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Cloning and function analysis of polygalacturonase gene
RsSPGS5 in Rhizoctonia solani, the pathogen of rice sheath blight
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Abstract: [Background] Sheath blight, caused by Rhizoctonia solani, is one of the major
devastated rice diseases in the world, while little is known about the pathogenic mechanism of
the pathogen. [Objective] To identify more virulence genes from R. solani and provide a
theoretical basis for the control of sheath blight. [Methods] The full-length sequence of RSPG5
was obtained by 3'-RACE, and the structure and biological properties of the deduced protein
were predicted by ExPASy online. The pathogenic function of RsPG5 was then determined.
[Results] RSPG5 harbored seven exons and six introns, with the coding region of 1 263 bp,
which encoded 420 amino acid residues. RsPGS5, one member of the glucoside hydrolase family
28, contained a signal peptide of 15 residues and NTD, DD, GHG and RF(I)K domains
conserved in the polygalacturonases from fungi. The secondary structure of the deduced protein
contained 4 disulfide bonds, a-helix, B-sheet, and random coil, which arranged according to
right-handed helix and formed a cleft that was responsible for the enzyme activity. RsPG5 was a
stable, water-soluble, exocrine protein localized in cell wall, vacuole, and mitochondria. The
eukaryotic expression products of RSPG5 had the polygalacturonase activity to hydrolyze pectin
and destroy the sheath cells of rice. Distinct brown necrotic spots appeared 72 h after the
expression products were inoculated in the rice sheathes by a needle. The expression level of
RsPG5 was up-regulated in the infection course of R solani. [Conclusion] RsPGS5 is a typical
polygalacturonase and a major pathogenic factor of R. solani.

Keywords: function analysis; polygalacturonase gene RSPG5; Rhizoctonia solani; rice

KA HEMREEY, 2RER =02
TN URKCH R . TEKRAER R TR,
Z2 s L 12 28 T 3O R ™ B R R
& [ AR AFAY Fh 37 R 22 4% B (Rhizoctonia solani)5 |
AL A SOR o v s K R 5 42 ke
K AE SOR o T H A AR 5 4 JE AR BB TR R
REEE o B AR R, Rt X%
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SRS TN £T A 2R 2 ¥ A 0 200 L B )

AP, WREREVEATENEERRE. A
WEFEH, KRS SUR o T 72 B0 1 72 n] 2330
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FEM, B RENBEURE Claviceps
purpurea Sk 2 4~ PG 25, JLFXFHBE5E
A R BRI ARSI H AT A R R,
IKAB SO I 7 9 PG %& [ RsPG1-RsPG4 7E 3 I
ot R Ee LR RE, JFFARE YA
HEHEPE, F RsPG1-RsPG4 & [ 40345 Al {ifi
KRG B S A SR AR B0

TERZH0RIEE T, PG #8J2 UL N F Y
WAAAE, I HTFFEHEH PG Kk
FRIM PG AR B RE R 1S R B
PG LRI FEik, LB N (R Y 2Ry i e 22,
[ —Jg e o, A PG FpEak R 2R AL AN H] PG
FEIR BRSO 2L R P 1R I EASA RN, i,
X§ Fusarium oxysporum [ endo-PG1 Fll exo-PG6
B A AT R, AR RR) PG & MRS
F BT AR R AR T T 82% 1 16%, (HILXF &l
FE AR SO 150 TC I s s A0 2 SR [
BT TRAR, AR B R AL FRAR R4 FR /3 BE T
iF, ApglApgx6 4t BRFEARATIA 60% A7 R,
FHBRZE 2 4~ PG JE K Y Penicillium digitatum $2
FIAAG , TR RS R IF LR, H
G DR AR S0 i E AR AR, T HApg2 8 AR R 2
Tolr i) 9 % 550 W A TR R R A PO 2 ol ) o R A EL
pH fE =™,

Chen %53 2 X 1= YL 7K R A9 SORG I 01 5 3%
HikA1 500, ARG BEEHRS PG IR FS
13 %P piiRMIE e 4 ARE, Jf
Xof ik e SE R A DI BEHEA T T 40 B, &R 3L RsPGL.
RsPG2. RsPG3 il RsPG4 i [K 75 B 250 1 72
e IR ERR, I BB Y Al oA R
JB, KRk e R KRR S AR S | ke B Y
IRFEBED 1O A 508G 1 — 2 T KRR SO
HHEY PG BRI MATHTIRE, R TR
ORI DA B0 R s 3 7 P R AL R AR B

