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PROLOGO, INTRODUCCION Y ADVERTENCIA 

A thorough kinetic analysis is an 

essential part of the characterization 

of any enzyme. Yet, too often such 

studies are ei ther omi tted from researct 

publications orare presented in a very 

superficial manner. This is unfortunat€ 

but somewhat understandable. 

Many biologists study enzymes but o.re 

intimidated by the apparent complexity 

of enzyme kinetics. 

I. H. Seeel 

DE LOS MODELOS. Hemos estado y seguimos estando instalados en 

el ªestado de gracia" del sentido común y en la •paz espiritual• de 

la lógica, a pesa~ de que es evidente que el uno y la otra han pue~ 

to invisibles y sutiles trabas para nuestro acercamiento a la ver

dad. La comprensión cabal de los fenómenos biológicos solo puede -

darse desde el pensamiento matemático, entendiendo éste en términos 

de los procedimientos usados para convertir una idea en un modelo y 

éste en una ecuación que pueda ser probada experimentalmente 6, de 

:forma reciproca, para desarrollar ecuación y rnodelo a partir de da

tos experimentales. Sin embargo ningún modelo es definitivo. Cada 

uno de ellos recrea el mito de Sísifo. Por desalentador que parez

ca estamos limitados a y por los modelos. Ellos son el principio y 

fin de lo que llamamos cienciat Son nuestra idea del universo. Más 

allá están el sentido comdn y la obscuridad. 



LE LA CINETICA ENZIMATICA. Dentro de la complejidad funcional 

rle los sistemas nerviosos algo de luz se ha posado sobre los siste

mas capaces de transmitir informaci6n de una neurona a otra. De 

los probables mensajeros prim~rios en la comunicaci6n sináptica, el 

ácido !-amino but!rico ha dado evidencia de un papel relevante en -

las acciones de tipo inhibitorio. Sin ernbar5 o los mecanismos que -

regulan su síntesis no han sido a6n esclarecidos. Un intento de 

iniciar su dilucidaci6n ha sido este estudio del comportamiento de 

la enzima que cataliza su produccióri. Algunos trabajos sobre las 

propied~des de la descarboxilasa del ácido glutwnico hqb{an sido 

realizados sin tomar en consideración que el instrumento necesario 

para la comprensi6n de esta actividad enzimática es el estudio cinf 

tico <le su acción catalítica, incluyendo ~ste el an&lisis de depen

denciR de sub8trato (Glutamato) y activador (PLP) en un amplio in

tervalo de sus concentra.ciones (Artículo 2), estudios completos de 

inhibición por análogos de cada uno de estos reactantes (Artículos 

l y J) as! como por el producto de la reacción (Artículo J). Nin

gún estudio cinético incompleto puede dar información concluyente -

sobre el comportamiento de un sistema de reo.ctivos-enzima-productos 

DE ENTIDADES PURAS Y SISTEHAS BIOLOGICOS. Sin embargo, las 

propiedades cinéticas de un sistema biológico solo adquieren senti

do cuando se las enmarca en el contexto de su posible papel funcio

nal. Esto implica tanto el conocimiento del comportamiento del si~ 

tema catalítico puro, y el del sistema integrado en el ser biológi

co, como la reconstrucción gradual del segundo a partir del primero 

En este trabajo hemos abordado un procedimiento suplementario que -,.,. 

consiste en el estudio cinético del sistema enzimático sin eliminar 
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comoonentes que pudieran coexistir con el in vivo (aunque ésto im

plique extremar los cuidados y aumentar la complejidad en los procJ_ 

dimientos metodol6gicos y analíticos). 

Este acercamiento ha fructificado en la identificaci6n de dos 

formas de actividad enzimática que pudieran no haberse detectado 

usando preparaciones puras y que son imposibles de detectar en un 

sistema íntegro. 

flEl lógico más versado en su ciencia -

abandona le.s leyes de la lógica en 

cuanto discurre realmente" 

SCi!üPSNH.1~UEH. 



1 

/ \)J.. ~,;. ,.., ... 
' ¡ \ 

1 
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Alejandro Bayón2, Lourival D. Possani and Ricardo Tapia3 

Departamento de Biología Experimental, Ins~~uto _de Biologí~, U~siciad 

Nacional Autóroma de México, Apartado Postal 70-600, México ZO, D. F. 

México. 

I 

Please send pro oís and correspondence to Ricardo Tapia, at the above 

address . 

Abbreviations used: PLP, pyridoxal 51 -phosphate; GAD, glutamate 

decarboxylase. 

1 / . 'l'nis work was supported in part by Grant No. 043 76 from the Consejo 

Nacional de Ciencia y Tecnología, México, D. F. 

2 . 

) 
., 

Recipient oí íellowship from the División de Formación del Profesoracio, UNAM. 

3To whom correapondence should be sent. 



- 2, -

Running title. 

Inhibition oí brain glutamate deca.rboxyla.se. 
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Abstract - Scvcn N- (S'phosphopyridoxyl) amino acids, rcciuccd analogs 

oí thc glutamate-pyridoxal phosphate Schiíí base, were syntnesizcd and 

puriíicd. All oí thcm inhibited mouse brain glutamate decarooxylase 

activity. Tnc íour most potcnt inhibitors wcrc the aminooxyacctatc, GABA, 

cystcincsulíinatc and glutamatc dcri vativc s, and thc cííc et oí focsc 

compounds was studicd kinctically. Tnc inhibition prociucccl was in all 

cases mixcd íunction with rcspcct to glutamate and competitivc with rcspcct 

to pyridoxal phosphate. The inhibition kinetics were non-linear. These 

rcsults are intcrprctcd as indicating an ordercd binding oí pyridoxal 

phosphate and glutamatc to thc enzyme. Furthermore, they are 

consistcnt with previous finclings suggesting the existence oí two kincis oí 

glutamate decarboxylase activity cliííering in their depencience on free 

pyridoxal pho sphate. 
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Brain glutamatc dccarboxylasc (L-glutamate-1-carboxylyasc, 

EC 4.1.1.15, CAD) scems to play an essential role in the regulation 

oi brain excitability (Tapia, 1975; Tapia et al., 1975; Tower, 1976). In 

apite oí thc existcncc oí many compounds capablc oí inhibiting ita 

activity (Roberts et al., 1964; Wu & Roberts, 1974), little is known on 

its ki.netic and rcgulatory mechanisms. Previous stuclies írom this 

laboratory (Tapia & Sandoval, 1971) have shown that the atable oximc 

pyridoxal-5' -phosphate-0-acctic acid may be a useíul inhibitory compounci 

íor thc elucidation of such mcchanisms, because oí its structural similarity 

to the substrate-pyricioxal phosphate Schiíí base (Roberts et <!l:,, 19ó4). In 

the prcsent study wc describe the synthcsis, purification and the kineti.cs 

of thc cffcct on brain glutamatc dccarboxylase activity oí thc reduccd 

oximc and several other N-(5' -phosphopyridoxyl)-amino acids, which are 

also structurally similar to the substrate-pyridoxal phosphate Sclúíf base. 

MATERIALS A.i.~D METHODS 

Matcrials. DL- (1- 14c) Glutamic acid, and (3H) NaBH4 were írom 

Ncw England Nuclear (Boston, Mass. ). Scphadcx G-10 was from Pnarmacia 

Fine Chcmicals (üppsala, Swcden). Apotryptophanasc was obtained 

by dialysing a commcrcial prcparat:ion oíb coli tryptophanase (grade II, 

Sigma Chcmical Co., St. Louis, Mo.) Pyridoxal phosphate (PLP) and other 
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chcmicals íor synthcsiúng its derivatives, excepto(,'( -cliaminobutyric 

acid {Aldrich Chcmical Co. Ccdar Knolls, N. J·. ), wcre obtaincd írom Sigma. 

