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Gel Slice Number

FIG. 2. Preparative polyacF�ylamide gel electro-

phoresis of tumor 2 dopamine-f3-hydroxylase

Enzymatic activity (#{149})in each gel slice is indicated

by absorbance at 330 nm after spectrophotometric

assay.

FIG. 1. Polyacrylamide gel electrophoresis of pu-

rified pheochromocytoma dopamine-fi-hydroxylase

From left to right, gel 1 is a native gel (8) repre-

senting tumor 1 dopamine-fi-hydroxylase after Con-

canavalin A-Sepharose. Gels 2 and 3 are SDS-phos-

phate gels (15) representing fi-mercaptoethanol re-

duced tumor 1 dopamine-fi-hydroxylase and unre-

duced tumor 1 dopamine-fi-hydroxylase. Migration is

from top to bottom.

side. The elution profile from Concanavalin
A Sepharose was virtually identical to that
of the Tumor 1 enzyme. The product, on
analytical gel electrophoresis, showed 3

bands, only the slowest migrating of which
possessed enzymatic activity (vide infra).

The peak fractions were concentrated and
applied to the Sephacryl 5-200 column and
the peak activity fractions from gel filtra-
tion had a specific activity of 2.34 units/mg
protein, and migrated as one band on ana-
lytical disc gel electrophoresis.

Enzyme characterization. Polyacryl-
amide gel electrophoresis of the enzyme
from tumor 1 after Concanavalin A-Seph-

arose chromatography showed a single
band (Fig. 1). The enzyme from tumor 2
showed 3 bands after the Concanavalin A
step, only one of which had enzymatic ac-
tivity (Fig. 2). Further purification on S-200
yielded one protein band (not shown), con-

responding to the gel electrophoretic activ-
ity peak (Fig. 2).

SDS-polyacrylamide gels were per-
formed with and without BME’ (Fig. 1) and
molecular weights were estimated by inter-
polation between migration values of stan-
dard proteins (Fig. 3). With BME, subunit
molecular weights for the enzyme from tu-

mors 1 and 2 were 78,000 and 80,500 dal-

tons, respectively. Without fl-mercaptoeth-
anol, species of slower migrating apparent
molecular weights of 155,000 and 160,000
daltons were noted, suggesting unreduced

dimer in each case. For the bovine enzyme,
reduced and unreduced molecular weights
were 73,000 and 145,000 respectively (Fig-
ure 3).

Sucrose gradient sedimentation for the
enzymes in the chromaffin vesicle lysates,
unsubjected to any possible purification ar-
tifacts, as well as for purified bovine hy-
droxylase, are displayed in Figure 4, and
showed a single activity peak in each case.

S20, W values were obtained for the two
human pheochromocytoma enzymes and
for a purified bovine hydroxylase by inter-
polation between sedimentation distances

of standard proteins (Fig. 5). S2, w values
for tumors 1 and 2 were 10.0 and 10.3 re-
spectively (Table 1), and that for the bovine

enzyme was 10.0.
The technique of gel filtration chroma-

tography was used to estimate apparent
molecular weights and Stokes radii, accord-

ing to the theory of Laurent and Killander
( 19) as applied by Siegel and Monty (20)

for the purified bovine hydroxylase and for

� The abbreviation used is: BME, fi-mercaptoetha-
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calibrated with molecular weight standards as follows:

(1) aldolase tetramer (160,000); (b) aldolase trimer

(120,000); (c) phosphorylase A (94,000); (d) aldolase

dimer (80,000); (e) bovine serum albumin (69,000); (f)

catalase (60,000); (g) ovalbumin (43,000); (h) aldolase

(40,000); (i) chymotrypsinogen (25,700); (j) ribonucle-

ase A (13,700).
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Fi;. 4. Sucrose gradient ultracentrifugation of
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Enzyme activity (#{149})is indicated by absorbance at

330 nm after spectrophotometric assay.

