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T A vy ),

VI Z AP 1095 J5E A1 2 DRI 2 o 3 A ki S5 2R AN

FIRINLPE 51 . ZE%c b, AN IR) 090 J5 e 24 S A 1
Flan, /NEZ5eErf(Mycosphaerella graminicola){L &
— AT NLPAE (3 K T 5 (Phy-
tophthora sojae)” FIBMUREEL 1 (Phytophthora  capsi-
i) 4y B A AT 33 FI39OANNLPAL . ST, NLPs
B ATEAEY) SRR R BEAE A NE Y, ENA
LA Ay — i 4 2 35 R MR A0 MR s e,
[F) IS LA hy — 28 A AR OC 73 7 A5 2 (microbe-asso-
ciated molecular patterns, MAMPs)i A AL E]HE
AT A 2 ARt g g ),

eI T P PR A v 5 A 4 e B NLP K B 7 2

SRS ARBiE, FSHets, EARHE, 55, AR MSER LI5S IR VBRI (AR RGRIE . Ak SR HESIT. BlFi R, 2023, 68: 791-800
Lin Y L, Zheng Y M, Wang F X, et al. Prokaryotic expression, purification and activity analysis of necrosis and ethylene-inducing peptide 1 (Nepl)-like
protein from Magnaporthe grisea (in Chinese). Chin Sci Bull, 2023, 68: 791-800, doi: 10.1360/TB-2022-0890

© 2022 (PIEREE) btk

www.scichina.com  csb.scichina.com


https://doi.org/10.1360/TB-2022-0890
http://www.scichina.com
http://csb.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2022-0890&amp;domain=pdf&amp;date_stamp=2022-12-06

4 %8 & 202338 £68% £7H

PRI 2 ST A5 K R 4 [l s ) B 3 e i, 1HL
e 53 K BB L DR I 056 D T B B0 7 1 8 AR B4
oA s S T ARSI BENLP R TR
JE B A= G /K R P BV E D RE LA B AT REAE S — R e Y
G R AR G e SN, ASHIFST 43 1 AR
P PR R SR T X A A B, T R R A AR R A
e KA hif St alifh Tix s E A, 4
BHHEE S &, GST-MoNLP1. GST-MoNLP4#l &%
FITS EAT AR aad vk, AT DA ) I b 7 A g o i
RIAIRFE S

1 MRSk

1.1 AEARPRRITTRE

eI A 2B 3L NRh a1 -437 | v B AR B BEAE
PRI T B RIS A, K HT B8 Trans1-T1
B2 540 AR osetta(DE3) Bz A 4H it 435 B At 5t
2 A R AEAE ) N ), B A% 3R # R pGEX-6P-1

1.2 RN A

Phantaf# £ EDNAR G . [FJHE 4 Exnase
II. Bradford# |1 & f 1870 &0 FEMEREAE YA A, R
HITEN VIEEE FINEBA R], LBRRFRSE. TransZol
Up Plus RNA Kit#Hti{#]& . ReverTra Ace qPCR RT
Master Mix with gDNA Remover/z % 561857 & . DNA
BEW AR & . B Marker. DNAZFF-HbRifEMar-
ker. Z NHE®EE. IPTGH AN 45 B FigAE T
dtmexX44%. TOYOBO. Promega. TaKaRa.
Biosharp“5/\ .

1.3 AR
ARSI S RN R A R UIAR TR A A

1.4 5ixil

FRYEFEIEL I A A4 -NLPs A b 3 R 55 S EINCBI
I35k (https://www.ncbi.nlm.nih.gov/) F 2 2N 2% %
X751, 35 FHpGEX-6P-135 1A L EcoR THFEI{V ik
TBEY), BTt Xy S wAU NG 11, H
MoNLP1 MoNLP4tEHE IR B AL % 45 2]
(M5 S TS, MiMoNLP2. MoNLP3A TR E|4 155
JREFFAE, WA KRB X ETEAEL. BT

792

MoNLP2EEPIERG IR TRk VU ) 1] -43> A £ AE HoA 7 51
MIFE A, FTRE R AN FEIR IS, HRAEIE K (14 7 5 ARAE,
BTSN ZH DN A H 19 Mo NLP 23 K ) CDS ¥
B, JFEE S T FRE G Sk B s DX P 51 b 42, A
S35 34 () MoNL P2 [X 5 51).

