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INTRODUCTION 

Previous experiments (MUNRO, NAISMITH AND WIKRAMANAYAKE 1) have demon- 
strated that  the absolute rate of incorporation of phosphorus into liver ribonucleic acid 
(RNA) in the rat  depends on the level of energy provided by the diet. The effect this 
has on the amount of RNA in the liver depends on the protein content of the diet. 
With diets containing adequate amounts of protein a rise in energy intake results in 
an increase in the total amount of RNA in the liver. In the case of diets free from 
protein an increment in energy intake does not greatly affect the total  amount of RNA 
in the liver but it increases the rate of replacement of phosphorus atoms in the RNA. 

This picture was obtained with whole liver. I t  seemed desirable, however, to in- 
vestigate the effect of the level of energy intake on the metabolism of RNA in different 
parts of the cell, since several investigators have shown that  the rate of synthesis of 
RNA varies in different fractions of the liver cell 2-6. In the experiments to be reported, 
the rate of replacement of phosphorus atoms in the RNA of different cellular fractions 
was investigated in the livers of rats given different amounts of a protein-free diet. 
As a control procedure, the rate of incorporation of phosphorus into the phospholipin 
of the same cell fractions was examined, (c/. WIKRAMANAYAKE, MUNRO, NAISMITH AND 
HUTCHISONT). In addition, we investigated the total amounts of RNA, phospholipin 
and protein in these cell fractions when the animals had been fed on the protein-free 
or protein-containing diets at different levels of energy intake. 

EXPERIMENTAL 

zt nimals, diet and management. T he  genera l  condi t ions  were s imilar  to those  described b y  MUNRO 
AND NAISMITH 8, Male a lbino r a t s  we igh ing  close to 18o g af ter  fas t ing  ove rn igh t  were housed  in 
ind iv idua l  cages unde r  t h e r m o s t a t i c  condi t ions .  A diet  con ta in ing  adequa t e  a m o u n t s  of p ro te in  or 
a prote in-free  diet  was  first  fed a t  a level of i2oo kg c a l / d a y / s q . m  body  surface a rea  for one week. 
T h e n  for a 4 -day  per iod ene rgy  i n t a k e  was  a l tered by  v a r y i n g  t he  a m o u n t  of c a r b o h y d r a t e  fed, some 
an ima l s  rece iv ing a p p r o x i m a t e l y  800 kg ca l . / sq .m  and  o the r  14oo-17oo kg cal. A t  t he  end  of this  
period t he  r a t s  were killed u n d e r  e the r  anaes thes ia .  The  l ivers were r ap id ly  per fused  wi th  0.9 % 
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sal ine and  t h e n  renloved.  In  the  expe r i men t s  with radioact ive  phosphorus ,  20/zc. of a2p per  5:00 g 
b o d y  weight  in t he  form of inorganic  p h o s p h a t e  was injected i n t r a m u s c u l a r l y  a t  2, 4 or 18 hours  
before dea th .  

