l i z a t i o n  u n d e r  
p a r t i c u l a r  e x p e r i m e n t a l  cond i t ions  only.  

Male W i s t a r  ra ts ,  we igh ing  150-200 g, s t a r v e d  for 24 h, 
were used in al l  t h e  expe r imen t s .  100 m g  of d i a p h r a g m  
was i n c u b a t e d  for  90 m i n  a t  37 ~ in W a r b n r g  vessels,  
c o n t a i n i n g  2 ml  of Krebs- lRinger  a b i c a r b o n a t e  buffer ,  
a f te r  equ i l i b ra t ion  w i t h  95% O 2 a n d  5% CO v S u b s t r a t e s  

c o n c e n t r a t i o n s  were  5.5 or 55.0 m M  for glucose and  6.6 
or 66.0 m M  for g lucose-6-phospha te .  I n  t h e  e x p e r i m e n t s  
w i t h  b o t h  s u b s t r a t e s  in  t h e  same  flask, glucose 5.5 o r  
55.0 m M  was pa i red  w i t h  66.0 or 6.6 m M  glucose-6- 
p h o s p h a t e  respect ive ly .  I n  one se t  of e x p e r i m e n t s  f lasks 
c o n t a i n i n g  b o t h  glucose a n d  g lueose -6 -phospha te  were  
pa i red  so t h a t  in  one glucose was  u n i f o r m l y  label led  a n d  
in t h e  o the r  g lucose -6 -phospha te  (approx.  20 ~zC/vessel). 
I n  a n o t h e r  set  of e x p e r i m e n t s  e i the r  labe l led  glucose or 
l abe l led  g lucose -6 -phospha te  were  in  t h e  m ed i um .  Dia-  
p h r a g m s  were d iv ided  so t h a t  t h e  pa i red  vessels h a d  
r e p r e s e n t a t i o n  f rom t he  s a m e  rats .  I n c u b a t i o n s  were 
s t opped  b y  a d d i t i o n  of 0.2 m l  of 0 . 4 N  N a O H  in t he  cen t r a l  
well, c o n t a i n i n g  a f i l te r  p a p e r  str ip,  and  0.2 ml  of N HC1 
in  t he  med ium.  Af te r  s hak i ng  t h e  f lasks for 30 min,  t he  
p a p e r  s t r ip  was Muted w i t h  3 ml  of water .  T he  14CO2 was 
m e a s u r e d  on  a l iqu id  sc in t i l l a to r  counter .  1 ml  of t h e  

wash ing  so lu t ion  was added  to  10 ml  of a d ioxane-  
n a p h t a l e n e  m i x t u r e  4. 1'C i n c o r p o r a t i o n  in to  glycogen was 
m e a s u r e d  w i t h  t h e  s ame  t e c h n i q u e  a f t e r  p r e c i p i t a t i o n  
and  hydro lys i s  to  glucose in  N H2SO~ 5. I n  t h e  experi-  
m e n t s  w i t h  e i the r  label led  glucose or label led  glucose-6- 
p h o s p h a t e  t i ssue  e x t r a c t i o n  a n d  p a p e r  c h r o m a t o g r a p h y  
were car r ied  ou t  as p rev ious ly  descr ibed  6. The  radio-  
c h r o m a t o g r a m s  were s canned  b y  t he  a u t o m a t i c  device  
deve loped  in t h i s  l a b o r a t o r y L  

