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INTRODUCCION.

Las plantas, debide a su imposibilidad de movimiento. Ttienen
una ragerva limitada de nitrégenc aisponible para su desarrcllio p
erecimiento. 51 B8 epte hacho agregames qQque s8¢ ven continuamente
Bomatidas a condliciones desfavorables en au medlo ambiente,
antoncas ea8 de epgperarae QuUe aguellas plantas que reaistan mejor
astas condiciones Yy sae adspten con mayvor rapidez a los cambilos

puedan sobrevivir.

AGn cuando en la mayoria de las plantas la via prioritaria
de asimilacidn de amonio es ol cicle GS/GOGAT. se ha sncontrado
que la GDH puede e8tar funciohandeo belo ¢lertas condicionea c¢omeo
aon difeteantes fuentes de nitrdgceno, aetrdée de agua, ate. (Becana
at al. 1984y Loyola-Vargas ¥ SAnchez de Jiménez, 198U4: OCaka y
Hirel, 198%). También se ha observadso en varics sistemas Jue
difarantes tipoa da estrése inducen cambios en al metabolismo de
loa azlcares, loa cuales implican a 8u vez camblos de una via

metabdlica a otra (Levitt, 1980).

Por otra parte, ddurante el estrés ge acumulan dAiforentes
compunates nitrogensdos come @on amincheldos, Bales cuaternarias
da amonio, alcaloiden, etc,, cuyas funciones aun eastAn en

controversis (Stewapt 3 Larhar, 1980). Es un hecho aque al
nitrédgeno proveniente de progeeos de tipo nidreolitico no llega a
eubpilyr asta demahda, per lo Que a3 necesaris que haya una
agimilaecidn e novoe de aste elemanto. La via de asimilacién  de
amonieo qQue easté funcionande durante al astrés denerA tener
caracteriagtices eaapeciales Yy o probable qued a) 1la via de

asimilaciédn aea diferente de 1a amplenda en conaiciones normalecs



& b) que luaa enzimas seanh de alguna forma dietintae de agquéllas

an plantas no egstresadad.

En el presente trabajo, ge eptudlaron el comportamliento ¥
algunas caracterisaticas de las anzimasn lnvelueradas en la
agimllacién de amonioco en plantaa de maiz » L. engiformin

sometidas, tanto a estrés de agua como de galinidad,



ANTECEDENTES.

1, Derinicién de estrés.

El aatrés se define como cualquier cambie enn las condicionea
del madio amblente gque pudieran reducir o modiricar de manera
adveraa el craecimiento, deaarrollo o funcionamiento de la planta.
51 aeaste camblo es suficlentemente fevars, da lugar & un dano

permanente © haBta la muerte.

2. Rasisatencia al aestréasn.

A la habilidad de ung planta rara sobravivir en presencila
de eate cambioc dasfavorable ¥ atn crecer, 8e le denomina
reagistencia al eatrés. Por lo meno# ae han dascpito dos tipoa
principales: la resisgtencia eléatiaa, Que ea la medida de la
habilidad de una planta para reducir o prevenir 1los ceamblos
reveraibles {gquimicos o flalces) cuando estidA expuesta a un estré&a
mapaaifice ¥ la resistencia pléstica. que eg aguélla qQue prepenta
un erganiame para reducir o prevaenir cambion de tipo

irrevarsible.

Debe tanarse en cuenta gua adn cuando log canmblce eldaticos
aon reverglbles. é48tod pueden llagar a ser irreveraibles {daho
pléatico) s8i ia candicién desfavorable esets presente durante un

tiempa prolongado.

Cuande un estrés espacifico actla sobre una planta, punde

dar origen a lasiones de diferentes maneras:

1. Puede producir un cembioc directo mAs alld dAel limite



aldatico de la planta ¥ por tanto, un cambio plAstico Que

induzea una ledldn., Easta seria una lesidn dirccta del estréa

aen cuascidn, que puede paconoceras por la rapidez de esu
apariclén.

2. Al inducirse un cambio ellatico que es revoraible, ¥y en 8i
noe danino, perc qQue al nAe mantiene durante un tiempo largo

puede dar lugar a un cambio plAsrieco inhdirecto. el cual
condueird a la aparicidén de lesiones o en dlrtima instancia a
la muarte de la planta. Enta eg una leaién indiracta del
aAtrés, que Be capracteriza por la largs exposicidn al estrée
antes de Qua se¢ produzesd la lesién, ¥

3. cuando un cotrés puede dafiar a la planta, no por &1 mimEmo,
aina a4l aar origen & un segundo astréa. A aate dafio oe 1la

danomina reegiédn secundaria del asatréba,

3. Clasificacidn del eatrég.

El estrés ambiental se ha dividicdo an dos grandas Zrupos: el
eatrésg blético ¥ el astrés fislecoguimica, En la figura 1 se
muestra como e han clagificado loas diversos tipos de astréa gque
se han estudiado. Dantro del estrés fisicoquimico Be ancuantran 4
subgrupos Principales ¥ une en &l cual s han qonjuptado a

agquéllos que no entran en lose otroe subgrupos {Levitet, 1980).

En los tipos de estrés marcados con astearisco (%} pa han
encontrade dos mecaniamos de resietencia: avitar el eatréa o au
tolerancia. En =1 primer caso, ga avita llegar al equilibrio
termodinémico con al ocatrés. La planta que poaec aste mecaniamo

es capaz de exciulr al aestrés, va nea parcial o totalmante. pop



ESTRES AMBIENTAL

BIOTICO FISICOQUIMICO
(Infeccifn o competencia

con OtToSs OTrganismos)

TEMPERATURA AGUA RADTACION QUIMICO VIENTO,
PRESION,
SONIDO,
l I MAGNETICO,
*Déficit *Exceso *Sales E%ECTRICO'
{sequfa) (inundacién) -} ’
Iones,
Gases,
] AL Herbicidas,
Baja *Alta
(frio) {calor) etc.
! I 1 1
IR Visible *UV *Ionizante

. . (x-,0-)
*Enfriamiento *Congelamiento
lento

Figura 1. Diferentes tipos de estrés ambicntal.



medio de una bLarrera fisica {un compuesto quimico o una barrers
matabélica) Qque lo aisle o per exclusidn del estado estaciconario.

Al evitar el eastréoc oo evits an conaecuencis £l posible dano.

La tolerancia es la habilidad da la planta para gqueae audn
cuando Be estrablezca #l egullipbrie econ £l eatrés, no ge presente
ningién perjuiecio en ella. La planta ea por tante capaz de
pravenir, disminuir o reparar el danc inducido por al estréa, El
avitar el eatrés ea una adaptacisdn mAs avanzada, evolutivamante
hablando, Que 1la teoleranclas $2 qua an al primer ¢aso ge ha
derarrcllade un mecaniamo gQue avita al equilibrie ¥ 1o reemplaza
por &l estado eaestacionarico, en el cual la planta ne adle
sobreviva sino mataboliza, #a desarrolla ¥ completa su cieclo de
vida. Le tolerancia séle le permite achrevivir hasta gQue el
aatrés desapareace ¥ eapntoncas, roinicia au metabolisma,

erecimiento ¥ desarrolls normalea.

#t. Emtprés de agua.

El apgtrés de agua puede producirse por una insuficiente o
excesiva actividad de agua en ol medio ambiente de la planta. En
la naturalaza, el primer casc as el reaultado de un déricit de
agus, la pequia, ¥ as por tantc denominado eatrrédg por daficit da
agua, 4 acorténdolo, aimplemante estrés de agua. Cuando una
planta es asomevida 8 une pérdiaa de &agus por  avaporacion
artificlialmante inducida, Be dice que esth sometida a un astréa
por deseacacidn. Halas {(1$73) propusc que este té&rmine ee  use
solamente cuando se haya perdido al 50X & mas de agua de la

elanta. El estr&s csmético ac define como aquél capaz de inducirn



una pérdida de agua en al estado tigquido.

En tanta que 1a planta avite ¢} equilibric ¢on s8u medio
ambientea, noe hay limite al aeastréas de agua al qu& Dueda
achyavivir, Sin embarge, existe un limite definide para 1a
acbrevivaencia del dafc por deshidratacién. Se ha assvablecido una
diviaién de log efectos del estrés de agua en 3 nivelest (1)
leve. dado por una baja de varios bars e¢n el potencial de agua de
la célula o hasta B-10X de deshidratacidn bajo el punto de
aaturacidn del tejidoi (2) mederado, de -12 a -15 barse o de 10-
20X de deshidratacién ¥ (3) severo, mAs da ~15 bara, Lasa
deshidratacionas lavesa ) modaradas ocubren dentre de la 2Zena da
turgor de la célula, mientras qQue las sevaraa scn aQuéllas que

ocurran dentro de la zona de flacidaez.

En la figura 2 sa resuman leas efactod da la deshiladratacison

inducida por el astrés de agua. Egatoa efectos aon. Dar Af,

elanticons y revearasiblas. Le "Gnica" lesidén eeria 1a baja
produccividad. 81 8se mantiene per un tiliempo coritico o a=s
suficientemente asavera por un corta tiempo, la deghidratacidn

reversible da lugar a leaiones verdaderas del tipo directo,
indirecto ¥y asecundarle. Hay 6 diferentes clasas da leajonesi
inhibiecidn del crecimiento, inanieibébn, acumulacién de toxinase,
lesionea bioquimicas, salida de iches ¥y defilicilencia nurricional;
sus relaclones con las posibles causas se describen en la figura

3.

5. Eatrés por aales de asodio.

S6lo 8l 18 concentracidédn de sales ea sufjiclantemente alta



ESTRES DE AGUA

DESHIDRATACION

Zona J; turgor

Inhibicién Cerrado
del de
crecimiento estomas

Fotes{ntesis
disminuf{da

Zona _]e flacidez

Desarrollo Aumento Disminucién
de ) de 1a'6
Resistencia concentracién  difusién y
aumentada i
del Aumento Disminucién metabblicos
mesbfilo Aumento en
respiracién
Pérdida del Distugbios
espacio metabélicos Aumento en Disminucién
intracelular respiracién de 1a
respiracifn
] . y fotasinte-
Fotos{ntesis sis
y vespiracién
disminuidas

Figura 2. EfEctos de la deshidratacién, inducida por estrés de
la fotesintesis y la res-

agupa sobre el crecimiento,
piracién.