Fraetionalion o/the liver. T he  isotonic sucrose t echn ique  of S C H N E I D E R  9 w a s  employed  to separa te  
different  pa r t s  of t he  l iver cells. L ivers  f rom single ra t s  in t he  q u a n t i t a t i v e  s tudies  or f rom groups  
of 3 to 6 r a t s  on t he  s a me  level of pro te in  and  energy  in take  in the  rad ioac t iv i ty  s tudies  were homo-  
genized wi th  ice-cold 0.25 M sucrose  in a ]~)OTTER-ELVEHJEM 10 homogenizer .  The  suspens ion  p roduced  
was  e x a m i n e d  microscopical ly  to ensure  t h a t  the  m a j o r i t y  of t he  ceils h a d  d i s in tegra ted  and  a por t ion  
was  t a k e n  for ana lys i s  ("whole  homogena t e " ) .  A kni fe -po in t  of N a F  was  dissolved in the  res t  of 
t he  h o m o g e n a t e  to inh ib i t  enzymi c  b r e a k d o w n  of R N A  dur ing  s u b s e q u e n t  f rac t iona t ion  which  was  
pe r fo rmed  in a re f r igera ted  centr i fuge.  The  h o m o g e n a t e  was  first spun  a t  600 g to r emove  nuclei  
and  u n b r o k e n  cells ( "nuc lear  f rac t ion") .  T he  prec ip i ta te  was  washed  twice wi th  5 ml  por t ions  of 
0.25 M sucrose  and  t h e  wash i ngs  were added  to t he  s u p e r n a t a n t .  A por t ion  of t he  s u p e r n a t a n t  was  
t a k e n  for ana lys i s  ( "cy top lasmic  f rac t ion")  and  the  r ema inde r  cent r i fuged  a t  8500 g for io  rain to 
prec ip i ta te  t he  m i t o c h o n d r i a  and  o ther  large g ranu les  of t he  c y t o p l a s m  ("mi tochondr ia l  f rac t ion") .  
The  prec ip i ta te  was  washed  once wi th  2. 5 ml  of o.25 M sucrose.  The  s u p e r n a t a n t  and  wash ings  t hen  
were cen t r i fuged  a t  18,ooo g for 60 rain to give a precipi ta te  ( "microsome fract ion")  and  a res idual  
f rac t ion  ("cell sap") .  In  the  e x p e r i m e n t s  in which  the  to ta l  a m o u n t s  of RNA,  phospho l ip in  and  
p ro te in  in different  f rac t ions  were e s t ima ted ,  t he  wash ing  of t he  mi tochondr ia l  f rac t ion was  omi t t ed .  
The  a d e q u a c y  of these  f rac t iona t ion  procedures ,  as carr ied ou t  in our  labora tory ,  has  been fully 
es tab l i shed  b y  SMELLIE et al. 6. 

I n  t he  e x p e r i m e n t s  wi th  82p, t he  nuc lear  f rac t ion was  purified fu r the r  by  suspend ing  it  in 
o.o 5 M citric acid and  s t i r r ing  in a Nelco blendor,  t h e n  cen t r i fug ing  a t  600 g for io rain. The  pre-  
c ip i ta te  was  r e s u s p e n d e d  in o .oi  M citric acid and  cen t r i fuged  for 5 rain. This  procedure  was  repea ted  
3 or 4 t imes ,  un t i l  microscopical  e x a m i n a t i o n  showed t he  nuclei  to be re la t ive ly  free f rom con- 
t a m i n a t i n g  cy top l a smic  mater ia l .  As  a f u r t he r  check on t he  u p t a k e  of 32p by  nuclear  RNA,  in some 
e x p e r i m e n t s  a por t ion  of t he  liver was  s tored  ove rn igh t  a t  - - I O  ° and  t h e n  t he  nuclei  were isolated 
di rect ly  in citr ic acid as descr ibed by  MI~SKY AND POLLISTER 11, Nuclei  p repared  in th is  way  exhib i ted  
the  s a m e  effect of level of ene rgy  in t ake  as nuclei  p repared  by  t he  first me thod .  

I n  one e x p e r i m e n t  t he  l iver c y t o p l a s m  was  f rac t iona ted  by  the  saline t echn ique  of CLAUDE TM, 
The  l ivers of 5 r a t s  were pooled and  homogen ized  in ice-cold 0.85 % (w/v) NaC1 and  t h e n  cen t r i fuged  
twice a t  15oo g for io  rain to r emove  u n b r o k e n  cells and  nuclei.  The  s u p e r n a t a n t  f ract ion was  t h e n  
s p u n  a t  18,ooo g for 90 rain to sepa ra te  t he  granules  (mi tochondr ia  and  microsomes)  f rom the  res t  
of t he  cy top l a sm.  

Analytical procedures. All t he  f ract ions  isolated were t r ea ted  wi th  io % tr ichloroacet ic  acid. To 
e s t i m a t e  t h e  r ad ioac t iv i ty  of t he  l iver inorganic  p h o s p h a t e  and  the  up t ake  of 32p by  R N A  and  
phosphol ip in ,  t h e  p rocedures  descr ibed before t3  were used,  excep t  t h a t  in t he  case of R N A  the  
l ipid-free t r ichloroacet ic  acid prec ip i ta te  was  ex t r ac t ed  w i th  ho t  io  % (w/v) NaC1, as r e c o m m e n d e d  
b y  ~)AYIDSON AND SMELLIE la, in order  to r e m o v e  rad ioac t ive  c o n t a m i n a n t s  more  effectively before 
isola t ing t he  r ibonucleot ides  by  ionophoresis .  T he  rad ioac t iv i ty  of the  p h o s p h o r u s  of t he  ribo- 
nucleot ides ,  phospho l ip in  a n d  inorganic  p h o s p h a t e  was  expressed  as the  specific ac t iv i ty  (counts  
pe r  m i n u t e  per  ioo # g  P) a n d  f rom these  d a t a  t h e  re la t ive  specific act iv i t ies  of t h e  r ibonucleot ide 
p h o s p h o r u s  and  phospho l ip in  p h o s p h o r u s  were der ived (specific ac t iv i ty  of r ibonucleot ide  phospho rus  
or phospho l ip id  P as a pe rcen tage  of t he  specific ac t iv i ty  of l iver inorganic  phosphorus) .  

