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SUMMARY

Tue racemates of tine diastemeonuers of -y-fluoroglutammute hsmsve beens sepmsrated by ions-
exchamnge cinronnnutogna�)hny, tumid tine melmutive consfigurations of tine 2 musymmetnical cmumbons
nutoms hmis beens estnubhished by ann umsmsmbiguous chsemical method. Tue two dinsstereonnems of
L-y-fluOroglutmumate were prepnsmed emnzyrnmsticmuhly, munsd botis (on their muppropmintte derivnu-
tives) are substmnstes for tine followinsg emizynnes: glutammute dehnydrogennase (EC 1.4.1.3),
glutarninse syntinetase (EC 6.3.1.2), glutmunsate decarboxylase (EC 4.1.1.15), canboxypepti-

dase G(EC 3.4.2.6), munsd leucinne amimsopeptidmuse (EC 3.4.1.1). Tine reactiomns of these ens-
zymes ansi! n)-glutammtte cyclase (EC 4.2.1.54) confirm the tentative assignnmenst of connhgura-

tions at tine a-carbons of �‘-fluoroglutmumate that wmus proposed previously. Preliminary kimsetic
studies wills several of these emnzynses msonmtuily remuctive witin glutmsmnute imndicate thsmut flue

i/ireo tensds to be more remsctive tiunsms thie eryiliro dinistereonuen. Possible biohogicmuh munsd bio-
chemical applicatiomss of these glutamate anstulogues are discussed.

I NTROI)UCTION

Tise ‘ ‘ lethal svmst hsesis ‘ ‘ of fluorocit rate

from fluonoacetate (1) by munietabolic paths-
way normally used for mscetate shows mow

structurnul cinmumnuctenistics of biologically

active molecules cans be retaimned wiseun

fluorine selectively replaces hsydrogens inn a

bomnd to carbons. Yet such structural sinsi-
hmunities cans lead to profound biochemical

effects, as illustrated by fluomocitmmute, whuich
imninibits aconsitase (EC 4.2.1.3), ans enzyme

normally reactive with citrate (2, 3). This
prototype of lethsal synsthesis lsas led to tine
explorations of possible similar applications

of other fluorinated amsalogues. Among

several examples one might menntion tise use
of fluoro analogues of pynimidines (4), amino
acids (5), and Krebs cycle intermediates (6)
as either substrates or inhibitors of enzymes.

In addition to their value as selective

inshibitors of vai’ious nunetaboiic 1)at inways,

fluoro nuintulogues ismuve been used to definne
cniticmil stmumcturmuh fenutures of nn:ucmoniohe-

cules. Recensthy, for exmsmple, I hue imuinibitory
isomer of fluonocitmmste hsmus beens inicomj)Onmuted
insto a model of tine stereocinemical timid cons-
fornsmutionmuh fenutures of cmstalvsis by tine
ennzyme aconsitase (7). Other examupies of thus

use of fluoro nsnsnslogines ins definsinng thne
molecular bmusis of biological pinennonnenna Isave
recemuthy beens reviewed (5).

These connsidernutionns suggested lIsa) -y-
fluoroglutamate might be useful ins biological

studies eithnem mus muselective innluibitom of some
msspect of ghutmsmmste metabolism or ins de-
finsinug critical structural features of emszymes
mnonmmuhhy nemuctive with glutamate. This
nsnsalogue could hiave particular interest,

sinice glutmummite l)articil)ates ins mmumny bio-

synutinetic amnd enuergy-yielding reactiomss amid
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sinsce mu isumber of enszvmes menuctive withs

glutammute hutuve beens used mis models of
ennzyme catmulysis (9) amid regulation (10).

A.ms tudditionsah vtulue of a fluono ansalogue in
the studs’ of enszvnne catmuiysis is tine possible
use of fluoninue N�\lH ims defimsinsg thne detailed
remit ionnsinips betweems enuzyme mind tine
flinoninsated substmmute on’ imninibiton.

Tine munst icipmtted msinsilmunitv betweens glut mu-

mate ansd -y-fluoroglutmunnnite is illustrated by

tine actions of glutamate decarboxylmsse

(EC 4.1.1.15) oms I”Ghun’ (11) amsd by tine
hydrolysis of N-tucetvl-FGhu by carboxv-

1)epti(lmuse G (EC 3.4.2.6) (11); both these
enizymes remuct only with glut ammste, murnoisg
tine ansimso acids nsommahly founsd ins proteins
(12, 13). Tine stoichnionnetry of tinese retsctionss

(11) humid inndicnuted thnut these ennzvrnes were
remsctive withs botin diastemeomers of L-

F’(flu.2 However, ins thie earlier studies tine

Tine abbreviations used are: FClu, -y-flusoro-

glutamic mscid; FPCA, 3-fluoro-2-pynrolidomse-5-

carboxvlic acid.

