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C a r b a m y l  t rans fe r  w i th  m a m m a l i a n  and bacter ia l  e n z y m i c  prepara t ions*  

The react iol l  o rn i th ine  ~ ci t rulI ine has been shown to be composed of two nlail/ enzyll l ic  
s teps  1,2,a reac t ions  I all([ 2. 

E n z y m e  [ 
1 . . \G**  : (20.~ ~ NH.~ : .\ ' l ' l  ) " -->Compound X , \ l ) [  > 

Enzvn le  11 
2. Compound X ~ Orn i th ine  - - - ~ C i t r u l l i n e  . C(; + l'()a! 

The pur i t ica t ion  of Compound X as well as par t i a l  ident i f ica t ion  showhlg  Conll)ound X to be 
a c a r b a m y l  p h o s p h a t e  or re la ted  d e r i v a t i v e  of . \ ( ;  or CG has been repor ted  elsewherei ,  4. 

.\ mos t  i m p o r t a n t  con t r ibu t ion  has [men made  recen t ly  by JONFS e/  a/ .  r', w h o  prepared  syn the t i c  
c a r b a m y l  p h o s p h a t e  and found it  to react  enzymica l ly  with o rn i th ine  to form ci trul l ine,  thus  con- 
f i rming the  c a r b a m y l  phospha t e  na tu re  of Compound X. CP and Compound X react  equa l ly  well 
with p a r t i a l l y  purif ied p r epa ra t i ons  of E I1 from calf l iver  or wi th  bacter ia l  e x t r a c t s  as showu in 
l;ig. t. Fig. 2 shows t h a t  ( ; P i s  i n a c t i v a t e d  enzymica l ly  as is Compound  X by the sp l i t t i ng  enzyme 
a l ready  descr ibed 6. Fig. 2 shows also t h a t  the st~ontaneous decompos i t ion  ra te  is the  same for both 
conlpounds .  
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lqg.  I. The enzymic  syn thes i s  of c i t ru l l ine  from 
Compound  X and CP. Each  tube  con ta ined  the 
followi ug expressed ill micromoles  per  2 mil l i l i ters  : 
t r is  lmffer, pH  7.5, loo;  Compound  X, po t a s s ium 
salt,  12 ; CP. l i th imn sa l t  s, 12 ; orni thine,  ~ 5- Curve  
l, bac te r ia l  e x t r a c t ;  curve  ~, l iver  E l I  p repara -  
t ion. Open signs are expe r im e n t a l  po in t s  ob ta ined  
using CP, solid s igns are e xpe r im e n t a l  po in t s  
ob ta ined  using Compound  X. Incuba t ion  at 2 6  

for ~o minutes .  
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Fig. 2. l ' ; l lzylnic and n lm-enzymic  decomposi t ion  
of Conlpound X and CP. Each tube  con ta ined  
the following expressed  in micromoles  per  2-5 
mil l i l i ters :  t r is  buffer p H 7.5, soo; Compound X, 
po tass ium salt,  6.0; CP, l i t h i um salt,  9.6. Exper i -  
men ta l  po in ts  marked  wi th  solid signs represent  
the values  ob ta ined  w i t h o u t  sp l i t t i ng  enzyme:  
open signs represent  values  ob ta ined  in the 
presence of a wa te r  e x t r a c t  of acetone dr ied ra t  
bruin, I8 mi l l ig rams  pro te in  per  tube ;  circles, CP 
as subs t r a t e  : t r iangles ,  Compound  X as subs t ra te .  
Compound  X and CI ) were measured  ill all cases 

its p rev ious ly  descr ibed 2. T e m p e r a t u r e  38 '. 

i t  is clear  from the d a t a  p resen ted  here t h a t  Compound  X and CI '  are very  closely re la ted  
compounds ,  however  they, do not  appea r  to be iden t i ca l  on the basis  of ana ly t i c a l  da ta  4 of h ighly  

* Suppor ted  by g ran t  @ H-s925, N a t i o n a l  Hear t  i n s t i t u t e ,  N a t i o n a l  I n s t i t u t e s  of Heal th ,  and 
07, Tile Helen Hay  W h i t n e y  Founda t ion .  
** The fol lowing a b b r e v i a t i o n s  are used t h r o u g h o u t  th is  paper :  AG, , \ce tyl  g l u t a m a t e ;  CG, 

( ' a r b a m y l  g l u t a m a t e ;  Compound  X, the ac t ive  i n t e r m e d i a t e  for c i t ru l l ine  syn thes i s  formed from 
AG or re la ted  compounds ;  CP, C a r b a m y l  phosphateS;  tris,  t r i s ( h y d r o x y m e t h y l ) a m i n o m e t h a n e .  
E I I, 20 4 ° % ace tone  f ract ion of ace tone  powder  ex t r ac t s  of calf l iver  t r ea ted  its p rev ious ly  described 
for E n z y m e  [I'Z; E n z y m e  I, as p r ev ious ly  descr ibed 2. Bac te r i a l  e x t r a c t s  p repared  accord ing  to 
OGINSKY AND GEHRIG 7 from St ra in  I)  ~0, Group D streptococci ,  k i n d l y  given by l)r. SLAI)E and 
grown accord ing  to his procedure  s . All ana ly t i c a l  me thods  and procedures  have  been described in 
p reced ing  papersL 2, a. 
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purif ied Compound  X and on the  bas is  of the  nlolar  r e l a t ionsh ip  shown l)etween CG added  to incu- 
ba t i on  m i x t u r e s  and  Compound  X syn thes i s  2. 
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A simple method for the estimation of 91utamine in brain extracts* 

Dur ing  inves t i ga t ions  concern ing  the  syn thes i s  of g l u t a m i n e  by  bra in  cells 1, a mic ro -me thod  
for the e s t i m a t i o n  of g l u t a m i n e  in b ra in  e x t r a c t s  has  been developed  which was found to be s impler  
t h a n  o ther  me thods  descr ibed in  the  l i teratureS,a,  4. 

