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SUMMARY

Gluttmnmate decarboxylase (EC 4.1.1.15) of Esc/uericluia coli reacts witlm L--y-fluorogluta-

mate to fornm a-fluoro-�’-aminobutyric acid. This reaction hints been cimaracterized, and the
two fluonintited amino acids imave been investigated as selective inimibitors of ‘y-aminobutyric

acid metabolism in the umervous system. L--y-FluoroglUtamate inimibits time glutamate de-
carboxylase from calf brain (K� = 1.4 X 102 �u) at conceuitrations comparable to the Km

of this eumzyrne for glutamate (10-2 �m). 1mm addition, a-fluoro-y-aminobutyric acid iumhibits
time uptake (If y-amiumobutyric acid! in a nerve-muscle pneparatioum from lobster.

I NTI(Ot)UCTION

Substitutiout of a fluoriume tutom for lmydro-

gemi camm lead to deuimmed changes itt cimenmical
reactivity of biologically importaumt mole-

cules witimoutt immtroducimmg sigmiificaumt stenic

cimammges. For timis reasomm, aumalyses of time

molecular basis of a number of biochemical
pimemmomena imtive beeum aided! by time availa-

bility of time tippropriate fluoro autalogues
(1). Accordiimgly, when our studies out �y-fluo-

roglutanmate led to the biosyntimesis of a-flu-

oro-y-anmimiobutyrate, it seemed of iumterest

to iumvestigate furtimer time 1)ossible usefulness
of timis aumalogue of �y-aminobutyrate. Tlmis
approttcim seemed particutl arly appropriate,
simmce time fuumction of ‘y-anminobutyrate in the

ceumtral umervous system remaiums to be eluci-
dated.

Speculations on time role of GABA’ in time

1 The abbreviatiomms used are: GABA, -y-amino-

butyric aci(l; F-GABA, a-fluoro-’y-amimiobtttyric

acid; F-Gin, -y-fltmorogltttamic acid. Iii addition

to thmese abbrevi:mtiomms, D and L with respect to
F-Gin refer to the commflguration at the a-carbon;

omm the b)asis of the specificity of two enzymes (see

cemitral nervous svsteum’i scent to ftull into two

categories. In oume, GABA would serve as an

itt imibitory neunotrtumsniitten (2) comparable

to its well-docutmeutted functioui itt the pe-
nipimeral nervous system of time lobster (3).

In time otimer, GABA would be an important

emiergy-yieldimmg metabolite (4), arising dur-
ing time trammsfornmtition of glutamtite to sue-

cinate by a ptmtim�vay of metabolism which

byptusses a-ketoglutantmte and succinyl coen-
zynie A (Sclmeme 1).

Fl utoni mmtute(I aumalogues are often capable

of distimmguisiming various metabolic func-
tioims of time paretmt compound. Fluoroace-

tate, for immsttimtce, mimics acetate jim onmly

some of its mettibohic reactions (1). Timis

below) timese desigmiaiiomms tire related to the comm-

figuratiomi of glutanmate. A second asymmetrical
center at the y-carhomu of F-Gin is retained at the

a-carl)Omm of F-GABA derived from F-Gltm. The
asymmetry at the carbomi atoms hearing the

fluorimue sumbstitument itm these amino acids has not
made itself apparemmt in studies reported imu this

paper; hemmce, mio muotatiomu with regard to this
poimmt has been developed.
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suggests that F-GABA miglmt provide a way

of resolving possible roles of GABA in

studies with intact physiological PrePara-

tions of time centrtul nervous system. For

example, F-GABA could be aim analogue of
GABA wimich miglmt have time physiological

properties of the parent compound witimout

entenimmg imito its emiengy-yieldimmg metabolic
pathways.

