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Summary 

4-Aminobdtyrate:2-oxoglutarate (4-aminobutyrate:2-oxoglutarate amino- 
transferase, EC 2.6.1.19) from human brain has been purified 2500-fold with 
respect to the initial homogenate. The enzyme, which appears to be pure by 
polyacrylamide gel electrophoresis, N-terminal analysis and immunodiffusion, 
was compared to rat brain 4-aminobutyrate transaminase, purified to the same 
extent in an earlier study [15]. The two enzymes, which have approximately 
the same molecular weight, show large differences in their tryptic fingerprints 
and in the peptides produced by cyanogen bromide cleavage. The Km values 
(limit) for 4-aminobutyrate are different, the human enzyme having four times 
greater affinity for this substrate. A series of branched-chain fatty acids (includ- 
ing n-dipropylacetate), which are structural analogues of 4-aminobutyrate and 
inhibit rat brain 4-aminobutyrate transaminase, are less powerful inhibitors of 
the human enzyme. 

Introduction 

Study of the effects on neuronal activity of raising cerebral 4-aminobutyrate 
levels in vivo has often been used as a way of studying this inhibitory mediator. 
Usually, this increase in 4-aminobutyrate has been effected by the inhibition of 
its catabolic enzyme, 4~aminobutyrate:2-oxoglutarate aminotransferase (4-ami- 
nobutyrate:2-oxoglutarate aminotransferase, EC 2.6.1.19). The inhibitors 
employed are either molecules which combine with pyridoxal phosphate [1] or 
are structural analogues of 4-aminobutyrate which inhibit 4-aminobutyrate 
transaminase, either non-competitive or competitively with respect to 4-amino- 
butyrate [2--9]. The majority of these inhibitors have been tested on brain 
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enzymes from rat and mouse both in vivo and in vitro. It was of interest to 
s tudy the inhibitors which modify the 4-aminobutyrate levels in vivo with 
respect to the degree of  specificity they have for the enzymes of  the animals 
studied. We have compared the activity of certain inhibitors of rat brain 4-ami- 
nobutyra te  transaminase with their activity in respect to purified human 
enzyme. These inhibitors are branched-chain fat ty acids and also structural ana- 
logues of  4-aminobutyrate.  Dipropylacetate has anticonvulsive properties in 
some species of animals and in man [10,11] and its administration to rats and 
mice causes an increase in cerebral 4-aminobutyrate levels [6] (other inhibitors 
of  the same family have already been described [12,13]).  In this study, parti- 
ally purified human 4-aminobutyrate transaminase [14] was further purified to 
apparent homogeneity and certain of its structural and kinetic properties are 
compared to those of the rat enzyme [15]. Certain structural and kinetic pro- 
perties of the enzyme from brain tissue of other mammals have been reported 
[16--18].  

Experimental Methods 

All procedures were carried out  at about  4°C. 330 g of human brain, taken 
12 h post-mortem, was used as the starting material. After removal of the cor- 
pus callosum the cerebral hemispheres were homogenised with a Waring blen- 
dor in 3 vols. of  5 mM phosphate buffer  (pH 7.2) containing 10 mg/1 pyridoxal 
phosphate/1 mM aminoethylisothiouronium bromide hydrobromide/0 .1  mM 
EDTA/100 mM sodium succinate. After centrifugation for 15 min at 20 000 X 
g, the pellet was re-extracted and centrifuged under the same conditions, and 
the supernatants pooled. 

(NH4)2S04 fractionation. The precipitate which formed between 45 and 70% 
(NH4)2SO4 saturation was redissolved in a minimum quanti ty of the buffer but  
wi thout  sodium succinate. 

Gel filtration on Sephadex G-200. This chromatography was performed on a 
1 m X 2.5 cm column equilibrated with the solubilisation buffer, 5 ml of  the 
enzyme solution was placed on the column, and the eluate collected in 5 ml 
fractions. 

DEAE-cellulose chromatography. The active fractions from Sephadex G-200 
chromatography were pooled and adsorbed onto a DEAE-cellulose column 
(2.5 X 25 cm). The column was extensively rinsed with starting buffer  of the 
following composition: 5 mM phosphate (pH 7.2)/10 mg/1 pyridoxal phos- 
phate/1 mM aminoethylisothiouronium bromide hydrobromide/0 .1  mM 
EDTA/10% glycerol. The column was eluted with 500 ml of a linear gradient of 
0--130 mM KCI containing the same buffer  and the enzyme eluted at about  
40 mM KCI. 

