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B OE. [Fx) KL REEH (Streptomyces lavendulae) gCLA4 ZFHINF 5B 3| 69— KA H
R A ZE AT S AR R A YA RIFHERER, EASEGAEGME. [B 8] EAHR
Streptomyces lavendulae gCLA4 ¥ 3R 385§ % & (necrosis-inducing protein) 4955 #9745, BA# LR 5
Mg AAE . [k ] 3T3RES &G 4955 B 347 &%, F Escherichia coli BL21(DE3)
AR, FFAEE G AR M Z & G 69 F AL 4, R Protparam. PredictProtein. NCBI CDD.
SWISS-MODEL 4#7 & & 9 A ACH T Fo Z e 45 405 A% & & *F 3 b7 #p RS AR X B 7% (CAT . SOD.
POD. PAL)#A=[j #7148 % 2 B (NPRI. PRI-b. PAL. LOX. PRI-a)k k&8 % m. [£R] &8& 4955
eyt IR IL 40 °C, @1 pH 6.0-10.0. &AL TEH 24 491.12 Da, & 225 MNRARAE R, H
i 8 5.96, 2 RILEF 5| bt 4R T NPP1 £ H3%. & & 4955 A3 2 d B, M3 CAT. SOD.
PAL B4%3%Hm, POD BEE AR F T, ZEAOXEMESE 1. 3. 5 Rot, LB PRI-b. LOX kL&
RE;, EF 4R, AR PALREA RS . [4£]) Streptomyces lavendulae gCLA4 F 3R 505 -F
E- 8 4955 1 5E Reih MR e AL 5 A RORL .
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cucumber. Preliminary researches have showed that the strain was prominent in antagonism against a
variety of pathogenic bacteria, and has potential biocontrol value. [Objective] In-depth study of the
function of necrosis-inducing protein 4955 in Streptomyces lavendulae gCLA4, and to clarify its
mechanism of action in improving plant resistance. [Methods] The necrosis-inducing protein 4955 gene
was cloned and expressed in Escherichia coli BL21(DE3). Activity and stability of the protein were tested
in tobacco. Then, the basic properties and tertiary structure of the protein were analyzed with Protparam,
PredictProtein, NCBI CDD, and SWISS-MODEL. Tobacco defense-related enzymatic activities (CAT,
SOD, POD, PAL) were detected after treatment with protein 4955. Additionally, altered gene expression
(NPRI1, PRI1-b, PAL, LOX, PRI-a) was detected by qPCR. [Results] The protein 4955 retained its activity
at temperatures up to 40 °C and pH 6.0 to 10.0. The protein has a molecular weight of 24 491.12 Da and
consists of 225 amino acids. Its isoelectric point is 5.96, and the amino acid sequence alignment contains a
conserved NPP1 domain. The activity of CAT, SOD and PAL increased in tobacco after two days of
treatment with 4955, and the activity of POD did not change significantly. The expression of PR/-b and
LOX genes was increased 1, 3, and 5 days after treatment with protein 4955, and the expression of PAL
was up-regulated on the 4th day. [Conclusion] The necrosis-inducing protein 4955 in Streptomyces
lavendulae gCLA4 does induce plant defense response in tobacco.

Keywords: Streptomyces lavendulae gCLA4, Prokaryotic expression, Function analysis, Plant induced

resistance

FEPILE T B A AE T 5™ A2 Jm 3 S B
il S TR AR Y, Bl AR A ST 4 T R A )
BARE 1, FROMAEYIAE SPrEN . BE AT AT
A A B AR BN, ELRE (AR 76 A= A P s 4y
FAHLBR 5 T & 284k, Qi A G CAT. SOD,
POD. PAL. PPO 5§\ 75 b F 57 AHIAH G SE R A 3Rk
& WOR T E R B Y 305 S A R
GHUik WM E A BT R A S Pk
Bi TG R s D R LA AR | TR L nT R L R
AMER RGP,