2 The desigmsatiomis o amid m4with respect to FClu

refer to the comsflguratiomi at the a-carbon. This

has been related to the comsflguratioms at the a-car-

bois of glut amate by the specificity of the enzymes

carboxypep t i dase C amid Escherichia coli glut ansate

decarboxylase (10). This tentative assigunuemit of

configuration appears comisistemit with the specific-

itv of several additiomsal emszvmes that have beemi

tested with FGlu or its derivatives its experiments

described in this paper. In addition to the asym-

met neal cemster at the a-carbon, FClu has a secomsd

dinustereomens were msot resolved, amsd tine

rehutive reactivity of thne two forms of L-

1”Ghu wmus msot studied.
If tine two diastereomers of L-IGlU are

retuctive, they cmuns be regarded as compie-
menstmurv probes of tise inutemaction betw’eens
enzyme mind substrate. Tine two diastereo-
men’s mepresemut two structunnul variations of
gluttumate ansd offer tine opportunsity to place
the fluonimse nstom nut differenut positions in nuns

enszyme-subst mate (or ennzyme-inshibitor)
complex. This feature of the diastereomens
mighnt make it possible to defuse the detailed
insteractionn of these substrates with the

active centers of the enszvmes. Therefore we

presenut ins this pnupem the resolution of the

diasteneomers of L-FGlu mumnd the assignment

of the nelnutive consfiguration of tine 2 asym-
metrical carbonss of tine molecule. Tine
potenstimul value of tine diastereomers is

illustrated by tine finsdimng tisat they mire
substrates for three mudditiomsah enzymes:
glutmumate debsydrogensase (EC 1.4.1.3), glu-

tnuminse syisthnetnuse (EC 6.3.1.2), and D-

glutamate cyclase (EC 4.2.1.54). In order to

asymmetrical center at the ‘y-carbon (Scheme 1).
The relative comnflgunat ioms of these asymmetrical
cemiters cams be desigmuated erythro (I) amid threo (II)
in accordansce with conveistions used previously

to refer to the diastereomers of -y-hydroxygluta-

niate (13). On pyrolysis, erythro- and threo-FG1u
cyclize to trans- (III) amid cis- (IV) FPCA, respec

tively.
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Cnulculated:

compare tisese previously unschsaractenized
tunsmulogues withs glut mumat e , mu preliminary

study of thse kimsetics of tine resolved diastere-
omens witis these enszvmes is presemsted.

EXPERmMENTAn4 PROCEDURE ANI) RESULTS

ilaierials. l”Ollu was symsthesized by thse
comsdensnution of dietinvl fluonomalonuat e witis

ethyl a-acetansidoacrylate (15) amid purified

as reported pneva)usly (11). All ions-exchange
resinns were purchnmused from Bio-Rad J4abora-

tories amud are idenstified by tine manufac-
tuner’s desigmsmut iois . Columns separatiomss
were donse nut room tempermuture umnless
specified othuenwise. Aminno nucids were quansti-

tated by a photometric muininydrin reactions,
modified from that of Moore and Stems (16)

by tine additions of 0.8 g of SnnCl2 per liter
to tine msinshydnini neagenst muplace of inydnins-
danutin. With tisis method FGlu mad mucolor

yield of 0.91 relative to leucine winens
measured at mu wavelengthn of 570 m�. To
assay FPCA. 20.d muliquots w’ere isydrohyzed
with 5 N HC1 (20 Ml) mit 100#{176}for 1 hr amsd

thems assayed as above.
Separation of raceinates of FG1u. FOhu wnus

consvented to FPCA by pyrolysis ins ans open

beaker at 170#{176},amid tine racemates of FPCA
w-ere tinems separated on a column of Dowex
1. TIne product of tine pyrolysis reaction on 4

g of FGlu w-as dissolved ins 100 ml of water,

decolonized withn Xonit, adjusted to pH 7
withs 2 N NaOH, nunid added to tine columns
(6 X 143 cm, AG1-X4, 200-400 meslu,
fomnuate form). After wmushiing wit in 1 liter
of water, the columns was eluted witis dilute
formic acid (64 ml of 90% formic acid per
liter); 20-mi fractions were collected timid
asstuyed for FPCA (Fig. 1). The fractious

eiuting betweens 9.6 ansd 10.3 liters (irans-

FPCA) and between 10.7 anud 11.5 liters
(cis-FPCA) were pooled and lyopinihized.
Tine racemates, wisose stereochemistry was

detemmimsed as described below, were ob-
tainsed ins the following yields after crystal-
lizatiors from water: irans�1’PCA, 1.23 g;

cis-FPCA, 1.22 g. Tine meltinig poimsts (with
some decompositiomn) w’ene: irans-FPCA,

19S-203#{176}; eis-FPCA, 165_1710 (nnicro isot

stage, corrected).

