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HiBFEREREREERE CsCysP M5 . T4
AR E AL R FRIE T
Dgsl, %k EL MK OB REZ, KR BRE, 4%

PR R 2 bl 2 el b 2 e/ b R M B2 AT RS B AU BT, TR 4007155 ) A48 ARV RL 4 B A BT, | M1 510640)

d

B OE. LML ER[Citrus sinensis (L.)  “Olinda’ 1 4#4%l, S RT-PCR 454 RACE A
MREEB R B3] 1R R R BRI, dw44 0l CsCysP (GenBank ¥35% 5 : KJ093387) o %k
(A1) cDNA 4Kk 1485 bp, JFIHBEAHE CORF) 4 1083 bp, #HEWI I 4ufi 360 MIEMRIRILM 2 k. H
SR 2751 55 cDNA Xt Ja onf 3 AN EF TR, CsCysP J& T papain-like (ARJNEE IS, ClA)D
FWGEI R R AW, SR KRS R RS RS E 73% ~ 83%MIAHIYE . V.40 i 52 17
g LR CsCysP £ [15E (L /E 4 Uk . qRT-PCR 455 1] CsCysP 7F &M i e sk S s SRR p (1)
LB RS THE MR, 25, M. CsCysP MREHBIAIR. & # A PEG6000 53, LR LM, =3
TR KA AN PR SIORTR rT I LA o R DR R Bk A3 T A 1 4R 3E CsCysP ) 5 AN 3 A
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Isolation, Subcellular Localization and Expression Analysis of a Citrus
Cysteine Protease Gene, CsCysP
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Abstract: A cysteine protease gene, CsCysP (KJ093387) , was cloned from the fruit abscission zone
of sweet orange [ Citrus sinensis(L.) ‘Olinda’ ] using RT-PCR and RACE. The 1 485 bp full-length cDNA
of CsCysP contains a 1 083 bp open reading frame (ORF) encoding a protein of 360 amino acid residues.
Comparison between cDNA and genomic DNA sequences showed that the gene contains three introns.
The phylogenetic analysis placed the gene into papain-like (C1A) group. BLASTp analysis showed that
CsCysP protein shared 73% - 83% amino acid identities with CPRs from Arabidoposis thaliana, soybean,
tobacco, Populus trichocapa and other species. Transient expression of a 35S-CsCysP-GFP fusion gene
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in onion epidermal cells revealed that CsCysP protein was localized in cell wall. Quantitative Real-time
PCR results showed that the expression of CSCysP was higher in senescent leaves, fruit abscission zone
cells and flowers than in leaves, stems and roots of young seedlings. CSCysP was induced by salt,
PEG6000 and ABA but repressed by low temperature, ethylene (ET) , brassinolide (BR) , methyl jasmonic
acid (MeJA) and salicylic acid (SA) . Five transgenic citrus lines overexpressing CSCysP were also
obtained in this study and will be further characterized.

Key words: citrus; cysteine protease; stress; gene expression

PR S Al (CPR) J2—REENE /KA (van der Renier etal., 2004), FEZ Y
RN R B IR S A IR, AEFR T & (Toyooka etal., 2000). 52Kk &M # (Priolo et al.,
2000). #EEEZ LM (Smartetal,, 1994) TR . PR E AN RS SHD L
YA A Y i3 o Y DL S A0 B R P PEBET . (Esteban-Garcia et al., 2010). Rawlings %% (2010) 4%
ez R B RS S 15 AN KR, srJE T 5 K2K. A5 C1: Papain, AJREEAM; C2: Calpain,
BRI IR R A, C12: AR A ZZ 2R ENERE AN C13: Legumain, S RAR
MRAEA NN Cl4: RAZRFr MR EINERE AN C19: HAM{A (Bassetetal,, 2002; [
JER 4, 2005; Rawlings etal., 2010),

