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w i t h  t he  h igher  doses. 1 2 - 5 0 %  m o r t a l i t y  co r respond  to  
in j ec ted  doses of 0.0018-0.0095 # l / l a rva .  I t  is there fore  
conc luded  t h a t  9 6 - 9 9 %  of t he  r e t a ined  E T  is i n a c t i v a t e d  
or, a l t h o u g h  r a t h e r  unl ikely,  s tored  in t he  gut .  

The  ques t ion  was f u r t h e r  i nves t i ga t ed  in a t h i r d  se t  
of exper imen t s .  L a r v a e  of Galleria were s t a r v e d  for 24 h 
a n d  t h e n  microfed  an  LDs0 of E T  s t a n d a r d  so lu t ion  
(2 .5# l / l a rva ) .  The  t r e a t e d  l a rvae  were ki l led e i the r  
d i r ec t ly  a f te r  microfeed ing  b y  p u t t i n g  t h e m  in to  a deep 
freeze box  a t  - -22~ or a f te r  i n c u b a t i o n  for  d i f fe ren t  
l eng ths  of t i m e  in e m p t y  glass t u b e s  a t  31~ in one 
expe r imen t ,  a n d  a t  r oom t e m p e r a t u r e  of a b o u t  22 ~ in  
a n o t h e r  expe r imen t .  Since t he  t r e a t e d  l a rvae  were n o t  
fed, t h e y  p roduced  no  feces so t h a t  no  E T  could be  los t  
w i t h  t he  frass. The  dead  l a rvae  were au toc laved ,  and  
homogen ized  in groups  of 2 l a rvae  pe r  4 ml  of water .  The  
h o m o g e n a t e s  were added  to  Drosophila m e d i u m  and  bio- 
a s sayed  w i t h  Drosophila l a rvae .  T h e  dose of E T  c o n t a i n e d  
in 2 Galleria larvae,  kil led i m m e d i a t e l y  a f t e r  in ject ion,  
p roduced  99 .9% m o r t a l i t y  in  t he  Drosophila tes t .  H o m o -  
gena tes  of l a rvae  t h a t  h a d  been  k e p t  al ive for v a r y i n g  
l eng ths  of t i m e  a f t e r  microfeeding  p roduced  less mor t a l i t y .  
W i t h  t he  aid of t he  Drosophila dos i s -mor t a l i t y  cu rve  
m e n t i o n e d  above,  t he  m o r t a l i t y  d a t a  were t r a n s f o r m e d  
in to  d a t a  of ' E T - c o n c e n t r a t i o n  in m e d i u m ' ,  i nd i ca t i ng  
t h e  a m o u n t  of E T  per  l a r v a  p re sen t  in  t he  homogena tes .  

F igure  3 shows t h e  resu l t s  of such  a n  expe r imen t .  I t  
d e m o n s t r a t e s  t h a t  w i t h i n  a b o u t  2 h ha l f  t he  t ox i c i ty  of 
t he  E T  is lost. L a t e r  on  t h e  process  of de tox i ca t i on  slows 
down.  If  Yo is t he  dose of E T  microfed  and  y t he  a m o u n t  
of 2ET sti l l  p r e sen t  a f te r  t h e  i n c u b a t i o n  per iod  t, t h e  
cu rve  wh ich  bes t  fi ts  t he  resu l t s  follows t he  func t ion  

_k.t--0.5 
Y : Yo --e  

w i t h  the  c o n s t a n t  k = 1.05, ca lcu la ted  f rom t h e  experi-  
m e n t a l  va lues  t = 20 h, y = 0.21 a n d  Yo t a k e n  as 1. Thus  
t he  process of de tox i ca t i on  follows t he  func t ion  

_k. t - -0 .5  
x : Yo.e i nd ica t ing  t h a t  i t  is v e r y  p r o b a b l y  
ach ieved  b y  a re la t ive ly  complex  e n z y m a t i c  process.  
Since the  resu l t s  f i t  nea r ly  as well  on  a cu rve  of t he  
func t i on  y = Yo (1 + 2 Yo 2k t) 0.5, in  w h i c h  k is g iven  t he  
va lue  of 0.6, i t  m i g h t  be a t h i r d  o rder  reac t ion .  