ESTRES DE AGUA

DESHIDRATACION

Lesién primarisa

Lesién secundaria

Disminucién de la
toma de iones

Deficiencia nutricional~

{
Disminucidn
de turgor Alteraciones
metab6licas fuptura de la capa

Disminucién lipfdica en la membrana
rdel espacio

intercelular Forma hexagonal

Inhibicién del

Ferecimiento™ Cambios .

enzimfiticos Extrusién de las protefnas

Cierre de de membranas '
“estojias

Inanicién* Flujo de iones*

Aumento de
actividad

1 LESION DBIRECTA
Disminucién de

actividad ““‘“h~,“&ﬁﬁv

g .
Enzimas glucolfticas
o de la via de pento
sas fosfato

l
Aumento en respiracién

Figura 3.

1
ARNasa Lesiones bioquimicas<*
Insuficiencia de

cidos nuclefcos,
hormonas, ectc.

Degradacién de
protef{nas

Acumulacién de
toxinas®*

LESION INDIRECTA

Los seis tipos diferentes de lesiones inducidas

por el estrés de agua y sus relaciones con las
posibles causas.



para disminuilr el potencial de agua de manera importante,
entonces 8e le denoninaré estrés salino. S1 ne disminuye al

potencial de agua, =se hablse entonces de un estréa idnico.

Barnstain (1964} clasificé los efectos de la aalinidad en
esmébtices, nutricionales ¥y tvo&xicena. En la terminolozise empleadsa
an a)]l astudio del eatrés, los primercs soh da tipo seacundario,
mientras Que sl (Qltimo 68 una lealdn primaris ocasilonada por la

sal.

El eatré&a oamético de arigina al adlclonar sal al agua por
1o que disminuys el potencisl ocsmédtico; por eato Ae dice que al
astrés psalino expone a la planta a un estrés osmbtico secundaric

o estréea fimloldgice de mequia,

El eatrée nutricicnal dabldo a la pgalinizaeidn puadea
explicarse et bape a una aupresién de la absorcidn de nutrientes
por 1la toma da cloruro de sodio an compatencia con loa i1onas

nutritivos © inclusive a una invareién an el flujo del agua.

Los efectos metsbblicos del estrés salino en las plantas ga

muestran an la figura k.

&, Matabolismo nitrogenado.

Tante el nitrate come el nitrégeno atmoaférico, don de las
principailen fuentes de nlrrsgeno inédrganico dlaponidle para Lags
plantaa, daben raducirse hasta amonioc Antes de qQque este alemanto
se incorpore 8 la materia corginica. Pueeato que los aminocfAcidoe,

¥a aea libres o unidos en proteinase, son la forma predominante de



ESTRES SALINOD

ESTRES SECUNDARIO

| 1
Estrés Estrés por

Osmbético deficiencia
(de agua) nutricional

Lesibén por

deshidratacién
Pérdida de
turgor
]
Inhibicién del Otros efectos
crecimiento de 1la deshidratacibn

ESTRES PRIMARIO

IndJrecto ) Dichto

(lesiones (lesién en
metabblicas) membranas)
Aumento en la fuerza Cambios en la
de enlaces hidrofébicos permeabilidad
y disminucién en 1las ¥ transporte

interacciones electros-
titicas de las protefnas

Activacién o inhibicién Flujo de iones
de enzimas

Alteraciones de todoes
los procesos metabélicos

Figura 4. Posibles tipos de lesiones producidas per cstrés por -

sales de sodio.



N orgAnico 8Be consgidera que el preoducto principal de la

aaimilaciédn del N en ol grupo amino.

Antes de 1970 pme cgoneideraba gue la ruta principal de
entrada del nltrézeno era la via de la glutamato deshidrogenasa
(QpH: EC 1.bL.1.b3. EBta enzima no ablo est4d alstribuida
universaslmente ainoe qQue también es un mecaniomo muy active para

l1a formacién de N ao-amino a partir del ién amonia.

NAR{i:i—’::P(P)

a-cetoglutarato + NHE -- === ~-—=4 glutamato

La otra candlidata probable para reslizar esgve funcidn, an
basa a su anmplla digtritucién ¥ asu gran actividad ap la glutamino
sintetapn (G5! FEC 6.3.1.2) pero adn fuande habia formaclén raépida
de glutamina en leos tejidos donde 2e asimilaba amonio. no 8ae
conocia 2l mecanismo por al Que al N amido formado durante 1la
agimilacién pudiars trangferirse a la pogieidn a-amine de les
amincAcidos. Sin embargo. Tempesat gt Al (1970) describileron una
enzima, la glutamina gintasa, la cual podia catalizar le reaccidn

antas mencionada.

En 1974, Dougall encontrd una glutamato sintasa dependiente
de HAD(P)H en tejidos no fotoaintéticom (EC 1.4.1.13) ¥ Lea ¥
Miflin en el miamec afic degcribieron otra dependiente de
ferredoxina en npoJae verdea (EC 1.4.7.1). Una carncterintica
clava de esta via es au naturalaza ciglica &n la Que el glutamato
aatlla como aceptor y como producto de la asimilaciédn de amonio

(figura 5).



glutamina. /,—lr—ca:nglucarnco
NH=
1 ADP a Fd, @« /NAD(PIH

ATP
glutamato gElutamato

Flgura 5. E1 cielo GS/GOGAT. 1, glutamino sintatass; 2, glutamato
sintasa,

7. Eatréa y metabolismo nitroganado.

7.1 Fijacién de nitrégensc.

Se aaba que la fijaciédn de nitrégeno &8 upn  procesc  mAa
sansible al estrés Que la toma de nitrato (Habiah » Mahdi, 1976)}.
El egtréds de salinidad dieminuy4 notablemente la actividad de
nitrogenasa en ¥iena ainegoaias, Glycins max ¥y ¥Yicis faha, miaeantras
qus en Magdicagn ASativa ara capar de resistir hasta un eatrés
modearado (80 meq )1~* NaCl) (Abdel Wanab y Zanran, 1981), Se ha
obaaprvado disminuecién de la fijaciébn de nitrégeno, ugando 1la
téenica de reduceisn de acetilence, en Irlfplium pepansg (Apariclio-
Tejo at al, 1980; Engin ¥ Sprent, 1973) ¥ en Lupinus anrboreuf

(Sprent. 1973}.

En cuanto al metabolismo nitrogenado an los noédules de YVigna
radiate., hay un incremento en la actividad de GDH cuando saon
Eometidos a un estrés aeverc de agua. La actividad de la GS

disminuye en los cAsos de eatrés modarado y aevero do agua (Kaut



at 8l. 1955)., En Medicago pative solemente la sctividad de GOGAT-
NADH se ve innibida cdurante la saequia ¥ ae propone gue el alclo
GS/GOGAT esth funcionando an los nédulos del control ¥ en
aquéllos que racibleron un eatrés leve de agus ¥ que a medida que
al aatréo progresaba se producia un denacoplamientc en aata cicla

(Becana pt al, 1584).

7.2 HNitvato reductasa.

Una deo las enzimas gue ha aido estudiada con mayvor amplirtua
as la pitratoe reductass (NR; BC 1.56,6.1) ya que e& al pagc
limitante en la asimilaclén de nitreata en condiciones de

crecimiente advaeraan,

Ganepalmente. la actividad de 1la NR de reduce de manera
considerable an plantas scometidas A eatr&a (Sinna y Nicholas,
1981}). Esta disminucidn puede ser un mecanigmo pegulatoric, gua
ha eavolucionade con los cambios smelectivos de conamarvacisdn de
anergia cuando la fotosintasisz sge anpcuentra dieminuida o
slteradsa. La raegulacién de esta anzima, o da cualguier otra,
podria esvar dada por macanismesa de inactivaciénsactivacisn,
inhibicidn da l1a sintesis, dagradacidn o cambio ean ia
eapecifiaiqgaa, Puesto 4Quée la actividad enzimética no se pilerde
por completo ¥ ademAs Be saba que puede preasantar regulacidn por
inactivacisn, se puada eoncluir que el control a Ttravées dea la
inhibicién da 1a sintesls ¥ deagradaciédn no es el Gnilca mecanlans

oparante.

Debldo a gue la acumulacidédn de prolina es uno de loe cambios

mAg pronunciadosa ean el metabolliame nitrogenadoc de plantns

10



domatidas a eBtrés, se ha determinade que puaede exigtir una
relacién entre esta acumulaciédn ¥ 1la reduccitdn de 1la péardida de
actividad de 1a NR. Sinha y Rajagopal (1975) sugieren que 1la
prolina podria ‘Yproteger a la NR de cebada ¥ trige de 1la

inactivacién durante ol eatrés.

7.3 Acumttlacidn de compuestos nitrogenados ¥ sU prelacibdbn con lan
enzimas invelucradas en la assimilacién de amonio.

Una de las redpuessatas mAs generalizada de las plantas ante
difarentesa tipoa de estrém as la acumulacidn de compuestos
nitrogenados, antre los cualas deatacan prolina y betaina
(Stewart y Larhar, 1580). Sa ha scfisledo aue eata acumulacidn
pedria tener varics propédeitos, 8¢ suglere Que puedan actuar: a)
en el mecanismo de osmorregulacisdng b) como compueston de reserva
de energia y de carbono ¥y nitrégeno reducidos, ¥ ¢) como
estabilizacoraes de actividades enzimAticas importantes para la

sobravivencis de la planta.

Loa aminoAcidos: glicina, alanina ¥y prelina ¥ la amina,
bataina, ne tlienen cargas a pH fisioldgico ¥ tienen poco efactoe
sobre la astructura del agua. Se acumulan como Aclutos
compatibles. lca cualan deben taneap las gigulentens
caracterfisticaas: 1) deban ger muy golubles, por 1o Que ae
faverecs que scan de bajo pess molecular, 2) ne tienen csrgs netsa
a pH neutro ¥ 3) deben ser retenidos por la membrana plasmatica

de la célula contra unh gradiente elevado de conecentraclién.