Papain-like 5 K% (C1A) JEAEY)F- W2 R 8 TR I =22 01, 8 A0 A sl 40 B E (5
TR &, 2005). ITHERALERIFGIT (Beers et al., 2004; Watanabe & Lam, 2005). K. (Nong et al.,
1995; Esteban-Garcia et al., 2010). #H%. (Beyene et al., 2006) FI/KFE (Lee etal., 2004) ZEAHY)
HONX IR A R EBEIT, (HRAE 2 AR Y DR ER D . Papain-like 2 )t 22 t 1 1 - 2
EMNEEZRE TS, Wi A (Drake et al., 1996). {t (Eason et al., 2002) Flj% ) 5L
(Priolo etal., 2000) %%. Beyene 5 (2006) 7EMH B HEAM H43 #5311 C1A FKIBEIER NtCP2, Jf
WL T IZIERIEAN R ) 22 e RIE, R Ree A e st T B v /R

ARG LA BARIE” BB [Citrus sinensis (L.)  ‘Olinda’ ] R 25240 h#4 K}, @il RT-PCR
1 RACE HAGRIG T 1 AP IR 8 TR DR, 0 T A S DRI AN W) A 2 P ol R/ 25 Ab B 4%
PRI RRIRAEI, R FH 23 B A0 ik I 26 e g RNHZ AR R ) B L EAT T W40 e Ao [R] I I 3R A
TR e 2 TR % IR P R R DRI AR AR

1R

1.1 B AL

T 2012 45 4—5 AAE T E RN A= B RS FU B IR, B2 CBbRaLT B RIRR AL
Z CR 1 AERKRS I ) F S AR S (DJBCR =5 25, Rl R g & AR 1 AN H B2 B AR
2K, MR TWATIAE - 80 C IR

CBUARIL FTAR YT 1 mol - L NaOH AbFE 30 min, 3% /KSR 30 min. JC B KIS UE 3 ~
53, REHR IR MS B3k L, 828 C. 16 h JeIH/8 h IS 40 % 4 A

43511 20 pmol - L™ BR. 20 pmol - L™ GA3. 2 mmol - L MeJA #1100 pmol - L™ SA 4b¥4h1H 12 he

AN 21 20 mg - L 2B 052588 (S0 L) hib®El 4, 12, 24, 48 h.

NI 3 B 100 pmol - L™ ABA. 4 “CAJL. 250 mmol - L™ NaCl. 20%[] PEG6000 &b 2
0. 2. 4. 8. 12 M1 24h. FFMEFEEL 3 1K,
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WA IR AL B 4 i S BV R . - 80 CARAT
TR RNRIG ) CBEARIL B LR VR R A HE, 76 28 CHIEBRE &M R 3 L, R
JAfE 16 h G /8 h BEMS & F R REFE 1 & H .

1.2 DNA #1 RNA BY2H15 cDNA BI& X

FIH CTAB AL < BAKIL ZHEIH: () DNA (Cheng et al., 2003). 1 FI KAR 22 5] RNAprep pure
Kit G i CBARiL BRERRI AR, by R, 1A HREMR. 2. i b4
I RNA. f#iHH] TaKaRa 2 ] PrimeScript™ RT reagent Kit J % 5 54 # £ 4 B cDNA.

1.3 ERRESFIISH

AR A S 56 = 17 0 A 20 A4 2 I A S R 4505 v #ts - (Citrus Genome Array, Affymetrix),
RIL T APz it AR IR R I R IE (RS0 Cit.4078.1.S1-at) 2 ZMdlilil (5K 22, 2010),
FIH HarvEST Citrus1.25 EST i i b i $A% 500 N 1K EST 741, #4E EST JP 41 vk JE R 5+
PESIH A1 R B1 (R 1), 3454 5'RI 3'RACE FiRY BIPAFZIEIN 1 4K, il f f4/ SMART™
RACE c¢DNA Amplification Kit fi% B 34T .

H] BLASTp Chttp: //blast.ncbi.nlm.nih.gov/Blast.cgi) 7 ¥ Z& FE MR /7 41| [F) Y5 P . FH 7E 28 T
Conserved Domains Chttp: //www.ncbi.nlm.nih.gov/cdd) 7374 P57 &5 #dk. H DNAStar 730 #7141
(AR 23 7 H AL . 2 T P41 LU0 M8 ) MEGAS. 1.