B0 ORI, nT DO AR ™
Yy, IR R R DL AR SRR S R
FirEOl i S BRI B E X R O S, AT LA
YEFTF 2402, Singh 5058 & B— Bk AL 55
TH BEHE =1 WS TX} Sclerotium rolfsii W R G,
R A S4BF 40 SOD, POD., PAL. PPO. APX
1 GPX G HE R, A R S 5 [ A0 A S il ) Bk R 2
ki B ERINT Streptomyces rochei A-1 Jb PRI
WAL, AT MRS HaO, 17745, W NG it A4k,
Hehn B-1,3-# MG . JL T % . POD. CAT. SOD
K PAL 7%, $7% CHI. GLU H1 PR-8 “& 5t
IR A . S. rochei A-1 it — ZR A1) By

D s W 4% S SRR SE XY Botryossphaeria dothidea
IR Sk A Streptomyces sp. AG-P1441 [
B AE RS R 7 AT ARG I ions v B A A DG JE A
PR-1. PR-4. PR-10. B-13-#ji %M. JL T Sl
ok A SRR R GE Y R T BB X
Phytophthora capsici (B,

KTEHABEFIARECARZHIE.
Nepl-like proteins (NLPs)# [1REIH FAHYPLME, %
B 1 G 43 G S5 7 400 8 1 rh A5 3 1O
RS R ) %) BT AR S ASAAAE T3 i ) |, T
XPHLF Y TCE R . S — RSB0 Nepl &
MNAFIE T T (Fusarium  oxysporum) )15 329118 K
H1 3 B —1> 24 kD BT, Nepl il i3 hn & 0
77 5 R - SR A A st T B &
B, NLPs 25 H1F 4 A 99 A 56 /9 23 7 8 50
(microbe-associated molecular pattern, MAMP)RHE
TERM RIS | K& g s . MAMP 7EAEY 5|
RIEARM G RE N, BNy~ 206 . ST DU
WYy e R PE AN st T B BF ST R I K
B AR TR U,

IR & KA 5 1 (Streptomyces lavendulae) gCLA4
e BN | 0 B AR ) N A T 1T, o 22 Tl it
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FLAHSA ARG SRR, X BRIk B R
RAFAYBIARCR, HAT e R R B T BRSE
75 S 8 V7 A A AR A ) T Y A A BP9 = i
PRAF, AR R BOL I REA R K 22 5. TEMFSE
gCLA4 MBI FIRT, FRATR ML AE—IR
HEif5 58 H (necrosis-inducing protein) 4955, Shif
FLRE TE gCLA4 HHIPER, AR 28 1 5
PRI T ook | 3Rk, RITHIE M, IEXE A
O P TS I 975 AR AH 5 2 PR B ek A TR, Ay ik —
A W B IR AL 2 B/ AL B BE 5 A

1 ME5 b8
1.1 IR

Ji K £ ik &K pCold TF . it i & #k
Streptomyces lavendulae gCLA4, FikWtk E. coli
BL21(DE3) % ¥ & 47 F V5 AL AR BB K 2= A 1
oo B R H L5 G B IG SL I = o FastPfu
Polymerase, Jtat X &AYARAF; FREIEN
VIl Nde 1/Xho 1, TaKaRaZv+); HiH) RNA
o &, et sk A YR A PR |l 5 R sk
i f] & RevertAid First Strand cDNA Synthesis Kit,
Thermo Scientific Fermentas 7\ f); AceQ gqPCR
SYBR Green Master Mix, Vazyme /A, PCR ¢,
ABI 2AH]; UKL, BERCALZIX, Bio-Rad AH],
LB FFRELMUBCHI 275 SCHR[18]; TSB iR il
FC T SRR 2 WA B A i A R T,