1.5 MoNLPs AT 50 Hr

TENCBIM G N 445 214 K 1 2% 8 1 U741,
It FGeneDoc2 74 AT Z P91 X 8 H BfE 5K
tH SignalP-5.0(https://services.healthtech.dtu.dk/service.
php?SignalP-5.0) NS H; 53+ M 55 i £ H ProtPar-
am M ¥k (https://web.expasy.org/protparam/) 45

1.6  MoNLPs}E gt X Hs 5k MAcke it
1.6.1 FBEREHEN. 5L EDNA, RNA

5 8 AR LR AT %) R s TR R 2 b 215 A 85 R 5L 1
25°CHH B R FRIGALS d, PR G004 B 2 R 3IK
BERGFRIE |, 25°CRIB YRR %5 dief, SRJA A,
DA BT 22 91 F) FHCTAB L FIRN A S Bt
F & T BRI 5 T ) SE R 4 DNAFIRNA. - $2HU
RN A i FH 52 5% S0 & 047 B S R (201 pg 8
RNA, 20 pLIKR), G B cDNA.

1.6.2 PCR¥ 3 5 7= 4 [E

PAFEJE SR T cDNAFIDNA AR, i AR 4 1
51 %) &z Phanta Max it & E 5 59 B MoNLPI-
MoNLP3MIMoNLP2W 4t X 3. AR ZRN: 2 x
Phanta Max Buffer 10 uL, dNTP Mix 0.4 uL, 5|#JF
0.8 uL, FI#R 0.8 puL, Phanta Max DNAZRA 0.4 uL,
R BE1045 09 cDNAE 50 ng/uL DNA 2 pL, fill K g 4tk
A SARFIA20 pL.

RAE W5 EC SV (polymerase chain reaction, PCR)
PR A BB 14, 95°CTIARMES min; 55245, 95°CAE
P£30's, 60°CiEk30s, 72°CZEfH1 min, 35MEH; 453
o, 72°CHNCAEHS min; 25420, 12°CLRR; PCR™HH]
1% A R A BSE P VK 30 TF -5 2 AL
1.63 #HAKEEY] 5 B IR E A R I

FHERSIPE N YIEE EcoR TRV pGEX-6P-1 5k % 4
I [ E 5 B2 A O, 3 i Exnase T11R] V5 521 iy
W4 LAY TR S5 R IO Y PCRJBE 510 7y A T ) 905 1 2
FNE, M BN Rl A GS TR 11 19 JFA% 3R 3R (K1),
RNARZR S AW, B EAE =Yk
Trans1-TURSZ 254000, 4 TAmp (100 pg/mL)AYLB
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Table 1 The primer sequences for the construction of prokaryotic expression vectors

IR [ 5¥F(5'—3") B 5 IR(5'—3")
MoNLPI-NS-0sc-6P-1 CTGGGATCCCCGGAATTCGGACCCCTCGCGGCCCGG CCGCTCGAGTCGACCCGGTCATTGGAAAACCTTGGC

CTGGGATCCCCGGAATTCATGCCTAAGCCT- CCGCTCGAGTCGACCCGGCTACAACCTGCCACC-
GCATCCTGCGGTGCGTCTCCGGTGCCGG GCTGCCGTCATCTTTACTGCTATCAAACCCCGGAG

CTGGGATCCCCGGAATTCATGACTAGCAGCGTGTCG CCGCTCGAGTCGACCCGGTTAGCCTTGGCTCGTAGC

MoNLP2-0sc-6P-1

MoNLP3-0sc-6P-1
MoNLP4-NS-osc-6P-1 CTGGGATCCCCGGAATTCTTCCCCGTCGAGAGCGAC CCGCTCGAGTCGACCCGGCTATTGGGCGTTGTTGAG

a) AL S SR 1) 23 31 A [ Y L ) 5 U o7

EcoRI

EcoRI
&7

B 1 (M40 )pGEX-6P-1-MoNLPs T 4 Tk H s 208

MoNLPs-CDS
e r—a

Exnase Il

EiFEH

Figure 1 (Color online) The schematic diagram of construction of pGEX-6P-1-MoNLPs recombinant plasmid

AR 1 37°CRI B RETR, PRk fb T TR i
ST PCRIIE, H5 BHIE v 8 A A w7 I e

1.7 MoNLPsHEAMES Sk

Jrh 2 00 e T 6 A R 4H SR 55 AL K AT B Rosetta
(DE3)RZ 40, TR PCRIAYE RN A A% 3k 51k
T, BOIMAERF30% H MR 21 )5 AR VR A 22 - 80°C.

