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Prote in  Synthes i s  Regulat ion  by  Arg inase  in Chicken Liver 1 

I n  t h e  ch icken  l iver of the  New Golden Leghorn  s t ra in  
fas t ing  p r o m o t e s  t he  appea rance  of a new arginase  
ac t iv i ty .  U n d e r  t he  same condi t ions ,  the  incorpora t ion  
of label led arginine  in to  t he  l iver  p ro t e in  is severe ly  
decreased,  t he  decrease  being d i rec t ly  re la ted  to  t he  
levels  of t h e  new arginase ac t iv i ty .  This  could r ep re sen t  
a m e c h a n i s m  of r egu la t ion  of p ro t e in  syn thes i s  and  al low 
t h e  an ima l  to  spare  t h e  energy  supp ly  in all  t he  condi-  
t ions  where  food is scarce. 

The  chicken,  e i ther  fas t ing  or fed, usual ly  has  a low 
l iver  a rg inase  a c t i v i t y  ~-4. However ,  in some s t ra ins ,  
such  as t h e  New Golden Leghorn  (NGL), a rg inase  ac t iv i ty  
is increased up  to  20-fold b y  fas t ing  or by  a h igh  p ro t e i n  
diet ,  and  r e tu rns  to  no rma l  b y  refeeding  for 24 h w i th  
t h e  n o r m a l  diet ,  This  increase  is caused  b y  the  appea rance  
of a new t y p e  of a rg inase  (arginase B) wh ich  differs  f rom 
t h a t  p r e s e n t  in t he  fed an imal s  (arginase A) for  t h e  
c h r o m a t o g r a p h i c  behaviour ,  for a lower  s e d i m e n t a t i o n  
coeff ic ient  and  for  a lower  K m  for  arginine  (7 m~I)  
c o m p a r e d  to  92 m M  for  arg inase  A s , e  

The  d r a m a t i c  increase of t he  t o t a l  l iver  arginase  
a c t i v i t y  and  t h e  lower  K m  for a rg in ine  could  af fec t  t he  
s t e a d y  s t a t e  concen t r a t i on  of t h i s  a m i n o  acid  in t he  
cell a n d  the re fore  inf luence  i ts  metabo l ic  processes.  In  
th is  p a p e r  i t  is shown  tha t ,  a f t e r  fast ing,  the  incorpora-  
t ion  of arginine  in to  t h e  l iver  p ro te in  of N G L  chickens  
is severe ly  decreased ,  t he  decrease  being re la ted  to  the  
levels  of l iver  a rg inase  ac t iv i ty .  

Mater ia ls  and  methods. New golden  leghorn and  wh i t e  
leghorn  ch ickens  of 2 to  3 weeks  old were  pu rchased  f rom 
the  Staz ione  Sper imen ta le  di Pol l icul tura ,  Rovigo  (I taly) .  
Arginase  a c t i v i t y  was assayed  as p rev ious ly  descr ibed  5. 
A un i t  was def ined  as t he  a m o u n t  of enzyme  wh ich  
ca ta lyzes  t he  fo rma t ion  of 1 vmole  of o rn i th ine  per  hour  
a t  37 °C. Liver  cell suspens ions  were  p r epa red  in Krebs-  
R inge r -b i ca rbona t e  m e d i u m  as descr ibed  b y  GUDER et  
al. 7 and  con ta ined  1 g of ceils per  5 nil  of suspension.  
For  t he  d e t e r m i n a t i o n  of t he  in t race l lu lar  arginine and  
leucine c o n t e n t  a t  t he  beg inn ing  of the  expe r imen t ,  l iver 
cell suspens ions  were  homogen ized  wi th  4 volumes  of 
8% perchlor ic  acid and  the  amino  acid con ten t  was 

The relation between amino acids incorporation and arginase 
activity 

Amino acid incorporation Arginase 
per 100 mg of cells activity 
8H-Leucine ZH-Arginine (units/g 
cpm cpm of liver) 

Fed chicken 1700 670 53 
24 h fasted chicken 960 260 580 
48 h fasted chicken 700 100 1900 

The incubation mixtures, prepared as described under Figure 1, 
contained all the amino acids at 0.33 mfff concentration. Of the 
amino acids either leucine, specific activity 3548 cpm per nmole, 
or arginine, specific activity 1920 cpm per nmole, were labelled. 
After I h of incubation at 38 °C and pH 7.4, the reaction was stopped 
by the addition of 5 ml of 8% triehloroaeetic acid and the protein 
precipitate was prepared for counting and counted as previously 
described. Argiuase activity was assayed as described under methods. 

d e t e r m i n e d  on the  neut ra l ized  perchlor ic  acid e x t r a c t  
according  to  SPACKMAN et  al. 8. 

