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Aspartic protease m leaves of common bean (Phaseolus vulgaris 1.) and
cowpea (Vigna unguiculata L. Walp): enzymatic activity, gene eXPression
and relation to drought susceptibility
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»hstract Four cultivars of related species, comnion heJn aml
coywpea, which exhibit different degrees of drought resistance,
were submitted tu water stress by withholding srrigation.
Dirought induced an increase in endopreteolytic activity. being
highey in susceptible cultivars (bean) than in tolerant ones
izowpea). An aspartic protease activity was found to be strongh
«idered especially in bean. From a cowpea leaf eDDNA library, a
"all length aspartic protease precursor ™A was ohtained.

Transcript accumulation in response to water stress indicated
tnat the ¢xpression of the gene was constitutive in cowpea and
transcriptionally up-regulated in beaa. The results showed that
crought-tolerant and drought-susceptible bean plants differ
regarding aspartic protease precursor gene expression. L 2001
Vederation of European Biochemical Societies. Published
Plsevier Science B.V. All rights reserved
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s fm&" perutiopepsin, yeast protease A and HIV proteass

structuse atie

They h:sxe 3 (ons »‘d thrae dimensonal
¢ hynding cles 1 ohetveer 1he two labes of the strocture,
ar the

Asp resdues dre specificalhy mvaled

e TR vod

JEHSE vege of pontide onds bereeen aming asd resr-
Led wdraphobic wods chaing (U] AP wre sinthe-
¢4 as vaegars end hey A s ioovield the

foaction »F APs
red that as AP cogld be in-
o Mmoo {5

S N IR

trologioul

et b aarliar Boax (80 34075008

radauon of plant proteins @ response (0 pathogens {6, 7] du:
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the enhancad protan
dittons [173)

Protease actvities imvalved o plant gspons o
have received hittle atiention partgulsrly i e
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degradenion obsarved wnder soress ony
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this o account, we have used » previcusly decioped plaw
svatem (14,18} 1o check whether or oot eases {prao
wease) are nvelvad inowater siress plant fesponse and o sooo
determine if 1ts refated 1o plmt drought suscepubility

”IL plam system consists of related bean plants {common
bean and cowpea which sh(wx diffeient drougit resistanse
under ficld conditions [14) Previons oaysinlogical
studies have shown that the cowpea cultivars sssablish adup-
Lol sirateme: under drought which are absent 0 the mone
stisceptible bean species [16.17) Drovght resistince ror sus
ceptibility) of these plants correlated well winh thei tolepance
av the cell level in terms of membrane integty [14] and
membrane ipid degradation [1819] Water defict results n
# Joss of protins in soluble, membrane and cheoroplast ool
fractions. being dependent on the mtenmty of water stiess and
being higher in susaeptible bean culavars tmun
cowpea cultivars [15].
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show different drought resistance capacities under field conditions.
namely two culuvars of cowpea - Vigna unguicudeie 1. Walp ov
EPACE-1 and cv. IT83D and two culuvars of common bean - Pha-
seolus vudgaris L. cv. Caroes and ov, [PA. Cowpea cultivars are more
tolerant than bean cultivars: EPACE-1 = ]T83D = IPA = Carjocs
(15,16]

Plants were grown in green house as previously described (15]
Drought stress was induced by withholding watering for 7-10 days
in 21 day old plants. Expeniments were ¢artied out on the second fully
cxpunded leaf. Three stress lgvels of water deficit were defined: S,
S, 510 W =10, ~1.S, —20 MPa, respeciively (controt plants
C: ya =—0.3 MPa) They were theasured using a pressure chamber
(PMS ECS Instruments) [23]. In recovery experiments, $; plants wers
re-hydrated (R) and harvested 24 b later (yw = ~0.3 MPa). Abscissic
acid (ABA) treatment was carried out on detached leaves with petiole
soaked in 0. mM ABA. 10 mM Tris buffer pH 7.0 for 24 h. contro)
in buffer {24]

2.2, Endoproteolytic acuvicy

Leaves (1 g) were frozen i hquid nitrogen with (nsoluble polywvi
nvlpyrrolidone (0.2 g g ' FW). homogenized mn 5§ ml 50 mM Tns.
HC) buffer pH 7.5, 5% (viv) Z.morpholinoethane-sulfonic acid and
filtered (nylon nets 60 and [0 pm pore sizes, Monyl, Polvlaha, Stras-
bourg, France). The filtrate was centrifuged (15000 > g 10 min, 4°C,
Beckman Ultracentifuge 1.5 SCR) and the supernatant was uged as
crude enzyme extract (CE) Eadoproteciviie activities were assayed
wsing "C-methylated casem [25) as a substrate (106 pCy {mg
protein)™'. Sipmaj at pH 4.5 20 3 of CE and 80 ol “C-methyiated
casein 10 acetate-zcetic amd buffer pH 4.5 were mixed and mcubated
during 3 h at 37°C. The reacuon was stopped by adding 1€ ul of 2°%
bovine serum albumin (BSA) ca/v) and 90 ul of 10 trichloroacsnc
acid (TCAY twivy, The TCA-soluble radioactivity was measured in the
supernatant (Liguid scintllater anatyzer 1600 CA, Packardh The
endoproteolytic acuvity was expressed as ug of "Comethylated casein
hydrolyzed (mg protemn)™ h °

