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BB kK i E A PCR MW &K 111 cDNA FIEEH 2 DNA Hogfe iz BN K EH]; F
FRER AT SCR82 HEATA IR 2o, 4248 oAb rd b B[R4, SR PR s 4% cDNA 2K 751 5
FEE| 7 6xHisSUMO JF41l ) pET28a(+)H, TEAIFRIREE(22, 37 °C)MI IPTG ¥ (0.1, 0.2, 0.5, 1.0 mmol/L)
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9% 73 J& (Phytophthora) s J& T A W A
(Chromista)JF 1% | ] (Oomycota) , {1, 1% — [ Z P B 5
SR ER /by NS I B ER Y/ L Tl o e = o Y 4
AP Hoh, BUBE SR (P. capsici) Y fa iR
(WAL, . Al F-5) . B RHAnPE K 3R
GUEEPINS VSRS T RE S ER L I (= 7/ I T S i
A (0 AL R VERTE D, UTAESR, Bl TR Al
PSR R R, DURER S 3 1 B AR A5
FIPRHURJE,  H BB R 5 R R ) e 45 7
S LI, RO A B B R, T
TN R R R P HEMZER T, Z2HCREH
XF BB R E TR TCRL, 0 Z e it Ao ) AN
M, — BB E R R A R G T B
B B B £ BE AT IR A SR U 5 5
YV EAENLIE, X BT HHE P9 i B 8 8 R s A
HIERRFEL.

ST I AR P FE B, R T 43 W
RN A LASE A ) i e R e 3R AR
HIMA 23 8] i R0 2 1 (apoplastic effectors) L Kz i
A Y4 N & 2B B (cytoplasmic
effectors)®® i AMAL N 2 11 32 B4 355 JE AT
X B 4y 7 B = (pathogen/microbe-associated
molecular patterns, PAMPs) (141 elicitins, TGases.
CBELs. NLPs 1 GH12 %) . 4B i AH 3¢ il i) 4
il ¥-F1 PCFISCR H F45, EANTEMY 4 1] L)
TR 40 240 B FE 55 0 B 22 ] 9 JB SR 253 (] L R
VR, M g )1, PCFISCR 44
1R —25 5 Ry 75 (P, cactorum) ) PoF & 11 A
Fea R I B 5 R s R G B (= 41 /o 1
1 (<300 aq) i AR, RER | LA Y AU sE T
(plant cell death, PCD)!®", f5 2 MOBSE TS A 3G 5%
TETR A K B PR & — > 52 NS FE IR AR FE L K
RIERMEE T, & 6 MElEmR. 14 4520

AR 3MORSF I s, BES SR AE R/ ATIRAE
5 | A ) By A A DA e R e S Bl 1R A A
Bt Xy 2 B PeF e AS ] EHA —A>th i
R [ R MR e - PR - MR AT S, AL SRALUMIAAR 8
¥yttt Ole-e6 5, HEW AT RERHIME Y (5 5
EAMMEAT, W5, EHMEER BT
PcF 1 R 11 3 38 1 45— FR i PCF/SCR
ROSEEE 1, — A 0 JH ot e 194 2 35 A 5 i e
DL SCR i 431674 GhHA) T 000 33k 26 25 11 2 1T Y
—BHRSTEIERR SK(E/C)C AT Rl ek 2855 1 2 1
SIEAMPALIET- L deE I AT
K, bR PoF SN B /0i6 A 131 PcFISCR
ROV, Dot KB . AT
(P. parasitica) . Ji& 75 14 (Pythium spp.) FIHL 5 7+ BH 75
%% (Hyaloperonospora arabidopsidis)&5 Bl & 1t f7
TN B (100 s g B P A 4 A 3 [
FEREFE A R Y A A ep R R0 kAT
YE R, W) SCRO6 S35 & 5 | A2 & i
A AR A A MIAE T, 2B AR e DT R B0k
B3 BB 17T B X8 2 4 B gl g i 1181
25 b, PcFISCR W F151& PCD, 7%
W BB R el BE S PERT, XEATR
YRR Sy B ik L 400 52 9 AT 1 S50 AL B i ik o 1
IR