Results.  I t  was found  t h a t  leucine incorpora t ion  was 
3-fold lower and  arginine  incorpora t ion  9-fold lower in 
the  l iver  of t h e  48 h fas ted  an imal  (1740 arginase units ,  
K m  for a rg in ine  = 7 m M ,  per  g of fresh tissue) t h a n  
in t he  l iver  of the  fed cont ro l  (36 arginase  uni ts ,  K m  for 
arginine = 9 2 r a m ,  per  g of f resh  tissue) (Figure  1). 
F u r t h e r m o r e  (Table) the  incorpora t ion  of 3H-leucine 
and  par t icu lar ly  of aH-arginine  was  inverse ly  r e l a t ed  to  
the  levels of arginase  ac t iv i ty .  The  process  of the  incor-  
pora t ion  of ZH-arginine in to  t h e  l iver  p ro te in  was  sa tu-  
r a t e d  in t he  fed an imal  (60 arg inase  un i t s  pe r  g of liver) 
a t  a lower concen t r a t ion  of a rg in ine  t h a n  in t h e  48 h 
fas ted  animal  (2000 a rg inase  un i t s  pe r  g of  liver). The  
overa l l  a p p a r e n t  K m  for  arginine,  c o mp r e h e n s i v e  of all  
t he  metabol ic  processes,  f rom t h e  p e n e t r a t i o n  of t h e  
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Fig. 1. Incorporation of SH-leucine and ZH-arginine into the liver 
protein of fed and fasted NGL chickens. The incubation mixtures 
(1.5 ml) contained 0.1 g of the liver cells suspension from a fed (O) 
or from a 48h fasted chicken (O); in Krebs-Ringer-bicarbonate 
medium containing 8 mM glucose and all the amino acids at a 
concentration of 0.33 mM each. Of the amino acids, either leucine, 
specific activity 3548 epm per nmole (left side of the figure); or 
arginine, speelfie activity 1920 cpm per nmole (right side of the 
figure) were labelled. The pH was 7.4, temperature was 38°C. At 
the times indicated in the figure, the reaction was stopped by the 
addition of 5 ml of 8% triehloriacetie acid and the protein precipitate 
was prepared for counting according to SmKEWrZ ~, dissolved in 
60% formic acid and the radioactivity determined in a Tri Carb 
Liquid Scintillation Counter. 
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a rg in ine  of t he  m e d i u m  in to  t h e  cell to  t h e  i n c o r p o r a t i o n  
in to  t h e  p ro te in ,  was 0.1 m M  in  t h e  fed a n i m a l  a n d  
0.6 m l ~ / i n  t h e  f a s t ed  a n i m a l  (Figure  2). 

Discussion. T h e  i n c o r p o r a t i o n  of ~H-arg in ine  i n to  t h e  
l ive r  p r o t e i n  of fas ted  ch i ckens  of t h e  N G L  s t r a i n  is 
decreased,  as  c o m p a r e d  w i t h  t h e  fed cont ro ls ,  t o  a l a rge r  
e x t e n t  t h a n  t h a t  of ~H-leucine.  Th i s  does  n o t  occur  in  
o t h e r  s t ra ins ,  such  as  t h e  w h i t e  l egho rn :  t h e r e  f a s t i ng  
is n o t  fol lowed,  as  is t y p i c a l  for  t h e  N G L  s t r a in ,  b y  t h e  
la rge  inc rease  of a n  a rg inase  a c t i v i t y  w i t h  low K m  for 
a rg in ine .  