2 B RN AR 55 S ) S T R Rk
VR HINER, RS TAEG T, LL2%o(v/v) IRl
FHEAT40 mL Amp PrrkILBRAR 23, BT
37°CHEIRH1220 r/min$E B EA(H0.5~0.8Z 1], H
40 mLIE A58y, BN ZIS mLEEW, REP —
H, —EIMIPTG(ZHEE0.5 mmol/L), 75— i AH
JINIPTGHIXT BB, 43 5I7E16°CiESF16 hy 23°CiER:
12 h. 30°Ci/5F6 hy 37°Cif5R4 h, F# 150 r/min
(5% HEF T B 75 9608, 52, TRHR100 pLpf W,
JA25 pL 5 x SDS-PAGE Loading Buffer, Tl IR 21, i
7K 710 minJ& YE4TSDS-PAGEREE B, Pk A6 25 (11755
L.

T E AR IEE T A S BB RS O
(8000xg, 2 min)EERKR, FIEEFRM, HHEERM
0.01 mol/LIYPBS(pH 7.4)FE 2 IHVER2~3IK, 5
NERFUIPBSIA, & T Uk b, e AR h ks

15~20 min(H 288 7 % 40 MRy EM LS cientz-TID,  ZZ AT
006, TFK20%, MAETT3.0s, A K2.0s), WHBIES
B ] mLTEPEH, 4°C, 12000xg, B5.0>5 min, WL
100 pL 35 FEPE T, HBIHRFZ R LI, FH
| mLAYPBSH EVINE, HGE R EEMTIIEM i, A
# M Loading Buffer/5 7K 10 min, 85 #17SDSHLIK
K, 4y 3% T T I geali Ak s A7 T —80°C.

FEAHFERAMLL: 7658 AT AT XA
HAE A PATIE LN RIERS1HES, BERK. W
Ve BERE. B0, B RS E T UK B, TR
500 pL A7 e H K-35 i B 58 e 4 B34 20 3T 78 4lifb A
(10 mL)E#B, F5 mL PBSZE M 1762~31K, Jel i
OB, RS ) EIE A BRSBTS
B F vk, 50 r/min, B E2~3 h, FTIFEHH O, ¥
iEUE N, S mL PBSZE mPRE B S~63k, o/
JIAO0.5~1 mLAYIS AL 2 o H BR VR i, =R E
10 minZE 4y, WCAE PRI, WS &2 Vel icEE S~8 1k, FEit
17SDS-PAGEG .

1.8 MoNLPsH FIHIE MM 5 35 P

fifi I Bradford 2 11 &2 123050 80 6o At %) 26 11 e
HEATIE, BACDIRE WA 45, K A2 48
GSTHE [ H ¥ 43 3 % 51 100 nmol/LFN 1 pmol/L,
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ANE B W TR S A T IBOE S AR I e BE Y AR 1 e TR
SR SRR S L, DAIGSTE H e . 1
JE AU I H BRIER TR AE A X} B
2 RS0
2.1 KSR R MoNLPsHE 1T 585 #5 Br

T8 3 A L B e PR 5 R R 5K I s A B S 31 T AR IR
T 4 TNLPs i 51 AR G HE ] 45 B(GR2), BT
it K R, A5 TR 1E25~30 kD2 IR, {H4
AT AP AR IR RAR (F23), Hth, MoNLPI.
MoNLP4R G e H 75 LA 244%, 1
MoNLP2. MoNLP3HIIEL) M45%, HATN G 2 Al
51 LR AE26%~31% 2 7], BaBA T {12 )2
H—E M LmtE), ol fetEshBE bA7AE—Lse k.