C5H6I’XO3
C 40.S, H 4.OS, N 9.52

C 40.54, H 4.34, N 9.76

C 40.53, H 4.11, N 9.73

Tine eryibro amid ihreo racemmutes of F’Glu
were also separated by cinromatographny on

Dowex 1 . F’or this procedure FGlu (4 g) wnus

dissolved ins 100 ml of H20, msdjusted to pH

7.0 withs 2 x NaOH, and mupphied to the

column mss above. The columns wmus washned

initially withn 1.6 liters of H20 mumsd then

eluted with dilute formic acid (21.4 ml of
90% formic acid jer liter). Tine eiuate was

munsalyzed for tbse presemuce of msinsisydrins-

remuctive mnutemimil. After lyophuihizat ions the
weighnt of matenimsl obtained in the peak

betweems 13 and 14 liters (eryihro-FG1u) was

1.3 g, while that betweens 14.2 amid 15.1
liters (i/nreo-1’Glu) was 1.4 g.

A portions of each rmucemmute of FG1u was

consvemted to FPCA ansd related to the race-
mates of FPCA whnicii had beens separated
on Dowex 1. This wmss possible by gmss-
liquid cinnornatograpiny of the met isyl esters
of FPCA under connditiomns (6-foot colunin of

3 % OV-17 maimstainued at 175#{176})ins whnichs

emucin nacemate htud a differemnt metenstions time.

0 4 -- 8 2 6

ELUATE (1)

FnG. 1. Resolution of racemates of FP(’A

Comsditiomss for elutioms from the Dowex 1 colummi
msmsd for assay of FPCA its the eluate are described

imi the text. Shaded areas imsdicate the fractions

pooled to obtain racemates of trans-FPCA (the

first peak) amid cis-FPCA (the secomsd peak).
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We thamsk Dr. B. Witkop for a gift of authentic
cis- amid trans -L4-fl uorop roli tie.

Thus procedure established that tine race-
mate of FPCA which wmus eluted first from
Dowex 1 (irans) was relnuted to tine first peak

ins tine ehutioms of the racemmutes of FGlu
(eryt/iro). In terms of Scheme 1, eryi/iro-n�-
h’(Iflu (I) is ehuted muhiemud of i/ireo-L-I�’Glu
( II) u�hems separated as thne free aminso acid,
while irans�L�F’PCA (III) is eluted aisenud of
cis-u-h’PCA (IV) if the separation is donne as

tine lmuctmum.

Preparaiion of L -i/i reo-P61u and L -eryiliro-

FG1u. After separat ions of tue diastereomens

Of F’Glu by Dow-ex 1 chromatography, L-

iii reo- 1’Glu munsd L-eryi/i ro- 1’Glu were ob-

tnuinned from tinein respective nnscemates by thie
act ions of heucinne nurninnopept idmuse ( EC

3.4.1.1). Inn thus procedure tine macemate was

comsverted to its N-m�-leucyh derivative tumid
tisemn subjected to tine actions of the peptidmise,
which is gensernshly more reactive witis N-L-

heucyl derivatives of L- rather tinmuus us-numinuo
acids (17). As inndicmuted below, leucimse
minnimsopeptidmnse tsppemurs to be essemstimulhy
specific for tine L-leucyl derivative of thse

ensanntionsems of FGIu presumed to have the

L-connfiguratioms mut tine a-carbons.

The heucvl dipeptides of IiL-FGhu were
svmsthesized by muliowinsg I)L-FGhu (either

eryiliro �‘ i/ireo) to react with a 2-fold excess
of the N-inydnoxvsumccinimide ester of ten’!-

but yloxycarbonyl-L-heuci nse (Cyclo Chemical
Compansy) (15); for this remuctions, inn 50%
ethnmumsol, tine pH was mmuimstmuinned at S-9 by
thne additions of trietinvlansinne. After removal
of tine terl-butyloxycmurbomsyl group withn
tnifluoracetic acid, tumid removal of tine tn-
fluonacetic mscid unnder vacuum, tise neactioms

product was dissolved inn wnuter, nseutnahized
with XmuOH, nund applied to mu Dowex 1
columns (1 X 6 cm, AG1-X4, 200-400 mesh,

nucetate form). Tine excess leucine was
removed by wa.shninsg witis 40 ml of H50, nunsd

