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compounds ,  however ,  t he  va lue  of c e r t a i n  modi f i ca t ions  
of s t r u c t u r e  in p roduc ing  desi red biological  a c t i v i t y  ha s  
been  ind ica ted .  I n  v iew of t he  e s t ab l i shed  m a r k e d  an t i -  
v i r a l  a c t i v i t y  of ce r t a in  nucleos ides  i t  wou ld  a p p e a r  t h a t  
i nves t i ga t i on  of t he  p o t e n t i a l  a n t i v i r a l  a c t i v i t y  of o t h e r  
nucleos ide  de r iva t i ve s  is w a r r a n t e d  6. 

6 This investigation was supported by grants from the National 
Cancer Institute of the U.S. Public Health Service (Nos. CA-05262 
and CA-08109). 

Zusammenfassung. Der  v i r u s h e m m e n d e  E f f e k t  sowie 
die zy to tox i sche  Ak t iv i t / i t  gewisser  P u r i n e  u n d  P y r i m i d i n -  
Nukleos ide  gegen Herpes-simplex-Virus bzw. K u l t u r e n  
y o n  BSC-1-Zel len  werden  beschr ieben .  
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PRO EXPERIMENTIS 

A Quantitat ive Evaluat ion of the N o n - E n z y m a t i c  Convers ion  of Glutamine  to A m m o n i a  1 

A m m o n i a  is all  e n d - p r o d u c t  of b o t h  t h e  e n z y m a t i c  a n d  
n o n - e n z y m a t i c  d e g r a d a t i o n  of g lu tamine .  I n  s t u d y i n g  
g l u t a m i n a s e  a c t i v i t y  i t  is no t  possible  to  d i s t i ngu i sh  be- 
tween  t h e  a m m o n i a  fo rmed  b y  e n z y m a t i c  a n d  non-  
e n z y m a t i c  r eac t ions  w i t h o u t  p e r f o r m i n g  s u b s t r a t e  b lanks .  
I n  p rev ious  s tud ies  2,3 i t  b e c a m e  obv ious  t h a t  t he  o p t i m u m  
cond i t ions  requ i red  for  r a t  r ena l  g l u t a m i n a s e  caused  a n  
apprec iab le  n o n - e n z y m a t i c  d e g r a d a t i o n  of g lu tamine .  
There fo re  a s t u d y  was m a d e  of t he  r a t e  of n o n - e n z y m a t i c  
a m m o n i a  p r o d u c t i o n  f rom g l u t a m i n e  w i t h  p a r t i c u l a r  
re ie rence  to  t he  cond i t ions  which  p reva i l  w h e n  g lu ta-  
m i n a s e  a c t i v i t y  is be ing  assayed.  

A m m o n i a  was m e a s u r e d  b y  t he  CONWAY microdi f fus ion  
t e c h n i q u e  4. The  sample  was a lka l in ized  in  t h e  ou t e r  well  
of t h e  u n i t  b y  1 ml  of s a t u r a t e d  p o t a s s i u m  c a r b o n a t e  a n d  
t he  a m m o n i a  was t r a p p e d  in t he  cen t re  well  b y  1 ml  of 
b o r a t e  buffer .  E x c e p t  where  o therwise  s t a t ed ,  a m m o n i a  
d i f fus ion was al lowed to  t a k e  place a t  r o o m  t e m p e r a t u r e  
for 2 h. 

Tile solid l ine in  F igure  1 shows a t y p i c a l  r ecove ry  
cu rve  o b t a i n e d  w i t h  p r e fo rmed  a m m o n i a .  I n  th i s  case t he  
10 ~ equ iva l en t s  of a m m o n i a  were recovered  a f te r  60 rain.  
T h e  b r o k e n  l ine shows t h e  r a t e  of a m m o n i a  r ecovery  w h e n  
120 ~zmoles of g l u t a m i n e  are  a d d e d  to  t h e  ou te r  wel l  in 
add i t i on  to  the  10 ~ equ i va l en t s  of a m m o n i u m  chloride.  
I t  will b e  n o t e d  t h a t  t he  curves  s epa ra t e  a f t e r  5 ra in  and  
t h a t  a m m o n i a  is be ing  recovered  f rom g l u t a m i n e  even  
a f t e r  3 h. These  resul t s  show t h a t  w h e n  p r e f o r m e d  
a m m o n i a  is be ing  ana lysed  t i t r a t i o n  t i m e  is no t  cr i t ical  
a f t e r  comple t e  r ecove ry  b u t  if g l u t a m i n e  is p r e s en t  in  t he  
sample  t i t r a t i o n  t i m e  m u s t  be  c o n s t a n t  if t h e  r a t e  of 
d e g r a d a t i o n  of g l u t a m i n e  is no t  known.  