The  ra t ios  of i n c o r p o r a t i o n  of ~4C in to  CO2, l a c t a t e  a n d  
glycogen be tween  glucose a n d  g lucose -6 -phospha te  are  
g iven  in Tab le  I. "When glucose c o n c e n t r a t i o n  is 5 t i m e s  
h igher  t h a n  g lucose -6 -phospha te  c o n c e n t r a t i o n L  t h e r e  is 
a s ix-fold g rea te r  i n c o r p o r a t i o n  of ~moles  f rom t h e  f i rs t  
s u b s t r a t e  t h a n  f rom t h e  l a s t  one. P r o d u c t i o n  of rad io-  
ac t ive  glycogen was 24 t i m e s  h igher  f rom glucose t h a n  
f rom glucose-6-phosphate .  To check  if such  o b s e r v a t i o n s  
were due  to  d i f fe ren t  a m o u n t s  of t he  s u b s t r a t e s  used, 
because  of a d i f fe ren t i a l  pe rmeab i l i t y ,  we h a v e  t e s t ed  
va r ious  c o n c e n t r a t i o n s  of glucose a n d  g lucose-6-phospha te .  
W h e n  g lucose -6 -phospha te  c o n c e n t r a t i o n  was a b o u t  10 
t i m e s  lower t h a n  glucose c o n c e n t r a t i o n  a n d  be low t h e  
t h r e s h o l d  necessa ry  for  g lycogen synthes is ,  t h e  resu l t s  
for CO 2 a n d  l a c t a t e  r e m a i n e d  essent ia l ly  t h e  same,  whi le  
for g lycogen t h e  r a t i o  was  cons ide rab ly  h igher .  W h e n  
g lucose -6 -phospha te  c o n c e n t r a t i o n  was  a b o u t  10 t i m e s  
h igher  t h a n  glucose, smal l  d i f ferences  were  found  b e t w e e n  
t he  2 s u b s t r a t e s  for e i the r  t he  ca tabo l i c  or  t h e  s y n t h e t i c  
routes .  I n  fact ,  t h e  i m p o r t a n c e  of a t h r e s h o l d  concen t r a -  
t i on  of g lucose -6 -phospha te  for i n c o r p o r a t i o n  of radio-  
ac t ive  c a r b o n  in to  glycogen is c lear ly  s h o w n  ill T a b l e  I I .  
U n d e r  t he  s ame  cond i t ions  g lucose -6 -phospha te  is a m u c h  
b e t t e r  p recursor  of l a c t a t e  t h a n  is glucose. The  syn thes i s  
of g lycogen a n d  o l igosacchar ides  f rom glucose was g rea te r  
t h a n  t h a t  f r om g lucose -6 -phospha te  i n d e p e n d e n t l y  of t h e  
c o n c e n t r a t i o n  used, b u t  r a d i o a c t i v e  g lucose -6 -phospha te  
is i nco rpo ra t ed  s ign i f i can t ly  in to  g lycogen only  a t  t h e  

1 W. N. SHAW and W. C. STAtuE, J. biol. Chem. 23d, 2491 (1959). 
B. R. LANDAU and E. A. H. SIMs, J. biol. Chem. 242, 163 (1967). 

3 g .  W. UMBREIT, R. H. BURRIS and J. F. STAUFFER, in Manometric 
Techniques (Burgess Publishing Co., Minneapolis 1964), p. 132. 
C. A. BRAY, Analyt. Biochem. 7, 279 (1960). 

50 .  WALAAS and E. WALAAS, J. biol. Chem. 787, 769 (1950). 
F. POCCBIARI and V. SILANO, Biochem. J. 707, 305 (1968). 

2 M. FRANK, 2. 13. CHAIN, F. POCCHIARI and C. RossI, Sel. scient. 
Pap. Ist. sup. Sanit~ 2, 75 (1959). 

Table I. Ratio of [U-14C]glucose incorporation to [U-laC]glucose-6-phosphate incorporation into CO~, lactate and glycogen 

Glucose concentration (mM) 10.0 55.0 5.5 
Glueose-6-phosphate concentration (mM) 2.0 6.6 66.0 

[U-14C] [U-14C] Ratio [U-14C] [U-14C] Ratio [U-I~C] [U-laC] Ratio 
Glucose Glc-6-P Glucose GIc-6-P Glucose Glc-6-P 4- 0.01 

CO n 145 4- 14 30 4- 1 4.8 153 4- 7 17 4- 2 9.0 66 4- 3 88 4- 6 0.75 
4- 0.1 4- 0.1 

Lactate 8454- 20 120 4- 10 7.1 1885 4- 90 269 4- 17 7.0 948 4- 13 1504 ~ 132 0.63 
4- 0.3 4- 0.9 

