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I t  is now generally accepted that  the oxidative degradation of various foodstuffs 
to carbon dioxide and water involves a two-carbon intermediate related to acetic acid. 
I t  is not surprising, then, that  acetic acid should in turn serve as a building block for 
many more complex molecules. Indeed, BLOCH, in his excellent review 1 on the metabo- 
lism of acetic acid in animal tissues, has discussed the participation of acetate in a large 
number of synthetic processes. Incorporation of acetate into the protein molecule was 
demonstrated by RITTENBERG AND BLOCH l by feeding C Is labelled acetate to rats and 
mice. Glutamic and aspartic acids and arginine isolated from the liver proteins contained 
excess C is. Quite recently, GREENBERG AND WINNICK s have repeated these experiments 
and confirmed them. In  vivo experiments, however, are limited by the fact that  the 
composition of the medium and the role of other tissues cannot be controlled. In order 
to study the role of acetate in the synthesis of proteins it was therefore necessary to find 
an animal tissue where such reactions could be made to proceed invitro and in a relatively 
short time. 

Of all the tissues of the body of an adult animal, the bone marrow is the most 
active in the formation of new cells. Furthermore, acetate is readily utilized by this 
tissue. It  was decided for these reasons to choose the bone marrow for a study of the 
role of acetate in processes of synthesis. Using carboxyl labelled acetate, it was found 
that C 14 was rapidly incorporated into protein, phospholipid, and fa t ty  acids, and more 
slowly into nucleic acids. The distribution of C 14 in the a, 7 carboxyl groups of glutamic 
acid and the a,~ carboxyl groups of aspartic acid in the protein, and the necessity of 
the respiratory process for protein synthesis find clear explanation in the experiments 
of RUDOLPH AND BARRON s who have demonstrated that  in kidney homogenates citric 
acid is formed by the condensation of acetate with oxaloacetate. In the oxidative 
degradation of citric acid, a-ketoglutaric acid and oxaloacetic acid are transformed by 
amination to glutanfic acid and aspartic acid. 

These experiments were presented at the 1948 meetings of the Society of General 
Physiologists 6. Incorporation of C 14 from NaHC1408 and CHsCI4OONa into protein in 
in vitro experiments with rabbit liver has recently been reported by ANFINSEN el a~. 

METHODS 

Preparation o~ Tissues. Young adult rabbits weighing about 2 kg were used in these experiments. 

* This investigation was supported in par t  by a grant made by the Jane Coffin Childs Fund 
for Medical Research. 
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The  a n i m a l s  were b led  by  ca ro t id  sect ion,  a n d  t h e  humer i ,  f ibulae a n d  f emora  were r emoved .  The  
co r t ex  was  peeled off u s i ng  po in t ed  rongeu r s ;  t h e  m a r r o w  sausages  were freed b y  b l u n t  d issec t ion;  
a n d  t h e  spec imens  were chil led in a n  ice-cold Pe t r i  dish.  Slices were p r epa red  free h a n d  w i th  a t h in  
razor  b lade  and  were kep t  in ice-cold R i n g e r - p h o s p h a t e  unt i l  t h e  beg inn ing  of t h e  e x p e r i m e n t a l  
period.  H o m o g e n a t e s  were p repa red  w i t h  a loose glass  homogenizer .  