I n  t he  q u a n t i t a t i v e  e x p e r i m e n t s  t he  s l ight ly  modif ied S c h m i d t - T h a n n h a u s e r  p rocedure  employed  
p rev ious ly  s was  used.  M e a s u r e m e n t s  of u l t rav io le t  absorp t ion  a t  260 m/z in a B e c k m a n  spectro-  
p h o t o m e t e r  showed  t h a t  t h e  rat io  of u l t rav io le t -absorb ing  mate r ia l  to p h o s p h o r u s  in t he  alkaline 
d iges t  was  no t  a l tered  by  pro te in  deficiency or change  in energy  in take  in a n y  of t he  f ract ions  and  
th i s  just i f ies  t he  use  of p h o s p h o r u s  as a m e a s u r e  of 1RNA in t he  alkaline digests  f rom the  cy top lasmic  
f ract ions .  

R E S U L T S  

Experiments with radioactive phosphorus. In Tables I, II, III and IV are reported 
the relative specific activities of the RNA phosphorus and phospholipin phosphorus of 
the liver cell fractions isolated 2, 4 or 18 hours after injection of labelled phosphorus 
into rats receiving different amounts of a protein-free diet. Since changes in the level 
of energy intake had essentially the same effect on ~2p uptake by each of the nucleotides, 
the data from the four nucleotides were averaged and are shown as the activity of 
the RNA. In order to compare different experiments, changes in relative specific activity 
produced by an increase in energy intake of IOOO kg cal. /sq.m body surface area are 
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expressed as a percentage of the relative specific activity corresponding to an energy 
intake of 12oo kg cal./sq.m. 

In agreement with previous experiments on rats receiving protein-free diets 1, the 
relative specific activity of the RNAP in the liver cell as a whole increased when energy 
intake was raised (Tables I, II and III). At 2 h after 32p injection, when nuclear R N A P  
shows about IO times the radioactivity of cytoplasmic RNAP,  the influence of energy 
intake is mainly confined to the nuclear RNA. At 4 and i8 h after injection an increased 
uptake of 32p in response to the increment in energy supply is now shown by all cell 
fractions. There is, however, a quantitative difference in the response of the nucleus, 
mitochondria and microsomes on the one hand, and the response of the cell sap on the 
other, the uptake by the cell sap being less influenced by the plane of energy intake. 

T A B L E  I 

T H E  I N F L U E N C E  O F  L E V E L  OY E N E R G Y  I N T A K E  O F  A P R O T E I N - F R E E  D I E T  O N  U P T A K E  O F  a 2 p  B Y  L I V E R  

R I B O N U C L E I C  A C I D  A N D  P H O S P H O L I P I N  I N  D I F F E R E N T  C E L L  F R A C T I O N S  I S O L A T E D  I N  I S O T O N I C  S U C R O S E  

2 h A F T E R  I N J E C T I O N  O F  LABELLED P H O S P H O R U S .  ( M E A N  A C T I V I T I E S  O F  N U C L E O T I D E S  F R O M  P O O L E D  

L I V E R S  O F  4 R A T S  A T  E A C H  E N E R G Y  L E V E L .  T H E  C H A N G E  P R O D U C E D  B Y  A N  I N C R E A S E  O F  IOOO k g  ca l . /  
s q .  I l l  S U R F A C E  A R E A  H A S  B E E N  E X P R E S S E D  A S  A P E R C E N T A G E  O F  T H E  R E L A T I V E  S P E C I F I C  A C T I V I T Y  

C O R R E S P O N D I N G  T O  A N  E N E R G Y  I N T A K E  O F  I 2 O O  k g  cal . )  

Ribonucleie acid Phospholipin 
Relative specific activ#y Relative specific activity 

Fraction 
81o kg 175o kg Change/±ooo 8xo kg I75o kg Change/zooo 

cal./sq, m cal./sq, m kg cal. cal./sq, m cal./sq, m kg cal. 