DEAE-Sephadex chromatography. The active fraction from the above chro- 
matography was adsorbed onto  a DEAE-Sephadex A-50 column (2.5 X 25 cm), 
the column rinsed with starting buffer  (40 mM KC1 + 5 mM phosphate buffer) 
and eluted with 300 ml of  a linear gradient of 40--300 mM KC1. The enzyme 
was eluted at about  160 mM KC1. 

Hydroxyapatite chromatography. The active fraction from DEAE-Sephadex 
was adsorbed onto  an hydroxyapat i te  column (2.5 X 10 cm), rinsed with 30 ml 
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of 1.5 M KC1 plus 5 mM phosphate buffer  and eluted with 280 ml of a linear 
gradient of  5--250 mM phosphate buffer, pH 7.2. The enzyme activity was 
eluted at about  150 mM phosphate.  

Protein determination. Protein determination was carried out  using either 
the method of  Lowry et al. [19] or the fluorescamine method [20],  when the 
protein concentrations were less than 10 pg/ml. In each case, it was necessary 
to remove aminoethylisothiouronium bromide hydrobromide and pyridoxal 
phosphate (as these compounds  interfere with the assays) by precipitation of 
the proteins with 12% trichloroacetic acid followed by centrifugation. The pro- 
tein precipitates were dissolved in 1% Na2CO3 for the Lowry method,  and in 
0.2 M borate buffer  (pH 9) for the fluorescamine method. In each case, a stan- 
dard curve was obtained using bovine serum albumin treated in the same way. 

Enzyme assays. Two methods were used: (a) The Salvador-Albers method 
[21],  to assay the enzymatic activity of column eluates. The succinic semialde- 
hyde formed by incubating the enzyme at 38°C in 0.3 M Tris • HC1 (pH 8.6) 
with 10 mM 2-oxoglutarate and 50 mM 4-aminobutyrate is measured as its 
fluorescent adduct  with 3,5-diaminobenzoic acid; (b) Waksman and Roberts  
method [22],  was used to measure the Km values and the dissociation con- 
stants for various inhibitors. This procedure measures the radioactivity of  the 
glutamate formed from U-14C-labeled 2-oxoglutarate after incubation with the 
enzyme as for the method a. The glutamate was separated on a column of 
Dowex-50 WX8, H ÷ form. 

Criteria of purity. Polyacrylamide gel electrophoresis under non-denaturing 
conditions: 7.5% gels were prepared according to the method of  Joivin et al. 
[23].  Bromophenol  Blue was used as a tracking dye, and the protein bands 
were stained with Coomassie brilliant blue. 

N-Terminal analysis: This was performed by the dansylation technique of  
Zanetta et al. [25] using 100 pg of  protein. The chromatography was carried 
out  both on thin-layer chromatography silica and polyamide plates in the pres- 
ence of  dansylated amino acid markers. The spots corresponding to a-dansyl 
isoleucine and e-dansyl lysine were eluted from silica gel plates and their fluor- 
escence measured. 

Preparation of 4-aminobutyrate transaminase antibodies in the rabbit: The 
pure enzyme was concentrated in an Amicon 8MC cell equipped with a Diaflo 
PM 10 membrane. Three fractions, each of  0.5 ml (0.5 mg of protein), were 
conserved in liquid N2. Immediately before use, a fraction was thawed and 
mixed with 0.5 ml Freunds adjuvant and then injected subcutaneously in three 
different places in the back of a rabbit  (weighing about  1 kg). The injections 
were repeated twice at 15 days intervals. After 45 days, blood was removed and 
the resultant serum (after addition of  0.1% NAN3) was conserved at 4°C. 

Immunodiffusion: Radial diffusion was used on 1.5% agar gel buffered with 
0.2 M phosphate (pH 8) plus 0.1% azide. The antigen consisted of enzyme solu- 
tion, purified six times, as obtained after (NH4)2SO4 precipitation and the dif- 
fusion took  place for 24 h at 20°C. 