the undisturbed chromaffin vesicle lysate

enzymes of the tumors. A plot of apparent
molecular weights versus � for the stan-
dard proteins and the dopamine-$-hydrox-
ylase samples is shown in Figure 6. The
apparent molecular weights for tumor en-
zymes 1 and 2 were 461,000 and 510,000
daltons, respectively, whereas the apparent

3 � I � � I I

1 5 9 13 17 21 25

bottom . top

Fraction Number

FIG. 5. Estimation ofthe sedimentation coefficient

of pheoehromocytoma and bovine dopamine.13.hy.

droxvlase

s_,� ,, is the sedimentation coefficient obtained from

calibration with S2U.%� standards: (a) bovine serum al-

bumin (4.20); (b) aldolase (7.35); (c) catalase (11.3).

molecular weight for the bovine hydroxyl-
ase was 324,000. The activity elution peak
for each tumor enzyme was single and sym-
metric (Fig. 7).

Stokes radii were obtained by interpola-

tion on a plot of (-log1�K0�) /2 versus Stokes
radii for several standard proteins (Fig. 8).
The values obtained for tumor enzymes 1
and 2 were 74.3 and 76.1 A, respectively,
while the bovine enzyme was 67.1 A.

A molecular weight was determined for

each enzymatic species by combining the
independently derived hydrodynamic pa-
rameters S21), W and Stokes radius. Molec-
ular weights for tumor enzymes 1 and 2
were 300,000 and 317,000, respectively,
while bovine dopamine-f3-hydroxylase

yielded a value of 282,000 (Table 1).
Frictional ratios, derived from the molec-

ular weight and Stokes radius, were 1.68
and 1.69 for tumor enzymes 1 and 2, while
the bovine enzyme f/fe was 1.55 (Table 1).

The molecular weight estimations for

subunit, disulfide-linked subunit, and na-
tive species for both pheochromocytoma
enzymes, with the bovine enzymes for com-
parison, are shown in Table 2.

DISCUSSION



TABLE I

Molecular parameters of dopamlne-fi-hydrox%’lase

Species Strokes radius S� � Molecular weight
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Human pheochromocytoma (tumor 1) 74.3

Human pheochromocytoma (tumor 2) 76.1

Bovine enzyme (adrenal medulla) � 67.1

Kay

FIG. 6. Estimation of apparent molecular u’eight

of pheochromocytoma and bovine dopamine-f3-hy-

droxylase on an Ultrogel ACA-22 gel filtration col-

umn

Molecular weights are obtained from a column cal-

ibrated with: (a) ribonuclease A (13,700); (b) myoglo-

bin (16,000); (c) hemoglobin half-mer (32,000); (d)

human serum albumin (72,000); (e) aldolase (160,000);

(f) catalase (250,000); (g) apoferritin (467,000); (h)

fibrinogen (340,000); (i) Fe-fernitin complex

(1,300,000). The regression line was calculated for glob-

ular proteins, excluding fibrinogen.

other species seems to exist as a tetramer
with molecular weight of approximately
290,000 (21, 22), there has been uncertainty
as to possible multimeric states of human
dopamine-$-hydroxylases. Several groups

have reported enzymatically active dimer
and tetramer in human plasma (1-4). Hu-

man pheochromocytoma dopamine-$-hy-
droxylase is described by Park et al. (6) as
being composed of active, noninterchange-
able dimer, tetramer and octamer. In con-

trast, Stone et al. (5) report reversible self-
association and dissociation of the human

pheochromocytoma enzyme in the analyti-

03r

� Pheochromocytoma 1

02-

0- -

ot-

0 �- � �� �- � � � - I � � � � , �
0 tO 20 30 40 50 60 70 80 90 100 tO

Stokes Radius A

FIG. 8. Determination of Stokes radius for pheo-

chromocytoma and bovine dopamine-f3-hydroxylase

on the Ultrogel ACA-22 column calibrated u’ith pro-

tein standards of known Stokes radius, in A

(b) Myoglobin (18.8); (c) hemoglobin half-mer (24);

(d) human serum albumin (37); (e) aldolase (45); (f)

catalase (51); (g) apoferritin (61); (h) fibrinogen (107).

cal ultracentnifuge, with observed molecu-
lar weights ranging from 145,000 to 500,000.