2.3, Inhibition of endoprotease activin

Experiments were carried out using control and $; plants of bean
qv. Carioea. Class-specifc protease mmbitors (26) were vsed: 2 mM
phenyvimethane sulfony! fluaride (PMSF, senine protease inhibitar)
0.15 mM pepstatin A (3pecific AP inbilnter), | mM pera-chloromer-
curibenzoie geid (pCMB. cystemme protease whibitor) and 10 mM
EDTA (metalloprotease inhibiter) CE wus partizily purified (PE)
by precipitation with 8000 (wisy ammonium sulfate. dosatted by S
phadex G-25 (Pharmace, Uppsala, Sweden gel fliranon followed by
anion-exchange chromategrap®y (Mano ¢ HR 55, Pharmacia, Upp.
sale. Sweden). PEs were pramncubated separately with inhibitors far | i
and 30 min at 4°C at the appropriate pH opuma and endoproteolyue
astivittes were measured uting “C-methvlated casein as ahove Re
sults are expressed 25 percentaze inhibition defined as the difference
between the enzvmatic setnily after ircubation without inhibttos
(EAp) and  that with  inlubiter (FA ). oxpressed n pergent
[EAG~EAWEA,]~ 100

24 AP activiry assay

AP activities were determined m lea! ensyme extracts (LEY which
were brought to a final volume of T m! with .1 M sodium avelute
HC) pH 3.0 buffer. The reactien was imtiated by wdding a synthetic
substrate Pro-Thr-Glu-Phe-(NOy-Phe)-Arg Led ( Novabochem, Swit-
zerland) 10 4 final concentravon of 0.3 M, according to [27) Alter
15 min at 37°C. the absorbance (A) was measurad 2t 310 nm {Perkin
Eimer), AP activity was expressed m Adse g proteiny | min™
Prowin content wus determiped usmg 1he Bro-Rad protein assay re-
agent (Big-Rad. Riechmond, USA [281) with BSA as a standard.

25 cDNA choning and sequinice andts se

Primers eotrespondig e Al precursor consensus romens wep
used in PCR amplifications cong cDNA of P 50 as a emplate
(cDONA svathesis kit Amershamy The anplificd DNA - Trgomen:
was furificd (Wizard PCR Prep. Pronga) aad doped in the pCRE
plasmid i T/ cloning ki, Invtrogery A 7 /-l Gitveo-BRID
cDNA hbrary constructed fom mRNA of covpoe plants [19) was
seeenad and the lonpest positie plasmid clone was obtones after
sxotsion o vive n DDHINRCZEPY Lecherd fine cods octin Seguenciny
was sirried o on one srand gong the dideoxy el -terminaiior
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method [29] with the Ouncor sequencing kit (Apphgene). The other
strand was sequenced by ESGS (Paris, France) Results were analyzed
with the PC/pene program (Intelligenctics Inc.. Mountam View, CA,
LSA)

2.6. mRNA iselation and Northern blotting

Bean and cowpez leaves (6 g FW) frozen i liquid nitrogen were
used for total RNA exiraction [30). mRNA was obtained using Oh-
gotex columas (Qiagen) according to manufacturey's instructions, 3 ug
mMRNA of each ireatment was separated on a 1% agarose-formalde-
hyde gel and transferred to nylon membrane (Hybond-N, Amersham)
and hybridized with a 7 P-labeled DNA probe of 330 bp obtained by
PCR oDNA amplification bewween oligonucleotides corresponding to
amino acids 20-130 of cowpea AP ¢cDNA Fu4P/ RNA loading was
checked by re-probing the membranes with #S19 (encading 819 nibo-
some protein from Niconana tabacur).