1A

1.1 ##

KRS YN-7 HASZEG 5 4088 [ 7T
TOKFESR SRR R 1A 3 5 (XD3)H Mk
SR A BEKFE YU 4> Tt 5 B AR A 4R
fit; 1 F ik OsPGIPL i K il 55 3 R 4 3 5K
FE(XD3TR) f A= S 560 == 5 AL R 1320,

PDB ;35 5 (g/L): + & 200.0, # % B 20.0;
MM K555 5 (g/L): YNB 13.4, £ % B 0.000 4,
FEE 5.0 mL, FAEH 20.0; MD B35 (g/L):
YNB 13.4, E¥% B 0.000 4, #iZjHE 20.0, 3
fE¥1 20.0; BMMY 75 55535 3 (g/L): YNB 13.4,
W2 B 0.000 4, K,HPO, 3, KH,PO, 11.8, [i#
BEEHCH 10.0, E PR 20.0, HIEE 5.0 mL.

BRI A2 BR N VI (EcoR T, Not I, Sacl).
pMDI19-T #fk . 3'-Full RACE Core Set Ver. 2.0
X7 4 . PrimeScript™ RT Reagent Kit, SYBR"
Premix Ex Taq™ I & . SeaREER: GS115 &
ZAM, RiEFEY TEARAF; AxyPrep
DNA Gel Extraction Kit, Promega SV8 & RNA
PEHGAF &, B R H A FE ARG ABRA ] ;
LRI R ME 2L, iR
FRZA W] ; DNS i . B8 R G418 FlH p 5t
N4 DNA $#2HBOAR &, b REERHEA R
YNEI S

HL S84, IR R 2= AR A AT FR A
) 5 BRI R AG 53 M 22 G A S 96 ' RE it PCRAX,
A SR A T B 2E T A BR A
1.2 RsPG5 £ K K7 &

ML S B 71 AT 2, B Unigene18881
NREEGS PG BRI A, HAL S R
T ATG, HIEZL %M. BiT514 For
(5'-CCACCCACATCTTCTAATCT-3")Hl Rev
(5-CAAGTTCTGATCCCAGTAGTT-3"), MIKHH
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SUAR TR cDNA H 34 %883l BT, AR
P P25 RT3 B9 DNA 7 B Liiese 5
P51 ¥ (5-ATGTTTGTTGCTACGGCTCTT-3'),
HAh#2/E+% 3'-Full RACE Core Set Ver. 2.0 a5
SV AT A AR 40 DNA S B0 &
Ui B 20 BRI UK R U I 1 gDNA, Jf M
gDNA 38 i RsPG5, 514 & RsPG5-F (5'-AT
GTTTGTTGCTACGGCTCTTGC-3")#1 RsPG5-R
(5'-TTATCGGGTATAACCAACCAACTGG-3").
# gDNA . cDNA § 3 /7¥)i% 4 F pMD19-T
AR, FAb KA DHSo, PHYER AL T2 R
PCR % ik J 3K 1 50 B R A W) R AT FR 22 =130
J¥, PCR WK R K 554027 SCHR 9]

1.3 RsPG5 EMIERFENIR

ffi i ExPASy ™ ¥} (https://web.expasy.org/
protparam/)TEZ 45341 RsPGS — 454 1) 2
LR 7 9V A RN T A7 A s B PR A
) T30 55 FH ) 32 (http://npsa-pbil.ibep.fr/cgi-bin/
npsa_automat.pl?page=/NPSA/npsa_hnn.html) ]
TR R 55 By = G4 H T A6 ] SWISS-
MODEL (http://swissmodel.expasy.org/)FI7ELE X
 Phyre2 (http://www.sbg.bio.ic.ac.uk/phyre2/html/
page.cgi?id=index)™, FKF5H) PDB % th 45 AU 22
PyMOL V2.3 #{Fift1715rF1E&M . RsPGS 57K
i 22 R F FUME I BR g 4 1 22 11 OsPGIPs 143+
X 42 W 1% 3% (https://cluspro.bu.edu/login.php?
redir=/home.php)7E£E ¥ {*}: ClusPro Protein-Protein
Docking #EA 7R, P45 5 [ H AR AK 1Y
XPHERE R AT — 20 0 Hr .

il ExPASy ™ ¥} (https://web.expasy.org/
protparam/) 7E 2 B FiLill RsPGS #1143 F
KL AFir. SN LR, Bl IR
PR A RECHUE KRS {55 IR T
i F SingnalP-6.0 {4 (https://services.healthtech.
dtu.dk/service.php?SignalP-6.0)1"!, 5 Ik 45 #4)