%2 RERNLPSEREMMEXFIERY
Table 2 The sequence information of MoNLPs

KEBNLPRL G HA — A NPP 18 A5
SFAF I (pfam05630). RS 111581 b i 5 A AR ST
AR, T LUSNLPZ M A 43 Ry 3R 2 1)
HAFMoNLPI. MoNLP4J& T Type 1288, 5432 M45F
H AT LUE B — s ny 2/, 1MoNLP2. MoNLP3
WK Type AL, SA AMASELERERR. BLAF, EAT1#R
A FRHEST Bnlp24 45 ) 8 A% 0 9 “GHRHDWE &
JKFEEF (heptapeptide motif)([12).

2.2 RS MoNLPsHE vl Sk Ak

i PCR AR AT 4“0 ) 1]-43 71 cDNA ZUDNA
SRR GBS X A, s BN 2%
LR (E3(a)), f#FHExnase TTJw]i5 8 40 B [mT 0 B 1)
Fr BOE LRI pGEX-6P- 1A 5 HEA TN, 17 4B F) 2 S
PP A L, BRI B bR DU 1437 PP 4 B2 5 70-15

S, e GIOKKE  FMRKE  EARS ATE GSTEGEN GSTFHM.iﬁ AT S
(bp) (aa) JIkA7 (kD) S TREKD)  (VIBRESH)KD) (D
MoNLP1 MGG 08454 708 235 1~18 253 52.5 50.7 8.95
MoNLP2 MGG_00401 795 264 / 29.2 56.4 / 5.78
MoNLP3 MGG 02332 810 269 / 30 57.2 / 6.55
MoNLP4 MGG_10532 744 247 1~17 26.5 53.7 52 6.29
a) P FER AT E]
(q]

MONLP1
MONLP2
MONLP3
MoONLP4

P e MLPKFETLLATAVSAVA--AGBHARRDY TN 2R VG FE QST PN SR GRNMANE KE ik v - F SEev oy HEs T -
: MPKPAECGASBYBDDMINM: KIMRRES: PKAT PO SE DER NS DEFDK N GTIERITD :
: MTSS ————SAPATI—TS& -—RTETIRAVITHR HI83C)= SYDEDTD WEA Iy -Ti :
: MKSFATIILALANIAVGEPVESDGINASE--RHAHNDRRANVNG: SHSPOEQ cGGAIGEAI RI-A = 2 viDjale GNET- G

C4 Conserved region |

MONLP1
MONLP2
MONLP3
MONLP4

C2 c3 Heptapeptide motif
G KTSGS——Hi ———K-VGOVFERAGTCAERGA TN LM M NS BSBG———| q'HRHDWEriV ZLDDVNSAN-————— A IIGAi :
: [@INNMFT-GT DASETENNN -s@ i Rl ElaV A LE Y L. P DV A VE GGDR —————————— ARLVAS :
: [@10TAPKRFPARY®RDES LIsNNNGREIIR S T YI v YJ3 B K D)//c EGe]st3s N AT TRAGK INGDGSYGDES|VYVGT :
: [@#KRPGGG--EREN@G—— 5 DYRGCTRENAGT VK LIC TV S|l XD DRSDT - I GRAISIINgIoNgI V)Y CTD P TM————————~— TiTNGAﬂ :

MONLP1
MONLP2
MONLP3
MONLP4

Lot g o

MONLP1 :
MONLP2 :
MONLP3 :
MONLP4 :

G Flo)

SQIQ S MDRARGK————— DG--APGFDSSKDDGSGGRL :
EJaTRAMIATLOSAPCAKSGEFDCAFDEEPATSQG——— :
ETYMDIHNNAC———- ——-

Putative nlp24 region

%insﬁDSIAR—%inmggpiwmgﬂimm ——————————— GGE!TMTCA—-—%N%EW%PE =
€ C¥A T\ CADEVRI]S —[cDHE HKEGIC Tl C FRIGSEADDGKIENHRGK I LG SR GFES T -~ RSO R F SEIRide RTRG T)S -
EM3HVGRVEMBMETHE HLGGVG S SR AKKQ-DDKIENHKG VARG EGE: SWKKVNUS QK LDANYe FA A T
KKTTSVPT-—j8—[E TNVLCEMETS FBT; -é TGDT—————————~] RgT SET -Agm——— 3 SAONANZE BTN PR