Glycogen 181 4- 7 7.7 4- 0.8 24.0 2450 4- 300 7 4- 1 350.0 264 4- 5 293 4- 9 0.9 
4- 0.5 4- 11.0 

Results are expressed as nmoles of converted substrate/100 mg of tissue wet weight and are the mean values of 7 experiments -4- S.E. mean. 
The ratios Were calculated from paired vessels containing both glucose and glucose-6-phosphate alternately labelled. 
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Table II. Metabolism of glucose and glucose-6-phosphate 

Specialia 15.7. 1969 

Substrate concentration (raM) Glucose Glucose-6-phosphate 
5.5 55.0 6.6 66.0 

Glycogen and oligosaccharides 331 4- 32 2440 4- 160 15 4- 5 208 4- 7 
Glucose and Hexose phosphate esters 135 4- 12 2628 4- 163 29 4- 5 1798 4- 126 
Lactate 764 4- 58 1852 4- 93 334 4- 96 2520 4- 46 
Phosphoglyeerate 96 4- 16 556 ~= 63 166 4- 13 2522 ~ 63 

Results are expressed as nmoles of converted and unchanged substrate/100 mg of tissue wet weight. Mean values of 5 experiments • S.E. 
mean are reported. 

66.0 m M  level. The  a m o u n t  of r ad i oac t i ve  c a r b o n  f rom 
glucose increases  in  t he  t i ssue  p r o p o r t i o n a l l y  to  t he  
ex t e rna l  concen t r a t i on ,  while  in  t he  case of t h e  hexose  
es ter  a n  apprec iab le  a m o u n t  is found  on ly  a t  t he  h igher  
concen t r a t ion .  

The  differences  in  ra t ios  of i n c o r p o r a t i o n  of x4C in to  
CO S and  l a c t a t e  w i t h  respec t  to  glycogen,  shows t h a t  
g lucose -6 -phospha te  wXs ut i l ized as such, r a t h e r  t h a n  
r ap id ly  h y d r o l y z e d  to  glucose. 

Assuming  t h a t  2 c o m p a r t m e n t s  coexist ,  i t  seems l ikely 
t h a t  g lucose -6 -phospha te  would  no t  en t e r  each  c o m p a r t -  
n l e n t  w i t h  equa l  faci l i ty .  I n  th i s  case, t he  cel lular  s y s t e m  
should  be  more  af fec ted  b y  fac tors  able  to  mod i fy  t h e  
equ i l ib r ium c o n s t a n t s  of t he  enzymes  t h a n  b y  concen-  
t r a t i o n  factors.  The  resul t s  ob ta ined ,  on  t h e  o t h e r  h a n d ,  
c lear ly  show t h a t  mass  effects  are  more  i m p o r t a n t  
(Tables I a n d  II) t h a n  possible  r egu la to ry  ac t ions  of 
g lucose-6-phosphate .  I f  t h i s  ac t ion  was to  be  l imi ted  b y  
g lucose -6 -phospha te  c o n c e n t r a t i o n  in t he  cell, t h e  ra t ios  
m u s t  r e m a i n  unaf fec ted  b y  changes  in glucose-6-phos-  
p h a t e  c o n c e n t r a t i o n  in t he  med ium.  The  c o n c e n t r a t i o n  
effects could be  due  to  a p e r m e a b i l i t y  factor .  Glucose-6- 
phospha t e ,  in  fact ,  requi res  a t h r e s h o l d  c o n c e n t r a t i o n  s-l~ 
before  i t  c an  be  ut i l ized.  I f  t he  cells d i s c r imina t e  to  a 
g rea te r  or lesser e x t e n t  aga i n s t  t he  e n t r y  of subs t ances  
f rom the  ex t e rna l  m ed i um ,  th i s  p h e n o m e n o n  would  no t  

requ i re  d i f fe ren t  effects, expe r imen t a l l y  no t  evidenced,  
on  the  2 c o m p a r t m e n t s .  A t  t he  h igher  concen t ra t ion ,  
ins tead ,  t h e  2 pools, if t h e y  exis t  i n d e p e n d e n t l y  of t he  
e x p e r i m e n t a l  condi t ions ,  are  comple te ly  mixed.  

