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moX RNF ®E R

B A IVAGEA UMD SBEEMR, 20 THhoBMEABT UMET

b5, VANADHBERIEEORBREMAL TIHOND. T4 VA BYHEY)
LEICBITUNET 288228 v, FORKBERDILHFICELDD
AL KRB TH 5, FHICH U T A IV R D BB DI BRE S h 2
B 5, BEBOBE. HMENEFELUBEHRIEREHhZZeAH D, T&
DB, TAIVAHERMABBICIEET 2 Lick UBRMIC Y 4 VA OBk
VESIZHEL, YA VAT FOBRMICHURADSNS, COLHRBERILE
BUBBUG & W h, EMOBBRHLRERLRIEO—D2LEXL O AT WS, UK
BIC & VR & h 5 REEFER o FZ M TR ATESELE ., —FHo X
UNTEPEREIND, OSBRI VBRNICERINS Z LSRRG
KRR A >~ N8 (pathogenesis-related proteins;BU TPRA VISV E) &
MEENT WD, PR VN B I3 2 ORRBEERBREIC & 572 R 2 K
LEEBROMWETCEOERAERIATHWS, ANITEESDD T IV—TDP
REVNIEIZEE - HEZHh, CDIBSLDBOTRIZGFOI7O—=V T
MTbh, TOBENHI L RS> TWS, —FH, ANALSMNCWL DO OFEY
BTPRA VIV EOBFDTOOTEEMN, FolEEh E AR DS, K
MRTCEFaTVEFA T4 (W) By Y43 (Vigna unguiculata
cv. Kurodane-san jaku) <& 1) 2 BBUS RIS L BIE L TERT 2R Y XV &
(CoPR) OHERZHLMCT B L2 HWE LU, ZOAEL2AIRE. RUEE
FRERFRITOE,

F1E CpPROFERCER

YU EREICCIVE BT 2 L Y120 IC E2R0. SR o < IE A AN
v URHICZ O OIS BE L U A TR Eh S (Fig. 1)
BRMEER LYY FEL VRIE NNy 77 [100mM Tris-HC] pH8.3, 0.3%
2-mercaptoethanol, 1.5% polyvinylpolypyrrolidon(PVPP), 5mM ascorbate]
%A, CoPRAEYZRRE L (Fig.2) . BH LUECpPRIZ10% polyacrylamide
gel electrophoresis (PAGE) iC &2 BEIE DK E WD & YCPPR-1,2,3,4&
wmaLE, 2hopR YN\ QRBREEEICTY 2L cReFERICH L
DITATHIDAEET HZLARDONE, CpPROBEZ 1T =8, Native-
PAGEIC L WA BEAL . DBEL =CpPRE ZhFhrL / hOoTYa—> g
VICKYEKKBRICHE UL, S50 YidNative-PAGETH —D N>
ReULTmriiahE (Fig.d) .

5528 CpPROH#:IR

SDS-PAGE, IEF-PAGE& Y CpPRAERZ; D 4rF B K %A ILCpPR-1 (14 kDa,



pl 5.1) ,-2 (14, 5.3) ,-3 (15, 5.4) ,~4 (15, 5.6) LH#HEZhE=, IEF/
SDS 2R TEBRIKENC & W CpPPRBZFHh FhBE —~D ARy b UL TREZH, B

PR (R X WCpPR-1,2,3, AicxG L (Fig.4) . CoPROAERDERE

L2 BET 2 DRERFRICCMVEERE L YCpPREZM L=, CHV (100 £g/ml)

B 1 4R B ICH9500~600 DB A BEL LA s 5 L [FIRFIC CpPR-2 AV SR
L =Native- PAGETRIHZ WE s, MDA T Eh & W20 BhkRi &

Nz (Fig.5) . CpPR-2IF14Kf B iCKR I higd TH B 36K R B £ THEML
Wi, S6EME OERBRY Sy AEOHBHEIgY VI LgicELE, —F

v O3 IR ENIEH T A B 24RERE £ CHMUKRT. ThilBE TS

M—ICEUE, KAYNRNIEOEREE QAREE) 207520, BaA

%1k 7t H OSDS-PAGEIC I A §\ 2iR5TH MSDS-PAGEIC MIA B Z L IC & W U2
T4 NS ERBEEsEE, FORBE, CPPRERURTF REMO I 2T 4 R
WERBELRVWE )T —THAZLAEM LR oL (Fig.8) . ®iC, ¥4