Timis pttper presents details of time symmtime-
sis of F-GABA from F-(1u by glutamate

decarboxylase of .Escheric/u ia coli (EC
4.1.1.15). In addition, a biochemical basis is

establisimed for time use of these fluorinated

amimmo acids in time nervous system, since it
can be shiowmt timat glutamate decarboxyltise

in calf braimt is inhibited by F-Glut tumtd thmat
GABA upttuke in a nerve muscle preptura-
tion from lobster is inhibited by F-GABA.

It timus appears promisitig timat F-GABA,

either admimmistered directly or pem’lmtips tunis-

ing from F-Glu, could play a useful role iii

studies of time role of GABA itt cemmtral

nervous system physiology.

EXPERIMENTAL PROCEDURE

Materials. Calf braimi gluttanmate decar-
boxvlase wis prepared fronm tnt tucetoime

powder (5) by extraction at 0#{176}for 1 imr �vit1m

10 voluimes of 0.1 M potassiutm phosphate

buffer, pH 6.3, coiumttuiimimmg 5 X 10� M

2-mencaptoetimanol aimd S X 10� M pyni-

doxal pimospimate. Time clear supernatant

solutiomm obtained after cemmtrifugatioum for
30 miii at 23,000 X � was used immediately

or stored at - 196#{176}.All ton exchmaimge resins

were putrchased from Bio-Rad Labortitonies.

Synthesis of F-Glu. F-Glu wtus symmtlmesized

by time commdensation of diethyl fluoromal-
onate with etimyl acetamidoacrylate, fol-

lowed by acid treatment of time immtermediate,
using Scheme 4 of Bucimanamm, I)ean, aimd
Pattison (6). Time syrup obtaimmed after the
HCI imad been removed under vacuum was

dissolved in 25 ml of water and applied to a
Dowex 1 (AG1-XS) iomt excimaimge column
(4.4 X 24 cm, 200-400 meslm) in time acetate

form. Time colummm was eluted w’ith 2 N

acetic acid, mmd 20-mi fractions were col-
lected. Fractions were assayed by time pitoto-
metric niimimvdrin metlmod of Troll tumid Can-
uman (7), and timose contaimiimmg time product

(fractions 41-125) were pooled amid evapo-
rated to drynmess on a rotary evaporator.
Fluonoglutamic tucid (4.9 g, 4S % yield) was

obtained as white crystals from wtuter.

C�H8FNO4

Calculated: C 36.37, H 4.SS, N S.4S
1oummd: C 36.22, H 5.06, N S.73

Enzyme assays. Glutamate decanboxylase

was asstuyed by time release of ‘4C02 from

1-’4C-glutanmate tvimiclm c(lmmtailmed 0.71 mg of
DL- 1 - i4C_gluttuniic acid (New Emmgltummd Xii-

clear Conportutiomm) tund 33.5 rng of carrier
sodium L-glutatflate to give a nmixture witim

a specific activity 0)f 3.0 X 10� (!pm/�mo)Ie.
Ctilculatioums of time amoummt of CO2 reletused
iim time eumzyme assttys were based on omme-iitulf

this specific activity, since n-1-’4C-gluta-

mate is not decarboxylttted by thus eimzyme.
Time injectio)mi of 50 % tnichmloracetic acid

(0.1 ml) tlmrough a septutm stopper was used

to termiitate time reactiomm, and ‘4C02 wtis

collected in filter hiliPet wetted with 0.1 ml
of tu mixture of equal volutmes of metlmtummol
and tnietimammolamiime. Time pltustic ceumter well
(Kontes Glass Conipaumy, Vimtelatmd, N. ,J.,
No. K 552320) tind time filter paper con-

tamed in it were then immersed in Bray’s

solution (S) and assayed for rtudiotuctivity in

ti Packardl liquid scintillation spectrometer.
Reaction mixtures in w’hmicim boiled enzyme

wtls substituted for active eumzyme served

tms controls for mmommenzymatic decarboxyla-

tion (wimicim was less than 5 % of time enzy-
matic rate).