Synthcsis and purifica.tion oí N-(5 1 -phospho2yridoxyl) amino a.cicls. Thc 

reduccd oxi.me PLP-aminooxyacetic acid and fr,e reduced Schiíf bases oí 

PLP with L-gluta.mic acid, GABA, L-aspartic acid, L-cystcinesulfinic acid, 

ta.urinc and 'Ln - o{ , '( -cliaminobutyric acid were synthesized and 

characterized essentially as previously described íor PLP-aminooxyaceti.c 

acid and PLP- o( , i -cliaminobutyrate (Possani et al., 1977). NaBH4 

wa.s added to incubated mixtures oí the amino acid and PLP, and the reduced 
(2. 5x34 cm), 

Schiff bases wcre purified by gel íiltration in a Se¡?hadex G-10 columnj as 

shown in Fig. l for glutamate-PLP. The spectra oí all the cierivati.ves 

werc similar to spectrum II oí inset in Fig. l. Their c:325 ranged írom 

5. 7 x l O 3· fo r thc cy stci.ne sulfinatc de ri vati ve to 8. O x 10 3 fo r thc 

'1 o{, t -cliaminobutyratc derivati.ve. The main sicie product was reduced 

"" ' PLP, which was identified as pyridoxine phosphate. This compound. 
~ 
~ .S absorba also at 32.5 nm but is eluted from the column much later than the 
'.:::-

"'"i phosphopyridoxyl derivatives. These spectrophotometric data were 
........ 
l~ (3 " coníirmed by the radioacti.vity profilc aíter reciuction with H) NaBH4 , 

which showed three pcaks, corresponding to thc phosphopyridoxyl derivati.ve, 

reduccd PLP, and (3H) NaBH4 and its oxidation products. As expected, 

ninhydrin-positive reaction was observed only in the íractions containing 

lowcr molecular weight compounds (Fig. 1). Similar elution profi.les to those 

oí Fig. l were obtai.ned with the other phosphopyridoxyl derivatives. The 



- 6 -

o{, "6' -diaminob~tyratc derivative gavc positive ninhydrin reaction, beca.use oí 

thc prcscncc oí a sccond amino group, which indica.tes that o<, t -ciiamino 

butyratc rcactcd with PLP through only onc oí its amino groups, probéA.bly 

thc l) -amino as judgcd by thc color oí the ninhydrin product. Howcvcr, this 

was not asccrtaincd. 

Bcsidcs the spcctrophotomctric criteria already mcnti.oncd, thin la.ycr 

chromatography showcd only onc spot íor each pure com?ound, whicn was 

fluorcscent. For all compounds, except for the diaminobutyratc deriva.ti ve, 

thc spot was ninhydrin ncgative. Furthermore,when thc phcnylhydrazinc 

method oí Wada. & Sncli (1961) wa.s used to check the prescnce oí unreci.uced 

Scniíí base, it was íound that the contamination oí the puriíied deriva.ti.ves 

with thc unreduced compound was leas than 1%, 

Thc criteria enumerated above lea.ve little doubt on the identity oí the 

synthcsized compounds·. This was íurther coniirmed by. elemcntary 

analysis íor the glutamatc, GABA and cysteinesulfinate deriva.ti.ves, whicn 

gave the cxpected proportions oí C, H, and N. 

Enzymc Preparation. Adult albino mi.ce (local strain) were used 

throughout. Brains, without cerebellum, were quickly removed after cervical 

dislocation and homogenizcd either in water (10% w/v) or, only for thc 

initial expcriment (Table I), in O. 5% Triton-X-100 (ZO% w/v). The 

homogcnates wcre centriíuged at 100,000 g for one h, at 0-4°C (Beckman LS-65 

centriíugc), and the supernatants were used as source oí the enzymc. The 

cnzyme is puriíicd about 2. 5 íold by this procedure. A íreshly prepared 
"' 

supernatant was uscd íor ea.ch set oí experimenta. , 
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_Enzymc a.ssay. GAD activity was dctermincd by mca.suring tho 

14co2 relea.sed from Q- 14c) gluta.m.ic acid as prcviously dcscribcd 

(7apia & Awapara, 1969), with slight moclificati.ons, Thc volumc oí thc 

cnzymc preparation was reduccd to O, 2 ml and thc total incubation 

volumc to l ml. 'Ihe rcaction was started by the aclclitic;m oí the cnzyme. 

3 N Sulfuric acid was used instead oí trichloroacctic a.cid to sto? the 

reaction and release the 14co2 írom the medium. The incubation ti.me 

was in all cases 20 min. At this time the reaction was still linear under 

1 

ali conditions studied. A blank flask stopped at zero time was included 

for each substrate concentration in each experimont. 

Dctcrmination oí endogenous PLP, In order to calcula.te the 

act\.&al concentration oí P LP in the incubation mixtures, its endogenous 

level in the enzyme preparation was measured by the apotrypto?hanase 

mcthod of Wada et al. (1961), as modified by Minard (1967). Similar 

results were íound when the preparati.on was deproteinized with 

perchloric acid before the assay and when the supernatant was used 

clirectly for the PLP determination. 

RESU LTS 

The cfíect on GAD activity oí the N-(5' -phosphopyridoxyl)-amino 

acids synthesized is shown in Table 1. All compounds, except the 
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ciia.minobutyratc dc1·ivativc, inhibitcd GAD acüvity in superna.tanta oí 

both water and Triton-X-100 homogenatcs. Thc cffcct oí thc four most 

potent PLP-dcrivativcs, namcly aminooxyacctatc-?LP, GABA-PLP, 

cystcincsulíinate-PLP and glutamatc-PLP, was kincti.;ally st·ü.clicd at 

broad rangcs oí glutamate and PLP concentrations. Figure 2 shows 

Ll.::1cwcavcr-Burk plots at varying glutamatc and with satu:"atin~ ?LJP 

co:-.ccntrations, at several íixcd inhibitor concentrations. Seconciary 

s~opc and intcrccpt rcplots are shown in thc ini:;cts. Thc primary plotb 

incicatc that the íour PLP derivativcs bchave as mixed function 

inr.ibitors with respcct to glutamatc. The samc ty;>e of inhibihc,:c. ii.._¡;·.;.:; ::r. 

, 1.:a.s obscrvcd whcn glutamate conccntra.tion was increased up to S-fo¡ci 

" witn respcct to thc .maximum useci in Fig. 2. The s•!condary ?lots for 
1~ 

trie PLP-aminooxyacetate are hyperbolic. For the; vi.her dcávatives 

fr.ese replots scem to be straight linea at thc inhibitor co~1ce:-• .-:.á.tion r.:..nge 

u sea. 

Double rcciprocal plots at varying PLP ;..·,w ~~~- .<. ~ ... t\A:.·a.~:.:t> 

giu:amatc conccntrations in ¡~·.e prescnce of thc inhii.,ito¡•s a:-~ : .. : .:.::.ne,~r. 

7"r.c slopc oí thcsc curves ir.creases with PLP concentration1 -. -;:.·vét.ccd.ng 

CO:-r',?Ctiti VC bcha vic l' ;7iJ. • 3), 
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DISCUSSION 

The reciuced PLP-a.mino a.cid Schiíí bases that we have synthesized 

were designed as structural analogs oí the PLP-glutamate Schiíí base, 

its amino a.cid and PLP moieties resembling the glutamate and PLP 

molecules, respectively. Since the carbon-nitrogen double bond has been 

rcduccd, ciissociation of the two components is prevented, making these 

compounds a powe.rful tool íor studying the glutamate-PLP kinctic 

relationship in the GAD catalyzed reaction. 

The kinetic studies with the four PLP derivatives used show that they 

are competitive inhibitors with respect to PLP, but display mixed íunction 

inhibition with re·spect to glutamate. This behavior may be interpreted in 

two ways. A iirst explanation would be that ordered binding oí PLP and 

glutamate take s place on the enzyme. Tl;ri.s explanation is supported by the 

íollowing obscrvations (see Segel, 1975): The decrea.se oí apparent V 
zna.x 

by the inhibitors (Fig. 2) cannot be overcome by satura.tion with gluta.mate, 

indicati.ng that thc substrate and the inhibitor combine with cliíferent enzymc 

íorms. Bcsidcs thc ·cífect on V , the slopc of the curves a.lso changcs in max 

thc prescncc oí the inhibitors {Fig. 2), indicating that the inhibitor binds 

bcfore glutamatc to a.n enzyme íorm reversibly connected with the forro binciing 

glutamatc. Since PLP competes with the inhibitors íor the same enzyme 

,. 
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íorm (there is an eífcct on the slope but no cífect on Vmax' Fig. 3), it 

íollows that P LP also binds befo re glutamate. Tru.s behavior implica te a 

that thc ordcrcd binding occurs in non-rapid equilibrium, since in 

ordereci ra?xi eq.iilibrium satura.ting substrate should overcome the eiíect 

on Vmax· 

This is the simplest explanation for the primary inhibition pattern shown 

in Fig s. 2 and 3, and wc shall clabo ratc it in the contcxt oí thc enzyme 

kinctics in absencc oí inhibitors (Bayón et al,, accompanying papcr). --
Kevertheless, an alternative kinetic model could also account for tnis 

pattcrn. Y.ixed iunction inhibition with re spect to glutamate by the ? L? 

cierivat:ives, which compete with PLP, could also be explained if an 

enzyme-inru.bitor-glutamate complex could form in addition to tne enzyme

inhibitor complex, assuming a rapid equilibrium random bireactant 

mechanism1 (Segel, 1975). This is an interesting but unlikely possibiiity 

because steric hindrance makes ciiíficult that both glutamate and the 

P LP-amino acids share the same site oí the enzyme, and consequenfrr two 

scparatc aitc a, one for glutamatc bincling ancl tho othcr fodnhi hitor bincling 

(allostcric sitc), woulcl havc to be postulated. 