M a n y  fac tors  cou ld  in f luence  t h e  l abe l l i ng  of t h e  l iver  
p r o t e i n  b y  3H-leucine a n d  ~H-arginine.  F i rs t ,  a la rger  
i so topic  d i l u t i on  in t h e  fas ted  as c o m p a r e d  w i t h  t h e  fed 
a n i m a l  could  be  t h e  reason.  This ,  however ,  is n o t  t he  
case. I n  fact ,  a t  t h e  b e g i n n i n g  of t h e  e x p e r i m e n t ,  t he  
i n t r a c e l l u l a r  leuc ine  c o n t e n t  was  9 nmoles  pe r  100 m g  
of l iver  in  t h e  fas ted  a n d  6.2 nmoles  in  t he  fed an imal ,  
whi le  t h e  a rg in ine  c o n t e n t  was  9.2 nmoles  pe r  100 m g  
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Fig. 2. Incorporation of SH-arginine in the liver protein of fed and 
48 h fasted NGL chickens as a functiou of argitfine concentration. 
The incubation mixtures were prepared as described under Figure i. 
The concentration of aH-arginine (specific activity 960 epm per 
nmole} was: 0.66, 0.33, 0.132; 0.06 raM. Temperature was 38°C, 
pH was 7.4. After 1 h of incubation the reaction was stopped by 
the addition of 5 ml of 8% trichloroaeetie acid and the protein 
precipitate was prepared for counting and counted as described 
under Figure 1. 

in  t h e  fas ted  a n d  4.1 nmoles  in  t he  fed an imal .  These  
d i f ferences  are  n o t  i m p o r t a n t  s ince t h e  equ i l i b r a t i on  
b e t w e e n  t h e  e x t r a -  a n d  t h e  i n t r ace l l u l a r  a m i n o  ac ids  is 
r ap id  ~0-x2 a n d  t h e  a m o u n t  of t h e  a d d e d  l abe l l ed  teuc ine  
a n d  a rg in ine  was  m u c h  in  excess  (0.5 nmole)  of t h a t  
p r e s e n t  in  t h e  cells. 

F a s t i n g  could  s low d o w n  t h e  p r o t e i n  s y n t h e s i s  b y  
dec reas ing  t h e  c o n c e n t r a t i o n  of  u n k n o w n  factors .  This ,  
however ,  cou ld  h a r d l y  exp l a in  why ,  u n d e r  t h e  s ame  
e x p e r i m e n t a l  cond i t ions ,  a rg in ine  is i n c o r p o r a t e d  to  a 
lesser  e x t e n t  t h a n  leucine,  

I t  seems,  o n  t h e  c o n t r a r y ,  r e a s o n a b l e  to  r e l a t e  t h e  
la rger  decrease  of a rg in ine  i n c o r p o r a t i o n  to  t h e  h i g h e r  
level  of t h e  l iver  a rg inase  a c t i v i t y  of t he  f a s t ed  N G L  
ch i ckens  (Figure  1, Table) .  Th i s  conc lus ion  is also sup-  
p o r t e d  b y  t h e  o b s e r v a t i o n  t h a t  t h e  effect  of f a s t ing  on  
a rg in ine  i n c o r p o r a t i o n  i n to  t h e  l iver  p r o t e i n  can  b e  
a l m o s t  c o m p l e t e l y  r e m o v e d  b y  inc reas ing  t h e  a rg in ine  
c o n c e n t r a t i o n  (Figure  2). 

T h e  a rg inase  level  c an  t h u s  cont ro l ,  in t h e  l iver  of t h e  
ch ickens  of t h e  N G L  s t ra in ,  t he  r a t e  of a rg in ine  incor-  
p o r a t i o n  a n d  the re fo re  t h e  syn thes i s  of p ro te in ,  p a r t i -  
cu la r ly  of t h e  bas ic  p r o t e i n  such  as h is tones .  On t h e  
con t r a ry ,  syn thes i s  of t h e  acidic p ro te in ,  such  as a rg inase  
f rom ch icken  l iver,  shou ld  be  in f luenced  to  a lesser 
ex t en t .  The  p roposed  m e c h a n i s m  of r e g u l a t i o n  could  
r ep resen t ,  in  a l l  cond i t i ons  where  food is scarce,  a useful  
m e c h a n i s m  to  spare  t h e  e n e r g y  s u p p l y  a n d  t h u s  to  
p r o v i d e  a s u r v i v a l  a d v a n t a g e  to  t he  an ima l .  