Whole  h o m o g e n a t e  2 .04  2.41 + 18 % 13. 9 13.1 ~ 6 % 

N u c l e u s  lO.2 13.3 + 29 I/0 14 .o  i i . i  - - 2 4  % 
Cytoplasm 1.41 1.27 - i i % 14. 9 13. 3 - -  12 % 

o/ 13.o  1 t . 4  ol Mitochondria  0 .57  0 .57  o / o  - - - 1 4  /o  

Microsomes 0 . 5 7  0 - 6 5  @ 1 4  % 1 5 . 2  14 '2  - -  7 % 
Cell sap 2.45 2.o 7 - - 1 8  % 15. 5 I4.5 - -  7 I/o 

T A B L E  11 

T H E  I N F L U E N C E  O F  L E V E L  O F  E N E R G Y  I N T A K E  O F  A P R O T E I N - F R E E  D I E T  O N  U P T A K E  O F  3 2 p  B Y  L I V E R  

R I B O N U C L E 1 C  A C I D  A N D  P H O S P H O L I P I N  I N  D I F F E R E N T  C E L L  F R A C T I O N S  I S O L A T E D  I N  I S O T O N I C  S U C R O S E  

4 h A F T E R  I N J E C T I O N  O F  L A B E L L E D  P H O S P H O R U S .  ( M E A N  A C T I V I T I E S  O F  N U C L E O T I D E S  F R O M  P O O L E D  

L I V E R S  O F  6 R A T S  A T  E A C H  E N E R G Y  L E V E L .  T H E  C H A N G E  P R O D U C E D  B Y  A N  I N C R E A S E  O F  IOOO k g  c a l . /  

s q ,  m S U R F A C E  A R E A  H A S  B E E N  E X P R E S S E D  A S  A P E R C E N T A G E  O F  T H E  R E L A T I V E  S P E C I F I C  A C T I V I T Y  

C O R R E S P O N D I N G  T O  A N  E N E R G Y  I N T A K E  O F  I 2 0 0  kg cal . )  

Ribonucleic acid Phospholipin 
Relative specific activity Relative specific activity 

Fraction 
830 kg 2800 kg Change/zooo 830 kg 2800 kg Change/zooo 

cal./sq, m cal./s 7. m kg cal. cal. /sq. m cal./sq, m kg cal, 

Whole  h o m o g e n a t e  5.7 8.0 + 36 % 35.5 35-4 o % 

Nucleus  28.4 34.9 + 22 % 28, 4 26.8 - -  6 % 
Cytop lasm 4-1 5.6 7- 33 % 36.9 36.6 - -  1% 

Mitochondria  2.8 4. i -~- 4 ° % 38.8 32.0 - -  19 % 
Microsomes 3.1 4 .2 + 34 % 37 .8 42.8 + 13 % 
Cell sap 7.1 8.2 + 15% 48.3 52.6 + 9% 
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T A B L E  I I I  

TI tF  INI,'LUENCE OF LEVEL OF ENERGY INTAKE OF A PROTEIN-PREE DIET ON UPTAKE OF 32p BY LIVER 
RIBONUCLEIC ACID AND PIIOSPHOLIP1N IN DIFFERENT CELL FRACTIONS ISOLATED IN ISOTONIC SUCROSE 
18 h AFTER INJECTION OF LABELLED PHOSPHORUS. (MEAN ACTIVITIES OF NUCLEOTIDES FROM POOLED 

LIVERS OF (i RATS AT EACH ENERGY LEVEL. THE CHANGE PRODUCED I3Y AN INCREASE OF IOOO k g  cal./ 
sq .  n i  SURFACE AREA HAS BEEN EXPRESSED AS A PERCENTAGE OF THE RELATIVE SPECIFIC ACTIVITY 

CORRESPONDING TO AN ENERGY INTAKE OF 12oo  kg cal.} 

Ribonuch'ic acid Phospholipin 
Relative specific activity Relative specific activity 

Fraction 
780 kg x44 ° kg Change/zooo 780 kg i44o kg Change/zooo 

cal. ,sq. m caI./sq, m kg cal, cal.siq, m cal./sq, m kg cal. 