The secondary plots in Fig. 2, together with the curved primary ?lots 

in Fig. 3, ?rovide an additional and valuable piece oí iníormation. ¡-.;on 

lincar-hyperbolic slope or intercept replots arise írom alternate pafos 
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to prociuct formation, that is, at lcast two productivc cnzymc spccics cxis~, 

indcpcndcntly oí thc kinctic modcl unclcrlying this bchavior (Scgcl, 1975). 

Two typcs oí kinctic CA-planations could account f or this inr-.ibition pattern. 

Onc of thcm wculd rcquire that thc vclocity equation include tcrms contair.ini 

inhibitor conccnti-ation in thc numcrator, in adclition to tnosc in thc 

dcnominator, mcaning that at lcast onc enzymc-inhibitor-glutamatc comp:cx 

is iormcd and tnat it is an altcrnatc productivc ·spccics (frd.s could be cluc :o 

cithcr partial inhi.bition or alterna.te activation oí thc enzyme with thc ?¡,? 

dcrivativcs, Scgcl, 1975). Ncverthclcss, fois explanation also implicatcs 

thc cxistcncc oían allostcric site for the PLP dcrivatives, as previously 

discusscd. Tnc sccond kinctic c.>..-planation is that the two ,noductive 

cnzymc spccics are in fact two difíercnt, not interconvertiole cnzyme 

activities, one oí them resistant to the inhibition produced by the PLP 

deriva.ti.ves (Scgcl, 1975). This interpretation is also in agrecment with 

thc fact that incrcasing inhibitor conccntrations cannot dccrcasc thc ·cnzyrr.~ 

activity to zero but only to a fixcd limit velocity represented by the theoretical 

asymptotes oí both thc intcrcept replot in Fig, ZA, and all the primary curves 

in Fig. 3 (5cc also Tapia & Sandoval, 1971 ), In this rcgard, it is 

notcworthy th.-...t only whcn thc inhibition valucs are at lcast 50%, a hyperbolic 

shapc oí rcplots is obscrveci (Fig. 2, insets). 

Sincc thc PLP dcrivatives ª?proa.ch compctitivc bchavior with respect 

to Pi.?, thc activity oí CAD not inhibited by thcse compoU1cis snould be 
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indcpcndcnt oí free PLP conccntration. This possibility oí thc cxistcncc 

of two cnzyme activitics, diífering in thcir dcpcndence on free PLP, 

ah·cady proposcd by our group (Tapia & Sandoval, 1971), will be furtner 

studicd anci. cüscus sed in the subsec¡uent paper (Bayón et al., accomparqir.g 

papcr) on the baais oí a kinetic analysia L"'l the absence oí inhibitora. 
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Footnotc to thc text (page lJ): 

1 
This alternativc possibility ariscs bccause kinetic patterns at 

varying substr::..tcs íor non-rapid equilibrium ordcrcd bireactant and 

rapici cc¡uilibri· ... rr. random bi 1·eactant mcchanisms cannot be 

distinguished (Segel, 1975). Complete product inhibition stuciies could 

hclp to makc fo.e ciistinction, but in the present case they are precluded 

bccausc onc oi foc products is the volatile CO • 
. 2. 
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Table l. Effcct oí thc N-(5 1 -phosphopyridoxyl) amino acids synthc 6izcd 
on glut:.matc cicc.;.rboxylasc acti.vity oí supcrnatants of Triton-X-100 
J.~Hi \vate r hon--.or;cnatc ~ or mousc brain 

Py ricioxcJ.l 1fr,o Sj,fr,atc 
dcrivat.ivc (l 1~~:vf) 

% oí control valucs 

(R= 51 -?hospho?yridoxyl) Triton supcrnatant Water Si..?crnatant 

R-Glutamatc 75 t 8 79 "±' 4 

a- 't -Ami:1obutyratc 53 t O 60 :,?" 5 

79 t l 92 

R-Cystcinc suliinate 63 t 6 óó ts 

R-Taurinc 85 :t' 4 79 

R .. -.h.:n.ir..ooxy a. ce ta te 34 :t" 2 38 :r3 

91 :r 8 95 :t- 5 

Horr.ogcnatcs wc¡·c prcparcd and ccntriíugcd at 100,000 g as dcscribcd in 
Matcrials anc.i 1·~ct.hods. Glutamatc concentration was 33 mM and ? ~? 
coaccntrat.ion w.:i.s O. l mM.. Thc .figures are mean valucs oí fr.rec to íour 
C).1)Crimcnts 'l" S.D. (only two expcriments when no S.D. is shown). 
Absolutc control valucs were ( p.molcs/h/g original tissue): Triton 
supcrnatant, óS.O; water supernatant, 39.0. 



EE 
c.= 

t.D Q) 
NCD 
r<) ('(') 

00 
(l.) 

ü 
...... 
D 

¡_ 

o 
C.,') 

.n 
< 

! 2--.---,--r 

1 
1 
' 

._,_ __ ninhydrin- positivo ---

reduced PLP 

+ PLP 
_! 1 ! G

1
lu j 

i V 

i\a SH4 c:id ~ 8 í Jation proGucts 

400 
nm 

6 \ 

'1/ \ 
0 l ó\ , 
,' p \ 1 

r¡ºf''&-óy ' ~I Ji 6 º, '\ 1 c,-;,;,,, º·0-o-o o_,....0 - 0-°± o 4 

_;4 
1 

30 40 50 

Froction number 

y L) 
/7 /7, 

o 
l 

CJl 
>< 

-~ 
:.::.i -\ J -o 
::¡ 

C> 



p
 

s¡
 1 q
 

i 1 1 

"/1
 6

~
 

i 1 ' e·,
 

- - :;
 1

 
~¡

 
~

' 
-

1 
(
"
)
I 

~
I 

-
i 

...:¡
 ¡

 
! 

~s
ro

 

,:.
 

~·o
 

[!]
 

¡ 
"t

á 

' i 

s¡
 , o 

'. 
A/

1 

:t
' o¡
 ~, "'=

I 
-1

 ¡ 1 

6
~

 
1 í rL
. 

1 ' 1 1 ! 
o¡

 _¡ :z
 1

 

g¡
 

"'=
 1

 
-,

 i
 

-:
;r

o
 

[,, ·J
 

rT
, 

L J
..,¡

 

" ' 



,... . 
U.i -1 

1 

1 

J 

--~oi.~l --~-::---L-~ ! 
0.2 0.3 C.4 

l¡A 

'-

Í ./ e ¡· 



18 • 

F . , 
ig. J.. Scph;1cicx G-10 scparat:ion of a glutamatc-pyricioxal 

phos¡fri.atc rcaction rr.ixturc aftcr partial rccluct:ion with ( 3H) );'aBH .• 
"z 

l7'::.·actions of l. 6 ml wcrc collcctcci and thcir spcctra, raclioactivity and 

:úrü:yclrin rcaction wcrc determincd. The elution pcaks oí thc unrcac~cd 

?L? and glutamatc (Glu), as well as thosc oí thc rccluccd PL? ancl ofr,er sicic 

prociucts, are incüca.tcd by arrows, N-(5' -phosphopyridoxyl) glutarr.a.tc is 

cli.;.teci in fractions 23-33, but unrcduccd Sc:hiií base is also prcscnt ir-, thcsc 

ir.:i.c'.ions, as inciicatcci by thc absorbance a.t 388 nm. Insct shows ti1c 

spcctrum (in O. 2 M ?Ota.ssium phosphate buffer, pH 7. 2) oí fraction 23 

(s?cctrum I), aftcr 2. 5-fold ciilution. Tnis fraction was íurfr .. er reci:\.4ccd 

witn i'\a.BH. a..--.d pa.sseci aga.in through the column. Fractions co ... ta.ining fr,e 
'l: 

rcciuccd dcriv.:..tivc were poolcd and tne spectrum was fr.en oota.incci without 

ciilution (spcctrum il). Tl1e clisappcarance oí thc peak at 388 nm shows the 

absc:1.ce of detectable contaminant unreduceci Schiff base. 