Decarboxvlase activity was also assayed

by time appearammce of GABA or F-GABA
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dutnimig decarboxylation . in this pn(Icedlumre

a,i aliquot (0.5 mmml)of tii(� meactiomu nmixtune
was tudded to a colunmtm o)f 1)owex 1 (AU1-X4,

0.4 X 3 cm) itt time acettute form, tumdl the

colummi ��-as eluited �s-itii 3 nil of wtuter to

obtain GABA (or F-GABA), wimich was
assayedi by time photometric nimmhydnimi reac-

tion (7). Witlm this method time color yields

0!t Ii nioltir basis ��-ere 0.96 for I’-Glu amid
0.85 for F�-GABA, compared to glutamate.

Synthesis of F-GABA and D-F’-GIU. For

time i)reParatioim of F-GABA, time reaction

mixtutre coimtaitmed 330 mg (2 mmoles) of

DL-F-Gltt neutralized witit XaOH, 2 nimoles

of pynidine HCI buffet at pH 4.5, 20 �umoles

of I)�nidoxal pimosplmtute, atmd 50 mg of E. coil

glutamic tucid decanboxylase (Sigma Chemi-

cal Comptuny, 880 ,�l of CO2 pet milligram

pet. 30 mimi) imma volutme of 40 ml. Time retuc-
tiomi nnxture was imicubated at 30#{176},ammd! ali-
dluots ��‘ere assayed tut various times for time

fonmtutiomi of F-GABA (Fig. 1).
After 24 imr the retiction mixture was

clarified by ceimtnifugation ttmmd added to a

Dowex 1 iomm exchuumge cohmmum (AG1-X4, 2

X 15 cm, 100-200 mesim) in time acetate

form. Time column (at neutral pH) was

wtuslmed witim iSO ml of water, and time

efflueitt, commtaiimimmg time F-GABA, was evap-

orated to dryness. rlllmis material was dis-

solved in water amid adsorbed on a Dowex 50

ion excimange column (AG5OW-X4, 2 X 50
cm, 200-400 mesh) iii the H� form. The
column was washed witim 200 ml of water aimd

timemi eluted witim 1 N HC1. The S-rn! frtic-
tiomms were assayed by time pimotornetnic imin-

hmvdrin reactioim. Fractions (Nos. 88-98)
containing time produict �s-ere pooled, and
time HC1 mmd water were removed uimder
vacuum. Time hmydrocimloride of F-GABA

was obtained as white crystals from etima-
imol. Time yield o)f 147 mg represented a
recovery of 47 #{182}�,bttsed on time amoummt of

DL-F-Glu itt the reaction mixture.

C4H9CIFNO2

Calci.tlated: C 30.49, H 5.76, N S.S9

Found: C 30.32, H 6.03, N 8.79

Recovery of D-F-Giu. Ommly 50 % of time

F-Glu reacted �vitim glumtamic acid d!ecar-
boxylase, amid simice timis enzyme is specific
for L-glutamic acid it was presumed thttt

FIG. 1. Formation of F-GAIL-I from jiL-F-Glu

by glutamate decarboxylase of E. coli

The reaction mixture and the assay of F-GABA

jIm tiliquots of the reaction nuixt are tire described

iii EXPIutImiENFAL PItOCtDUiIE.

D-F’-Glit would be time species in the ntucemic
F-Glut w-imich was not decarbox\-lated.

D-F-Glu was recovered from time Dowex 1
colunmmi mentioned above by elution with 2

N tucetic acid. In this 1)roced!une, 3-nil frac-

tions were collected, ttnd time plmotommmetnic

niimlmydrin assay revealed timat m-F-Glu ��-as
in frtuctioims 75-120. These fntmctions were

pooled, evaporated to dryimess, dissolved irm

water, aiid decolonized witim activated char-
coal. Timis material was timen tuppliec! to a

Dowex 30 column (AG5OW-X4, 2 X 11
cm, H+ form 200-400 mesim) aimdl elitted

w-itim 2 N acetic acid. The yield of 140 rng
represented 42.5 % of the DL-1’-Glu in the
initial reaction mixture. D-F-Glu was then

recrystallized from a minimal amount of

H20. [a]� = -21.6#{176} (c, 0.81, in 1 N HC1).