TN FHAE LR TMHMM-2.0 (https:/services.
healthtech.dtu.dk/service.php? TMHMM-2.0)1**,
VAR A M i FHAEZ K POSRT (https://psort.
hge.jp/form2.html), £&5F X F1 ) HE X F00 435
fi 1 NCBI M 3% (https://www.ncbi.nlm.nih.gov/
Structure/)FIFELL A4 CDD #1 CMD, KHF
rh 35 10 40 B A% B2 B fili Oklahoma K2
W 2% (http://www.biotech.ou.edu/) 4 7 Fi

1.4 RsPG5 ZEERE#%KIE

s RPGS JEFP1], italiff Bz R ik
K pPICIK 2 selafir i PRI 4 N YT EcoR 1
FI Not I MV R AR5 514 PGS-EF (5'-ccg
GAATTCATGTTTGTTGCTACGGCTCTT-3") #ll
PG5-ER (5'-ttGCGGCCGCTTATCGGGTATAAC
CAACTCT-3"), LIKFESUHRE T cDNA MR
P17 PCR ¥"1 ., PCR MR R: %A Mg
10xbuffer 2 puL, dNTP Mixture (2.5 mmol/L)
1 uL, PG5-EF (10 pmol/L) 1 uL, PG5-ER (10 umol/L)
1 uL, ddH,O 14.5 uL, Taq (5 U/ul) 0.5 pL.
PCR JZ Wi 551F: 94 °C 5 min; 94°C30s, 52°C
30s, 72°C 1 min, 30 ME¥; 72 °C 10 min,
PCR ¥y 28 v B 7 50 UE ) , i EcoR 1 1 Not I
PEAT XY A5 FIRERGEYI Y pPICIK 5 H By Fr
Bt¥it AxyPrep DNA Gel Extraction Kit 15 B 4540
A DS FEA T 1% 4%

W EA R Sac 1Y), BEUI™ Y
L B RIERE GS115 Bz S h , g
MM FI MD 85 5% 24501 F 28 °CHfl B 5 5%
2—4 d, k)5 R YL T4 ik PCR R
RRMAGMY S xS, /A 0.5-4.0 mg/mL
1) G418 T e Z 45 DB S L7 FHTEZHE
DAL 7% A 100 mL BMMY S35, F
28 °C. 180 r/min 5 3:455% 96 h, 4F 24 h i
1.0% (PRFR A3 B0 B WIS, 00 o e 357 W) il
.
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1.5 FEF-YIRYEGTEEN E

FEIR Y R Al A STk 9]y kA T
W Ak 28 40 A 43 D6 6 B T 1 N i e
0 LS Pk

SR T BUR L 2SR, 0
A 5 mL 1.0%Z R FIBRIEIRY, 17
50 °CAKIBHT 5 min; [ H | MR
S 4 mL BERR-FrIE IR 2 vh, 1) B A
AT T mL B, $E5, 50 °CoKifH HERR
N 30 min, 32 BP[A A HIA 1 mL BB, Bk
W 5 min, ZeibON, BUR R ROKRE; 45
. 28RN 2 mL T F4Eh, 1
lia) 9 32 R 43 A 2 mL Z8087K, 5 mL
DNS i, WAF#HKA 5 min, BURERAK
WA, INZEAKERF] 25 mL, DIARUESS 1N
SR, AE 540 nm A0 WO RE
S 71 X=[(An—A2)xDr]/(Kxt)
o A BRI GRS s A WSS FIRE R OG5
K APRAEMZRIE; Dr MR BAEE t R
it 8] (min).,

YRR . 1 0.2 mol/L pH 5.3 AU FREL 2%
PP LT BENE B BE R W, N 0.5% B FR %
0.2% & R . 0.5% LI 1%INgHE; K Fd
T P Bt i M R 2 v Y ) BB P s A O (B P 1
FEME, T HATALETIL; W RAS
SRR I AFLEL, #£ 37 °CWEF 17 h; 25 °C
M 0.05%METZ04 AR J 2 30 min; H
MK ROV, MEREE R
1.6 RsPGS5 %7K #& 89 Bm M E

X 2H 2L AR TN E K 0.02 g DU
KRGS BT B 1-2 mm /NBE, ¥ A& SmL H
HEHWNE.OE D, BRI SR
AW R o 1h J5 R4, 258 1 /K-
2, R H AR & S mL X8 FKE
BLDE Y, BRI h, A S AR E