\ V h o l e  h o m o g e n a t e  28 .9  33 .2  + 20 ° '  o 99  lO 4 + ~S o,/o 

N u c l e u s  32.1 38 .5  + 27 % 98  98  o % 
Cytoplasm 26 .6  33 .5  + 34 , o  l o  4 IO3 - - 2  % 

M i t o c h o n d r i a  22, 7 28.1 -}- 31 °,/o 99  i o o  + 2 }"o 
M i c r o s o m e s  2 3 . 4  29 .o  + 32 % 106 1 o i - -  7 % 
C e l l  s a p  34 .6 37 .5  -~- 12 °/o I o 2  I O i  - - 2  oJ /o 

The above data were obtained with the isotonic sucrose technique of SCHNEIDERg; in 
order to verify this difference in the behaviour of the cell sap from the rest of the cell, 
a further experiment was carried out in which the liver was fractionated by CLAUDE'S 12 
isotonic saline procedure. The rats were killed 4 h after injection of 32p and the cytoplasm 
was separated into a granule fraction (mitochondria and microsomes together) and the 
cell sap. Once more, the effect of raising energy intake was greater in the R N A  of the 
granular fraction than in the RNA of the cell sap (Table IV). The phospholipin data 
given in Tables I, II and n I  show no changes in a2p uptake comparable in magnitude 
to those revealed by RNA when energy intake was altered. 

T A B L E  I V  

THE INFLUENCE OF LEVEL OF ENERGY INTAKE OF A PROTEIN-FREE DIET ON UPTAKE OF 32I) BY LIVER 

RIBONUCLEIC ACID IN DIFFERENT CELL FRACTIONS ISOLATED IN 0 .8  5 ~o NaC1 4 h AFTER INJECTION 
OF LABELLED PHOSPHORUS. (MEAN ACTIVITIES OF RIBONUCLEOTIDES FROM POOLED LIVERS OF GROUPS 
OF 5 RATS AT EACH ENERGY LEVEL. THE CHANGE PRODUCED BY AN INCREASE OF IOOO k g  cal.]sq.m 
HAS BEEN EXPRESSED AS A PERCENTAGE OF THE RELATIVE SPECIFIC ACTIVITY CORRESPONDING 1"O 

AN ENERGY INTAKE OF 12OO kg cal.) 

Ribonucleic acid 
Relative specific activity 

Fraction 
780 kg £530 kg Change/¢ooo 

cal./sq, m cal./sq, m kg cal. 

\ ¥ h o l e  h o m o g e n a t e  5 .75  8 , 4 I  + 46  c}'o 
Granules 2-83 3 , 5 9  + 3 1 %  
Ce l l  s a p  5 .35  5 ,78  + IO % 

Quantitative studies. These experiments were intended to provide a quantitative 
picture of changes in the total amounts of RNA, protein and phospholipin in the 
different parts of the liver cell when the energy content of the protein-containing or 
the protein-free diet was altered. Unfortunately,  the nuclei did not separate quanti- 
tatively but were contaminated by unbroken cells. The extent of the contamination 
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can be judged from the observation that the nuclear fractions of the four dietary groups 
shown in Figs. 1-3 contained 39, 45, 36 and 40% respectively of the total cellular 
protein. These figures, together with comparable data for RNA and phospholipin, 
suggest that  the degree of cell contamination of the nuclear fractions was fairly uniform 
for the four dietary groups studied. This is reasonable, since all four groups were treated 
in the same manner during the separation procedures. Under the circumstances, we 
have limited ourselves to a consideration of the cytoplasmic fractions and have assumed 
that  the recoveries of cytoplasm on all four diets were proportionately the same. The 
mitochondrial fraction may be somewhat in error, since there is reason to believe ~4 that 
SCHNEIDER'S 9 method of separating nuclei may result in some loss of mitochondria into 
the nuclear fraction. However, in view of the high centrifugal force (8500 g) needed 

1.5 

Q- 1.0 
Q. 