14 IHRAEEEHH

CsCysP Jk R E A M R iZ 2 R 5 1 C1/C2, FIAEN S IER NG Actin, 51410
D1/D2 ($1). 5E&SZIN PCR 1§/ SYBR Premix Ex Taq' M I (Perfect Real Time) (TaKaRa, Ki%)
A%, 7F iCycler® Thermal Cycler ¢ 7€ & PCR {¥ (Bio-RAD, USA) L#1T. PCR R NiKZF (20
uL) 2% 10 uL Premix Ex Taq(2x).0.5 uL 1E [ 54 (10 pmol - L)+ 0.5 L K [ 514 (10 umol - L)
1 uL &t cDNA. PCR R NAEFH 95 CAE 90 s fGiZ il N ZHAEHA 40 IX: 95 C 10s. 60 C 155,
72 °C 20s, fEHSERUGTE 72 C A 90 so ZrBrisfdithd, LIRS [ Pe sl . & 3 IAEY)
SEEEM 3 AMBREE . IR AR: 2%, ACt = Cteseysp — Ctacin V145 18] Spass19.0 4%
PEATEAR S0 W
1.5 TFZRRBERL IR FIE LS

FR¥E CsCysP 1] ORF J¥41 (LR 1) wit/ & BamH 1, Sam I BEYIAL 515149
E1/E2 (GR 1), FIHMEGUIEZ N BARA R AL GFP ¥ PBII21 #ufkr, #piEf 35S-
CsCysP-GFP [ffl & RIEH M, OB MEEAL B R AT LBA4404 H1,

KH Sun %5 (2007) HRIE (19 AAT 8 A 97 2R S 4l M B i Rl /R (1 e vk, o RaR A il 4
PRI FT PR Yo e AR B, RN R IR MV E AR E T 23 C R RBRER SR 36 h Aidy, RISt
AL WA LSRG R PRV 4 e A

16 FEREHAEGEUAREEFERN

/] pFGC5941 KAt CsCysP & IA#AE . ¥ CsCysP (114K ¢cDNA Al Sam I, Asc I (7
B9 FI/F2 LRIBEDIN 25D (36 1) AbBE, IE 4l A B FFER AL S A

FHVR BlEAT R LT (AR S NRHT B LBA4404 1, #54L BAKIA T 1 25 B (Boscariol et al.,
2003), M 15mg- L' B HBEEREH (PTT) FikEIE R mA 28, BPiltk i sint A b, Arfibkk
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H 4~ 5 FoEm a3 U B DNA, H] PCR #:IJE 75 & T-DNA 46 A X 1] Bastar JTPEAL 5751 (5]
) G1/G2), % qRT-PCR il CsCysP 7E#% JL KA bk () ik 1.

®1 FHRFAASIHY
Table1 Primers used in this study

GIL RS g5 (5'-37 Fig

Primer name Primer sequence (5'-3") Use

Al CCTCAACGATTCCCAGAACCAAAGC 5'RACE

Bl GCAACAAACCCAACAGGACCTTCAG 3'RACE

C1 TTGGTTCTGGGAATCGTTGAG qRT-PCR

2 TTGTAAGGCTTGTCCATCTTGTTAG qRT-PCR

DI CCCCATCGTTACCGTCCAG qRT-PCR

D2 CGCCTTGCCAGTTGAATATCC qRT-PCR

El GGATCCGCCAGGTCGTTCTTGCCAGTATCAGCC CsCysP ORF

E2 CCCGGGGAGCTCATCCTTAGGATAATCTGAAGGTCCTGTTG ~ CsCysP ORF

F1 GGCGCGCCGCCAGGTCGTTCTTGCCAGTATCAG 1 FIE B AR H Overexpression vector construct
F2 CCCGGGAAGCCAAAGACAATAGTGAACCGTG 1 RIE B A& H Overexpression vector construct
Gl ACAAAGACAGATAAAGCCACGCACA HIL MY %5 % 1dentified transgenic plants

G2 GCACCATCGTCAACCACTACATCG HHLINAEY) % E 1dentified transgenic plants

T FRIZH GGATCC. CCCGGG Ml GGCGCGCC 43 Al i BamH 1+ Sam 1 Fl Asc T B4 45«
Note: The underlined sequences ‘GGATCC’, ‘CCCGGG’ and ‘GGCGCGCC’ in the primers represent restriction enzyme sites of BamH [ ,
Sam [ and Asc I , respectively.