B H R H, 5 2R {H (electrical conductance, EC),
SRIGHE B FE BT 5 mL KRB FKAE L
Brp kKA 15 min, W2 B9 FL 52 24 4H (boiling
electrical conductance, BEC)., VI &H FiRkrf
MBI E A E AR B OEEX R, AP E
23,

Xof IS A SO« B A3 BE K RS ATL AR
DLEFIQRHAR] 2 Mg it 1, K iRA EAE
IR IR MR & T A, AR e, —
HUAEHE R AR, IR KRRk
BT 28 °C. MXHBEERT 90%M &1+, 72 h
Je WAL ISR o PATE /K I 3 10 min [ EE 4]
BERAEXT IR, PR 3 K,

1.7 RT-qPCR $#f

MAEEFR 48 h I KA SO0 R T Vi 34 S B
25 em TR 223, #:R0 T3 F KA A %1 PDB
B, 72 h JE O R SR T BEAR N
IKAEAE 3 M, IR TS 0. 8. 16, 24,
48 Fi1 72 h BUKFE 5 E1T RT-qPCR £l . FH
Promega /A 7l i Promega SV8 & RNA 2 Bt 5]
EIEBOKFE SR A A RNA, ¢DNA (1)
J 5% 4% PrimeScript™ RT Reagent Kit 131
#E47 . RT-qPCR S/ #% SYBR® Premix Ex Tag™
WA & U B 1T, 5198 RT-F (5'-GGACGC
CCATTAATTTCGGC-3")#l RT-R (5'-AGGGTCA
CATTAGTGCCAGC-3"), LI/KRESREE B-actin
LR MNS LN, 5148 ACT-F (5-CCGTGAG
AAGATGACCCAGA-3")Hll ACT-R (5-GGCGAA
ACCCTCGTAGATGG-3").

1.8 HEFIT
P e e 348 FH DPS V9.50 # 4

2 EREGHN

2.1 RsPG5 ERE K HE L= FI 0
N IK FE SR G i gDNA FIl cDNA Hhg™
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1 RsPG5 LA 741, 2354 pMD19-T #kik
HEAL K IGFF B DHSa J5 3% B 50 4R A YR
AIRAEMNF . 45R%Y], RPGS HH 4K
1 607 bp, A 714N EFHF 6 NHNEF, bt
X4 1263 bp (B 1A. 1B)., RsPG5 &1
(GenBank % 3¢5k ALB05715)f 420 &Ik
MREREE, Al 15 MEIERABMNES
RR(RTREME 0.999), 2 70-332 fi 24 K2 h b
K IREGES 28 KW MIFHE T4 (Kl 1C); RsPGS
A T B AR W) 22 B LM I R I TR A Y
#5774 NTD, DD, GHG #ll RF(DK, FF4f
227-240 i HAG — 22 5 2 UM T TR il 315 12 A5 o5
(El 1D). M GenBank H'4# & i 5 Fr 1 “R. solani
polygalacturonase” 5 “Thanatephorus cucumeris
polygalacturonase” )& 1) 751 4L 98 FZMEE RS A
B, AR SR, RsPGS SYEE RIS
44~ RsPG (RsPG1-RsPG4: LB05711-ALB05714)
i B B 2 A O R K RS SR e R —
B 2 P FUBERERR (8] 1E) . 5 H R R AE—4H
f) XP043187080 Fil ARW26843 ¥ B4 I 1%
% GenBank M8 1741, i oK W AT HAH C D fig
IS
2.2 RsPGS &EHHBIZ B & T

R —REEF W R, RsPGS &MY
420 A% S R AL HE AL AR ) B 1A 4 20 Fif
R, SN 1.2%9.5%; H s 7 s fif
(Asp+Glu) 1 1E H, fif (Arg+Lys) i) 4 3t iR B %L
¥k 30 . RsPGS “ 45 R H o-125E
(22.86%) . B- 1 B (22.38%) Fil B HL % il 12 g
(54.76%)F i, H 66-406. 110-343, 213-348,
230-393 It 4 PR R AR Y K 4 >
S, MR R RS 1Y 2 R 254 (B 2A). FILH
SWISS-MODEL F1 Phyre2 [ 3l #1775 £k # 45,
42 PyMOL Viewer V3.2 B AF40Hr, W& Fiil
FIE A =R A o 120E . B-HT B FBENL

