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Le N a F  modif ie  aussi le profil  enzyma t ique  par  
l ' appar i t ion  de l ' i soenzyme c) don t  la synth~se est  
fonct ion de la quant i t6  de phospha te s  du milieu de culture.  
E n  pr6sence d ' une  grande  quant i t6  de phospha te s  cet te  
isoenzy, m e e s t  absen te  mats  appara i t  darts le cas d 'une  
carence.  I1 est  possible que Ie N a F  en inh iban t  les act ivi t6s  
phospha tas iques  place le myc61ium dans  des condi t ions  
de carence en phospha te s  et  en t ra ine  la d6rfpress ion de 
l ' i soenzyme c). La NaF,  en emp6chan t  les r6act ions 
enzymat iques  pour ra i t  laisser in t ac t  dans  le myc6Iium un 
subs t r a t  non m6tabolis6 capable  alors de r6pr imer  
l ' enzyme  a). 

Nous n ' avons  pas d6termin6 ni pr6cis6 le t ype  de 
phospha ta se  acide qui serai t  soumis ~ une telle r6gula- 
t ion.  Mats ttEREDIA ~ dis t ingue chez les levures deux types  
de phosphomono6s t6rases  X r61e physiologique diff6rent,  
l 'une  6taut  r@ress ib le  e t  d @ e n d a n t e  du p h o s p h a t e  
externe,  l ' au t re  cons t i tu t ive  in t e rv iendra i t  dans  le 
mgtabol i sme interm6diaire .  

Summary. Nab" inhib i t s  t he  phospha ta s i c  act ivi t ies  of 
myce l ium Saprolegnia monogca b u t  br ings  abou t  the  
repress ion of isozyme c, as does a p h o s p h a t e  deficiency. 
DLpFPA inhib i t s  in a same m a n n e r  the  enzymat i c  
phospha ta s i c  ac t iv i ty  and  the  pro te in  s y n t h e s i s  
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Effect of Low Prote in  Diet and H y p e r a m m o n e m i a  on Liver Glutaminase  Act iv i ty  in the Rat t 

Liver  g lu taminase  effects release of a m m o n i a  f rom the  
amide  group of g lu tamine  Ior ca rbamyl  p h o s p h a t e  ac t ion  
in  t he  p roduc t ion  of urea. As has been es tab l i shed  for 
m a n y  o the r  enzymes  involved in amino  acid catabol ism,  
the  ac t iv i ty  of g ln taminase  decreases marked ly  dur ing  
low pro te in  in take 2 

Lack  of g lu taminase  was once suggested to be the  basic 
defect  in lysinuric  p ro te in  in to lerance  (LPI) a-s. This is an 
au tosomal  recessive disease 9 character ized  by  h e a v y  
lysinuria  and amino n i t rogen induced  h y p e r a m m o n e m i a .  
The pa t i en t s  have  min imal  p ro te in  in take  because a 
s t rong avers ion to  p ro te in  is associated wi th  t he  periodic 
h y p e r a m m o n e m i a .  Decreased l iver g lu taminase  ac t iv i ty  
would be expec ted  in L P I  secondary  to tile res t r ic ted  
ingest ion of protein ,  even if it  was no t  the  p r ima ry  defect.  
In  a previous  work, the  ac t iv i ty  of g lu taminase  I, the  
ma jo r  hepa t ic  g lutaminase ,  was de t e rmined  in the  l iver 
of 2 L P I  pa t i en t s  ~0. Surprisingly,  an increased ac t iv i ty  
was found.  E v i d e n t l y  some factor  is involved,  which 
t ends  to  increase the  g lu taminase  ac t iv i ty  and  exceeds 
the  opposi te  effect  of low pro te in  intake.  To assess the  role 
of the  periodic h y p e r a m m o n e m i a ,  ra ts  were kep t  on low 
pro te in  die t  and  exposed i n t e r m i t t e n t i y  to  h y p e r a m m o n -  
emia, and  the  effect  on l iver g lu taminase  I ac t iv i ty  was 
de termined.  

45 male Spraque-Dawley  ra ts  were d iv ided  into 4 
expe r imen ta l  groups as shown in Table I. 2 of the  groups 
received s t anda rd  l abora to ry  ra t  chow, wi th  high qua l i ty  
p ro te in  24.6% of t he  wet  weight .  The o ther  2 groups were 
placed on a low pro te in  die t  (Table II),  conta in ing  6% 
pro te in  of the  wet  weight .  Cont inuous  free access to the  

diet  and wa te r  was provided.  The expe r imen t  las ted 14 or 
21 days  (Table I), One of the  groups  on each d ie t  received 
i.p. in ject ions  of a m m o n i u m  ace ta te  2 to  3 t imes  dai ly for 
the  7 last  days  of the  exper iment .  The  single doses of 
a m m o n i u m  ace ta te  were 0.6 mmoles  per  kg in 0.1 M 
solution, which  is 56% of the  ra t  LD09.9 . and  73% of the  
LDh0 ~t. The blood a m m o n i a  concent ra t ion ,  measured  in 
5 animals  i h af ter  the  dose, ranged f rom 186 to  1090 a M  
(mean 427 aM), which  is clearly above the  upper  l imi t  of 
normal~2. The animals  were t hen  decap i ta ted ,  a segment  
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Table I. Effect of low protein diet a and ammonium acetate treatment b on the growth of rats 