Fig. 2. Enzyme activityas a functi01 oí glutamate concentrarion.' in 

foc prcscncc oí N'-:(5 1 -phosphopyricioxyl)-amino acids; 1/v ~ l/S plots. 

PL? conccntration was in all cases O. l mM. Sis glutamate concentration 

(m).{), vis enzymc activity exprcsscd as pmoles of glutamate 

ciccarboxylatcd/h/ g of original tissue. Each point is the mean value of 

3-4 ir.dcpcndcnt detcrrr..ir.ations. Thc phosphopyricioxyl-amino acids u sed ' 

as in:-.ibitiors were: ~' E_-(5'-phosphopyridoxyl)-aminooxyacetate; 
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cy .s:cir,c sl:.:ii.·.¡:¡,tc; _s ~ -(5' -pho spho?yridoxyl) L-glutarr.üte. The 

cicriv<.1.tivcs werc tcstcd a.t thc following conccntrations (mM): 

o. oo ( o ); e. o 1 ( o ); o .1 ( o); o. 38 ( o ); o. s ( o 1; 1. o ( ~) . 

Ir.sets are secondüry plots oí slopes (expressed as 10 2 x S/v) and 

2 
ir.tcrcc?ts (cxprcssed a.s 10 x 1/v) vs innibitor concer.aations 

Fig. ~. ~nz.ymc activity as a íunction of PLP cor.cer.tration in ú1e 

prcscncc o~:--;-(S'-phosphopyridoxyl)-amino a.cids; 1/vvs 1/A plots, 

Gluta.matc cc:-.ccntrütion wa.s in all cases 33 mM. A is ?LP conccntratior. 

(f;.:), v is GS ciefined in Fig. 2. Symbols represent fr.e phosphopyricio:-..7: 

cicrivativc ~sed (at a O .1 mM conccntration): no dcrivat.ivc (O); 

'S -üminobutyrütc (A); ~-(5' -phosphopyricloxyl)-cysteir.e sü:iir.ate ( C ); 

~ -(5' -pho s?r.opyridoxyl)-glutamate ( O). Each point is ti1e mean value ci 3 

indcpendcr.: ¿etcrrninations. Endogenous PLP concentration was measureci 

in all cJ.scs. 7his vJ.luc, as wcll as that oí ?LP contan-.inating thc 

inhibitors (¿c~ermir.cd as dcscribed in Methods) were ta~en into account 

for calculatir,g the final PLP concentrations in the assay medium. 
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Abstract - Tho kincHc behavior of glutamate decarboxylasc from mousc 

brain wa.s analyzcd in a wide range of glutamate and pyridoxal 5' -phosphatc 

concentrations, approaching three llmit conditions: (I) in the absence oí 

glutamate-pyridoxal phosphate Schiff ba~e; (II) when all glutama.te is 

trapped in thc íorm oí Schiíf base; (III) when all pyridoxal phosphate is 

trappcd in thc íorm oí Schiff base. The experimental resulta in limit 

condition {I) are consistcnt with the existencc of two diffcrent cnzyme 

activitics, onc dcpcndcnt and the other indcpcndcnt on free pyridoxal 

phosphate. The rcsults obtained in limit conditions {II) and {III) give 

further support to this postulation. Thcse data show that the free 

pyridoxal phosphate-dependent activity can be abolished whcn either ali 

substrate or all cofactor are in the form of Schiff base. Thc free pyridoxal 

phosphate-independent acti vity is also ªo/>lished when all substrate _is 

trapped as Schiff base, but it is not affected by the conversion of free 

pyridoxal phosphatc into the Schifí base. A kinetic and mcchanistc · 

modcl íor brain gtutamate decarboxylase activity,~hich accounts far 

thcsc obscrvations as well as for the results of prcvious dcad end 

inhibition stuclics, is postulatcd. Computcr simulati.ons of this modcl, 

using thc experimcntally obtained kinctic constants, reproduced all 

the observed íeatures oí the enzymc behavior. The possible 

implications oí the kinetic model for the regulati(?n oí the enzyme· activity 

are cliscussed. 

Encl oí ab al ract. . 
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GABA is an inhibitory transmitter in neuromu scular junctions oí 

sorne invcrtcbratcs and most probably also in thc central ncrvoua systcm 

oí vertebra.tes (Krnjcvié, 1974; Curtis, 1975; Otsuka, 1976). Thia amino 

acid is synthcsized by o( -decarboxylation oí L-glutamatc, catalyzed by 

glutamate decarboxylasc (L-glutamate-1-carboxylyase, EC 4.1.1.15; GAD). 

In mammals, GAD is prescnt only in.nervous tissue and, in contrast to 

othcr vitamin B6-depcndcnt enzymcs, is particularly sensiti ve to 

dcficicncics of pyridoxal 5' -phosphate (PLP), both in vitro (Robcrts ~al., 

1964; Tapia et al., 1969a, 1970) and in vivo (Minard, 1967; Tapia et al., -- -- --
1969b; Pércz de la Mora~~. 1973). This dependence on PLP. 

represents probably a regulatory control oí the physiological action oí 

GABA (Pércz de la Mora et al., 1973; Tapia & Pasantes, 1971). 
' --

Prcvious studies írom this laboratory (Tapia & Sandoval, 1971) have 

shown that the oxime N-(5' -phosphopyridoxylene) aminooxyacetic acid, a 

compound structurally similar to the glutamate-PLP Schiff base, is a 

sclective inhibitor of brain GAD. From the results of inhibition studies 

with this PLP clcrivativc as comparcd to thosc obtaincd with aminooxyacetic 

acid, it was postulatcd that two typcs of GAD activity are prcscnt in brain, 

one dcpendcnt and thc other indcpendent on free P LP concentration (Tapia & 

Sandoval, 1971; see also Bayón_!:.!: ~accompanying paper ). 
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In thc prcscnt papcr wc have analyzcd this hypothcsis more clircctly, 

be mcans oí a kinct-ic study oí thc GAD dcpcndcncc on PLP and glutamate 

conccntrations. Furthcrmore, this approach led us to study thc cífects 

oí thc íormation oí thc glutamato-PLP Schiíí base on GAD activity. The 

rcsults oí thcse eArpcrirronts support the above hypothcsis and allow us 

to proposc a kinetic model oí GAD activity that provides a mechanism for 

its regulation. 

MATERIALS AND METHODS 

Chemicals, detcrmination oí endogenous PLP, and enzyme preparation 

and assay, wcrc as dcscribed in thc preceding paper (Bayón et al., --
accompanying paper ). · 

For thc CArpcriments requiring vcry low PLP concentrations, an 

cnzymo prcparation clilutccl 10-fold was usccl. A curve oí activity~ 

enzymc concentration at saturating substrate and PLP was obtained in order 

to test for possible effects oí endogcnous inhibitors or activators, Lincarity 

was ob·scrvcd ovcr a widc rangc oí cnzymc conccntrations (including those 

used íor the kinetic cxpcrimcnts), indicating that no such eífocts were 

prcscnt. Whcn rcquircd, the endogenous PLP levels were taken in.to 

account f or calculating thc PLP concentration in the assay meciium. 
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Thc dis~ocialion confitant of thc glutamatc-PLP Schii.f baoc (Ko) was 

dctcrmincd spcctrophotomctrically (Pyc-Unicam 1800 spcctrophotometcr 

with a. constant tempcrature ccll holder) under the same experimental 

conditions oí the GAD a.ssa.y (pH 6. 3, 37° C), The a.bsorption oí severa.l 

mixtures oí PLP·(at íixed O .1 mM concentration) and glutamate (varied 

from 16. 5 to 82. 5 mM) was read at 410 nm, The absorption coeíficient 

oí PLP at this wavclcngth was dctermined. Knowing this value, and 

maintaining glutamate concentration in great molar excess with rcspect 

to P LP, the · íollowing equation can be e stablished: 

