
:n a previous report the data  on carbon dioxide fixat 
as if a dicarboxyli¢ or a tricarboxylic acid cycle wer 
., into succinate. The experimental  approach involvec 
ing in the chromatographically separated organic aci( 
the periods of fixation were less than 45 minutes. In 

succinate, from NaH14CO2 for periods of fixation of 
homogenates provide the basis for this report. When it 
'ted here tha t  succinate st imulated the incorporatio~ 
r anaerobic conditions, the assumption was made th 
involved in an exchange reaction with succinate. W 
del 2, 3, the possibility of an enol form of a 3 carbon 
)tor for succinate formation was considered. The role 
a reactions explained the consideration of a 3 carbon 
:ts, it seemed tha t  the loss of a molecule of water f~ 
t provide the hypothetical  intermediate for the appl 
laerobic succinate formation. 3-phosphoglyceric acid 
:her glyceric acid was used. While the data presentec 
~rning the chemical structure of a carbon dioxide accq 
ccinate and 3-phosphoglyceric on the incorporation of 

role oI proplonate o, ~ in caroox 
compound and, in its simple 

from one of the glyceric acfi 
)lication of the model reacti( 

acid was arbitrarily selected ai 
)resented below permit no conclusiol 

acceptor, they describe the effe 
carbon dioxide into succina 

,' incubated at  37 ° C in a medium (Table I) containing o.oi millicu 
beaker  contained i g ram of liver, 2 ml of the medium and exce 

added substrate .  In  the exper iments  with 3-phosphoglyceric ac 
e per  g liver was added as a phospha te  acceptor. Ten mg diphosp[ 

was  used in the anaerobic exper iments  so t ha t  the medium wot 
bic experiments.  At  the end of each incubat ion period the reacti 

which was added to form extracts  which were dried in air. T 
to pentanol  chloroform (5o% v/v) (instead of butanol-chlorofor  
procedure e. After a reduction to a final volume of 1. 5 ml, th( 

ere assayed for total  radioact ivi ty  and then chromatographed  
is phase of the chromatographic  columns was, by design, sufticienl 
~mposition of such labile organic acids as oxalacetic and oxalosuccil 
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aspects, 
might 
to anaerobic 
no oth, 
concernm 
of succinate am 
in rat  liver homogenates.  

Methods 
Rat  liver homogenates  were incubat  

of radioactive bicarbonate.  Each  
where indicated, IO mg of the 
5 mg of adenos inemonophospha te  p 
pyridine nucleotide, per  beaker, 
be identical to  t ha t  in the aerobic 
was s topped wi th  acid acetone ~ 
dried extracts  were t ransferred 
as described in the ISHERWOOD 
pentanol-chloroform ext rac ts  were 
silica geP. The p H  of the aqueous  
high to permi t  the complete decom 
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(.~lucose 

Sodium Citrate o.o 3 

2onta in ing  o .o i  mi l l icur ie  as labe led  b i c a rbona t e  per vo lume  
~'. 

~n Table II ,  the data for succinate incubated with 
gen, for periods of from 2-30 minutes, indicate tha  
aate increased with time and more than 50% of t] 
ct resided in the succinate in every case. The data  
de the possibility that  compounds labeled at other ] 
were carried to and blocked with succinate. Under 

~ility of a labeling of succinate by a reversed cycl~ 
aate) but  do not rule out the possibility of an equilf 
bon dioxide acceptor outside the Krebs cycle which c( 

I N C O R P O R A T I O N  O F  1 4 C O ,  I N T O  S U C G I N I C  A C I D  B Y  L I V E R  

W I T H  NaHI*COs I N  T H E  P R E S E N C E  O F  A D D E E  

rcte t*.e. msaate to iumarate 1 
uilibrium between succinate ar 

which combines with the labeled CO 

HOblOGENATES INCUBATED 

ADDED SUCCINATE* 

Incubation Per cant. Specific 
activity*** 

~osition of m e d i u m  a nd  r ad i oac t i ve  dose appea r  in  Table  I. 

f e x t r a c t  = × lOO. 

~-phosphoglyceric acid anaerobically st imulated the il 
to  the total  organic acids in the extracts of the homogena" 
Ltion in homogenates incubated without and with succina 

a carbon 

Comlitions 

Aerobic  

Anaerob ic  

" N i t rogen  a tmosphere .  Com]~ 

** Per  cent .  of t o t a l  a c t i v i t y  of 

* * * c ts lMin/Mg.  