I n c u b a t i o n  of t h e  microfed  l a rvae  a t  22 a n d  31~ 
p roduced  m u c h  t he  same  results ,  i n d i c a t i n g  t h a t  the  
speed of t he  process  is r e la t ive ly  t e m p e r a t u r e - i n d e p e n d e n t .  
Th i s  is r a t h e r  u n u s u a l  for a n  e n z y m a t i c  react ion.  I t  is 
there fore  p r o b a b l e  t h a t  2 or m o r e  enzymes  w i t h  d i f ferent  
t e m p e r a t u r e  o p t i m a  are i nvo lved  in  the  de tox i ca t i on  
process. 

Zusammenfassung. Es wi rd  gezeigt,  dass  L a r v e n  der  
grossen W a c h s m o t t e  d u r c h  ora l  appl iz ie r tes  ((Exotoxin~> 
y o n  Bacillus thuringiensis verg i f t e t  werden ,  die LDs0 abe t  
ca. 250real gr6sser  i s t  als bei  p a r e n t e r a l e r  Appl ika t ion .  
Oral  v e r a b r e i c h t e s  (~Exotoxin~> wird  zu e inem grossen 
Teil  im R a u p e n d a r m  inak t iv i e r t .  Es  k o n n t e  eine m a t h e -  
m a t i s c h e  Bez i ehung  zwischen der  I n k u b a t i o n s z e i t  u n d  
de r  I n a k t i v i e r u n g  des <~Exotoxins~) ge funden  werden,  die 
fiir e inen e n z y m a t J s c h e n  A b b a u  des <~Exotoxins~) spr icht .  
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Antiviral Activity of Certain Substituted Purine and Pyrimidine Nucleosides 

Cer ta in  de r iva t i ve s  of p u r i n e  and  p y r i m i d i n e  nucleo-  
sides h a v e  m a r k e d  a n t i v i r a l  ac t iv i ty ,  a n d  of these  5-iodo- 
2 ' -deoxyur id ine  ( IUdR,  ' I doxu r i d i ne ' )  is in  cl inical  use  
for  t r e a t m e n t  of Herpes simplex kera t i t i s  in  m a n  (refer- 
ences  c i t ed  in  reference1}. T h e  p r e s e n t  r e p o r t  descr ibes  
t h e  a n t i v i r a l  a c t i v i t y  of c e r t a i n  nucleosides  aga ins t  H.  
simplex v i rus  in  Afr ican  green  m o n k e y  k i d n e y  cells 
(BSC1) 2 in  v i t ro .  

The  m e t h o d s  used  for g r o w t h  of t h e  virus ,  p r e p a r a t i o n  
of med ia  a n d  e v a l u a t i o n  of i n fec t iv i ty  and  c y t o t o x i c i t y  
h a v e  b e e n  descr ibed  p rev ious ly  3. T he  c o m p o u n d s  inves-  
t i ga t ed  were syn thes ized  in t he  l a b o r a t o r y  of Prof.  
R. I4~. ROBINS 4. The  F igure  shows t he  s t r u c t u r e s  of t h e  
s u b s t i t u t e d  pu r ine  nucleosides.  R e p l a c e m e n t  of one of 
t h e  amino  h y d r o g e n s  in t h e  5 ' -pos i t ion  of 5 ' -amino-5 ' -  
deoxyadenos ine  (I) b y  a m e t h y l s u l f o n y l  g roup  forms the  
5 ' - m e t h y l s u l f o n y l a m i n o a d e n o s i n e  (II). R e p l a c e m e n t  of 
t h e  h y d r o x y l  in  t h e  2 ' -pos i t ion  of c o m p o u n d  I w i t h  a 
h y d r o g e n  forms  5'-amino-2",5'-dideoxyadenosine ( I I I ) .  
The  F igure  shows also t h e  bas ic  s t r u c t u r e  of the  sub-  
s t i t u t e d  p y r i m i d i n e  nucleosides  6 -me thy lu r id ine  (IV) a n d  
6 -me thy l cy t i d ine  (V). R e m o v a l  of t h e  6 - m e t h y l  g roup  of 
c o m p o u n d s  I V  a n d  V and  a t t a c h m e n t  of a p h e n y l  r ing  
a t  t he  5 ,6-pos i t ion  forms  1-f l - I>r ibofuranosyl -2 ,4-quin-  
azol inedione  (VI) a n d  4-amino- l - f l -D-r ibofuranoxyl -2-  
q u i n a z o l o n e  (VII) ,  respect ively .  