Unao de loa papeles motabdlicos que 8o han sugerido para 1a

Prolina ¥ la betalna &3 gaprvir come poza para el nitrégenc de loo

i1



compuestos nitrogenadoesa depivados de la pérdida neta de proteina
(Savitaskaya, 1976). La sintasin de proteina pse inhibe
inmediatamente por el eatrée de agus;- ein embargo el proceso de
protedliais neo 1o astd e inclusive estd aumantade {(Levitt, 1980).
AunQue la toma de nitrdgeno del medio amblente estd diaminuida
come <copneacuencila del eatréaa, al igual que la actividad de
algunas enzimas, el resultado es la acumulacién de compuestos
nitrogenadoa solubles de relativamante bajdo paso molecular. Ea
por a&ato Que para llevar a aabeo la sintesie de #stoa compuanstos
ge ragquiere de la asimilacidn fde noyo de amenie ¥ ean consacuencia
1la intervencifn de anzimas como la glutamato deshidrogenssa (GDH)
¥ el ciclo glutaminc sintetasas/glutamato sintasa (GS/G00AT)}. laa
Cualeas son lam vias miésa importantas para qQue de lleve a cabo este
procesd. Sin embargo, aon pogos los reporteas que degceriban como

afectan a astan enzimas loag diferentes tiposa de estréa.

Se ha oabsgedrvadeo QqQue la GDH aumenta su activiaad an
Eennigetug  amexricapum.  ¥Yigna rzadiata ¥ Phpasosolus yulzagcdin
(Bottacin ef al, 19853 Jager ¥y MeYer, 1977: Kaur at al, 1945),
mientras que digmipuye hotablemente en Pilaum sativum ¥ Zea mava
{Rakava at al, 1978). La aatividas de la GS ae astimula en
plantas reslstentaes a galinidad de Plgum sazivum » Zes mave ¥ la
halofita Suaeda maxitims ¥ se abserva disminueidn en VYignna

radiata (Boucaud ¥ Billarda, 1981; Rakova et a&l, 1978),

iz



HIPOTESIS,

Duranre el estrédi la tema de nitrégens de medio ambiente sa
reduce y axista una pérdida nata de protainal 8in embargo, ae
prasanta una acumulacidén de compuestos nitrogenadaos ¢come 1la
prolina ¥ la glicinsabetina, Por lo qQuo se puglere gue para llavar
a cabo la sintesis de eatos metabolitos debe haber una
agimilaclién da novo de amonieo en la qQue intervendrin una o ambaa
vias de asimilacién (GDH o el ciclo GS5/GOGAT). Si ab4lo funciona
una de allag, entonces éata deperi poseer caracteriuaticas gue le
permitan funcionar bajo condiciones de estrés. Por lo tanto 1a
pregunta central es: 4Chmo  se ven afectadas las dos viaas da
asimilacién de amonio (GDH ¥ al ciclo GS/G0UAT) en plantas que

nan gido aometidas a aatréa?.

Une de& loa objeatives de este tracajo es determinar si
aexisten difersencias on &l comportamiento dea aastas enzlimas entre

una planta C., Zaa mavas L. ¥ una C-=, Canavalias epgiformin.

En ol primer articulo, se estudiaron: 1) la actividad de las
de lasg enzimas GDH ¥ GS an extractoa de plantas de maiz aomatidaa
a eatrés de agua o da salinidada; 2] les patreones IscanziméAticoa
de QDM para las plantas control ¥y lag esrresadss ¥ 3)  la
respuaata al eartpés in yvirro de las eanzimas provenientes de una
planta sometida a estrés in ¥ivo en comparacién con agquéllas de

una planta contrel.

En e) sagunde aprticulo, ge siguld 1a misms eastratagia para

Canayalia ensifarmia.
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En &1 tercero. urilizando el sistema de astrés in virro, ge

eatudiaran algunas caractaristicas de GUH ¥ 38 en extractos de

'pzancas da maiz.
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OBJETIVUS.

Determinar los cambice que se produzcan en las actividades de
las anzimas ae lsa vias GDH ¥ GS/GOGAT, en plantas de maiz ¥

de Canayslisa enplfpormis que serédn gometidag a estrés de

pequla o saliniand, .

Detarminar ¥ cuantificar el hay acumulaciédn de prelina en loa
tajldon da Plantas egtreasadan ¥ au relacidn <on la

consarvacién de actividadeg enzimAticas,

Daterminar leos patrofss electrofordticor de las isaenzimes ©
conférmerose de 1a GDH, Tanto en pPlantas contiol como en

aguéllas sometidas a eastrés.

Determinar la respuesta de las anzimas GDH ¥ GS en extractos
de plapntas sometidas a estrésa cuando son gometidas &  un
sagunde ceheque ocemético con polietilen-glicol in witro » la
accidn gQue Tendrian prolina y glicinabataina en oatos

aisteman.
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MODELOS EXPERIMENTALES.

Se utilizaron dos modelos aexperimentales: 4e8 mave L. ¥
Canavalia enpiformis L. (DC), una planca Cyhy ¥ una Gz,

respectivamente,

Lag plantas C> ¥ Ca difleren entre si en la naturaleza del

compuasto Qque #ea produce come producto de la fijacién del CO=

durante el proceso fotosintético. En el caso de lag {x, eate
compueeto e3 el Acido 3-fosfoglicérico ¥ en las C,, a) Acido
oxalacético.

Otra de las diferencias es la presencia dal proceso de
Fotovenpiracld4n en 1las planras C=, que ocurre tamblé4n en laa
plantas Cuy pere en una proporecidn minima en comparasiédn con las
antariares. Durante la fotoreaplracidn, se libera COx ¥ HHs: date
taltimo compuesto debe ser roeasimilado por alguna de lag vias ya

descritas.

Puesto que exieten diferencias en al manedo de eaqueletos
carbonados, esto podria redundar an diferencias en la aasimllacidn
de amonio a compueatos orgainicos en malz ¥y en €, =naiformims. Por
lo que nos propusimeoa astudiar qQque as lo qQque ocurre con loe
mecaniamos de agimilacién de amonlo cuando eatas plantas entan

sonetidas a tratamientos ¢e astréa de azua ¥ de salinidad.

£1 slatema empleadoe prra imponer los tratamiento:z de egtras
a las plantas fue un sistema nhidropédnico en el cual las plantas,
crecidag durante 10 dias aobre agrolita, fueron transferidas a

Aiferantes soluciones: agua para el controll FEG 8l Ll.2M% para
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agquéllias en estrés de agua (Steuter £1 aAl., 1981) ¥y Nacl. 150 &
3vo mMm, para inducceién del estr&s galine (Levitrt, 1980}, ¥
mantenidas en estae condiecliones durante 6 & 12 h en el cagc Jde

maiz & durante 12 & 24 h para ¢, enaiformig.

Se ha menclonade que el PEG puede taner efectoe noclvos aen
las plantas en eiptemas hidrorénliceoe como son la absorciédn de
eate polimero, reduccidn de la asimilacién ¥ traaslocacidn de
régfora ¥ necproels de las hojae (Krizek, 1985). 5in embsargo,
Jager y Meyer (1977) consideran que el PEG ea adecuade para la

induccién de cotrés de agua solamente en periodos cortos.

Foar otra parte, losg tratamientos para 1la indueciédn de
condicionea de estrés, i1.e. la edicién de polietilen-glicel
¢lorure de scdie a los asistemas, tianen como resultado final un

aatrés de agua en ambod cABsOQB, En el primero, ge da por
dieminucién del potencial de matriz, mientras qQue an el segunda,

eato ocurre por disminueidn del potencial camérico.

Para el ailstema de esatré&s 1in virrg, se urilizéd e1 siavema de
paleg et a4l (1984), Lap concentracicnaas, tante de prolina como de
glicinabetaina, se eligieron tomando como punto de partida 1la
cantidad maxima acumulada de estos metabolitos en plantas

{Levitt, 1980).
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METODOLOGIA.

La metedologia ee encuentra dedcricta en cada una de las

publicacianea.
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DISCUSION.

El eitic Dprincipal ae- aaimilacién de nitpdgeno eath
localirade en 1las hojas {Pate, 1973) ¥ se asume Qua loa
macaniamoa invelucradoe son los miamos deacritos para hojas a(n
cuando eatea procesd se llave a cabo en las ralces (Miflin » Leaa,
1977). No cbetante, ega podrian esperar diferencias en al
metaboliame realativas a la facilidad o costo de la obtencidén de
reaductores, anargis o agquelatos ¢arbonados an teajidona
fotosintédticoa ¥ no fotoaintéricos. Hay avidencias gue mueastran
que las diferancias exiaten también a nivel da los mecaniemcs qua
ragulan la induccidén da enzimas de La asimilacidn de nitprégeno an

raices ¥ en hojas (Radin, 1975).

Debido & su abundapncia. su localiracidén ¥ su bajJa Km para
amonio, la reaccién catalizada por la GS probablemante represanta
la wvia principal para la asimilacién de amonic en holdas ¥ ralices
(Oaka y Hiral, 1985). &in embargo, la gran actividad de GOH
presante an las rafcea, comparads ¢on 1la ancantrada en hojaa,
podria sugarir que bajo condigiones normales la GDH ar 1a via de
aaimilaclén da amonio en las raicea da pléntulsas da mafiz (Lovola-
Vargas ¥ SAnchez da Jiménez, 1984). El arcumente qaue se esdrime
para no asigznar un papel importante a la GUH en la apimilaciédn de
amonio ha sido au elevada Km para amonio (Miflin ¥ Lea, 1977:
Miflin gt al, 1981). Pahlich & Gerlitz (1980) encontraren que la
Km ara bifAmica y dependia de la concentracidén de NHY v de tlones
divalentes presantes an el engayo. PoOr lo que 8l argumento de la

Km yva no regulta vAlido,
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Se pudo observar gua las actividades de la GDH ¥ la G35,
provenientas de plantas de maiz v ¢, enpiformis. respondan de
manera diferenta sl eastrés depandience del tedilde del cual
provengan loa extractoao. En las plantas de C, enagifarmis &l tico
da eaatrés sl que son acmatidas marca la diferencia en el
compertamlente de las acvividades enzimaticas; mientraa qua =n
maiz. la duraciétn (intansidad) del eatréa as el pardmetro

ceritico.

