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RESUME

4 partir de 4 variétés de mais {(Zea mays L.} de
dif ‘érentes gammes de sensibilité a la Sécheresse. Le polvéthy-
lene glycol ( PEG ) 600, fut utilisé comme méthode pour créer un
stress hvdrique a 5 niveaux de potentiel osnotique sous aeux
Lypes de | raitement (irrigué vs stressé). Les résultats ont
mon ré gue Maka O reste un bon géniteur de résistance a la
sécheresse mais cependant dans 1’immédiat et dans le cadre e
Vélaboration, Jd'un programme de sélection pour |'adaptation &
ia sécheresse on peut d ores et déja proposer la variété Across
86 Pool 16 DR pour sa bonne stabilité aussi bien en irrigué

qu'en stressé,

Mts clés : mais, PEG sécheresse, stabilité.



I - INTRODUCTION

.’eaue s « un élénent. fondanental de la vie d 'une
plante et dans de nonbreuses régions, elle constitue un fac reur
limtant, de la production végétale.

Dans plusieurs pays africains et surtout sahé | jens ou
1 e mais aurait pu aider a résoudre les déf icits céréal i ers, i i
se heurte de pl us en plus a un probléme de déficit hydrique
affectant les d ifférentes parties de la plante (HSTAC et al
1972). DENMEAD »t SHAW {1960 ) ont nontré dans leurs; travaux ,
gqli* in st ress hvdrique réduit le rendenent,, grain de 25, 50 et
21% respect ivement suivant que ce stress i nterv ient avan i,
penlant et apr>sl a floraison fenelle ; Or  NOuUsS paouvons
minimi se r  1'impact de cette sécheresse en utilisant des
ariét és rés ist antes capables de produire en condit ion hydr : gue
défas orabl » { JENSEN, 1.971 ) ; cependant dans les zones a ri des & ¢
semi-arides, |e phénonene de stress hydrique peut, interveni r ii.

n'importe quel le phase de développement de la plante.

.

Face & ce constat, on assiste de plus en plus aux
niveaux nati onaux et internationaux a la mse en place de
movens de luti¢ contre la Sécheresse - ainsi au niveau du
Rurk i na Faso. 1a collaboration entre 1’IITA-SAFGRAD, 1'INSAH et
l e programme SOMIMA de 1 ' TNERA a perms de dével opper’ des
var i ét és de mats intéressantes pour |la zone a faible pluviomé-
lri= du pays tout en utilisant différentes méthodes de
sélection .

»

Dun point de vue adaptation a |a sécheresse, lesy
me illeursgénotypessont, ceux qui ont des qual i tes physi ol vg i --
ques supé r ieures (KHALFAOUI 1968, SERCPIAN, 1982).

Cependant , peu d’informations existent sy les
répongses  physioclogiques du matériel adapté dans la zone 4
faible pluviométrie du Burkina Faso, ce qui montre 1'intéré+ de

la présente étude.



Il - MATERIELS ET METHODES

2, 1 -0Qrigine et dispositif expérimental

Au tetal quatre variétés dont trois (3) issues de la
populat i on Pool 6 du O MWT, sélectionnées par 1 'l ITA-SAFGRAD.
et rire{lt ori ginai re de Mauritanie introduite au Burk ina Faso
grize aux essais de 1’INSAH (Institut du Sahel ) et avant
différente gamme de sensibilité a | a sécheresse ont été
condu 1 tes A la stat ion de Banbey Sénégal (cf. Tableau n | ) :

Tableau 1 : Liste des variétés testées a Banbey

N°® Variétés Oigine Sensibilité
1. Kbsé 85 Pool J.6 DS Pool 16 C MWT Sens ible
2. Early Pool 16 DR Pool 16 CFMMYT 7ol érante
Ja Across 8 6 Pool. 16 DR Pool 16 CI MMYT Toléranie
4. Maka C1 Pop. locale Tol érante

T — n A

lba station de Bambey est située dans la prégion
Centre-Nord du Sénégal. La période de sems est en génerai
compr i se entre le ler et le 15 Juin {KHALFAOUI, 1988} et les
ri s jues de poches de sécheresse en course de végétation sont
fréguents, La durée de ces poches est plus ou moins 3 ongus « ¢f .
fig. n 1. 1.

Les sols de la station de Banbey ou |'essai mals A
éte cornduit sont entre les types dek et dior, décrits par
BONFILS et al. 1955 ; ils occupent I|la partie Sud-Est de la
station,

La pluviométrie annuelle noyenne de Banbey est
comprise entre 100 et 600 mm avec une température autour de

30" pendant la saison pluvieuse,

IL’évapotranspiration est de 5- 10 mm/jour pendant la
sa i son humide et d environ 10-15 mm pendant |a saisonseéche e
qu i fait de Banbey une station de type sen-aride.



