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ph3~ical agitati tm of the solutions in the presence of  air causes some change in the 
secondary s t ructure  (:f the molecules resulting in higher radiat ion resistance. 
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st: I to25  
Mechanism of D-glutamyitran~ferase repression in mammalian cells 

Thi< inve~_tigation was under taken  to obtain informat ion about  the mecbanism in- 
volved m an adapt ive  er.zyme sys tem in cul tured  mammal i an  cells. Repression of 
D-glutarr, y l t ran~fera~  ,which is almost  cer ta inly idenGcal with glutamine synthe tase  
(l .-glutamate : ammonia  lJgase (ADD), EC b . 3 . I , 2 }  1 by glutaminc was described by  
DEMARs z in human  cervical carc inoma ceils, strain H e L a  3. We have  o b ~ r v e d  a 
similar phenomenon in m o u ~  subcutaneous  (fibroblasts) ~train L 4. The cells were 
grown in WAVMOL"rH'S medium -~, mndified as described below, to which 5a/o dialysed 
calf  serum was added.  They were harvested b y  t r ea tment  with t rypsin and  extracts  
were prepared by repeated freezing and  thawing in o.8'~/o NaCI. followed by  centri- 
fugation at  I-  ~ ooo × g for 45 rain. D-glutamyltransferase ac t iv i ty  in the supeTnataJ~t 
was d. : termined by measuring the capaci ty  to form v-glntamylb, ydroxamic  acid ' in 
conditions slightty modified from the original to  obtain greater sensit ivityL 

When  L cells were propagated in a glutarnine-free medium containing zo rnM 
glu,~unic acid an 8-fold increa.~e in g lu tamyl :  ransferase ac t iv i ty  occurred within 48 h. 
On the adt.titior, of g lu tamine  at a final concentrat ion of  z. 4 mM l~-glut.-u-nyltrans~ 
ferase ac t iv i ty  rapidl 3, decr~L~d, and reached tim initial level within x6--24 h (Fig. I). 
The questions posed by  this o b ~ r v a t i o n  are:  Is act ive protein synthesis  involved in 
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Fig .  t .  The t i m e  cot ,  rye of i n d u c t i o n  a n d  rc l , r ,~ .~ion ~ f  : : - g l u t a m y l ~ r a n s f c r a ~ :  in  .~train T_ cel ia .  

the  inc rease  o f  e n z y m e  act iv i ty ,  a n d  i; ,~ .,in . ific i n a c t i v a t i o n  m¢chani.~m n,~[s)nsible 
for  i t s  r a p i d  d i s a p p e a r a n c e  w h e t  g [ u t a m i n e  i9 a d d e d  t(, the  m e d i u m ?  

In  o r d e r  to  o b t a i n  i n f o r m a t i t h i  ~botlt the  first p, dnt a t t e m p t s  were  m a d e  to 
o b t a i n  d e r e p r e s s i o n  o f  t h e  e n z y m e ,  ~ a l r e a d y  de. ,cr ibed,  in m e d i a  to  which  had  been  
a d d e d  p - f l u o r o p h e n y l a l a n i n e ,  8 -azag~mninc  o r  5 ' - t hm, ' :~ t eoxyur id ine .  As ~hown ill 
T a b l e  I t he  e n z y m e  increa~erl  in c o n t r o l  cu l t u r e s  a n d  also in c.u]ttlre~; t r e a t e d  wi th  
5 ' - f l u o n x t e o x y u r i d i n e  a t  c o n c e n t r a t i o n 5  a d e q u a t e  to  i~diibit I ) N A  ~y:',the~is. On  the  
o t h e r  h a n d  no  e x t r a  e n z y m e  a c t i v i t y  ,vas f~,'.nd i,a tlae pre.~.ncp o f  p - f l t t o ropheny l -  
a l a n i n e  o r  ~ - a z a g u a n i n e  a t  c o n c e n t r a t i o n  adequa¢<, to inh ib i t  p r o t e i n  a t .d  | t N A  
s y n l h ( M s .  A r y l e s t e r ~ s e  (EC 3.x.x.2),  which  a p p e a r q  to b e h a v e  o m s t i t u t i v e l v  in these  
cells, w a s  a s s a y e d  s i m u l t a n e o u s l y  a n d  t~dled to  sho~" tht- s a m e  degree  of  f luc tuat i ,  m_ 
These_ o b s e r v a t i o n s  suggea t  t h a t  the  i.~crease in D K l , t a m y l t r a n s f e r i ~ * e  active, i v  w h e n  
g l u t a m i n e  is w i t h d r a w n  f r o m  t~.le me~|iurn i n v o l v e s  de novo .~ynthesis o f  the  enz , ,me .  