Molecular weight determinations. Native enzyme: This was determined by 
gel filtration on Sephadex G-200 in a 75 × 2.5 cm column. The chromatography 
was carried out  in the presence of  1 mg Dextran Blue, 2 mg human serum albu- 
min, 2 mg 7-globulin, 0.5 mg yeast  glucose-6-phosphate dehydrogenase (EC 
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1.1.1.49) and 2 mg of ovalbumin. The serum albumin, globulin and ovalbumin 
were detected spectrophotometrical ly at 280 nm; the glucose-6-phosphate 
dehydrogenase was measured according to the method of Kornberg and Ho- 
recker [26] and the 4-aminobutyrate transaminase activity was measured 
according to the method of  Salvador and Albers [21]. 

Molecular weight of  subunits: The method of  Weber and Osborn [24] was 
used. 10% polyacrylamide gels were prepared containing 0.1% sodium dodecyl 
sulfate (SDS) with or wi thout  6 M urea. 20 pg of  enzyme was preincubated for 
15 min at 60°C in the electrophoresis buffer  containing 0.1% SDS with or with- 
out  10 mM dithiothreitol. This technique was used to determine the molecu- 
lar weight of  subunits of  the enzyme compared to standard proteins. 

Amino acid composition. 100 gg protein were precipitated with 12% trichlo- 
roacetic acid and, after centrifugation, the precipitate was washed with 1 ml of  
1 M HC1. After centrifugation, the protein was hydrolysed in a sealed tube with 
250 pl 6 M HC1 (18 h, 100°C). The amino acid composit ion of the hydrolysate 
was determined using a Technicon autoanalyser. 

-SH group determination. 40 pg of  enzyme were dialysed at 4 ° C against 1 1 
of 0.1 M acetate buffer (pH 5) containing 4 M urea. ~4C-labelled p-chloromer- 
curibenzoate (10.4 ~Ci/nmol) was added to the dialysate to a final concentra- 
tion of 10 -4 M. After stirring the solution gently for 12 h at room temperature, 
the mixture was filtered on Diaflo PM 10 membrane, previously equilibrated 
for 12 h in the dialysis buffer containing 10 -4 M p-chloromercuribenzoate.  The 
membrane, which retains the enzyme, was rinsed with the same buffer until the 
ultrafiltrate contained negligible radioactivity. A control membrane was treated 
under the same conditions. The radioactivity fixed on the surface of the mem- 
branes was determined after combust ion on a Packard sample oxidizer. 

Comparison of peptides formed after CNBr cleavage. About  60 pg each of 
the rat and human enzyme after precipitation by trichloroacetic acid were 
redissolved in 250 pl of  79% formic acid. A solution of  CNBr was added until 
the molar ratio CNBr:methionine was about  1 to 500, then the mixture was 
left at room temperature in a sealed tube for 12 h, and finally lyophilised and 
redissolved in 0.3 ml of  0.2 M phosphate buffer (pH 8) containing 1% SDS and 
1% mercaptoethanol.  The solution was incubated for 15 min at 60°C and poly- 
acrylamide gel electrophoresis was performed according to the method  of Swank 
and Munkres [27].  

Tryptic fingerprinting. About  100 pg of each enzyme, precipitated with 12% 
trichloroacetic acid, was redissolved in 0.2 ml 0.5 M phosphate buffer (pH 7.8) 
containing 2 pg trypsin (8000 units/mg, previously treated with diphenylcarba- 
myl chloride). Proteolysis was carried out  for 24 h at 37 ° C, then the incubation 
mixture was brought to pH 8.8 with 1 M NaOH. The dansylation of the liber- 
ated peptides and chromatography on thin-layer silica gel plates were carried 
out  according to the method of  Zanetta et al. [25]. 

Determination of Km and Ki values. The apparent Km values of  the human 
enzyme for 4-aminobutyrate were measured at three concentrations of 2-oxo- 
glutarate and those for oxoglutarate at three concentrations of 4-aminobutyr- 
ate. The inhibition constants of the human and rat enzymes for various inhibi- 
tots were determined at various inhibitor concentrations in the presence of  0.3 
mM 2-oxo[U-~4C]glutarate (0.06 pCi/ml) and 1 or 3 mM 4-aminobutyrate.  
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The reaction rate was determined by calculating the slope of the regression line, 
the correlation coefficient showing that the rates determined were always 
initial rates. The relation 1IV = f(1/S) was established by the same method,  
using the average value of  the reaction rate. The inhibition constants are repre- 
sented graphically by the method of  Dixon. 