Loa resultades obtenidoe de loa nivelesa de actividad de GDH
y G5 en maiz, sugieren qQua existe una concertacidn entre ambas
vias da ssimilacién de amoniol eatoc #8, durante las primeras 6 n
da astrds, la via principal de apimilacién de nitrégenc an raicen
paracea sar la GDH, mientras gque en l1am hojas Darece aar el ciclo
GS/GOGAT. pDurante las siguienteas 6 n, al comportamientoe ae
invierte. Se podria entonces especular acerce dea la exiatencila de
un tiempo da adecuacidn qua le parmite a la planta medificar au
mataboliamog de tal manera que al al astrésg se prolonga. puada
manejar Aae manera eficiente auys metabolitos para evitar la
cerencia dea alguno da éatos hasta Que las gondiciconea adverssa

desaparezcan.

La disminucidédn en la actividad de las enzimas en el control
podria deberae a gue alin cuando ae tratd gque laa coandiciones en
los amietemas hidropénicos fueran 4ptimas parsa 22las plantas, el
canbio de )la agrolits a este sistens fue un estrdés ne desaado que

raclibileron cstas plantag.

En Canavalis anaiformipg,. Lovola st al (1987) han sugeride
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que la GPH ea la via mayorivaria de asimilacién de amonio en las
raices de las plantas control. En lse plantas que fuercn
sometidae a estrésg salino, Tante GDH como GS préaentan la miama
tendencia qQque el controls eato es, no hay cambios coh reBpectc a
la via cominmanta empleada. Sin embargo laas plantas somatidaa a
egtrés de Aagua, utilizan la miama via que al econtorol (GDH}

durante las primeras 12 h para luego cambilar a l1a via GSA/GOGAT.

En el opPrimer par de hojaog, lag tlantas Bomatidaas & ambos
trartamiantod de eatrés utilizan la via de la GPH en  lugar dal

cleclo GS/GOUGAT come se ha propussto {(Lodola et al. 1987).

En telidos de diferantes plantas. 8a han dascrito varlas
issanzimae de la GDPH (Gil'manov ex Al., 1967; HNicklimsch, 1979;
Yue. 1969) § ademds el patrén de imcenzimas se modifican bajo
daiferentes condiciones como diferaentes fuentes da nitrogenc
(Kretovich £t al., 1973) ¢ a lo largo del clclo de crecimiento an
c¢Ultivers de tejidos de maiz (Loyola-Vaprgas y SAhthez de Jiménez,

1986), lo gue suglere papalea eapacificcos para cada ilsoanzima.

Al realizar les barridos de los pAtropes “iscenzimaticos" se
ancontrd gqQue exisven adiferaeancias notables entra los patrones da
Plantas Que no han 2ildo sometidas a estrém con  aguéllas que
raciblaron estoa Tratamienvos, Tanto en mailz eomo en [~

angifopmisg.

Losa cambloeg obpervados en lo8s patrones isgoonzimhAticos
podrian debersa at (a} la exiatencia de una sintesis de navo de
"iscaenzimas ae aatrés™, aln cuando @®8ta aintesia aestuviera

digminuida ¥a Que se ha podide observar que uno de ios primeros
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efectes del astrés er la conversién de roliseomas en monosomas
(Levitt, 1980) ¥ (b} un rearreglo dea las subunidadea o
modificaciédn de las proteinas ya axistentes gue condu=cean a
cambicas en sus actividades cataliticaas que les permitan eezuin
funcionandoe bajo estas condicienes. Eata modificacidén pedria
llavarsa a cabo por pollaminaa (matabolitos gque tamblén s5e
acumulan baje cliertas condiciones de estréa; Florea at al. 1985),
lo que podria estabilizar su estructura manteniendo por tanto au

aolvatacién.

Pueato QqQue la lectura de los batrridos de los zimogramasg
muestran difeprenaiac notables, eato puede sugerir, como ¥a 8o
didq. que axistan nuevas proteinas o cambles conformacicnales o
medificaciones de laa y¥a axiestentes qQue ahora son menos seenaibles
al eastrée. Para ensayvapr eats posibilidad ae estudiaron law
anzimas GDH ¥ UGS en loo axtractos de plantas aometidae & estréa

utilizande el sistema in yitro de Paleg £f Al (1984).

En maiz, no aa eancontraron diferencias significartivas en las
actividadeas de GDH ¥ GS ean los extractos de plantas sometidan &
astrds de agua o galino por 6§ h. Al pProlohgar el Tratamjento
hasta 12 h, las actividades de GDH ¥ GS aumentan ligeramente al
afiadir prolina a los extractos de rajices de plantasg [-T-13) esTtiéa
salino; mAs cuando ae adiciona glieinabaraina el lncremento se
obaepva en ambos tipos de eBrrés. En log extractos provenlienteg
da la primera hoda de plantas sometidas a estréa de agus O
Balino. la actividad de la 45 aumenta considerablemente al anadir
prolina o glicinabertaina, siendoe aln maAs pronunciadsa an el GLltimo

CASO.
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Sin embargo, en el caap de Ccanavalin, no sa presentahn
diferencias entre loe extractoa de rafices v primeraa hodam de
plantas aocometidas & ambos tipoe de estrés cuando ee tratan con

PEG, con PEG ¥ prolina o glicinabetaina.

Adn cuando la acumulacién de prolina no alcanza leog nivelas
ancontradoce an hojdae de hmaiz ¥ cebada (Cabceller §» Fraechina,
1980t Sinzh &t Al, 1973) al exirte an nuegtros slastemasi tal veZz
esta discrepancia radica en lasg diferencias entra varisdades ¥
aapacies ¥ principalmente an &l grado de dedshidratacién. Debe
tomarse en cuenta Que no solamente ga acumula prelina (aunque ha
aidn @l metabolite mAa estudiado), Bino tambilén 4Actido V-
aminobutirico, asparagina, 4cico glutdmico y glutamina (Hanower ¥
Brzozoweka. 1975). La scumulacién de glieinabataina eatd asoclada
a capacteriaticas halofitican ¥y xerofiticac ¥ & habitats Aridos
yv/c salinos (Wyn Jones y Storey, 1981). La Canavalia snsiformis
mueatra resiatencia moderada al estrés de agua ¥ de salinigada

comparade con otras aspeclies de laguminosas.

Datdo gua eate asegundo tratamiento ya ea 1in vitro antonces el
afecto de la prolina ¥ de la glicinabetaina deberd sar producido
por un cambio conformacional en lag enzimes estudiadas, lo que
quada por aclavar es 8l edgtag proteinas son lac mismemas angzimas
que las de plantag no cotregadasd. AQui cave la posibilidad de Aque
durante el eatréa in vivo se preoduyzZean nuevas proteinas o camblos
an las ¥a exlistentes ¥ astos ge mantengan durante cierto tiempe
aen  la célula, proporcionaAndole a la planta ciearta memoria
nisguimica. io que expliceria porgue loa sgistemas que gon

sometidoe a un segundo estrés responden méas répido ¥ lo resisten
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major,

Puesto gque }a adiciédn de polietilen-glicol ¥y la acclén
"protactoral gque slercen compuestosa nitrogenados come prolina ¥
glicinabetaina pueden spemelAr una situaciédn qgque tendrian fuerte
analogia con lag congecuencian de la deshidratacsidn bioléglea, Be
decidlid que esta egtrategia podria proveernoa de un sistema en &1
que pudiepamoa estudiar cuédles son los cambios gQue presentan.
tanto la GDH como la GS, £n una planta Bometicdsa & estréa. Es un
nechoa bien establecide que 1a seclvatacidn dce laga proteinan
influye en los pardmetros TermodinAmicos de activaclén de las
enzimas (Greaney y Somaro, 197%; Low ¥ Samera, 1975) v =se podria
esparar gue cualguler sustancia con la habilidad de mantener la
golvatacidén de lasa enzimas influira an #u actiwvidad. Ehtre eatvas
sustancias ase pueden mencionar al glicaral. gacaross, hexilen
g£licol, aminoéecides ¥ asaled cuaternarias de amonlio (Arakawa Vv
Timasheff, 1982; GekKo y Timashefr, 1981a ¥ b Lee y Lee, 1981

Paieg et al. 1981 y 1984).

Los resgultadeos del articule 3 muestran gQue la adicién da PEG
A un extracto enzimAtico de maiz tiene un diferente efecto sobre
cada une de lag actividades enzimAticas eastudiadas: éatas pueden

dieminuir o mantener un nivel de actividad ligeramente menor al

del control, depandiendo ael tejido del cual =me obtuve el
axtracto. Al sfadir prolina, puede obaervarse que en las ralices
la actividaa de (G5 aumentai mientras gue en las holse, eota

adicidén no presenta ningin efecto. Cuandoe se determind 1la Km para
amonic de GDH en raices se observd que en presencia de PEG

praolina, la afinidad por este 1én aumentaba 100N.
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Eaton regultados suglepran que el eastrég podiria nae s86lo
conducir a la inactivacidn de enzimas asinc también a la induccién
da cambioee en sus parémetros cinédticca. Per otra parte, aa
probable gue en las raices de plantes de maiz no as alcance la
concentracidn de 1 M de prolina durante el egtréa, pero que la
cantigdaa acumulada ses suficiente para que egta vias resulte
funcional. 51 esto llegsade a ocurrir 1la planta no se veria en ls
necesidad de transportar degde las hoj&e8 el R a-amino que ha
side asimilado ¥ por tanto, resulta un ahorro de energia ¥ agua

Qua esta asimilgeiédn oecurra en lasg rafaes.