C5H8FNO4

Ctmlcultmted: C 36.37, H 4.88, N 5.48
Fouimd: C 36.35, H 4.94, N 8.67

Format ion of iactams of GA BA and

F-GABA. Time lactam of F-GABA was pre-

pared by hmeatiimg 2-3 mg of F-GABA at
200#{176}in a sealed, evacutated tube, one end of

�vimichi was rnaintainedl at 0#{176}.In timis proce-

dune, time volatile lttctam which formed in

the imeated region was collected in time cooled
region, where it hmad co)ndeimsed. Id!elmtictml
conditions were used! to convert GABA

to its lactam.
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FIG. 2. .ilass speeti’a of F-GA BA and GAB.4 as their lactains

Low-resolumtioum mass spec! roscopv was performed at an iommizatiomm volt tige of 70 cv in time LKB-9000
gas cimronmatogram-mmmass spectrometer tufter chronmatography on 3(� OV 17 at. 160#{176}.Time lactarmm of GABA

is shown at left, while that of F-GABA is at right. We thaumk William Conmstock for this ammalysis.
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2 We are indebted to Barbara Ilauck for these

analyses.
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Synthesis of N-acetyi-F-Giu. N-Acetyl DL-

F-Glut, symmtlmesized by a Schmotten -Baitnmann
reaction (9), was punifiedi by elution �vitlm

water frommm tm Dowex 50 column (H+ f��i’nm).

As judged fi’onm gas-liqutid clmrommiatogmuuphiy,

timis nmtitenial wtus approxinmateiv 95 ‘7_� l)�tre.

Other methods. Amiimo tucid aimalyses were

l)ei’folimme(! by tu slight niodifictution of time
metimod of Sptmckman (10), utsimmg time 4-hr

elutiolm systeni �vitlm a columut (0.9 )< SO cm)
d)f Beckrntimi UH-30 resin. For basic amimmo

acids, a 0.9 X 20 cm colunmim of Beckman
PA-3O resin at 37#{176}was eluted withm 0.38 �‘si

sodium citntmte, pH 4.26, at a flow rate of

68 ml/niin.

In time first system, F-Glu was elated

prior to aspartate, mmd F-GABA, prior to
glutamate. Time color yields were 0.85 for
F-Glu mmd 0.45 for F-GABA, referred to

leucine omi a molar basis.2
F-GABA wtus resolved from GABA on a

columim of Dowex SO (AGSOW-X4, 200-400
mesh, 2 X 55 cm, H+ form). Ium this proce-

dure 87 mg of F-GABA were added to time
column, wimicim w-as wasimed witim water and

timen elated witim 0.5 �r KC1 in 1O’ �i HC1;
F-GABA was recovered iii a slmarp peak

betweeim 690 and 750 ml of eluting fluid.
Infrared! spectra were obtained witim a

Perkium-Elmer model 21 instrument. Protein

was deternmiimed by time immetimod 0)f Lowry et

ai. (11).
Lobster nerve-ninscie pi’eparatioiu . Time ef-

feet of l’�-GABA 0)ti time upttike of GABA itt

a nerve-mitscle i)t’elltu!tttioti front tue super-
ficial ventral abd!onmilmtll nmuscles of time

lobster Hoitiarus american us was exanmiimed
iii time system mused! by Iversen tumid Kravitz

( 12). Thmeir procedure was followed exactly,

using 3H-GABA (New Engltummd Nitcletun

Corporatidlim) at tm commcelmtratidlmm of 2 X
10-8 M ; the effect of inimibitor was exttmimmed

jIm four to six irntscles, time commtrtmlatenal

muscle servimmg itt each case tis tu control

(12).�

RESULTS

Identification of F-GA BA. Time mass spec-

truimi of time lactam of F-GABA aitd timat of

time lactam of GABA are compared in Fig.