Results 

Purification of  human 4-aminobutyrate transaminase 
About  1 mg of enzyme was obtained from 300 g starting material and had a 

specific activity of d.9 pmol/min per mg of protein. It was purified 2450 times 
with respect to the initial homogenate,  with a yield of  8% in activity and 0.003% 
in protein (Table I). These results are similar to those obtained for the rat 
except  that the specific activity, including that of  the homogenate,  was usually 
approx. 2.5 gmol/min per mg of protein. This could be explained by the inevit- 
able delay in obtaining a human brain, causing partial inactivation of some of 
the enzyme. 

Criteria of  purity 
The human enzyme was judged pure by the following criteria: (a) a single 

protein band (enzymically active) was seen after polyacrylamide gel electro- 
phoresis of  40 pg of enzyme after staining with Coomassie Blue R250; (b) a 

Fig. 1. E l e c t r o p h o r e s i s  o f  2 0  p g  o f  h u m a n  4 - a m i n o b u t y r a t e  t r a n s a m i n a s e  o n  p o l y a c r y l a m i d e  gel  c o n t a i n -  
ing 0 .1% SDS.  

Fig .  2.  I m m u n o d i f f u s i o n  o n  ge lose  o f  crude  h u m a n  4 - a m i n o b u t y r a t e  t r a n s a m i n a s e  (6 - fo ld  pu r i f i ed ) .  (A)  
S e r u m  f r o m  n o r m a l  r a b b i t .  (B) S e r u m  f r o m  i m m u n i s e d  rabbit .  
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single band was also obtained with SDS-polyacrylamide gel electrophoresis 
(Fig. 1); (c) N-terminal analysis using the dansylation method gave rise to a 
single spot corresponding to isoleucine. The ratio of amino acids, N-terminal/ 
lysine = 1/50, is in good accord with the theoretical 1/45 calculated from the 
amino acid composition of the enzyme (Table III); (d) antiserum to purified 
human 4-aminobutyrate transaminase was prepared and immunodiffusion in 
agar gel, with human 4-aminobutyrate transaminase (6-fold purified) as antigen, 
gave rise to a single precipitation line (Fig. 2). Thus the protein used to make 
the antiserum contained no precipitating antigen other than 4-aminobutyrate 
transaminase, under the conditions used. 

Studies o f  the structure o f  the human enzyme 
Identical experiments to those described for the rat [15] were performed 

with the human enzyme: (a) molecular weight of the native enzyme (Sephadex 
G-200 filtration) is 110 000 _+ 5000; (b) the molecular weight of the protein 
(SDS-polyacrylamide gel electrophoresis) is 57 000 + 5000. It is suggested from 
these results that the enzyme may consist of two similar (perhaps identical) 
polypeptide chains. 

Some data obtained for the human and rat brain 4-aminobutyrate transami- 
nases are shown in Table II. 

Amino acid composition 
This was determined as for the rat enzyme and the results are for both 

enzymes shown in Table III. This analysis confirms the higher molecular weight 
of the human enzyme. There are differences in the amino acid composition, 
particularly the levels of aspartic acid plus asparagine, glycine, cysteine, proline, 
arginine, phenylalanine, tyrosine and leucine. The p-chloromercuri[14C]benzo - 
ate assay suggests the presence of approx. 4 mol sulfhydryl-containing amino 
acids (presumably cysteine) per mol of enzyme. 

Determination o f  the apparent Km values o f  the general reaction mechanism 
Apparent K,~ values for 4-aminobutyrate. The apparent Km values for 4-ami- 

nobutyrate (= Kma) were measured at three concentrations of 2-oxoglutarate 
(0.3, 0.6, 0.9 mM). The graphic representation of 1/V = f(1/S) gives a series 
of paral~l lines with apparent Kma values 'of 0.22, 0.36 and 0.44 mM (Fig. 3). 