The  c y t o t o x i c i t y  of t h e  var ious  c o m p o u n d s  s tud ied  
are s h o w n  in Tab le  I. A m o n g  t he  s u b s t i t u t e d  pu r ine  

nucleosides,  5 ' - m e t h y l s u l f o n y l a m i n o a d e n o s i n e  was t he  
leas t  toxic  compound,~ requ i r ing  a c o n c e n t r a t i o n  of 5 m M  
to  p roduce  occas ional  tox ic i ty .  W i t h  t he  excep t ion  of 
6 -me thy lu r i d ine  no  toxic  effect  was obse rved  a t  a concen-  
t r a t i o n  of 2.5 m M ,  however ,  a t  h i g h e r  concen t r a t i ons  
c y t o t o x i c i t y  was p roduced  b y  all c o m p o u n d s  s tudied.  
T h e  cy to tox ic  effects obse rved  were of 2 types ,  one the  
g r a d u a l  loss of r e f rac t ib i l i ty  of t he  cells, and  t h e  o the r  a 
r o u n d i n g  of t h e  ceils w i t h  or w i t h o u t  vacuo l i za t ion  in 
t h e  cy top lasm.  The  d i f fe ren t  cy to tox ic  effects m a y  be  a 
ref lec t ion  of d i f fe ren t  si tes of ac t ion  on  t h e  h o s t  ceils. 
No cor re la t ion  is a p p a r e n t  be tween  t h e  s t r u c t u r e  of the  
c o m p o u n d  a n d  t h e  t y p e  of c y t o t o x i c i t y  p roduced .  

Tab le  I I  shows t he  a n t i v i r a l  a c t i v i t y  of con lpounds  
I - V I I .  I t  c an  b e  seen t h a t  s u b s t i t u t i o n  of a m e t h y l s u l f o n y l  
g roup  in t he  5 ' -pos i t ion  of t he  5 ' -deoxyr ibonuc leos ide  (II) 
r e su l t ed  in  inc reased  a n t i v i r a l  ac t iv i ty .  R e p l a c e m e n t  of 
t h e  h y d r o x y l  g roup  in t he  2 ' -pos i t ion  of c o m p o u n d  I w i th  
h y d r o g e n  p roduced  c o m p o u n d  I I I  w h i c h  no t  on ly  in- 

1 W. H. PRUSOFF, Pharmac. Rev. 79, 209 (1967). 
H. ]~. HoPPS, B. C. BERNHEIM, A. NISALAK, H. T. Jio and 
J. E. SMADEL, J. hnmun. 91, 416 (1963). 

8 A. R. DIWAN, C. N. GOWDY, R. K. ROBINS and W. H. PRUSOFF, 
J. hen. Virol. (Cambridge Univ. Press, 1968), in press. 

4 M. G. STOUT and R. K. ROBINS, J. org. Chem. 33, 1219 (1968); 
M. W. WINKLEY and R. If. ROBINS, J. org. Chem. 33, 2822 (1968). 
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creased act ivi ty ,  bu t  also increased tox ic i ty  (Table I). I t  
m a y  be possible to reduce the  tox ic i ty  of compound  I I I  
by  subs t i tu t ing  a methylsu l fonyl  group a t  the  5'-position. 
Conversion of the  pyr imid ine  moie ty  of compounds  IV 
and V to the  corresponding quinazoline der ivat ives  (VI 
and VII ,  respectively) did not  al ter  s ignificantly the  
ant iv i ra l  act ivi ty ,  however,  compound  VI  is less toxic  to 
the  host  cells t han  the  paren t  compound  (IV). 

5 ' -Subs t i tu ted  nucleoside analogs were designed to be 
inhibi tors  of ei ther  nucleot ide kinase or polynucleot ide  
polymerase,  and several  adenosine der iva t ives  were re- 
por ted  to have  modera te  an t iv i ra l  ac t iv i ty  5. The present  
s tudy  indicates t h a t  specific modif ica t ion  of 5 ' - a m i n o -  
5 ' - d e o x y a d e n o s i n e  increased its an t iv i ra l  act ivi ty .  The  
pyr imidine  r ibonucleosides were s imilar ly  modera te ly  
act ive  as antivira-1 agents. Of significance is the  modera te ly  
decreased tox ic i ty  of 6-methylur idine  when conver ted  to 
the  corresponding quinazol ine der ivat ive .  