2. The two fragrneimttmtiorm patterims ture
closely analogous in time two compouimds,

withm major and pareimt imeaks differilmg otmly

by 18 mass units, as would be expected

when fluoriime (atomic weigimt 19) is substi-

tuted for hydrogen. The infrared spectrum

was compatible with timat described by

Buclmanan and Pattison for this compound

(13), except timat bands w-ere observed at

We thank Dr. E. A. Kravitz for suggesting

the use of this system, and for his demonstration
of the dissection of the imerve-muiscie preparatiomm.
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FIG. 3. Kinetics of glutamate decarbo.rylase of E. coli

For the decarboxylation of glutummate (A) the reaction mixture contained 25 ��moIes of pyridimie HC1

buffer at pFI 4.5, 0.25 �.umo1e of pyridoxal phosphate, 0.05 mg of eimzyme protein, ammd the anmoumit of

i-’4C-glutamate imidicated. Incubation in a volume of 0.5 ml was conducted at 30#{176}for 15 ummimm.For the

decarboxylation of F-Glu (B), the reactiomi mixture contained 100 �zmoles of pyridine HCI btmffer at pH

4.5, 1.0 ,�mole of pyridoxal phosphate, 2.5 mg of enzyme protein, amid the amount of DL-F-Glu immdicated.

Incubatiomm in a volume of 2.0 ml was conducted for 20 mm at 30#{176}.The extent of the react iomm was deter-

mined by ‘4C02 collectioum immpart A and by F-GABA release itt part B. Kinetic aimalyses were performed

according to Limmeweaver amid Btmrk (17).

1070 cm’(m) and 1030 cm’(w) immstead of
at 1054 cm’(w).

Time spectral data, together with the

elemental tunalysis aimd time imature of the
biochemical reaction, establish time identity

of time F-GABA niade etmzymatically.
Stereochem istry of reaction of F-Gut with

giutamate (lecarboxylase of .E. coii. Time spe-

cies of 1)L-F-Glu wimich is imot reactive �vith
glutamate decarboxylase of E. coii Imas been

tentatively tissigimed the n-comufigunatiomm at

time a-carbon. Timis is based oim time assump-

tion timat enzymes mvith a specificity for time

L-configuratio!i of glutamate will have a
similar specificity for time i�-configuratioim at

the a-carbon of F-Glu. Time observation timat
50 � of time DL-F-Glu is decarboxvlated
(Fig. 1) suggests titat only two of time four

isomers are reactive. Presumably time reac-

tive isomers nine timose witim time L-configutna-

tioim tit time a-carboim, simmce thmis etmzynme
reacts otmly �vitim L-glutamate tuimd some of

its derivatives (14).

A similtir tirgunment imm support of this
temmttutive assignnmemit of configutruutiomm was

obtained from experimemmts with canboxy-

peptitituse C, aim emtzy me �vim icim is tubsolutely

specific for time imydrolysis of N-tmeyl linkages
to L-gluttanmate (15). Fifty pen cetmt of time

racemic N-tucetvl-F-Glu � hydrolyzed by
this enzyme, wimose specificity for time de-

acylation of L-glutamate suggests that time

F-Glum released would also be of time n-con-
figurtition at time a-carboum. Timis mussignrneumt

was itt accord with that indicated by gluta-

mate decarboxylase, siimce F-GIn released by

the hydrolysis was completely decarbox-
vitited by time E. coil etmzyme.

It has beerm simown timtit threo-imydroxvl-

L-glutttnmate reacts with gluttarntute dectur-

boxvlase of �E. co/i wimeretis time i�-eryt/uro

isomer does not (14). Time teimtative assign-

rneimt of coimfiguration for F-Glum would

imply timat time decarboxylase caum react with

botim ditustereomers of L-F-Glu. Timis contrast

in reactivity, based on time substitutent tit

time �‘-carbomm of time two glutamate con-
gemmers, is colmmsistent with time small stenic

cimttimge introduced w-imemm a flutonimme atom (imi

contrast to a imydroxyl group) is sutbstituted
for a imydrogemi atom (16).