So encontrd que tanto el estrés de agua come el sallne dan
lugar a camblos eén lae actividades de la GDH ¥ la GS, tanto en
maiz como O, anglfobmiag, haciende que el nitrégeno vaya podr una
U ofra via Qepandiendo del tipo de eetrés ¥ Que la funcionsaliadaag
de las vias parasace despender de la presenceia de iacenzimue o
confdrmercs mAs apros para resiatir las condicicnes desfavorablea

& lag qgque Be ve sometiaca la planta.,

En regumarn, el comportaniento de las enzimar GDH ¥ GS en
exXtractol de plantas somatidas a estrdés depands del tejido de
donde é&stos se obtuvieron y presenta diferenciass de acueardo a la
rlantat an maiz, el factor critico &8 la invansidad del eagtrés
miantras que en O, eanaiformiz es el tipo de ectrés., Existen
diferencias en los patrones lscanzimArices de plantap acmetlidas a
eBtrnée, que implican caracreristices de reslstengia distintas an
lasa enzimas, las cuales fuercon detectadas Al agometer a Jlos

extractos de esteée tipe de plantag a un ¢nogue oamético Ain witre.
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Abstract

There i1ie still a lot of contraversy on how planta can
asaimilate ammonia durlng stress. Even though tha GS/GOGAT cycle
is the moet commenly used pathway for thia funcetion, there ara
acme roeporte that peint out that GDH may have an important rale
for incorparating ammonia To amine aclda unday certaln
physiological canditions. We have found that the pathway utilized
for ammonia asgaimilation depends on the sevarity of the stress
traatmant and on tha tissue belng atudied. It ia sugZestod that
during mild strasa, GDH im the key enzyme In the roots, while G5
funccicna in tha firat leaves. Tha changasa obparvaed in activities
aoulid be c¢orralated to changes in the isoenzymatic pattarne of
axtracts from estressagd and non-stressed Dln;ta. Thesa lattear
changes might be attributed to conformational changes that allow
anzymes to remain functional Lin apite of nnfavourable
thermodynamie inveractiona of proteln and solutes. A strategy
davelopad by planta to neutralize theae cffeocta in the
accumulation of nitrogenous compounds, such ag proline and
glycinebataine. Our ragulta suggest that thare must be a paricd
of adjuatmant to atress in which thesa subetancea are produced,
and Aalpo that there might be ailfferencaa in anzyme activities

betwaen stressed and non-stressad plante.

Key wordas: nitrogen assimilatieon, water atressa, Balt avreas,

mailze.



Introduation

The vast majority of papers that have beeh publisghed on the
subject of water arreass in plante deals with c¢changea at the
phyasiclogical leval and in their mecabolism, raferring to
differeancaes in anzymatlie activity lavels and the accumulatvion af
geprtain metabolitas that might allow the plante te aurvive
(Heiao., 1973: Singh. Paleg and Aspinall, 1973: Asnpinall and
Paleg, 1981; Hanson y Hitz, 1982). There is an increasing number
of raports about how a plant can aassimilate ammonia during a
period aof satresa SUt the roles of glutamate dehydrogenase and
glutamine asynthetass/glutamate synthasae coycle are still not

clearly definad.

Even though the GS/G0GAT ¢yela is the most important way of
incorporating ammonia into organic compounds (Miflin and Lea,
1980), GDH muat not only be aspsigned a detoxifying role as hag
been suggested by Loyola-vVargas and SAnchez de Jiménez {1984) anhg

Oaks and Hirel (1985}.

puring water and ealt atrees, there s an important
accumulation of nitroganoua compounds such as prolins and
glycinebetalne; the role of these subsatances is the objact of a
lot of apeculation: they may aAct ag & mechaniam of oameragulatien
or function am C~, N- and energy storing compounds (Stewart and
Lea, 1974t Storey and wWyn Jones, 1977: Aspinall and Paleg, 198B1).
Anothar aspect that mugt be Kept in mind is that these compounds
can neutralize the unfavourable thermodynamic interactions, which

daatabilize all macromolecules {(Paleg, Stewart and Bradbser,



1984) and hance, diarupt cellular homeostasis.

The aim of the present otudy wasa, te obeerve the benaviour
of the enzZymes inveolved in ammonia agsimilation when maize plants
Were under a treatment of water or salt stress. Wa also axamined
the affacts of the addition of polyethylenaglycol, prolinea and
glycinebetaine in extracts of thesae planta, in ordar to aissean 1f
the detacted snzymatic activities ware in mome way differeant from

thosa in the control axtracta.
Materials and methods

Plant matarial. Mairae prlente (Zea maves L., vAar. ChalQuefio
erioclio} were grown in moist agrolire and watered dally for 10
days bafore harvesting. They wabe Kapt in a gbhowWth chamber with a
A2 hour photopariod. 30°C during the light perisd and 25°C in
darknang. Water aAng salt gtroan (6 or 12 h) ware impomsed on the
planta by ehanging them to agueous solutions of
polyathyleneglyeeol (FPEG-6D0C) or sodium chloride: contrel plantsa
ware put in water. The concantration of PEG was 41.2% {(equivalent
to a water potential valus of -2 MPa) and the concentration of
NaCl 150 mM. After tha gtress period was over, Planta wWare
harvaated; laavas and rootp wera cut and frozen immedintely in

liquid nitrogan.

Enzyma extracte. Theae were obtained agp previcusly described 1In

Miranda-Ham and Loyola-Vargas (1G87).



Enzyma agsAys. HAD-, NADH=-GDH and GS asgays were performed ag
daseribed by Loyola-Vargas and SAnchez dae Jiménez (1984, 1986).
Aminative and deaminative GDH activities wera defined as nmoles
of cofactar reduced or oxXidized per minute per mg proteln,
rappectively and GS acrivity was expresscd as pmoles af V-

glutamyl-y-hydroxamate formed per minute per mg protein.

Protain contant. Protein wap determined according to FPaetersoh

{1977) ueing bovine merum albumin ao satandard.

PEG-induced preciplration. Precipitation with PEG waa performed

a8 depcribed in Miranda-Ham and Loyola-Vargas (1987).

lacenzymatic determinations. Saparation was performed using
Davig' discontinuous electropheratic aystem {Davis, 1964) and
activity was developsad using the following mixtupra: 125 mg sodium
glutamataea, 25 mg NAD, 12.5 mg of 3-(4,5-dimethylthiazolyl-~2Z-}-
2. 5=-diphenyltetrazolium bromidae and 2.5 me of rhenazline

mathoaulfate in 25 ml 100 mM Tris-HC1 pH 9.4.

Reaulta

NADH-GDH activity from roota of planta aubjected to water or
8alt s8tresa for 6 h did not differ much to that found in the
contrel. However. after a longer period of stress (12 h) this
activity diminianed rapidly {(Figure 1A}. Meanwhile, @GS activity
did not decreasse g0 mapkedly; arter 12 n, 70 and 90N of the
initial activity remained 1in wavrer and salt sdatregsed planta,

regpectively {Figure 1B).



The rﬁaul:s obtained for these enzymes in the first leaves
are shown 1in figure 2. NADH-GDH in atreased plante diminisehed
with time, but to a lesser axtent than in the control planta
(Pigure 2A). GS activity (Figure 23) was surprisingly higch when
plants were atreased for 6 h Ln both typea of atress but it

returned to control levels after 12 h.

Since it haa been Buggested that NADH=- ana NAD~-GDH
activitien are Jloceted ih the aame protein. and eeveral
isoanzymasa have been described, the changes that wera found in
the enzymatic activities might reflect changes in the
isoeanzymatic patterns for GDH in etressed and non-octressed
planta, The lmsoenzymatic pstterns of these plantn were detarmined
uaing a diacontinucuas electropbhoretic syatem and UDH activirty wase
developed by an in situ reaection. In figure 3a, two activity
peaks can be observed in the z¥ymograms of root extracts from non-
atreased plante; while in etreseed plants the pattern has changed
(Figures 38 and 3C}, peak I1I hag appeared in axtracts of 1roote
from plants under watey (Figure 3B) and salt {(Figure 3AC) acreas
far & h. In the 12 h treatment for the water atresced plante. the
activity waa veary low. In the galt stressed planta. althouzh
activity was lower than at 6 h, a new pattern, with peaks Ia. Ib

and IIl wae detected.

In figure 4, the zZymograms with the extracts of first leavesn
of neon-strassed  plante (A}, water (B} and salt {C) stressed
plants are shown. In the firat case, three activity peaka were
obaerved, contraating with the two paske found in the roota. in

plantsg undar watar- and salt-stresa treatment for & h, only peaesak



11 appaared. In th 12 h treatments, peaka Ia, II1I and 1lla wera

cbeservaed 1n water atresessad plants and only peak IV was datacted

in salt-atragaed planta.

In erdaer to assege the behavispur of the enzymes in extracta
of non-atreased and atressed plants When treated in witrg with
different soncentrations of PEG ana/or proline ana
glycinebataina, we employed the system dascribed by Faleg snd
coworkers (1984). The concentration used for both ¢ompounds was 1
M, Ag may be gean in figures 5A, 5B and 5C. NADH-GDH activitien
from the threa gsXtractd presented tho same pattern, with or
without the addition of proline or glycinebetalne. G5 activity of
raots from aalt stressgad plante differad from both the control
and the water atressed onest 1t inoreaassed deapite the sction of
PEG, When proline op glycinsbeataine weara added, this inecramant
wWas not observad. Although GDH and GS activities did not aiffer
markedly in the axtraata from firet leaves of the thrae
treatmante when PEG and/or proline and glycinebataine were addad,
tha sactivity levals of these enzymeg wera lower than those

obaerved in roota (Figure 6.

After tha agtresga traatment hasg baen prolongad up to 12 h, a
differential actlion of proline and glycineberaine was obperved.
GDH &and G5 activitiea of extracts from roota of Balt ptreased
plants {Figures 7B and 7D) wera more stable after the adaition af
proline comparaed To those from water atregsed plante, He such
difference coculd ba ocbserved with glycinebectaina (Figures 7C and

TFY},



Discussion

Although there has not been an agreement on which is the
main pathway for smmenia aseimilation to amino aclds during
strase conditicns, we have observed that 1in malze plants
pubjactad to warer or ealt streas, there sesms te be
combination of the GS/GOA4AT cycle and GDH pathway. In the & h
treatment, GDH activity in the roota is maintained at the sane
lave) as in the control, whila G5 activity decreases slightly. As
the atreesc parlod continuas, the raverde altusation c¢could be
obsarvad; approxXimately 80X of G5 activity was maintained and GDH
aiminished rapldly.