2 HiR 5

21 BEMIZEEBREZEER CsCysP A REREFIINH

AR HT I L AR PR L DR AL B s, R A1 DR R R B S AL BE DR (1 3 T8 52 LMl
HERE 58 Cit.4078.1.S1-at(5K % 23, 2010)  ARFEIRET 545 S AE M % 2% 2 (HarvEST Citrus1.25 EST)
BTV EST J3741, FIH EST /74454 RACE AR SKAFZIE A ) cDNA 2K, Jf-dr4 h CsCysP
(GenBank &3¢ 5 : KJ093387). CsCysP f) cDNA 4K J2& 1 485 bp, JFAHEEHEK 1 083 bp, Tl
FT i 2 1 2 360 MR EEIRIRIL, 22 T 39.9 kD, 251 £ 6.8. CsCysP ] cDNA /541 5 L R 41
A R, A 3ANET (E D,

1 443 539 775 877 1018 1112 1376

— I BN s @A

SHEREX LS A&ET LS A&ET LS A&ET LS 3 JREE X
5'UTR Exon Intron Exon Intron Exon Intron Exon 3"UTR

1 CsCysP EEEFIEM
Fig. 1 The genomic structure of the CsCysP gene

UG BT R, CsCysP M MBS A I 2R F% AR 7 X 38, 171 Hi& &4 Papain-like
EAF I 4 ATEYER S A ILFRFL 3L Gln-Cys-His-Asn/Asp, L% ERFNIN Al KDEL-tail {#
SEA A (B 2D,

i MEGAS.1 ¥ CsCysP &5 AR 7T C1A 28 A IR IE IR 7 H1 3, 1o CsCysP 2K
F ClA2 41 (K 3).
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F 4§ Citrus

B HE Prunus persica EMI10476

S5 Glycine max NPO01237199

B Ricinus communis AF050756

By o] Theobroma cacae EOY22313

B H Poprdus trichocarpa XP0O02321654
TR Ricinus communis XP0O02511277

F 4§ Citrus

B HE Prunus persica EMI10476

e H Glyeine max NPO01237199
B Ricinus communis AF050756
HIHT 44 Theobroma cacao EOY22313 v
B H Poprdus trichocarpa XP002321654
TR Ricinus communis XP0O02511277 L

F 4§ Citrus

B HE Prunus persica EMI10476

S5 Glycine max NPO01237199

B Ricinus communis AF050756

By o] Theobroma cacae EOY22313

B H Poprdus trichocarpa XP0O02321654
TR Ricinus communis XP0O02511277

W Cirrus

ENHE Pronus persica EMI10476

K E Glyeine max NPO01237199

BB Ricinus communis AF050756

A AT R Theobroma cacao EOY22313

£ [#%H Populus trichocarpa XP002321654
BEWE Ricinus communis XP002511277

i Cirrns

M Prunus persica EMI10476

H 5 Glyeine max NPO01237199

BB Ricinus communis AF050756

Al AR Theobroma eacao EQY22313

£ 45 Populus trichocarpa XP0O02321654
BEWE Ricinus communis XP002511277

W Citrus

ENHE Pronus persica EMI10476

H 5 Glyeine max NPOO 199

B Ricinus communis A 756

A AR Theobroma cacao EOY22313

£ [ Populus trichocarpa XP002321654
B Ricinus communis XP002511277

Fig. 2 Amino acid sequence alignment between CsCysP and its homologous cysteine protease proteins from other species
The underlined is the conservative region; * indicates catalysis pocket; Rectangular box represents the ERFNIN motif; Connecting lines showed the

cysteine residues involved in the formation of disulfide bridges. Break line: KDEL domain in C terminus.