The extent to which 3-phosp 
corporation of the 14C label into 
as compared to this incorporat 
and pyruvate  is shown in Table I I .  
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in a i r  a t  a p p r o x i m a t e l y  4 °0 C. Radi~ 
he acids  have  been descr ibed 1. Where  
armed by  ref luxing the  ac id  and  p-bro  
na te  in one e x p e r i m e n t  was  degraded  ] 

T A B I . E  I 

SITION O F  I N C U B A T I O N  M E D I U M  

Concentration nt per Ioo ml solution 

0.72 
)3 o . Io  
3 4 o. Io  
• 7H~O o.06 

O . I O  

(2 ml) of 

RESULTS 

the holi 
tha t  the spc 

the radio~ 
for succ 

points on 
Under nitroge~ 

~cle (i.e. m ~  

TABLE II 

total activity 
time of extract* * 

2 74.4 4 °o  
5 66. 5 98o 

15 67.0 196o 

1o 54.0 186o 
2 o  6 o . 1  1 6 1 3  

3o 84.7 2887 

To ta l  a c t i v i t y  in succ ina te  

R a d i o a c t i v i t y  of t o t a l  eff luent  

)spho~ 
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:omide for 
~nganate  7. 

~d to  each 

air and 
y of the 
:he total  

do not 
~xidative 
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tarate to 

and 
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11"l- 
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Phosphoglyceric acid 
(2 Mg and AMP) 

Phosphoglyceric acid 
(8 Mg) and AMP 

Phosphoglyceric acid 
(14 Mg) and AMP 

tccinate 
mcinate and ATP 
Lccinate and ATP 
tccinate and D P N  
tccinate, DPN and ATP 
rruvate, AMP and DPN 
lruvate (3 ° rag) 
mtrol, AMP and DPN 

~n aliquot is equivalent to 66.6 nag liver. For ex- 
~, the ratio between this aliquot and that  chromato- 
in Fig. 1 is 1 to 6. (i.e. sum of all cts]min per fraction 
because alternate fractions were counted, equals ] 

or approximately 6 times the value, 5265, in the c 
1 

Except where indicated, Io mg substrate, 5 mg AMP 
3 
t 

DPN = Diphosphopyridine nucleotide. 

f 
C 

t y p i c a l  c h r o m a t o g r a m  s h o w i n g  t h e  effects  

Fraction aumber 

Fig. I. Chromatogram of pentan 
chloroform (50% v/v) extract 
rat liver homogenate incubated ] 

minutes in a modified (S 
Table I) Krebs Ringer solution 
the presence of io mg 3-phosph 
;lyceric acid and o.oi mc NaH140 
~er g liver. The atmosphere w 

nitrogen. Specific activity of t 
fumarate (peak, fraction 5I), su 
cinate, and malate (peak, I5I ) w 

1.7. I°S, 3.I" lO 2 cts/mi 
>glyceric ac id  w i t h  t h e  respectively 

above dose. Fifty-eight per cent 
s h o w n  in Fig .  I .  T h e  the total activity of the extra 

:urve, w h e n  d i s t r i b u t e d  was due to succinate. 

r, showed  a d i s t r i b u t i o n  

~ared w i t h  o.154 for  t h e  a u t h e n t i c  acid.  T h e  f r a c t i o n s  c 

e m i x e d  w i t h  ine r t  succ ina t e  so t h a t  t h e  specif ic  ac t iv i l  

/ m i l l i m o l  a n d  es ter i f ied  w i t h  p - b r o m p h e n a c y l  b romide .  T t  

a u t h e n t i c  acid,  210 °) h a d  a specif ic  a c t i v i t y  of 960 c t s /mi l  

,1 of  t h e  resu l t s  w h e n  p y r u v a t e  a n d  3 - p h o s p h o g l y c e r i c  aci 
r h o m o g e n a t e s  in t h e  p re sence  of oxygen .  T h e  c h r o m a h  

o p o i n t s  of  difference,  n a m e l y ,  t h e  d i s t r i b u t i o n  of  radi~ 
Fig.  2 differs  f rom t h a t  of Fig .  3 a n d  t h e  i n c o r p o r a t i o n  
: ids  b e t w e e n  f r ac t ions  I i O  a n d  15o , in t h e  c h r o m a t o g r a l  

31,682 
above table). 