Acetate Analysis. Ace ta t e  was  d e t e r m i n e d  b y  t he  m e t h o d  of FRI~DEMAN s, a n d  t h e n  s e p a r a t e d  
f rom t h e  s t e a m  dis t i l la te  for C 14 ana lys i s  by  t he  following procedure .  Af te r  t i t ra t ion ,  t he  neu t r a l  
so lu t ions  were d i lu ted  (usual ly  x : 200) wi th  un labe l led  acet ic  acid a n d  were m a d e  a lka l ine  to  phenol -  
ph tha l e in .  T h e  v o l u m e  was  t h e n  reduced  by  boi l ing to  5 to  Io  ml  a n d  m a d e  acid w i th  d i lu te  H N O  s. 
T h e  so lu t ion  was  b r o u g h t  to PH 6.2 w i t h  d i lu te  N H 4 O H  (using b r o m  cresol purp le  as  a n  indicator) .  
Ace ta t e  was  p rec ip i t a t ed  as  s i lver  ace t a t e  b y  t he  add i t ion  of an  excess  of  A g N O  8. The  so lu t ion  
con t a in ing  t h e  p rec ip i t a ted  s i lver  ace t a t e  was  hea t ed  to boi l ing a n d  fil tered h o t  t h r o u g h  a s in t e red  
glass  filter. The  si lver ace t a t e  crys ta l l ized  o u t  on  cooling a n d  was  fil tered a n d  w a s h e d  w i th  sma l l  
a m o u n t s  of  HsO,  a n d  dried in a dessicator .  T h e  si lver sa l t s  were c o m b u s t e d  as  descr ibed below for 
r ad ioac t iv i ty  assay .  

Measure~nt  o/ Radioactivity. Specific a c t i v i t y  (S.A.) as  used  in th i s  pape r  is a m e a s u r e  of t he  
relative concentration of C x4 a t o m s  in t he  C Is m a t r i x ,  a n d  is def ined as  obse rved  c o u n t s  per  m i n u t e  
when  t he  sample ,  as BaCOs, is packed  in an  inf ini te ly  t h i ck  l ayer  (2o m g  per  c m  s) in a n  a l u m i n u m  
dish  (area = 1.4z cm s) and  coun t ed  wi th  a t h i n  w indow coun t e r  in a s t a n d a r d  g e o m e t r y  (27~/o of 
4 n  radians) .  All organic  s amples  were d r y  c o m b u s t e d  to CO s (in a m i c r o - c o m b u s t i o n  t u b e  w i th  P t  
gauze  a t  8oo °) which  was bubb l ed  t h r o u g h  s a t u r a t e d  Ba(OH)s ,  and  t h e  p rec ip i t a ted  BaCO s was  
washed  r epea t ed ly  wi th  wa te r  a n d  m e t h a n o l  a n d  dr ied  in t he  a l u m i n u m  dishes  r e a d y  for coun t i ng .  

FTactionation o/ Tissue. At  t he  end  of the  e x p e r i m e n t s  t he  t i ssue  (from 2 or 3 rabbi t s )  was  
cen t r i fuged  off; cold abso lu te  e thano l  ( ioo  ml) was  added  and  t he  t i s sue  was  g r o u n d  in a WARIr~G 
b lendor  for 15 min .  Af ter  cen t r i fuga t ion ,  the  ma r row  was  r e suspended  in 2oo ml  of e t hano l - e the r  
{3 : x) and  was  boiled for 2 hours .  T he  solid f ract ion was  filtered, washed  wi th  e ther ,  a n d  dried.  
The  so lven t  ex t r ac t s  were set  as ide  as the  lipid f ract ion.  Nucleic  ac ids  were ex t r ac t ed  f rom th i s  d ry  
ma te r i a l  by  t he  m e t h o d  of HAMMARSTEN I~, and  a n y  r ema i n ing  nuc leo t ides  or  acid soluble  c o m p o n e n t s  
were r e m o v e d  by  ex t r ac t i on  wi th  xoo ml  of 7~o t r ichloracet ic  acid a t  9 °0 for x 5 m inu t e s .  T h e  solid 
res idue  was  cen t r i fuged  down,  was  w a s h e d  wi th  alcohol  and  ether ,  a n d  dr ied as  t he  p ro te in  f ract ion.  
The  n i n h y d r i n  m e t h o d  of VAN SLVKE et al. 1° was used  to l iberate  a - ca rboxy l  g roups  a f te r  hydro lys i s  
(30 h o u r s  in 6 N HC1). 