TATRIRTHARFE R PV X BERT Rk R 480 B
TR W PcF/SCR UM 45 175 5 A PR MR A1 35 i
AN MLAE T B35 RSO (H I R G AR PR T AR A
P O i — A TR R AR R A
K HAbAERF FHEYHA T PCD i 161, it
HAEYZ e SEN -8R, RIGLE
WA E R BT EE, WMEHAT, [CRES
PcF K H: 3% % (P. infestans)[al I 1145 /00U L
A PcF/ISCR U0 2 7R B BE AR AT i Hh A5 3] 1
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Fik, AH T B KPR AE AL AT B IR A )
A i TR SRR SRR L T R
F SRR, FRA1%E T —4 PCF/SCR 20 &
1 SCR82, AWIFEE e/t 17 scr82 JkpH7E A
R A KR T MR Y EM B oK ik
PAFRILH ) cDNA FIFEF A K )P, X & A
PEAT T FRARMEIR . R B IR A s R
SLH A F] T 6xHisSUMO J74Y pET28a(+)Jfi
widr, R RS HATE RS, d Al
A3 T RIS IZE AT RA R
AR T A AE T, (HROR A A B B T2
SN o XG5 HER E— 25 43 BT 36 1 B AR )2 )
RE LA B IR A S BT 22 25 0 S5 A ) B AR ML B35 T 1R
SR JEA

1 #oRAe &

1.1 R

111 M H . KW B (Escherichia coli)
Rossette 2 T8 #k . BRI B B bk Pc537 1 h 48 52
=17, A Chen Z5(2013) 0 1) Jr 3k 3545
MR A2 . BiFshf 5 . Esh Rk
K11

1.1.2 LAY . A (Nicotiana benthamiana)
BT EA A R, B 22-25 °C,
16 W8 h s A B % , EK 46w efli ], HEMR
PR FCHRET 2 h -1 7560, AR UE B Fh B 43980
Vi FERPE, AERRAR FCHH A ARSI N 5 mL Sk
FHW ST B IFM (1x10° i 1~/mL), LAERP L
TK AR FC AT A %) B FIRA T (Arabidopsis thaliana)
A 75 Col-0 AP IR B Je Rk s T 3L (A
B IR E =2:1), 7F 16-18 °C. 16 h/8 h il
L. N 60%-70%H R K E R R, Ak
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56w 5.
113 kL. FKikF (K pET28a(+) H Novagen
2NF], TA #44& pMD19-T g [ TAKARA A+l #;
& pRSFDuet-1 (7 6xHis-SUMO) i 2 [ i k2%
TRV A3 H SO B i it
114 FERH . BREEAYIEE(NCol, BamH I,
Hind 111), T4 DNA &, % kil M-MLV
(RNase H-) ., 5% Oligo d(T)15. Recombinant RNase
Inhibitor, DNase |. RNAiso Plus 4§ TAKARA
75wl RNA 4lifki 5 & (RNAclean Kit) g A b3 K
WAY). Phusion ={RE DNA R4&H. Ni-NTA
HIE W RS [ ThermoFisher /A ] . Bk 2 BUL,
F& . DNA EERE ISt & B o 2 kA
F| . Bradford 75 8 1 BN X055 £ % F Solarbio
YNGR
115 FEMER: BRMESPREIK. B
VKA H Bio-Rad A F], LS-P96G %I PCR {Y.
MaxQ4000 #2 K H ThermoFisher A .
1.2 AEYEEFESTHSI YT

W5 5 S LN Y AR AR PCFISCR 48500 85 11 %: 1A
() EST 551 O 1 b 5 5 [H 41§46 172 [ DOE

Joint Genome Institute (JGI) LT1534 v11.0] (http://
genome.jgi-psf.org/Phycall/Phycall.home.html) i