B MR E He A7 T UR WP B0 R 25 A1 2544, HL
BIE B — AT 24 B IX, W] BE B 57 L G
PE; P DA [R] B9 2 SWISS-MODEL i il
RIS 134 SRR T F1 307 S5 &R L
DIAL SRR, (i RsPGS Y23 ) 45 by B hnfa &
(K 2B),

FIHAELEK A ClusPro Protein-Protein Docking
X RsPG5 5KAFH 7 A~ 22 5 UM 1 1 ity 417 1)
1 OsPGIP HEAT/rF X4z, M Re Ak
RAIRE GG 0T L5 F A5 R R,
454 A R R AR X T il T o, ARk
i, OsPGIP1, OsPGIP2, OsPGIP3., OsFORI1
il OsPGIP7 ¥RELIHARSFAY LRR X (9-11 4~
LxxLxLxx Z5H)JE ALK PGIP iGPEX) Y RsPGS
SRR XA T, B E 58 2 55 RsPGS 1l
TE A 15 3 OsPGIP4 il OsPGIP6 4351 L) N S
o C difiks% 5 RsPGS 9 C smibfT HAE, HY
RsPGS5 BYZELPRIXAAATE HAE R R (K 3).
2.3 RsPGS EHHIEMF M

i FF 22 I 0l 72 2R B E X RsPGS 1A )27 4
PESEAT T, 25 W3R 1. ExPASy TELRH4: il
Il RsPGS5 25 H B9+ 38 Caos2H3130N5580600513 5
AFHEh 45 753.69,p1 K 717, IR BN 1.87
KA, KRRy 10h LB, RER
Bl 80.55; ATEERECH 23.05, WHIZEN
Btk B AG E 5 SROKPE(E N —0.114, UEBIZEA
T K W RsPGB JE R F K AT 1 b b7 3%
ik, RIEY) 100%% T /K. RsPGS Jois IR
WE, HAMBER M o A E o BT 4G SRR B,
RsPG5 TEAHNL A 7041 0 66.7% M 5h (£ 75 41
JRBE) . 22. 2% HLFN 11 1%ZRHBiIR . PE—5
MR (1 n] BB 1Y 2 SR, HAFTE 17
312, 313 3 3 4~ O-Wi 3L A5, 40, 76, 106,
281, 328 3t 5 4~ N-WHELALAL s A St 48 AR
oA 5
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A bp M 1 2 3 1" 2 3  bp

&1

1 177 237 338 396 668 724 852 914 11501213 12981349 1607 bp

— — ]
lntron

2 42|{) aa

MFEVATALALLPLVSAYSKTFVVPHTPGKDDSPAVVAAIANYSSNSLILFKKGITYNLWTPINFGTLNNCEVAFEGNATYPTDIATVQ
AEVAKPTFPGHWIKIAGTNVTLCGTTDPKWGWIDSHGQQWWDAVQQTNRPHGISFVVTNGVVKDMKLWQPIAWNFLFNGGK
NIHAFSNRIHAVSTTKAFPFNTDGFAAGGTNLLIENNHIVNGDDCITVGSGANGVHFRNNYCEGGHGLSIGSLGKGGAVASVQNI
LFENVVMKNHLYGARFKSWTGGNGIAKNITWRNIVLENVPFPIYVTQNYWDQNLGPKPTTDSPNNTHIEDMLFDNFSGTQLDT
PYVEGSCVSDPCWYSVANATGKEIVIFDLYHGTTRNIVAKRISGLRTINRAKPAVMCDPAAIDNDVGFVCQNGPYIATRVGYTR

44X e e M O N M Y | | E R T et |t 0
dobddddddddedoddadddddddd] | donnoidddatdessaaudadad; AT A A e B
S bt I R T T e L T
335%5353%3538355333303%5%55333333533333385 | |[ERBEBAE 583335.’%3@55’3535335; 13553%555333333%333383
ap A aa d'é‘n QE"d . a appga rAdpgpgappe A -1-12] 'nn"g' r-T-0-1-1-I- 'a'ng'n a A A
T T PR P P FLEREEE BEE33ER23RE29333ECCEREEERERREEREEEEREEEEE

90000000000 (11121l T] ]