I n  g l u t a m i n a s e  s tud ies  g l u t a m i n e  will  usua l ly  be  a t  
3 d i f f e ren t  t e m p e r a t u r e s  for a s ign i f ican t  per iod of t ime.  
The  r a t e  of g l u t a m i n e  d e g r a d a t i o n  a t  these  t e m p e r a t u r e s  
was t h e n  de t e rmined .  F o r  th is  t y p e  of e x p e r i m e n t  
120 amoles  of g l u t a m i n e  in a vo lume  of 0.5 ml were p u t  
in  sealed t e s t - t u b e s  w i t h  1 ml  of s a t u r a t e d  p o t a s s i u m  
c a r b o n a t e  a t  va r ious  t e m p e r a t u r e s .  A t  d i f f e ren t  t i m e  
i n t e rva l s  a s ample  was r e m o v e d  f rom t h e  incuba to r .  
qu i ck ly  b r o u g h t  to  room t e m p e r a t u r e  a n d  t h e n  p o u r e d  
in to  t h e  ou t e r  well  of t h e  CONWA-Y uni t .  A m m o n i a  absorp-  
t ion  was  al lowed to  t ake  place  for  2 h. w h i c h  was more  
t h a n  suff ic ient  t i m e  for d i f fus ion of t he  l a rges t  a m o u n t  of 
a m m o n i a  which  was  p roduced  in these  expe r imen t s .  B y  

b r ing ing  al l  s amples  to  r o o m  t e m p e r a t u r e  m e a n s  t h a t  
f u r t h e r  d e g r a d a t i o n  should  be  s imi la r  i r respec t ive  of t he  
p rev ious  t e m p e r a t u r e s  a n d  t h a t  t he  r a t e  of a m m o n i a  
diffusion,  wh ich  is t e m p e r a t u r e  d e p e n d e n t  4, should  be  
a p p r o x i m a t e l y  equal ized  in all samples .  The  a m o u n t  of 
a m m o n i a  recovered  w h e n  120 ~zmoles of f reshly  p r e p a r e d  
g l u t a m i n e  were al lowed to  r e m a i n  in t h e  ou t e r  well for  2 h 
was s u b t r a c t e d  f rom the  va lues  ob ta ined .  The  cor rec ted  
va lues  are r e p o r t e d  in F igu re  2. I t  is obv ious  t h a t  a t  t h i s  
h igh  p H  the re  is a cons iderab le  d e g r a d a t i o n  of g l u t a m i n e  
even  a t  0 ~ As t h e  t e m p e r a t u r e  was  e l eva ted  the re  was  
a n  increase  in t h e  r a t e  of degrada t ion .  

The  effect  of p h o s p h a t e  a t  va r ious  p H  values  a n d  a t  
2 d i f fe rent  t e m p e r a t u r e s  is shown  in F igures  3 and  4. A t  
20 ~ (Figure  3) ra i s ing  the  p H  f rom 5-10, in  t he  absence  
of p h o s p h a t e ,  inc reased  t he  a m m o n i a  p r o d u c t i o n  b y  50%.  
I n  t he  p resence  of 100 ~moles  of p h o s p h a t e  a s imi la r  
increase  in t he  p H  caused  a 3-fold rise in a m m o n i a  
p roduc t ion .  Th i s  m e a n s  t h a t  t he  effect  of p h o s p h a t e  on  
t h e  r a t e  of g l u t a m i n e  d e g r a d a t i o n  was  g rea te r  a t  h igher  
t h a n  a t  lower  p H  values.  On t h e  o t h e r  hand ,  a t  37 ~ 
(Figure 4) p h o s p h a t e  h a d  a s imi la r  effect  on  t he  r a t e  of 
g l u t a m i n e  d e g r a d a t i o n  a t  all p H  va lues  s tudied .  However ,  
a t  th i s  h igher  t e m p e r a t u r e  a rise in  p H  increased a m m o n i a  
p r o d u c t i o n  more  t h a n  i t  d id  a t  20 ~ I n  t he  absence  of 
p h o s p h a t e  a n  increase  in t he  p H  va lue  f rom 5-10 caused  
a 50% rise in  a m m o n i a  p r o d u c t i o n  a t  20~ and  a 3- to  
4-fold rise a t  37 ~ I n t e r m e d i a t e  t e m p g r a t u r e s  resu l ted  ill 
a m m o n i a  p r o d u c t i o n  be tween  those  values .  P h o s p h a t e  is 
n o r m a l l y  e m p l o y e d  in t he  a s say  of g l u t a m i n a s e  1. Due  to  
i t s  acce le ra t ing  effect  on  n o n - e n z y m a t i c  d e g r a d a t i o n  of 
g lu tamine ,  even  a t  20 ~ a t  h igh  p H  va lues  i t  will r e su l t  
in s ign i f ican t  d e g r a d a t i o n  of g l u t a m i n e  in t he  presence  of 
p o t a s s i u m  c a r b o n a t e  in t he  CONWAY un i t  

All of t h e  resu l t s  r epo r t ed  here  were o b t a i n e d  w i t h  
120 ~zmoles of g lu t amine .  However .  l inear  resul t s  were 

1 This work was supported by a grant from the Medical Research 
Council of Ireland. 
D. J. O'DoNovAN and W. D. LOTSrEICH, Nature 2J2, 930 (1966). 