T A B L E  II 

C O M P A R I S O N  O F  S O M E  D A T A  O B T A I N E D  F O R  T H E  H U M A N  A N D  R A T  B R A I N  4 - A M I N O B U T Y -  
R A T E  T R A N S A M I N A S E  

Rat  e n z y m e  H u m a n  e n z y m e  

M o l e c u l a r  w e i g h t  1 0 5  0 0 0  + 5 0 0 0  109  0 0 0  -+ 5 0 0 0  
S u b u n i t s  D i m e r  D i m e r  
M o l e c u l a r  w e i g h t  o f  t h e  s u b u n i t s  57 0 0 0  -+ 5 0 0 0  57  0 0 0  + 5 0 0 0  
R a t i o  N - t e r m i n a l / l y s i n e  1 / 4 0 - - 1 / 4 6  1 / 5 0  
Disu l f ide  b r i dges  No  No 
O p t i m u m  p H  8 . 5 - - 8 . 6  8 .5  
T h e r m o s t a b f l i t y  Rap id  d e n a t u r a t i o n  at 5 5 ° C  S l o w  d e n a t u r a t i o n  at 5 5 ° C  
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T A B L E  II I  

C O M P A R I S O N  OF AM INO ACID C O M P O S I T I O N  OF R A T  A N D  H U M A N  4 - A M I N O B U T Y R A T E  
T R A N S A M I N A S E  

Amino  acid Rat  e n z y m e  H u m a n  e n z y m e  

Residues /  Pe rcen tage  Res idues /  Percen tage  
mo lecu l e  of  to ta l  mo lecu l e  of  to t a l  

G lu t amic  acid 75 9 75 8.1 
A spart ic  acid 81 9.7 110  11.9 
Th reon i ne  30 3.6 31 3.3 
Serine 60 7.2 69 7.5 
Glycine 84  10 57 6.2 
Cyste ine  12 1.4 4 0.4 
M ethio nine 8 1 8 0.9 
Valine 42 5 46 5 
Proline 30 3.6 50 5.4 
Arginine 72 8.6 37 4 
Hist idine 39 4.7 43 4.7 
Lys ine  90  10.8 89 9.6 
Ph enyla lanine  27 3.2 43 4.6 
Tyros ine  12 1.4 30 3.2 
Leuc ine  63  7.5 108 11.7 
Isoleucine  30 3.6 47 5 
Alanine  78 9.3 75 8.2 
T r y p t o p h a n  . . . .  

To ta l  833 100  9 2 2  100 

The apparent affinity of the enzyme for 4-aminobutyrate extrapolated to infi- 
nite 2-oxoglutarate concentration (Fig. 4) gives a Km limit (= KA) of 0.9 mM. 

Apparent Km values for 2-oxoglutarate. These were determined at three con- 
centrations of 4-aminobutyrate (1--3 and 6 mM). Again, a series of parallel 

6 
A 

B 

• C 

Fig. 3. D e t e r m i n a t i o n  of  apparent K m values  fo r  4 - a m i n o b u t y r a t e  (L ineweave r -Burk  Plot .  2-Oxoglut~ate  
concentration:  A, 0.3 mM;  B, 0.6 raM; C, 0.9 raM. 
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Fig. 4. A p p a r e n t  K m values  fo r  4 - a m i n o b u t y r a t e  as a f u n c t i o n  of  2 -oxog lu ta ra te  concen t r a t i on .  De te rmi -  
n a t i o n  of  K m ( l imit)  for  4 - a m i n o b u t y r a t e .  

lines were obtained (Fig. 5) giving apparent Km values (= Kmb) of 0.32, 0.4 and 
0.5 mM. One can also see the inhibition caused by high concentrations of 
2-oxoglutarate. Taking account of the KA previously calculated, the value of 
KB = K(2-oxoglutarate) = Km for an infinite concentration of 4-aminobutyrate, 

Fig. 5. D e t e r m i n a t i o n  of  a p p a r e n t  K m values  for  2 -oxog lu ta ra te .  L in eweav e r -Bu rk  p lo t .  4 - A m i n o b u t y r a t e  
c o n c e n t r a t i o n :  A,  1 raM; B, 3 raM; C, 6 raM. Inh ib i t i on  of  the  e n z y m e  ac t iv i ty  at  high 2 -oxog lu ta ra t e  con- 
cen t r a t i on .  
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can be obtained from the equation 1/Kma = 1/KA (1 + KB[B]) which gives KB = 
0.9 mM. 

From these results, it should be noted that the affinities of the human 
enzyme for its substrates are much greater (about  four times) than those for 
the rat enzyme. 