LRRCL LRI CHL

RsPG5 ERE R EBIBEYFFNNH A DUKFELUAEH I ¢DNA Al cDNA H 1 H ) RsPG5

FLH H B M: DL2000 DNA Marker; 1-3: gDNA §73 i Br; 1-3 cDNA §"3# 1Bt B: RsPG5 % [A
JEA ;SR AR ORI AHE 3 2R /M BN . C: RsPGS Wi /KM Z IR ST IX 5 (K HTE
HE B /R MK R BEEE 28 FIRAFMEF . D: RsPGS 2R FUMREFRBEOR T8 5 41 T QI AT Rl <k
O3B AAT 5 K 51 A 22 5 2 ZUBHE R B PR L0, 5 20 G L 2B 3R 22 TR 24 UM T8 R T ™ s O < 1 41

E: RsPG5 RS HT; £I4E K RsPGS, BAEJEE & TifEN 4 > RSPG 4 i 7= 4

Figure 1 Sequence analysis of RSPG5 and its coding product. A: Amplification products of RSPG5 from
gDNA and cDNA of Rhizoctonia solani. M: DL2000 DNA Marker; 1-3: Amplification products from gDNA;
1'=3": Amplification products from cDNA. B: Sequence of RSPG5 gene; The green and brown rectangular
boxes mean the exons and introns respectively. C: Conserved region of the glycoside hydrolase family in
RsPGS5; The blue rectangular box shows the characteristic sequence of glycoside hydrolase family 28. D:
Conserved sequences of polygalacturonase in RsPGS5; The thin and bold underlines mean the signal peptide
sequence and active site of polygalacturonase; Bold red letters indicate strictly conserved sequences of
polygalacturonases from fungi. E: Systematic evolution analysis of RsPG5. Accession numbers in red box

and black boxes are RsPG5 and the other four RsPGs from Rhizoctonia solani.
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&

>

B SWISS-MODEL

1 100 200 300 420

2 ELRGTNEY RsPGS T EEEH A ZHENE. B: AW REE SRmEE. Ra
e @ RR o B E, HATLIR IS, SHEOLSEFTIRMILE IIEE; R @ik
&7 B DXV iy 2 TR T 5 A B 3 S A

Figure 2 Spatial structure of RsPGS5 predicted by online software. A: Position of disulfide bonds. B:
Cartoon and surface figures of tertiary structures. The red curl lines, yellow arrows and green line in the
cartoon figures indicate the a-helixes, B-sheets and random coils respectively. The red arrow in the

surface figure indicate the site where the amino acids at the ends of the cleft region are linked by
chemical bonds.

OsPGIP1

OsFORI

3 RsPG5 5[ OsPGIP ZEEHI A FXHE K REEN RsPGS 201, RIEEI A AgLREERER
RsPG5 WS O i A FER ; K 1HI 51845 OsPGIP 731
Figure 3 Molecular docking of RsPG5 with different OsPGIP proteins. The cartoon figures indicate the

molecular structure of RsPG5 and the green balls in the cartoon figures indicate the enzyme active site amino
acids of RsPG5. The surface figures indicate the molecular structures of OsPGIPs.
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%=1 RsPGS FiNEBBEYZHE
Table 1

Biological characteristics of the predicted RsPGS5 protein

Fitk LAQIEREE L 2 Frtk BUH 51545
Characteristics Value and index Characteristics Value and index
¥ C2062H3130N5580600513 SR HEAE —0.114
Molecular formula Hydrophilicity value
Uiy 45 753.69 JEAZ IR 7 ) 100%
Molecular weight Solubility of prokaryotic expression product
5 R A 717 WESEAL AL A 34> O-WHILAL AL 5
Isoelectric point Glycosylation site 3 O-glycosylation sites
EBLIEY 1.877 5 N-WEREAL AL A
Extinction coefficient Cys all form cysteine 5 N-glycosylation sites
1.866 PR AL (3L A5, 21 Ser
Cys all in reduced state Phosphorylation site
i 2 2 80.55 23 Thr
Lipolysis coefficient
N Y 23.05 4 Tyr
Instability coefficient
F M 30 h I FLEh A I ZLLT 4 | 4 A 1 66.7%
Half-life Mammalian reticulocytes Subcellular localization Mg b Extracellular
>20 h B Hf Yeast 22.2%
Wil Vacuole
>10 h X##F1E E. coli 11.1%