1 
~A 

_ Ko • 1 + 1 ·- ---
AAmax S AAmax 

whc re Sis gl uta mate conccntration; A A is the cliíícrcnce in absorption 

bctwecn a givcn concentration oí PLP alone and aíter the addition oí 

varying amounts oí glutamate; and ~ Amax is the value oí A A when 

ali PLP has bccn convcrtcd into Schiíí base. From a plot of 1/ /:::; 'A 

versus 1/S thc valuc oí Ko can be determined, 

RESULTS A.l."'lD DISCUSSION 

In ordcr to analyze the GAD dcpcndcnce on P LP and glutamate 

conccntrations, it was first ncccssary to determine to what cxtent the 

glutamatc-PLP Schiff base is íormcd in the assay mcclium. In íact, 

P LP-amino acid Schi.fí bases are reaclily íormed in solutions (Finseth & 
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Sizcr, 1967), and it has bccn dcscribcd that thc non-cnzymatic íormation 

oí substratc-activator complcxcs may afícct cnzymo activity (Lonclon & 

Stcck, 1969). 

For this purpose, the dissociation constant oí the Schiíí base 

glutamate-PLP (Ko) was detcrmined as described in Materials and Methods. 

The value obtained (6.24 x 10·2M, see Fig. 1, inset) is similar to those 

rcportcd for othcr amino acid-PLP Schiff bases (Finseth & Sizer, 1967) 

and it was uscd íor calculating, with the aid oí a computer, the amount oí 

Schiíí base íormcd at varying glutamate and PLP concentrations (Fig. 1). 

Thcsc data thus indica te thc glutamatc .a.nd P LP concentration rangc at 

which thc Schiíí base is significantly íormcd, and pcrmittcd to define thrce 

0 limit conditions for studying the cnzyme behavior: (I), wh~n Schiíi base 

conccntration is zero; (II), when all glutamate present is in the form oí 

Schiíí base; and (III), when all PLP present is in the form oí Schiff base. 

Limit condition (I), Abscnce of glutamatc-PLP Schiff base. This 

limit condition is approached whcn glutamate-PLP Schiíí base (SA) 

conccntration approaches zero, and free PLP {A) and free glutamate (S) 

concentrations approach total PLP (AT) and total glutamate (ST) 

concentrations, respcctively. 

In order to study experimentally the enzyme bchavior in this limit 

condition wc have mcasurcd ita activity at glutamate and PLP concentrations 
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low cnough to yicld lcss than O .1% of Schiff base formed with rcspect to 

both total glutamatc and total PLP (sce.Fig. 1). Thc resulte of thcsc 

cxpcrimcnts are shown in Fig. 2. Linewcavcr-Burk plots, varying PLP 

at sovcral íixcd glutamate concentrations, are non-linear and approach 

horizontal asymptotcs as PLP concentration is lowcred (Fig. Za). Double 

reciproca! plots, varying glutamate at several fixcd PLP concentrations, 

yicld a family oí straight lincs (Fig. 2b); the sccondary plot oí the slopes 

oí thcse curves~ 1/PLP is non linear and approaches an horizontal 

asymptote at low PLP concentrations (Fig. 2b' ). 

The hyperbolic shape of plots in Figs. Za and 2b 1 , both approaching 

horizontal asymptote s and intersecting the o rdinate axis abo ve the origin, 

is consistcnt with thc cJci. stence oí two cliffercnt GAD activitics, one 

dependcnt and the other independent on free PLP concentration. A 

mathcmat:ical dcmonstration oí this conclusion is shown in thc Appendix 

to this papcr. In view of pre,vious ind,cpcndent evidence on this point 

(Tapia and Sandoval, 1971), and sincc other alterna.ti.ve interprctations, 

as cliscusscd in thc prccccling papcr (Bayón_si al.,accompanying paper), 

are unlikcly, thc subsequcnt kinctic analysis oí the data was made on the 

basis oí the exi.stence oí two scparate enzyme activitics. 

Thc simplcst approach íor this analysis is to considcr ea.ch curve in 

Fig. Za as composcd by two straight lincs: .:i.n :,orizontal asymptotc, which 

rcpresents the rcciprocal velocity oí the free PLP-indcpendcnt enzyme 
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activity, anda positivo slopc linc, corrcsponcling to the contribution oí 

thc free P LP-clcpcndcnt a.cti vity. Thc cxpcrimcnt.11 curves can be 

resolved into its two" componcnts by subtracting thc contribution of the 

free P LP-indcpcndcnt activity (thc velocity obtaincd írom thc horizontal 

asymptotcs) from thc total activity. Thc diífcrcnces obtained corrcspond 

to thc vclocities contributcd by thc PLP-depcndcnt activity, and should 

givc straight lincs with positi.ve slopc whcn plotted as Lincv.cavcr-Burk 

plots, providccl that thc 1/v values givcn by thc asymptotcs are correctly 

,_, chosen. This ?roccdurc providcs a trial and error mcthocl for csti.mating 
')-.. 

.... -.... ) 

..... 

thc position of both thc asymptote (dashcd lincs in Fig. Za) and thc positive 

slope component (Fig. Zc) for each curve, allowing tho kinetic analysis 

oí ca ch oí thc two enzyme acti vi tics. 

The behavior oí the free PLP-independent activity is thus displayed 

~ by plotting thc intercepta oí the estimated horizontal asymptotes (which 

are thc rcciprocal limit velocitics, V . , of thc hypcrbolic CA-pcrimcntal 
lim 

curves)~ thc rcciprocal oí thc corrcsporrling glutamate concontrations. 

Thc rcault¡ng plot shows EJimplc Michaclis-Mcntcn uru.ro,\ctant kinctics 

(Fig. Za'). Tnc kinetics of the free PLP-clependent acti.vity is shown 

in Fig s. Zc and 2d (Fig. Zd is obtained by rcplotting thc data in Fig. Zc, 

varying glutamatc at fi.xcd PLP concentrations). Thcir corresponding 
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scconclary plots of slopc ~ reciprocal glutamatc and PL? conccntrations 

are shown in thc insets. 'I'hc obscrvcd pattcrn is consistcnt with cithcr 

rapid cquilibl'ium random bircactant kinctics or non-rapid cquilibrium 

ordcrcd bircactant kincti.cs, but dcad cnd inhibition studics with rcduccd 

Schiff base analogs {Bayón ~<!l.:_, accompanying papcr) atrongly favor 

thc lattcr pos sibility. 

On thc abovc basis, the vclocity equationa oí thc two cnzymc activitics 

can be summcd in ordcr to obtain thc total vclocity cquation: 

(4) 

C.:\."'. e· S) V v - , _ ma:x2 2-~Ki~ .. -a-K_s_2_+_;;(~s~)~K~a:;__+~(~A~)~K-s_2_T--,-(A_)_C_s) (5) 

(ó) 

whl!rc vi:.; initial vclocity, (S) ancl (A) an} a:.; prcvimu;ly ckfincd .md the 

subindcxes rcfcr to caen of thc cnzyme activities (subindcx l íor the free 

PLP-indepcndcnt, subindex 2 íor thc free PLP-dcpcndcr.t and subindcx T íor 

total activity);thc kinctic constan.ts íollow Clcland' s nomcnclaturc (scc Scgcl, 

1975) and thcir va.lucs, obta.incd from thc plots in Figs. 2a', 2c and 2d (Scgcl, 

1975) are: K5.i. = Ks? == 5 x 10-·1 M; ¡{a= l<ia:: 9 x 10-7 ~1; thc ratio 
... 
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Although these equations describe essentially the depenclencc oi GAD 

acti vity on P LP and glutamatc, fu rther information on this point was 

obtaincd by studying thc cn.1.ymc bci1avior at high PLP and glutamatc 

conccntrations. Whcn glutamatc and P LP conccntrations are such that 

substantial amounts oí Schiíí base are formcd, thc corrcsponcling cquilibrium 

cquation (cxprcsscd in thc íorm oí cquations (1) to (3) in thc lcgcncl to Fig. 1) 
' . 

must be considcrcd in adclition to thc vclocity cquations (4) to (6). As 

alrcady mcntioncd, in ordcr to study thc enzymc bchavior in thc prcscnce oí 

Schiff base cífccts, lirnit conditions (II) and (III) havc to be cstablishcd. 