$ 235
264
269
s 247

B 2 (4 MR () R TN P AL B (5 A R ) o) (s e i . X BRTR-L MR 15 R TEHE AR AR

Figure 2 (Color online) Protein sequence alignment of MoNLPs™'*'1

shown in box
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Conserved cysteine residues, conserved region I, and heptapeptide motif were
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Table 3 Percent identity matrix of coding and amino acid sequences % JA?—‘ ﬁu I Xﬂ‘, ﬁIJ'E“IEUII- 43”4[%”;*;'3 E"J MoNLP 2E FEH
mone MoMP e X B4 A 1 T —Br492 bpl#i A FEB1I (13 (b)),
D2 B Py 5] f4 e A RE 3 BMoNLP2AE R B Y
J-437 FR A IE B 208 H B (1813 ().

MoNLP!  MoNLP2  MoNLP3  MoNLP4
MoNLP1 51 50 62

MoNLP2 31 57 50

MoNLP3 30 45 49 2.3 KSR MoNLPsH A k% 4k 5k

MoNLP4 44 26 27
A R RS ARE SE,  kRI E EH
AR IS ERIR BRI (E4) T A
AT B TR AN [R)IELEE R BT WS 5 bl BB TE
WIS FIIRIEAE RS, ik GFangB N R4 —E 9IRS, LIMoNLP2IR 3, (HIIIPTGIE
A BB P IIAE P E 2 AR /NP R RS FIE, SRS R/NEAR S0 B i E 41 AR AR L
LS RAR— B (EORRETE“DUI-43"A)cDNAR Y MR E] xR, H™ bl B 35 I B i FH s i 42 5 (K1 4(a)).

(b) (©

bp ATG TAG
wonip 7015 —— S~
2000 T TAG

1000—
750

500 e o
250 wozps 7015 — N, — '

70-15:. —j——
MoNLP2 ‘{

G TAG

AT
w3 —i— I

ATG TAG

Montrd 7015 —

——1 100 bp

Bl 3 (MR )RR MoNLPsHE R P FI Y 1Y, (a) MoNLPsHER b 94 4%; M: DL1000 DNA Marker; 1~43Kil 73 AMoNLPI~
MoNLP4EEKAE I )1]-43 H1 (1 4 X PCRY B 7). (b) MoNLP2AEREDR 20 i) 1% 7 4); M: DL2000 DNA Marker; 5~6Ukifi ) MoNLP21E iR
BERRPU ] -43F170-15FE R BIPCRY HE =4 (c) MoNLPsTERGIE IR BRI -43F170- 153 PRI 4 v i) 32 PR 2854 7R 2 ]

Figure 3 (Color online) Amplification of the gene sequences of MoNLPs. (a) Amplification of the coding sequences of MoNLPs; M: DNA Marker;
Lane 14 represent the PCR product of the coding sequences of MoNLPI-MoNLP4 amplified from Sichuan-43. (b) Amplification of MoNLP2 in the
genome; M: DL2000 DNA Marker; Lane 56 represent the PCR product of MoNLP?2 in the genome of M. oryzae isolate Sichuan-43 and 70-15 using the

primers for amplification of the coding regions. (c) The gene structure of MoNLPs in the genome of the Magnaporthe oryzae isolate 70-15 and Sichuan-
43