J‘: At-AAF25831 Y BiFT Arabidopsis thaliana AAF25831 C1A3
71 At-AAF25832 $Y BiFT Arabidopsis thaliana AAF25832

4100? At-BAA02374 Y BiFF Arabidopsis thaliana BAA02374 ‘ C1AL
At-BAB08269 Y BiF+ Arabidopsis thaliana BAB08269

At-CAB41164 $YFFT Arabidopsis thaliana CAB41164
At-CAB41163 $lRi3¢ Arabidopsis thaliana CAB41163 ClA2
o CsCysP fi{#§ Citrus
At-AAB67626 1 BiFF Arabidopsis thaliana AAB67626 ‘ C1AS
At-AAF88120 Y 7T Arabidopsis thaliana AAF88120
100 At-BABO8221 #I Bt Arabidopsis thaliana BAB08221 ‘ C1AT
L At-CAB72480 L EIF Arabidopsis thaliana CAB72480
73 100 At-CAB41090 Y B 7+ Arabidopsis thaliana CAB41090 1 CMCP3
100 At-AAD23687 1B+ Arabidopsis thaliana AAD23687 ‘ ClA6
At-BAA02373 | BiFF Arabidopsis thaliana BAA02373
100 At-AAK44007 $BL B+ Arabidopsis thaliana AAK44007 | C1A-8
100| At-AAC24376 LI+ Arabidopsis thaliana AAC24376 ‘ ClAa
At-AAC49135 I BFF Arabidopsis thaliana AAC49135

20

B3 ##E CsCysP SHIEFHIER SRR FIIM ARG LR ST
O3 AL BAE AR TR SRR i RO 7y SO SR
Fig. 3 Phylogenetic tree of Citrus CsCysP and its homologs from Arabidopsis thaliana

Numbers beside the branches indicate the support rate; The scale indicates the branch length standard.
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2.2 CsCysP & H /YL 40 At E i

35S-CsCysP-GFP fifli & I8 J M e A 40 I IR AR I BEAT IR 9O, TiRIE 35S-GFP # A i 4 /e
A P S BOGE S (B 4), Ui CsCysP 81 158 7 7E 4 i BE I

100 pm 1 100 pm

100 pm

358-CsCysP-GFP #{k 358-GFP # ik
355-CsCysP-GFF vector 358-GFP vector

4 CsCysP 1 GFP ZEi¥ B3k B 4l pt - By BRI 3Rk
A. B: HJETF; C. D: PGEMEBI T, CsCysP-GFP fl GFP & M4 A9 ES: E: AR CHESEG; F: BSDESKEAL.
Fig. 4 The transient expression of CsCysP and GFP in onion cells
A, B: Bright-field images; C, D: Fluorescent images of the cells expressing CsCysP-GFP and GFP respectively;
E: Image overlaying A and C; F: Image overlaying B and D.

2.3 CsCysP EEFRIES
23.1 CsCysP £ &AALR BB b9 R AN Ao R & 4L 33t CsCysP & ik 49 #5h
FIFH SEI 5¢ 58 5 PCR R0 T CsCysP EHE A RI41Z ik, &5 (Kl 5) IR CsCysP
TERCAR I R B R M REh A B8 &, e 1A TEREEIIR ., 2. i RERAK.
FEESRATIR (MeJA). KR (SA). ZEZFENER (BR) 4B 12 h 75— @ R L4l T CsCysP
3615, MREHEZE (GA3) X CsCysP (kAW B (K 6).

9 r 12 1
iy L ok —_
00 h R %
£ £ | x
% z or % 2 0.8
= 5 [ ok =
R’ ®OF 06 f
B2 M : E @
T L 3¢t E o 04
B oo ®
2 1 2 0.2
(= r (=
0 ’%‘ L ’aj L ’*‘ L L L 0 1 L L L
YR HE St B RERE K M ek ABE O OWRE kR
Young Young Young Sene-  Fruit  Flower Control  Pypg GA, F#®, SA
roots stem leaf scence abscission BR MeJA
leaf zone
E5 CsCysP EEEFFALAPMANRIEE B 6 CsCysP EEEFRMNRERLETHRILE
Fig. 5 Relative expression levels of CsCysP gene Fig. 6 Changes in expression of CsCysP gene under
in different tissues treatments of exogenous plant hormones