~c 

O.5 

1 2 3 4 
Hilochondrio 

I 2 3 4 
Microsomes 

1 2 3 4 
Ceil sop 

Fig. I. The  effect of different  levels of prote in  and  energy  in t ake  on t he  a m o u n t  of r ibonucleic  acid 
in different  cy top la smic  f rac t ions  of t he  liver. An ima l s  receiving a p ro te in -con ta in ing  diet  are in- 
d ica ted  b y  shaded  co lumns ;  those  on a protein-free  diet  are shown  b y  open co lumns .  The  levels ot 
ene rgy  i n t ake  in kg ca l . / sq .m  b o d y  surface  a rea  are  ind ica ted  by  t he  n u m b e r s  below the  co lumns :  

I, 76o kg cal.;  2, 166o kg cal.;  3, 79o kg  cal. ;  4, 166o kg cal. 

6C 

~-4c i// //./ 

/ , /  , 

, / / ,  

I 2 3 4. 1 2 3 4 1 2 3 4 
hlifochondrio hlicrosome$ Cell sap 

Fig. 2. The  effect of different  levels of pro te in  a n d  ene rgy  i n t ake  on t he  a m o u n t  of pro te in  in different  
cy top l a smic  f rac t ions  of t he  liver. P ro te in  a n d  energy  levels are ind ica ted  by  shad ing  and  n u m b e r s  

as in Fig. I. 
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to sediment all the mitochondria, the loss from this fraction at 60o g is not likely to 
be large. 

The data (Figs. I, 2 and 3) allow us to compare the effect of varying the energy 
intake when the diet contains protein and when it is free from protein. In the case of 
RNA (Fig. I), the total amount in the mitochondrial fraction showed little variation 
with diet. The total amount of RNA in the microsomes was considerably reduced by 
removal of protein from the diet, whereas the amount in the cell sap was only slightly 
affected. On the other hand, the RNA in both the microsomal and cell sap fractions 
was increased by  raising the level of energy intake, and this effect was of the same 
magnitude irrespective of whether the diet contained protein or not. 

2.O 

o.. 

no 
o 

0.5 

1 2 3 4 

Mitochondrio 

/ / ~ .  / 

"X : 9"/; 
, /  

S/, 
/ / /  
/ / /  

1 2 3 4 
Microsomes 

Y/;  

/ / /  

1 2 3 4 

Cell sop 

Fig. 3. The  effect of different  levels of p ro te in  and  energy  in take  on t he  a m o u n t  of phospho l ip in  in 
different  cy top lasmic  f rac t ions  of t he  liver. P ro te in  and  energy  levels are ind ica ted  b y  shad ing  a n d  

n u m b e r s  as in Fig. i .  

In the case of protein (Fig. 2), the mitochondrial fraction showed a reduction on 
the protein-free diet, and also with increments in energy intake. None of these changes 
was considerable. By contrast, both the microsomal and cell sap fractions were definitely 
affected by removal of protein from the diet. In the case of the microsomal fraction, 
increments in energy intake caused a small increase in total  protein at both levels of 
protein intake. The amount of protein in the cell sap was considerably increased by 
a rise in energy intake when the diet contained protein, but was not appreciably altered 
by raising energy intake on the protein-free diet. 

In the case of phospholipin (Fig. 3), the mitochondria again showed only slight 
variations with diet.The amounts in both the microsomes and the cell sap were influenced 
by protein level, and in each case a change in energy intake had more effect when the 
diet contained protein. 

DISCUSSION 

Previous experiments have demonstrated that  addition of carbohydrate to a 
protein-free diet causes an increase in the uptake of phosphorus by liver RNA, ac- 
companied by  only minimal changes in the total  amount of liver RNA 1. The pr imary 
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object of the present series of experiments has been to determine in what fraction or 
fractions of the liver cell this increased phosphorus uptake occurs. The results obtained 
for the whole cell at different time-intervals after 32p injection show the same response 
to increased energy intake as was previously found. During the first 2 h after injection 
of the labelled phosphate this is almost entirely due to an increased uptake by the 
nucleus (Table I), an observation which is consistent with the established greater rate 
of RNA synthesis by the nucleus. At 4 h and at 18 h (Tables I I  and I I I )  all fractions 
now show an increased phosphorus uptake into RNA with raised energy intake, but in 
all these experiments the level of energy intake had less effect on the RNA of the cell 
sap than on the nucleus and granules, and even at the 2 h interval the cell sap fraction 
is less favourably affected than the other cellular fractions when energy intake is 
increased. 

