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ABSTRACT

Rat brain, obtained 10 min after death, contained high levels of endogenous y-aminobutyric acid
(GABA) and glutamic acid. Incubation of this brain homogenate ut 37°C indicated decrease of GABA with
time due 1o degradation by GABA-transaminase. Reperted high-performance liquid chromatographic
{(HPLC) methods for glutamic acid decarboxylase (GAD) assay depend on the difference between the
GABA content of the reaction mixture after and before the incubation period. Nong of the methods
considered the degradation of GABA during incubation. Furthermore, during determination of the Mi-
chaclis constant (K,,) for the reaciion none of them considered the cndogenous substratc. Here we have
focused on these factors which seriously affect the maximum velocity (¥, ) and X, values during GAD
assay by the HPLC technigue. By a simple and rapid HPLC technique we have measured GAD activity in
post-martenz rat brain after rem. ving endogenous glutamic acid by charcoal treatment and using gabaqu-

“linc to prevent GABA degradaiisn during incubation period. By this method a ¥ value of 464
nmol/k/mg protein and a K, value of 7.540.6 mM were observed for GAD activity of crude brain
homogenate. For a comnnarative study, we have carried oul radiometric assay ol GAD activity from the

same sample and observed a V,, of 48 &6 nmol/h/mg protein and K, of 6.5 0.4 mM.
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INTRODUCTION

Glutamic acid decarboxylase (GAD) catalyzes the decarboxylation of L-glu-
tamic acid and is the final and rate-limiting enzyme in the synthesis of the inhib-
itory neurotransmitter y-aminobutyric acid (GABA) [1,2]. When assaying GABA
mctabolism and GABAnRergic innervation in the brain the determination of GAD
activity can be critical. Alterations of brain GAD activity has been demonstrated
in different neuropsychiatric disorders [3-5] and after various neuropharma-
cological trecatment [6].

The assay used for measuring GAD activity can be grouped into those which
determined '“CO; liberated from L-glutamic acid and those which measure the
GABA preduced (sce ref. 2 for a review). The later group can be further divided
according to the method used to analyze GABA [2]: (i) amino acid analyzer; (ii)
ton-cxchange chromatography; (iii) fluorimetric method; (iv) gas chromatogra-
phy—-mass spectroscopy (GC-MS); and (v) high-performance liquid chromato-
graphy (HPLC) mecthodology [7-10]. There are three major drawbacks of the
reported HPLC techniques for GAD assay. (i) GAD activity was assayed by
measuring GABA content before and after the reaction; the difference between
GABA content in 0 min and a certain time incubation periode gave the measure
of GABA production. The major problem in this approach is that degradation of
GABA during the incubation period was not taken into account. (ii) During the
estimation of the Michaelis constant (&) of the reaction, the high level of the
endogenous substrate present in the brain homogenate was not taken into ac-
count. (iii) Most of the HPLC methods used for assay of GABA have very long
retention times (15-30 min) with the only exception the method of Kochhar ef al.
[10]. In this case the separation was not satisfactory.

In this communication we have tried to focus on those factors which seriously
affect the results of GAD assay in brain homogenate by HPLC.

EXPERIMENTAL

For our study, enzyme was prepared by homogenizing whole rat brain (ob-
tained 10 min after death) by sonication (5 x 5 s; setting 4 in a Vibra Cell
sonicator} in 0.01 A 3-N-morpholinopropanesulfonic acid (MOPS) buffer, pH
7.4. The homogenate was diluted with buffer (1:1, v/v) containing 4 mM pyridox-
»l phosphate, 0.6 M tetracthylamine and 2 mM 2-aminoethyl isothiomonium
(AET). The final suspension was treated with 0.4% Triton X-100 (final concen-
tration) and centrifuged at 15 000 g for 5 min to obtain supernatant. Enzyme was
assayed in a total of 100 ;i containing 40 gl of 200 mAM KH,PO,, pH 6.8, 10 ul of
5 mM L-glutamic acid, 5 ul of 0.2 mAf pyridoxal 5'-phosphate, 40 ul of homog-
enate (2 mg protein per ml) and 1 ug of gabaquline. The reaction mixture was
incubated for indicated length of time at 37°C and the reaction was stopped by
the addition of 10 ul of 100% trichloroacetic acid (TCA, ice cold). The suspension
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was centrifuged at 10 000 g for 4 min, 5 ul of supernatant were mixed with 5 ul of
standard d-aminovaleric acid (DAVA) solution and 90 ul of o-phthalaldehyde
(OPA) solution (2 mg OPA per ml of 0.4 M borate buffer, pH 10.4), the mixture
was allowed to react for 3-5 min, and 20 ul were injected onto an Altex Ultra-
sphere ODS (250 mm x 4.6 mm [.D.) 5-um column {Rainin Instruments, Wo-
burn, MA, USA) and eluted with buffer containing 0.2 M sodium acetate, 100
mg/ml EDTA, pH 3.8 and acetonitrile (40%, v/v). Fluorescence (i = 330 nm,
Aem = 440 nm) was measured using a Shimadzu RF 350 spectrofluorometer with
bandpass of 20 nm.

During the substrate kinetic study, we removed the endogenous glutamic acid
by treating the homogenate with activated charcoal (10 mg charcoal per 800 ul of
homogenate containing 0.4% Triton X-100) for 30 min at 37°C and then by
centrifuging at 10 000 g for 4 min.