We addressed this issue in several ways:

Dopamine-f3-hydroxylase was purified to
homogeneity from two pheochromocytoma

tumors. In each case, analytical polyacryl-
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ours: (a) their enzyme preparation utilized
detergent solubilized tissue and hence re-
leased membrane bound hydroxylase, the
properties of which may well be different
from those of the soluble form of the en-
zyme (23); (b) their purification procedure

involved precipitation of the enzyme with
ammonium sulfate, a step that has been
observed to cause the aggregation of human
dopamine-fl-hydroxylase to high molecular

forms (1); (c) gradient centnifugation in the
(tetramer( study by Park et al. was performed in 5-

- - -- 20% sucrose gradients in an SW-40 rotor.
Recent studies (16, 17) indicate that a shal-
low 5-209k gradient, originally designed for

the short radius SW-39 rotor, is not isoki-
netic in the longer SW-40 rotor and may
give rise to convective disturbances. Doubt
is thus cast on the reliability of their �

determinations.
We utilized the independently deter-

mined hydrodynamic parameters, 52�.w and
Stokes radius, to calculate native molecular
weight (20). Molecular weights of 300,000

and 317,000 were obtained for the two phe-
ochromocytoma enzymes, with a molecular
weight of 282,000 for the bovine enzyme.

These data are in reasonable agreement
with our previous determinations (4), and

those of Rosenberg and Lovenberg ( 1), on
the human plasma and bovine hydroxylase,

using these same techniques. We reported
a human plasma enzyme and a bovine en-
zyme molecular weight of 302,000 and
268,000, respectively; the values obtained
by Rosenberg and Lovenberg were 289,000

and 267,000 respectively. Differences may

be due to measurement problems inherent
with these techniques (1).

The consistent (1, 4) observation that
human dopamine-1&-hydroxylases are larger

than bovine dopamine-f3-hydroxylases is of
interest. In the current study, as well as

past studies of the human plasma enzyme
and the bovine enzyme, 520.w values are sim-
ilar, whereas the human enzymes appear to
have larger Stokes radii (1, 4). In our study,
the Stokes radii of the pheochromocytoma
enzymes were 74.3 and 76. 1 A, both larger
than the bovine value of 67.1 A. The ob-
served Stokes radius differences between
the two tumor enzymes were small but re-
producible upon repeated gel filtration ex-
periments. The significance of these small
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TABI.E 2

�l-IO/(’(UIU1 u-eight estz�n (itlons for hot-inc (Ifl(I

p/ieoehio�iioevtoma (/opurn ine-fi-hvd1o.n’lase using

hV(l1OdVflW’ll iv puruinete�-s and SDS gel

(‘leetlophol-esu.s, truth an(l Without /3-

Pheochromocy-

tOIfla I

Pheochromoc-v-

tOflOOL 2

Bovine adrenal

Ilse(lulla

amide gel electrophoresis of the purified

product revealed one homogeneous band;

this finding argued against multimenic
forms of the active enzyme. Furthermore,
both sucrose gradient sedimentation and
gel filtration of each chromaffin vesicle ly-
sate showed one symmetric peak without
auxiliary peaks or shoulders. Finally, elu-
tion of enzymatic activity from preparative
polyacrylamide gel electrophoresis showed

one symmetric peak of activity. These four

consistent observations on each of two tu-
mon enzymes weight heavily in favor of a

single enzymatically active form of soluble
pheochromocytoma dopamine-/3-hydroxyl-
ase and preclude the probability of multi-

menic forms of enzymatically active protein
in these tissues. These studies were per-
formed on the soluble vesicle lysate protein
in each case and need not necessarily per-

tam to the membrane bound enzyme.
Our results are compatible with those of

Stone et al. (5) because they described a
symmetric peak of enzymatic activity elut-
ing from the gel filtration column used in

their experiments. Their analytical ultra-

centrifuge data on purified pheochnomocy-
toma dopamine-/9-hydroxylase cannot im-

mediately be reconciled with our studies on
the pheochromocytoma enzyme, however.
The introduction of artifacts during their
purification scheme cannot be precluded.