A FE R (LR tBlastx, HIMA(H E<107°), F#
VERC AL R P41 o AR 8 S R e 41 B2 (1D 96045) F11
F IR BT BT 1 A B U A7 s BT R 1 |
Yt . RT-PCR 5#%} (3 1), 7£ FungiDB (http:/
fungidb.org)#1 NCBI (https.//www.ncbi.nim.nih.gov/)
Bl KR B R PR F 51 (BLASTp, E<107),
FIF BioEdit # 4% PN T8 4z . Pf . R
BRI

FIF SignalP 3.0 (http://www.cbs.dtu.dk/services/
Signal P-3.0/) il I & 1 #9155 Ik ¥ 41 . )
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# 1. PCRETH3I4

Table1l. PCR primers used in the study
Primer Sequence (5'—3')" Purpose
96045-snpF ACCAAGCCAAACTCCAGCTA Full length cloning
96045-snpR TAGCCAATGCTTCAGTGGTG Full length cloning
96045-BamH |-F CACGGATCCATGGAAGACCCGCTTTACTGCCAG Sense primer for cloning and prokaryotic expression
96045-Hind I11-R TCTAAGCTTGTTACAGCGGCTTAGCGCACTTC  Antisense primer for cloning and prokaryotic expression
96045-F ATGAACTTCAAGACCTGCTTCG Sense primer for RT-PCR analysis
96045-R TTACAGCGGCTTAGCGCACTTC Antisense primer for RT-PCR analysis
Ubc-F GAAGCGGATCAACAAAGAGC Sense primer for RT-PCR analysis
Ubc-R AAGCAGTGAGCAGATCGACA Antisense primer for RT-PCR analysis
NbEF1-0-qRTF AAGGTCTACCAACCTTGAC Sense primer for RT-gPCR analysis
NbEF1-0-gRTR ACGTAGGGGTTTGTCTGAG Antisense primer for RT-gPCR analysis
Nbmc1-gpF GCGGTCATGGAACCACATAC Sense primer for RT-gPCR analysis
Nbmcl-gpR CTGACTAAAGCCTCCACCCA Antisense primer for RT-gPCR analysis
Nbpox-qpF CCCTCTTGATTTCACAACACCA Sense primer for RT-gPCR analysis
Nbpox-gpR CCAGTCAGCAGCACTTCATC Antisense primer for RT-gPCR analysis
Nbsod-qpF GCTCCATGATGCCATTTCCA Sense primer for RT-gPCR analysis
Nbsod-gpR TCGATAGCCCAACCAAGAGA Antisense primer for RT-gPCR analysis
sumo-RSF-F CAAGCTGATCAGACCCCTGAAG Sense primer for sequencing

T7 terminator primer GCTAGTTATTGCTCAGCGG

Antisense promer for sequencing

"Restriction sites in primer sequences are underlined. Primers were designed based on the gene models (scr82 1D 96045 and Ubc ID
510705) from the P. capsici genome database (https://genome.jgi.doe.gov/Phycall/Phycall.home.html) and four N. benthamiana
genes (NbEF1-a, NbMC1, NbPOX and NbSOD) from NCBI database (https://www.ncbi.nlm.nih.gov/).

TMHMM Server. v.2.0 (http://www.chs.dtu.dk/services/
TMHMMY/) 73 #r 85 i 25 ¥ 38 . #] il ProtParam

(http://web.expasy.org/protparam/) 43 ¥ 25 [ 1) 4 B
b2, FIF PSIPRED 4 81400 T AR
(http://bicinf.cs.ucl.ac.uk/psipred/#) ' PSIPRED
3.3, FFPred fll DISOPRED3 2 /¥ /3 #7 8 1 2544 -

1.3 BBiRH

FIF RNAiso Plus $& Bz 7 FIAE IR 5 1Y 5
RNA, BEJ5 ] DNase | Z:B5E RNA Hrk B3 i L K]
2 DNA, P 1] RNA 2ifb 50 &2k RNA #E i
PR H 22 3L 4] DNA ¢8R Zelaya-Molina
25 (2010) PR BRI . 1%6B S BRI i Tk AR
DL H 2] DNA FlLE RNA 58k, FERAMr ot
JERETE A THR B RS R A