*P<0.05; **P<0.01. *P<0.05; **P<0.01.
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Wik 7 7R, CsCysP FRikAE LIGALHE 4 ~ 24 h i 3 5404,

iz (ABA) #b#, CsCysP [JRIAMGE [ TF, 12 h FF &R, H4EFr%/K T2 24 he

1.2
E
2 10
s
g
% Z 08
=
[=
® 5 o6
E e
o .2
*F 04
2
2 02
H
0

48 h B P B IEH K vk

r &% Ethylene 6 - ABA
T>, Kk
—1[ —1[ 2 51 ok —lt
o £
o g
® 5 3
ok ;’ g
junn S
= g 2k ok
e
£ 1y
=, L
0
0 4 12 24 48 0 2 4 8 12
At iFl/h Time A /b Time
7 CsCysP fE 2 ABA LB THRER
Fig. 7 Changes in expression of CsCysP gene under treatments of ethylene and ABA

*P<0.05; **P<0.01.

232 SPRAEAM A ST CsCysP # &k

164 CAEWIET, CsCysP KA 4 h FFREAL, 2 12 h otk & 1IER (B 8). fEM/KIIMNE (20%
PEG6000) T, CsCysP 7L 8 h /MIE T %, 12 h BARTF s I 4E+7 4 24 ho £ 250 mmol - L™ (¥ NaCl
WEFET, CsCysP Wi WAL i A2, 8 h J5 RIET -y, B BT 4 £, AP 4 24 h iE 5 EFHEH

°
.E’ 1.6
=]
2
8] % 1.2
B
® g
' o 08
m .z
w2
& 04
(o]
=
H
0

FAXT R R
The relative expression level
s

24

B8 FE4EHEHET CsCysP Rt RIAR
Fig. 8 Changes in expression of CsCysP gene under various abiotic stresses
*P<0.05; **P<0.0l.

2.4 CsCysP #EF B EEMTRIES T

HTHE— TR CsCysP [JThfg, #IET CsCysP Mk #ik, Wit RPN SHAL, K15
28 MEHRIEIMPIIEZE (B 9). PCR KIS B EIR 5 MR HIER M, FELRAE 10% ~ 20%2 17
(K 10). S50 & PCR 00T or, SRR R (WT) ML, FAERIBR R (1) CsCysP &
kR ERA (B 1D,

. 35
L 4T ) PEG o
5 30
| _g 55 L —IE sk
5 20
o = 2 15|
= =
| o 5 10r »
o Aok
i 2ol m fi 0]
0 ’EE‘ |
0 2 4 8 12 24
B 5 kY /hT
NaCl ook HTIEU 1me
m
ok ok
L ’ﬁ .
0 2 4 8 12 24
Ff [E)/h Time
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it The resistant shoots 48120 d¥i 4 Grafted after 120 d

9 CsCysP #:EHEMIFHEK
Fig. 9  CsCysP transgenic plants by PCR and the expression of CsCysP gene in transgenic plants

6 r
M V PLP2WI1 5 12 13 21 e o
_5 5 | i T
= =]
=}
jiis g 4 F & ek
2 000 bp —e H g 1
= Ll T
1000 bp—= ®5 3 0 e
750 bp—= ® @
500 bp —= FE 2,
250 bp —= E -
100 bp —= 2 1 b=

wI Pl P2 1 5 12 13 21

¥EE Lines
B 10 CsCysP ¥EHEIGHEMN PCR ¥£E B 11 $EEMFESP CsCysP HyFRix
P1 Al P2 2 WSS KRR R, VAR BUR ORI IR, WT k4 LA WT 4 2 R B0 A AT FUA
BEDAREAR, 1. 5. 124 13, 21 RV EMKR, T, *P<0.05; **P<0.0l.
Fig. 10 Identification of CsCysP transgenic plants by PCR Fig. 11 The expression of CsCysP gene in transgenic plants
P1/P2: Lines transformed with empty vector; V: Plasmid as PCR The date of WT line was used as basis for relative comparison;
control; WT: Non-transgenic plant; 1, 5, 12, 13, 21: Transgenic *P <0.05; **P<0.0l.

lines containing CSCysP transgene. The same below.

