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by ~KoL "2.~. These  results were a|~o obta ined in ~imilarly prepared rat. guinea-pig 
a n t i  r a b b i t - h e a r t  " m i c r o s t ) t T s a l "  f r a c t i ( ) n s L  S t , ~ r a g e  a t  - - 5  ° e f f e c t s  a d e s t r u c t i o n  o f  
t h e  M g Z + - s t i m u l a t e d  e n z . v r n e  t h e r e b y  r e v e a l i n g  the, , t i m u l a t i c m  d u e  t o  N a * . + K - ,  

w h i c h  s t i m u l a t i o n  c a n  b e  i n h i b i t e d  b y  o u a b ; d n .  
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a c t i v i t y  w h i c h  c o u l d  b e  s t i m u l a t e d  b y  t h e  a ( l c l i t i ~ n  ~:f N a + - f - K  " a n d  i n h i b i t e d  b y  

o u a b a i n ,  ( : ons i~ t  e s s e n t i a l L y  o f  e n d o p l a ~ m i c  r e t i c u l u m .  T h e  p t ) s s i b i l i t y  o f  s m a l l  
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p r e p a r a t i o n s  c a n n o t  h e  ( : x c l u d e ( l .  T h e  c o n t r i b u t i , m ,  h o w e v e r ,  o f  thi.~ " ' c o n t a m i n a n t "  

t o  t h e  t o t a l  A T P : , , ~ e  ~ b s c r v e ( l  in  t h e  p r t : . ~ n t  ~tud~,' ~:',~:dd b e  v ~ r v  l o w .  
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SC I lO31 
Effect of oxygen and N-ethylmale/mide on the inactivation 

of ribonuclease by y-radiation 

N - e t h y l m a l e i m i d e  is a m e m b e r  o f  t i le  group of  tt,iol r e a g e n ~  ( inc luding  iodoace t i c  
acid a n d  p h e n y l m e r e u r i c  ;scetate) w h i c h  are able  to  ~ensitize bacteria to the  lethal  
a c t i o n  o f  ionit . ing rad ia t ion  when  prczer~t dur ing  irradiaticm t-~. It was  sugges ted  z'3 
t h a t  it m i g h t  react w i t h .  S H  groups  (or l.X~ssibly -S" free radicals)  wh ich  result  
from the  r a d i a t i o n - i n d u c e d  breakage  o f - S - - S -  bonds ,  neces.,~at 3" for the  func t iona l  
s ta t e  o f  some  prote ins  C o m b i n a t i o n  o f  A' -e thv lmMeimide  wi th  e i ther  o f  the  s u l p h u r  

lSr,,."h~m ~.¢. . ,~y. , , . . . !aa,  67  (n963J 351- 334 
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a t o m s  cou ld  p r e v e n t  t he  - S.. -S-- b o n d  r e f o r m i n g  - r id  renault in the  loss of  the  b iological  
i n t e g r i t y  o f  the  molecule~ 

I f  t h e  b r e a k i n g  a n d  r e f o r m i n g  o f  - S - - S -  b o n d s  c a n  be  caused  b y  t h e  ind i r ec t  
a c t i on  of  r a d i a t i o n  (and  the  w o r k  o f  CAVALLINI a n d  his  co l l eagues  4 s u g g e s t s  t h a t  
th i s  is t h e  case) then  it shou ld  be  poss ib l e  to  d e m o n s t r a t e  s ens i t i z a t i on  i n  v i t ro  us ing  
a d i lu te  a q u e o u s  so lu t ion  o f  a s u i t a b l e  e n z y m e ,  T h e  p r e s e n t  paper  r e co rds  s o m e  ex-  
p e r i m e n t ~  x~'ith r i bonue l ea se  (El .  2.7.7.z6) w h i c h  wa.~ chosen  b e c a u s e  it  h a s  no  - S H  
group~  which  m i g h t  in t e r fe re  w i t h  t h e  i n t e r p r e t a t i ( m  o f  resul ts ,  a n d  it h a s  fou r  
- - S - - S -  b o n d s ,  s o m e  o f  wh ich  are  c e r t a i n l y  i~oc~.~sary fo r  e n z y m i c  a c t i v i t y  5. 