Fig, N 1 : Données pluviométriques en mm (Bambey 1989 et
différentes poches de sécheresse,



L’essai. semé le 8 Aot 1989 a été conduit suivant un
di spos tti f bloc de Fisher avec 3 répétitions et 2 traitenments

(irrigué et stressé) :

le traitement 1 conprend le pluvial+ une irrigation

le traitement 2 est considéré come stressé et
conprend de pluvial t une irrigation totale de 47mm.

L*essai a regu pendant tout le «cycle végétatif
| *équivalent de 75 unités d azote 90 wunités de Pz0¢ et 30
unités de K20 les caracteres agronom ques retenus étasent

enl re autres, la productivité et |la précocité.

3.2 - Estimation du niveau de résistapce a la Sécheresse

Plusieurs tests ont été utilisés depuis 19'7.1 pour
comparer tes lignées d' arachide entre elles (GAUTREAU et al
1980) de mals (MARTINIELO, 1985), de blé (SEROPIAN, 1482). 11
résylte que la neilleure résistance est celle qui combine les
di {férents facteurs physiologi ques, anatom ques, morphologiques
(AHMAD T, 1982 } . Plusieurs auteurs ont nontré 1’importance des
propriétés proteplasmiques de la cellule {DA SILVA 1980 )} =sous
dif férent régime hydrique chez certaines espéces (Phoenix
dactyli fera, Phoenix canariensis), Sorgho (SULLIVAN et ail ,
1972), ml {SULLIVAN et al. 1970), mais (MARTINIELLO et al.
1985), Dans le cas de notre matériel végétal une étude de |a
résistance protopl asmque par |la méthode de conduc timéiri e
élecirigque o t'aide du polyéthyvléne Gdycol 600 (PEG ) s ‘est
avéré étre une technique de criblage sinple et rapide. Une
&t ude préliminai re sur les variétés de mais a été fai te sur les
différentes molali tés de PEG 600 correspondant & di {férents
potentivls osmotigques ( bars )} et. le pourcentage de dégals
relatifs -ausés par l|la sécheresse au niveau: cellulaire «f.
fia. fi' 2}, Une seconde étude Prélimnair*e sur la mise en
évidence du gradient de sensibilité & la dessication pour des
feuilles 4 ' une méme plante de mais a savoir, {la feuille e
1'épi Ro) les 2 feuilles au-dessus et les 2 feuilles en-dessocus
de 1 a feaille de 3 *épi nous ont perms de nmontrer | ' importance
que joue ta feuille de 1'épi, (cf, fig. n° 3 ) au niveau de la
plante,



Test de Reésistance Protoplasaique

s part ir des quatre {4 ) wvariétés (cf. tab . 1 } on
choisitau hasard 5 plantes par variété et par traitementi dans
les o répétitions - les différentes feuilles de ] "épi le pl us
haut 1placé sont récoltées et mises ensemble dans un sachei
plaamigue humidifi.6 = Une fois au laboratoire, nous procédons
i oré levement de 70 disques foliaires de 1. om de diamét re pay

varieté et par traitement a L’aide d’un emporte piéce.

Les disques sonlt lavés et rincés toutes les 15
minites aver de 1’2au distillée pendant 1-2 heures dans e bud
d'éliminer les électrolytes libérées par les lésions au moment

des prélevements des disques foliaires.

Aprés lerincage, les disques foliaires sont partages
en 2lotgs p a r  variété ~ter lot de 20 disques fol iaires est
Tregpé dans d e 3 ‘eau disti ]11ée pendant 24 heures pour servie ie

tém2in,

le 2&me lot de 50 disques foliaires sgéchés a |’aide
d'un papler buvard est, trempé pendant 24 heures dans une
sa] ition de PEG 600 (molalité 330 g/1).

aprés les 24 heures, le ler lot de disques folia:res
cat rincéd ot 10 disgues sont mis dans un tube a4 essai contenant

de 1'eau distillée.

e 2eme lot de disques foliaires est rincé aveo ide
Ve aua x 1 i]1ée séoché légérement a ]l “aide du papier bur ard, =f
pariagé par groupe de 10 disques mis dans 5 tubes a1 essai

contenant de 1 'eau distillée

ltes 144 ftubes au total sont placés pendant 24 heures
dan< un réfrigerateur (5-8°C) et pendant 1| heure a la trempers-—
ture ambiante de la salle avant de commencer les mesures e
conductivitéd libre (C.L) a 1’aide de 1’appareil "microconducto-
mel =y consort K 220" (DA SILVA, 1980). Aprés les mesures de
conductivité libre, les tubes sont aussitét refermés aveco du
parafilm + du papier aluminium et chauffés au bain marie a