1.4 RT-(q)PCR 43#7

W 22 4 (2018) 123y ik, )P 5 s s il
M-MLV (RNase H-)F15|4) Oligo d(T)s ¥ 2lifbid
() RNA S 5% s 1 4% cDNA . 2 RT-PCR Y
AR 2 FIFLY 22 08 Chen 25(2013) My )7 30647
PR % B 12 K 3% $2 Wl 3L A (ubiquitin-conjugating
enzyme, Ubc)"OE >y RT-PCR AT N S 5L (32 1)
A R PCR (QPCR)S: % Bi2e % (2018) 1y Jy
P Ay, A QAR B 42 K K F (elongation factor
1-alpha, NbEFla)3EREE R NSEER (£ 1), Fdk
b B IR Praffl (2002)P4 iy i kAT . B Y
RT-(g)PCR H & 3 K.
15 EEEKEMAEY

FIF Phusion DNA R4 il A3 AR 52 5| 4%
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BB cDNA FEGLIFATY 1S . PCR G K R
£ . 5xHigh Fidelity buffer (¥ 7.5 mmol/L Mg®")
5uL, DNA 100-300ng, DMSO0.75 uL, | Fiif
51%(10 pmol/L)%% 1.25 pL, dNTPs (10 mmol/L)
0.5 uL, Phusion DNA A2 U/uL) 0.25 L, JG
KA FFE] 25 pL, PCR W FEfFly: 98°C30s;
98°C10s, 60°C10s, 72°C10s, 33 MEH;
72°C5min, FHA5I¥*%F 96045-snpF/R(# 1)%
SLH 41 DNA 9 38 F v Be TA SoRe s R4
45 (2018) 2 Jr ik AT
1.6 EHRKFRWHE

S HGIR IR A TR T R S, A
Nco | BarmH | #2{A& pRSFDuet-12 111 6xHis-SUMO
FPOUIT , & AR pET28a(+), B4R
Kk A\ DH5a #7425, M5 1Y% sumo-RSF-F/T7
terminator primer (3% 1) FEHf D E R E R .

B FIRZRD, THERRFBEASES
Jik 2 % 4 . I BamH 1, Hind 1 [R] BFEg)
S B, KiK. pET28a(+)-6xHis-SUMO,
25 WL Y5 VIR BN A T4 DNA 3% 422 A [0 i
R BS ERE 2L i HissSUMO FRZ 5 HIY
BN sl a . FA RS A DH5a #1744,
JFRL 3 UG 26 sumo-RSF-F/T7 terminator primer
(& L)W P AT IR UE o FA R T ) EE 4 T R
PET28a(+)-6xHis-SUMO::scr82 £ P i A KT
4 Rossette 2 17k .
1.7 FEHWIEZRE K SDS-PAGE 4317

¥ Rossette 2 MM EIGH RIRER
(50 pg/mL) . 4475 % (25 ng/mL)f4 5 mL LB #5355k
(Fr 0.29% % Z54) h , 37 °C. 225 r/min $E %3535 12 h,
SRIF IS IR T W 1:100 fY He B A B & A A [

actamicro@im.ac.cn

Pk E % 400 mL e LB 5555 (5 0.2%H %5 4)
Hr, 7E 37 °C. 225 r/min #&3% 514 F 135 2 ODggo
7 0.5-0.6 i, I A S N FER AR - 2B T (isopropyl
B-D-1-thiogalactopyranoside, IPTG)i% 5% 16 h,
IPTG WY ¥5- S 2 B 43 30 & y 0.1, 0.2, 0.5,
1 mmol/L, B E N 22°C, 37°C,

B0 (4 °C. 4000 r/min &5.0> 20 min)ii AT
RIXGH R, BAREHREZET 20 mL
S 7 2% vh % (50 mmol/L Tris-HCI, 1 mol/L NaCl,
25 mmol/L imidazole, 1 mmol/L DTT, 1 mmol/L
PMSF, pH 8.0), SAJFHE TrK b, I FH & A ki
I T AN e . A kAR 10's, 451k 20's, TR
<200 W, F#£E0% 6% 15 min, 485 4 °C., 12000 r/min
#5015 min 73§ EIEFTIE .