T h e  a c t i v e  d i s a p p e a r a n c e  o f  ta,c e n z y m e  on a d d i t i o n  0t" glt~tamine, wag in con-  
t r a m  to  the  o b s e r v a t i o n  m a d e  b y  D ~ M a s s *  in l i e I . a  ¢eU~. w iw]e  ti~e e n z y m e  w a ,  
s i m p l y  d i h ' t e d  ou t .  W e  h a v e  eonfirrnec~ I).,~..MAzls' ¢.b*ervation.~ a n d  conc lude  tl~a* 
this  mechan-~t~,  is d i f f e ren t  in the  two  cell l ines,  a d d  p r o b a b i y  in t he  t w o  specie~ 
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(human ,rod mouse) from which the  cells were derived.  In order  to invest igate  the  
na tu re  of the phenomenon,  crude ex t r ac t s  o f  mouse liver were prepared  in o.1 M 
phosphate  buffer (pH 7-4)- On incubat ion  at 37" n -g lu tamyi t rans fe rase  ac t iv i ty  
progre~;sively disappeared from t h e ~  ex t rac ts .  The  enzyme could, however ,  be 
stabilized to varying ex t en t s  by  subgtance~ related to the subs t ra te  (glutamie acid, 
glutaminc) ,  by maintena=tce under  ni t rogen and by  NADHa ('Fable II). These ob- 
serx'ations suggest t lwt  inac t iva t ion  of  tile taouse enzyme  m a y  occur  as a result of  
oxidat ion and tha t  it c;m be st~ bilized in the p r e ~ n c e  o f  it~ sub.~trate+ 

"FABLE I1 

T H E  I - ; I "F | :+CT OF ' V A R I O L + ~  LgL~I~S'r~%.,.~CE..~ IN P R O T E I . . " I I S t ;  .~1Ol:F,')': l . l ' - , / l ~N  I ) -C ; ' I . I I+~ IMYL" I "R . t , ,Ns~r Ip . .+ -RAS 11a" 

I-'/4OM tN.'~'tPIt'~k'ATION TS~," INCUBATION" AT ~ ? o  IN O,!+~ M PI-IOSPHATI-: I '~II~FgR ( P H  7 .2}  

3 ~a b . O ' a n - ¢  C-o,nc+.,IPat)o.n % Pfol,~t'w+~* 
¢m.',..$ j 

L-( ;1 u t a m i c  ac id  30 47 
L-G l u t a m i n e  3 ° 25 
N a, F)I-! s a 56 
N a - -  8z  
~ . -Gtu tamic  ac id  + N~ 30 tSO 
L - G l u + a m i n e  + N •  3 ° s23  
L-Glu tami ( :  ac id  3o  

4- N A D I I  a z s7a 
L-G lu tamine 30 

+ NADII~ a 53 

:, ,-tivi~ ,,.. o f  t e s t  • A c t i v i t y  o f  c o n t r o l  
+ o:~ Pr<)tecti()n ~ . . . . . . . . . .  :< t o < . )  

A c t i v i t y  o f  m I t m l  -- A c t i v i t y  o f  c o n t r o l  

Therefore  it would appear  tha t  l , -g lu tamyl t ransferase  in the s train L cell is an 
unstable protein which tends to 1~ spon taneous ly  inac t iva ted  in the  presence o f  
oxygen and i~ stabilized by  its sub•Ira te .  Never theless  the appea rance  of  increased 
enzyme ac t iv i ty  on releasing the cell f rom the  repre.ssive influence o f  glutaanine 
:,-ppe.,r~ to involv,~ the synthesis  of new prote in  at~d therefore  represents  a t rue  
example  of enzyme induct ion.  
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