G l u t a m i c  and  a spa r t i c  ac ids  were s epa ra t ed  f rom t he  p ro te in  h y d r o l y s a t e  b y  the  use  of carr iers  
( a p p r o x i m a t e l y  4o0 m g  of L-glu tamic  and  of L-aspart ic) .  The  g l u t a m i c  acid was  recrys ta l l ized  4 t imes  
f rom water ,  t hen  conver t ed  to t he  hydroch lo r ide  a n d  crysta l l ized twice  f rom c o n c e n t r a t e d  HCI. 
Aspar t i c  acid was  twice recrys ta l l ized f rom water ,  t h e n  conve r t ed  to  t h e  cupr ic  sa l t  wh ich  was  
recrys ta l l ized  3 t imes  f rom water .  F ina l ly  t he  copper  was  r e m o v e d  wi th  HaS a n d  t he  free acid crys-  
tal l ized f rom alcohol-water .  Succinic  acid was  also isolated by  t he  carr ier  t echn ique .  Af te r  t h e  add i t i on  
of 4oo m g  of succinic  acid, t he  res idue  f rom t he  s t e a m  dis t i l la t ion was  ex t r ac t ed  for 6 hou r s  in [the 
KEUTCHER STEUDEL ex t rac tor .  Succinic acid was  recrys ta l l ized  once f rom ho t  wa te r  a n d  was  con-  
ve r t ed  in to  t he  s i lver  sal t .  Th i s  was  reprec ip i ta ted  five t imes  to a c o n s t a n t  specific ac t i v i t y .  B o t h  
ca rboxy l  g roups  were r e m o v e d  by  t he  slow add i t ion  of a ca rbon  te t rach lor ide  so lu t ion  of b romine  ix, 
a n d  t he  resu l t ing  CO s was  t r apped  as BaCO s. 

For  t h e  isola t ion of phospho l ip ids  a n d  s a t u r a t e d  f a t t y  acids,  t he  a lcohol -e ther  e x t r a c t  of  t he  
m a r r o w  was  e v a p o r a t e d  to d rynes s  u n d e r  reduced  p ressu re  a t  3o °. T h e  lipid res idue  was  d i sso lved  
in mo i s t  e the r  a n d  t he  combi ned  phospho l ip id  was  p rec ip i t a t ed  b y  t he  add i t i on  of 8 to Io  v o l u m e s  
of ace tone .  The  prec ip i ta te ,  a f t e r  wash i ng  2 to 3 t i m e s  wi th  acetone,  was  redissolved in moi s t  e ther .  
I n  s o m e  of t h e  e x p e r i m e n t s  a n  a t t e m p t  was  m a d e  to isola te  cepha l in  b y  abso lu te  a lcohol  p rec ip i t a t i on  
f rom ether ,  b u t  none  was  found ,  a n d  in s u b s e q u e n t  e x p e r i m e n t s  on ly  t he  ace tone  p rec ip i t a t ions  
were used.  The  " l ec i t h in"  was rep rec ip i t a t ed  f rom e the r  3 to 5 t imes ,  d ry  c o m b u s t e d ,  a n d  c o u n t e d  
as  BaCO 8. T h e  sma l l  quan t i t i e s  of  ma t e r i a l  m a d e  degrada t ion  of t h e  molecule  imposs ib le .  T h e  e the r -  
ace tone  s u p e r n a t a n t  was  e v a p o r a t e d  to  d r y n e s s  a n d  t h e  l ipid res idue  was  saponif ied  w i th  K O H .  
Unsapon i f i ed  ma te r i a l  was r e m o v e d  b y  e t he r  e x t r a c t i o n  f rom alkal ine  solut ion,  and  t h e  free f a t t y  
ac ids  were sa l ted  o u t  of t he  acidified wa t e r  layer.  T h e  m i x e d  free f a t t y  ac ids  were t h e n  dissolved in 
ace tone  a n d  t he  s a t u r a t e d  h ighe r  f a t t y  ac ids  were p rec ip i t a ted  by  lowering t he  t e m p e r a t u r e  to  - 3  °0 • 
Th i s  m a t e r i a l  was recrys ta l l ized th ree  t i mes  to a c o n s t a n t  specific ac t iv i ty .  