8 D. J. O'DoNovAN and W, D. LOTSPEICH, Enzymologia 35, 82 
(1968). 

4 E. J. CONWAY, Microdi[Jusion Analysis and Volumetric Error 
(Crosby Lockwood, London 1958). 
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Fig. 1. 1 ml of saturated potassium carbonate and 0.5 ml of sample 
were placed in the outer well of the CONWAY unit, The sample 
consisted of 10 [~ Eq. NH4C1 ( . - . - . )  or 10 ~z Eq. NHaCI + 120[zmoles 
glutamine ( • - • - • ). The rate of ammonia diffusion was detected 
by titrating the 1 ml of borate buffer in the centre well with 
0.01N HC1. 
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Fig, 3. 0.5 ml of 0.24M glutamine and 0.5 ml of 0.2M buffer were 
put in sealed test-tubes for 5 h at 20 ~ They were then transferred 
to the outer well of the unit and diffusion was allowed to take place 
for 2 h. The phosphate was varied by replacing equal volumes of the 
non-phosphate buffers by phosphate at a similar pH value. 
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Fig. 2. 1 ml of saturated potassium carbonate and 0.5 nil of 0.24M 
glutamine were put in sealed test-tubes for the times and tempera- 
tures indicated. They were then brought to 20 ~ transferred to the 
outer well of the unit and diffusion was allowed to take place for 2 h. 
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Fig. 4. Conditions were similar to Figure 3 except that incubation in 
the sealed test-tubes was at 37 ~ The temperature of the samples 
was quickly lowered to 20 ~ before transference to the CONWAY unit. 

f ound  w i t h  a s t e pw i se  l ow er i ng  of t h e  g l u t a m i n e  to  
12 [xmoles a n d  w h e n  the  t ime,  t e m p e r a t u r e ,  p H  a n d  
p h o s p h a t e  c o n c e n t r a t i o n s  were  var ied .  

O n  a c c o u n t  of  t h e  n u m b e r  of  v a r i a b l e s  i n v o l v e d  a n d  
b e c a u s e  of  t h e  c o m p l e x i t y  of  t h e  i n t e r a c t i o n s  of s o m e  of 
t he se  va r i ab l e s  i t  is d i f f icul t  t o  c o n s t r u c t  a n o m o g r a m .  
I n d e e d  a n o m o g r a m  w o u l d  n o t  be  c o m p l e t e  w i t h o u t  in- 
c l ud ing  o t h e r  va r i ab l e s  s u c h  as  a r sena t e ,  m e t h y l  a r sena t e ,  
b i c a r b o n a t e ,  a n d  b o r a t e  5. W e  o n l y  c o n c e r n e d  o u r s e l v e s  
w i t h  v a r i a b l e s  ex i s t i ng  d u r i n g  g l u t a m i n a s e  assay .  T h e  
r e su l t s  he re  were  o b t a i n e d  w i t h  f r e sh ly  p r e p a r e d  g l u t a m i n e  
a n d  if a g l u t a m i n e  so lu t ion  is s to red  a n d  r e - h e a t e d  to  ge t  
i n to  so lu t i on  aga in  t h e  v a l u e s  o b t a i n e d  will  be  increased .  
T h e  d a t a  focus  a t t e n t i o n  on  t h e  fac t  t h a t  w h e n  a m m o n i a  
is a s s a y e d  b y  a lka l in iza t ion ,  to  re lease  it  in  t h e  ga se ous  
f o r m  for  t r a p p i n g  in acid, g l u t a m i n e  p r e s e n t  in t h e  s a m p l e  
will  be  d e g r a d e d  to  a m m o n i a .  

Zusammenfassung. D a s  VerhAl tn i s  n i c h t - e n z y m a t i s c h e r  
V e r w a n d l u n g  y o n  G l u t a m J n  zu A m m o n i a k  wi rd  ges te i -  
ger t ,  w e n n  p H ,  T e m p e r a t u r  u n d  P h o s p h a t m e n g e  ver -  
m e h r t  werden .  Bei  a lka l i sche r  P r o b e  b e m e r k t  m a n  eine 
V e r r i n g e r u n g  y o n  G l u t a m i n .  
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