Riassunto. J~ s t a t e  s t ud i a to  l ' e f fe t to  del la  concen t r a -  
zione sul m e t a b o l i s m o  del glucosio e del glucosio-6- 
fosfato nel  d i a f r a m m a  isola te  di r a t to .  Si d i s c u t e  breve-  
m e n t e  del la  es i s tenza  di due  pools  di  glucosio-6-fosfato 
in re lazione alle d iverse  condiz ioni  spe r imenta l i .  
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Alterat ions  in the Activity  of G l y c e r a l d e h y d e - 3 P - D e h y d r o g e n a s e  of the Rat Liver as a Funct ion of Age  

A l t e r a t i o n  in t he  ac t iv i t i es  of severa l  enzymes  are 
k n o w n  to  occur  in  t he  t issues of ag ing  an i m a l s  t-4. Our  
earl ier  r epor t s  5, ~ on  t he  l a c t a t e  a n d  m a l a t e  dehydrogenases  
of t he  hea r t ,  b ra in ,  ske le ta l  musc le  a n d  l iver  of r a t s  h a v e  
shown  t h a t  t he  t i ssues  b e c o m e  more  aerobic  d u r i n g  old 
age. The  p r e sen t  s t u d y  on  g lyce ra ldehyde-3P-  dehydro -  
genase  (g ly-3P-DH) shows t h a t  t h e  a c t i v i t y  of Krebs  
cycle is increased  in old age of t he  r a t  a n d  suppo r t s  t he  
a b o v e  conclusion.  

The  l iver  of 6-, 12-, 33- a n d  70-week-old ma le  a lb ino  r a t s  
of W i s t a r  s t r a i n  was t a k e n  o u t  and  a 2 0 %  (w/v) homo-  
g e n a t e  of t he  t i ssue  was p r e p a r e d  in 0 . 2 5 M  sucrose a t  
0 -2  ~ us ing  a P o t t e r - E l v e h j e m  homogen ize r  a n d  te f lon  
pestle.  The  oxygen  c o n s u m p t i o n  and  t h e  pe r cen t  inh ib i -  
t i on  of oxygen  c o n s u m p t i o n  b y  iodoacet ic  acid ( IAA;  
0 .125M) of t h e  l iver  h o m o g e n a t e  were m e a s u r e d  m a n e -  
me t r i ca l ly  us ing  a n  Aminco  W a r b u r g  Resp i romete r .  The  
t o t a l  v o l u m e  of t h e  i n c u b a t i o n  m e d i u m  was 3.0 ml  which  
inc luded  0.9 ml  of sucrose (0.25M),  0.4 m l  of p h o s p h a t e  
buf fe r  (0 .066M;  p H  7.4), 0.1 ml  of MgC12 (0.1M),  1.0 ml  

of h o m o g e n a t e ,  0.5 ml  of glucose (0 .1M) a n d  0.1 ml  of 
I A A  (0 .125M f ina l  concen t ra t ion ) .  The  cen t re  well  con-  
t a i n e d  20% KOH.  The  t e m p e r a t u r e  oi m e a s u r e m e n t  was  
37 ~ a n d  t h e  gas phase  was air. Read ings  were l inear  for  
60 m i n  a f te r  which  t h e  oxygen  c o n s u m p t i o n  was m e a s u r e d  
as ml  O~/g we t  wt . /h .  The  effect  of I A A  was expressed  
as pe r cen t  i n h i b i t i o n  of oxygen  consumpt ion .  

The  Tab le  shows t h a t  t he  r a t e  of oxygen  c o n s u m p t i o n  
of t i le l iver  increases  s ign i f i can t ly  w i t h  d e v e l o p m e n t  of 
t he  r a t  up  to  12 weeks a f t e r  wh ich  i t  decreases  signifi-  
c a n t l y  up  to  33 weeks. Therea f te r ,  t h e r e  was no s ign i f ican t  
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