LB OPRA YN B L OMFEFRFRERIT LE, $bB | CpPRE
STFE (14~15 kDa) RUSEAS (pl 5~6) OFEIL A NITDPR-1cicwd
ik HwWTO 2Ry Jay N &fFok, FBE UTERCPR-1~4, O

YhOo—Jb& U CTMVER )N 2 (Samsun NN) ZEDPR-1j4> % SDS-PAGEIC it 3R,
LE (Fig. D . CpPRARAIEWIFhbHL AN PR-1chifke RIGU EA, K
R o=, CpPROEMEN T T b —ICB T 2CHVEM4SRRHIIC BT 5
BEFMICONTRFTT 220, Y957 W4%E%  phenylmethyl sulphonyl

fluoride (PMSF) ICIR{E L MIBGRE % aT¥E L U = 8, O BEALELIC & v MIfEN
By L MREMERIES L ICHEL 2, £2HEZNative-PAGEIC K U A HTL 28

R, CpPRAFD 2 TAECHBMERPICHEELE (Fig.8) . . BRNICR
ERESFILELZ A | 24K E F CCpPRIEIMBBRBWIC, Fhil%iTM

faipEhcEickmiia hi= (Fig.9) . CoPRABETT 3 MiHRIIED O & ¥

NI AN RBERDVSGLFE THZ2LAASNTHWS, 2T, CpPROA V8

7G5y REE RIS B iEC D W T Staphylococcus aureus V8 protease? Fi

WTHEARE (Fig.10) , Fo&R, 100 ugdCpPRICH L20 £gdDV8 protease®
A UIRIER2ICEREYCHILEhEZZ D, KAV IEEAUN
VENEBRICHETHAZ LA LR,

3%  CpPRO 7 X ) BRBLHISH7

CoPRAES; (X CMVEERE B D L BRF I, € DAL FEAHEDA L K EITHB Y., B
Clo@ggr sz ehTREhiE, 22T, RIRA Ry BV TCLYR Y
NIBEOIREERMBETUE, V8 proteasefLBE#SDS-PAGEICHEER U 7= &5,
CoPRAR ST DR EL BREW OB — BN E LD THELTWB I DD,
1R LB L =V8 proteaset iR 2o L EA BN S (Fig. 11) .

CpPRAFL S % 2R L ES VKB IC & V) BRBAPVDF (polyvinylidene difluoride)



KEEL, 7IVBY - U —KHRALE, TOKR. TONKRT I )
BECHIEREL 2107 X ) BRRRE S, 873 ) Mi%# H TCpPR-1, 22°G1In, CpPR
-3, 4AG1uT H B LSMNIMFETH o= (Fig. 12) , CpPR-2,4%V8 proteaseflLi
LESHhERESREYDO7 I ) BEFI2ELELZA, EDDHTHELT
WBZLAEM 2ok (Fig.13) .

£54%  CpPROIBIERLH| 43 b7

CoPRARSY DRT R4 R BV T TICNKRRT I ) BES 0BT & V45

IRBEEREL, ERY B ZOHEBNTEEULE7I VBREAEETDH L
ARENE, TS TAYNTHO#EEROBERA I - FEhTWI1RIEE®
AT B 7= HCPPRES A RO O WEH =GB FHEREL YcDNAS A TS5 —
B.5x10°70—Y) ZERLE, BIECSVWTHREL ECpPR-3ONER7 X
BMECTIHRI RVBEEOD L WP I ) B2 %< U EBROEXRSICHIENS
AVIX I UVAF REERLUE (Fig.14) . AAX VI LvAF RE2So—7J
ELUTCNAS A TS5) S WBRULERS T T/u—rvnd—b Y A%4T-
R, ORFRUS’, 3 FEEEREKZ St 70— >pCp8 (Fig.15) BWHEZHD
N FEBEIUSESEHHCPPR-3Z2I—RT2EHNHM Lo, T, XJ 1
~ VT AR Y OPRR YRV E L 80U LRSS RS> v (Fig.
16), pCPBIXZhd D& V7 B oiEEES |, 3 FHRERIIOXES T
BWHEENZES B,