The complete decanboxylation of L-F-Glu
racemic at the -y-carbomm wontkl produce
F’-GABA wimich is racenmic tut time fluorimme-

bettnimmg carboim. Failutre to observe optical

activity ([a]� = 0, F-GABA-HCI, c, 1.4, iii

H20) is consisteimt with time formation of

racemic F-GABA in time emmzvmtutic reactiomi.
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FIG. 4. Kinetics of glutamate (lecarboxylase of calf brain

The reactiomm mixtures comitaimmed 25 /hmoles of potassium phosphate buffer at ph 6.3, 0.25 �imole of
pyridoxal phosphate, 2.5 Mmoles of 2-mercaptoethanol, 1.4 mg of enzyme, amid, for part A, the amoumit

of 1-’4C-glutamate showum, in a volume of 0.5 ml; u4CO2 release was deternmimmed after a 60-mm incubation

at 30#{176}.Similar conditions were used for obtainimmg the data of part B, except that glutamate was main-
tained constant at either 6 rn� or 20 m� amid the amount of DL-F-Glu was varied as shown. The data
of part A are plotted according to Lineweaver and Bimrk (17), while the data of part B are plotted ac-
cording to Dixon (18).

Kinetics of reaction of F-Giu with giuta-

mate decarboxylase of E. coli The Km of time

enzyme for DL-F-Glu (10 X 1O� ti) is about
twice that for glutamate (4 X 1O� xi) (Fig.
3). These experiments were doime with race-

mic F-Gin, but time D-isomen seems to imave

little effect OIl time enzyme, as simown by an

experiment iii wimich D-F-Glu (5 X 1O2 �i)

inhibited time decarboxyiation of 1-’4C-glu

tamate (5 X 1O� M) by oumly 12 %. Timese

data indicate timat time Km for L-F-GlU is 5
x 1O� M, wimich is about the same as tlmat

for L-glutamate.
In separate experiments time rtite of for-

mation of F-GABA from DL-F-Ght was

compared with time rate of formation of
GABA from glutamate, and time Vrnax for

the racernic analogue was found to be about
15 % of timat for glutamate.

Kinetics of qiutamate deearboxyiase from

ca/f brain. As a bttsis for time furtimer studies

of the biologictul ttctivity of F-Glut tumid
F-GABA in time mammalian central imervoums
system, it seemed important to establisim time

reactivity of a brtuimi glutamate decarbox-
ylase witim F-GIn. I’or time calf brain eimzynme,
the Km for glutamate is 10-2 �ui (Fig. 4A), a
value similar to timtut obttuiimed in otimen
mammals (19) and ut lobster (20). Becautse

of time greater sensitivity of time assay bttsed

on time release of ‘4C02 imm (!etermntitmg time
activity of glutamate decarboxylase, time

affinity of the enzyme for F-Glu w-tts deter-
mined from its K, (Fig. 4B). In time I)ixon

plot it can be seen timat time inhibitiomi is
competitive mmd that time K� of time rttcemmmic
F-Gin (1.4 x iO_2 �) is close to time K�1 for
glutamate (1O_2 ii). It imas hot �t been
determilmed wimetimen 1’�Ciu is a substrate
for time calf braiim decarboxyla.se.

In/u ibition of GABA uptake by F-GA BA

in the lobster nerve-muscle preparation . Time

datti of Table 1 indicate timat at conceimtra-

tioims of 1O� and 5 X iO� n, F-GABA is
effective in iimhiibitiimg GABA uptake. lime
inhibition w-itlm this conmpoummmd is coniptirable

to timat acimieved at similar commcentntitions

of �-guanidopropiotiic acid, wimicim was time
most effective of several (IAB:� ammtulogues

tested itt this system by Iversen ammd Kravitz
(12).