Treatment Number of animals -Weight at the beginning 
of the experiment 
mean • SD (g) 

Change in weight per day 
during experiment 
mean :~ SD (g) 

I Normal diet 11 (3) 154.7 4- 10.8 3.39 4- 0.49 
II Normal diet and ammonium acetate 15 (8) 162.1 • 14.8 1.48 :~ 0.82 
1II Lowprotein diet 7 (3) 156.7 ~ 3.1 --0.08 • 0.17 
1V Lowprotein diet and ammonium acetate 12 (8) 157.2 ~ 10.0 --0.45 + 0.31 

The experiment lasted 21 days, but some animals (numbers given in parentheses) received the diet for only 14 days. b Ammonium acetate 
was given i.p. for 7 days before the end of the experiment 2 to 3 times daffy, a single dose being 0.6 mmoles per kg of ammonium acetate in 
1.0 M solution. 
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reduced weight  gain or caused a more  p ronounced  drop  
in t he  weight .  The average dai ly  change  in we igh t  of t he  
ra ts  dur ing  the  expe r imen t  is given in Table  I. 

The g lu taminase  ac t iv i ty  of the  l iver var ied  mark ed l y  
in each group (Figure). The m e a n  values (95% confidence 
of the  l iver was placed in ice-cold 0.9 % saline and homoge-  
nized wi th  a P o t t e r - E l v e h j e m  homogenizer ,  in 0.4 M 
p h o s p h a t e  buffer,  p H  8.0, in an ice bath .  Glu taminase  I 
ac t iv i ty  was measured  wi th  a modi f ica t ion  of t he  m e t h o d  
Of SAYRE and  ]:~OBERTS 13. 1.00 ml of 0.025 M L-glutamine 
in 0.4 M phospha t e  buffer  was mixed  wi th  the  ho inogenate  
and the  final  vo lume was ad jus ted  to 2.00 ml  w i th  the  
buffer. The a m m o n i a  formed was measured  in 0.2 Inl 
samples  a t  zero t ime  and at  15 mill  intervals~4; samples  
f rom s imul taneous  incuba t ions  w i thou t  g lu tamine  were 
used as blanks.  A m m o n i a  l ibera t ion  proceeded  l inearly.  
The enzyme ac t iv i ty  was  expressed per  p ro te in  con ten t  of 
the  incuba te  ~5 

The ra ts  fed low pro te in  die t  ceased growing or lost 
some weight .  A m m o n i u m  ace ta te  t r e a t m e n t  s imilar ly  

Table tI. Composition of the low protein diet 

Casein 1600.0 g 
Sucrose (Ph. Nord.) 9600.0 g 
Lard (Ph. Nor&) 7600.0 g 
Corn oil (BP-63) 1000.0 g 
Salt mixture ~ 999.8 g 
~-toeopherol b 5.0 g 
Calcium pantothenate b 1.0 g 
Choline chloride o 140.0 g 
Inositol puriss, a 7.0 g 
Menadiona 0.1 g 
Niacin pur. ~ 15.0 g 
Pyridoxine chloride put. a 0.5 g 
Riboflavin pur. a 0.5 g 
Thiamine chloride ~ 0.5 g 
Vitol e 60.0 ml 

Salt mixture contained calcium carbonate 814.5, magnesium 
carbonate (Baker) 37.5, magnesium sulfate 24.0, sodium chloride 
103.5, potassium chloride 168.0, potassium dihydrogen phosphate 
318.0, ferric citrate. 5 H20 (Merck) 68.2, potassium iodide 0.12, 
manganese suKate 0.525, sodium fluoride 1.5, aluminum potassium 
sulfate 0.255, copper sulfate. 5 H20 1.35. ~ Roche. c Merck. a Fluka. 

Orion Pharmaceutical Co, Helsinki: 1 ml contains 14,250 IU vit- 
amin A, 10,000 IU ealciferol. 

1.5 

E o 

.c 
(D 
o 
c}- 

' -r  
Z 

E 

1.0 

I 

o 

t 
05 . 

i 

! 

s ":" 

0 
A B C D 

Glutaminase I activity in the liver of rats fed normal (A, /3) or low 
protein diet (C, D). B) and D) Ammonium acetate, 0.6 mmoles per 
kg in 1.0 M solution 2 to 3 times daily, was given i.p. for 7 days before 
the end of the experiment. 

intervals)  were 0.69 (0.54-0.84) for the  normal  d ie t  group, 
0.67 (0.43-0.85) for t he  nor inal  d ie t  + a m m o n i u m  
ace ta te  group, 0.35 (0.15-0.55) for the  low pro te in  group 
and  0.38 (0.14-0.62) for the  low pro te in  + a m m o n i u m  
ace ta te  group, in Inmoles of ammo n i a  l ibera ted  per  mg  
pro te in  in 30 min.  The difference be tween  the  groups fed 
high or low pro te in  diet  was h ighly  s ignif icant  (p < 0.0005), 
bu t  the  a m m o n i u m  ace ta te  t r e a t m e n t  was wi thou t  effect  
on e i ther  d ie t  group. 

