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a c o m p o u n d  was  fo rmed  wh i ch  on a Dowex-2 - fo rma te  c h r o m a t o g r a m  m o v e d  t oge the r  wi th  
u r id ine -5 ' - phospha t e  a n d  h a d  t h e  abi l i ty  to  replace v i t a m i n  BI~ du r ing  t h e  g r o w t h  of L. leichmannii 
3137.. On  pape r  c h r o m a t o g r a p h y ,  r ad ioac t iv i ty  was  found  in t he  d e o x y u r i d i n e - 5 ' - p h o s p h a t e  area.  
Af ter  dephospho ry l a t i on  wi th  p h o s p h a t a s e  t he  r ad ioac t iv i ty  was  found  in t h e  deoxyur id ine  area.  
These  resu l t s  t e n t a t i v e l y  ident i fy  t h e  c o m p o u n d  fo rmed  as deoxyur id ine -5 ' -phospha t e .  

No  such  c o m p o u n d  was  fo rmed  when  2-14C-uridine was  used  as s u b s t r a t e  i n s t ead  of 2-z4C - 
u r id ine -5 ' -phospha te .  

I t  is bel ieved t h a t  all t hese  e x p e r i m e n t s  are bes t  expla ined  by  a reac t ion  sequence  of t he  
following t y p e  : 

~ syn thes i s  
de novo 

p y r i m i d i n e  r iboside ( ~ pyr imid ine  r ibot ide > R N A  

• I 

pyr imid ine  deoxyr ibos ide  ~ > py r imid ine  deoxyr ibo t ide  - -~  D N A  

In  th i s  s cheme  the  r ibose ----> deoxyr ibose  t r a n s f o r m a t i o n  t h u s  t ake s  place a t  t h e  nucleot ide  level, 
while r ibosides  a n d  deoxyr ibos ides  en te r  t he  reac t ion  sequence  via side react ions ,  e.g. of t he  
k inase  type .  
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The inhibition by glutamine of glutamyl transferase formation 
in cultures of human cells 

The  specific a c t i v i t y  of g l u t a m y l  t r ans fe ra se  I in cu l tu res  of h u m a n  cells can  v a r y  s t r ik ingly  wi th  
t he  g r o w t h  m e d i u m .  Th i s  is a p r e l imina ry  accoun t  of t he  effects of L-glu tamic  acid (GA) and  of 
L-g lu tamine  (GM). 

I n  our  e x p e r i m e n t s  repl icate  cu l tures  of H e L a  (cervical carc inoma)  cells were g rown  in i-1 
Blake bot t les  in EAGLE'S m e d i u m  s s u p p l e m e n t e d  wi th  2 m M  GM, 20 m M  GA or both .  The  ave rage  
genera t ion  t ime  a t  37 ° was  abou t  3 ° h. A t  in te rva l s  du r ing  growth ,  cu l tures  were dra ined  and  
washed  wi th  ice-cold Ear le ' s  saline. The  cells were scraped  f rom the  surface  of t h e  glass  in to  
ice-cold o.85 % NaC1 wi th  a r ubbe r  po l i ceman  and  collected by  cen t r i fuga t ion  a t  15oo × g. The  
cell suspens ions  ( i -  3 ml) in sealed p las t ic  t ubes  were f loated in wa te r  in the  c h a m b e r  of  a io  KC 
R a y t h e o n  Sonic Oscil lator  a n d  were t r ea t ed  for I5 -3o  rain. The  ex t r ac t s  were cent r i fuged  a t  
25,ooo × g for 3o rain. More t h a n  90 % of t he  p ro te in  r ema ined  in t h e  s u p e r n a t a n t  fluids, which  
were used  for e n z y m e  assays .  Growth  was  expressed  as t he  to ta l  a m o u n t  of p ro te in  formed by  
the  cul tures .  