R E S U L T S  

FORMATION OF PROTEIN FROM LABELLED ACETATE 

Utilization o/CHaCx4OONa and NaHC140s by Bone Marrow Slices. The first experi- 
ments on the synthesis of protein from acetate as one of the building materials were 
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conducted under conditions of optimum in vitro metabolism for this tissue. The incubation 
was carried out at 380 in an atmosphere of O~ : CO, (95 : 5) in Ringer-bicarbonate 
containing acetate and glycine (0.005 M). The pooled slices were introduced into a 
battery of intercommunicating pyrex glass vessels through which the gas mixture was 
bubbled continuously to prevent reincorporation of labelled respiratory CO, into the 
protein. The time of incubation was six hours. In the experiments with bicarbonate 
labelled with C 14, the v ~.ssels were previously saturated with O,; the gas phase was O~.; 
and the buffer was phosphate (o.oi M) of PH 7.4. The vessels were kept closed during 
the entire experiment. 

The results of three such experiments are shown in Table I. 

TABLE I 
INCORPORATION OF C 14 INTO PROTEIN OF BONE MARROW AFTER INCUBATING 

SLICES FOR 6 HOURS WITH CHsCt4OONa AND NaHCt4Os 

x 2 3 

Substrate: o.ox M CHsC14OONa 0.004 M CHsC14OONa o.oi M NaHCI408 

S.A. R.S.A. 

Experiment No. 

Substrate 

Protein-total 

Protein-a-COOH*** 

S.A.* R.S.A.** 

85 ooo zoo 

205 o.z 4 

520 o.61 

S.A. R.S.A. 

I43 ooo IOO 

93 ° 0.65 

I 6 2  o o o  

3 I 

I33 

IOO 

0 .02  

o.o8 

* Specific activity is measured in counts per minute at infinite thickness as defined in the section 
on measurement. 

** Relative specific activity is based upon the substrate in the medium taken as xoo. 
*** Carbon dioxide which is liberated when the protein hydrolysate is treated with ninhydrin 

includes the fl-carboxyl group of aspartic acid in addition to the a-carboxyl groups. 

I t  is evident that  acetate carboxyl is incorporated in the protein of isolated bone 
marrow. And this in vitro synthesis takes place to a greater extent in 6 hours than was 
found in vivo in rat liver in 3 days (2) or rat intestine in 8 hours (3). Furthermore, the 
fact that  CO, is not an intermediate in this process is demonstrated by Exp. 3. Here 
the rate of incorporation of CO, is much lower than that of acetate, and the ratio of 
carboxyl carbon to total carbon is much lower with acetate than with carbonate (2.6 as 
compared to 4.2), indicating that in the case of acetate a larger proportion of the C I* 
is not liberated by ninhydrin. 

Location o/Acetate Carboxyl Carbon in Protein. To study the distribution of C 1* in 
the different groups of the isolated protein, the experiments were performed in Ringer- 
phosphate buffer with O, as gas phase. The added substrates were C13-carboxyl labelled 
glycine, Cl*-carboxyl labelled acetate, and glutamate (in some experiments). Because it 
seemed most probable that acetate would be utilized via the tricarboxylic acid cycle, 
effort was concentrated on glutamic and aspartic acids (presumably formed from 
a-keto-glutaric and oxaloacetic acids). 

The marrow slices were incubated for five hours. Following incubation, sulfuric 
acid and sodium tungstate were added to precipitate the protein. After the addition of 
carriers, glutamic and succinic acids were isolated from the non-protein filtrate, and 
glutamic and aspartic acids from the protein hydrolysate. 

The results of the experiments are shown in Tables I I  and I I I .  Acetate was rapidly 
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TABLE II 
D I S T R I B U T I O N  OF C 14 A F T E R  5 H O U R  I N C U B A T I O N  OF B O N E  M A R R O W  S L I C E S  W I T H  CHsCx4OONa 

Experiment No. 7 8 

Substrates: 
Glutamate, M - -  o.oi 
Glycine, M o.oi o.ox 
Acetate, M o.oi o.oi 

Percent* of Percent of S.A. S.A. Added C 14 Added C t4 

IOO ioo ~cetate 

Protein : 
- -  Total 
- -  a-Carboxyl 

.q'on-Protein Glutamate : 
(37 ° mg carrier) 
- -  Total 
- -  u-Carboxyl 

~uccinic Acid: 
(4oo mg carrier) 
- -  Total 
- -  Carboxyl 

377 ooo 

292 
564 

66 
90 

33 
66 

0.65 
0.27 

0.47 
o.I3 

0.26 
o.26 

377oo0 

326 
685 

I44 
198 

0.70 

0.39 

1 . 0 3  
o.28 

* Total C 14 in each fraction was determined by multiplying the specific activity by the total 
millimoles of carbon in the fraction. 