-

GDH activity i1in the first leaves drops through out <the
atreas traatmant. Meanwhile, thare 18 a fivae- to six-fold
increment in GS activity level as has been obeerved in Suasda
laaves (Boucaud and Billard, 19279). Aftar 12 h of ntreas
treatmnent, both activitiap were at the same lavel as in the

cantrol.

PEG traatment can be uased for inducing water stress but it
muet be noted that its effects are more severe than inducing thise
atrass by simple witholding water (Jager and Meyer, 1977). Hence,
it may be nauggested that during mild atrese, d4GDH i the key
enzyme for ammenia assimilation in the rootas, whereas GS 1=
functicning in the firat leavea, A= may be daeen From our results.
the pathway utilized for ammonia assimilation differe greatly
dapending on the severicty of tha astrasgs treatment and on the

tissue that is being atudied.



The changes cbserved 1ln the zymograms could be attributed to. a
number of factors: de novo ay¥nthesis of new lsoeanzymes,
raappanfoment of gubupnits or modification of pra-exiating enzymea
that lead to altaerations in their catalytic and regulatory
properties. The 1latter is the moat favoured one in relation to
proteins 1involvad in nitrogen metabolism, aince conformationsl
ahanges that diminish the adeletepricus effacts of dehydration are
very important for enzyme activity (Huber, 1974} Kramer, 19741

Low and Somero. 1975; Miranda-Ham and Loyols-Vargas, 1987}).

Whan the in yitrg syatem deecribed by Paler £t al (1984} wan
employed to asaens the offects of an csmetic shock 1nduceda by
PEG, and the protaction sgainet inactivation that might exart
proline and glycineabataine, no significant airfarences in tha
behaviour of GDH and GS could be datected in extrects from roots
and firat laaves of plants under water and salt atress traatment
for 6 h. After prolonging the treatment for apncthaer & n, thera
were some dAlffarances in the activities of extracts f£rom atressed
Plants comrared to those of non-stresped anas. In proote. GDH and
GS activitiea ware vary gimilar in the three traatments but upen
addition of proline there was a aglight inereases 1in these
activities in extracta of salt mAtres&sad blants, When bDeataina wasm
added, tha increment was obeserved in both t¥pes of atresp. GS
activity in extpactas form first leavea of salt stressad plants
showed a marked increase when aither preline or gl¥ecinebataine

were addad, baing more pronounced in tha latrtar caga.

Qur reaesults asuggest that there must be a period of

adjustment to stiraess conditions. puring thias pericd syntheasls of



proline occurs. reaching a higher level after 12 h {data nort
shown) apd thus engymatic activities remain funetional and may
even be atimulated. Proline does accumulate 1in the atresaecd
planta, and although the levals wara much lowenr than thoge
obaservad in barley (Singzh st al, 1973: Carceller and Fraachina,
1980), des pnove nitrogen aAagsimilation waese nece8sagry afiep thia
ay¥ntheals. In conclusion our resudlts show that both pathwaye of
nitrogen sasimilation. aGS/GOGAT and GDH, were uaed, depending on
both the type of streds and the tiesue of tha plant in which

hitrogen seasimilation oceura,
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Legands to figures

Figure 1.

KFigure 2.

Figure 3.

Figure 4,

Figure 5.

Figure 6.

NADH-GDH (A) and G5 (B) activitlies in roota from npnon-
stresaed (D). water (O ) and salt (&) atressed mal:ze

plants.

NADH-GDH (A) and G2 {B) activities in the firat leaves
from non-atraspsad (0O ), warer (Q) and =alt ( & )

atrepsed maize plantTe.

Seannings of GDH zymograms from exrracts of roota Lrom
non-ptressed (A), watapr (B) and aalt (C) stresased
plantse. Light lines correspond te the & h strees

treatment.-and heavy lineg to the 12 b (reatment,

Scannings of GDH zymogzrams Erom axtracte of the first
leaves from non-stresaed plantas (A}, water (B} and salt
{C) mstragpsed plants. Light linees corpespond to the 6 h

treatmant and heavy lines to the 12 h treatment.

NADH-GDH and GS acgtivities in root extracta from non-
streaged { O), water (QO) and aalt { A ) atressed plants
for 6 h and than aubjected to in yitra treatment with
PEG (A.D}, PEG and proline (B.E) or glycinebetaine

(C.F).

NADH-GDH and GS activities in first laaves extpacrea
from non-nrressed { O ), water (Q ) and salt ( a )
stresased plantes for & h and then subjected to in xitrg

treatment with PEG {(A,D), PEG and proline {(B,E} or

14



Figure 7.

Figure 8.

glycinebectaina (C,F).

NADH-GDH and G5 activities in root axtracta from hon-
streasad plante (0) and planta under water (O) ana
salt {4A) strege for 12 h and then subjectaed Ta an in
yirrg trestment with PEG (A,D), PEG and proline (B.E)

or glyeinshetalne (C,F).

NADH-GDH and GS activities ip firat leavaad aextracts
from non-stressed plante { 0O )} and plants under wWater
{0 ) ana salt { A) stresa for 12 h and than subjactad
t0 an An &LIra treatment wWith PEG  (A,D), PEG and

proline (B,E) or glycinebaetaine {(C,F}.
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Absrtract

Nitrogen fixation and ammonia assimilatien 4in nodules are
the TtTwe aubjedts that havea been thobroughly studied under stress
aonditicna. In contrast, scarce information ia avalilabla on the
behaviour of enzymes involvad in ammonia assimilation te organic
compounds 1in plants of the Laguminocgaeas family aubjected to
stress. In some c¢ages, such as it is in Canavalia gnsiformis. the
pathway(s)} utilized for ammconia agsimilaticn in normal conditions
are atill not clearly definead. Loyola-Vargas at al. {3. Plant
Phyaiol. 1987, in press) hava guggeated that during early
saecdling growth, Ziutamate dehydrogenase and aapargine synthetanse
are fundamantal for ammonla asaimilation but when the plant
acquires rfull photosynthetic activity, thae GS/GOGAT cycle 1s the
praferrad pathway for thia process in sarial perts. We found that
under atrese conditione . analfopmin plants awitch to  the
altaprnative pathway ©f assaimilarion dapending on thae nature of

the strass and the tlesus in Which thie procags takes place.

Key wordea! Ammonia agsimilation, Lanavalias enaifarmina,
Leguminosnaa, atress.



Introduction

L-eanavanine {2-amino-4-guanidoxybutyric acid) ie an
1m§ortanc nitrogen astoring metabolite in at least 500 species of
the Legumipnonaeses family (Bell et al., 1978), In ¢, ensiformis the
mobilizaticon &and utilization of nitrogen through L-canavanine
occure via arginase which cleaves this cempotnd to L-canaline and
uraa. Uraa fs hydrolized by ureasa to CO0:x and NHs, It has bean
propoascd that the latter io asalmilated and incorporated Inte the
amide nitregen of asparagine (Reosenthal, 1970), Loyola-Vargas at
al. {(1987) suzgeaat that in the early stages of seedling growth
aspargine aynthetase and .elutamate dehydrogaenase both play a
fundamental role in the reassimlliation of ammonla in VCL
enslformin howaver, when the plant scquires full photosynthetic
capacity GS/G0GAT becomes the principal pathway of reassimilaticen

in the aerial partse of the plant.

On the other hand, O, enalfnrmin showe a moderate resiastance
to watar and salt atress compared to other speciea of legumes.
Onca asatablished, it ¢an realsat drought conditions on bahalf of

ites radicular system.

Studiea on nitrogen metabelism during stress conditions in
thie family have been centerad on nitrogen fixation (Aparicio-
Telo et al. 19801 Abdel Wahab and Zahrah. 1981: Randall Weisz at
al,., 1985 and nitrogen metabollsm in root neduler (Becano ot
al., 19843 Kaur et al,, 1985} but reports on the anzymes
involved in ammonia aseimilation to organic compounds are wvary

acarca.



The objetive of the Dpreaent atudy wWas Tto datermine the
behaviour of enzymes involved in ammonia anaimilatrion when salt
or WAtepr stress treatments were imposed to C. snaiformis plants.
Wa alec axamined, using the in witro ayetem of Palag at al.
(19084) thea effacte of polyethyleneglycol, proline and
glycinebataine on QGDH and GS activities ©f extracts from non-

stressad and datragsed plants.

Materiala and Methodas.

Plant material. Canavalia enalformis plants were grown in moiet
agrolite and waterad daily for 10 days before harvesting. Thay
ware Hapt in a growth chambar with a 12 hour photopariod, aoec
durding the 1ligrh reriod and 25°C in darkneaas. Water and aalt
atraas (12 or 24 hours) were imposad on the planta by changing
them to aqQueous Bolutions of polvethyleneglycol (PEG 6000) and
sodium chlorides cantrol plants wera put in WATED. Thea
concentration of polyethyleneglyeol was 41.2X% (equivalent to a
water potrtential value of -2 MFPa) and the concentration of sodium
cehloride. 300 mM, After the atreans paricd was over, plantas Were
harvastead} laavaa and roots werae cut and frozen immadiataly 1in

liquid nitrogen.

Enzymea eaxtracts. Thefe ware obtainad as has been pravioualy

describaed by Miranda-Ham and Loyola-vargas (1987a).

Enzyma asbaye. NAD-, NADH-GDH and G5 asgsays Ware performed aae
dagcribed by Lovola-vargas anda SAncher de Jiménez (1984, 1986).

Aminative and deaminative GDH activities were defined as nmoleg



of cofactor (reduceq or oxidized) per minute per mz Proteln,
reppectively and GS Activity was expresped as ymolea oF V-

glutamyl-yY-hydroxamaste formed per minute per mg proteain,

Proteln contant. 1t was datermined acgcording to Paterann (1977)

uaing bovine gerum albumin as a atandard.