Comparative study o f  the peptides obtained after CNBr cleavage of  the two 
enzymes 

Nine bands were obtained, from both enzymes, after CNBr treatment and 
separation of  the peptides on polyacrylamide gels. In both cases, the molecular 
weight of  the largest peptide corresponds to various possibilities of rupture of 
the protein at methionine residues which vary in their susceptibility to CNBr 
treatment.  It can be seen that these peptides are not  of the same molecular 
weight for the two enzymes. In each case, starting from the various peptides, a 
tentative scheme has been proposed to reconstitute the initial monomer  (Figs. 
6 and 7). 

Peptide maps o f  the two enzymes after tryptic digestion 
After tryptic hydrolysis of equal quantities of  both enzymes and chromatog- 

raphy separation of  the dansylated peptides, the maps shown in Figs. 8 and 9 
were obtained and in Fig. 10 the two maps are shown superimposed. There are 

_ L j - %  
3 210  

1 9 0 0 0  
l OoOOo 

7 8 0 0  
8 5 0 0 0  
9 2 8 0 0  

Fig. 6. Molecular  weights  by  po lyacry lamide  gel e lectrophores is  o f  the pept ides  obta ined after c y a n o g e n  
bromide  cleavage o f  rat 4 -aminobutyrate  transaminasc.  The scheme p r o p o s e d  to  reconst i tute  the init ial  

m o n o m e r  is an  hypothes i s .  
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1 5 7 0 0 0  
2 5 1 0 0 0  
3 4 0 0 0 0  
4 3 7 0 0 0  
5 3OOO0 
6 2 8 0 0 0  
7 2 1 0 0 0  
8 1 3 0 0 0  
9 7 0 0 0  s 

6 

Fig. 7. Molecular  weights  by  po lyac ry l amide  gel e lec t rophores is  of the pept ides  ob ta ined  af ter  cyanogen  
b romide  cleavage of  h u m a n  4 - ami n o b u t y r a t e  t ransaminase .  The scheme p roposed  to  recons t i tu te  the ini- 
tial m o n o m e r  is an  hypothes i s .  

511 
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o 0  

e o  # 
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. 0  Oa ~ H  , , . ~  
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Fog.  8. Pept ide maps  of  h u m a n  4 - ami n o b u t y r a t e  t ransaminase  af ter  t ryp t i c  digest ion,  a, ~-dansyl-argi -  
nine;  L, e-dansyl-lysine;  OH, dansyl*OH; N, dansyl-NH2;  O, origin. 
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e -dansy l - lys ine :  O H ,  d a n s y l - O H ;  N, d a n s y l - N H  2 : ), or ig in .  

Fig.  10.  S u p e r i m p o s i t i o n  o f  t he  t w o  p e p t i d e  m a p s  in  o r d e r  to  i d e n t i f y  the  c o m m o n  spo t s ,  e,  c o m m o n  
spo ts :  ©. spec i f ic  to  h u m a n  4 - a m i n o b u t y r a t e  t r a n s a m i n a s e :  o, spec i f ic  to  r a t  4 - a m i n o b u t y r a t e  t r a n s a m i -  
nase .  

19 spots common to both enzymes, 11 spots unique to the human enzyme and 
6 spots unique to the rat enzyme. These results show that  there are similar and 
different amino acid sequences in these enzymes. 

Determination of  the Ki values for some inhibitors 
A certain number of branched-chain fat ty acids are inhibitors of rat brain 
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0 I O ~  

Fig .  11 .  G r a p h i c  d e t e r m i n a t i o n  o f  the  K i va lues  b y  D i x o n ' s  m e t h o d .  The  f igure  s h o w s  a n  e x a m p l e  f o r  

2 - p r o p y l p e n t e n - 2 - o i e  ac id .  
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T A B L E  IV 

K i V A L U E S  OF T H E  B R A N C H E D  F A T T Y  ACIDS F OR R A T  A N D  H U M A N  4 - A M I N O B U T Y R A T E  
T R A N S A M I N A S E  

K i (mM)  ra t  K i (mM)  human 

2-Propylpenten-2-oic acid 0.5 
2-Methyl-2-ethylhexanoic  acid 1.5 
2,2-Dimethylpentanoic  acid 2 
5,5-Dipropylpentanoic  acid 5 
2-Propylpentanoic acid (dipropylacctic  acid) 9.5 

