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SU MMA RY 

7_Aminobutyrate-glutamate transaminase catalyzes exchange reactions between 
y-aminobutyrate and succinic semialdehyde and between L-glutamate and a-keto- 
glutarate. Several analogs were tested for inhibition of each of the exchange reactions; 
for a given analog, approximately equal inhibitions were obtained in both exchange 
reactions. Glutarate and butyrate were the most effective analogs tested. 

INTRODUCTION 

The purification of a soluble 7-aminobutyric-glutamic transaminase from a strain of 
Pseudomonas fluorescens has permitted a kinetic analysis of the course of the reaction 
described by equation (I). The results of this work were consistent with the hypothesis 
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tha t  only binary complexes of the transaminase and its substrates are involved and 
permitted the formulation of a mechanism 1 summarized by  equations (2) to (5). 

7-aminobutyra. te  + cl ke toglutara te  ~ succinic semia idehyde  -+- ~ -giutai~<~, (~' 

RCI-II~NH~ + ECHO ~-  E '  (z) 

E '  v"  RCHO --- E( ;HpNH 2 (3) 

RCOCOOH + J£CH~NI{~. ~-  E "  (4) 

I~*' ~-  J~CH2NH~eCOot~ r + ECHO (5) 

The enzyme may  be pictured as an aldehyde (ECHO), as an amine (ECH2NH,2) 
and as two enzyme-subs t ra te  complexes (E', E") of unspecified structure. Since 
pyridoxal  phosphate has not been definitely identified as the prosthetic group of the 
transaminase it is only by  a.nalogy to other transaminases tha t  the aldehyde and 
amino forms of the el:?zyme m a y  be equated with the equivalent forms of {:he co- 
enzyme. The symbol, R, represents -CH2COOH, the radical eommo~ tc'.. al] four 
substrates. 

Implicit  in tMs formulation is the capaci ty of the enzyme to ca~:alvze an exchange 
of isotope between either of the substrate amino acids and their respective carbo~qyi 
analogues. Thus, incubation of the enzyme with 7-i~C~alninobut).ratc and succinJc 
semialdehyde should lead to the parti t ion of the isotope between the pair {~: a manr, er 
determined ~ by  their respective concentrations (equations (e) and (2)). in a,: ez~th:elv 
analogous fashion an exchange reaction between L-gh]tamate and a.-ketogh~i-arate 
(equations (4) and (5)) would be expected. 

In  the present report, it is demonstrated that  7.~aminobutyrie-gh.~tamic trans- 
aminase catalyses isotopic exchange between 7-aminobutyrate  a;~d s~.~ccinic semi- 
aldehyde as wel] as between glutamate and ct-ketoglutarate. The h~hibitory properties 
of several structural analogs of the substrates are examined with respect to ihe e~:- 
change reactions and the implications of these resnlts for the mecha.ni:~)? o; the overall 
transamJnase reaction are discussed. 

EXPERIMENTAL 
Methods a~d materiaZs 

7-[I-l~C]aminobutyric acid {specific act ivi ty  i ~.C/'p.mole) and c,.-[z,2-~(i]keto- 
glutaric acid (o. 9 izC/p.mole) were obtained from Merck and Coo, Ltd. of Canada. The 
enzyme preparation was Fraction I I  obtained from a strain of Pse~do~J~o~ta.s/:,.~orescens 
by  methods described previously ~. 

Succinic semialdehyde, a-ketoglutarate and 7-aminobutyrate  concentl:ations 
were determined spectrophotometrical ly a, 