40— B || 2 40—

(a) GST-MoNLP1 GST-MoNLP2 GST-MoNLP3 GST-MoNLP4
Iec avc aC aTC lec oarc 3C 3 e e osC e I°C 2C 30C 3FC
P e S SN — e —— e e ~— s s e
kD M 1 2 3 4 5 6 7 8 kD M 1 2 3 4 5 6 7 8 kD M 1 2 3 4 5 6 7 8 kD M 1 2 3 4 5 6 7 8
100 — v 100— s === 100— 2=k
70 — w-—" 70 —e-— IEEEEE 70— =N
55 —— w— % 55 - ey e g — g 56,4 KD 55 ——" B
v o 1 —EBSE-- s =--CcEmEE—--"" 5 ER
35 — - | 35 - 4 -8 —§1 35 —— —
p—t - 35 gl 8§ | — -
25 — 25— 25— -
5 :
(b) GST-MoNLP1 GST-MoNLP2 GST-MoNLP3 GST-MoNLP4
16°C 23C 30°C 37°C 16°C 23°C 30°C 37°C 16°C 2c 30°C 37°C 16 20 30c A7°C
~— e —— e e ~— m - e s=lssl o 5
KD M 1 2 3 4 5 6 7 8 kD M 1 2 3 4 5 6 7 8 kb M 1 2 3 4 5 6 7 8 KDEEMSN SHZERI RS 6
O — Lot = M B loo—=m B3 B2
70 — - .= 70 == | - g [0 =
N 55——._._.__—.::34—%”"557_ icECh=E = g5 —— . B

35— | 35 —w—

I
131

25 — - 95—

B4 (M) FAZFEEMONLPs AR A AL, (2) BB RIK. S ECREGE A A INPTGHIN BRAL; AR Tk E
IPTGRITEFRIAZ. (b) BB AR FT L UK. A 250r DK D T PR A 1 L3 4 1 A BBCrB Vol Sy A PR e J b A

Figure 4 (Color online) Optimization of induction conditions for prokaryotically expressed MoNLPs recombinant fusion protein. (a) Total protein
electrophoresis of bacteria. Odd-number of electrophoresis lanes were the control groups without IPTG addition; even-number of electrophoresis lanes
were the induction group supplemented with IPTG. (b) Protein electrophoresis of bacteria after ultrasonic fragmentation and separation. Odd-number of
electrophoresis lanes were the soluble proteins in the supernatant; even-number of electrophoresis lanes were the insoluble proteins in the precipitation

795



4 %8 & 20234538 %68k H£7H

I INPTGIA SRS AT IR AR R . BRI T I, IR AR R bR I 26 (1&15(b)),
B L3 SUTIE s BIE TSDSHLUIK G £ B, SRR e Mo EHE AR E HEZE N1 pmol /LAl
B EARAEI] BN A A 0, BB BIEME 100 nmol/LIMEREE, K SAVE R B A FOAH B Fr 317
THHAEAMATFENE, (IMoNLP2EHFE30°CIAEST T Jos ki, WSk B R R R A 4k 225595, 3 dfa i
F 3 A B R, EAR3AN BUAARAE23°CTHE SO HREREE . 761 pmol/LIEE Uk EE IS T, EALM
F12 Wi 5 FREE IS AR R 2 TIETEE N, T GSTREAEE FAIMoNLP1. MoNLP4#FAER: IH W bifs &
FEIARL6°CIE AR T, ANEHAREAMIAEERE g A2 IRt 5k, It R4

B, H7= 5 A 23°CRI A TR (E14(b)). BAAL I (Kl6), 1 HLIX AR ARSI S5
. FE R ] (E 6(b)). [AIRE, 7E1 pmol/LAYEE ¥k
2.4  MoNLPsalifba 3G sl BER, FALIGSTHIS 2 FIMoNLP2. MoNLP3LLK

E23°CIEFI2 AT, ANEAEAREAE L GSTES HEE 1 S0 5 0 B AT WEE 21 B 8 il 41 40
H R Z M PIEEE N, B KIESERER L W3, BB ATESC g 554 N I8 175 & R s 4 i IR
GSTH&E F14ifb(&l5(a)), KHBradfordiiXElifR 2R LAY, Ak, 4ElA GSTHMoNLP1. MoNLP4%E

() MONLP1 MoNLP2 MoNLP3 MoNLP4 GSTZ (b)
PN N N . - .
EARE-TLE, gk
kD M_ R R R 120 4 y=424.667x - 14.643
- 100 ] RE=0995
100—w o g
£ 80 1 =
70— __ 2 N
b —w - — % = i ] T
| ee %
- 40 4 LB
20 )
33— - 0 ‘ . ' ' . :
25 & 8= - e e 0.00 0.05 0.10 0.15 0.20 0.25 0.30