4.5 
6.5 
9 .5  

20 
40  

T A B L E  V 

V A L U E S  OF T H E  P R O D U C T  Kl imi  t F OR 4 - A M I N O B U T Y R A T E  X K i FOR E A C H  I N H I B I T O R  

Rat Human 

K ( 4 - a m i n o -  K(4 -amino -  
b u t y r a t e )  = 4 m M  butyrate)  X K i 
(mM)  

K ( 4 - a m i n o -  K ( 4 - a m i n o -  

b u t y r a t e )  = 0.9 m M  b u t y r a t e )  X K i 
(mM)  

2-Methyl-2-ethylhexanoic  acid 1.5 
2,2-Dim ethylpentanoic  acid 2 
2-Propylpenten-2-oic acid 0.5 
5,5-Dipropylpentanoic  acid 6 
2-Propylpentanoic acid 9.5 
(dipropylacetic  acid) 

6 6.5 5.8 
8 9 .5  8.5 
2 4 3.6 

24 20 18 
38 40  36 

and human brain 4-aminobutyrate transaminase. The graphic determinations of  
the Ki values according to the method of  Dixon (Fig. 11) show that these inhi- 
bitors are in every case competitive with 4-aminobutyrate and non-competitive 
with 2-oxoglutarate. 

A comparison of  the inhibitor-enzyme dissociation constant, measured under 
the same conditions, is shown in Table IV. It can be seen that the affinity of  
the human enzyme for the inhibitors is much lower than that of  the rat 
enzyme. 

The value of  the product K limit for 4-aminobutyrate X Ki has been calcul- 
ated for each inhibitor (Table V). This value is the same for each inhibitor for 
both enzymes. This suggests that the efficiency of  competitive inhibition is 
directly related to the affinity of  the enzyme for 4-aminobutyrate. 

Discussion 

This comparative study of  certain structural features of  rat and human brain 
4-aminobutyrate transaminase shows that there are a number of  identical 
sequences, but also number of  differences. These results confirm the immuno-  
chemical studies of  Saito et al. [28] ,  who  observed considerable antigenic simi- 
larity between mouse and rat 4-aminobutyrate transaminases, but much less 
between 4-aminobutyrate transaminases from mouse,  sheep and human. Com- 
plement microfixation tests show that there are significant differences in the 
4-aminobutyrate transaminase, for example the rat and the guinea pig [28] .  We 
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have shown that, together with the structural differences between rat and 
human brain 4-aminobutyrate transaminases, there are also differences in kine- 
tic properties of  the two enzymes. Thus, the ratio of affinities for 4-aminobuty- 
rate is about  1 : 4 (human/rat) and Km (4-aminobutyrate) (limit) for the rat 
enzyme is higher. Also, the thermostabili ty of the two enzymes under the same 
experimental conditions is different and the level of inhibition, competitive 
with 4-aminobutyrate,  caused by certain branched-chain fat ty  acids is different, 
depending on the source of  enzyme. The dissociation constants enzyme-inhibi- 
tors are likewise in the ratio 1 : 4 for the two enzymes (rat/human) and the 
ratio of  affinities for 4-aminobutyrate is about  4 : 1 (rat/human), confirming 
that the inhibition is competit ive with the affinity the enzyme has for 4-amino- 
butyrate.  Some of these inhibitors have been used to bring about  increases in 
the cerebral level of  4-aminobutyrate [6,10--12].  These results show that one 
must  be careful when comparing the results of inhibition in vitro of  4-aminobu- 
tyrate transaminase from certain animals, e.g. rabbit  [29],  with the increases of 
cerebral 4-aminobutyrate after administration of these same inhibitors to other 
animals, even closely related species, such as rat and mouse. However, the 
quaternary structure of human 4-aminobutyrate transaminase appears to be 
similar to that  of  4-aminobutyrate transaminase from other sources [17,18] 
and it is only in the mouse enzyme [16] that  two different subunits were 
found. 

Vasiliev and Krylova [30] have reported that  the enzyme from rat brain and 
pig kidney show different affinities toward the inhibitor, ethanolamine-O-sul- 
phate. They also found that it was the aldehyde form of the enzyme which had 
affinity for ethanolamine-O-sulphate. Our results also lend support  to this view 
at least with regard to the competitive inhibition of the enzymes produced by 
the branched-chain fat ty acids with respect to 4-aminobutyrate to which they 
all present structural analogies. 

