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a-Keto91utaramic acid as a product of enzymic transamination of 
91utamine in Neurospora* 

E v i d e n c e  for the  p a r t i c i p a t i o n  of a - k e t o g l u t a r a m i c  acid (KGAM) as an i n t e r m e d i a t e  in the  t rans -  
a m i n a t i o n - d e a m i d a t i o n  reac t ion  of g l u t a m i n e  in l iver  and  k idney  has  been repor t ed  p rev ious ly  1, 2, 3 
E x p e r i m e n t s  w i t h  s u b s t i t u t e d  g l u t a m i n e  de r i va t i ve s  2 and  w i t h  a purif ied og-amidase o b t a i n e d  
f rom r a t  l iver  4 were cons i s t en t  wi th  the  i n t e r m e d i a t e  fo rma t ion  and  hydro lys i s  of KGAM. The 
fo rma t ion  of KGAM as a p roduc t  of the  enzymic  t r a n s a m i n a t i o n  of g l u t a m i n e  could not  be 
d i r ec t ly  d e m o n s t r a t e d  wi th  the  m a m m a l i a n  s y s t e m s  because  of the  presence  of h igh ly  ac t ive  
t0-amidase  which  r a p id ly  ca t a lyzed  i t s  convers ion  to  a - k e t o g l u t a r i e  acid and  a m m o n i a  a. We  now 
wish  to  r epor t  s tud ies  on a g l u t a m i n e - a s p a r a g i n e  t r a n s a m i n a s e  s y s t e m  of Neurospora, in wh ich  
i t  has  been  poss ible  to  d e m o n s t r a t e  the  fo rma t ion  of KGAM as a p roduc t  of g l u t a m i n e  t r ans -  
a m i n a t i o n .  

These  s tud ies  were car r ied  out  w i th  e x t r a c t s  of an a spa rag ine - r equ i r i ng  m u t a n t  * * of N. crassa 
(S-loo7a) 5 and  i t s  p a r e n t  wi ld  t y p e  s t r a in  (Y8743-2I (13-7) a). The m u t a n t  s t ra in  exh ib i t ed  a 
g rowth  response  to  a - k e t o s u c c i n a m i c  acid as well  as to L-asparagine,  sugges t ing  t h a t  i t  conve r t ed  
a -ke to succ inamic  acid to  asparag ine .  I t  was  s u b s e q u e n t l y  found t h a t  e x t r a c t s  of bo th  the  wi ld  
and m u t a n t  Neurospora s t r a ins  ca t a lyzed  the  f o r m a t i o n  of a spa rag ine  from a - k e t o s u c c i n a m i c  acid 
and  c - g l u t a m i n e  (Table I). Of m a n y  amino  ac ids  tes ted ,  g l u t a m i n e  was  the  only  ac t ive  amino  
donor  in th i s  sys tem.  The  reac t ion  was  fol lowed by  obse rv ing  the  decrease  in t he  cha rac t e r i s t i c  
abso rp t i on  b a n d  e x h i b i t e d  by  a - k e t o s u c e i n a m i c  acid a t  29o m #  in o.1 M NaOH1;  the  fo rma t ion  
of a spa rag ine  was  d e m o n s t r a t e d  by  p a p e r  c h r o m a t o g r a p h y .  In  c o n t r a s t  to  the  g l u t a m i n e  t rans -  
aminase  p r e p a r a t i o n s  which  h a v e  been ob ta ined  f rom l iver  and  k idney ,  the  Neurospora prepa-  
r a t ions  did not  ca ta lyze  apprec iab le  d e a m i d a t i o n  of added  KC-AM; when  KGAM, a-ke to-  
succ inamate ,  or L-g lu tamine  was  i n c u b a t e d  w i t h  these  enzyme  p repa ra t ions ,  less t h a n  5% of 
the  added  a m i d e  was  de a m ida t e d .  A l t h o u g h  added  L-asparagine  was  hydro lyzed  by  the  enzyme  
p r e p a r a t i o n s  (5 to  40%,  depend ing  on the  m e t h o d  of p r e p a r a t i o n  of the  ex t rac t ) ,  we observed  
t h a t  the  t o t a l  evo lu t ion  of a m m o n i a  du r ing  the  course of the  t r a n s a m i n a t i o n  reac t ion  was  not  
suff ic ient ly  g rea t  to  accoun t  for comple te  d e a m i d a t i o n  of the  KGAM p r e s u m a b l y  formed. These  
obse rva t i ons  sugges ted  t h a t  i t  m i g h t  be poss ible  to  d e m o n s t r a t e  the  fo rma t ion  of KGAM in th i s  
sys tem.  