Since the  virus was adsorbed for i h at  37 ~ prior  to 
addi t ion of the  compounds,  interference wi th  virus 
adsorpt ion and pene t ra t ion  as a site of inhibi t ion of 
these compounds  is minimized  if not  el iminated.  The  
use of a high mul t ip l ic i ty  of infection avoids a mul t ip le  
cycle of repl icat ion of the  virus, and indicates an effect 
on an intracel lular  process as being responsible for the  
observed ant iv i ra l  activit ies.  

The biochemical  basis for inhibi t ion has not  been inves- 
t iga ted  because of the  modes t  ant iv i ra l  ac t iv i ty  of these 
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St ruc tu r e s  of pur ine  a n d  pyr i ln id ine  nucleosides.  

Tab le  I. C y t o t o x i e i t y  of c e r t a i n  s u b s t i t u t e d  p u r i n e  a n d  py r imid ine  
nucleosides  

Nucleos ide  Reference  Concen-  Degree  
No. t r a t i o n  of tox ic i ty  

(mM) 

5 ' -Amino-  5 ' -deoxyadenos ine  I 0.5 0 
2.0 0 
4.0 + + + +  

5 ' -Me thy l su l fony l amino -  II  0.5 0 
adenos ine  2 . 5  0 

5.0 • 

5 " - A m i n o - 2 ' ,  5 ' -d ideoxy-  I I I  0 . 5  0 

adenos ine  2.5 0 
5.0 + + + +  

6 -Methy lu r id ine  IV 0.5 0 
1.0 0 
2.5 + +  
5.0 + + + +  

1-f l -D-Ribofuranosyl-2-  V 0.5 0 
qu inazo l ined ione  1.0 0 

2.5 0 
3.5 + + + +  

6 -Me thy l cy t i d ine  VI 0.5 0 
2.5 0 
5.0 + + + +  

4-Amino-1-/~-I>ribo- v i i  0.5 o 
fu ranosy i -2 -qu inazo lone  2.0 0 

2.5 0 
4.0 + + + +  

T a b l c  l I .  An t iv i r a l  a c t i v i t y  of ce r t a in  s u b s t i t u t e d  pu r ine  a n d  
py r imid ine  nucleosides  

Nucleos ide  Refer-  H ighes t  Virus  % 
ence concen-  t i te r  inhi-  
No. t r a t i o n  P F U / m l  b i t i o n  

n o t  tox ic  
to hos t  
cells 
0nM) 

No d r u g  - - 1 .3 • 106 - 

5 ' - A m i n o - 5 ' - d e o x y a d e n o s i n e  I 2.0 1.3 • l 0  s - 

5 ' -Me thy l su l fony l amino -  I I  2.5 3.5 • 105 73 
adenos ine  

5 ' -Anf ino-2 ' ,  5 ' -d ideoxy-  I I I  2.5 2.9 • 105 78 
adenos ine  

6 -Methy lu r id ine  IV 1.0 4.6 • 105 65 

1-~-D-r ibofuranosyl-  V 2.5 3.1 • 105 76 
2, 4 -qu inazol ined ione  

6 -Methy lcy t id ine  VI  2.5 6.3 • 105 52 

4-Amino- l - f l -D-r ibo-  VI I  2.5 3.3 • 10 ~ 75 
fu ranosy l -2 -  qu inazo lone  

T. NEILSON, R. RUYLE, R. L. BUGIANESI, K.  H.  BOSWELL a n d  
T. Y. SHEN, Abs t r .  Am.  chem.  Soc.,  p.  29 (Sept .  1967). 
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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 .  

A. IR. DIWAN, R. K. ROBINS 
and W. H. PRUSOFF 

Department o[ Pharmacology, Yale University School o[ 
Medicine, New Haven (Connecticut 06510, USA) and 
Department o/Chemistry, University o[ Utah, 
Salt Lake City (Utah, USA), 9 September 1968. 

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 
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