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Fhe high content of ribonucleic acid in tissues which 
msis has led to the assumption that  these substances 
nthesis of proteins 1,2. However, there has been littl  
anisms involved. In an a t tempt  to throw some light oi 
the reticulocyte system might be an appropriate 
dized, enucleated cell which is capable of protein synt 
:orporate amino acids into its proteins at an early s 

its mature  stage ~, 4, 5. 
?hat the maturat ion of the reticulocytes consists of m¢ 
ss to the exclusion of the synthesis of new proteins is 
:ZET AND ROBSCHEIT-ROBBINS, who found that  reti~ 
both anemia and hypoproteinemia required a mixtl 

~IoLLOWAY AND RIPLEY 2s have found that  with increa 
crease in the RNA content and in the rate of incorpo: 
roteins of the blood cells took place. 

stage of its development, bl 

of more than only a differentiati( 
also indicated from the wol 

reticulocytes from dogs sufferii 
mixture of amino acids for mat~ 

~asing reticulocytosis in rabbi 
~oration of labelled leucine in1 

t of 14C-glycine incorporation into the reticulocyte protein 
id, and the formation of specific proteins, all as a functic 
tring reticulocytosis, it was thought that  some insight in1 
a protein biosynthesis could be obtained. 

mature  rabb i t s  were injected daily for two successive days wil 
ution of phenylhydrazine .  Blood samples  were wi thdrawn from 
ytosis had largely disappeared. The first blood sample (day o) w 
nylhydrazine injection. Hepar in  was used to prevent  clotting. Tt 
the p lasma by centrifugation, washed at least twice wi th  isoton 
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By measuring the extent 
the content of ribonucleic acid 
of a developing and disappearm~ 
the role of ribonucleic acid in 

To induce a reticulocytosis, 
i .o ml of a 2. 5 % neutralized solution 
ear vein daily until  the reticuloc~ 
wi thdrawn prior  to the first phenylh  
blood cells were separated from 
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ns are  e x p r e s s e d  as  counts[min/ l~M CO 2 a n d  are  c o r r e c t e d  for s 
"tical a n d  e x p e r i m e n t a l ,  w e r e  m a d e  a t  l e a s t  in  d u p l i c a t e .  
U n l e s s  o t h e r w i s e  n o t e d  in  t h e  t e x t ,  a l l  d e t e r m i n a t i o n s  a n d  
t h e  w a s h e d  b l o o d  ce l l s  s u s p e n s i o n .  R i b o n u c l e i c  ac id  wa~ 

EIDER 8 as  m o d i f i e d  b y  MILLER et al. 9. H e m o g l o b i n  w a s  es t in  
d u r e  of COHEN AND SMITH 10. D i p e p t i d a s e  a c t i v i t y  was  e s t i  
a t  380 w i t h  D L - a l a n y l g l y c i n e  ( F l o f f m a n - L a  Roche)  in  o.15 2 
~ation, i o ~ o  T C A  w a s  a d d e d  a n d  t h e  s u p e r n a t a n t  a n a l y z e d  b~ 
9TEIN 11. P r o t e i n a s e  a c t i v i t y  w a s  e s t i m a t e d  b y  i n c u b a t i n g  ly'. 

M p h o s p h a t e  bu f fe r  a d j u s t e d  t o  a f ina l  p H  of 7.4. T h e  case i r  
gMMERT AND COHEN 1~. A f t e r  t h e  i n c u b a t i o n  p e r i o d  i o %  TC:  
"zed b y  t h e  p h e n o l  r e a g e n t  of FOLIN AND CIOCALTEU la. ( 
m i n e d  e s s e n t i a l l y  a c c o r d i n g  to  t h e  c o l o r i m e t r i c  m e t h o d  of xeV 
U n i t s :  C a r b o n i c  a n h y d r a s e  a c t i v i t y  w a s  de f ined  b y  t h e  slo] 
a rve  o b t a i n e d  b y  p l o t t i n g  m l  of e n z y m e  a g a i n s t  t ~ -  t w h e r e  t 