500 pl - 3E FHDR I TRE H 43 5B 500 pL i
SDS | #£Z% ik (4% SDS, 10% 2-mercaptoethanol ,
20% glycerol , 0.004% bromophenol blue, 125 mmol/L
TrisHCI, pH 6.8), & iFiR>), & 5minf5, T
4 °C. 12000 r/min &> 10 min, B ¥ 15 pL #F
11 SDS-PAGE 73#r, WRARIKE . 73 B R BE 5 o
5%. 15%, Hiiks&fFR 150V, 1h,

1.8 HMEBKLEL

RERREEIBOR Ni-NTA SIS R R0, A
BT 203k 1 mL B ARG L IR 1.5 mL 1BA
W, TA—EFN 10 mL | JiE L2 N 30-35 um
aifbkl, REEIIEHLARSE, SRR
A 5 mL ZZ ik A (K& DTT Fl PMSF 24 2%
MR, AR, FERE, VEEMIERIAE T, E
VR 3R, LB KRR RS EERIA
FNalifbArh, 35475 5 1E 4 °C R4 %80 20 min,
FodE B, HAI T A Y 20 R RV .
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i P A PR AL R RS 5 RS, R E A
F 2 mL ZZ P B (50 mmol/L Tris-HCl, 1 mol/L
NaCl, 250 mmol/L imidazole, pH 8.0)%% %k 1 MM
Mg BUEME TR, RSN E Y 1xPBS 22 il
(1xphosphate-buffered saline)., #|H SDS-PAGE #;
IERR A AW, A Bradford 3290 a2 4lifb 8
IV
1.9 MREEREMRE

HUSE 42 R TF (0 AR EQ IR RN AU RE S 1 198 33 4
aifb i . IR B RAEM R 3R E s R — M
MG, FHICER Sk TG 1020 pl 28 (VIR
FESEIN R FERIAM K GREEEP. sojae) it
IKFRRE % 12 (GH12)# 4 XEGL & ™ (10 mg/mL)
VR A BRI R 3 568 A BE A X B Ay ok 6 2 P vk
I SIS A5 AL, [ SRR 5 8l 10 5
VTR AR T HL A Ab R (R T 22 °C 55554
5 2 KIEWEAER I H L

RO A AR ML TR A, A IS A TR
BT Farmer's (LR . L EE R4+ 1]
1:6:3 MARFH L EC i) PR 30 s, FE T 0.05%0
Trypan blue # & 1 25 °C T i2ifd 12 h, 7EHIK
EEVE T RIE YRS, R 95%Z BEXT
W SEAT KV I, e 19 B SR BE T Y
HLY 20 M

MY SP 720 GC Mock 1.5

3 6 12 24 36

2 FRFuH

2.1 scr82 TEHHEREKEZ TR EHE
e R R

T 00 2 S 2 00 3R W B TR A AU B A K
kB BREN, TN R Yt R &
FEMVERT, 43 3 B BB 25 U0 20 6 - AR e b
15, 3. 6, 12, 24, 36, 72 h 5 (A4S FRARAR &R
RNA, [ B AUE 25 4 M ERK R BB 2
74 | Wesh A R L) RS RNA, 23t
A HAEAR YA KR & BB sk o 25
(B 1)FRM, BREZLIBZIN, HA3IMEREE
W BE (61142 | Vit S0 R 2 O 1 A6 ) K5 A 00 8132
SER G SEAS . HARE R, R IR LA B
PERE TR YL AT A B B, 2% R DR L G B B 11 7 it
IKAV-32E 15 U s - R Sh AT B By TEAR Y
A ENE, RIS T 3 MER
REWE, TEHERNG 24 hiZ i R 04 ik 5 i e
W, i f5 B BRI AE A 0T T R . SRR, i
DRI 7 BROBRLUE B W R AR L A R e 37 = I B 3
ik, WRES S T BUER R Y R
2.2 SCR82 sk H i vk