3. Results

31 Leat endoprotease octivity under water Siress

In control plants (water potental: g4, = ~0.3 MPa). activ.
itics of endoproteases assaved using “C-methylated casein
were not significantly different in bean and cowpea cultivars
(Fig. 1) In mildlv siressed plants (S0 gy = — 1.5 MPa), with-
holding rrigauon led to inereased acavity mn bean cv. Caroca
{23850, TPA (+1197%) and cowpea ov. IT8ID (+93%%), Lower
values were obuuned for the more tolerant ov EPACE.!
{385
32 Characienzation of an AP actviry

The percentage of mhibition of proteolytic actvities, 1n-
duced by ciass-specific inhibitors. was determined in watered
and stressed plarus i the case of the more drought-susceptible
cultivar of the plant system, ¢ Canoca. Proteases are classi
fied wy ousteine (CF). aspartic (AP), serine (SF) and metal
loproteases (MP) as defined by Barrett [20] The expenments
were conducted using partially puniiied (PE) leafl extraces of
contral (i, = =703 MPa) and S, iy, = —1.5 MPa) plants o
bean Caroca (Fig 23 EDVA {metalloprotzase inhibitor) did
not result i any change in percentage inhibition of endopre-
teofvtic acteny, in aither watered or non-watered plants. thus
excluding wigntficant contributions from metalloproteases in
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e U extracts. Senne and cysteine protease activities, as wdenti-
fier by thon respective mhibitors, PMSFE and pCMB. de-
creased o stressed n?ams as compared 1o controls Pepstaun
4 a clivy wpecific AP pivbitor resulted in a weak inhibution
o1 sadopre teolytic m,tn-uy in feafl extracts of wutered plants.
webicating 4 low level of AP actrvity in unstressed plants
However, o the stressed plants, 257 ¢f the wotal proteolytic
aciivity was inhibited by pepstatin A, showing that the level of
A activee s dramatically inereased in bean Canoca leaves
w der thesr conditions of water defieit

20 AP ot wnder water stress

sxperiments were performed on control (g, = =01 MPa
ard 8-y, = = 1.5 MPa) bean and cowpea plants. A peptide
ohstrate spectfic for AP, Pro-Thr-Glu-Phe{NO,-Phe) Arg:

2 racts tvathout protains which precipitate at pH 3.0y (Fig
,’- The rewuls showed that water deficut significantly »oimu-
isiod AP activity, the stmulation being higher with inersasing

roant sens Uvity to drought stress {see Section 2).

1y and sequence analvsis of o «DNA encoding
putal ve AP precursor of sonwped
bPamers. ¥-GOGNTGYGCTGCTATHGCTGA (senser and
COCATRAANACRTONCC (anisense), where Nz AJCY
T H=2ATC R=2AG Y =0T were designed acecording
AP peecursor oonsensus scquences of bailey (GenBank
N56136: cardoon (X81984) and nee (D277
Spolong probe was used 1o sereen 2 cDNA Irbrany
o ovstructed from cowpsa teaf ({91 A full length clore of 1842
uenced and refer=aced as Fud /P! (Gen-
v U336 The open reading irame
cneodes a 31 amng acxd protem with 2 caleulated motecular
cass of 254 kD and a predicied p/of 5.6 Fud P! has highly
gions 10 the two catalvtic dnmamx with denncal
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papten (NS036) 3] cardoen (X81944) [32) Brasvica papus
GOS0 (3N drabrdopas thaliane (US10385 (331 and nice
B, S w4 P showee T4 TS scquence idernity with
cese pant AP precursors A wgnal was detected ar the ami-
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Fiz 3 AP activities in I wnguiewicts and 72 sulgars crude wal e
racts (CE). A specific substrate Pro-Thr-Glu.Phe-(NDy-Phey-Arg-
Leu was used, The specific AP aetivity was expressed us Ad oo 1y
proveint™t minT'. The leaf extracts were obrained ‘rom contin!
Wy, = =03 MPa) and water-stressed (S, 4o, = -1 % MPay PR
sewres and Figna plants Values are mezans of three cepicaces from
repigientative wapériment.

no-tenminus o Fud F7 known o be rosponsible Tar e
ane of the protein into the c2ll vacuole The pradiction o
avage site (Psigna! program. Pogene softeare) gives the
best seore atter Cay, conforming to the =3 - rnl:.- prapess
o Von Heijne (34) Lo followed by a prosequene:, cheracte
Bt 27 APy of vertebrate, fungal and plant onpe 1] Vudd”
s 4 sequence specific o plant APs referrea 1o
specific sequence) {1 The twa autive 50 asparic 4w
ane with the Axp«!".x -Gy montf and the other 40
ard consistent with

: Fase previously ceporind D3
Teo putaure \-:..'cu\mnm‘ s.aey were predicoed CPogens
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Gzromic hvbridization patterns cdats not show el sug
tha! the AP precursor gene s encoded by twe oo mar
i obeanoand a single or tho wenes 13 cowpea a8 1omss
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Phaseolus vulgaris
ov.IPA ov. Carioca
C SI 8 S3 R A A+ c SI 52 8 R A A+
Vigna unguiculata
ov. EPACE-1
c 81
Fig 4. Northern blot analysis of mRNA of budP) (A under water stre<e rehydration aod ABA pesimens 0 P ovudgaro and e .