Licit condition (IT). All glutamatc is in thc íorm of Sc:uf: base. This 

limit conciition is dciincd by (s) ::: O and (SA) = (STJ and it is 

c::-..-pcrimcntally approached whcn thc (SA) / (ST) ratio approx:imates to 

onc, as (AT) is incrcascd at fixcd (sT) (scc Fig. l). If this conclition 

is as sumcd in cquations (l) to (6 ), thc total vclocity equation be comes 

vT (lim II) = O. Fig. 3a shows the experimental velocity curves º?taincd by 

increasing (AT) at sevcral íixcd (ST) • As (AT).incrcascs all curves 

reach a peak vclocity and thcn bend downwards. The s°¡lift to thc right oí 

thc peak vclocitics with incrca:.;ing iixcd (ST) is duc to thc diíficulty for 

trapping a substantial fraction oí ( ST) in (SA) , whcn (ST) is high 

{sce Fig. l). As a consequcncc oí this fact, and be cause of thc limited 

' solubility oí P LP, the prcdictcd limit vclocity (zc ro). was att aincd only at low 

(STJ (in thc ordcr oí 10-4 M) whcn (AT) was incrcascd to 0.5 M (thcse 

data wcrc obtaincd in thrcc inclcpcnclcnt cxpcrimcnts, but thcy are not shown 
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in Fig. 3a). Whcn vclocity curves wcre obtaincd by incrcasing (sT) 

at scvc ral fixcd (AT) , the de crease of acti vi~y at high (A T) is rcficctcd 

in a shift to thc right oí thc velocity curves whcn íixcd (A7) is high 

cnough to trap a sigrúíicant iraction of (ST J in (SA) (Fig, 3b and 3c). 

Limit conclition (III). All PLP is in thc form of Sch.iff base. Tnis 

linút concütion is dciincd by (A) ::: O and (sA) ::: ( AT) and, analo¡;ously 

to linút condi'.:ion (II), it is cxperimentally ª?proached whcn thc 

(SA) / (AT) ratio approximatcs to one as (ST) is incrcascd at íixcd 

(AT) (scc Fig. 1). Ii condition (ill) is assumcd in cquations (1) to (6), 

thc total vclocity cquation bccomes vT (lim llI) == v1 . When thc (S7) 

conccntrations necessary to attain this conciition are wcll abovc the K5 

vn.lue (as in the prescnt case, sec Fig. l ), thcn v T (lim llI) = Vmax1 

at any (AT) Fig s. 3b and 3 e show thc e).--pc rimen tal vclocity 

curves obtained by incrcasing (ST) at scveral íixed (AT) , The 

dccrcasc oí activity observed, approaciu.ng the limit vclocity at incr'casing 

(ST) , can only be observcd at low (AT) for rcasons analogous to thosc 

cliscussed for limit condition (II). This bchavior is reílcctcd in the curves 

oí Fig. 3a as a lowcr activity oí the irútial points oí curves VI-Vli as 

compared to the initial points oi curve V. Although the limit velocity could 

not be cxperimentally attaincd, its value can be estimatcd írom thc orclinate 
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of thc asymptotc to curve 1 in Fig. 3b. A rcasonablc cstimatc íor tnis 

valuc is thc o:1c Úl.0\\,¡1 as a dashcd linc in thc samc ii 1;urc. Sin ce this 

asy111)totc rcprcscnts Vma.x1 , its cüffcrcncc with rcspcct to thc maximal 

att.-..incd vclocity (in·Fig. 3c) will rcprcscnt Vmax2. T'ne calculatcd ratio 

Vm'J-x2/Vmax.1 is 2, 38, which is in cxccllcnt a¡;rccmcnt with tl-.o.5c obtaincd 

from inhibition studics, 2. 73 (calculatcci from Fig. 4 in Tapia & Sandoval, 

1971) and from thc analysis oí linut conclition (I), 2. 76 (scc abovc). Thcse 

rcsults· givc íurthcr support to thc kinctic modcl wc proposc, 

Cor:TDutc r s imi.:.lation of GAD bchavior: Thc kinctic modcl 1·cprcscntcd 

by cquations (1) to (ó) accounts íor all thc experimental results of both tne 

prcscnt and the prececling papcrs. Fig. 4a shows a computer simulation oí 

thc bchavior of thc modcl.. Thc cxpcrimcntally clctcr1nincd constants wcre 

uscd, and thc substrato and cofactor curves :;hown cover thc conccntration 

rangcs cx7crimcntally assaycd. When comparcd with thc curves in Figs. 3b 

;:i..nd 3c (and indircctly with 3a), the simula:tcd curves show thc acicquacy oí 

thc mo<lcl. Anothcr advantagc oí this simulation is its capability to resol va 

1.hcorctically thc cnzymc bchavior intoºits i.wo componcnts and to show 

~raphically thcir propcrtics, implicit in cquations (1) to (6). Whcn v 1 is 

zcro, only thc free PLP-clcpcndcnt activity is simulatcd, showing that it 

is inhibited at high PL? or glutamatc conccntrations (Fig. 4b), On thc othcr 

:n.::i.n<l, if v 2 is zcro, thc free PLP-indcpcndcnt activity is clisplayccl (Fig. 4c), 

and it can be sccn that it is inhibitcd only by high PLP concentrations, 
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~.. ~ • , ' • . . • 1 ( GAD L; • ,. l'uncuc J.:1a :nccnan1snc ::-nace~ OL · ac~,_v;..~y. In spitc oí consic!crablc 

rcscJ.rch carriecl out in orclcr to cx¡_Jlorc GAD pro¡)crtics (Robcrts & Simonscn, 

1963, Tapia et 2.l., 1970; Wu & Robcrts, 1974; }l.illcr & Martin, 197ó), no 

kinctic modcl oí thc GAD catalyzcd rcaction was availablc. 0n thc basis oí 

thc rcsults cliscussccl in thc prccccling scciions, and in the ligl'+t of inhibit:ion 

stuclics (Bayón et al., accompanying papcr; Tapia & Sandoval, 1971), we --
postulatc thc following kineiic modcl, which accounts for equations (1) to (6). 

Ea ::========-:::. EaS 
kp 

Ea+ P 

Ka:::Kia 

Ko., 
A+S..--SA 

~ 

EA ....----- EAS kp 1 
7 E + p 

All symbols havc bcen deiincd in thc above scctions, cxccpt: ? , 

reaction proclucts; kp and kp', íorward ratc constants for prod.uct 

formation oí thc free ?LP-indcpcndcnt and free PLP-depcndcnt enzyme 

activities, rcspcctivcly; Ea and E, thc catalytic sitcs rcsponsiblc for thc 

free ?LP-indcpcndent and the free PLP-dcpendcnt cnzymc ilctivities, 

rcspectively. Sincc PLP is a neccssary cofactor íor thc GAD catalyzcd 

:rcaction, it has to be postulatc<l that thc free ?LP-indepcndent catalytic site 

poss es ses tightly bound PLP (':::'a~Jia & Sa.ndoval, 1971), wru.ch is 

rc¡Hcscntci by inclcx 1a1 i~ Ea. Othcr implications oí thc moclcl, which are in 
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full a[¡rccmcnt wlth thc c;...1)crin1cntJ.l fincling¡;, are thc following: 

(1) Thc binding of foc glutamatc-PLP Schiíf bJ.sc to ü1e free 

P LP-indcpendent catalytic sitc woulcl be prccludcd bccausc of fi1e ?rcscnce 

of ti;;:-..tly bound P.L?, As a conscqucncc, thc tra?ping oí glutamatc in tllc 

Schiif base at high PL? conccntra~ons would rcsult in a dccrcasc oi GAD 

activity, but thc trapping of PLP at high glutamatc concentrations would 

not affcct thc activity. Furfocrmore, thc PLP-amino acicls useci in thc 

prcceding paper (Bayón .2!_ al., accompanying papcr) would not inh.i.bit this 

acti.vity, 

(Z) TI1c observad inhibition of free PLP-<le¡)cnclcnt activit.y at high 

substratc. or cofactor conccntrati.ons is a consccucnce of thc non-cnzymatic 

iormation of the glut""matc-PLP Schifi base. The kinctic 1·casons for thls 

tn)e oí inh.ihitio.1s havc been am.ply ana.lyze<l an<l ciiscusscd by London & 

Stock (1969), but stcric factors could a.lso a.ccount for thesc cfíccts. It is 

possible that thc Scb..iif base connot cntcr the free PLP-dcpcncicnt 

catalytic site, and the rcforc the inhibition would be duc to the remo val oí free 

cofactor or oí substrato beca.use oí their trapping in the íorm oí Scl.iíf base. 