Acknowledgements 

This work was partially supported by grants from the French Commissariat 
l 'Energie Atomique,  D~partement de Biologie, and from the C.N.R.S. - ATP 

No. A655-1805 "Pharmacodynamie et  Chimioth~rapie". 

References 

1 Baxter, C.F. (1968) in H a n d b o o k  of  Neurochemis try  (Lajtha, A., ed.), Vol. 3, pp. 289--353, Plenum 
Press, N e w  York 

2 Van Gelder,  N.M. (1966) Biochem. Pharmacol. 15, 533--539 
3 Van Gelder, N.M. (1969) J. Neurochem. 16, 1355--1360 
4 Roukema,  P.A., Kafoe0 W.F. and R o o z e m o n d ,  R.C. (1965) Arch. Int. Pharmacodyn.  158, 429--438 
5 Jung, M.J., Lippert ,  B., Metcalf, B.W., Seheehter, P.J., B6hlen, P. and Sjoerds~na, A. (1977) J. Neuro- 

chem. 28, 717--723 
6 Simler, S., Ciesielski, L., Maitre, M., Randrianarisoa, H. and Mandel, P. (1973) Biochem. Pharmacol. 

22, 1701--1708 
7 Beaxt, P.M., Uhr, M.L. and Johnston ,  G.A.R. (1972) J. Neurochem. 19, 1849--1854 
8 Fowler, J. and John,  R.A. (1972) Biochern. J. 130, 569~573  
9 Kobayashi,  K., Miyazawa, S. and Endo, A. (1977) FEBS Lett.  76, 207--210 

10 Carraz, G., Meu~Lier, H., Meunier, Y., Eymard,  P. and Aimard, M. (1963) Th~rapie 18, 435---438 
11 Simon, D. and Kiffin Penzy, J. (1975) Epilepsia 16 ,549- -573  
12 Maitre, M., Ciesielski, L. and Mandel, P. (1974) Biochem. Pharmacol. 23, 2363--2368 



399 

13 Cash, C., Ciesielski, L., Maitre, M. and Mandel, P. (1975) C.R. Soc. Biol. Paris 169, 884--887 
14 Cash, C., Maitre, M., Ciesielski, L. and Mandel, P. (1974) FEBS Lett.  47, 199--203 
15 Maitre, M., Ciesielski, L., Cash, C. and Mandel, P. (1975) Eur. J. Biochem. 52, 157--169 
16 Shousboe, A., Wu, J.Y. and Roberts,  E. (1973) Biochemistry 12, 2868--2873 
17 Bloch-Tardy, M., RoUand, B. and Gonnard, P. (1974) Biochimie 56 ,823- -832  
18 John, R.A. and Fowler, L.J. (1976) Biochem. J. 155, 645---651 
19 Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. (1951) J. Biol. Chem. 193, 265--275 
20 Stein, S., B6hlen, P., Imai, K., Stone, J. and Udenfried, S. (1973)Fluorescence  News 7, 9--20 
21 Salvador, R.A. and Albers, R.W. (1959) J. Biol. Chem. 234, 922--925 
22 Waksman, A. and Roberts,  E. (1963) Biochem. Biophys. Res. Commun. 12, 263--267 
23 Joivin, T., Chrombach, A. and Naughton, M.A. (1964) Anal. Biochem. 9 ,351- -369  
24 Weber, K. and Osborn, M. (1969) J. Biol. Chem. 244, 4406---4412 
25 Zanetta, J.P., Vincendon, G., Mandel, P. and Gombos, G. (1970) J. Chromatogr. 51,441---458 
26 Kornberg, A. and Horecker, B.L. (1953) Methods Enzymol.  1 ,323- -324  
27 Swank, R.T. and Munkres,'K.D. (1971) Anal. Biochem. 39, 462---477 
28 Saito, K., Schousboe, A., Wu, J.Y. and Roberts,  E. (1974) Brain Res. 65, 287--296 
29 Fowler, L.J., Beckford, J. and John, R.A. (1975) Biochem. Pharmacol. 24, 1267--1270 
30 Vasiliev, V.Y. and Krylova, E.B. (1976) Biokhimiya 41, 1044--1046 