Likewise, the results of Park et al. (6)
appear to be inconsistent with ours. Several

aspects of their characterization differ from
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differences is not known but could repre-
sent differences in the primary structures

of the proteins, as well as minor differences

in the carbohydrate side chain composition
of these tumor products.

The frictional ratios of the human pheo-
chromocytoma enzyme, 1.68 and 1.69 were

also larger then the 1 .55 obtained for the
bovine enzyme, also consistent with plasma
enzyme observations (1, 4). The high fric-
tional ratios may be related to a high degree

of solvent hydration of the enzymes (24), to
carbohydrate side chain induced asymme-
try (1), or to asymmetry inherent in the
quaternary structure of the protein. These

possibilities cannot be distinguished on the

basis of our data.
The molecular asymmetry and conse-

quent large frictional ratios of the dopa-

mine-$-hydroxylase species give rise to
high Stokes radii and elution from gel flu-
tration media earlier than would be ex-

pected on the basis of actual molecular
weight. For example, bovine dopamine-$-

hydroxylase-with a molecular weight of
290,000 by sedimentation equilibrium (21,
22) and 282,000 by combined hydrodynamic
parameters-when interpolated in the plot

of globular protein molecular weights yen-
sus K8� for the analytical gel filtration col-
umn shows an apparent molecular weight

of 324,000. Likewise, the pheochromocy-
toma dopamine-fl-hydroxylase, with a mo-
lecular weight of 300,000 to 317,000, had an
apparent molecular weight by gel filtration
alone of 461,000 to 510,000 (Fig. 7). Similar
anomalously high apparent molecular
weights by gel filtration column have been
observed for the plasma enzyme ( 1 , 4).

Our purification scheme demonstrated

some difference between the proteins in the
two pheochromocytoma chromaffin vesicle
lysates. Dopamine-f3-hydroxylase could be
obtained from the lysate of tumor 1 in
homogeneous form using Concanavalin A
alone, whereas three proteins from the ly-
sate of tumor 2 (two without enzymatic

activity), bound to Concanavalin A, neces-
sitating the additional step of gel filtration
before an electrophoretically homogeneous
preparation was obtained. The enzymati-
cally inactive, Concanavalin i� bound pro-
tein bands may represent dopamine-$-hy-
droxylase degradation products, or other

glycoproteins in the chromaffin vesicle ly-

sate.

The complete interaction with immobi-
lization of each pheochromocytoma enzyme
by Concanavalin A indicates that each tu-
mon enzyme is a glycoprotein, and specifi-

cally a glycoprotein with terminal mannose
and/or glucose residues (25). The observa-
tion that the pheochromocytoma enzyme
interacts with Concanavalin A confirms a
preliminary report of Miras-Portugal (26),

although the technique has not heretofore
found use in the purification of pheochro-
mocytoma dopamine-f3-hydroxylase.

Our observations of native and subunit
molecular weights of human pheochromo-

cytoma dopamine-$-hydroxylase lend cre-
dence to the supposition that, like the bo-

vine enzyme (27), the native form of the

soluble human pheochromocytoma enzyme
is a tetramer composed of two dimenic sub-
units, each of which is held together by
disulfide bonds, and which are in turn dis-
sociated by sulfhydryl reagents into a total

of four monomeric subunits per tetramer
(Table 2).

In summary, the soluble dopamine-,8-hy-
droxylase from two pheochromocytomas
have been purified by using carbohydrate

affinity chromatography on Concanavalin

A-Sepharose. The purified products are ho-
mogeneous as judged by polyacrylamide gel

electrophoresis. No evidence of multimeric
forms of either the crude or the purified

enzyme could be detected by analytical
polyacrylamide gel electrophoresis, prepar-
ative polyacrylamide gel electrophoresis
with activity elution, analytical gel filtra-
tion chromatography or zonal sedimenta-
tion on sucrose density gradients.