Tha.t thc Schiff base cannot bind to fr.c cnzymc is suggcsted by thc ordered 

na.tu re oí the kinctics oí thc free Pi.P-depcndent activity. Ia this regard it 

is noteworthy that, among thc rcduced PLP-clcrivatlvci,j stuclicd kincticaliy 

in thc ?TCccclin6 papcr (Bayón et al., accompanying papcr ), 
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~ -(5 1 -phosphopyricloxyl) glutam.atc has apparcntly thc lowcot aíünity íor thc 

cnzymc, in :.;pite oí bcing thc closcot strucíural analog to thc ¡;lutamatc-PLP 

Sdüií base. 

(3) Thc kinctic moclcl im?lics that thc two typcs of GAD activity are 

inclcpcndcnt and cannot be intcrconvcrtcd by changing substratc or coíactor 

concc:atrations, but thc modcl givcs no information on thc :)hysical 

rclations bctwccn. thc two acii.vitics. At lcast thrcc possibilitics can "uc 

c:wisagcd: thc two cataly!.i.c sitcs l'CS'i,)Onsiblc for thcm might be locatcd in 

thc s;irnc cnzymc molcculc, in clifforcnt cnzymc subunits or in clií.Ccrcnt 

cnzymc molcculcs. Bccausc oí thc lattcr possibility, a rclati.vcly crudc 

cnzymc prcparation was u sed in thcse st.udies, büt wc cmphasizc that thc 

?Ossiblc cffcct oí cndogcnous ir..hibitors or acti.vators was excludcd in co:-.trol 

c:9crimcnts (scc 11.w.tcrials and Mcthods). Fractionation and puriiication 

st..ictics in ordcr to clucidate thc rclati.ons betwecn thc two activiti.cs are 

prcscntly in·progrcss (Possani~ al., 1977). 

Thc available cvidencc from c:>...7crimcnts in vivo indicatcs tnat under 

?hysiological cor.ci.iti.ons thc levcl oí PLP in brain dcterrr-.incs GAD acti.vity, 

both in cnzymc prc?arati.ons from wholc °;)rain (:V;:inar<l, 1967; Tapia.E.! al., 

1969b; Tapia & Pasantes, 1971) and in isolatcd ncrvc cncüngs (P6:::cz de la 

Mora e~~. 1973). Ti1c pro?c1·1..i.cs of ·foc kinctic modcl pob .. ulatcd in fo.e 

prcscnt pa?cr suggcst t:'1at o:üy a fraction oí tnc cnzyme a.ctivity is susceptible 

ior rcgulation by PLP concc~1tration i:1 vivo, thc ofacr prov.:...:..:.;-:.¿; a b:.1.s,ü 
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nur..imum rate of GABA synthcsis. 

The non cnzymatic formation oí PL?-;;lutamatc Sdri.íí base may also 

rcpresent a control mechan.ism oí GAD activity i:1 vivo, sincc thc trapping 

oí PLP would result in a acercase of thc irec PLP-cicpendent a~tiv.i.ty. 

Furthcrmo:::-c, thc formation of Schifi bases oí PL? \vith othcr amino acic.s 

pre scnt in brain, such as cystcinc sul.:."inate, tau rinc, aspartatc and GABA 

ibclf (B;L yón ~ ± , accorn¡);rnying 1Mpc r ), rni¡;hl ,d:.;o conl ribule to t.li.ili 

rcgulatory mech,rni :,m. Othe 1· iLminu compound:;; p rci.;cn~ in b rain could 

also participatc in this rcgulation by trap;>ing P LP. For cxamplc, it 

nas bccn reportcd that :norepinephrinc and ATP inh.ibit brain GAD only 

whcn added free PLP is present (Haber, 1973; 1-fillcr & .M.:lrtin 1976). 

fatcrc stingly, norepincphrinc and dopa mine, puta ti ve central 

ncurotransnuttcrs, havc becn sho\Vl1 to iorn1 com1)lcxcs with PLP, 

non cnzymü.tically (:'\'ca.ry et J.l., 1972). 



1S -
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A~1'.)c:1ci.:ix. - Alfooug:1 thc analysis oí inc:.c'j?cncicnt cnzymc ac~viti.cs 

cocxis1.ing in a prcpar.1tion is commorüy carrieci out by solving thc experimental 

curves in thcir components by i tcrative t::.-ial and error methods (Scgcl, 

1975), in thc prcscnt case a more ciircct approacn can be uscci. Two 

scpa.ratc cnzyn1c acti viti.cs, one depcndcnt and tnc otner indcpcndcnt on 

i:rcc PLP conccntriltion, are cicscrfocci by thc vclocity cquations (<t) to (6) 

in tne paper. '\V'nen Ks1 ::: Ks 2 an<l i<ia :::: Ka (as it is in thc prescnt 

CJ..se, scc tcxt), .1nd dcfining VmJ.Xz/Vmaxl: 0 1 tnc íollowing 

cs_ua.tions can be wr:.ttcn: 

Subs1.i.tuting eq. (4) anci (5) in (ó) and rearranginci: 

(s1 
Vmax -:-;"-· 

l 1\.S K.:i. Ka 
( l + (AJ + o" (A 1 ) 

VT=------------------

Rcarranging far S and obtaining thc rcciprocal: 

Ks (1+-@-) 
1 

.1.\.;. 
1 1 - ·c.sJ + - Vmax 

( l+ (~~1 + _I (AJ ) Vmax, VT 1 Ka 
.l 

.!.\.a 

( 
L\) ' \1 + ~) . 

(1·-1fil+ i' '. .c.\.a 
3' ~J~) 

.1.\..J.. 

This equation dcsc1·ibcs a farr..ily of str;:..ig:1t lincs intcrscctini on ti..:; 

(7) 

(8) 

horizontal axis (scc Fig. 2b). It may oc shovm (Se gel, 197 5) tnat slopc and 

intc rccpt rcplots ~ l / !;.A are hype 1·bola intc r se ctin;; t~1e o rciinate abo ve 
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Whcn cq. (7) is rcarrangc<l for A and ü1c rcci'¡nocal is obtainccl, wc ha.ve: 

( , + rsl \ r . ( -- ., ' . 1 ' L..~! ; 

1~:a \ i ---~ ) , 1 
\ ·r i.\.,S ) 

1 ..,\..:, J. -- + VT Vmax1 (Sl r 1 (AJ V¡na.x1 'cJ . , 
\ ., ) ¡_,, I 

+t+ t.~--1 ,,. '\ .. .,.. '+~ __ ., 
\ -.L.. 

\ J. (A)/ ,;_\S \ (AJ Ks 

Whcn A cquals iniinitc: 

' ( 1 + 
. ' \ LSJ 

l 1 Ks ) 
:! • 

V,.,, 
(A}: oo 

Vma.x1 ( S) ( l +o) .L - ::i.{s 

Dciining: 

D. (-1 ) .:: _l_ -
V VT 

T 

1 
V 

T (AJ= oo 

Substituting cq. (9) and (1 O) in (11) , sim:)lifying te rn1s ü11d rea rranging: 

1 r :-5) ¡-,, . , 
\l /~'..~) . - vmaxl -------- (1 ~ ó t ( (sj i:{s) (.) Vm2..x) ( 1 + o ) 

----. .fi + -----~ . ---
( l + C5 J \ 

Ks ) 
Xa 'ó ( l + 'CSJ )\ 'ó 

\ Ks 

(9) 

(10) 

(11) 

(12) 

Th.is cqua.tion rcprc scnts a farnily oi strai~ht linc s in 1/ 6 / ~ ~ [AJ 
\. V';' I 

J. 
plots, and <lcmonstratcs fr.at 1/vr-:-, vs 1/(A) curves (cq. 

.1, -
9) are rectangular 

hY?crbola intcrsccti.ng thc orclinatc abo ve t;.".c oribin (sce Figs. Za). ':';.cir 

horizontal asymptotcs may be ca.lculatcd from fo.e 1/v,.., values whcn (A) is 
J. 

zero. Althougn ( A)::- O ¡;ivcs an indctcrmina:ion in cG,. (9), in eq. (7) it bivcs: 
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V,~~ - .. (sJ t<s (13) VT ~ 
¿.f. .L(,..,,. ... ~ 1 

(.'-i] 
l + -.-. 