105°C pendant. 1 heure dans le but de tuer toutes les cellules



ite sont retirés, refroidis pendant 1 heure et replacés dans e
refrigérateur a4 5-8°C pendant 24 heures. Cette nouvelle mesure
correspond a4 la conductivité totale {(C.T). A partir des mesures
de 1L, et C,T, nous procédons au calcul de pourcentage
d’iatégritd relative, suivant la formule proposée par DA VIERA,
19849,

Leg éludes préliminaires en PEG 600 sur un echan-
t1ilon de mais a partir de différentes concentrations représern-
tant différents potentiels osmotiques ont montré aprés analyvse
wne tres forte corrélation positive (r = 0,975) avec e
pouccentage d'intégrité relative ; 1'équation de régression est
(Y = -1,37 x -13,45,

l.e PEG 600 de molalité 330 g/1 (-44,57 bars) entraine
des dégat: relatifs de 1’cordre de 50-55 % au nivean de 1ia
celiule protoplasmique., Plusieurs auteurs ont noté dans le cas
du mais une forte corrélation entre la résistance protopias-
migie ot le rendement en conditions de stress hydrigque oo de
fempératiures élevées, Au niveau du choix de la feuille, on a
fait 1’échantillonnage du malis dans le traitement | ;| ure
analvse beauconup plus approfondie du calcul du pourcenlage
Atintéegritdé reiative en fonction du rang de la feuille (OV =
14,868 %) montre gu'avec la feuille de 1’épi (Ro) on ohtient des
différences tres hautement significatives entre les variétés.

14 1

La lare Teuille en-dessous de 1'épi montre des différences

5 %) entre les variétés, tandis que la Zewe

sigqificat ives (a4
feuille en-dessous de 1’épi donne des différences varietales a
la probabilitée de 23 %. Avec les trois feuilles au-dessus e
1'épi, aucune différence significative n'est observée entre les
variétés {of, fig, 3), Les mesures de résistance protoplasm que
sur lee feuilles de 1’épis de 4 variétés (cf. Tab., 1) oot
débaté  au 78éme  jour apreés le semis, (33-34 jours aprés
apparition de 50 % de soie), Cette période choisie correspond
4 une phase tLrées importante pour le mais ; elle est définie par
OUATTAR et al. 51987) comme étant la période ou 90 % de toutes

les =etivités physiologiques, morphologiques et anatomignes se



passent.

'n stress hydrique & ce moment précis entraine des
baisses de rendement de 50 % (DENMEAD et SHAW, 1960) a 0 %
{ROBELTN, 1980). L’analvse de variance du pourcentage
d'intégrité relative (CV = 12,17 %) fait ressoriir des
différences trés hautement significatives entre les variétés =t

une intzraction bloc x variétés non significatives i(of. Tabieau

n. 21,
Tableau 2 . Analyse de variance des génotypes testés - Hambey
1989

Soitrce DL Somres carrés Variance
échantillon 4 296,39 79.098 NS
bl oo Z 321,63 160,813 NS
variéteés 3 25565,18 851,725 %%
int, bloc x wvat, 6 424,97 70,828 N&
triitemen ! 199,40 199,401 =%
ini. bl oc x trait . 2 370,447 185,235 NS
int. var, x trait . 3 1888,317 629,456 **
int, bl ocx var . x trait 6 1939,37 323,228 *x
résiduelle 92 6187,356 87,254

- - o - - - = e svemacn e i g s v

CV % = 12,17

NS = Non significatif

* = Significatif a 5 %

X X = Hautement significat jf



i.7analyse de 1’interaction variété x traitement (/ig.
n 4} montre qu’en bonne condition hydrique {(Témoin), la
variété sensible Kamboinsé 84 Pool 16 DS présente un bon
comportement devant Acrosg 86 Pool 16 DR, Early Peool 16 DE &t
Maka 1. Fn cordition de stress hyvdrique, c¢’est Jla varidte Maka
Cl quit remonte alers que Kamboingé 84 Pool 16 DS chute. Danrs
les deux as ¢e condition hvdrique, la variété Across 886 Pool