28 %7 /& Mitochondria

2.4 RsPG5 &EREE#&ZFIEF-IEEIE

W 1k 72 1 2 85 UL BRI A 2 W s S
K, B 24 h BURE, SRS 0B T I I
ZRVIANEREYE, BE KRR TR, T
FER = BRI IN, =5 4 K ARRME, N
134.43 U/mL; ¥R 1, BIEA TREBE, |
HAENE 7K, WG 86.53 U/mL (& 4A).
Ut RsPGS HAfT —@E M, X 567
RsPGS A& W24 vk W 45 S — 2. ) F v it P
PE RsPGS 4 SRS BE S, v & BB &1
Ve 208 OsPGIP1 2 [ Fl RsPGS —if2 il A
fLr, w] B A o i S Y B 7 (] 4B).
2.5 RsPGS5 /KGRI BUH1ER

RsPGS Xf /KA i85 4 MR sk i e SR VE T,
PR E AL 4 /KRG XD3 1 XD3TR [,

H AN AEATAT R 5351 h 24.87%H11 9.53% (1€ 5A).
FKFETEEARM, H RSPGS L[ 215 7= M4 H
PERIOKAEMHE , 72 h S E A H B S A R BE B
FEW e, Erhofia6, I%eEa; kA
OsPGIP1 AL A 4 /K i i 4 o i 1 BIAS (5 1R 5t
BE, (HTHE AR AE R R 40% 4547 (K] 5B).
i B 3K OsPGIPL J [ 7 — 2@ F2 b ] 3o
JKAEHL RsPGS Xf M- 52l VA i (B R AE T, 38
KRR BT o 5 A BURTIRE T TR 22 10 2 2%
PEAh EKFERE AR, KRR B A A IR
FEBE, i 5E X —id i b RSPGS J [R Ay AH X 23k
R, BEER R T RRASEAFEXRR,
RsPG5 JEHFAA —A~ L, FHTFHEME
48 h FikKFhe (18 5C) X —45 UL RsPG5
FEDR R B EOR A R A — A
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A
180 - F=86.424, P=0.000 1

150 -

120 -

Enzyme activity (U/mL)
=) el
(] (]
T T

(5]
(=]
T

(=]

Time (d)

\-\
.
OsPGIP1

OsPGIP1+RsPGS

Control/Vector

Inactivated RsPG5

El4 RsPG5 BEEHEZFEFYHIBENG A 3,5-“MHUKHRY. B: i#HRETL
Figure 4 Enzyme activity of the eukaryotic expression products of RsPG5. A: Dinitrosalicylate assay. B:

Agar diffusion assay.

B
F=106.012, P=0.009 3 XD3

" C
XD3TR _ F=30.685, P=0.000 1

25
20
15

30 ok Water  Vector

10

h

o

XD3 XD3TR
Treatment

Damage ratio of cell membrane (%) >

5 RsPG5 *f7KFEBIER1E B

RsPGS5

.

RsPG5

Relative expression

16 24 48 72 96
Time (h)

A: RsPGS Xt 7K e - 241 L ) e KA. B - RsPGS A1 A AR

5 72 h JRAEAR. C: KAESURTR I 2 B B RsPGS Rk KF-
Figure 5 Pathogenicity of RsPG5 on rice. A: Damaging effects of RsPG5 on rice leaf sheath cells. B:
Symptoms of rice leaf sheaths inoculated with RsPGS 72 h later. C: Expression levels of RSPG5 during the

infection progress of Rhizoctonia solani.

3 WREER

1966 4, Ayers 2R IR RG22 A% BT LA
7 2R F U S CTHBR I (poly galacturonic
acid trans-elimination enzyme, PGTE)#1 PG, 7E
SRR AR GOK RS R, IR PG ORI
I UM, H ARG 0TS M 2 v T

T, MBI PN BN S I L 4 R AR SRR 1Y
BTG PECOR FE R, BBH PG ANNAT B 90 1 Y
fRA, B TREERF ERNBY R, K
ST 22 Repgl L RNAL T, k15
) 10 M4+ PG G B TR, Hrb 6 4
FEAL TR BT AR B RR KRS RO B0 IR IES .,
TR SERE 7K RSO A g 4 > PG 2L
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RSPG1-RsPG4, XL [H 1) 3 ik = ¥t 345 W
W PG MHEYE, HADRERYAF E iy
R R F RO SRyt — 2 5 R KRR SO T
A RsPG A, ASCi# ) 3'-RACE Sl 3|
T—H) RsPG5 HE A, 1% R FEM T B0 1
FErp IR B B, JF B KA
-5 22U B B R AR AE T, 36W] RsPG5 )2
IKFESOR R T — A BRI T . SR
11 4 4> RsPG JEHAHEL, RSPG5 £k /KT
R S RSPG2. RsPG3 24, & T RsPG4
Mk T RsPGL; [AlfF, Hmidr=4mis vt S
XTAF EM M HIGREST S RsPG2. RsPG3 Hl
RsPG4 L, {HIZfkF RsPG1P'%P,