.L\s 

or: 

1 T,. 
1 I, ') " - l \J. 'z = ~ .. :, + v,.., Vma.x1 ( S) Vmax1 J. 

In cc¡uation (14) thc 1/v,.., valucs are thc orclinatcs oí thc horizontai 
.l. 

asymp:otcs to thc hypcrbola in 1/vT ~ 1 /(A; plots oí cc;;,u..::.tion (<¡), 

at cliifcrcnt (S) , and it is also thc velocity cquation of thc .free ?LP-incicpcndcr.t 

cnzyn,u ..:1.cb.vily (,¡¡ce F.ig. 2.i. 1 ). 
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Fig. 1. Glutar:12.tc-PLP SchiC base iorr.1ation. Insct, clctc:r::-runéltion 

of its dissociation constant (Ko). ~ A .1 is dcüncd in Mcthods and is 
"± o 

cxprcsscd in a.bsorbance units; Sis glutamatc concentration (M). Thc Xo 

vélluc obtained from fo.is plot (ó.24 x 10-2 lv:) was uscd '.:o obtain thc curves 

of Schifí base formation at va.rying gluta.matc and ? L? conccntr¿;.tions 

(main figure). Total glutamatc and PLP conccntl·ations are de.fined as: 

(s?J = (s) + (sA') (equation 1) a.nd (AT) := (AJ -r (sAJ (cq. 2), rcspcctively, 

whcrc (A)= free PLP, (S )::free glutamate, and (SA) = glutamatc-PLP 

Scitlfí base. Sin ce Ko ;; (S J [A) / (SA) , SchiH base conccntraiion 

wa~ calculatccl irom thc qu;:-i.drc1tic cquation: 

(SAj = Ko-\- (A T) + (ST) -r V (Kn + (AT) .J,- l'.;T) )2 - 4 (A 'i') (ST)Jcq. 3) 
2 

wiJ.ch rcsultcd from .:;ubstituting e:c¡uations (l) and (2) in thc cc¡uilibrium 

cc¡uations {sincc (SA) cá.nr.ot cxcccd (ST) ' or (AT; , thc largcr positi.ve 

root was not uscd). A FOl<.TR.A ... ~ IV pro6ram in a Burrougns 6700 computcr 

(Centro de Servicios de Cómputo, UN"AM) was uscd for calculatin¡; thc 

valucs 0f (SA) . Rcsults are cxprcsscd as thc molar fraciion of Schiif base 

of thc total conccntration of tnc iixcd rcactant, ~ total molar 

conccntration of thc varicd rcactant (cq. (3) is symct::rical for (ST) ancl (A7) ) . 

Curves (1) to (5) 1·csult irom clifícrcnt total conccntrat:.cns oi ü1c íixcd 

rcacta:nt: (1), up to 10-3 .M; (2), 10-2 ~:; (3), 3.3. x 10-2 M; (4), 10-l M and 

(5), 1 ,\,f. 
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Fig. 2. Enz.yn1c bchavior in n~c abscncc oi Schiff base, ::n all 

coorclinatcs A is PLP pM conccntration; Sis ¡;lutama.tc m.M conccntra!.ion; 

vis cnzymc activity cxprcsscci as ymolcs oí GABA/¡1/g oí original tissuc; 

a::1c. slo?CS are cxprcsscd in thc corrcs¡)oncling v/S or v/A units. ~ shows 

1/v vs 1/A plots at scvcrJ.l fixcd S conccntrations (11.): (1), 3.125 x 10- 5; 

(2), 6.25 x 10- 5; (3), 1.25 x 10-4; (4), 2.5 x 10-\ (5), 5 x 10-4 . Thc 

cstimatcd asymptotcs to ca.ch curve are in dashcd :..incs and t:1cir orclinatcs 

wcrc rc?lot:cd in2'._ as 1/Vlim ~ t:i::.cir corrcs~)oncling 1/S valucs(,:;cc tcxt). 

~ shows foc samc data as in~ rcplottccl as 1/v ~ 1/S at scvcral fixcd 

A conccntrations (M): (1), 5 x 10-8; (Il), 1. 5 x 10-7; (Ill), 1.05 x 10-6; (IV), 

10-S. Thc slopcs are plottcd ~ 1/A in h'. Data in~ and f wcrc obtaincd 

by subtraction oi tnc vclocitics contributcci by thc P LP-inclcpcndcnt 

activity (asyrnptolcs) f:.:om thc total obscrvcd vclocitics, as dcscribcd in 

thc tcxt. Thc nun1bc1·s on có.ch curve rcprcscnt iixcd ~t.bstratc and 

coiactor concentrations, as incücatcd abovc. Ti.1c sccondary slo¡)c rcplots 

are :;hown in thc inscts to e andel. Thc experimental dat ... in~ a.ad~ wcrc 

obta~ncd usi:ng an cnz.ynic prcparation c:ilutcd 10-fold in orcicr to lower thc 

cndo¡;;cnous lcvcl of? L? in thc assay mcclium, but gluta.matc spccHic 

acii vity was inc rc.:i.scd l 00-iold for incrcasing thc sen si ti vity oi thc mcthod. 

Ea.ch point is thc mean va::..uc of 2. indc·pcnclcnt cxpcrimcnts. 
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bJ.sc, vis dcfinccl in thc lcgcn<l to Fi6 . 2. A7 ancl ST ürc cxprcssccl in 

1 , · 1 • ( /': ,.., ' • 1 f. • (sr¡, ... ) rno J.r conccn~ratlons, ,-L s,1ows v v:-; 10::; .. :.. ... J curves, a.; severa 1xca , 

(M): (I), 1.-65 x 10-4; (il), 4.95 x 10-4; (ill), 1.65 x 10-3; (IV), 4,95 x 10·3; 

(V), l.65xl0· 2; (VI), 4,95xl0- 2; (Vil), l.ó5xl0-1• band~ show v 

vs lo;; (ST) curves at scvcral iixcd (AT) (1{): (1), 5 x 10-7; (2), l. 5 x 10-6; 

(~) 1 o- 10- 5 (') 3 "8 '0- 5 ,-) 10-~ ,,, 10·3 '7) 3 33 'A-3 (8) :J, , !)X ; ".r ,:J X J. 1 \:;¡ 1 ; l0/ 1 1 l 1 , X llJ ; , 

l o- 2 , An cstimation oí thc asym?totc to curve l is thc dashed linc (.:;ce 

tcxt). Each point rcprcscnts thc mean value of 3-·.t i:ndc?cnclcnt e>..-pcrimcnts. 

Fi&, ~. Computcr simulation oi tnc kincti.c modcl of GAD act;. vity. 

A FOR T~A .. "\;' IV program was de signcci in ordcr to calcula.te thc 

thcorctical relativo velocitics of thc cnzymc rcaction (dcfincd as 

Vrcl = v,..,/Vmax,..,, whc1·c Vr;-, is as ".)rcviously clciincd and 
J. ~ ... ' 

cquat.ions (1) to (6) (lcgcnd to Fig. 1 ;inci tcxt) and fo.e CX?C rirncntal~y 

dctc rm.inccl k.inctic constants. Vrel ~ log ( S':i.,; curves wc re ploüccl at thrce 

(AT) 
7 - , 

(M): (1), 5 x 10· ; (2), 3,3. x 10-::>; (3), 10-.1., In~ thc wl:olc 

rnoc.lcl io <li1;pf ycd (vT ::; v1 + vz), In !2_ thc free PLP-clcpcnci.cn.t con1~)0.1.cnt 

' is obtaincd byj mak.ing v 2 ;;;; O, .:i.nci conscqucntly v T ,;; v1• In ~ thc ircc 

PL?-in<lcpcndcnt activity is cli.s?laycd making v1 ;: O, .:;.ncl conscqucr.tly 
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