thiens tine dipeptide was ehuted w-itln S N

acetic mucid (30 ml). Tine solvenut was removed
under vacuum, amid tine residue was redis-
solved inn wnuter amid lvophnilized. Tine yield

of L-Leu-DL-l’Glu (131-147 nig) wnus ap-

jroximately SO % of thneoreticmuh.
The reactions mixture for tine enzymatic

inydnolysis of L-Leu-L-eryi/iro-FGlu con-
taimued 1 mg of leucimse aminnopeptidase
(Sigma, type III; specific activity, SO

j.�moles of L-leucinumtnside hydrolyzed per

minsute pen milligram), 1.5 mmoles of Tnis-

HC1 buffer (pH 9.0), 15 �smoles of MgSO4,
and 450 �smoles of L-Leu-DL-erythro-FGJu in
a total volume of 15 ml. The incubation,
wisicis was conducted at 37#{176}for 90 mm, w-as
temminsated by applyinig the reactions mixture
to a Dowex 1 columns (2 X 40 cm, AG1-X4,
200-400 meshn, fonmmute form). The column,

whnichn wmus washed insitially with 90 ml of
H�O, was eluted withu dilute formic acid
(21.4 ml of 90% formic acid pen liter). The
L-eryihro-FGlu (in 77 % yield) was eluted in
musymmetrical peak betweens 350 and 390 ml.

L-t/lreo-FGlu was obtained under identical
renuction consditionus except that the sub-

stmate consisted of 450 �smoles of L-leu-DL-

ilnreo-FG1u, amid 2 mg of leucine amino-
peptidase were used ins ans inncubation winicis

lasted for 2 hun. Unudem these conditions the

yield of L-threo-1Glu was 92%.
TIue purity of the L-enantiomer obtainued

by thus method was exmsmined by subjecting

enucin isomer to tine actions of Escherichia coli

glutamate decarboxvlase, nuns enzyme active
with both dia.stereonsers tenntatively assigned

the L-configuratiomn at tine a-carbon (11).
After exhnaustive tremutmenut with this ens-
zyme, no more thnann 2 % of the oniginsal
FGlu could be detected by amino acid
anuahysis (11), indicatimsg that the purity of
tine L-isOmer wnus at least 98 %.

Relation of configuration of FPCA to 4-
fluoroproline. The conufiguration of cads of

the racemates of FPCA was related to eithner
cis- (VIII) on trains- (VII) L-4-fluOnopnohne
(19)� b� an unsequivocnsl cisemical tnamss-
formations in winicin botin tine nacemates of

FPCA ansd tine tuuthnentic diastereomers of

L-4-fluonopnohnse were reduced to their
respective cis- (VI) or trains- (V) 4-fluono-

prolyl mulcohols (Scheme 1). As the N-

benuzoyl derivative of mu4-fluoroprolyl alcohol,

eacin rnucemate of FPCA could be related to

eitinen cis- or trans-4-fluoroprolinue by its
cinaractenist ic retemnt ions time on gas-liquid
chsnomatogmapiny.

To reduce mu racemate of FPCA, 25 mg
were dissolved inn 1 ml of methanol and
methnylatedwith ethereal diazomethane. After
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TunuF: 1

Comparison of retention times of 4-fl uoroprol gjl

alcohols used to establish configuration of

racemate.s of FP(’.I

The starting compounds showmi below were

converted to the .V-henzovl derivatives of their

respective prolyl alcohols as described its the text.
Gas-liquid chronnat ogrmsphy was performed on ss

6-foot columns of 1�, OV-17 maimstaimied at 215#{176}

its a Glowall 320 i itst runneist

Starting compound

trans -L-4-Fhmnorop roli tie”

3-Fluoro-2-pvrrolidomse-5-carboxvlic
acid (peak I)#{176}

cis -u-4-Fl uoroprol i mic’

3-Fluoro-2-pvrrolidotie -5-carhoxylic
acid (peak II)’

L-Proli tic5
2-Pvrrolidone-5-carhoxylic aCi(I”

U I�1ass sI)ect ra of t Esese connpoumtds indicated

the fragment at ion 1)1st tern of .V-hemtzoyl-4-fltnoro-

prohyl alcohol. We thmsmik Mr. Williann Comstock,

who obtained t hese mutalyses on nit LKB gas-

liquid chronisat ography nnass spect rometer.

S �sIiu8S sped ra of these (‘oml)omImLds itidicnited

t lie fragnnent at ion pat fermi of .V-hemtzovlprolyl
alcohol.

tine solvenst � removed unsder mustream of

N2 , tue n’esidtme was dissolved ins 1 ml of
dioxamne, anud to this solutions were mudded 30
mg of LiA1H1 suspensded inn 1 ml of elmer.