In an a t tempt  to throw light on this peculiarity of the cell sap fraction, we studied 
quanti tat ive changes occurring in certain constituents of the cellular fractions. This 
revealed that  the RNA of the cell sap, unlike the protein and phospholipin of this 
fraction, was not appreciably diminished by removal of protein from the diet. In this 
respect it differed from the microsome fraction in which all 3 constituents were reduced 
in total  amount by transferring the animals to a protein-free diet, and from the mito- 
chondrial fraction, in which none of the constituents was consistently changed by 
varying the protein level. Confirmation of these findings can be obtained by recalculating 
the data of MUNTWYLER, SEIFTER AND HARKNESS 14 on the intracellular distribution of 
RNA at different levels of protein intake (Table V). In this calculation the total amount 
of RNA for each cell fraction can be obtained by using the deoxyribonucleic acid content 
of the liver as a reference standard15; this has the advantage of expressing the amount 
of RNA in terms of a liver constituent which is proportional to the number of liver cells 
and is unaffected by the protein-free diet. I t  is apparent  (Table V) that  removal of 
protein from the diet affects only the RNA of the microsomes but not of the mito- 
chondria or cell sap. Recalculation of other experiments reported by these authors TM 

also shows this picture. VENDRELY AND VENDRELY 17 have reached a similar conclusion 
in a s tudy of protein depletion. 

TABLE V 
R E C A L C U L A T I O N  O F  T H E  D A T A  O F  M U N T W Y L E R  £6 al. 14 T O  S H O W  T H E  T O T A L  A M O U N T  O F  R I B O N U C L E I C  

A C I D  I N  V A R I O U S  L I V E R  C E L L  F R A C T I O N S  A T  D I F F E R E N T  L E V E L S  O F  P R O T E I N  I N T A K E .  ( T H E  R I B O N U C L E I C  

A C I D  I N  E A C H  F R A C T I O N  H A S  B E E N  R E L A T E D  T O  T H E  D E O X Y R I B O N U C L E I C  A C I D  O F  T H E  W H O L E  C E L L  

A S  A R E F E R E N C E  S T A N D A R D )  

mg ribonucleic acid phosphorus in 
fraction per zoo mg deoxyribonucleic Change on 

Fraction acid phosphorus in whole homogenate Protein-[ree 

Protein-containing Protein-free diet 
diet diet 

Nucleus  42 31 - - 2 6  % 
Mi tochondr ia  16 18 + 13 % 
Microsomes 155 i 14 - -  26 % 
Cell sap 114 12 3 -~- 8 %  

When we consider the radioactivity and quanti tat ive data together, it is thus 
apparent  that  the cell sap differs from the other fractions in two respects, the rate of 
32p uptake is less affected by energy level on the protein-free diet, and the total amount 
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of R N A  in t h e  f r a c t i o n  is s e n s i t i v e  to  e n e r g y  i n t a k e  b u t  n o t  to  p r o t e i n  i n t a k e ,  I t  will  

be  n o t e d  t h a t ,  a l t h o u g h  t h e  t o t a l  R N A  of t h e  m i t o c h o n d r i a l  f r a c t i o n  is also l i t t l e  

i n f l u e n c e d  b y  p r o t e i n  level ,  i t  is n o t  a p p r e c i a b l y  a l t e r e d  in  a m o u n t  b y  e n e r g y  level .  