is  t h e  r e a c t i o n  t i m e  of t h e  s o l u t i o n  c o n t a i n i n g  t h e  e n z y m e  
p e r  IO ~ cel ls .  P e  
g l y c i n e  l i b e r a t e d  i 
w a s  r u n  u p  to  4 ] 
p l o t t i n g  y of g lyc  

p h e n y l h y d r a z i n e  
H e m o g l o b i n  w a s  

It  may be s 

7cine l i b e r a t e d  in  one  h o u r  b y  IO ~ cells .  T h e  r e a c t  
hour s ,  a n d  t h e  c u r v e s  o b t a i n e d  

m i n e  l i b e r a t e d  for b o t 5  t h e  l a m  
h o u r  i n c u b a t i o u  a g a i n s t  d a y s  a f t e r  t h e  ini~ 

i n j e c t i o n  h a d  t h e  s a m e  s h a  
de f i ned  as  t h e  o p t i c a l  d e n s i t y  

t h e  h e m o g l o b i n  s o l u t i o n  p e r  Io  6 cells.  

RESULTS 

• be seen from Fig. I that the inc 
poration of labelled glycine into the prote 
of the washed cell preparation is appro 

]3 ;4 ~'5 ; ~) mate ly  linear for four hours. The decrease 
r~elho~ incorporation with time is also a test of t 

of c a r b o x y l  effectiveness of the antibiotics in the prew 
w a s h e d  ce l l  

ure  c o n t a i n e d  tion of bacterial growth. In the presence 
e up in  o.I M plasma the rate of incorporation is increa, 

o.122 m l  of 
as has been reported by BORSOOK et al .  ~ o n t a i n i n g  4 ° 

11 o f  a n  a n t i -  When determinat ions  are made  of b( 
mg each of the ability to incorporate ~4C glycine ii 

)er ml ,  o.2 m l  
f t h e  w a s h e d  proteins and the content of RNA of wask 
: t i v i t y  of t h e  w i t h d r a w n  o n  successJ 
r m i n u t e  p e r  days from rabbits which had been injeci 
° in  a i r ,  w i t h  

with phenylhydrazine, curves such as th~ 

o 5 

F ig .  i .  R a t e  of i n c o r p o r a t i o n  
l : C - g l y c i n e  i n t o  p r o t e i n s  of t h e  
s u s p e n s i o n .  T h e  i n c u b a t i o n  m i x t u r e  
o . I o  m l  of o .145 M g lucose  m a d e  
p h o s p h a t e  bu f fe r  a t  p H  7.5o, 
c a r b o x y l - l a b e l l e d  14C-glycine c o n t a i n i n  
# M  of g l y c i n e  p e r  ml ,  o . i o  m l  
b i o t i c  s o l u t i o n  c o n t a i n i n g  1. 5 
s t r e p t o m y c i n  a n d  p e n i c i l l i n  G 1~ 
of o . 1 5 M  NaC1 a n d  1.o m l  of 
ce l l  s u s p e n s i o n .  T h e  speci f ic  a c t i v i t '  
l : C - g l y c i n e  w a s  3125 c o u n t s  p e r  
/zM. T h e  i n c u b a t i o n  w a s  a t  38o 

a g i t a t i o n  of t h e  f lasks .  

Relerences p. 2z5. 