855 CpPRo) FEHLFMNERHE O BAT

CpPRiZNative-PAGEIC & VW CMVEEHIARMIB L Y BERXhE, KA VNV E
DRBETANVABRICIYRBICHEE TS, ZORBBRICHKERDY
Hlhd, CMVERBIRREE ICtotalRNAR I U, pCp8% T —TJL LTI
INATVHA - aryiifTok, TORE, EHE12FEME X YCpPROEE
YWAERT 5z L AWM o (Fig.1T) , =, NFERFHEBIC LY in

vitro translationZ fTo7= & Z A, [ERRICEEL12REM#E D S 15~16kDan#
REYPHFICHNT 22 LHIRDSIE (Fig.18) . 2hbERL Y, Op
PROBEBIECHBELARINTHBEO TR LEADBNS, KRIC, CpPREBIET
OBBEREFT DD, YHSEL YY) LDNAZHH LpCp8%: T —T L U
ETIIVIYTFEINLTYVHALA -2 aryeiTok (Fig.19) . 7 LDNA
CBWTEEBEONA TV HALXLENY REARBENEZ 25, CpPRIZEK
DREFICI—-RENBBREFICHORLILDI~ITE—FET B EEALH,
BREBEEFEEAI RV W LARBXOE, ‘



HOE RATE

YU HAEREICOIVE BT 5 L 14~ 1SS ICEBER AR E NG, 20
&5 RRBLIBICHATLBIC 3802 BB E D . VLS5 7 EICEE
PEATER E = BRI BRI B R R CpPRAB S AR 2 hi=, Z OCpPRIZIE
FEHRICH T 2B/EAEL IC oI . BEEASR A SRR IED AT T4
YINTEOMINE EHBZ LD, BIEHER L OBEAER S hi=, CoPRD
EFOER, RTIRBEOBITE VAR B EDHTHELELDTHE 2
EWNRENE, Y2 XET 2 EETFRBTOLKA—0HELLNEE 2L,
ELOBET—RELERNOBLAS oL HEE NS, T4bB, CpPRIZL
DDgene family® B L. A\ ViChomologous geneTHd LEZBHE, 20
AR X LE, PRAYNRVEDR D 4 VA BRRBERRIICARICERZE LB L
ERBMLTWS EEIBID, £/, CpPR-3OIBERFIOBITOER. < AR
LR OPRR Y R B BOHEHSRED S hEDR, ANTOPRR VRV E
N U TR BN HEEENE o, LEFDT, ANTELT ABOPRE VN
DEBERICEIICHBEL L EXD NN, ANIDOPR-UICHT BHik L
RIGHEZFOZILAL, RALLPOEEL TS 2 HEBIEBEMREFEZ AT
SAEEEATRR E I, T, CoPREGFAT AR LBEEEONNRY LE
WHEMENED S hEZ LD S, CpPRIBELICE W THENHMoA Y\ E
THY., TOBBIARESELLLTWREVWEEZB LS,



Fig.1l. Photographs of a healthy (A) and a CMV-infected (B)
cowpea leaves.
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Fig.2. Electrophoretic analysis of soluble proteins extracted
from cowpea leaves. The samples were applied to native
(Native) and SDS (SDS) -PAGE. The soluble proteins of
healthy (lane 1), CMV-inoculated (lane 2), and molecular
weights marker(lane M) were resolved by electrophoresis and gel
was silver-stained. Arrows indicate specific bands appeared in

CMV-inoculated leaves.
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Fig.3. Profiles after native-PAGE of purified preparations of
CpPRs. Preparations (lane 1:CpPR-1, lane 2:CpPR-2, lane
3:CpPR-3, lane 4:CpPR-4) separated by electroelution from
native-PAG, were subjected to native-PAGE, and proteins were
stained with silver. Soluble proteins from CMV-inoculated cowpea
leaves was applied to lane M.