T A B L E  I 

T R A N S A M I N A T I O N  B E T ~ , V E E N  G L U T A M I N E  A N D  ( 2 - K E T O S U C C I N A M A T E  

C A T A L Y Z E D  B Y  Neurospora P R E P A R A T I O N S  

The comple te  sy s t em consis ted  of 4 #moles  sod ium a - k e t o s u c c i n a m a t e ,  4 #mole s  L-glutamine,  
o.o2 #mole  p y r i d o x a l  phospha te ,  2o #mole s  tris(hydroxymethyl)aminomethane-pyrophosphate 
buffer (pH 9.o) and  o.2 ml of enzyme  p r e p a r a t i o n  in a final vo lume  of o. 3 ml ; i n c u b a t e d  for 6o min  
a t  37 °. Neurospora (wild s t ra in)  was  g rown a t  3 °o on Fr ies  m e d i u m  6 c o n t a i n i n g  o.oo167 M L- 
a spa rag ine  ; myce l i a  were h a r v e s t e d  a f te r  3 days ,  cooled to  o °, minced,  and  homogen ized  in o.o 5 ,~I 
sod ium p y r o p h o s p h a t e  buffer (pH 8.5) ; t he  h o m o g e n a t e  was  cen t r i fuged  a t  z,ooo × g for 2o rain 
and  the  s u p e r n a t a n t  so lu t ion  was  d ia lyzed  a g a i n s t  o.ooo5 M p y r o p h o s p h a t e  buffer (pH 8.5) for 
6 h a t  5 .  a - K e t o s u c c i n a m a t e  was  d e t e r m i n e d  from the  abso rp t i on  a t  290 m #  in o. i  N NaOH,  

read  a ga in s t  b l anks  in which  a - k e t o s u c c i n a m a t e  was  omi t t ed .  
+ = fo rma t ion  d e m o n s t r a t e d  by  p a p e r  c h r o m a t o g r a p h y  (asparagine)  or as descr ibed in the  t e x t  

(KGAM); o = no format ion .  

a-K elosuccinamate 
disappearance K GA M A sparagine 

(tzmoles) 

Comple te  s y s t e m  2,47 + + 
L-Glu tamine  o m i t t e d  § o,2o o o 
(~-Ketosuccinamate  o m i t t e d  o o 
E n z y m e  o m i t t e d  o o o 

§ No a c t i v i t y  was observed  when  L-g lu tamine  was replaced by  D-glutaraine,  NH~CI, glycine,  
or tt~e L-isomers of val ine,  leucine, isoleucine,  a spa r t i c  acid, g l u t a m i c  acid,  t h reon ine ,  serine,  lvsine 
h is t id ine ,  t r y p t o p h a n ,  methionJne,  pheny la l an ine ,  ty ros ine ,  a lanine ,  and  homog l u t ami ne .  

* This  research was  suppor t ed  in p a r t  by g r an t s  f rom the  N a t i o n a l  Science F o u n d a t i o n  and 
f rom the  Na t iona l  H e a r 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 Hea l th ,  Bethesda ,  Marvland .  