16 R montre une bonne stabilité suivie par Early Pool 16 DH.

Dans le cadre de 1'élaboration du programme e
841 =etinn pour 1'adaptation 4 la sécheresse au Burkina Faso. la
fendance serait de croiser Kamboinsé 84 Pool 15 DS ben u#énitear
dans le traitement 1 et Maka Cl qui s’avére étre un tres bon
géniteur dans le cas du traitement 2, pour avoir en Fl une
varidté gui va mieux se comporter dans les deux c¢as e
conditions hvdrigues car selon BLUM (1983) des alleles adaptés
A 1a sécheresss non encore identifiés existent au sein d'une
popilation. Cependant, dans 1’immédiat on peut proposer la

varidtdé Across 86 Pool 16 DR a cause de sa bonne stabilite.
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abstract  Four cultivars of related species, common bean and
cowpea, which exhibit different degrees of drought resistance,
were submitted to water stress by withholding irrigation.
Urought induced an increase in endoproteolytic activity. being
higher in susceptible cultivars (bean) tham in tolerant gnes
(cowpea). An aspartic protease activity was found to be strongly
induced especially in bean. From a cowped leaf ¢cDNA library, a
full length aspartic protease precursor ¢DNA was obtained.
I ranseript accumulation in response to water stress indicated
that the expression of the gene was constitutive in cowpea and
transcriptionally up-regulated in bean. T'he results showed that
drought-tolerant and drought-susceptible hean plant\ differ
regarding aspartic protease precursor gene expression. ¢ 2001
Federation of Furopean Biochemical Societies. Published by
Eisevier Science B.V. Al rights reserved.

Ao words Drought stress: Endoproteolviic activity:
Aapatue protease precurser ¢DNAL Cowpea (Vigno
wostcndar 1 Walpyo Commorns bean (Phaseolus vulgarss 1)

I Introduction

Aspartic proteases (APs BEC 3424 are members ol o class
ot ndopeptidines with aadic pH optima that are inhibited by
pepstatin A APs mclude animad pepsin. renin and cathepsin
{3 fungal pomcitlopepsin, veast protease AL and HIV protease
{17 Thes have o conserved three dimensional structure with a
substrate binding cleft hetween the two tobes of the structure.
oo comserved Asp rosidues aie speetfically snvolved an the
shvne claavage of peptide bonds between amino acid resi-
Jdeon wrth birge hvdrophobic side chans [1.2]0 APs are synthe-
sbd s somogens amd they dre self-processed to vield the

doiae enzsme [

Puthe s known about the bological tunction of APs in
phints {340 1t has been suggested that an AP could be in-
vebved o e digestion of insects in Nepenthes [3), i the deg-

*Copresponding aathor Fav (34 E44276006%,
Fowrmd 2l e jussieu tt

Yehevition. ABAL abscie acids AP aspartic protease: pUMB.
mn~chloromercanbencoate: PMSED phenylmethane sultons] Huo-
i FOAL rachioroacetie aady Ve §rena wrguiculata

radation of plant proteins 1 response 1o pathogers [6.7], dur
mg Jdevelopment processes {8 10] and senescenee {15.12) 1
mammahan cells. the lysosomal pathway - responsible i
the enhanced protein degradation observed under stress con-
ditions {13].

Protease activities mvolved i plant respomse 1o wader stress
have reeerved hitte attenbon particularhy i fegomes, Taking
this into account. we have used a presoushy deseloped plant
system [14.13] o check whether or not sndoproieases peo-
tease) are mvolved in water stress plant respoase and 1 so to
determine 1t 1t s refated to plant drought suseeptibiloy.

The plant system consists of related bean planis tcommon
bean and cowpea) which show different dreugnt resistance
capacities under field conditions [14]. Previeus physiological
studies have shown that the conpea cultivars establish adap-
tve strategies under drought which cre absent i the more
suseeptible bean species [16,17] Drought resistance (or sus-
ceptibility) of these plants correlated well with thea tolerance
at the cell tevel i terms of membrune integrity 4] and
membrane lipid degradation [1519] Water deficit results in
a loss of proteins m soluble, membrane and chloropiast cell
fractions. bemg dependent on the intensity of water stress cad
hemy higher m susceptible bewn cultsvars than in tolerant
conpea cultivars [15),

Proteolysis duning plant senescence 1wl documeniaed
[20.21} bat little 15 known about the nature ¢i endoprotedses
mvelved in water stress response {13221 and their physiolog-
wal significance. T order o characterize the endoproteases,
we have assayed specific endoproteobviic activities 1n solublke
feuf extracts using class-specific mhibiters. The resulis showed
that &n AP s involved 1 the degradation process nduced In
water stress. To wentity the gene, w ¢DINA librury from cow-
ped leaves [19] was sereened. A cDNA enceding a putatne fuli
length AP precursor was bsolated, The accunulation of the
cowpea aspartic precursor mRNA was studied in the case ol
the Tour cultivars of the plint systemr. submitted to various
degrees of water deficit.