+
— === e -
92.5-
660~ - .
30~
T , g
o
;Ezm- 3
=z / s
. m
175~ X
- .
123~ QY
+ el
Fig.4. Silver-stained gels after two-dimensional gel
electrophoresis(IEF/SDS-PAGE) of soluble proteins from CMV-
inoculated cowpea leaves. The pH range was 10.0 to 3.5,
left to right. Polypeptide spots unique to the extract of

CMV-inoculated leaves are indicated by arrows.
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Fig.5. Time course of CpPRs production. Closed symbol
indicates data of CpPR-2 and open symbols indicate that of CpPR-
1, 3, and 4, respectively. An arrow indicates the time of

necrotic local lesion appearance.
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Fig.6. Two-dimensional SDS-PAGE of the soluble proteins from
CMV-infected cowpea leaves. a, SDS-PAGE under reducing

condition; b, SDS-PAGE under nonreducing condition; c, 2D-SDS-
PAGE in the first dimension under nonreducing condition, the

second dimension under reducing condition. Arrow indicates the
polypeptide spots of CpPRs.
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Fig.7. Western blot and immunostained with antibodies against
tobacco PR-1c polypeptide, after SDS-PAGE of purified CpPRs (lane
1:CpPR~1, lane 2:CpPR-2, lane 3:CpPR-3, lane 4:CpPR-4), and
soluble proteins from TMV-inoculated tobacco Samsun NN (lane 5).

2 pg of each CpPR and 100ng of tobacco proteins were applied to
each lane for western blotting.
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Fig.8. Electrophoretic patterns of soluble proteins in healthy
(panel: Healthy) and CMV-infected (panel: Infected) cowpea
leaves. Leaf tissue (lane L) was infiltrated in vacuo followed
by low-speed centrifugation and electrophoresised under native
conditions. Intercellular fluid extracts (lane IF) and
intracellular extracts (lane C) were compared. Arrows indicate
CpPRs.

Fig.9. Electrophoretic patterns of tobacco leaf proteins from
successive intracellular extracts(lane 1:24hr, lane 2:36hr, lane
3:48hr) and intercellular fluid extracts(lane 4:24hr, lane
5:36hr, lane 6:48hr) subjected to PAGE under native conditions.
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Fig.10. Electrophresis analysis of CpPR-1 digested with V8

protease. CpPR~1 ‘was digested with 0 g(lane 1), 0.2 pg (lane
2), 2 pg (lane 3), 20 pg (lane 4) of VB protease. 10 pg of

CpPR-1 were treated with V8 protease after electroelution.
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Fig.11. Peptide mapping patterns of CpPRs (lane 1:CpPR~1, lane
2:CpPR-2, lane 3:CpPR-3, lane 4:CpPR-4) digested with 20 pg of
V8 protease. 10 ug of each CpPR were applied to electrophoresis
and stained by Coomassie blue. Peptide fragments numbers are
indicated on the right side.
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AVFTFEDETT
AVFTFEDETT

CpPR-1 AVFTFEDQTT
2 AVFTFEDQTT
3 AVFTFEDETT
4 AVFTFEDETT
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Fig.12. Comparison of N-terminal Fig.13. Comparison of internal
amino acid sequence homology amino acid sequence homology of
of CpPRs. CpPR-2 and CpPR~-4.

Amino acid sequence: Ala Val Phe Thr Phe Glu Asp Glu Thr Thr

DNA coding sequence: GC GT TT AC TT GA GA GA AC AC

Oligo nucleotide seauence: T6 AA CY CT CT TG
cC 6 ¢ 6 ¢

Fig.14. Comparison of partial amino acid and DNA céding
sequence, and synthesized according to the sequence of CpPR-3.