BIAZRAT T scr82 fEAEK KT BRik N
EST fF500M0, 3l 1o 15 BB 5 L IR 240 B0 128 He ot

72h W

CEEEXE.T I LN

ubc

1. so82 BEARMEESRAFTEMERLENERMIERKTE
Figure 1. Thetranscriptiona pattern of scr82 during the infection of N. benthamiana and developmental stages of
P. capsici. MY, vegetative mycelia; SP, zoosporangia; ZO, zoospores, GC, germinating cysts; 1.5-72 h, N.
benthamiana roots at 1.5, 3, 6, 12, 24, 36, 72 hours post-inoculation. cDNA from sterile water-inoculated plants
(Mock) and sterile water (W) were used as negative control templatesin RT-PCR.

http://journals.im.ac.cn/actamicrocn



1592

Zihui Zhang et a. | Acta Microbiologica Snica, 2019, 59(8)

FRAS L AL (IGI gene model 96045) , 41 it % 1175 |
Y1, 4 RT-PCR M &KL cDNA HgRTS T
—%k 250-500 bp 2% (Kl 2)., L&y, %
379 bp ) DNA J BeHh & —A~K/NA 249 bp 1)
SEAEETF L) FEHE(NCBI % 55 KT215396), fiiF
23-271 bp [X3; 5 122 bp, 272-379 bp [X.
WAk 5. 3-AERIEX . 5 MELH Y DNA
PAFH LR P I BT IOES, R IZHE IR S NS
¥ FIFH scr82 iy SEE AT A . R A Y 51
SRBUPE 85 5 DR 41 B T2 R ik 2 B O ik A T L
XF, RIZEEE B DR, Rk 55 2 W)
FH
2.3 SCR82 4K  #E M 1) s 28R T 5
TSN scr82 Hmiis i B 1K B 82 A4k
B2, Nk 20 DMEFERAFE S ITFS], 2K)F5)
A TP E R R HE (cysteine, Cys), HH i
KBS A 64> Cys (K 3); SCR82 NAAEFS L)
B, & FFPred 50l 78 J5t SM A 25 18] A 4 4 1]
(GO:0005615, extracellular space); il & (140X}

bp M 1
2000

1000
750
500
250

100

2. %A scr82 B cDNA #1& 749

Figure 2. RT-PCR product of the gene scr82 from
cDNA of P. capsici germinated cysts. M: DL2000
DNA marker; lane 1: germinated cyst cDNA.

actamicro@im.ac.cn

PR/ K 8.89 kDa, BRIGAEHL K 4.54,
g1ATE 5 (aliphatic index)ly 77.32, SE/KMEV-IF
% (grand average hydropathy, GRAVY)k 0.028,
A E 23 (instability index) >l 31.76, ] SCR82
S RUEMEBKE M .

ZRAEAHT, FE RGN FZE T H o-18E
(a-Helix) F1A HE I 25 i (random coil) 4% #4) 2 A (]
3). ¥ SCR82 [#4I|7E FungiDB #il NCBI %4 /%2 h
PSS, 298 TR . O . A SRR
PR IEE S, S5 RBLRAT b MR NS
AZEANEIEES, Hibe 5%Es PcF W)y
SIRARITEIS 67%, AHIFEPEZL 59%; 5 EURZE
PITG_22677 HIJFIARRITE IR 71%, #HIFPEIL 59%
(B 3). HEMIANJE: PcF Hh 35 & PCD [HA-SE
S SK(E/C)C 1E SCR82 H17% 3 SRDC (I 3).
AR VBARE T HE T X, B RIOZE S AT
I AR ThBES,. DISOPRED 20 & B, 45 5 24
12 fii, 5% 55 i 255 63 (i A LR IFHI A fES 5
EASIER(H(EI)