ARG TH 73 2 (1) Papain-like 2Bt & R B I EF ) cDNA 42K, HE IR ¥ 5| HA Papain-like 5
RSP 4R, HS5ARAMY B R R E FEE CPR AR, 153 83%. YA
Papain-like -t 2R 25 (1 T LLRIA» 4 9 AN % (Richau et al., 2012), CsCysP J&F C1A-2 4.

ClA-2 BB AN L SR C- i KDEL f#£5F)%%1, KDEL &N JiEM (ER) #iffES

(Okamoto et al., 2003). CPRs £ [ 2 B AR 18 & A7 AR sl 4 Mk b ARIGUESE CsCysP & {7 75
g EE I, RO IR AE AL SRS, (HIX 557 KDEL R8T A48 8 120 35 0 R0 i 5 11—
FEORAALT-F & . B4, Lilium longiflorum LICYP 25 78 40 vb i 8 A7 28 P 5 o, {EEE
135 2] T8 AT, WGBS LICYP [WAE AL A, MIER KDEL J& i 30 % (Battelli et al., 2014).

Papain-like 2 )t 20 5 [ ML D K % Ak %2, I8 A 2 7 % (Ling et al., 2003; Richau
etal., 2012). AiifEH ) SMCP fEit v 388 . BESEMivE « R/ 40 IR 4k UL S LAt i) 5 2 B vh R 3R
i5 (Xu & Chye, 1999). Beyene 55 (2006) #i&HANEE C1A WK EHE R NtCP1 il NtCP2 7EAN[F]
YR 22 RIS, NCPL A A 2 AL, FEAE 2t i RaE, 1 NtCP2 [k HAE
JRAR SR TSI 2, BN A T e S A AR PSR T AH G . 5 CsCysP —#F, NtCP2 715 KDEL,
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J& T C1A-2 K. AHFFEHE) qQRT-PCR &5 R W7 CsCysP 7E8 o b ir AR AN I 7% 2 35 2 rp 36
REE R, MRS hFRIAEAC, U] CsCysP NJE — AN 2l B PSR T AR DG IV £ g L [
T REAE RS T eV R AT A

Papain-like ez M2 5 1 M FE A S R I S ZAHK, [N 2 505 5 4% S0 By &b SR en 5 v
HILEDFEFE Y8 (Grudkowska & Zagdanska, 2004; Chen et al., 2010; Parrott et al., 2010; Martinez
etal., 2012). P 7+ RD19 [} FR1A 2 = #h NS & a5 5455 (Koizumi et al., 1993; Xiong et al.,
2002; Bernoux etal., 2008), RD19 [f][a]J5JE K BoCP4 5 ZU W2 it A i, AL 52 /K e e il sy
FERIH0H] (Coupe et al., 2003). H 2] Papain-like ZE[K SPCP2 #ik i 55 ZAME, i RIKIZILH
FA0h R TR R R I 8 I AR A B AR AR A RO RERE IR, FEAT T SR AT 52 58 ) B39 58 (Chen et al.,
2010). fEARE T, CsCysP [FIFEAZ m sh MR KM E T T, HSZVe Ah BN . P32 BN 1%
S RNE, Wt SPCP2 # ET. ABA il SA i5% (Chenetal., 20100, fEAIRK ' CsCysP %!
Wi N ABA {55, {H24 ET. SA A1 MeJA i), $i%] CsCysP nJ Gl i IE M=o =2 52 &
59 Fdit.

CsCysP {EA)HI 2L 2 el 4 i vh BE A AL, WA (A1 38 2 I A KA i, 3 5 A7 ARUB i
HaEASGE Mg fpaE, RVILAT RS S gt b i s A s b, HRAADIR AR T . &5
Ha U] CARAT AR e B PR MRIT 9T CsCysP ) T g
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