2. Materials and methods

Y Plant culture and treatinents

The plant system consists of related diploid sttoganans bean
plants of the same tamily (Fobaceacr and tabe (Ploseciduey. which

WSO 0 A0 00 < 20 Pederation of European Biochenical Societios. Published by Flsevier Science BV AL righiis seses ted
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Jow different drought resistance capactties under fickd conditions,
pamady two enltivars of cowpen  Frgne wngtacudata 1. Walp o,
EPAC E-1 and ov IT83D and two cultivars of common bean Pha-
sealts vddearss 1oov. Caroca and ov - 1PA L Cowpea cultivars are more
golerant than bean cultivars EPACE-T = 1ITRID - IPA = Canoca
3,004

Plasts were grown s green house s previously deseribed [15]
Drosght stress was induced by withholding watering for 7 10 days
m 2 day old plants. Experiments were cartied out on the second tully
spnded feat Three stress levels of water deficit were defined: Sy,
S8 we T L0 1A 20 MPa respectinely (control plants
g T DY MPa) They were measured using o pressure chumber
(PM ECS Instruments) [23) I recosers experiments, § plants were
ve-hedrated (R and harvested 24 b Lea iy, = 0.3 MPa). Abscssie
sid ABA) taatment was carried out on detached teaves with petiole
wtk 2 0 1T M OABAL 10 ;M T batter pH 7.0 for 24 he control
m bedter {24

“

fudoprote ofvae weineg)
Panves o wowere frozen i liquid strogen with insoluble polyvi-
srahdome (0.2 ¢ ¢ FWi homogenized m S mi S0 mM T
Ehuadler pHo T A0S v Zmorpholmocthane-sulfonic acid and
fifterod fvlon nets 6l and 100 am pors sizess Monyl Polylabo, Stras-
hou e, Frances The tltrate was centrtieed (13000 ¢ 10 mm. 47C
Bechrnan Dhiscentntfuge 13 SOR . and the supernatant was used as

Srud s enzvie ostrae: 1O Eadoproieoh e actvitios were assayed
aaie U mehLaed coesein 125 e substrate (106 pCo ¢mg

protan oSt al 3 S 200l o Ckoand %0pl BC-methy lated
et et e awetie aerd nutler pHo3 S were mined and incubated
durrig Vb w370 The reavnon was stopped by adding 10 pl ol 2.
hovete seruni altbagnn (BSAT (wivy and 99 gl of 1 tnchloraacetic
sod tTOA T pwev s The TCA-woluble radioactinity was medsured i the
supermatant Caquid santiaton anabszer 1600 CA- Packard). The
cadoproteohy Le ettty wins cxpressed ae pg of HCmethvlated casen
hudrohvard oy proteingy C b

“h
S smdutatios o endopretees activi

Fopenmient . were carned out st control and S: plants of hean
oot arionr Clssespeaiiie protease miubiators [26) were used. 2 mM
phessdmethaie sultons b flucrade (PMSED senine protease infubstor).
S eM pep et Nspeaitic AP mbibitor), | mM para-chloromer-
caepzon and (pOMBL Costemne protease inbibitort and 10 mM
FOOA tmeta doprotease inhibitory CF was partiadly puribed (PE)
B seapitotion sath S0 cw/v anmnoniam sulfate. desalted by Se
phad s G-23 Pharsuwne U ppsata, Swedeny el filtration followed by
st -awhange chramatogiaphy tMeno Q HR S5 Phurmacia, U pp-
e Swedeny PEs were pramcubited separately with mbibitors tor [ h
et o me e A7C s the apprapriaie pH ooptima and endoproteolye
actetnes wern measured using VPO-mctindated casetn as above. Re-
are eaptossed s pereentage inhibiton detined as the difference
cen the enzvmata actty after ncubation without mhbitor
amd  that  with ashibitor sbAL expressed m pereent
EAE A= 108

D sy

AP activites were detenmuned i ical enzvme extracts (LE) which
wers brought to o hnal volume of mlb with 01 M sodium acetate
HC pH 30 butfer The reaction was mated by adding a synthetic
sk rate Pro Thi-Glu-Phe-t NO--Phe-Arg-1eu tNovabiochem. Swit-
ser oy toa tingd coreentration of 83 mM.L according o [27] After
PS5 at 3770 dhe absarbance G4 was measured at M nm (Perkin
Pleosy AP Ve (g protein) ' onun
Pro- o contest was deternined asing the Bio-Rad protein assay re-
cocr (BI-RGd. Richinond, USA28)woth BSA us a standard

Sl was ovpressed m

SN ceming ansd seiencc anadois

Frimers corresponding fo AP procumor Conseists Fegions werw
e PCR amphfications usmg ¢IPNA of b S2oas o templawe
ISy vathesic kit Anorsham The amplitied DNA - frugment
wi purtied Wzard PCR Prep, Promegay snd cloned in the pCRTI
phi md 123 chnmy Mt Invirogeny A 2 Zip-Loy (Gibeo-BRL)
CDN A abrar consiracted Srony mRNA of cowpen plants [19) was
crooned amd the fongest positine plasiud clome was obtained after
exe cionr i v i DHTOBCZIPY Lcheachne i cells. Sequencing
v aarticd cut on ene stand using the dideoxy chain-termination

e et?des CG

RER]

method [29] with the Oncor sequencing kit tApphigene). The other
strand was sequenced by ESGS (Pans, Frances. Results were analyzed
with the PClgene program (Imelligenctics Ine Mountain View. CAL
Usay.