** Exce 
and mg DPN were added per g liver. 

*** AMP = Adenosine monophosphate 
DPN 

A 
of i n c u b a t i o n  of  3 -phosphog ly  
h o m o g e n a t e s  in n i t r o g e n  is 

f r a c t i o n  a t  t h e  p6ak of  th i s  c u r v e  

b e t w e e n  o . i  N HC1 a n d  e the l  

coeff ic ient  of  o.153 as c o m p a r e d  
e i t h e r  s ide of t h i s  p e a k  were  

of  t h e  ac id  was  lO4 ° c t s / m i n  

es ter ,  m e l t i n g  a t  209 ° (m.p.,  
mi l l imo l .  

Figs .  2 a n d  3 are  t y p i c a l  
a re  i n c u b a t e d  w i t h  t h e  l i v e r  

g r a p h i c  c u r v e s  i l l u s t r a t e  two  
a c t i v i t y  w i t h i n  t h e  ac ids  of  
t h e  l abe l  i n to  t h e  o rgan ic  ac ids  
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• Chromatogram showing the incubation of Fig. 3. Chrom 
sphoglyceric acid with liver homogenates of pyruvic acid 
ggen atmosphere for conditions otherwise atmosphere fol 
hose for Fig. I. Specific activity of the for Fig. I. Sf 

rill'! 
;." i j ,:'.,,... ; 

3b 7b 40 1~o ~Jo 
Fractio, number 

Chromatogram showing the incubati< 
with liver homogenates in oxygc 

for conditions otherwise like the 
Specific activity of the fumarat 

, succinate and succinate and malate was 2.5" IO s, 5" IoS a* 
o~, t .3 '  io~ and 4.5 • ios cts/min/micromol for the dose of o.oI 
,~ctively for the NaH*4COa. Radioactivity from fraction i io 
liver. Fifty-four IX 5 accounts for labeled a-ketoglutarate al 
the extract was aconitate. The percentage of the total activi 
[egraded by acid of the extract due to succinate is 13 per cent. 
~ctivity on car- 

I %  w i t h  3 -phosphog lyce r i c  ac id  a n d  I 3 %  w i t h  p y r u v a t  
t r a t e s  f u n c t i o n  b y  d i f fe ren t  m e c h a n i s m s  in t he  f ixa t ion  

:e. W h e n  t h e  c o m p o u n d s  l i s t ed  in T a b l e  IV  were  incuba t (  
) e r cen t age  of t he  t o t a l  r a d i o a c t i v i t y  of t h e  e x t r a c t  due  
u n d e r  ae rob ic  condi t ions•  T h e s e  d a t a  can  on ly  n o w  sugge 

Lbstrates to  p r o v i d e  r a d i o a c t i v e  succ ina t e  ae rob ica l ly  in tl 
t h e r  less t h a n  or, a t  leas t ,  t h e  m e c h a n i s m  b y  w h i c h  t h  

• ~/ ~-.~x.._.._._ .~_..~ 
~b 7b 4o 150 ~i0 

Yrocfion number 

Fig.  2. 
3 -phoslc 
in oxygen 
like those g. F :Y 
Iumarate (peak at fraction 47), 
malate peak at I 1 5 )  W a S  1 . 3 "  IO2,  

i . o - i o  2 cts/min/micromol respectively 
dose of o.oi mc NaH14CO3 g liver. 
per cent• of the total activity of 
due to succinate. The fumarate, degraded 
permanganate, showed all the activit' 

boxyl groups. 

p e r c e n t  ot  t o t a l  a c t i v i t y  (54% 
i n d i c a t e s  t h a t  t h e  t w o  s u b s t  
c a r b o n  d i o x i d e  i n t o  succ ina te .  
w i t h  t h e  h o m o g e n a t e s  t h e  pe rcen t a  

s u c c i n a t e  was  less t h a n  5 o %  
t h a t  t he  c a p a c i t y  of  these  st  
p re sence  of  NaH14COa is e i t h e r  
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is n o w  measu rab le .  T h e  a s y m m e t r i c  
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s (see l egend  Figs.  2 a n d  3) of t 

b ical ly  w i t h  p y r u v i c  ac id  as wel l  

i ca te  t h a t  t he  o rgan ic  ac ids  in ca, 

rate s y n t h e s i s  of t h e  acids• T h e n  t 

71u0(J 

4 

480C 

320, 
5ucct 
acid 

160~ 

led b y  

n t a g  

u u ~ l * v  u L 

'hen the  

~hospho- 
in equi -  

:e in t he  

I: 
!,[ 

i o n  

rgen 
:hose 

fumarate, 
and 

m c  

to 
and 

activity 

, ruvate)  
of 

Lbated 
to  

est  
he  

t h e y  



zoni ta te  2. 4 17. 3 
ce t a t e  I6.7 26.8 
ce t a t e  3o.8 3o.6 
r a t e  lO. 3 i6 .6  
ra te  3o.o 16.6 
rate I 1 . 2 5  7.6 
rate I I .oo 13. 4 