TABLE III 
D I S T R I B U T I O N  OF A C E T A T E  C A R B O X Y L  C A R B O N  I N  B O N E  M A R R O W  P R O T E I N  

Experiment No. 

Fraction 

Protein : Total 
Protein : u-Cazboxyl 
Glutamic Acid: Total 
GIutamic Acid: u-Carboxyl 
Aspartic Acid: Total 
Aspartic Acid: u,fl-Carboxyl 

7 8 

Percent of total C 14 in protein 

I00 IO0 

43 57 
47 55 
I2 14 
x4 14 
x4 I4 

incorpora ted  into  the  bone mar row protein.  Ev idence  tha t  it first went  in to  g lu tamic  

acid, which was then incorpora ted  into the protein,  is given by  the  re la t ively  large 
amoun t  in the  free g lu t ama te  fract ion and by  the  increased amount  of 0 4 in the  free 

g lu t ama te  when the  s teady  s ta te  of g lu t ama te  concent ra t ion  was increased. However ,  
there  was no increase in incorporat ion into  the protein.  Added  g lu tamate  had  no effect  

upon  the ra te  of pro te in  synthesis  as measured with  labelled glycine (glycine subs t ra te ,  
51.2 a tom % excess 0 8 in the  carboxyl  group;  n inhydr in- l ibera ted  C02 of p ro te in  

hydro lysa te  wi thou t  added  g l u t a m a t e  o . io  a tom % excess C18; wi th  added  g lu tamate ,  
o . i i  a t o m  % excess Us).  The  implicat ion tha t  the free g lu t ama te  had  the same specific 

ac t iv i ty  in bo th  exper iments  is the  expec ted  result  if one assumes a rap id  equi l ibr ium 
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t 

t 

between a-ketoglutarate and glutamate. The fact that a relatively small fraction of the 
0 4 in glutamic acid is in the a-carboxyl group, is in agreement with the hypothesis that  
acetate is utilizedvia the tricarboxylic acid cycle to form a-ketoglutarate (and glutamate) 
in which the ?-carboxyl group is labelled. Since all of the C"  of the protein aspartic acid 
and of the succinic acid was in the carboxyl groups, the remainder of the glutamate C 1~ 
was most certainly in the y-carboxyl group. Essentially all of the protein 0 4 not present 
in a-carboxyl groups (including the ~-carboxyl of aspartate) may be accounted for as 
?-carboxyl of glutamate. 

The E~ect o/Cell Damage and o~ Anaerobiosis on Protein Synthesis/rom Acetate. 
These experiments were performed in the presence of Ringer-phosphate containing 
CH3C140ONa, and boiled yeast juice. Cell damage was produced by grinding the bone 
marrow in a glass homogenizer. Since, under these conditions, respiration in the homo- 
genates falls off rapidly, the metabolic processes were stopped after incubation times 
of I, 1.5, 3, and 5 hours by the addition of HzSO 4. In the aerobic experiments, the gas 
phase was oxygen. In the anaerobic experiments, the gas phase was N z : CO~ (95 : 5). 
The results of these experiments are shown in Fig. I and 2. I t  can be seen that  the rate 
of protein turnover remains constant as long as the respiration remains steady. In the 
homogenate, where the rate of respiration decreased continuously, the incorporation of 
acetate carbon into protein also decreased. In the absence of oxygen there was no 
utilization of the acetate carboxyl group for protein formation. 