The radiometric assay ol GAD activity was measured according to Roberts
and Simonsen [11] by trapping the liberated '*CC, during the reaction from
['*Clglutamic acid.

RESULTS AND DISCUSSION

The HPLC technique used for assay of GABA in this study is simple and rapid
with retention times for GABA and DAVA of 3.9 and 4.9 min, respectively. A
typical chromatogram is shown in ¥Fig, 1. Glutamic acid was eluted within 1.6 min
and did not interfere with the GABA and DAVA separation. The detection limit
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Fig. |. Chromatogram illustaling the scparation of OPA derivatives of glutamic acid, GABA and DAVA
(internal stunduard) in crude brain homogenate. Analysis was performed before incubation: endegenous
levels for the samples shown were 5 and 3 pg/ml protein for GABA und DAVA, respectively.
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Fig. 2. Changes in the GABA content of ral brain homogenate during incubation period for GAD assay.
{A) Untreated homogenate; (B) homogenaie in presence of gabaquline; (07) charcoal-treated homogenate
in presence of gabaquline. Dnta are means £ $.D. of threce triplicale experiments.

by this method was 0.9 + 0.2 pmo!l of GABA. Sources of variability were held to
be a minimum by using internal standard and improved stability of the OPA
derivatives. The intra- and inter-assay coefficients of variation were 4.5 and 8.2%,
iespectively.

When rat brain hemogenates were incubated at 37°C, there was an initial
decrease in the GABA content with time up to 10 min [which contains a very high
level of endogenous GABA (47 + 8 nmol/mg protein)] and thereafter some rise in
GABA content was observed (Fig. 2, curve A). The initial loss of GABA was due
to its degradation, and later increase in the GABA content was due to rapid
synthesis of GABA with time from the endogenous substrate. In order to solve
the problem we have used gabaquline {10 pug/ml) which inhibits the breakduwn of
GABA by GABA-transaminase. The results indicate that there was no loss of
GABA with time but it started rising from the beginning of the incubation due to
synthesis of GABA from endogenous gluiamate (Fig. 2, curve B). When we
treated the homogenate with activated charcoal before the incubation to remove
endogenous glutamic acid, we found a constant value for the GABA content of
the homogenate even up to 40 min (Fig. 2, curve C) (there was about 30%
removal of the GABA also from the homogenate due to charcoal treatment).

After overcoming the problem of GABA d-gradation during incubation using
gabaquline we have assayed GAD in rat brain homogenate. Time kinetic study
(Fig. 3) indicated that we could obtain a linear increase in GABA production for
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Fig. 3. Time kinetic study of GABA production by GAD in ral brain homo;enate. Homogenate {80 ug of
protein) was incubated for the specified lengths of time (0—48 min), the GAL'A formed was determined by
HPLC as described in the Experimental section. Data are means £ S.D. ol tiiree triplicate experiments.
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up to 20 min. After 20 min, there was some loss of linearity. The 20-min in-
cubation period was sufficient to obtain a marked increase (~ 52%) in GABA
content relative to that seen at zero time (after incubation with 25 mM glutamate
and with 80 ug of homogenate protein; the reaction was found to be linear up to
140 pg of homogenate protein). The maximum velocity (M max) of the reaction was
found tc be 46 &= 4 nmol/h/mg protein, which was in good aggreement with the
reports.of GAD activity of rat brain by three different analytical techniques, viz.
fluorimetric, HPLC and GC-MS procedure [2]. The radiometric assay of the
same sample gave a V.« of 48 4 6 nmol/h/mg protein. .

Though the Vil for GAD activity of the charcoal-treated and untreated rat
brain homogenate were identical, the substrate kinetics study for GAD reaction
with charcoal-untreated rat brain h omOgenate suffered a serious problem. Due to
high endogenous glutamic acid content in the homogenate, we could not observs
a significant effect of exogenous substrate on the rate of reaction: the Ky value
was found to be low (1.1 £ §.3 mA{; under this condition which was in good
agreement with the values obtained by other groups [9,12,13]. However, after
removal of the endogenous glutamic acid by charcoal treatment, we observed
substrate dependency of GAD activity in the homogenate (Fig. 4): the Ky calcu-
lated under these conditions was 7.5 £+ 0.6 mAf,
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Fig. 4. Substraie kinetics of GAD assay using charcoal-treated pest-mortem brain homogenate, Homog--
enatc was {reated with activated charcoal to remove cndogenous glutamic acid. The GAD assay was then
carried out with various concentrations of glutamic acid (2.5-30 mM). GABA formed was measured by
HPLC as described in the Experimental section. Data are means £ S5.D. of three triplicate experiments.
Inset is the Linewcaver-Burk plot for determination of ¥, and K, valucs.

Although several HPLC methods for GAD assay have been reported [7-10],
none have completely addressed the problems associated with the presence of
endogenous substrate and the degradation of GABA during the incubaticn peri-
od. These problems can be especially troublesome when using post-mortem speci-
mens with elevated GABA levels [2] and when trying to accurately determine the
Kwu value. The estimation of GABA by our method in HPLC is very sensitive
(detection limit 0.9 =+ 0.2 pmol of GABA), relatively rapid and does not require a
complex gradient elution system. Moreover, the difference between peak height

of GABA in 0-min and 20-min reaction mixtures typically was about 50% (p <
0.001).
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The HPLC method for GAD assay in this communication appears to be an
improvement over previous HPLC methods and should prove useful in animal
studies and in post-nortemn studies of human brain.
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