20 30 40 - 50
TACCCTTTTCCATTCTCTTCCATCI‘QGTTCCATTAAGCATGGCCGTTTTCACATTCGAG

70 80

60
MetAlaVelPheThrPheGlu

110 120

90
GACGAACCAACTTCTCCCGTEGCTCCTGCCACCCTTTACAAAGC TCTTGTGAAAGACGCC
AspGluThrThrSerProvalAlaProAlaThrLeulyrlysAlaLeuVallysAspAles

130 NO 150

160 170 180

CGTCCC

‘GTTGAAAT AC

GACA, TGATTCCTT
A-pA-nu.ValvrobylAllVAlA-ps.r?hﬂ.ylSurVaXGlu 1 1-v.lcluclyﬂmn

190 200 210

220 230 240
TG

TIILT AAAGTTTG
GlyGlyProGlyThrileLysLysIleSerPheLeuGluAspGlyGluThrLysPheval

250 260 270

280 290 00

'I'I‘GCAG\MATAGMGCAATAGRTGAWMWATACAGCTACAGCATTGTTGGA

LauHisLysIlaGluAlall AsnL

GlyTyrSerTyrSarilevalGly

310 320 330

340 aso 360

GGTGCTGCCTTGCCAGACACTGCAGAGAAGATCACAATCGACACCAAACTCAGTGATGGC
cxyuuxauurro.\.pm:u-um LysXleThrileAspThrlysleuSerAspGly

370 380 " 390

400 410 420

TCCAACGGAGGCTCTGTCG TGAAGCTGAGCATAAAATACCACAACAAAGGAGATGCTCCA
SerAsnClyGlySerValVallysLeuSerIleLysTyrHisAanLysGlyAspAlaPro

430 440 450

480 470 480

AACTCAAA( AAAGCCAAGAGTGATGCTCTTTTCAAGGTCATC
Prehlncluhlpcluuubymluulyl.ya&hl.yls'rAlpAhMuvn.Ly-vd Ile

500

$30
GAGGCTTACWWCW‘I‘TA"&CCTCCGTCT‘P"CCCTGTGTG‘!‘TTATC

GluAlaTyrGilnlLauAlaAsnAls
550

540

561 570 580 590 600
TTAAAATTGGCTTTCAACATACAGTGTTTAAGTTAAGTTTTGTTCTAAGGTTATCTTTCT

610 620 630

640 650 660

ATCCACTACATCAACCAATAAGTTATAATAAAGGAAAGTATTACTTAATATCAAAAAAAA

670 680
ARAAAAAAAAAAAAAAAAAAAAAAN
F%g.%s. Nucleotide seqguence and deduced amino acid seguence
within open reading frame of the pCp8 clone. Polyadenylation

signal are indicated by underline.

Pea disease resistance response protein (PIl76) 70.5%
(PI 49) 71.2%

(DRRG49-c) 68.6%

Bean pathogenesis-related protein 1 (PVPR1) 87.7%
(PVPR2) 92.5%

Parsley pathogenesis-related protein type A (PcPR1-2) 58.0%
type B (PcPR1-3) 57.1%

2 ( PCPR2) 71.0%
Fig.16. Sequence homology of pCp8 clone with the pea disease

resistance response proteins,

bean pathogenesis-related

proteins, and parsley pathogenesis-related proteins.
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Fig.17. Induction of CpPR mRNA in cowpea leaves after inocula-
tion with CMV. Total RNA was extracted at different time after
inoculation (lane 1:0hr, lane 2:4hr, lane 3:8hr, lane 4:12hr,
lane 5:16hr, lane 6:20 hr, lane 7:24 hr, lane 8:mock inoculation,
lane 9:healthy). Aliquots of 10 Bg and probe(pCp8)
control(lane 10:10pg, lane 11:100pg) are applied to the gel.
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Fig.18. In vitro translation analysis. Poly(A) mRNA extracted
at different time after inoculation (lane l:4hr, lane 2:8hr, lane
3:12hr, lane 4:16hr, lane 5:20hr, lane 6:24hr, lane 7:mock inocu-
lation, lane 8:healthy, lane 9: no poly(A) mRNA). Poly(?) mRNA
were applied to in vitro translation in presence of 3 S-Met.
Translation products were electrophoresis under denatured
condition by SDS and applied to fluorography. Arrow indicates
deduced position of CpPRs. Size markers are indicated on the
left side.