Formation o/Phospholipids and Satured Fatty Acids/tom Acetate. In these experi- 
ments, the lecithin and saturated fat ty acids were isolated from the ether-alcohol 
extracts of the preceding experiments. In all cases there was appreciable incorporation 

/ 

/ 
/ 

/ 

! 2 3 4 5 
~ b / m r :  

Fig. z. Metabolic Activity of Bone Marrow 
Preparations. Abscissa, t ime in hours. Ordinate, 

pl  O s uptake per mg fat-Dee dry weight. 

x. O s uptake, slices in 01 atmosphere. 
2. O I uptake, homogenate in O s atmosphere. 
3. COj production, homogenate in N a atmosphere 

Re~cremes p. 80. 

[ 

!° 

z 
1 " 6 "5 

T//fw /n hocr~l 

Fig. 2. Rate of Incorporation of the Labelled 
Carboxyl Group of Acetate in the Protein of 
Bone Marrow. Abscissa, t ime in hours. Ordinate, 
relative specific activity (as defined in the text). 

x. Slices in 0 2 atmosphere. 
2. Homogenate in O I atmosphere 
3. Homogenate in N 2 atmosphere. 

/ 
/ 
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of C t4 in to  these substances.  The fact tha t  the rate of tu rnover  of phospholipid was 

marked ly  greater than  tha t  of sa tu ra ted  fa t ty  acids, as indicated in Table IV, ma y  
result  from the relat ively great  dilution of the fa t ty  acids by  inact ive stored fat in the 

/ 
4 

f f 

f 

f l  

t 2 3 5 

Fig. 3. t~ te  of Incorporation of the Labelled 
Carboxyl Group of Acetate in the Lecithin 
Fraction of BoneMarrow.Abscissa, time in hours. 

Ordinate, relative specific activity. 

i. Slices in 0 s atmosphere. 
2. Homogenate in 0 s atmosphere. 
3. Homogenate in N s atmosphere. 

/ 

Y 
. /  

. ^ ~ R~ - 0 m  

Fig. 4. Formation of Nucleic Acids from Car- 
boxyl Labelled Acetate in Isolated Bone Marrow. 
Abscissa, time in hours. Ordinate, relative 

specific activity. 

i. Ribonucleic acid (RNA) formation in slices 
in oxygen. 

2. RNA in marrow homogenate in oxygen. 
3. Desoxyribonucleic acid (DNA) in slices in 

oxygen. 
4- DNA in homogenate in oxygen. 
5. RNA and DNA in homogenates in nitrogen. 

TABLE IV 
INCORPORATION OF C 14 INTO PHOSPHOLIPID AND FATTY ACIDS AFTER INCUBATING BONE 

M A R R O W  S L I C E S  F O R  6 H O U R S  W I T H  CHsC14OONa A N D  NaHCIIO, 

Experiment No. 2 3 

Substrate: o.oo 4 M CHaCx4OONa o.ot M NaHCt4Os 

S.A. R.S.A. S.A. R.S.A. 

Labelled Substrate 

Phospholipid 

Saturated Fatty Acids 

x43 ooo 

I 290 

I40 

I 0 0  

O . 9  ° 

0 .  I 0  

I 6 2  0 o o  

I I  3 

4 
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marrow. While protein  synthesis  s topped in  the absence of respiration, a small  a m o u n t  
of phospholipid synthesis proceeded under  anaerobic conditions, as shown in Fig. 3. 
The possibi l i ty of con tamina t ion  by labelled acetic acid was ruled out  by control experi- 
ments .  The incorporat ion of b icarbonate  carbon into phospholipid was only a small  
fract ion of tha t  from acetate carboxyl  carbon. There was essentially no b icarbonate  C 14 
found  in the sa tura ted  fa t ty  acid fraction. 