Measurements of the transamination and exchange reactions were based ~pon 
a method for the separation of the amino acid substrate by  adsorption on Dowex 5 ° 
and subsequent elution with ammonia. The enzyme incubations were carried out in 
a total volume of approx, o.I ml at 30 ° and te lminated by  the addition of o J- n~, ~ 
ol o.I M sodium bisulfite. The samples were transferred quant i ta t ive!y to ~~ wat(:r- 
washed column of 2oo.-,4oo mesh Dowex 5 ° X-8 (H- form) consisling oil z ~?~1 of wet 
resin in a z-cm diameter, coarse, sintered--glass funnel, After addition of ~-he incubation 
mixture,  the columns were eluted with 7 m1 of disti]led water;  ii~e cluster.; were 
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collected in graduated test tubes. When the radioactivity of the amino acid was to 
be determined, a second elution with 7.o ml of IO % NH~OH (concentrated ammonium 
hydroxide diluted ten-fold) was performed. Eluate volumes were recorded and ioo-~1 
aliquots were added to IO ml of liquid scintillation phosphor solution. The phosphor 
solution contained o.3 % 2,5-diphenyloxazole in toluene-methanol  (3:1, v/v). A 
Packard Model 314 liquid scintillation counter was used for ~4C determinations. 
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Fig. 2. 

Fig. i .  I so tope  exchange  as a func t ion  o f  e n z y m e  con- 
cent ra t ion .  (C4) E a c h  t ube  conta ined  0.126 #mole  of 
T -aminobu ty ra t e ,  1.35 /*moles of succinic s emia ldehyde ,  
5 #mo l e s  of sod ium p y r o p h o s p h a t e  buffer, p H  8.4, and  
IO ffl of e n z y m e  in a final v o l u m e  of lO5 #1. (C5) E a c h  
t u b e  conta ined  o.24 ffmole of a -ke tog lu ta ra te ,  1.25 
ffmoles of g lu t ama te ,  5 ffmoles of sod ium p y r o p h o s p h a t e  
buffer  a t  p H  8. 4 and  IO ffl of e n z y m e  in a final v o l u m e  
of IoO ffl. I n  Ca, the  r ad ioac t iv i ty  was  ini t ia l ly  in t he  
} , -aminobutyra te  and  t he  curve  represen t s  t he  a c c u m u -  
la t ion  of r ad ioac t iv i ty  in t he  wa te r  e luates ,  i.e., in 
succinic  semia ldehyde .  I n  Ca, t he  rad ioac t iv i ty  was  
ini t ial ly in t he  a -ke tog lu t a ra t e  and  t he  curve  represen t s  
t he  a c c u m u l a t i o n  of r ad ioac t iv i ty  in t he  a m m o n i a  
eluates ,  i.e., in g lu t ama te .  The  va lue  of i .o on t he  
abscissa  cor responds  to the  a m o u n t  of e n z y m e  used in 
the  e x p e r i m e n t s  repor ted  in Table  I. I n c u b a t i o n  was  

for 12 m i n  a t  25 ° . 

Fig. 2. Effect  of p H  on exchange  react ions .  (Ca) E a c h  
t ube  conta ined  i o /*mo le s  of p y r o p h o s p h a t e  buffer,  o.25 
ffmole of ~-ElaC]anlinobutyrate ,  5 #mo le s  of succinic  
semia ldehyde ,  and  1.6 ffl of e n z y m e  in a to ta l  vo lume  
of 115 ffl. (C~) E a c h  t ube  con ta ined  IO fflnoles of pyro-  
p h o s p h a t e  buffer,  o. 5 ffmole of ~-[ laC]ketoglutara te ,  
1 .25/*moles  of g lu t ama te ,  and  1.6 #1 of e n z y m e  in a 
to ta l  vo l ume  of i i o  #1. I n c u b a t i o n  was  for IO m i n  a t  
25% The  p H  of each sample  was m e a s u r e d  on an  a l iquo t  

of t he  incuba t ion  mix tu r e .  

Fig. 3. T i m e  course of t he  exchange  reac t ions  and  of 
t r an sami na t i on .  E a c h  incuba t ion  m i x t u r e  conta ined  50 
/~moles of p o t a s s i u m  p y r o p h o s p h a t e  a t  p H  8.4 and  4 ° ffl 

of e n z y m e  in a to ta l  vo lume  of o.79 ml .  F l a sk  C 4 (O) conta ined ,  in addi t ion ,  1.26 ffmoles of 
T-LI - laC]aminobutyra te  and  13. 5 / , m o l e s  of suceinic  s emia ldehyde .  F l a sk  C s (Q) conta ined  3.0 
ffmoles of a-LI,2-1aC~ketoglutarate and  12. 5 ffmoles of L-g lu tamate .  F l a sk  T (~k) con ta ined  3.0 
# m o l e s  of a-[ i ,2-1aC~ketoglutarate  and  12. 5 Fmoles  of ;~-aminobutyra te .  E a c h  po in t  r epresen t s  
t he  rad ioac t iv i ty  found  in t h a t  subs t r a t e  which  was  non- rad ioac t ive  ini t ial ly,  a 5o-#1 a l iquo t  