2.6, mRNA isolation und Northern Motiing

Bean and cowpea leaves (6 g FW) Trozen i hquid nitrogen were
used for total RNA extraction [30] mRNA w.as obtained wstng Oh-
gotex columns (Qixgen) according to manufacturer’s instrucnons. 3 uy
mRNA of each treatment was separated on o 1 agarosz-fornalde-
hyvde get and transferred to ayion membrane (Hybond-N. Amersham)
and hybridized with a P-labeled DNA probe of 330 bp obtained by
PCR ¢DNA amplification between ohgonuclentides eorre-ponding to
amine acids 20 13 of conpea AP eDNA T 127 RNA Toading was
checked by re-probing the membranes with #2519 iencodireg 319 ribo-
some protein from Nrcotiana tabaciony.

3. Results

3 Leat endoproteose acivity wnder waier - fress

In control plants {water potental y, 1.3 MPa), actis-
ives of endoproteases assaved using PCametinvlited casetn
were not signiticantly different e bean sind cowpes culivars
(Fig. 1 In nulbdiv stressed plants ©52 wo = 15 MPa) wath-
holding irrigation led 1o ncreased activits s bean oo Curocs
(#2350 [IPA 1+ 11970 and cowpea ov TIRID (9% 5 Lower

values were obiined tor the more tnlerant v EPACE-L
(+58“'=v),
32 Characterizatioin of an AP acnve

The percentage of inhibition ot proteolstic activities. 1
duced by class-specific inhibitors, was determined i watered
and stressed plants in the case of the more drought-sasceptibk
cultnvar of the plant system. ov. Cartov Proteases are classt
fied as cysteine (CPy asparoie tAPY serine (SPy and et
loproteuses (MP) as detined by Barrcett {26] The experiments
were conducted using partidly punficd Py Jeal cdracts o7
control (g, = .3 MPay and 8- (g = 1y MPuas plants of
bean Carocu (Fig. 23 EDTA imetadloprotease mbnitor) dwd
not result in any change i percentage mwhibimon of endopro
teolytic actsity, i erither watered or nor-watered phaits, thus
excluding sigmificant contributions fions metalloproteases 1w

20 W v————
2 Vigna unguiculata | Phaseolus vulgaris
5
=&,
z e
24
23§
§§ 2 10+
£ %‘ 3
g
2

Py PA P v Carioca

#m Stressed

Lig 1. Endoproteolytic activitios m crade Teal extracts frony contred
and watersstressed  Phaseolus and Tigaa plants Tho actvitios wers
measured at pH 4.5 and espressed s pye POt Eed casein by -
drobyzed fmg proteiny  h ' The deat extiits were obitaned from
control (C0 w003 MPa and water tressed (80 gy 7 S
MPa) plants. Values are means of three rephicates frame areareserns
tative experiment

Control

v



1

feal extracts. s e r i n e and cysleme protease activities, as identi-
ded by their respective inhibitors, P M S F and pCMB, de-
sreased in stressed plants as compared to controls. Pepstatin
A a class-specific AP inhibitor. resulted in a weak inhibition
ai endoproteolytic activity in leaf extracts of watered plants.
mdicating a fow level of AP activity in unsiressed plants.
fiowever in the stresred plants. 23% of the total proteolytic
sty v as inhibited by pepstatin A, showing that the level of
AP activ tyis dramatically increased in bean Cariocy leaves
under these conditions oC water deficit
T3 AP wenvite undor water sress

Expertments were performed on control (g, = 0.3 MPu)
ad Sy twe = 1.5 MPa) bean and cowpea plants. A peptide
hstrate specific tor APs. Pro-Thr-Glu-Phe-(NO»-Phe)-Arg-
Fouswas osed o assay their activity in partiadly purified leaf
stracts iwithout proteins which precipitate at pH 3.0% (Fig.
. The results showed that water deficit sigmficantly stimu-
sited AP acuvity, the stimulavon being higher with increasing
slant senatils o drought stress (see Section 2).