PEG-induced precipitation. 1t was performed ag desacribed by

Miranda-Ham and Loyola-Vargas (1987a).

Isoenzymatie daterminaticnso. Sepatation was performad using a
diascontinuous electrophoretic system {(Pavis. 19604) and activity
was develobed uasing tha following mixtura: 125 meg eodiﬁm
glutamate, 25 mg NAD, 12.5 mg 3-(4,5-dimethylithiazolyl-2-)-2,5-
diphanyltetrazglium bromide and 2. 5 me af phenazine

methosulphate in 25 ml 100 mM Tris-HCl oH 9.4,

Resulte.

HADH-GDH activities detected in the roaots of non-stressed
and galt-atrepaed planta diminiahed gradually: in the case of
water-sgtresged planta, thia activity diminibshed fasTter during the
firset 12 h of treatment {(figure 1A). Contrastingly, GS activity
in pocots from weter-stressed plantsg showad an important decreape,
followed by an inecremant up to 110X, Is proats £rom salt-ptreased
plante, there was a constant decreaame in GS acctivity through out

the period of traatment.

The raepulta obtalned for these anzymes in the firat pailr of

laavas are shown in figure 2, NADH-GDH activity in water-stressed



planta aiea npat eshow significant changes in any period of
traatmant: wharaana in aalt-stressed planta this activicy
increased up toe the same lavel as in the watar-satressed oneas. GSs
aativity (figure 2B) in salt-streased plants decresaed markedly.
Meanvhile, as activity observed in water-strassead plantsa

diminighed less dramatically than in the controls.

It has besen demonstrated in a number of plants that the
imocenzymatic pattern of GDH changes when they ara subjected to
differant treatments; therefore, we determined tha iscenzymatic
patterns of non-gtrassed and gtressced planta. Determinations wera
parformed upsing a discontinuous electrophoretic syatem and GDH
activity was developed by an Ain aitu reaction. In figure 3A ana
ac, only one activity poekK could be cobservad in reoot extracte
from non- and salt-strasaad planto; whila 1ip wWater-gtreased
planta, pealk II could be detected in addition to peak I (Figure
3B}). In the 24 h treatment for srrassed planto. though activity
was lower in both casag, peak I could alas ba observad as well as

peak Ia fopr water- and peail II for salt-stressad planta.

Zymogrems from firet leaves axtracts of non- {A). watapr- (B)
and salt-~ (C) atreased plants are @ahown in figura 4. In the casee
of contrel plants, wWa abpoarved that there was a single peak (peak
I) ms has been sean for root extracts. Even though thelr Rf's are
gimilar, theilr activities in thie extract were lower, For the
watar-streseed plantea, iscenzymatic pattern obtalnad for the 12 h
treatmant waa similar to that obtained for the loanger onef i.e.
twWo peaks wWere obseprved (peaks I and II) but rtheir activity

ratiaos varied with time. In plants undar salt stress treatment,

&



peak IlIa eappeared in thae first 12 h; when thiep treatmant was
prolonged up to 24 n, the pattern changed completaly: peak I had
almosat disappeasred while peake Ib and Ic comprigsd all the
detected activity. It muat be remarked that in the case of flrat
lsaves extracts from 24 h sctresesed plante, activity wae not only
lower than in the 12 h ones but it increased as may be seen for

the salt~streased plants.

In order to assess the behaviour of the enzymes in extracts
of non-streassgad ang atressed plants when treaated in yvitro with
dirfarant eocncentrations of PEG anasor praline anad
glyeinebataline, we employed tha syatem reportad by FPaleg and
coworkers {(1984). The concentration of proline and glyeinebetalne
was 1 M, Aa may be seepn in figure 5, NADH-GDH activitiss from the
three root aXtracts showsad the same pattarn when PEG was added.
These activities ware more atable upon addition of proline or
glycinabetaine to the system. The bpame beahaviour could be
obaarved for GS activities in root extracte (figuree 5D. S5E and
5F) and in firat leaveo oxtraats {figures 6A, 6B and &C). Na GS
activity could be detected in first leaves extracts from aalt-
stregpad planta whean PEGQ or PEG plus zlycinabeatalinae ware added to
the eystem (figures 6D and 6F). Thie activity was slightly more
stablea with the addition of prolina {(figure G6E). In the case of
axtracts from water-stregsed plants, G5 activity increased when
proline wams prasent but neot with glycinebtetaine. GDH and Gs
activitiea did not Aiffer markedly in tha extracts from firet
laaves of the three types of treatment (24 h) when PFPEG and

proline or glyvcinebataine were added (figure 8). These activities

7



shovwad to be more Btable in extracta of roota from atrassed
plants as may be saen in figuras ?A and 7D. When PEG and proline
were present G5 sctivity from extracts of salt-stresged plants
increased, but this ineremant was nmore pronouncad whan

glyecinebetaine wan added (figure 7%},

Dlacussion.

It has beeh suggested {Loyola-Vargasa et al., 1987) thatr GDH
18 fthe key enzyme involved in ammonia assimilation in roots fFrom
non+atrenased plante, wa have obperved that in salt-stroeasaed
planta GDH acfivity ig maintained at the gdama lavel as ipn The
aontrel through out the treatmant while GS decraases rapidly. For
watar-stressed plants. the situation ia raversed: aven though GS
activity diminishad in tha same rate as in salt-atressed plants

in the 12 h treatment, 1t increasaed in the follaowing 12 h.

In the case of the firat leavesa, the stresaad plants
utilizad the GDH pathway instead of the GS/00GAT cycle for
ammonia assimilation sBince GS activity decreased dramatically for
water-gtreaged onasa While GDH is at the same leval ap in the
eontrol. GDH activity 1in salt-stresged plenta increased 60X
raspact én the caontrol lavel in thas firat 12 h of treatfmant.
After 24U h of atrasa, GDH activity in wataer- and a8salt-atpradsed
plants were gimilar. Our raeasults indicate that tha pathway
utilizead for ammonia aggimilation differe greaatly depanding on
tha naturs of the stress treatment and on thae tiegsue that is

being mtudied,



The changeps obasrvad in the zymograms &areae in agreament with
the activity leveaels datected in the roots and first leavans of
non-streasted and atreased plants, Tha raot axrtracta €from salt-
streasad planta shownd only one paak of similar dimenaions as in
the controel and in the case of extracte of water-otresaad planta,
the paak is smaller and GDH activity is lowar, Furtharmore, peak
I aotivity cbaerved in first leaves sXtracts from Water-stresaed
plantse i1a higher than the same activity in ocalt-stresed DPlants
but the latter ip pimilar to that found in the contrel. The
changas in the iscenzymatic patterns could be attributed to a
rearrangemant of subunite or modification of pre-existing anhcymas
that lead to¢ alteratiocnsg in thelr catalytic and regulatory

prepartiea (Mirande~Ham and Loyola~Vargas, 1987b).

Wa found that no aignificant differance in the bahaviour of
GDH and GS coulda be detacted in extracts from roota and firat
leavan of plants under water and palt straesa traatment for 12 or
24 nh, when the Jin vitrn ayatem of Paleg at al. (1984) was
ambloyed for adeesging tha effacta of an cemotic shock induced by
PEQ. It has beanh guggested that nitrogencus compounds. such as
preoline and glycinebetaine, might exart a protective aaetion
againat enzyme inacetivation during Etress conditiona (Paleg at
at., 15843 Miranaa-Ham and LoYola-Vargas, 1987a). When we addad
these compounds to the threa types of extracts treated with
different concentrations of PEG, GDH and G5 activities both were
mora s8stable than thosea in extracta that were not supplemented
with prolina or glycinebetaine. Thera was not a differeantial

protactiva reaponse as has bean obsarvad for mailze {Miranda-~Ham



and Lo¥ola-Vargas, 1987hb).

Tha accumulation of nitrogencus compounds has been obsgerved
in a number of plantse A8 A regponse to wacter and salt stlesas
{Stewart and Larher, 1980; Aspinall and Paleg, 1981) and even
though C. gnalifobmlis accumilated proline, this plant did it in &
leasar exXtent that in the cases mentioneda above (data not ahown).
Sinca C. pgnalfonmin shows a moderate rasiatance to tha acresn
treatmants that were aprlied, i1t may be suggestad that a longer
reriond of prtrass migth be necessary feor triggering proline's

accumulation.

In summary, we have found tThat €. esnaifaormin plants
aubjacted to stress awlteh from onae pathway of ammonia
assimilation to the alternative ona dapanding on the nature of
the strass treathent and the tispue wherea thls pseimilation takes

Place.
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Figure

Figure

Figure

Figure

Figure

Flgurae

1.

NADH-GDH (A) and GS (B} activitiea in roots of control
(0), water (O) ana aalt (A ) atressed C,. analfpmn{a

planta.

NADH-GDH (A} and GS (B) activitiea in the firat leaves
of hon-stregsed (O}, water {(O) and ealt (A ) atressad

planta.

SEcannings of rIymograms from extracts of roote from
contrel (A), water (B} and palt () satreassad L.
ahglfavmia planta. Ligth lines correepond to the 12 h

traatmaent and heavy linesg to the 24 h treatment.

Scanninge of zymograms from extracto of fipat leaves
from control (A), water (B} and =salt (C) streased
plante. Light linag correapond to the 12 h traatmant

and heavy lineas to the 24 h treatment.

GOH and G5 activities in root extracts froft control
(0)., water (O ) and malt { A )} stresgad plants for 12 h
and then subjected to an in witro treatment with PEG

(A,D), PEG and proline (8,E) or glycine bataina (C,F).

GDH and OS activities in firar leavaa extractas from
contrel plants (), water (O ) and aalt { A} stressad
plante for 12 h and then gubjected to an JAn siira
treatment with PEG (A,D), PEG and proline (B,E) or

glycinebataine (C,F).
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Figure 7. GDH ang G5 activities in root extracta from control

Figure

a.