2.4 scr82 B B JFA%FRIE KX B B 4tk

B AE G B2 i R W, scr82 Fifidh (1) 35
FEA B K E, i, s R R E
AETE, #ik pRSFDuet-11H ) 6xHis-SUMO Jf°
B Ncol, BamH | Y1 Tk, SRR
PET28a(+) % 4% , 4 & Y )5 4% 3% 35 i gk 4 24 14
PET28a(+)-6xHis-SUMO , H: % ik 19 5 25 ik Bt
6xHis-SUMO K/Nk 15 kDa,

AEE SR scr82 LR R4 v e it el K 28
1K, & B4 ki pET28a(+)-6xHis-SUMO::scr82
) KM HF I Rossette 2 T& bk 78 A [A] il BE 25
(22°C.37°C) F ZA[AHEE(0.1,0.2,05, 1 mmol/L)
M IPTG i3, WA [l S5 45 F iy Al v 2R
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(A) I

* 10 20 ® 30 % 40 * 50 60 70 &s * 80
| | | | | | | | | | | | - | | |
Sequence MNFKTCFAVVLAAVVA TV TAEDPLYCQATGCPTLYSESNLAVSRDCRDDFVPNLDESPEDSLARQVKEF HDCC VKCA KPL
SECOIIdal\JQIILlLIlIreCCHHHHHHHHHHHHHHHHHCCCCCCCCCCCCCCCCCCCHHHHHHHHHHHCCCCCCCCCCCHHHHHHHHHHHHHHHHHCCCCC
(B) .
10 30 40 50 80 90
| \ | I | | | | |
SCRE’ MNFKTCIJAVRILEYAVVATHARIAED P L Y C[sJ: 3 A—_ TSRDDDFVFNLDESFESLARQVKEDGV AKPL-------
MNFKTC[da VLA vva TIMARIAED P L ¥ C oY N cPiLYSEANL AV s[HIc R . DQKLD -------- GREEQASs TTPASA- - -
PHYC[ 83830 PRHERESY L1 Ve TIL IfgASASAVAQLN - - - - - - - IRdccPdL Yy sSHANLEV s[EIHC R EIEIEE NE[EH T[EDM)- - - - - - - - F H[sc c 34 ATPQPGQ- - -
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Figure 3. The secondary structure, homologue sequences and intrinsic disorder profile of SCR82. A: The amino
acid sequence and predicted secondary structure of SCR82: ¢ random coil, h a-helix. The signal peptide on
N-terminus is highlighted by a black brace on the top of the sequence. The cysteine residues were marked by black
asterisks on the top. B: Protein sequences were aligned and shaded (60% threshold for shading) for consensus using
BioEdit. The homologues of SCR82 compared here include PcF from P. cactorum, PHYCI_83830 from P.
cinnamomi, PITG_22677 from P. infestans, PPTG_05820 from P. parasitica, and PSURA_43241 from P. ramorum.
The conserved cysteine sites are marked at the top by black asterisks for better visualization. The four amino acids
SK(E/C)C thought to be involved in PCD-inducing activity of PcF was underlined. C: Intrinsic disorder profile of
SCR82. The disordered regions were identified and annotated by DISOPRED. Amino acid residues were considered
disordered when the blue line is above the confidence threshold 0.5 (the grey dashed line). The orange line indicates
the disordered residues with protein binding activity.
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4. SCR82 @iEEAMEFEZFAEMLENL
Figure 4. Prokaryotic expression and purification of SCR82 fused with the 6xHis-SUMO tag. The proteins were
separated on SDS-PAGE gels and stained by Coomassie blue. A: The crude proteins from E. coli cells. M, Protein
ladder; lane 1-3, empty expression vector; lane 46, SCR82. lane 1 and 4, the supernatants of un-induced cells; lane
2, 3,5, 6, theinduced cells; lane 2 and 5, the supernatants of induced cells. The arrows indicated the 6xHis-SUMO
tag and recombinant SCR82, respectively; lane 3 and 6, the pellets of induced cells. B: The purified proteins. M,
Protein ladder; lane 1, the 6xHis-SUMO tag; lane 2, recombinant SCR82.