be ing  w i t h d r a w n  a t  t he  indica ted  t ime .  I ncuba t i on  was a t  25 °. 
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The relative rates of the two exchange reactions as functions of enzyn?e c,.mceJ~- 
tration, pH and incubation time are shown in. Figs. r 2 and 3, respectively. The 
7-aminobutyrate-succinic semialdehyde exchange (C.: exchange reaction) proceeds 
more slowly than the glutamate-a-ketoglutarate exchange (C5 exchange reaction), in 
Fig. 3, the initial rate of thc over-all trans~enh;ation reaction may- be ;3oted to 
approximate the initia] rate of the C.~ exchange reaction'. 

The enzyme preparation was ineffective in catalyzing the transamJnation o[ 
a-ketoglutarate with aspartate, alanine or pyridoxamine phosphate; neither gluta- 
mate nor 7-aminobutyrate transaminated with added pyridoxai phosphate. 

The effect of a number of structural analogs was examined wit]'.,, respect to the 
ability of such compounds to influence the rate of the exchange rezctions. The 
analogues were tested a.t a concentration of o.o16 M in a system similar to that 
described for Fig. I. Insignificant effects were Iom3d with a-methylglutamate,/°~-amino- 
butyrate, a,7-diaminobutyrate, putrescine and ethanolamine phosphate. Both m.- and 
allo-fi-hydroxyglutamate at a concentration of o.o32:11 were similarly ineffeeti.:e. 
However, both exchange reactions were markedly i:~hibited by fi-hyd,'oxy-~,-amino- 
butyrate, butyrate and glutarate (Table I). 

T A B L E  I 

F~FIrECT OF STRUCTURAL £~,.NALOGS ON VELOCITY Ol" ]~XCI-IANGI-; RJ:;t'.C'I'JONS 

f l -hyd roxyg l t l t ama te  (DL, ailO) waS p r e sen t  a t  a cor .ccntra t ion of o.o32 M. All ot!;er ana logs  were 
p r e s e n t  a t  a concen t ra t ion  of o.o~6 M.  (C.j) E a c h  t u b e  con ta ined  o.i_-6 !~moles 7-[v'C]z.mlno - 
b u t y r a t e ,  x.35 i tmoles  snccinic  semia lde l :yde ,  5 l tmoles  sod ium pyrophosp l -a t e  buffer  a.t p i t  8.4, 
a n d  5 / d  ol e n z y m e  in a final v o l u m e  o[ loo  ttl. (C~) E a c h  t ube  con ta ined  o .3o / imoJe  ~-keto-  
g lu t a ra t e ,  r .25 Izmoles g !u t ama t e ,  5 / t m o l e s  s o d i u m  p y r o p h o s p h a t e  buffer  .~t F]-I 8.4, z:~d 5 pl 

e n z y m e  in a final v o l m n e  of ~oo/zl. Samples  were incuba ted  .~ 2 :n!-~ ~t  -75". 

% of control 
A rmlog 

C4 C~ 

DI.-/~-hydroxy-7-a m .~nobutyrat e 5 ° 38 
/~ -aminobutyra te  99 ] r8 
13u tyr~,,te 37 62 
GI u t ~.rate 37 47 
SuccJnate  85 98 
a - m e t h y l  g l u t a m a t e  9 ° 78 
/3-/~ydroxy g l u t a m o t e  93 74 

DISCUSSION 

Previous analysis of the 7-aminobutyric-glutamic transaminase reaction indicated the 
binm3r nature of the enzyme-substrate complexes involved 1. The isotope e×changc 
technique employed here permitted a study of tl'.e characteristics of the partiai 