4 Clonmg and sequence anaivss of @ cDNA encodmy a
melasive AP precursor of conpea

Primer . -GONTOGYGCTGOTATHGCTGA (sense) and
COCCATRAANACRTONCE dantisense). where N AfCY
T ATIC, R= AG Y - /T, were designed according
AP precursor consensts sequences of barley {GenBank
sctesston noo X36136) cardoon (XK1984) and rice (1212777).
e 612 ap leng probe was used 10 screen a ¢DNA hbrany
constructed from cowpea feat {191 A Tull length clone of 1842
Epowas wolated, seguenced and referenced as Vud P! (Gen-
ik accession number L161329¢). The open reading frame
creades @ 3 E amumo acid protemn with o caleulated molecular
sians of S5 kDa and o predicted pf et So. AP has highly
Consenved regions in the two catadvte domains with identical
pesition @nd leagth as compared to the conserved regions of
borley (X36136) 3] cardoon (X81984) [32]. Brassica napus
(053032 33 drabidopsis thaltang TUSTO36) [33] and rice
G277 9] PP showed T4 TR sequence idennity with
thow plast AP precursors. A signal was detected at the ami-

h
[a=)

ez Control

s Stressed

F-S
[=]
H

()
[=]
ol

nhiption o spectic Snaoprotestytc
activity (in percent of total)

% o et R
PMSF  Benzamidine Pepstatine PCMB EDTA
For 20 Bet of Sissespecitic protease mhibitors on endoproteolytic
cowgfic actuts on partially purttied deaf extracts from control and
ssed P ovdgaris Canoca plants. Control plants: O g = 0.3
Paand sarerstressed plants: So0 g, = o 15 MPa. PMSE (serine
protease niabitori pepstatin A Gspecific AP inhibitor). POMB (cvs-
tene protease inhibior), EDTA (metalloprotease mhibitory Vilues
v mueans of three rephices from o cepresentative experiment,
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Vigna unguiculata Phaseoius vulgaris

204

101

aspartic proteinas e activity
{aA o™ protein min't)

Vu. EPACE-1 Vu 1T830 PV IPA Fy Cafoca
3 Control W Stiessed

Fig. 30 AP acuvities m T wngurculuie and P ovidearic crude feot o
tracts (CE). A specific substrate Pro-Thr-Clu-Phea NO:-Phe)-Arg
Leu was used The speaific AP acttvity was exprossed s Adqge (my
protein) ' min ' The feal extracts were obtoned from control
1C e = 0.3 MPa) and water-stressed 5> w7 15 MPuy Phe-
weolus and Pigna plants. Values are mean< of thres rephicates from .

representative cxperiment.

no-terminus of Fu4P/. known 10 be responsibe for the ta
geting of the protein into the cell vacuole. The predictuon o
the cleuvage site {Psignal program. Pogene software) gives the
best score after Coy, conforming o the ¢ 3, 1) rule propased
by Von Heijne [34]. tois folloned by o proseguence. character
istic of APs of sertebrate. tungal and plant onign [1]. TP,
contains a sequence spectfic to plant AP referred 1o as PSS
iplunt-specific sequence) 1], The two active site aspartic acic
residues. one with the Asp-The-Gly mott and the other Asp
Ser-Gly. are consistent with those presiously reported [3)
Two putative N-glyeosvlation stes were predicied {Pegene
Prosite program. Intclhigenetics)y [13)

Genomie hybridization patterns (data ot shown) suggested
that the AP precursor gene is cncoded by twer or more gene:
in bean, and a single or two genes in cowpes genomes.

V5 Expression ot Fud Pl mRN A wnder vcares deiicir and
ABA trearment

The effects of three levels of water defict, as well us e
hydration (R}, were examined in leaves of bean v, Caroce
and TPA and cowpea oo, EPACE-1 und ITR3ID  Additional
ABA treatment ¢A+) with control tA Vwas carned out using
detached leaves. Hybndization was done with o 330 bp long
probe corresponding to the 8 region of the (1P ¢cDNAL

In bean as well as in cowpea. one band of appresimately
1840 bp was detected (Fig. . In the case of bean cultivars,
transeripts were net detectable in control ¢ i re-hydrated
teaves, but appeared under water stress, In 1A b transenipt
accumulation was similar in S, S: wne S0 steessed plants
while in drought-susceptible Carwoca the triascnpt fevel we
creased with increasing stress. The §wd Pl gene showed no
sign of being under the control of ABA wy bean fzaves under
our experimental conditions. In the case o coswpea cultivars, a
constitutive expression of franseripts was vbserved 1n response
to drought stress. re-hyvdration and ABA treatment on de-
tached leaves.