T h e  r e a s o n  for  t h e  p e c u l i a r i t i e s  of R N A  m e t a b o l i s m  in t h e  cell s a p  is n o t  a t  all  c l e a r ;  

i t  m a y  be  t h a t  t h e  R N A  a n d  p r o t e i n  c o n t a i n e d  in  t h e  cell  s a p  r e a c t  d i f f e r e n t l y  to  

v a r i a t i o n s  in  p r o t e i n  i n t a k e  b e c a u s e  of some  f u n c t i o n  oJ R N A  in  t h i s  f r a c t i o n  o t h e r  

t h a n  p r o t e i n  s y n t h e s i s .  I n  s u p p o r t  of th i s ,  i t  is t o  b e  n o t e d  t h a t  t h e  m i c r o s o m e s  a p p e a r  

to  p l a y  a m a j o r  ro le  in  p r o t e i n  s y n t h e s i s  ts a n d  in  t h i s  f r a c t i o n  R N A  a n d  p r o t e i n  b e h a v e  

s i m i l a r l y  t o w a r d s  v a r i a t i o n s  in  p r o t e i n  i n t a k e .  
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SUMMARY 

I. Rats  receiving protein-free diets of differing energy content  were killed at  various time- 
intervals after injection with 32p. The livers were then separated into nuclear, mitochondrial, micro- 
somal and cell sap fractions. An increase in the level of energy intake eventually caused a greater 
incorporation of 32p into the ribonucleic acid of all fractions, but  the effect was less marked in the 
case of the cell sap. The uptake of 32p by the phospholipins was not  increased in any cell fraction. 

2. Studies of the amount  of ribonucleic acid, protein and phospholipin in different fractions 
of the liver cell cytoplasm were made in relation to the amount  of protein and energy in the diet. 
Only the microsome fraction showed definite changes in the amount  of ribonucleic acid when protein 
was withdrawn from the diet. The quant i ta t ive  changes found in the ribonucleic acid of different 
cell fractions are discussed in relation to the rate of ~ P  incorporation. 

R~SU~I~ 

I. Des rats  qui avaient  re~u un rggime non-prot6ique avec des quantit4s diff6rentes d'6nergie 
ont  6t6 tu6s $ divers temps apr6s l ' injection de a2p. Les foies ont 6t6 alors s6par6s en diverses fractions 
cellulaires - -  noyaux, mitochondries, microsomes et suc eellulaire. L ' incorporat ion de 32p dans l 'acide 
ribonncl6ique de  toutes ces fractions 6taft plus rapide quand le niveau d'6nergie s'61evait, mais cet 
effet 6tait moins marqu6 dans le cas de l 'acide ribonucl4ique du suc cellulaire. L' incorporation de 32p 
dans les phospholipides n 'augmenta i t  dans aucune fraction. 

2. Des 6tudes sur la quanti t6 de l 'acide ribonucl6ique, de prot6ines et de phospholipides dans 
les diff6rentes fractions cytoplasmiques du foie ont  6t6 faites en relation avec la quanti t6 d'6nergie 
et de prot6ines dans le r6gime. Seulement la fraction microsomique a manifest6 des changements  
dans la teneur en acide ribonucl6ique pendant  le jeflne prot6ique. On a discut6 les changements  
dans la teneur en acide ribonucl6ique des fractions en relation avec la vitesse d ' incorporat ion de ~P .  

ZUSAMMENFASSUNG 

i. Mit proteinfreier Nahrung unterschiedlichen Energieinhalts erniihrte Ra t ten  wurden nach 
Injektion mit  3ap nach verschieden langen Zeitabstiinden get6tet. Die Leber wurde dann in eine 
Kern-, eine Mitochondrien-, eine Mikrosom- und eine Zellsaftfraktion aufgeteilt. Eine Erh6hung der 
Energieaufnahme verursachte einen erh6hten Einbau des 3ap in die Ribonueleinsiiure bei alien 
Fraktionen, jedoch war die Wirkung im Falle des Zellsaftes am wenigsten ausgeprAgt. Im Phospho- 
lipin wurde die a~p-Anfnahme in allen Zellfraktionen dadurch nicht erh6ht. 

2. Es wurden Untersuchungen angestellt, in wie weft der RibonucleinsSure-, der Protein- und 
der Phospholipingehalt der versehiedenen Frakt ionen des Leberzellcytoplasmas in Beziehung zum 
Protein- und Energiegehalt der Nahrung steht. Nur in der Mikrosomenfraktion wurde eine deutliehe 
VerSnderung des Ribonncleinsiiuregehaltes bei Proteinentzug in der Nahrung beobachtet .  Die ge- 
fundenen quant i ta t iven Veriinderungen des Ribonucleins~mregehaltes der verschiedenen Zell- 
fraktionen warden in Bezng zu der Geschwindigkeit des 3*P-Einbanes besprochen. 
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