The nsixture was heated omi mustetum bmutis for
15 mimu, tufter winicin tue reactions wmus termi-

nmuted by tine cmuutious mudditions of H20

(0.12 ml). The product was extnmucted twice
witiu ethiyl mucetate. After evaponnution of tine

ethyl mucetate, tine product w�as dissolved inn
1 N XaOH amud comnverted to tine N-benuzovh

derivative, usinng mu 2-fold excess of benszoyl
chloride. Tine N-bemnzoyl derivnutive was

ext macted imuto et hnyl acet mute for gnus-liquid
chunomatography.

For the reductions of aut inenut ic ci.s- or
trans-4-fluonoprohinue, I lie met inyl ester n��nus

first prepared by dissolving 0.S-0.S mg of
the 4-fluonoprohinse ins 100 .ni of methanohic
HC1. After 2 mr nut 25#{176},tine solvennt wnss

completely removed by repeated evapora-
tions of small additiomns of methansol under a
stream of N2 . Tine residue was tisens dis-

solVed ins etiner, tumid LiA1H4 (2 mg) was

added. After 15 mimn at 25#{176},20 �.sl of H20
were mudded, tine mixture nu-nus extrmucted twice
with 1.5-mi portionss of etiuvi tucetate, munud

the N-bennzoyl derivmutive � formed mis

described above.
Table 1 sinows tine retenutions times of tine

bennzovl denivnstives of the 4-fluoroprolyl
nuhcohols. These dmuta inndicmite thnmut tine reduc-

- � -�---� lion of tue first Petik of FPCA inn tine Dowex
Retention 1 eluate muccordinsg to Scheme 1 gives a 4-

time fluomoprolvh muicoinoh nvithn tine same relative

nun configurationn of substituemuts mis thiat derived

33.4 from tine reductionu of trans-4-fluoroprohimse.
Similntriv, tine reductionn of tine seconsd peak

35.6 of I”PCA yields tine rmucemtute of 4-fluoro-
41 .6 ProhYl milcolnol nviths tine smimnse melmutive cons-

tigurmutionn mis that derived from cis-4-

42.0 fluoroproiinse. Onn tine bmusis of these uindinngs,

:� 6 h”PCA ins tine first pemuk of the Dowex 1�8.h elumute i5 comnsidered trans withn respect to

t Inc reimut ive positiomus of fluorine and carboxvl
substituennts, winile thmut ins tine secomsd peak

is nussigmsed tine ei.s- connfigunmutionu.

Tine retennt ionn t ime of prolyl nuhcohnol is mulso

sisowmn in Tmubhe 1 , sinnce thus compounud was

forrned as muside proihnct durimng tine reduction
of I’PCA, �)mtrtidumhmsrly witin tine trans

rticemmut e.
Enzijnne assays. Tine kinuetics of tine reac-

lions of beef liver m�-giutanutute deisydrogenase
wtus momsitorech ins mu(ihford mecordimug spectro-

pinotonsetem nut 340 m�s (20). Tine reaction
nsixture at 25#{176}comitainsed 100 Mmoles of
potassium piuosphnmule buffer (pH 7.6), 0.3
/�moh’ of l)PX, mumndennzyme (Sigmmu, type 1;

2.4 inntemnnationnal units/mg) ins mu tottul vol-
ume of 1 ml.

Glut muminne svmnthnetase wmts nnemnsuned by
1 hue release of ortinophnosphtute from ATP
(21). TIne retuctioni mixture nut pH 8.0 cons-

ttunued 2.S �moles of imidazole, 2.5 �nmoles of
trietismunsolamimne, 5 �mohes of NH4C1, 0.75

/2mole of ATP, emszyme, munud substrate inn mu
total volume of 0.1 ml. Imucubation was

carried out mut 37#{176}for 15 mm. Thne enzyme
was muisomogenneous PrePmurnut ions from L’. coli

comutmuinsinug 1 mudennyl group/12 subunsits

(22).�

We thmsmtk l)r. Itichard H. Miller for his gift of

this enzyme aiitl for his advice oti the assay pro-
cedure.
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Tine asstuv of us-glut ammut e cyclase part intl ly

purified from mouse liver (23) was bmused on

t lie formmutions of nninnhnydn’inn-positive F’(lu

obtmuined winenn l”PCA is hydrolyzed (23).