Formation o/ Ribonucleic and Desoxyribonucleic Acids /tom Acetate. Ribouucleic  
and  desoxyribonucleic acids were isolated in most  of these experiments.  The results of 
three such exper iments  are given in Fig. 4. The nucleic acid activities were low, con t ra ry  
to our expectat ions  for a tissue act ively synthesizing protein.  As is characterist ic of all 
m a m m a l i a n  tissues so far invest igated,  the desoxyribonucleic acid was ini t ia l ly  renewed 
at  a slower rate  t h a n  the ribonucleic acid, a l though the ribonucleic acid rate fell more 
rapidly  with time. There was no strict  parallel ism between the rate of incorporat ion of 
acetate  into r ibonucleic acid and  in to  protein.  Again homogenizat ion caused a decrease 
in the rate  of turnover ,  and  there was no tu rnover  under  anaerobic conditions.  The rates  
of incorporat ion from NaHC~403 were similar. The amoun t s  of nucleic acid isolated in 
these exper iments  were insufficient for degradation.  

SUMMARY 

Carboxyl labelled acetic acid has been used to study the synthetic processes occurring in isolated 
bone marrow--slices and homogenates. The labelled carbon was rapidly incorporated into protein 
and phospholipid, more slowly into nucleic acids. The rate of protein synthesis parallelled the respira- 
tory rate. All of the C '4 in the protein was in carboxyl groups, with the major site being the carboxyl 
groups of glutamic and aspartic acids-- particularly the },-carboxyl group of glutamic acid. 

RI~SUMI~ 

Nous avons employ6 de l'acide ac6tique marqu~ au groupe carboxyl pour ~tudier lcs processus 
de synth~se ayant lieu dans la mo~lle osseuse isol6e - -  en tranches ou en homog~nats. Le carbone 
marqu6 6tait incorpor6 rapidement dans les prot~ines et les phospholipoides, plus lentement dans 
les acides nucl6iques. La synth~se des prot~ines allait parall~lement avec la respiration. Tousle C t• 
contenu dans les prot6ines se trouvait dabs les groupes caxboxyl, en majeure partie dans les groupes 
carboxyl des acides glutamique et aspartique et en particulier dans le groupe y-carboxyl de l'acide 
glutamique. 

ZUSAMMENFASSUNG 

An der Carboxylgruppe markierte Essigs~ure wurde zur Untersuchung der synthetischen 
Vorg~nge im isolierten Knochenmark--in Scheiben und in Homogenaten - -  verwendet. Der mar- 
kierte Kohlenstoff wurde rasch in Eiweissk6rper und Phospholipoide, langsamer in Nukleins~uren 
einverleibt. Die Proteinsynthese verlief parallel mit der Atmung. Die Gesamtheit des Ct•-Kohlen - 
stoges im Eiweiss land sich in den Carboxylgruppen, haupts~chlich in den Carboxylgruppen der 
Glutamin. und Asparagins~ure, insbesondere in der y-Carboxylgruppe der Glutamins~ure. 

REFERENCES 

1 K. BLOCH, Physiol. Revs, 27 (I947) 574. 
I D .  RITTF.NBERG AND K. BLOCH, J. Biol. Chem., I57 (I945) 749. 
s D. M. GREENBERG AND T. WINNICK, Arch. Biochem., 21 (I949) 166. 
• J .  M. GOLDINGER, M. A. LIPTON, AND E. S. G. BARRON, J. Biol. Chem., x 7r (I947) 8oi .  
b G. RUDOLPH AND E. S. G. BARRON, Biochim. Biophys. Acta, 5 (195 o) 59. 
* R.  ABRAMS, J. M. GOLDINGER, AND E. S. G. BARRON, Biol. Bull., 95 (t948) 284. 
7 C. B. ANFINSBN, A. BELOFF, AND A. K. SOLOMON, J. Biol. Chem., i79  (1949) i o o i .  
8 T.  FRI'~DEMAN, J. Biol. Chem., 123 (I938) i 6 i .  
tJ E.  HAMMARSTEN, Aeta Med. Stand., Suppl. 196 (1947) 634. 
to D. D. VAN SLYKB, R. T. DILLON, D. A. MACFAYDEN, AND P. HAMILTON, J. Biol. Chem., 14i 

(I941 ) 627. 
11 H.  HUNSDIECKER AND C. HUNSDIECKER, Ber., 75 (I942) 29z. 

Received September  2rid, 1949 