The mark ed  drop  in the  ac t iv i ty  of liver g lu taminase  in 
the  ra t s  on the  low pro te in  diet  agrees w i th  earlier f ind- 
ings 2. In  the  kidney,  a m m o n i u m  chloride admin i s t r a t ion  
is fol lowed by  a rise in g lu taminase  I ac t iv i ty  16. This is 
p re sumab ly  a response to  the  acidosis and no t  to the  
h y p e r a m m o n e m i a  caused by  a m m o n i u m  chloride, since 
the  l iver glutaininase,  a t  least,  is unrespons ive  to  am- 
mon ium ace ta te  induced h y p e r a m m o n e m i a  according to  
the  p resen t  data .  Glu taminase  I (phosphate  d e p e n d e n t  
glutaminase) ,  which  has a far grea ter  ac t iv i ty  t h a n  
g lu taminase  I I  (phosphate  i n d e p e n d e n t  glutaminase)  in 
the  l iver 17, is s t rongly  ac t iva ted  by  subs t ra te  excess and 
inh ib i ted  by  the  product ,  g lu t ama te  is. Many Other 
factors,  e.g. cold exposure  of t he  animals  2, organic mercury  
compounds  19 and  deficiency of v i t amin  13, 2~ influence 
ac t iv i ty  of g lu taminase  t h ro u g h  u n k n o w n  mechanisms.  

Pa t i en t s  wi th  lysinuric p ro te in  intolerance live in 
cont inuous  shor tage  of prote in .  The concen t ra t ion  of 
glycine, alanine, g lu t ama te  and g lu tamine  as well as oI 
a m m o n i a  is grea t ly  increased in the i r  p l a sma  4,s and, 
p resumably ,  also in the i r  l iver cells. Alanine is an impor-  
t a n t  carrier of a -amino group in t r a n s a m i n a t i o n  react ions,  
and a large pa r t  of all metabol ized  amino n i t rogen passes  
t h rough  it. The  ra t  expe r imen t s  suggest  t h a t  the  increase 
in l iver gluta ininase  ac t iv i ty  in L P i - p a t i e n t s  is not  a direct  
result  of low pro te in  diet  and  h y p e r a m m o n e m i a .  Possibly,  
it  is a concomi t an t  resul t  of abnormal  pool ing and 
s torage of amino  acids in the  pool glycine-alanine-  
g lu tamate -g lu tamine ,  increased neogenesis  of these 
amino  acids f rom ketoacids  and  recycl ing of t r ansamina -  
t ion react ions  to au g men t  th is  stock, which  is needed to 
balance  the  cont inuous  def iciency of pro te in  precursors  
and pro te in  induced hyperaininonemia in LPI -pa t i en t s .  

Zusammen/assung. Die Wirkung  der  per iodischen 
Hyperammon/~mie  auf die Gln taminase  I in der  R a t t e n -  
leber wurde  unte rsucht ,  wobei  die EnzymaktivitS~t 
w/ihrend nor inaler  und  p ro t e ina rmer  Ern / ih rung  mi t  und  
ohne i.p. A m i n o n i u m a z e t a t - I n j e k t i o n e n  gemessen wurde.  
W/ihrend A m m o n i u m a z e t a t  in be iden  Di / i tgruppen 
keinen Ef fek t  auf die Akt ivi t / i t  hat te ,  war  diese bet 
p ro t e ina rmer  DiSot auf die HXlfte der  N o r m  herabgese tz t .  

O. SIMELL 

Children's Hospital, University o/ Helsinki, 
Stenbiickinkatu 77, SF-00290 Helsinki 29 (Finland), 
16 August 1973. 

~3 W. F. SAYRE and E. ROBERTS, J. biol. Chem. 233, 1128 (1958). 
14 E.-L. RAI-IIALA and 5I. P. K~Ir Clin. ehim. Aeta 30, 761 

(1970). 
15 O. H. LOWRY, N. J. ROSEEROUGH, A. L. FARR and R. J. RANDALL, 

J. biol. Chem. 793, 265 (1951). 
16 L. GOLDSTEIN and C. J. KENSLER, J. biol. Chem. 235, 1086 (1960). 
17 N. KATUNUMA, A. HUZINO and I. TO~INO, Adv. Enzym. Regul. 5, 

55 (1967). 
18 Z. IKOVAdEVld, J. D. 51cGIVAN and J. B. CHAPPEL, Biochem. J. 

718, 265 (1970). 
1~ K. TAKA~AMA, Kumamoto med. J. 23, 85 (1970). 
30 j.  R. BEATON and 51. E. GoolowlN, J. biol. Chem. 212, 195 (1955). 