Reaction of (/ia.slereolners of L-PGIu and

DL-FPC.1 tt’ith .sereral enzijinies. Tine kinnetics
of tine reactions (if l”(Zlhun witin glutmumate

dehnydrogensntse inmus beens st tidied previously

(24) but cams msow be extuminned ins more detmuil,

usimng tine sepmtrmute dimistemeonsers of u-
1”Glu. Tine preliminumimy studies shuownu inn
1”ig. 2 inudicmute thnmut bothn diastereorners of

i�-F’(lu remuct uvitin t hue ennzvrne minnd thnat

unuder t inese expeminsenstmul conndit ionns bot in

nunsmslogues innuve )shiclumuehis comnstnunnts corn-
pmummuble to tinat for thse msmuturah subsimmute

(Table 2).� Of imnterest is tine V,,� withn

tlireo-L-FGlu (Table 2) , winichn suggests that

thus munualogue mnuy m’ivai n�-nnoi’vmulimne, tine

best aminno nick! substrmute othnen thsmunn glum-

tmumic acid founsd previously (25).
Botis dinustereomers of L-FGlum mire also

susbstnmutes for glutmurninne symntinetmnse of E.

co/i, amsd a prelirninnmury stindy of t lie kinnetics

of tine reactions of tine two (limustereomers was

made under thue retuctiomu connditiomns described

(Fig. 3). TIne kimnetic connstmtnnts for tine mumualo-
gues are summmnurized inn rFmuble 2. As withs

glutamate delnydrogennnuse, tine � of
t/,reo-L-FGIU, muhtinoughn mnot mus gremit mis for

L-glutmumate, is gnemuter tisans thimut for eryt/iro-

L-FGlu. Umider these expenimennt al cotsditionss

the Michaehis comustannts of tine munnmulogues mure

compnunable to thnmut of giutmimmute. Tine fluoro

1)ifferemices in substrate ioiiizmstiois are prol)-

ably itot significant as mu basis for t lie differemsce its
reactivity of glutannic acid and its analogues. For

example, the ph’2 of giutanisic acid is 4.25 amid that
for FC1u is comisiderably lower, owing to the

fluorine substituetit . Hence the carboxyl groups of

glutamate amid the diastereonners of FC1u are com-

pletely ionized in the p11 range 7.6-8.0. Promiat ion

of the amines of glutamic acid amid FClu might be

slightly different its this p11 rmstige, since the pK’3
of glutmimic acid (9.65) is slightly higher thats that

of FClu (9.45, deternsi tied by half-titrations). How-

ever, evems at p1! 8.0 the msniitie of FGlu would be
96% pnotonated compared to the 98% prototmatioti

of glutamic acid. Presummiably tine diastereonners of

FGlu do nnot differ greatly ins tlncir respective pK

valites, si mice their separat ion on hot Ii auiiomi - timid

catioti-exchamsge resi mis was achieved with sliffi -

cimlty.

-5

Fma. 2. Double-reciprocal plot of reaction of L�

glutamate dehy(/rogena.se with L-glntalnate and ths.

two diastereomer.s of L-FGIU

Assay comiditions are described in the text. For
the reaction with m.-glimtamate, each reactiomi mix-

tune conitairsed 3 �ig of enzynne protein, while for

the dia.stereormiers of n.-FGlu the remuction mixtures

comitaurie(1 30 .tg of 1)roteits.

munsalogues mire mupparemitly tmnnnssfonmed to
fluoroghutmimimne by tine crystmihiimue emnzyme,
sinsce a nnew nsinsinydnims-retsctive compoumsd is

obtainned wisemu tine reactions product is sub-
jected to thins-layer cinromatogmaphy (East-
mams 6064 cellulose plate developed withn
metlnminsol-H0-pymidinne, 20 : S : 1).

Both diastereomers of l’PCA are sub-
stnnutes for n)-glutmummste cyclase. Whnereas the

Micismiehis connstmunst for tine cis diastereomer

is compmurtubie to tinat for 2-pyrrohidone-S-

camboxylic acid, thumut for tine trains dias-

tereomen is connsidermubly hnighner. Ins spite of
thnis difference ins muffinsity for tine emszyme, tine

� for hydrolysis of bothn fluorinated sub-
strates is mucin greater tinan tinat of 2-pyr-

roiidonse-5-carboxvlic acid.

Tine neimutive mutes of the reactions of E. co/i

glut mumat e decarboxylmuse wit is tine two
diasteneomens of L- h”Glu were also examined

umnder connditiomns previously described (11).
Withu DL- FOlu nut mu comscennt rmutioms of 50
m�um, tine t/ireo dimustereomer wmus decmumboxv-
muted 3-4 times faster thnnums the eryt/iro

dimust ereomer.