** The  au tho r s  are indeb ted  to  Dr. S. \V. TANENBAUM for generous ly  p r o v i d i n g  a cu l tu re  of 
th i s  m u t a n t .  
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The format ion of KGAM was demonst ra ted  in the presence of a-ketosuccinamic acid by 
the following procedure,  in which a-ketosuccinamic acid (as well as other  a-keto acids) are 
selectively, destroyed by H202; under  these condit ions KGAM (present in the ketolactam form) 7 
is not  at tacked.  A reaction mix ture  (4.4 ml) containing a-ketosuccinamate ,  glutamine,  and enzyme 
(complete system,  Table I) was  t reated wi th  13 ml absolute ethanol  and the precipi tated protein  
was  removed by centrifugation.  The supe rna t an t  solut ion was  concentra ted  by  evapora t ion  to 
7 ml and b rough t  to abou t  p H  12 by  addit ion of N a O H ;  af ter  s tanding at 26 ° for io  min (to 
p romote  conversion of a-ketosuccinamate  to the 
monomer7), the mix ture  was adjus ted to p H  5.6 
by  addi t ion of glacial acetic acid. H 2 0  ~ (0. 5 ml 
of 30%) was  added, and after  incubat ion  at  37 ° 
for 20 min, an excess of crystalline beef liver 
catalase was  added to des t roy  the peroxide. The 
resul t ing mix tu re  was  t rea ted  wi th  2 ml 0.5% 
2,4-dini t rophenylhydrazine in 2 N HC1, and then  
incubated for 6 h at 37 °. The solution was  ex- 
t rac ted  successively with ethyl  acetate, sodium 
carbonate ,  and (after acidification) wi th  ethyl  
acetate.  The hydrazone  solut ion was  hydrogen-  
ated wi th  p la t inum oxide catalyst  as described ;8 
hydrogena t ion  of a-ketoglutaramic  acid--2,  4- 
d in i t rophenylhydrazone  under  these condit ions 
has  previously  been shown to yield g lu tamine  
and glutamic acid s. After hydrogenat ion,  paper  
ch roma tog raphy  in py r id ine -wa te r -me thano l  
(4 : 20 : 8o), formic acid-tert-butanol-water 
(15: 75: I5), and pheno l -wa te r  (80:2o) revealed 
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Fig. I. Diagrammat ic  representa t ion of chro- 
matogram.  (The exper imenta l  details are 

given in the text.)  

g lu tamine  (RF: o.35, o.29, and, o.43, respectively) and smaller  quant i t ies  of glutamic acid (RF: 
0.55, 0.42, and 0.22, respectively). The results  obtained wi th  the phenol solvent are diagram- 
matical ly represented in Fig. i which also gives the composi t ion of the reaction mixtures .  The 
presence of glutamic acid may  be ascribed to deamidat ion  of the 2 ,4-dini t rophenyihydrazone of 
KGAM or of g lu tamine  during hydrogenat ion.  Hydrolys is  of the  produc ts  of hydrogenat ion  in 
t N HC1 at  lOO ° followed by paper  ch rom a t og raphy  gave only glutamic acid. In  similar experi- 
ments  in which enzyme preparat ion,  a-ketosuccinamic acid, and glutamine were separately 
omitted,  no g lu tamine  was  formed. Added KGAM (Expts .  5 and 6, Fig. i) was  also recovered 
as g lu tamine  and  glutamic acid. 

The present  observa t ions  provide direct evidence for the format ion of KGAM as a product  
of enzymic t r ansamina t ion  of g lutamine in Neurospora, and are consistent  with the  conclusions 
d rawn from studies on similar mammal i an  enzyme systemsl,2, 3. The format ion of asparagine 
f rom a-ketosuecinamate  by  Neurospora ext rac ts  and the  observat ion  t ha t  a-ketosuccinamate can 
subs t i tu te  for L-asparagine in suppor t ing  the g rowth  of the Neurospora m u t a n t  suggest  t ha t  the 
g rowth  response of this  m u t a n t  to D-asparagine 5 may  be due to conversion of D-asparagine to 
a-ke tosuccinamate  followed by L-specific t r ansamina t ion  to L-asparagine. Although conversion 
of a-ketosuccinamate  to asparagine has now been observed in Neurospora as well as in mammal i an  
systems,  it is evident t ha t  fu r ther  research is required to establish the p a t h w a y  (or pa thways)  
of asparagine format ion and the na ture  of the block of asparagine biosynthesis  in this Neurospora 
mutan t .  
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