{O0), water ( Q) and aalt {( A} atressed plants For 24 h
and then sBubjJectaed to an in yvitro treatment with PEG

{(A.D), PEG and proline (B,E) or glyvcinebetaine (C,F).

GDH and G5 activities in first leaves esxtracts from
non-atreased plante (D), water (Q) and msalt ( 4 )
strasned planta for 24 h and then subjactad to an iAin
yitro treatment with PEG (A,D), PEG anda proline {(B.E)

or glycinebetaine (C,¥F).
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Summary

In order to determine which could be the pathway of ammonium
assimilation during strees, the affacta of polyethylaneglycol and
proline in glutamine synthetase and glutamare dehydrozenase
activities were studied employing the in viiro esyatem of Palag pt
al tPlant Physicl., 75: 974-978, 1984). A differential action of
polyathylenaglycol on the enzymea axXtracted from leaves ahd raootsa
was obsarvad. The results puggeast that in the rootsg ammonium
apeimilation could be accompliahed by glutamate dehydrogenase
ainca 1t proved to ba more reaistant to osmotic atress and the
arfinity of the stressed anzyme for ammonium wae increased 100X

by proline,

Key wordat: Zea mava L., glutamate dehydrogenase, glutamine

Aynthetaae, in vitro astreaa.

Abbreviations: GDHM. glutamate dehydroganasear GS, glutamine

synthetage: PEG, beclyethyleneglycolt PVP, polyvinylipyrrolidone,



Introduction.

The accumulation of free amino acids, ana yparticularly
prolinea., in planta grown under wator strass hasg been wall
documantad {(Aspinall and Paleg 1981, Shevyakova 1983), 1t has

been proposed that proline asceumulation 18 a machanism of
csmoreguiation. Howavaer, there ig little evidence to support thie
gXplanation. Onea conceptual approach in tha saarch for a rola for
prpline has centered on the ameliaration of delaterious affects
of heat, pH, Aalite, chemlcals and Arought on anzyme pctlivity in
in witro cell and orgfanelle aystemsa (Pollard and wWyn Jones 1979,
Palegz pt Al 1981, Ahmad =L Al 19B2, Neah gL Al 1982, Paleg aLf al
1984, In all reapoprted cases, proline provided a concentration-

dependant protection against a range of stredss conditions.

Oon  the othepr hapd, high concentrations of proline have bean
attributad to the inhibition of ite oxidation undar wWatar atr;an
(Stewart £t al 1977): to inhivitlion of proline incoerporation inte
a proline-rich protein (Shiralipour and Woapt 19B8LUa), and to the
continuoug aynthesis of this amino scld under etress conditions
(Shiralipour ana Wast 1984b). In the lattey, the incarporation of
nitroden, nitrate or ammonium for amine meld synthesis would be
neacesdary and either GS and GDPH, or both, muat be active for such
funcrion. It nag bean redvortead that undeyr in yitro camotic strega
G5 activity ia lowered (Paleg ot Al 1984) anada GDH activity
increasad {Bacana aL al 1g8u, Kaur -3 al . 1985).
Nevertheless, thare is no conclusive evidance to shoW Whizh enzyme

remaina active during water stress.



Th2 present etudy describes the lnteractiona between GS, GDM,
PEG-6000 and proline in the in vitro syavem uged by Palag and
coworkera ({(Paleg At al 1984) in order to datermine which enzyme
aould be reaponsible for the incorporation of ammenia into aminoe

acids.

Matarialg and mathods

Plant material. Maize planta (Zea mavs L. var. Chalqueno
eriollo) were grown in moist agrolite and watered daily for 10
dave befora harvasting. They wera Kept in a growth chamber at

25°C with a 12 h photoperiod at 3000 lux.

Enzyme axtraction. Tiasuen ware froren with liquid nitrogen
immediately after harveating and ground to a fine powder wWith
mertar and pestle, Tha powder was then homogenized in a Polytron
for 2 min with 2.5 volumes {w/v) of extraction buffar (50 mM
Tris-HC1l pH 8,2, 1 mM CaCl=, 5 mM mercaptoethanol and 5X PVP).
Tha homogenate was filtered through 4 layers of cheesecloth and
esntrifuged at 14,000 x g for 30 min. All manipulationa were daone
at e, The aypernatrant wan embloyed for PEG-inauced

precipitation,

PEG-inducad preclpitation. Preacipitation wae carried out in a
volume of 1.0 ml PEG (PEG-6000, J.T. Baker) and/or proline wWware
dissolved in 0.8 ml 50 mM Tris-HCl, pH 6.5, prior to the addition
of Tthe crude aexiract. Aftor adding the extract, the samples wWoere
vortaxed and allowed to grand in ice for at least U5 min., The

samples were centriruged at 3,000 x g for 15 min and tha



supernatants used foip entyme activity daterminations.

Enzyme assays. NAD~, NADH-GDH and G5 assays wara performed an
described by Loyols-Vargaszs and SAnchez de Jiménez {1984, 1986).
Amninative and deaminative GDH activities were defined ag nmoles
of cofactor reducad or oxidized per minute, respactively, and G=
activity was eXpressed aa umoles of Y=glutamyl~py-hydroxamate
formed par min. Proteith content wasa detarmined according to

Patersaon (14¢77).
Regulta

GS activity from thea root diminished when FEU wag Presenti atv
30X PEG only 20% of GS activity remailned in solution. However.
with 1 M proline present. 60X of the opriginal activity remained
with 80X PEG {(Figure 1)}. Thesa results contrast markedly with
thosa obtained with NAD(H)-GDH from tha root. GDH remained -in
solution at high concentrationsg of PEGd independantvly of the

prasance of prolina (Figure 2).

Tha rasponse obrained with the enzymes extractad from the
leavas waa completely differant to that obtained for tha root. In
the praesencsa of PEd, firat leaf G5 aotivity remainsd the same
whather or not there was 1 M proline in the ayatem (Figure 3). We
obpevrved a aimilar responss wWith second leaf G3 (date not shown).
Evan though NAD(H)-GDH patvterns of activity in the firat {data
net ahown} and second leaves (Figure ) in the presanca of PEG

ware independent of proline concentration. only 20X of the



agtivities remained in solution, in contraet to the 70X found in

the GDH from the root,.

Ammonium Km values for root GDH were not modified by 50X PEG
or by 1 M proline, Howevar the anzyme showed an increment of 100w
in 4ite affinity for ammonium when PEG and proline were preaent

simultanheocusly {(Table 1).

' Discusaion

The results ahow that relatively high c¢oncantrationa of
proline pravent tha precipitating action of PEG; proline actioen
ie highly seleactive aince it greatly affecte OGS activity from the
roct but not frem the leaves. However PEG atrege has no effect on
aminative or deaminative rocot GDH activities. These resulte
auggest that in vivo strees may exert a differentisl action on
different enzymes, in this particular casge, on the twWo enzymea
responsibla for ammonium assimilation in higher plants (Miflin
and Laa 1980). Thera is gtill A lat of controversy on how planta
subjected to different types of atress asaimilate nitrogen. In
somae systeme it is suggested that GDH could be the Key enzyme
{(Kaur nt al 1985), but in othervs. the GS//00GAT cvecle 18
considered to bBe mora Iimportant (Battacin gt a1 1985). Qur
rasults show clearly that GS activity in roots 18 asnsitive to in
gltrg PEG sffecta, while GDH i1a more resiatant. This may suggest
that, in maize roots, ammonium asaimilation during stress in
accomplished by GDH aince it not only ramaina in eelution but

alsa ite affinity for thie ion is increased 100X. Thisa may be due



to a conformaticonal change 1Iin the enzyma a8 a result of
thermodynamic interactione of the 8syetem egolUte-water with
proteins; gproline may bind watar to proteins and thus maintain
thair hydration. High proline levels (35 Hmol £ dry wt™l)} are
aceumulatad in maize plante as A result of drought, as Ibarra and
Snchaz de Jiménezr (personal communication) and Ilani and
Dorffling (1982) have observed jn ¥iva. In tha leaves, the
altarnativae situation may occur and the GS/GOGAT cyele ¢ould be
funetioning during setress 1in vitra. On the other hang, it is
known that thera arsa two GS, eytoplaamic and chloroplastie, and
that thelr ratic varileso accord2ing to tha gpaoacies. In malzae
laavas, both GS ceccocur Iin approximately the same quantities
{McNally st Al 1%983) and cytoplasmic G5 of photoaynthetic riseues
is very aimiiar to GS of non-photomynthetic tissues. Tha reaults
shown in figure 3 suggest that the cytoplasmic 35 iscenzyme ile
Aennitive to streag which would agree with G behavicur inpn the
roots. In Ssummary. PEG axarta an inactivatring affect on éhu
ammonia aseimilating enzymea 1in maize. The reedbonse tTo PEG
dapends significantly on the tissue from which thesa enzymes are
axtracted and PEJ not only cauaan anzyme inactivation but aleo

changas in thelr kKinatic parametars.
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Figure

Pigure

Figure

Figure

Flgure

legends

L. Residual rootr GS activity after PEG treatment in the
prasance (O}, and absenhce (@ )}, of 1 M pralina.

2. Reaidual NADH=- (A} And NAD-GDH (B) activities from
the roota after incubartion with PEG (@), and PEG
plus :t M proline (0O).

a. Residual @GS activity from the first laaf aftear PEG

treatmant with (0O ), and without (@), 1 M proline.

u, Residual NADH- (A} and NAD-GDH (B} activities from

tha eecond lsarf after incubation with PEG (@), ang

PEG plus 1 M proline {(O).
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JABLE 1

Ammonium Km values for GDH under different conditions

NH - Km (mM)*

TREATMENT

RoOT FIRST LEAF
HOKE ia.8 23.3
+50% PEG 28.8 16.5
+1 M proline . 23.5 16.1
+50% PEG
+1 M proline 13.7 31.7

* For km determinations, PEG and/or proline was added to the reaction
mixtoré.  After PEG and/or proline tréadtient tha Tupernatant phase was
gﬁﬁ a§ Ehe enzyme source. Xm values were calculated from Lineweaver-

plots.
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