G l u t a m y l  t r ans fe ra se  effects t he  reac t ion:  

L-g lu tamine  + N H 2 O H  ~ ~ , -g l u t amy l hyd roxama te  + N H  3 

The  reac t ion  requi res  ca ta ly t ic  a m o u n t s  of ADP,  p h o s p h a t e  or a r sena te  1, and  Mn ++. Our  a s s ay  
m i x t u r e s  con ta ined  in i .o  ml :  imidazole  buffer,  p H  7.4, 5o /*moles ;  L-glutamine,  4o /*moles ;  
neu t ra l i zed  N H 2 O H . H C 1  , 1oo/*moles ;  MnC12, 5 /*moles ;  ADP,  o .1 /*mole;  neu t ra l ized  K3AsO4, 
2 5 / , m o l e s ;  protein,  o .5-2 .o  mg.  The  reac t ion  was  s topped  af te r  6o m i n  a t  37 ° b y  t he  add i t ion  
of i .o  ml  of lO% FeC18.6H20 dissolved in a m i x t u r e  of o.7N HC1 and  o . 2 N  t r ichloracet ic  acid. 
I n  such  mix tu r e s ,  1 .o/*mole  of syn t he t i c  g l u t a m y l h y d r o x a m a t e  h a d  an  ex t inc t ion  a t  54o m/* of 
o.425 in a I cm  cell. The  t r ans fe r a se  ac t iv i ty  of our  p r epa ra t i ons  requi red  t he  jo in t  presence  of 
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ADP, arsenate and Mn ++. The reaction rate  was cons tant  for at  least 90 rain. Hydroxamic  acid 
format ion  in the range 0-o.6 #mole was proport ional  to protein concentration. One unit  of enzyme 
act ivi ty was  the format ion of i #mole g lu tamylhydroxamate /h .  

Curve I shows tha t  during an 8-fold increase in protein in 2o m M  GA the specific activity 
rose to a value 13 t imes greater  t han  the initial value. The cells could then  be propagated  in- 
definitely in 2o m M  GA and the specific activity (o.41o) remained about  I5-fold greater  than  
t h a t  (o.o27) for cells grown in 2 m,~//GM. In  contrast ,  enzyme format ion was almost  completely 
suppressed in medium containing 2o m M  GA + 2 m M  GM, in which the m a x i m u m  increase in 
specific act ivi ty was  1.5-fold. 
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MILLIGRAMS OF PROTEIN PER CULTURE 

Fig. i. Fo rma t ion  of g lu tamyl  t ransferase during growth  of the HeLa cells in glutamic acid 
(see text).  I - 20 m M  glutamic acid; I I  - 20 m M  glutamic acid + 2.0 m M  glutamine. 

The heightened t ransferase specific activity of cells grown in 2o m M  GA decreased when 
the  cells were re turned to media containing GM. In  medium containing 2 m M  GM + 2o m M  GA 
the decrease in specific act ivi ty was  proport ional  to growth  and the total  numbe r  of activity 
uni ts  remained cons tan t  th rough  a io-fold increase in protein. In  medium containing only 
2 m M  GM the  rate  of decrease was twice as great. I n  neither case, however,  was there evidence 
of a rapid inact ivat ion of the enzyme by GM per se. 

In  the absence of GM and in concentrat ions  of GA less t han  i0 mM,  HeLa cells previously 
grown in GM fail to mul t ip ly  8. However ,  cells t ha t  have multiplied Io-fold in 20 m M  GA can be 
propagated  for at  least three doublings at  a cons tant  rate  in medium containing i m M  GA. 
At this concentrat ion,  I m M  NH,C1 enhances the  growth  rate  (to be published). We are now 
determining if GA and NH4+ indeed fill the synthet ic  roles of GM under  these conditions. 

There is evidence t ha t  the t ransferase enzyme protein also catalyzes the  synthesis  of gluta- 
mine 4 : 

glutamic acid + N H  3 + ATP ~ glutamine + ADP + P (synthase reaction) 

Such an  identi ty would accord, on the one hand,  wi th  the ability of cells to satisfy their  GM 
requi rement  and grow in GA, and on the other, wi th  the rise in t ransferase activity t ha t  ac- 
companies  this  growth.  Synthase  specific activity is about  i / i o  t ha t  of t ransferase in our  crude 
extracts .  Significant increases in synthase  act ivi ty do occur during growth in GA bu t  the  relation- 
ship between the two activities has  yet  to be defined. 
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