(A)

5% N
B 5. SCR82 gh&E B E MM
Figure 5. Activity test of recombinant SCR82 on N. benthamiana and A. thaliana leaves. The protein solutions
(SCR82, empty vector and XEG1) without dilution (i.e. 1x) or with 5-10 fold dilutions (5%, 10x), and PBS buffer
were infiltrated into the lower surface of N. benthamiana (A) and A. thaliana (B) leaves. Photographs were taken
4 days after infiltration. A: the same N. benthamiana leaf without (left panel) or with Trypan blue stained (right
panel). The red arrows indicated the lesions caused by the positive control P. sojae XEG1. B: A. thaliana leaves. To
simplify the labelling, SCR82 was shorten into the number ‘82'. EV, the empty vector pET28a(+)-6xHis-SUMO
expressing the tag His-SUMO. Buffer, 1x PBS buffer.
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Figure 6. Expression changes of disease resistance-related

genes in N. benthamiana triggerred by recombinant

Relative expression level
=
T

NbMC1

SCR82. The recombinant SCR82 was infiltrated into N.

benthamiana leaves and the expression levels of three
resistance-related genes, NbMC1 (metacaspase 1), NbSOD
(superoxide dismutase) and NbPOX (peroxidase) were
checked by RT-gPCR at 12, 24 h post-infiltration and
compared to those at 0 h (normalized to the value 1).
Error bars are s.e. and the asterisks (*) denote statistically
significant difference (Student t-test, P<0.01).
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Gene transcriptional pattern, prokaryotic expression and
functional analysis of an apoplastic, hydrophobic and small
effector SCR82 from Phytophthora capsici

Zihui Zhang™, Shenxin Huang, Hang Tao', Ye Zhang', Yao Zhao®’, Zhaolin J°,
Xiaoren Chen"

! College of Horticulture and Plant Protection, Y angzhou University, Y angzhou 225009, Jiangsu Province, China
% College of Plant Protection, Nanjing Agricultural University, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] The aim was to analyze the gene transcriptional profiles, express the protein in Escherichia
coli and analyze functions of the PcF/SCR effector SCR82 from Phytophthora capsici. [M ethods] Gene transcripts
during the developmental stages (mycelia, sporangia, zoospores and germinated cysts) and infection period (1.5, 3,
6, 12, 24, 36, 72 h post-inoculation) of Nicotiana benthamiana by P. capsici were checked by semi-quantitative
RT-PCR. The cDNA full length was cloned into a modified pET28a(+) expression vector in a way that a
6xHis-SUMO tag was fused with the protein N-terminal. Protein was induced using the E. coli isolate Rossette 2 at
two temperatures (22 °C and 37 °C) combined with different IPTG concentrations (0.1, 0.2, 0.5, 1 mmol/L). Protein
was purified by Ni** column affinity chromatography and infiltrated into the leaves of N. benthamiana and
Arabidopsis thaliana to test its ability of inducing plant cell death. Meanwhile, the expression changes of three
resistance-related marker genes (NbMC1, NbSOD and NbPOX) of N. benthamiana was examined at 12 and 24 h
post-infiltration of the recombinant protein. [Results] The expression of scr82 was upregulated during the cyst
germination and host infection. The gene was single-copy without any introns and its open reading frame was
249-bp long. The deduced protein was of 82 amino acids consisting of a 21-aa signal peptide and 7 cysteines. It was
predicted to be hydrophobic and contain no known domains. The secondary structure consisted of random coil and
a-helix. Its homologues existed only in Phytophthora spp. After inducing by 0.2 mmol/L IPTG at 22 °C for about
16 h, the recombinant protein of about 24 kDa was observed on SDS-PAGE gels. About 30 mg/mL of purified
protein was obtained. The recombinant did not trigger plant cell death, but caused up-regulated expression of
NbMC1, NbSOD and NbPOX genes. [Conclusion] The recombinant could not induce plant cell death, but triggered
plant defense reaction.

Keywords: Phytophthora capsici, PcF/SCR effector, hydrophobicity, RT-PCR, prokaryotic expression, plant
defense reaction
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