of i s o t o n i c  NaC1 a p p r o x i m a t e l y  e q u a l  
wi l l  lye r e f e r r ed  to  as  t i le  w a s h e d  ce i l s  ! 
e b l o o d  a n d  the  w a s h e d  b l o o d  ce l l s  su 
b a s i s  of ~ooo ce l ls  c o u n t e d  were  m a d  

o w e d  b y  w a s h i n g  t he  s m e a r  w i t h  m e t h  
w a y  t he  g r a n u l e s  of t h e  H e i n z  b o d i e s  

c a r b o x y l  l a b e l l e d  14C-glycine,  lOC~o t r i  
a t e  c e n t r i f u g e d  d o w n .  The  p r e c i p i t a t e  

t i m e s  w i t h  a h o t  a l c o h o l :  e t h e r  m i x t c  
T h r e e  m l  of n e u t r a l i z e d  o. 4 3 I  t h i o g l  3 

l e f t  a t  r o o m  t e m p e r a t u r e  for  a t  l e a s t  
zed  w i t h  0 N HCI  in  s e a l e d  t u b e s  a t  13 

ares  w e r e  t r e a t e d  a c c o r d i n g  to  VAN SL" 
s B a C O  a. T h i s  w a s  w a s h e d  r e p e a t e d l y  
w i t h  a t h i n  w i n d o w  G e i g e r  c o u n t e r .  A1 

for s e l f - abso rp t  
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the-l 'C-giycine incorporation peak. ~ "~Y 
tingly, carbonic anhydrase, peptidase, 

nase and hemoglobin were determined i / i f / ~  
!unction of the development and dis- ~ 
rance of the reticulocytosis. As may be o- 
!rom Fig. 3, the content of carbonic 

4 
K .  # ~ zJo~, *c / \ , '  ,, 

/ y, , ,  oo ,< 
/ 

/ i \  ~ ~ / / ~ \ ~ ~ "~ 
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• Re la t  

R e l a t i o n s h i p  of specific a c t i v i t y  and  R N A  hemoglob in  
t of r a b b i t  blood cells to  t i m e  a f te r  first  pep t idase  ac 

, "  +._./,\ 
/"  / k k+ co~......._~, amra~a,e 

, /  , :7  °. / \ 

• Re la t ionsh ip  of specific ac t iv i ty ,  RNA 
conten t ,  carbonic  a n h y d r a s e  an 

a c t i v i t y  of r a b b i t  blood cells t 
a f te r  first p h e n y l h y d r a z i n e  in jec t ior  

a t ion  m i x t u r e  and  
e for Fig. I. Incu-  Hemog lob in  va lues  were de t e rmined  on th  
RNA, @ -  specific whole blood. I n c u b a t i o n  m i x t u r e  and  co~ 

d i t ions  were the  same as those  for Fig. 
I n c u b a t i o n  t ime  was  8 hours.  Uni t s :  see text  

loglobin on a per cell basis was found to reach a maximur 
of the RNA curve. No proteinase activity was found unde 
~yed. Some comment should be made on the double peak 
he course of this experiment unusually large amounts c 
,bit to run certain subsidiary experiments. In all probabilit 
tue to anaemia was thus induced. This would also accoun 
:he curves in Fig. 2. It is of interest that the second peak 
time relationship with the RNA peak coming a day late 

3o 

Fig. 2. 
con t en t  
p h e n y l h y d r a z i n e  in jec t ion .  I n c u b a t i o n  
cond i t ions  were the  same as  those  
ba t i on  t i m e  was  16 hours.  • - R N A  

ac t i v i t y .  

anhydrase, peptidase and hemc 
in good agreement with that 
the conditions of assay emplo 
observed in Fig. 3- During the 
blood were taken from the rabbit 
a secondary reticulocytosis due 
for the humps observed in the 
of Fig. 3 show the expected time 
than the incorporation peak. 
References p. 2I  5. 
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It can be seen that the peak of in 
lrs I to 2 days before the RNA ( 
riment was repeated three times wi 
:ate that RNA is not the limiting fi 
ino acids into protein substances. 
involves the assumption that RN2~ 
rely undifferentiated "primary" pr 
3 r m .  
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CENT RETICULOCYTES OF WHOLE BLOOD ON DAYS AFTER FIRST 