teaves. The membranss were hvhridized with g “Puabcled 330 bp Jragment of Fa 4P cDNA under %2h (17 anguicudaiar and |
stangency and with a consututive mRNAL #7519 probe (B) encoding & consttutively sxprencd :
€. ocontrol, ¥, =--0.3 MPu: S, water-sirezsed S, w1 MPy 5y
deficnt (g, = --0.3 MPa). For ABA treqatment detached leaves were pluneed i

afected during senescence [36 37 the influence of drought
stress s poorty charactenized and the relation between plam
resistance or suseeptibility to dreught and protein breakdawn
has never heen established. Using a planc svstem of four cui-
tvars of commor bean und cowpea which differ i thew re-
sstunce 1o water stress, we have Jemonstrated an this study
that water defieit induced an micrease 1 endoprotenlytc ae
pvity that paraltels the susceptbiinty to drought of the cultn i
(Fig. 11 Among the different protease classes, cvstcine pro-
winases were shown to be woplicated in proteoivas dunng
senescence (28] and under drought (33401 mvalvement of
APs in senescence of flower petals 1241 and degradatvon
of pathogen-reluted protemns [6) was abso reparted. In s
work, the use of class-specific inhibitors has enubled the water
srress-stimulated activity in bean Cartoua culonvars o be iden-
ufied as bemz mainly doe o AP (Fig ) The hughest st
iated specific AP actvity was obtaned inothe case of the more
susceptible bean cultivar (Cavoca. Bz 2

Sereening a ¢cDNA hibrary fron 2ovpea lcaves l2d 10 s
ttion of a full length ¢DNA reforred to s 1w 4 P eneoding a
rutative AP precursor showing a mch level of symilarits fo
SN Ax of other plant APs, Analisiv of the deduced Fud /M
amting acid sequence showed o £85 of about 100 wmine ae.ds
not feund 10 veast or mammaban enzome hopalogues Theae
residucs are positioned n the same resions osan elhae plan;
AP precursors The PSS ceguence (s very siudiar 1o that ol
sapasin, @ sphingohpid-activabng proten from manieban
cetls which 15 invelvad i Loetmg protetis to lvsesames

t
mamant T30 10 may Lngot pondoims B oo nosiy Shag
e campartment of plant ool cabed @3 HP PSY (S} Rocea

142) and has been sigessicd 1o b a vonela tirgeting detd

aterized

caperiment: with recombmont Gupresis vl i o

v,z b S MPys S o= -0 MPe R

pasroris showeg

zers ~F nmbowomal protein

T
wwdrated after v le b e

G M OARA for SN A4y of water tA -

d t
of the pretain (45

Northern and Wesrorr evperimenis showed thse

mafic increase of AP erzima
related with the sum ot yene expression b
meregsed the coptent of ¢ 36 kDa putative matmie AP cnzvpe

torm {data not shown D the Sontrary . an cov pep Sultinvg

the level of transenpts 1F a0 40 as weli as that of AP przcursoe
protein (dats not shown’ remaried unchanged. The obsenvee
Jhange 0 enzymatic aconn induced by drought m th
~uld therefore be
OF the IMMZTGIe 2n2vme o) (ZyMoges Processingal vt

i
Hrs anteresting (o underhn
and the drought-tolerant plaess display difforent sumulation
of AP activity The capacity of the drought-tolzrant (owpaes
cultivars to Walntan 2rzvme atabibty under water stregs o
dions could resulu Yvony the abilty to retam wae .
protoplasmy [16) Theie plant we also able 1o reautie A7
! )

1SS

caes O

]

ce o posttransiational modifoath.

-~

gt the droeght-suscepnaly

cizvtne ach ity at the tevel of gene expression (Fip b O

the contrars  In suscepinie common boan plan,
wehuend excessive AP wonvaty (R 3y which probably e
o the derspudation o7 the helance batween corvheinm o
prabalism Iy these suscepible bean plants, aopad redtc s
OO wrarnlalon oclurred durtoy waler soressy [RITD T
hibitian of photosaizhiess g dead o mitre Jom sl valten
durinz prelonesd waner suess The oberved enhasved AF
ettty in dronghied deaves coutd be pvolvad i the prowes

boue process of argan aliresz remobihization e ether fan

A the phiet, ol e the reproductive orgams Plaec
deoconymean boon and oo r‘c;;pmld 10 extende poringy

decugint wike previatie fowetag nd freir prodocnen e
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and nivogen remobiizaton [47) The successful engineering
of plants with the cioned AP precursor Fud P! cDNA could
help to enlighten the role of this enzyme in plant response to
Jdrought stress,
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