The m e t h o d  depends  on the  hydro lys i s  of t i le  amide-N of g l u t a m i n e  by  means  of ha l f - s a tu ra t ed  
po t a s s ium h y d r o x i d e  so lu t ion;  the  a m m o n i a  spl i t  off is de t e rmined  by  the  microdiffusion me thod  
(if CON\VAY 5. The hydro lys i s  is carr ied  out  a t  room t e m p e r a t u r e  in a Conway dish, the  a m m o n i a  
be ing  t r a p p e d  in  a d i lu te  solut ion of acid con ta ined  in  the  cen t ra l  c h a m b e r  of the  dislL Thus  the  
hydro lys i s  of the  g l u t a m i n e  and the  d i s t i l l a t ion  of the  a m m o n i a  spl i t  off are carr ied  out  in one 
opera t ion .  

The procedure  as used by  the  a u t h o r  for t i le  e s t ima t ion  of g l u t a m i n e  syn thes i sed  by  bra in  cells 
i*z vitro is as follows. Brain  cells, p repa red  by  pass ing  the  ce rebrum t h rough  a 4 ° inesh sieve, are 
shaken  in \Varburg  ttasks a t  a c o n s t a n t  t e m p e r a t u r e  of 37.5 '~ C. At the  end of the incuba t ion  period 
the flasks, con t a in ing  too to I5O mg bra in  t i ssue  suspended  in  3 ml Ringer  solution,  are r emoved  
from the ba th  and o.2 ml of 16°o phos pho tungs t i c  acid is added  to the  con ten t s  of each ttask. The 
Ringer  solut ion plus  t i ssue  is then  poured  in to  cent r i fuge  tubes  and cen t r i fuged  a t  ~8oo g for 5 
minutes .  A I ml  a l i quo t  of the  clear  supe rna t e  is p laced in the  ou te r  chambe r  of a s t a n d a r d  size 
Conway  dish, the  cen t ra l  c ha m be r  of which con ta ins  i ml  of 0.oo2 M p o t a s s i u m  b i ioda te  solut ion.  
l ml  ( approx imate ly )  of s a t u r a t e d  p o t a s s i u m  h y d r o x i d e  solut ion is t hen  added  to  the  fluid in the 
ou te r  chamber ,  and  the  dish is sealed wi th  a greased glass plate .  ( I t  is also adv i sab le  to place a small  
a m o u n t  of grease on the  top  of the  wal l  of the  cen t ra l  chamber ,  as the  po t a s s ium h y d r o x i d e  solut ion 
has  a t e n d e n c y  to  "creep" . )  The t ime  al lowed for hydro lys i s  of the  g l u t a m i n e  and diffusion of a m m o n i a  
is 9o minu te s  (2 hours  in cold weather) ,  a t  the  end of which t ime  the  p o t a s s i u m  b i ioda te  so lu t ion  
is t i t r a t e d  w i t h  d i lu te  ba r ium h y d r o x i d e  so lu t ion  ( a p p r o x i m a t e l y  o.oo 4 3I), us ing a o.25 ml micro-  
bure t te .  The i nd i ca to r  used is the  one r e c om m e nde d  by  CONWAY 5, i.d. a m i x t u r e  of m e t h y l  red and 
m e t h v l e n e  blue.  

Since some of the  a m m o n i a  de t e rmined  in th i s  w a y  will  be free NHa, a second I ml  a l iquo t  
is ana lysed  for free N H  a, us ing  ha l f - s a tu r a t e d  p o t a s s i u m  ca rbona t e  so lu t ion  to  l ibe ra te  the  a m m o n i a  
from the  t i ssue  e x t r a c t  s . The difference be tween  the  first and the  second d e t e r m i n a t i o n  gives  the 
a m o u n t  of amide -N present .  

A smal l  q u a n t i t y  of a m m o n i a  is sp l i t  from g l u t a m i n e  by  h a l f - s a t u r a t e d  p o t a s s i u m  ca rbona te  
solut ion,  a m o u n t i n g  to  3.2 ° o of the  amide-N of g l u t a m i n e  in 9o m i n u t e s  a t  27 ° C, under  the  condi t ions  
of the  CONWAY method.  For  o r d i n a r y  purposes  th i s  q u a n t i t y  m a y  be considered negligible,  bu t  a 
cor rec t ion  can be appl ied  if considered necessary.  

E x p e r i m e n t s  wi th  g l u t a m i c  acid showed t h a t  the  amino-N of g lu tan l i c  acid (and p r e s u m a b l y  

* This  i n v e s t i g a t i o n  was  suppor t ed  in p a r t  by  a g r a n t  f rom t i le  Aus t ra l i an  N a t i o n a l  H e a l t h  and  
Medical  Research  Council.  