The tumor enzyme was characterized by

using the combined hydrodynamic param-

eters of 8’20.w and Stokes radius as having a
molecular weight of 300,000 to 317,000, as
compared to the bovine adrenal medullary
enzyme at 282,000. Its frictional ratio was
1.68 to 1.69, leading to anomalously high
apparent molecular weights estimated by
using filtration alone at 461,000 to 510,000.

Characterization of the subunit structure
revealed the tetrameric enzymes to be com-
posed of monomeric subunits of 78,000 to

80,500 daltons each, joined by disulfide link-
ages to form dimeric subunits of 155,000 to
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160,000 daltons, two of which join by non-

covalent interaction to form each tetramer.
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SUMMARY

METCALF, B. W. AND M. J. JUNG. Molecular basis for the irreversible inhibition of 4-
aminobutyric acid:2-oxoglutarate and L-ornithine:2-oxoacid aminotransferases by 3-
amino-1,5-cyclohexadienyl carboxylic acid (isogabaculine). Mol. Pharmacol. 16: 539-
545 (1979).

Isogabaculine reacts with pyridoxal phosphate to form N-meta-carboxyphenylpyridox-

amine phosphate as does its natural isomer gabaculine. The two compounds are almost
equipotent in vitro and in vivo in inhibiting 4-amino-butyrate (GABA) aminotransferase
and L-ornithine aminotransferase and in elevating brain GABA levels.

INTRODUCTION

In recent years the search for enzyme-
activated irreversible inhibitors of amino-
transferases and especially of 4-amino-
butyrate:2-oxoglutarate aminotransferase
(E.C. 2.6.1.19; GABA-T)’ has been actively

pursued (1) because of the pharmacological
potential of such compounds (2). The
known inhibitors of GABA-T can be clas-

sified in three types. An electrophiic spe-
cies can be generated in the enzyme active
site by enzyme-catalyzed elimination of a
substituent in /3 position to the amine func-
tion of the GABA analogue. An example is
ethanolamine-O-sulfate, the first enzyme-
activated, irreversible inhibitor of GABA-T

I The abbreviations used are: GABA, 4-aminobu-

tyric acid; GABA-T, 4-amino-butyrate:2-oxoglut.arate

aminotransferase; gabaculine, 5-amino- 1,3-cyclohex-

adienyl carboxylic acid; Orn-T, ornithine transferase

(L-ornithine:2-oxoacid aminotransferase); GAD, glu-

tamate decarboxylase (glutamate- 1-carboxylyase).
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described (3). Alternatively, the electro-
phiic species can be generated by the nor-

mal enzyme-catalyzed prototropy as for 4-
arninohex-5-enoic acid (4) or by an abnor-
mal prototropy as has been postulated for
4-aminohex-5-ynoic acid (5). Finally, gaba-
culine inhibits GABA-T by forming a stable
adduct with the pyridoxal-5’-phosphate
present in the active site (6). In that specific
case the adduct, meta-carboxyphenyl pyri-
doxamine phosphate has a high affinity for
the active site and does not dissociate under
nondenaturing conditions (6). This last
type of inhibitor could be especially useful

because the quasi-irreversible inhibition
does not rely on the reaction of a nucleo-
philic group of the enzyme’s active site with

the activated inhibitor. Gabaculine is the
most potent inhibitor of GABA-T both in

vitro (6) and in vivo (7). We decided, there-
fore, to investigate whether the double-
bond isomers of gabaculine would also in-
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hibit GABA-T by aromatization. We report

here that 3-amino- 1,5-cyclohexadienyl car-

boxylic acid does in fact react with pyri-
doxal-phosphate in the same way that ga-

baculine does and that its potency and se-
lectivity toward pyridoxal-phosphate de-
pendent enzymes are very similar to those
of gabaculine, both in vitro and in vivo.

MATERIALS AND METHODS

Chemicals. Pyridoxal-5’-phosphate, 4-
aminobutyrate, L-ornithine, L-glutamate,
2-oxoglutarate were purchased from Sigma

Chemical Co., St. Louis, Mo., USA. N-
meta-carboxyphenylpyridoxamine phos-
phate was synthesized as described (8).