HEZAEYY, CEwER PG I H 4iiY
PRI S 4 NREE R RSEFS NTD.,
DD. GHG F1 RIKPY, FRATHTIINT Sk A 374k
A% 59 > PG AT 00, KB AE HARSY
J7 5 Hha] BB A A0 2 SR B R e, 0 NTD X ]
fie -~ NAD { ETD, GHG #J fit - SHG #{ GYG,
RIK A g A RFK &, {H 5 AT i 0 1l 43 B 2%
Bl exo-PG #11 endo-PGM%, SRk, #H—ksE
GenBank W IrG ik 224414 PG ¥4, ZRGuikL
MR, EEIRRFS | exo-PG 1 endo-PG
FETCHH B RRIEE D), HLILPRSE 7 i ) 2 L
B L, 20 PG LA EIRAY DXk
RHIPG:, 1n XP043183074 Fl QRW22837 fift 2k
GHG, QRW25501, CEL56986. XP043185038
Al ARW24801 #t 2 DD, XP043179490 .
QRW19253 HI CCO28787 Nk RIK, W5
T, AR MRS PG el F &
PGIP firfip i, SrAG A% PG X B4
SRR AL R N 2 H PG S
HET 2 Hopk 25 3= PGIP TR 391 1T 52 Wi s 71 14 25
WfER, BRI R ILHE

Jifi PG Yy n AR 2 RV UM, BIf

JEFTH Gt PG 1 R A0 1 S0 1 B rh AR Al
HYEAEHBY, i Penicillium digitatum H i1
Pdpg2 . A. niger ' i9 pgxB Fl1 Geotrichum
candidum " /i) S31PG1 %5342 BL 1 4> 7 1k r b
iHY, {H F. oxyporumf. sp. lycopersici H'1%) pgl ¥
POX6 i HLE AR fe AN B 1Y B TC R I T,
AN, 2 A B GEAR YA W A O 7 1 3k R
LR =t ES S PARTE S ST RS
2 ANFERFERS B A B0 o AR o S P R AL
UbAh, A eI R 1l B AT DAl HAth 35 PR M
R R DR, ExoPG 2
RkEEFE LA, HES0RE %R RS
HERAMREEERTHEORE, HRAEZEN
HIIEAZ IR A ECR 1A PG BREH:, X &
B RN LS PGA I K 78 P 110 Al S 5 it 32 (]
WM T I LR B IhRERY . BRT, 1EKFRE SR
WAL E R 5 > PG LA, X EEIERE S
R TR A B I T 6 T BB AT 2 TR A A A D RE
HAMER, B RH.

PGIP %t PG BB HA LAk, Azt
T2 P 228 S RE IR T PGIP 37 IR I BE )1 W3 &
PvPGIP2 W55 253 {7 2 28 FH A5 2 e 22 78 oy
i BRI, HH 9% 7 Fusarium moniliforme PG
FIRE T 3 R R ARG, o PvPGIP1 H AR
253 v g BE TR Fh 24 FR R 0 o A5 S RGBT,
A5 T H0H F. moniliforme PG 196E 1117, [RIRE
M, PG NS SRR AR AR PGIP X B 1
POl ok B H T EASF A FVPG Ml FpPG, 55
274 {3 2 FE TR & HLRE 55 9k PvPGIP2 P51 Y G Atk
4 FvPG 55 274 2R 95 2 R4 TN 2
BRI, A LM YR 2, HH AT 8 PvPGIP2
WA T FpPG 2 274 12 FEMR i N 2 R = i
NS BRI, AT B 3k kE PvPGIP2 f 500,
CHE Y PG-PGIP & A 125 Al G 43t 2
¥ 0% PGIP LA 5 PG BE 7 55E H Z4 B X
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1) C-vi BAF,  H A B IX S0 5845 e 3357 FiX
ST EE X S, {H7E RsPG5 1 OsPGIP H{ER I
B T H . OsPGIP4 Fl OsPGIP6 43 5| DL H:
N-Uig sk, C-Uifg ) 24 B MR 5 RsPGS 1Y C-viii 2 HE
HAE, MAZELUEME S RsPGS BG4 2B
XK C-¥i 2 MR B A, X &2 RsPGS 5HF F
iR PGIP A7 & Ak 15 50 ifiy bk - Ho A PGIP 1)
U AT R — 250 5%
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