RIEE

Bl 5 (W4 NOR () B 20 8 2l S BE DI A2 . (a) FEIRN PR R AL 0315 S AR RE R 3 RV i 5t GS T ER 2 Ak A 1AL 5 (9 FBLVKASHIN 21 s (b) Brad-
fordi: &k VR BEM T2 AR T 2%

Figure 5 (Color online) Purification and concentration detection of recombinant protein. (a) Electrophoresis of purified recombinant GST protein of
MoNLPs; (b) standard curve for the measurement of protein concentration of Bradford method

@) (b)

WMoKILP4-0.1 pmol/L

MoNLP1-
0.1 pmol/L

MoNLP2-
GSTZ -1 unte

GSTZ=-1 umol/!
Bl 6 (48 WA () 2l Ak M REEE 98 TR PR U AN 05 75 S BR VRE B Y ORI D T S AR [ IH B I . (o) AR s (b) NIRRT

Figure 6 (Color online) Leaves from tobacco were infiltrated with the purified recombinant GST protein of MoNLPs. (a) Infiltration assay in old
tobacco leave; (b) infiltration assay in young tobacco leave
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Necrosis and ethylene-inducing peptide 1 (Nepl)-like proteins (NLPs) are kinds of secreted by a range of plant-associated
microorganisms including bacteria, fungi, and oomycetes. The first member of NLP families is Nep1 protein isolated and
purified from the culture filtrates of Fusarium oxysporum by Bailey in 1995. The protein induced ethylene and necrosis in
leaves of a variety of dicotyledoneae but not in members of the monocotyledoneae tested. In addition, the Nepl and some
members of NLP family can also induce defense-related responses, including the expression of pathogenesis-related genes,
callose deposition, accumulation of reactive oxygen species (ROS), and hypersensitive-like response in plants.

Previous studies have shown that the Nepl and some members of NLP family play dual roles in plant-pathogen
interactions. They not only act as a cytolytic toxin that causes plasma membrane permeabilization and cytolysis in plant
cells but also represent a class of microbial-associated molecular patterns (MAMPs) that trigger plant innate immune
response. Many plant pathogen genomes contain different numbers and types of NLP family members. Different pathogens
differ significantly in the number of NLP members, for example, the genome of Mycosphaerella graminicola contains only
a single NLP homologue, whereas the number of NLP members in the genome of Phytophthora sojae and Phytophthora
capsici up to 33 and 39, respectively. Recently, the NLP toxins are reported to target the plant cell-surface GIPC
sphingolipids, and the difference in predominant GIPC series produced by the Eudicot and monocot determine host
selectivity of microbial NLP cytolysins. However, recently, some NLP toxins produced by the pathogen of monocot were
also proved to have cytotoxic activity on various monocot plant species and legitimize their presence in monocot-specific
plant pathogens.

The Magnaporthe grisea, causal agent of rice blast disease, contains four NPP1 domain-containing gene (MoNLP) in the
fully sequenced genome. Although they are all highly induced during the infection of rice, the quadruple AMoNLP M.
griseae mutant strains do not compromise its virulence. Therefore, the function and significance of their presence are still
largely unknown.

To further explore the potential function of these NLP members during the interactions between rice and Magnaporthe
oryzae as well as the possibility that they may act as potential plant immunity inducers to modulate the plant immune
response, the coding region sequences were cloned and ligated into the pGEX-6P-1 vector to prokaryotically express and
purify these proteins by analyzing their sequence through bioinformatics methods. The results indicated that the solubility
of prokaryotically expressed protein decreased obviously with the induction temperature increasing, but the expressed
recombinant protein also increased. These corresponding purified and soluble proteins were then further infiltrated into the
leaves of tobacco, indicated that the MONLP1 and MoNLP4 fused with N-terminal GST tag were bioactive and induced the
obvious leaf tissue necrosis of tobacco. However, the purified GST-MoNLP2 protein did not induce tissue necrosis in
tobacco leaves, which may be due to expressed fusion protein with unexcised signal peptide or low protein concentration
for injection. Our study laid a foundation for further investigating the function of this gene family in rice blast fungus and
exploiting more potential protein elicitors for plants.

rice blast, Nepl-like proteins, prokaryotic expression, protein purification, cell necrosis
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