I)ns(’Ussnox

Previously it S,�55 j)ossibhe to relmute tue
connhgumat ions of thne a-carbons of L-FGhu to
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Ftu. 3. Double-reciprocal plot of reaction of

glutamine synthe/ase with L-glutamate and the two

diastereomers of L -FGlu

For assay con(litiomss, see the text. With L-

glutamate as substrate the reaction mixture con-

tamed 0.25 �zg of enuzynse, while 1.0 �g was used

with L-threo-FGIu annd 7.4 .sg for L-erythro-FG1u.
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‘f:uHLE 2

Comparison of kinetic constants for various enzymes of glutamate or pyroglutamate and its fluoro analogues

Assay comsditiomis are described in the text.

Substrate

Glutamate
dehydrogenasc”

Km Umax5

Glutamine
synthetase”

K,,, “max b

D-Glut
cyc

Km

amate
lase

Umax5

mm! ;nti ti

u-(ilutamate 0.5 1 .0 4 1 .0
L-threo-FG1u 0.9 0.21 3 0.57

L-erythro-FC111 0.3 0.07 4 0.09

DL-2-Pyrrolidotie-5-carboxyhic acid 0.09 1 .0

DL-cis-FPCA 0.2 56

DL-trans-FPCA 1.5 56

a Each substrate was tested with (liflenent amounts of emizyme (see legemids to Figs. 2 tumid 3); hence
the calculatiomn of relative ,,,, a among the three substrates is made on the assumption that the reaction
rate is himsearly related to enzyme comicenstratiomi within this ramtge. Careful studies with glutannimse

sytnthetase imsdicate that this mussumptiolt is not strictly correct , possibly hecamnse of differemsces in sub-

uniit aggregations (It. J’. Miller and E. it. Stadtmani, personal cornmtnnicatiomi). Nevertheless, it secnus

useful to portray the relative properties of the substrates in this way.
b Values of l’,fl�X are expressed relative to u-glutamate for glutamate dehydrogemsa.se amid ghutaminse

symnthetase ami(1 relative to t)L-2-pyrrolidonie-5-carboxylic acid for o-glutammste cyclase; for these sub-

strates the value of � � arbitrarily set at 1.0.

tisat of L-ghUtmtmic tucid by tine specificity of

t \�.o enszvmes, glut mummut e decarboxylmuse mmnud

carboxypeptidase 0. Tine temntative assignn-
memut of tine conufigurmutions of 1’Glmm mnude oni

that basis muow nuppemins to be connsist emst tulso
withs tine si)ecificit� of several muddit ionnmul

emszymes. Tisese innclude u-glut mummute de-
inydrogemuase amsd us-glut ammu I e cychmuse (23,

26), bothu of whniciu mure specific for ti part icunlmum
consfigurat ions of glut mummite. rfisis t emit mitive

assigmsmemut is nulso inn mtccordannce wit in I inc

adtionus of glutmumimse synstinetnuse (21) munnd
leucimne amimsopeptidase (17), whnichs remict

�vell n�’iths tine isomers of h�( ltn tenutmutively
nussignued t inc L-comnfigumnut iomt . ��1t hnoughn I lie

configurations of 1”Glu must still be conn-
sidered provisionnmuh, it should be rioted t inmst

all enzymes remuctive wills tine mumimslogue 5U})-

port tine assigmsmennt.
Our prelimimnmurv ennzyme studies suggest

some potenstially innterestinng tuddit ionus to pre-

vious work. For example, tine observation

tisat tlnreo-L-FGIu is more remuctive with
giutmunsate decarboxylase tismums tine eryt/iro

diastemeonsen correlates wit in tine 6 nsdinng
thnat L-t/nreo-7-hydroxyghut ammut e is mu sub-

strate for tinis enzyme winile L-erytllro-7-
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hsydroxyghutammtte is nsot (13). Presunuably
the imsteractions of tine ennzyme wills substrate
is diminnisined more winens 1 of thue 2 inydrogemns

at tine a-cnsrbonn of L-glutamic acid is replaced
by tue sligintly Iturger fluorimne nutom. How-
ever, whets thne substituemnt mit tinis positions is

the larger inydroxyl group, steric conusidera-
tiomns make tine resumltinng glutmimmute denivni-
tive mno lomugen suitmsbhe mis musubstrmute.