S imi la r i t i r~  in the  effect  o f  N . e t h y l m a l e i m i d e  a n d  o x y g e n  on b a c t e r i a l  n td io -  
s e n s i t i v i t y  h a v e  been  p o i n t e d  out  s a n d  so t h e  effect  o f  o x y g e n  was  a lso  t r i ed  on  the  
R N A a s c  s y s t e m ,  a l t h o u g h  p r e v i o u s  workers6 .  ~ h a d  fa i led to  d e m o n s t r a t e  a n y  effect  
of  o x y g e n ,  

An o .o l  o,, a q u e o u s  so lu t ion  of  p a n c r e a t i c  R N A a s e  (4 × c rys t a l l i z ed ,  4 ° K u n i t z  
un i t s  l ing. L. L igh t  a n d  Co. L td . )  wa.~ i r r a d i a t e d  a t  r o o m  t e m p e r a t u r e  w i t h  g a m m a  
r a y s  f r o m  a *°Co source  (dose r a t e  a b o u t  2 .6 .  IO ~ r ad /h ) .  Un less  o t h e r w i s e  s t a t e d  
air ,  o x y g e n - f r e e  n i t rogen  or v a r i o u s  m i x t u r e s  of  the~e gase.% were  b u b b l e d  r a p i d l y  
i n to  the  ~o lu t i -n  t h r o u g h  a n  o p e n - e n d e d  tube. for  6 rain be fo r e  a n d  t h r o u g h o u t  
i rTadiat ion.  In  ~ome tams  N - e t h y l m a l e i m i d e  (Aldr ich  C h e m i c a l  Co.) w a s  p r ~ e n t  a t  
va r iou~  c o n c e n t r a t i o n s .  S a m p l e s  were  w i t h d r a w n  a t  zero  t i m e  a n d  a f t e r  v a r i o u s  
dt).~e~:, o f  i r r ad ia t ion .  I r r a d i a t e d  so lu t ions  a n d  n o n - i r r a d i a t e d  con t ro l s  w e r e  d i l u t ed  
I in i(~ in to  a c e t a t e  buf fe r  ( p H  5) a n d  a s s a y e d  b y  t h e  m e t h o d  o f  AI<VlNSE,'~ et a l .  ~ in 
wh ich  is tm:a.~ured the  ~pt ica t  a l ~ o r p t i o n  at  260 m/x o f  t h e  d e p o l y m e r i z e d  R N A  
which  c a n n o t  be  p r e c i p i t a t e d  b y  u r a n i u t n  a c e t a t e  in FICIO 4 a f t e r  t h e  nucle ic  ac id  ha-~ 
l '~n t r e a t e d  b y  the  e n z y m e .  

tO 

,l 
O0~i~ ( k r a d )  

| : l g .  t .  I]~act ivat ion of  l(N..Xase by y-ra,  l iat i(m. (D, atloxi¢ ( b u b b l e d l ;  ~_~J. anoxi<: (I)ul>bh:4) wi th  
(~.,~ mM N - u t h y l m a l e i m i d e :  m. aerat*.(i (I)uhi~lcd); ~'~, ae rob ic  (unbubblu~d)÷ 

F r o m  t h e  d a t a  in Fig.  x it c a n  be .,~en t h a t  N - e t h y l m a l e i m i d e  ( 5 ' t o  -q M) 
showe~t a c o n s i d e r a b l e  p r o t e c t i v e  effect  u n d e r  a n o x i c  c o n d i t i o n s  ( N - e t h y l m a l e i m i d e  
in t h e  a b s e n c e  o f  r a d i a t i o n  did  n o t  a f fec t  t he  a c t i v i t y  o f  t i le e n z y m e ) .  A s im i l a r  c u r v e  
was  o b s e r v e d  wi th  o. 5 mM iodoace t i c  acid .  O x y g e n  (when  a i r  -wa.s bubbl ,~d t h r o u g h )  
al.~o e x e r t e d  a m a r k e d  p r o t e c t i v e  af fec t  b u t  th i s  w a s  no t  o b s e r v e d  w i t h  u n b u b b l e d  
a e r o b i c  so lu t ions .  Fig. 2 shows  t h e  v a r i a t i o n  in p r o t e c t i v e  effect  w i t h  c o n c e n t r a t i o n  
o f  N - e t h y l m a l e i m i d e  a n d  b u b b l e d  o x y g e n .  B u b b l i n g  a k m e  d id  no t  p r o d u c e  a n y  
s ign i f i can t  i n a c t i v a t i o n  o f  tl'.e e n z y m e .  
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i.'ig.-,. Effect; of concentration of oxygen (bulddtxl) ,and ,\'-t.th.~.lmaleirnit:~: on tt,.ir Drot~ tier; 
trfft~ct. 