Fig.19. Genomic southern hybridization analysis(left: ethidium-

stained gel, right:autoradiography). Genomic DNA was digested
with 10 units of the restriction enzymes(lane l:BamHI, lane
2:ECcoORXI, lane 3:HindlIIl, lane 4:Pstl). Size markers

(HindIXI fragments of ) DNA)are loaded on the lane M.



EEMBROHEE

FavVEFA 2V AR (cucumber mosaic virus; CMV) W@EH Lic v+ % (Vigna
unguiculata c¢v. Kurodane-sanjaku) ZFEILBBRKIGIZ & b BB ABR SN D, ZOEK
RENERS W DRPFRIF v 27 B (CpPR 2 v 22 H) DE{LERRERVBETHED
B2, TOEBERDF UV TR L,

CMVEEURNMRCRTERM LR Ly vy OEB L DB % v A7 BxH L
Native-PAGE WA L7, A HHDCpPR &% v AZBERE Lic, THhSIXEBIEERC &
bAAVERSH, AEES v B0 BET DI ELRIEMYBRICBEET S 2 Vs B
THHZEBW LMLtz

AZVvARIBE ARG OWREY RN 5 -0 E & LT, Native-PAGER X v BRI L&
B BB T 2 v 2 bra) o — Y g VER, ERR b TEECEIT 5 5k
Thote, ZFHEIC L HBHRABMCPPR 2 v A2 B2 AV TE, SBALRH LKE,
55F (14~15kDa) Dtk s v <2 B (pl5.1~5.6) THDHZ LWbhotc, AX V7 HiX
BEEOBILMBRTERSWTERENDZENLDL, FOFEWEE L, phenylmethyl
sulphonylfluoride (PMSF) = X h Mgz ay8a{t Lok, MaEBEFPORs 2o E Lic, T0/
R, CpPR # v 7 izl YRR Eh D W v 2 B THH Z Ll bn L
otz T, BEERIEYRT % "2 (Nicotiana tabacum cv. Samsun NN) TEZ D4R
RBEh, Rrvr7BEHTE, FEADELULCERER 2 v 2 EPR-la L ODMEZAIES
B v=AxvT ey, MERIDVREL, RICEGRDLRACZ &b, ZThLES FEOBYE
RGP RN & v R 2 BIXBRFCIEL HHTHZ EBRBE A,

CpPR # v 7 B3 X ORBRH, HFE, FEARI»L ARSBELUL IREETS S
EEZDR, XOHYT I BEIN S ETT -7, NRKRRY, RHREOES 7 I 7 BETIc
BUTREMEATHLZ EhE, ARSIBDTHELUL 1KBEEZET 5,

v BOERSE 2~ FERTWD | REEL ST 5700, ¥ 95 DDNAFA 7 7Y —
PIER L, CPPREZ v R B a3~ P32 0 -vDv—4 VARTFoRE, < AR 2w
DREGEERIN 2 v A7 AL BCHEREIBD Ohic, ¥, /FYnNIT VXL E—va v, in
vitro translation B X b, CpPR 2 v 7 BED mRNAZCMV S#EH 128 B X h BB ER &
haZehb, BEVSATEOARGHEHIND Z L2WbMcLic, B, ¥/ 3y 2¥
FUNATYVELE—Y g VREIDEBOAL TV XA X LAY FBBEHEhicZ Ehb,
CpPRZ2 VR IBEGTFRINF V-V T » 3 Y —=HHTHZEHNEOM LI 5T,

PLED &5, ABFRRY AV A BRHEMIC 31T % BIEHTYRBIE 2 v o< 7 BOFHT 21T - 7
HOTH D, BHEBRCEHEL BT 2 LCORRCERPMRLB/LIDOTHS, LT, #
ER—RIARCREE I L (BF) OFLERT HIET S SHE LI,