\Vit in n-ghutmurnmute cyclase, bothn cis- munsd
trans-l”PCA mire hydrolyzed rnore mnupidly
t mann 2-pvrrohidonne-5-cmurboxylic acid, mini
effect whnicis pnobmtbi�’ cnuns be muttmibuted to
tue electronsegativity of fluorinne munsd tine
cOmsse(�Uem5t withsdrmuwmul of ehectroiss from the

imictmum bonsd. Since this effect is thne same for
boths diastereomers, it nurises fronu tine pres-

emuce of fluorine nut the ‘7-cmurbons tumid is nuot
stereospecihc. Ons tine other innusd, tine stereo-

specificity of tine fluoninne substituemit muffects
tine muffimnitv of tine enzyme for tine substnmtte,
sinsce tue K,0 of trans-FPCA is almost tins
order of mtugnitude grenuter tinnuns thiat of
cis-FPCA. Perhaps this kind of insfonrnationn,
together wills knsowiedge of tine consformmu-

tionnah differennces betweens tine two fluoni-
nated dimustereomems, cmums evenstumuhly help to

defimue relmutiomnshnips betweens tine vmurious sub-
strates ansd tine catmuhytic site of tine emnzyme.

FOlu inmus msow beemn shnowns to remuct with a

sizable nuunmben of ennzynnes, suggestinng tinmut

its effect onn tine metabolism of whnole orga-

mnisms mnsy not be as selective mis thunut of
fluoromucetmute. FOlu is nsomntoxic to mice, annd
nso antibacterial, anstivinmul, on’ anstitumom ac-
tivity inas beems founnd (16). Xevemtineless it
may exert some insterestimng phnysiologicah

effects sinsce inn spimnnul mneurons FGlu exerts a
lomnger excitatory effect tinmuns glut mummute.6

REFERENCES

1. H. A. Peters, H. W. Wakelimi, P. Buffa amid A. C.

Thomas, Proc. Roy. Soc. Ser. B Rio!. Sci.

140, 497 (1953).

6 J)� R. Curtis, persoiimsl communication.

2. C. Li�becq amid R. A. Peters, Biochim. Biophys.

�lcta :1, 215 (1949).

3. C. Mantitis, Justu.s Liebigs lnn. (‘hem. 561,

227 (1949).

4. C. Ileidelberger, Prog. Nucleic tcid Res. Mol.

Rio!. 4, 2 (1965).
5. H. Mumiier amid C. N. Cohemt, Biochinu. Biophys.

ilcta 31, 378 (1959).
6. E. Kumi, in “Citric Acid Cycle Comstrol and

Connpartmeutationi’’ (J. NI. Lowemisteins, ed),
p. 297. Marcel 1)ekker, New York, 1969.

7. H. L. Carrell, J. P. (ilusker, J. J. Villafranca,

A. S. Nlildvmumi, It. J. I)umnninel amid E. hunts,

Science. 1�0, 1412 (1970.)
8. P. Goldnnuati, Science 164, 1123 (1969).
9. A. Meister, .ldvan. .Enzymol. 31, 183 (1968).

10. B. M. Shapiro amid H. H. Stadtnsami, Annm,.

Rev. �1!icrobiol. 24, 501 (1970).
11. J. C. Uttkeless amid P. Coldnnami, Mo!. Pharma-

cot. 6, 46 (1970).
12. P. Coldnnami amid C. C. Levy, Proc. �Vat. .lcad.

Sci. (. S. .1. 58, 1299 (1967).
13. A. 1). liomola amid H. E. l)ekker, Biochemistry

6, 2626 (1967).

14. H. H. l)ekker amid U. Maitra, J. Riot. (‘hem.

237, 2218 (1962).

15. H. L. Bmnchanmsn, F. 11. l)eati amid F. L. M.
Pattisomi, (‘an. J. (‘hem. 40, 1571 (1962).

16. E. L. l)uggami, Methods Enzymol. 3, 501 (1957).

17. H. L. Snnith, I). H. Spacknnami amid W. J.
Polglase, J. Riol. (‘hem. 199, 801 (1952).

18. C. W. Amidersomi, J. E. Zimmermnami amid F. M.

Callahan, J. Amer. Chem. Soc. 86, 1839
(1964).

19. A. A. Cotthich, Y. Fujita, S. Udemsfnienud amid

B. Wit kop, Biochemistry 4, 2507 (1965).

20. 1!. J. Strecker, Methods Enzymol. 2, 220
(1955).

21. C. A. Woolfolk, B. Shapiro tumid H. H. Stadt-
man, A rch. Biochem. Biophys. 116, 177 (1966).

22. B. M. Shapiro, 1!. S. Kingdoms and E. R.

Stadtnsmun, Proc. .Vat. A cad. Sci. U. S. _4. 58,

642 (1967).

23. J. C. Unkeless amid P. Coidmami, J. Riol. Chem.

246, 2354 (1971).
24. H. Kums amid B. Achmatowicz, J. Biol. Chem.

240, 2619 (1965).
25. J. Stninck, Jr., amid I. W. Sizer, lrch. Biochem.

Biophys. 86, 260 (1960).

26. A. Meister, M. W. Bmmkenberger amid M.
Strasburger, Biochem. Z. 338, 217 (1963).