Itt thmese expeninmemmts tnitiated GABA is

present at a commceimtnation of 2 X 1O� .�i

while time immimibiton is tudded at a level :111-

proxinmately 104-fold iiigimer. Timerefore con-

tamimmatiomm of time ammttlogue with GABA at
a level as low as 0.02 would produce aim

artiftictuttil iimimibitiomm of tnitiated GAB1�

uptake wimicim would be ummreality (lute siniply

to isotdljle dilution. Thus low level ot ifli-



F-GABA

.ui , � ± SL.if

1 >< 10-6
1 X 10�

5 X 10�

5±4

42 ± 4.7
72 ± 1.3

fl-Gumanidopropionic 5 X 10� 67.9, 80.0

acid#{176}

1 X 10� 78.6

o The values for inhibition of GABA uptake by

fl-guanidopropionic acid are reproduced from the
data of Iversen amid Kravitz (12).

(1951).
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TAJuLm� 1

Effect of F-GA IL-I a 71(1 fl-qua n idopropionuc acid on

uptake of 3H-GAB.4 in the lobster

nerve -at uscle pu-epa ration

lmucumhatiomm comm(litions with 2 X 108 M �l I-

GABA imu “salimme mmme(liummm’amud the analysis of

GABA uptake were the sarmie as described by

Iverseru amid Kravitz (12).

Inhibition
;�nalogue Concen- of 3H-GABA

tratmon
uptake

PuritY in time atmalogue would escape detec-
tiomm in aim amitto tucid ammalysis, aitd hmemmce
F-GAB:� was i)umnilied by cimromtttogrti�)imy
Ott Dowex 50 (AG3OW-X4) uimder condi-

tioiis whmichm would resolve it from GABA.
F-GABA purified jim this way immimibited

GABA uptake to time same extent as time
-GABA used without timis punificatioim.

I)ISCU5SION

TIme fimmding that F-GIn is a competitive
iimhibitor of brain glutamate decarboxylase
sutggests time feasibility of immimibiting GABA
synthesis with timis timmtuloguie. This might
make it possible to study time altered pimysi-

ology resulting fronm lower levels of GABA

in time brain. Omie camm also speculate on simi-

lar uses for F-GABA. If, for example, this
conmpound inhibits GABA transaminase, it

could be useful in depressimmg GABA removal
and thereby have value in studies of time

effects of higher GABA levels on time brain.
If GABA is, in fact, ti neurotrtunsmitter,

anotimer possibility to be explored is whether
F-GABA caim compete with released GABA

for receptor sites at time synapses. Clearly,
the biochemical stumdies offered in this paper

are otmly a beginmmiimg in the examiimuutiomm of

I)dI55ibl(’ uses for timese atmalogues. Ammotimer

i)roblenm witim time use of these conupouimds
would reltute to their trtiimspont across time

blood-brtuimm barmier. Although there is cvi-
demice timat gluttumnate ctumm cuter time brain

from time bloodstneani (21, 22), timene is ito

iimformatioim ommthus poimmt for time fluonimmtuted

tmmitio acids.

The immimibitiomm of ( ABA uptake by

F-GABA itt lobster imeuronmuscular prepara-

tiomis suggests its use in manimaliami systems,

wimere release of GABA iii respolmse to mien-

rommtul tuctivity is itt (!outbt. If timere is a

mamnmalian GABA tramisport system ivimich

can be inhibited imt timis way, F-GABA may

�)lay a role in its elucidation, in muchm the
same way esenine has been used to enable

time detection of acetylchmoliime release. Thmese
speculations on time basis of a few- experi-

memmts empimasize tue imeed for furtimen studies

mvithm these aimalogues, whose ultimate value

cami ommlv be determimmed by immvestigtuting

their use in the nervous systems of appro-

Ilniate expeninienttil animals.
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