M1 incuba t i ons  were io  m i n u t e s  long.  A c t i v i t y  of organic  aci 
Percent  of a c t i v i t y  in to t a l  e x t r a c t  

['he c h r o m a t o g r a p h i c  peaks  were insuff ic ient ly  discreet  to jus  

Arhen succ ina te  or  3 -phosphoglycer ic  ac id  was  i n c u b a t e d  a n a  
kC label led b ica rbona te ,  t h e  pe rcen tage  of t h e  to ta l  radioact  
Lted organic  ac ids  was  g rea te r  in succ ina te  t h a n  in a n y  oth 
~phoglyceric acid,  t h e  specific a c t i v i t y  of  succ ina te ,  was  grea te  
ical ly t h e  b e h a v i o u r  of 3 -phosphoglycer ic  acid,  w i th  respect  
Late, differed f rom t h a t  of  p y r u v a t e .  

~ u a n d  du  succ ina te  ou de l 'ac ide 3 -phosphoglyc6r ique  son t  
ts  h6pa t i ques  e t  du  b i ca rbona t e  m a r q u 6  pa r  x4C, c ' e s t  dan., 
rad ioac t iv i t6  to ta le  d e n s  les acides  o rgan iques  isoMs p a r  ch 
i n c u b a t i o n  avec  l 'ac ide 3-phosphoglyc6r ique ,  l ' ac t iv i t6  sp~ci 

file du  f u m a r a t e  ou du  ma la t e .  E n  a6robiose,  le c o m p o r t e m e  
¢is de  l ' i ncorpora t ion  du  COT dans  le succ ina te  diff~re de eeli 

o the r  acid.  For  t he  incuba t ion  wi 
rearer  t h a n  t h a t  of  f u m a r a t e  or  mala t  

tact to  ca rbon  dioxide f ixat ion in 

incub6s  en  ana6robiose  avec  d 
dans  le succ ina te  que  le pou rceu t a  

c h r o m a t o g r a p h i e  es t  le p lus  gran  
sp~cifique du  succ ina t e  es t  plus  61ev 

9or temen t  de l 'ac ide 3-phosphoglyc6r iq  
de eelui du  p y r u v a t e .  

b r i i tung  y o n  b e r n s t e i n s a u r e m  Salz oder  3 -Phosphog lyce r ins~ure  tr 
" -mark ie r t em B i k a r b o n a t  wa r  der  P r o z e n t s a t z  der  G e s a m t r a d i  
~ch a b g e t r e n n t e n  o rgan i schen  Si£uren in den  b e r n s t e i n s a u r e n  Salz, 
en  SAure. Bei  der  B eb r i i t ung  m i t  3-Phosphoglycer ins i~ure  war  d 
n s a u r e n  Salzes grbsser  als die des  f u m a r s a u r e n  oder  des  apfelsaurq 
yon 3-Phosphoglycer insAure  beztiglich des C O t - E i n b a u s  in be rns te i  
d e m  des b r e n z t r a u b e n s a u r e n  Salzes. 
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N a c h  der  anae rob i s chen  B eb r i i t un  
L e b e r h o m o g e n a t e n  u n d  m i t  x4C-m 
ak t iv i t / i t  in den  c h r o m a t o g r a p h i s c h  
h b h e r  a ls  bei  i rgend  e iner  a n d e r e n  
spezifische Aktivit~it  des  b e r n s t e i n s a u r e n  
Salzes. Das  aerobische  Ve rha l t en  von  
sau res  Salz un t e r s ch i ed  s ich von  
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rent than that  of 3-phosphoglycer 

T A B L E  IV 
DING IN CERTAIN ORGANIC ACIDS FOLL( 

TES W I T H  A D D E D  SUBSTRATE AND N a  ] 

Per cent. of total a. 

Malate A deled Fumara 

z7. 7 K e t o g l u t a r a t e  i i .5 
36.5 P rop iona t e  7.9 #**  
467 P rop iona t e  
48 F rop iona t e  23.6 
4 ° . i Sarcosine 
69.8 Sarcosine * * * 
38.9 Ace t a ldehyde  21.2 
29.6 Ace t a ldehyde  33.4 
3 2"5 G l y c i n e  16.  5 
32.5 Control  26.4 ~ 
58.7 Control  18.6 
59.9 Control  37- I c 
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