Synthesis of 3-amino-1,5-cyclohexad-

ienyl carboxylic acid: Birch reduction of

benzoic acid yields 2,5-cyclohexadienoic
acid (9). The ter-butyl ester was synthe-
sized by treatment of the crude product of
the Birch reduction with isobutylene in the
presence of traces of H2S04. The ester was
purified by chromatography on alumina. A
10% excess of silver isocyanate in dichloro-
methane was added to the ester followed
by the same amount of iodine. After stirring
for one hour at 0#{176},then 3 hours at 25#{176},the
isocyanate is trapped by addition of one

equivalent para-methoxybenzyl alcohol.
The carbamate formation is allowed to pro-
ceed overnight at room temperature. De-
hydroiodination is achieved by treatment
with one equivalent diazobicycloundecane
in acetone. Ter-butyl, 3-(ter-butoxycarbon-

ylamino)- 1,5-cyclohexadiene carboxylate is
then purified by silica gel chromatography.

Hydrolysis of the two protecting groups is
carried out in anisol by treatment with an
excess of freshly distilled trifluoroacetic
acid. The trifluoroacetate (TFA) salt of is-
ogabaculine is crystallized by trituration
with ether of the dry residue. Recrystalli-
zation from isopropanol-ether gives an an-
alytically pure sample. The overall yield is
about 30%; analysis C:42.69, H:4.00, N:5.28.

Model studies with pyridoxal-5’-phos-

phate. These reactions were essentially car-
ried out as described by Rando for gaba-
culine (8). Isogabaculine was added to a

solution of pyridoxal-phosphate in 0.1 �tM

phosphate buffer, pH = 7.0, at the appro-
priate temperature. Aliquots were with-

drawn and analyzed for remaining free pyr-
idoxal (absorption at 390 nm).

The products of the reaction were iden-
tified by thin layer electrophoresis, and

comparison of ultraviolet and fluorescence
spectra with spectra of authentic N-mets-
carboxyphenyl-pyridoxamine phosphate.

Enzymes: 4-aminobutyric acid amino-
transferase. GABA-T was purified from pig
brain following the method described by

John and Fowler (10). We are indebted to
Dr. B. Lippert for the gift of a preparation
having a specific activity of 4,6 j�mole/min/
mg protein. Enzyme activity was measured
spectrophotometrically in a coupled assay
with succmic semialdehyde dehydrogenase

prepared from guinea pig kidney (B. Lip-
pert et al., to be published).

Ornithine aminotransferase. Orn-T
(E.C. 2.6.1.13) was isolated and assayed as
described previously (1 1).

Glutamate decarboxylase. We are in-
debted to Dr. M. Bouclier for the gift of a
highly purified preparation of GAD (E.C.
4.1.1.15) from rat brain (method to be pub-
lished). The enzyme was assayed radi-

ometrically by the release of ‘4C02 from [1-

‘4C]glutamate (12).

Animals. Swiss albino mice (Charles
River, France), weighing 20-25 g were used.
Isogabaculine was given as a fresh aqueous
solution (1 ml/100 g) by intraperitoneal
injection. The animals were kified by de-

capitation at appropriate times. Brains

were divided into halves by sagittal section;

GABA concentration was measured in the
acid extract of one half, and GAD and

GABA-T were measured in the other half,

as described previously (13).

RESULTS

Reaction oflsogabaculine with Pyridoxal-
5’ -p ho sp hate

Spectral changes. When isogabaculine
was allowed to react with an equimolar

amount of pyridoxal-phosphate, the ab-
sorption peak of pyridoxal at 390 nm slowly
disappeared, while a new absorption band
at 315 nm appeared (Fig. 1). The presence

of an isobestic point at 345 nm indicated
the direct interconversion of one entity into

another.
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Isogabaculine and pyridoxal phosphate (10 mM each) were allowed to react at 60#{176}under nitrogen in the

absence of light in 0.1 M phosphate buffer. At given times aliquots were withdrawn and diluted a hundred fold

in the same buffer and the spectrum was recorded on an Acta III Beckman spectrophotometer.
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Characterization of the reaction prod-
uct. After the absorption band at 390 nm
had nearly completely disappeared, the re-
action mixture was analyzed by thin layer
chromatography (silica gel G; BuOH:AcoH:

H20, 60:20:20). Isogabaculine and pyri-
doxal-phosphate were present only in trace
amounts and a new fluorescent product had

appeared. There was no sign of mets-an-
thraniic acid formation. The new product
had maximal ultraviolet absorption at 315
nm and the fluorescent spectrum was cen-
tered around 415 nm as for N-meta-carbox-
yphenyl-pyridoxamine phosphate (8). Thin
layer electrophoresis (silica gel G; pH 5;
pyridine acetate buffer) revealed that the

new product co-migrated with authentic N-
mets-carboxyphenyl-pyridoxamine phos-
phate.

Activation energy. When the tempera-
ture was increased, the rate of disappear-

ance of pyridoxal-phosphate increased (Fig.
2A). An Arrhenius plot (Fig. 2B) showed
that the activation energy of the reaction
was 17.2 kcal, very similar to that of gaba-

culine (8).

In vitro Inhibition of Pyridoxal Enzymes

4-aminobutyric acid aminotransferase.

When purified GABA-T was incubated
with isogabaculine, there was a time-de-

pendent loss of enzyme activity that could

not be reversed by extensive dilution or
dialysis. The loss of enzyme activity fol-
lowed pseudo-first-order kinetics almost
until all the activity had disappeared (Fig.
3A). The kinetic data (Fig. 3B) showed that
the process was saturable: K1 = 20 jzM and
minimum half life was 0.8 mm, correspond-
ing to a kcat of 1.4 102/sec. GABA and

glutamate at 1 mM concentration slowed
down the rate of inhibition, while pyridoxal
phosphate was without effect.

Other pyridoxal phosphate-dependent

enzymes. Orn-T was inhibited by isogaba-
culine in a time-dependent manner at the
same concentrations of inhibitor as GABA-
T (Fig. 4). GAD however was not affected,
even at a concentration of 1 m�i.

Effect of Isogabaculine on GABA Metab-

olism

After a single injection of 0.36 rmnole/kg
of isogabaculine there was a rapid decrease
of brain GABA-T activity. By four hours
85% of GABA-T was inhibited, and this
level of inhibition was maintained at least
for four days (Fig. 5A). GAD activity de-
creased very slowly, and presumably the

decrease was not due to a direct interaction
of isogabaculine with this enzyme. The con-
centration of GABA increased steadily for

the first 20 hours after injection and
reached approximately 12 times control val-
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FIG. 2. Temperature-dependence of the rate of reaction (A) and activation energy of the reaction (B)

between isogabaculine and pyridoxal-5’ -phosphate

A. Isogabaculine (10 mM) was allowed to react with pyridoxal-5’-phosphate (0.1 mat) as in Figure 1 at

different temperatures. At given intervals, one ml aliquots were withdrawn and the absorption at 390 nm was

recorded. B. Data from Figure 2A are presented in an Arrhenius plot.
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ues. The concentration of cerebral GABA

started to decrease after 48 hours, but even
after four days it was stifi seven times
higher than control.

This dose of isogabaculine appeared to
be toxic; all remaining animals died after
the fourth day. Body temperature was ex-
tremely low (24#{176})and the animals were
nearly comatose after day 3. After a dose of

0.21 mmole/kg (30 mg/kg free base), similar

changes of GABA metabolism were found,
but recovery of GABA-T and GAD activity
started after day 2, and GABA levels were

back to normal values by day 3 (data not
shown).

The effects of isogabaculine on GABA
metabolism were dose-dependent (Fig. 5B).
A dose of 0.02 mmole/kg (5 mg/kg of TFA
salt) has no effect on GABA-T or GAD
activity and GABA concentration 8 hours

after administration. Increasing the dose to
0. 1 mmole/kg causes a highly significant

reduction of GABA-T activity (-70%), a

statistically nonsignificant reduction of

GAD activity, and a fivefold elevation of
brain GABA levels. Doses of 0.40 mmole/