Days a 3 

% Reticulocytes 14 32 

The reticulocyte counts refer to the experiment re 

t was considered to be of in te res t  to de te rmine  the 
mn the incorpora t ion  of label led  glycine into prote: 
nt,  as revea led  by  cent r i fugal  f rac t ionat ion .  Accord 
a t ed  wi th  14C-glycine in the  usual  manne r  were wa 
am wi th  isotonic NaC1, hemolyzed  wi th  dis t i l led  
a ted  into three  f ract ions  in a Spinco p r epa ra t i ve  l 
ned by  centr i fuging the  or iginal  hemolyza te  a t  260o 
a m y  bu lky  and  grey  in colour. Pel le t  I was obta ined 
n a t a n t  f rom the  first cen t r i fuga t ion  a t  135,ooo g for 
smal l  and  a t r a n s p a r e n t  red  in appearance .  The  thi~ 

n a t a n t  from the second centr i fugat ion.  As m a y  be s, 
ble I I ,  the  specific ac t i v i t y  of the  pro te ins  and  the  cc 
[ated, bo th  being high in pel le t  I, low in pel le t  I I ,  ar  

water ,  and  the hemolyzat  
u l t racent r i fuge .  Pel le t  I w~ 
g for 15 minutes .  This  pell~ 

ob ta ined  b y  centr i fuging the  clear re 
45 minutes .  This  pel le t  w~ 

th i rd  f rac t ion was the  clear  re 
seen from the  d a t a  presente  

con ten t  of r ibonucleic  acid  aI 
and  in t e rmed ia t e  in the  supe~ 

GIN,  A N D  R N A  C O N T E N T  O F  V A R I O U S  C E N T R I F U G E D  F R A C T I O N S  

CELL S U S P E N S I O N S  I N C U B A T E D  WITH 1 4 C - G L Y C I N E  

da t a  p resen ted  t h a t  the  r ibonucleic  acid  content  is not  th 
pora t ion  of amino acids into re t icu locyte  prote in .  This  

ob ta ined  
was fairb 
supe rna t an t  
qui te  
supe rna t an t  
in Tabh  
as soc ia t ed  
na tan t .  

S P E C I F I C  A C T I V I T Y  O F  P R O T E I N  

F R O M  W A S H E D  

Fraction 

Pellet I 
Pellet II 
Supernatant 

I t  is appa ren t  from the  d a t a  
l imit ing fac tor  for the  incor t 

Re/erences p. 215. 

I indicah~ tha t  there  is no obvious 
cyte  content  of the  blood and  eithe 

rvc. Tha t  an e l eva ted  re t iculocyto  
to be observed  is appa ren t  Iron 

)ccurence of an e l eva ted  ret iculoc 3 
a te  and  R N A  conten t  of the  was 
in the  re t i cu lum of young  red  cell 

a d i o a u t o g r a p h y  a° of the  presence 
es i t  clear  t ha t  the  phenomenon  1 

TABLE I 

FIRST PHENYLH" 

4 5 6 7 8 

35 44 41 36 31 
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TABLE II 

Specific activity 
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4 . 6 6  3 2 I 

1.72 35 
2 64 74 

DISCUSSION 

~f the  in 
he blood 
r imenta l  
ncurrent  
pension. 
)bserved 

or i ty  of 
ce is the  

ECTION 

ionships 
eic acid  
ad  been 
[ioactive 

,zate 
was 

~ellet 
r ed  
was 
red  

,,sented 
are 
)er- 

the  
is 



)STO AND RECHENMAN 3° in this laboratory have obta 
is: using a refined radioautographic technique, they 
racks of the electrons emited by HC-atoms of blood cc 
lycine under conditions similar to those of the exper: 
ts show quite clearly that  the average reticulocytes 
e as the mature red blood cells, and that  among t 
ases from class I (young reticulocytes) through clas: 
~s being defined according to HEILMEYER AND BEGE~ 
tS, it would appear that  in the course of maturat ion tl 
ueleic acid content subsequent to losing their amino 
['he results presented may  be interpreted to give the 1 
biosynthesis of proteins may  be divided into at lea 
~ry process probably involves the incorporation of an~ 
I t  substances insoluble in trichloroacetic acid and su: 
n after acid hydrolysis. This material may be a relativel 
in. Ribonucleic acid is not directly involved in this pI 
in is differentiated into its final biologically active 
rhaps stereospecific ribonucleic acids. I t  is conceivabl( 
)roteinases may  be involved in this second step to 
hus aid in the rearrangement of the molecule. The o] 
:he reports by FREIBERG 28, LINDERSTROM-LANG AND 
[~ROWN 28 that  proteinase and polypeptidase activity 