Tile pro tec t ion  tyb.~rx,ed with N-ethylnta le imide m a y  bt. due to  its ac t ing as 
a radical scavenger,  i f  so, it is a r emarkab ly  efficient scavenger.  N - E t h y l m a l e a m i c  
acid, which did not  sensitize bacter ia  3, had a similar pro tec t ive  effect o i ~N.~,L~,.;, 

I t  was consider~l  possible tha t  N-e thy lmale imide  might  on ly  sensitize, the 
direct  effect o f  radiatior~ .%ome experiment.-, were therefore  carried out  with RNAase 
solut ions in which an a t t e m p t  was ]rtade to  minintise the  effect of  atilteou.~ free 
radicaL~ by  i r radia t ing in the  pre-zence of  2%~ alanine;  under  th~se condit ions the 
slope o f  the  ni t rogen curve  was reduced by a factor  of eight. Protec t ion  was agai,l 
observed  with 5 "xo-4 M N-e thy lmale imidc  and with air bubbl ing but tf) a lesser 
ex ten t .  

The  failure to demons t r a t e  .,~msitization in this model  sys tem cast~ considerable 
doub t  on the h}pothe-sis t ha t  N-e thy lmale imide  sensitizes bacter ia  by combining 
w:th - S H  or -S" arising from r u p t u r e d - _ q - - S - b o n d s .  An a l te rna t ive  hyl~thesi~ 
might  be tha t  N-e~hyhnale imidc ~eacts -~-ith proteiu -SH groups which are normal ly  
masked  hu t  which are t emporar i  b" e.-zpo~.; dm-ing i rradiat ion by unfolding of  the 
p ro te in  :noleculea. :~s tI 'ere we:'~: no - S H  gcoui~  (m&~kcd or unmasked)  in the RNAase  
, -ased heze, this type  of  .~ensitization would not  oe shown. -Xldolase, with 28 -S[-I 
group~, mr,,~y o f  which ate masked,  would be more  likely to demons t r a t e  >uch 
senaitization. Expe r imen t s  have been carried out  elsewhere to test this possibility u. 

The  apoare~lt p ro tec t ive  effect o f  oxygen  irt aqueous .~olution is interest ing b r t  
ngt  unique.  Exaanplcs h--,-ve been no ted  with t ryps in  at  low pH,  (ref. zo), wi th  
phageJx, ]a, and  with lysozyzae xs. The  fact  tha t  nei ther  HOLMES ~! nor  [3RIGI-IE.NTI 
AND FALASCt[I ~ observed any  effect v~ith oxygen using RNAase might  have been 
due to  the  inadequacy  of  their  technique~ for removing oxygen ;  nei ther  group tL~ed 
a bubbl ing  technique.  I t  is, h¢~wever, g~'ne~'~ally t rue  tha t  enzymes  in dilute aqueous 
solut ion do not  shc, w an oxygen  affect { ~  e.g. HUTCmNSOUtt). 

Al though previous  , , 'xampl~ o f  oxygen  protect ion haee  been in terpre ted  in 
tcrrPs o f  prod'act ion of  peroxides  and  free radicals t~.n, there Ks a po.~ibility ~hat 
. ~ n ~  o the r  mechanisP_: might  be r~pons ib l c  in some ca.ses. SHALEK M a t .  a3 Oral'e" ob- 
served pro tec t ion  o f  lysoz.vme by  oxygen  whel~ there  ".~as ~'igorous agi ta t ion of the 
solution. The  present  results  are  in agreement  ~ t h  their findings. I t  could be t ha t  

RiocAtns B~opNys. A c ~ .  67 (t063) 331-334 
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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 

I ; ,V~ . .÷  13ia#hys..4aa. 67 (1963~ 334-336 