ARME . HWEFETEHERS, T
25-28 °C Wil % PSR, DBl 14 he FRKE] 5-8
i E A T IR
1.2 EH 4955 R RES REHIRAIEE

VA Streptomyces lavendulae gCLA4 W5 [ 4955
(LR P41 AR, Primer Primer 5.0 B354

4955F (5'-GGAATTCCATATGGTCGTCGGCGTCC
CGCAG-3")#1 4955R (5'-CCGCTCGAGCTACAG

GTACGGGTCGAAGGGGATG-3"), 7E51% 5'hn
Nde 1/Xho 1 XYL 5., FBEK/NA 708 bp. CTAB
BRI gCLA4 JEIZH DNA. DL gCLA4 JER 4

DNA Wiz, #5E PCR 3 HAYHBL, LA
Bt DNA IR R/EXT IR, PCR SRR : AR
DNA 0.5 pg, iF. 51410 pmol/L)# 1 uL,
dNTPs (2.5 mmol/L) 5 pL, FastPfu Polymerase
(2.5 U/uL) 1 uL, 5xFastPfu Buffer 10 L, DMSO
5 uL, ddH,O #M%E 50 pL. PCR Jwi &4 95 °C
2 min; 95°C20s, 56°C20s, 72°C30s, 354
P35 72 °C 5 min, 16 °C f£47F. PCR ¥ ¥4 /=4yth
1% 4 Byt i B e R DK ARSI, [BDlie . V) S5 5 AH
fifi U] /9 2 & pCold TF % £ I+ ¥ 1k E. coli
BL21(DE3)&s24, 2 Witk & PCR R FF Iy
BSUE, e PR T
1.3 FHEHHRERETE

PRECHPERE L FF % 50 pg/mL 2% LB £5
FiFEdr, 37 °C. 220 t/min ¥5% 12 ho FLL 1:100
(A EL 4R 20 mL 7% 50 pg/mL 7% () LB 555
B, HiFRE ODeoo 155 0.4-0.6, MALWKEE R
0.1 mmol/L /i) IPTG, F 15 °C fI%&MF RS 24 h,
4 °C. 8 000xg B5.0> 10 min WA, H 1 mL
0.1 mol/L PBS (pH 7.4)H £, X & Rl 5-6 IR(KA
1 min, 37°C 5min), 4°C. 8000xg &[> 10 min,
b3 B g L2 11 . SDS-PAGE #6:1 H Y8 1111
Rik,
1.4 FEH 4955 FHERIEE G

SR AR AR R 35 T AR 1RO T X
R Ly, AL FRAL T 4955 MR AW, X Rd4
FH78 #4& pCold TF MW, 24 h 5 W& M
WBCAE L. [EIF, ¥ 4955 ML AR BITE 4.
25, 40, 50, 60, 70, 80, 100 °C [T 4k
P 10 min, & A RFEENE. H HCL, NaOH
Sy 5V % pH £ 2.0, 4.0, 6.0, 8.0, 10.0,
12.0, SR ENF, U pH /EXT IR, A&
M pH faE o
1.5 EAKRMRS & =4 HEH

419 Protparam , PredictProtein . NCBI CDD |
SWISS-MODEL X} [ 4955 RyFEAMER . g2k
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I A B AR | X718 Vb 2 B VA
1.6 FSBEERHRNERREES

W7 0 S5z 7 35 PR 3 3K e k)R it Ab B 3 3o TR
- DA S 4955 85 R, X RRZH 3 5 25 2
FR, TSR 1,2, 3. 4.5.6,7.8d
R SRATHEY) RNA $2 UG S U B RNA
A 5 5307 & RevertAid First Strand c¢cDNA
Synthesis Kit 5 cDNA %f—4%, DA EFla EN
£ i PCR BTG 14 W4 1. R AceQ qPCR
SYBR Green Master Mix 17 qPCR 434, Sk
7 :cDNA 50 ng, LR 54519 0.2 pmol/L, AceQ
gqPCR SYBR Green Master Mix 10 pL, ddH,O #F%
20 uL, PCR R 254 95°C 10 min; 95°C 15s,
55°C 20s, 72 °C 45s, 40 MEHUH B E
MISEHT 20 HT); 65-95°C 30s, 61 PMEH(E MG
TEEHE R 0.5 °C, Jo M fiek th LB s s S Fn oA 5
25 °C fR17
1.7 FSEERGEHEXEET K

I 40 A X il 15 ) R o Ak B 2 B 97 ) sz o i PR
FIRE MR, BOEZEE 6 K, SR
Fin 5 S5 AR IO, JFIE CAT. SOD. POD,
PAL Jiffig >,