4. Discussion

Although levels of proteelvic activiiy wre hnewn o be
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Phaseolus vulgaris

cv.IPA
C 81 82 83 R A At

cv. Carioca

C 51 82 83 R A A+

Vigna unguiculata

cv. 1183

C S1Y52 S3 R A- A+

P L T

cv. EPACE-1

C 81 S2 S3 R A- A+

b
bt
b

Fig 1 Northern bior analysis of mRNA of Tud P (A) under water stress. re-hvdranon and ABA treatment s P s and U e wiata
fwaves The membranes were hvbrdized with 4 U P-labeled 330 bp fragment of TuAP! ¢DNA under high (17 wnguicidaz and b oF sdgariv)

strmgenes and with ¢ vonstitutne mRNAC w819 probe (B) encoding a constitutively expressed gene of nibosomal protein from
03 MPa. S, waterstiessed Sic we = I MPa Sssow 1S MPas S o 2 MPa: R reehadruted atter o 24 h water
13 MPay For ABA treatment detached leaves were plunged in 0.1 mM ABA for 24 h (A+) or water v A

e camtrel
Juier ny,

aftested dunag senescence [36.375 the mfluence of drought
stress 15 poorh charactenized and the relation between plant
resislance or susceptibilits to drought and protem breakdown
Has zever been established  Using a plant system of four cul-
tivas~ of common bean and cowpes which differ in their re-
shaliafiee (o water stiess, we have demonstrated mthis study
that water deticr induced an ncrease n endoproteolytic ac-
tnss that parallels the susceptibilizy to drought of the cultivar
thie 1) Among the different protease classes. cysteine pro-
teiitises wene shown to be implicated in proteolysis during
senescence 18] and under drought [39.40] mvolvement of
AP senescence of Jower petals [12.41] and degradation
of pathogen related proteins [6] was also reported. In this
worn, the use of class-specific inhibitors has enabled the water
e sestimulated actvity 1 bean Canoca cultivars to be wden-
titiced as beirg mamlby due to AP (Fig. 21 The highest sumu-
Lated speafic AP activity was obtained in the case of the more
siseeptible Bean culuvar (Carioca, Fig. 3)

Soeening o CDNA Tibrary from cowpea leaves led 10 so-
Gtien of o full length ¢DNA 1eferred toas VAP encoding a
putsve AP precursor showing o high level of similarity 1o
D™ AS of cther plant APs. Analysis of the deduced VAP
amee aod sequence showed a PSS of about 100 amino acids
not found i yeast or marmmalian enzyme homologues. These
wsedues are positioned in the same regions as in other plant

AP precursers. The PSS sequence s very similar to tha: of

sipenin, w sphingolipid-activating protein from mammahan
cadi- which 1 invohved in targeting proteins to lysosomes
[42¢ and hae been suggested to be @ vacuolar targeting deter-
miant [43 1 may target proteins 1o a newly characterized
vt compariment of plant cells called o-T1P PSV [44]. Recent
gap-riments with recombinant cvprosin expressed in Pichia

dethugstin

pastoris showed that PSS is essentiad for the correct folding
ot the protemn [45].

Northern and Western expeniments showed that the dra-
matic increase of AP enzymatic activity m bauan cultivars cor-
refated with the stimulation of gene expression {Fiye 44 and
inereased the content of a 36 kDa putative mature AP enzyme
form (data not shown), On the contrary m cowpea cultnvars
the level of transeripts (Fig. 4) as well as that of AP precursor
protein {data not shown) remained unchanged. The observed
change i enzymatic activity imduced by drought i this spe-
cies could therefore be due 10 posttranshitional modifications
of the iImmiture enzvme form (Zamogen processig i ation
.

It 15 interesting to underhne that the diougnt-susceptibls
and the drought-tolerant plants display different ~stimulation
of AP activity The capacity of the droughs-telerant cowpea
cultivars to maintain enzyme stahility under water stress con-
ditions could result from their abihity Lo retan water in the
protoplasm [16] These plants are also able to regulate AP
enzyme activity at the level of gepe expression (1iz 4y 0O
the contrary. in susceptible common hear plant drought
induced excessive AP activity (Fig 3) which probably leads
to the deregulation of the balance berween catabelisme und
anabohsm. In these susceptible bean plants, a rapid reduction
of CO: assimilation occurred during water stress [16.17] Ir-
hibition of photosynthests may lead to nitrogen starvation
during prolonged water stress. The observed cnhanced AP
activity in droughted leaves could be s obved in the protec:
Ivtic process of organic nitrogen remobilization o other parts
of the plant. notably to the reproductive vrgans. Plant species
as common bean and tomato respond 1o extended periods of
drought with premiture lowering and frust production {46
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wd nitrogen remobitization [47]. The successtul engineering
o plants with the cloned AP precursor Twd Pl cDNA could
aclp 1o enlighten the role of this enzyme in plant response o
Jroaght stress.
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