" I n  Fig. $ t he  ra te  of  react ion T is seen  to decrease  more  rap id ly  t h a n  the  re.to ol C 4. I t  m a y  
be no t ed  t h a t  t h e  equi l ib r ium construct  for C 4 and  Q~ is I while t h a t  Ior reaction. T is o.I e.nd t h u s  
less favorab le  to t h e  a c c m n u l a t i o n  of succinic  s emi a ldehyde .  Moreover,  t he  in.iti..-,1 r a t e s  of C,:. 
C.~ a n d  T c a n n o t  be expec ted  to become identical  even if more  adequa t e  m e t h o d s  ~a'ere e.vailable 
to  m e a s u r e  t h e m .  T he  s t e a d y  s t a t e  equa t i ons  descr ib ing  t he  initial velocit ies m a y  be shm~m to 
c o n t a i n  di f ferent  c o n s t a n t s  i'n each case.  Not  on ly  are  r a t e  c o n s t a n t s  combined  i;1 T f rom ('., 
a n d  C.~, b u t  a s u b s t r a t a  inhibi t ion off rl-l~etoglutarate on T ha s  been  d e m o n s t r a t e d L  -Mthongh 
t he  d a t a  s eem to  s u p p o r t  t he  ra te  l imi t ing  role of t he  initial reaction, betwee~. 7-aminob~; tyra te  
a n d  enzyme ,  t he  ra te  cons tar . t s  of one or more  i n t e rmed ia t e  comp lexes  m a y  bc o~ significance.  
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reactions,  i.e., those involving in terac t ion  of the enzyme with  ei ther  the  four-carbon 
or the  f ive-carbon subs t ra te  pair.  

NH 2 
I 

HOOC--CH2--CH2--CH--COOH 

NH2 
I 

HOOC--CHe--CH2--CH 2 

I II III  I v  v 

If  the two subs t ra te  pairs  can be assumed to in terac t  wi th  the  coenzyme at  the  
ca rbony l - amine  posit ion, their  in terac t ion  with  the apoenzyme mus t  be p redominan t ly  
th rough  the ca rboxyl  functions.  The stereospecifici ty of the  enzyme for L-glutamic 
acid  requires t ha t  the  g-carboxyl  (V) mus t  pa r t i c ipa te  in the  or ienta t ion of the  five- 
carbon pair .  Since the enzyme also dist inguishes between glutamic  acid and other  
a -amino acids, it  is evident  t ha t  the  dis ta l  carboxyl  (I) is a fur ther  requirement .  The 
bac te r ia l  enzyme dist inguishes between 7 -aminobu ty ra t e  and bo th  fi-alanine and 
3 -aminova le ra te ,  implying  tha t  the dis tance between I and  IV is critical.  The slow 
t r ansamina t ion  o f /3 -hydroxy-y-aminobutyra te*  indicates  t ha t  subs t i tu t ion  at  I I I  is 
compat ib le  wi th  act ivi ty .  

An a t t e m p t  was made  to inquire into the question of the  number  of sites involved 
for each of the exchange react ions since i t  is evident  t ha t  t h e  common carboxyl  
funct ion (I) might  occupy the same or a different locus on the enzyme surface for 
the  two subs t ra te  pairs.  If  the  in teract ion of the  subs t ra tes  differs only at  V, any  
compet i t ive  in terac t ion  at  the  site for I should interfere wi th  bo th  exchange reactions.  
Compet i t ive  in teract ions  which involved only V would be expected  to interfere largely 
wi th  the g l u t a m a t e - k e t o g l u t a r a t e  exchange. In  no case (Table I) was a selective act ion 
el ici ted which could inhibi t  one exchange react ion and not  the other. Carboxyl ic  acids 
which can in terac t  a t  I or a t  I and  V might  be expected  to inhibi t  the  C4 and C~ 
exchange reactions,  respect ively.  In  fact, b u t y r a t e  and g lu ta ra te  inhibi t  bo th  exchange 
react ions and are about  equal ly  effective. In  contrast ,  succinate  is re la t ive ly  in- 
effective. W i t h  the  except ion of f i -hydroxy-y-aminobu ty ra te  , a subs t ra te  of the  
enzyme,  o ther  closely re la ted  compounds  had  only minor  effects on the  exchange 
reactions.  
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