Riassunto. L a  comparsa ,  d a  d ig iuno ,  di u n a  n n o v a  
a t t i v i t ~  a rg inas i ca  ne l  l ega to  di pu l c ino  del ceppo  N u o v a  
L ivo rnese  I )o ra t a ,  ~ a s soc ia t a  al  decrescere  de l la  incor-  
p o r a z i o n e  di a r g i n i n a  nel le  p ro t e ine  epa t i che .  II  f e n o m e n o  
p o t r e b b e  ave re  in te resse  ne l l a  rego laz ione  de l la  s in tes i  
p ro te ica .  
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P r o s t a g l a n d i n s  a n d  F o o d  I n t a k e  o f  R a t s  

To ou r  knowledge ,  t h e  effects  of p r o s t a g t a n d i n s  (PG) 
o n  food i n t a k e  h a v e  n o t  b e e n  r epor t ed .  Because  P G  are  
u b i q u i t o u s  a n d  h a v e  b e e n  s h o w n  to  h a v e  m a n y  effects  
on  phys io log ica l  a n d  b i ochem i ca l  f u n c t i o n s  w h i c h  p l a y  
some  p a r t  in  t h e  r e g u l a t i o n  of e n e r g y  ba lance ,  i t  is 
conce ivab l e  t h a t  t h e y  m a y  be  a c o m p o n e n t  of t h e  food 
i n t a k e  regulator}-  sys t em.  

P G  a re  s y n t h e s i z e d  in va r ious  o rgans  i nc lud ing  s to-  
m a c h  x i n t e s t i ne s  2 ad ipose  t i ssue  ~, n e r v e s  4, s a n d  b r a i n  s 
Of t h e  m a n y  effects  of PG,  those  w h i c h  a re  r e l a t ed  to  
t h e  con t ro l  of food i n t a k e  inc lude :  s t i m u l a t i o n  of gas t ro -  
i n t e s t i n a l  m o t i l i t y  7, i n h i b i t i o n  of gas t r ic  sec re t ion  s, a n d  
i n h i b i t i o n  of l ipolysis  caused  b y  ep inephr ine ,  no rep ine -  
phr ine ,  ACTH,  T S H ,  g lucagon  a n d  g r o w t h  h o r m o n e  °. 
P G E  1 ha s  insu l in- l ike  a c t i v i t y  in  t h a t  i t  increases  glucose 
u p t a k e  b y  ad ipose  t i ssue  a n d  s t i m u l a t e s  syn thes i s  of 
t r ig lyeer ides  f rom glucose a n d  a c e t a t e  1°,11. Also BERG- 

STROM et  aI. s h a v e  sugges ted  P G  h a v e  a ro le  in  t h e  
con t ro l  of free f a t t y  acid mob i l i za t ion .  A l t h o u g h  t h e  
a b o v e  m e n t i o n e d  phys io log ica l  a n d  b iochemica l  pro-  
cesses a re  r e l a t ed  to  some a s p e c t  of t h e  con t ro l  of food 
i n t ake ,  i t  is n o t  a p p a r e n t  w h a t  t h e  n e t  r e su l t  of a n y  
one  P G  would  be. Thus ,  t h e  ob j ec t i ve  of t h e  fo l lowing 
e x p e r i m e n t  was  to  d e t e r m i n e  t h e  r e l a t i ve  effects  of 6 of  
t h e  P G  on  food i n t a k e  in  ra ts .  

Male  r a t s  (Charles R i v e r  s t ra in)  were  t r a i n e d  to  b a r  
press  for pe l le t s  (Noyes ;  100 pel le ts  = 4.5 g) a n d  were  
cond i t i oned  to  one  2-h feeding pe r  day.  On  e x p e r i m e n t a l  
days ,  r a t s  were  i n j ec t ed  s.c. w i t h  1.0 m l / k g  c o n t a i n i n g  
a dose of e i t he r  1 m g / m l  of p r o s t a g l a n d i n s  A 1, B 1, Fla,  
F~a, or  0.1 m g / m l  of E 1 or E ,  12. 

On con t ro l  days,  on ly  t he  so lven t  was  i n j ec t ed :  0.1 ml  
e t h y l  a lcohol  d i lu t ed  w i t h  0 . 9 m l  of 0 .02% Na2CO a 
so lu t ion  in sa l ine  (pH b e t w e e n  6.0 a n d  7.0). I m m e d i a t e l y  