amino acids into high molecul~ 
susceptible to ninhydrin degr 

a relatively undifferentiated "primar)  
)rocess. Secondly, this prim~u 

form through the mediatic 
e that  intracellular peptidasq 
open strategic peptide bon( 

observed increase in peptida~ 
HOLTER 2~ and by RomNso 
increases in stems and roo 

g their protein nitrogen would suggest this possibility. 
ent iat ion of a "pr imary"  protein into a final form as a ste 
a proposed by ALCOCK 16 and by NOR'IHROP 17. Recent woi 
)ening process in peas favors the idea of high molecub 
DALY AND MIRSKY 20 have come to the conclusion, fro~ 
nt of pancreas during a cycle of secretion and restitutio 
,t a protein to protein transformation takes place in tk 

PETERS 19 has obtained convincing evidence that  serm 
ly from amino acids but arises from the transformation 
h differs from serum albumin in its physical and serologic~ 
aed by CAMPBELL AND WORK 29 on milk protein formatio 

f ribonucleic acid in the pr imary incorporation of amin 
be inferred from the results obtained by HOKIN 21, wh 

v • 
dation 
protein. 
protein 
of perhaps 
and F 
and thus 
and the 
AND B R O W N  28 

of plants which are increasing their 
The concept of the differen 

in protein synthesis has been 
by DANIELSSON is o n  the ripenlni 
weight protein precursors. DALY 
studies on the protein content 
of the cellular enzymes, that  
synthesis of these enzymes. 
albumin is not formed directh 
a protein-like precursor which diff 
properties. The results obtain, 
are also in line with the same idea. 

The non-participation of 
acids into proteins is also to 

Re/erences p. 2z 5. 
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:erest  to  n o t e  t h a t  CHARGAFF 24 has  o b s e r v e d  t h a t  fin 

o r g a n  of d i f f e r en t  spec ies  were  m o r e  s imi la r  t o  e a c h  ot 

Ls of t h e  s a m e  a n i m a l  species .  T h e  r e p o r t  of  HERSH~ 

mos t  of t h e  su l fu r  c o n t a i n i n g  p r o t e i n  of  t h e  T 2 bact ,  

r ia l  cell  a n d  t h a t  m o s t  of t h e  d e s o x y r i b o n u c l e i c  ac id  

r u c t u r e  of  t h e  specif ic  p r o t e i n s  s y n t h e s i z e d  is cont ro l le  

• The rate of incorporation of x4C-glycine into the proteins 
it have been determined as a function of the development 
zine induced reticulocytosis in rabbits. 
• The peak of labelled amino acid incorporation occurred I 
• The formation of carbonic anhydrase, hemoglobin and pc] 
he RNA curve rather than with the t~C glycine incorporatioi 
• These results are interpreted to indicate that  RNA is not in, 
ino acids into proteins but  rather mediates the differentiat 
d stereospecific, biologically active form. 

• Le ddveloppement et la rdgression de la rdticulocytose pro" 
zine tL des lapins s 'accompagnent de variations du taux d'im 
es protdines des rdticulocytes et de la teneur de ceux-ci en ac 
~. Le maximum de la vitesse d'incorporation du glycocolle dm 
avant que la teneur en acide ribonucMique atteigne son maxJ 

, , , t  J J  • J . . . .  ~ _ _ :  J l ~  z _ _  _ _ 1 _ ~ :  . . . .  ~ J 

)oration curve• 
RNA is not involved in the initial incorporati¢ 
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