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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.  
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therefore of glutamii~e) was relatixelv stable under the conditions used. Over a period of 17 hours, 
half-saturated potass ium carbonate  and hai l -saturated potassiunl hydroxide solution split re- 
spectively o.I 5 % and 0.23 % of the amino-N of glutamic acid. 

"Fable 1 shows the recovery of glutamine from pure glutamine solutions and from solutions con- 
taining known amounts  of brain tissue and glutamine. I t  may  be noted t ha t  the amoun t  of glutamine 
flmnd in the tissue is of the same order as the amounts  found in brain tissue by  other  workers63. 

Table 11 presents  the results of an exper iment  in which the amoun t  of glutamine synthesised 
by brain cells in ~ilro was est imated by (a) the present  method and (b) the nIethod of KREBS "°, in 
which the glutamine is hydrolysed umier acid conditions. The results of both  nIethods are similar 
to those of ]<REBS 2 and of \ V E I I . - 3 1 A I A I E R B I (  ~. 

T:\ B l d ; . [  

R E C O V E R Y  O F  G L U T A M I N E  F R O M  I ' U R E  G L U T A M 1 N E  S O L U T I O N S  A N D  E R O M  T I S S U E  S U S P E N S I O N S  

For  recovery of glutamine fronI tissue suspension, guinea pig brain tissue was passed through a. 
4o-mesh sieve immediately after excision of the organ from the animal, and dispersed in ice-cold 

solutions containing glutamine and phosphotungs t ic  acid. 

(;Ittlamitte added /]rain tissue ].'rcc .VHu Glutaminc % Recovery . l  
(/a,, amide-N) t m~) (f*¢ 3.') (It~ ' A:) glutamine 

20.0 o,3 19.4 97 
5.o o. t 4.9 98 

I o o  1 .8  7 .4  
2 o . o  i o o  2 .o  2 7 . 2  99 

.5 .0  I OO [ ,8  I 2.{) 1 0 4  

TABI .E  I I  

G L U T A M I N E  S Y N T H E S I S  BY  B R A I N  C E L L S :  G L U T A M I N E  D E T E R M I N E D  U S I N G  

(8)  A C I D  H ~ ' l / R O L Y S I S ,  (b) A L K A L I N E  H Y D R O L Y S I S  

Guinea pig brain tissue incubateil for 21:) hours  in phospha te  Ringer solution containing glucose 
(o.ol M) and sodiunl g lutamate  (o.o2 ~I). Temperature  37.5 ° C. 

Free NHa 7"olal NHa Amide  N 
~ le thM (Itg N per zoo mg (Itg N per zoo mg (l~g N per zoo mg 

tissue) tissue) tissue: by difference/ 

Acid hydrolysis  4.5 25.5 _,1.o 
4 .2  - 6 .  I - I .  9 

A l k a l i n e  h y d r o l y s i s  4 -3  2 5 . 5  2 1 . 2  
3.9 25.8 21.9 

Since potassiunl  hydroxide solution will hydrolyse other  non-protein anl ino-compounds con- 
tained iu brain tissue besides glutamine (such as asparagine and nicotinanlide), the present  method 
cannot  be used when the anlount  of glutaniine to be analysed is small in relation to the amount  
of tissue; for such determinat ions  the more specific method of KREBS a is to be preferred. However,  
for serial determinat ions  of the relatively large amounts  of glutamiue synthesised by brain cells 
in vilro, the method,  owing to its siniplicity, may  serve a useful purpose.  

The author  is indebted to Dr. t:. J. R. HtRD, Depar tmen t  of l l iochemistry,  Universi ty of 
Melbourne, for a gift of I g of 97 °'o pure glutamine. 
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