&1 ¢PCR3IYFT
Table 1 Primers used for gPCR

Bk i 519075

Primers name Primers sequence (5'—3")

EFla-F TATGATTACTGGTACCTCCC
EFla-R ACCTAGCCTTGGAATACTTG
NPRI-F GGCGATGATTTGCGTATG
NPRI-R CTCTAAGCCGATTCAAGTGC
PRI1-b-F GTGGACACTATACTCAGGTG
PRI-b-R TCCAACTTGGAATCAAAGGG
PAL-F TTGAGGTCATCCGTTCTGC
PAL-R GGCTAATCTAGCGTTGTCCAT
LOX-F AAAACCTATGCCTCAAGAAC
LOX-R TGAGGGATAGGAGATGAAAGTG
PRI-a-F CGAAAACCTAGCTGAGGGA
PRI-a-R CGAGTTACGCCAAACCACC

2 HiRE4h
2.1 F|H 4955 RixHIKBIE

FIHI 4955F/4955R 51 4%t B4 Bk T PCR
BiE, 453ANE 1 fR, pCold TF-4955 F A ks
Y1153 708 bp W H 1Y B, TixS AE pCold TF K
RBP4 iz v Be. &P Wik IERA S, 15 2 BHPE S
41 J5ikE pCold TF-4955,
22 FHEBAMFSRIE

B EN 4 %) B 20 TR pCold TF-4955 %% 4k
BL21(DE3)E2 54001, 0.1 mmol/L IPTG %S H
O R N R N2 R e G S I B A )
SDS-PAGE ¥l . SDS-PAGE ‘Z R [ 4955 7EAH
I8 43TV B (29 73 KD)AT B S A B A (K 2),
AN 5 72 A 0 TR R DU T8 A R 3308 2 T 2%

bp M 1 2

2000

1 000
750
500

250

100

E 1 pCold TF-4955 =48 Fki It iF

Figure 1 Verification of recombinant plasmid pCold
TF-4955

Note: M: DL2000 DNA Marker; 1: pCold TF; 2: pCold TF-4955.

kD M 1 2

135—

90—"

L
66—

2 pCold TF-4955 E4HE R RIFRIX

Figure 2 Expression of pCold TF-4955 recombinant
protein

W M: JUi%EE [ Marker; 1: E. coli BL21(DE3)/pCold TF 3
iKY 2. E. coli BL21(DE3)/pCold TF-4955 KiK.
Note: M: Protein Marker; 1: Product of E. coli BL21(DE3)/pCold
TF; 2: Product of E. coli BL21(DE3)/pCold TF-4955.
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AT 4955 AT LIPS QR st 5 i A e
PENZE, B Y BT A 40 B B 2 2 TR IR AT
SEAEYI R —FhBURALE], EREAH M R PR ST,
SR 3 FR . R MR ZE R 4 PR,
1 4955 FEALFE 10 min IS, 7E 25 °C B3
AEME, 40 °C BHEMEESS, 1 50 °C 1 60 °C B}
ZEE AR RGN, pH R RS RILE 5, X4
pH {HA T 6.0-10.0 B &R 1 4955 A 1EYE, pH (1K
T 4.0 85T 12.0 BHZE TGN,
2.4 ERMERD TR =4 EER

[ 4955 MIEAME T a5 /B8, BN
FXT T 24 491.12 Da, &4 225 D ILR,
SN 596, b, IEH AR IEE(Arg+Lys)
19 4>, TR IR (Asp+Glu)h 25 4~ WHIEREL

3 EHA 4955 FSEEE RN
Figure 3 Hypersensitive response of tobacco induced by
protein 4955

4 AREIREAIRER 4955 FiFSHEE L HR A
Figure 4 Hypersensitive response of tobacco induced by
protein 4955 treated at different tempreatures

5 A[FE pHAIEEH 4955 FiF SHEE S SR N
Figure S Hypersensitive response of tobacco induced by
protein 4955 treated at different pH

7280 nm NN, 5RO A e e BR SR IE I TE AL
DR, HIEERBON 55 140; 2 A 2K R
FRILVIHA R, Wk 54 890, TN 1 4955 1EMA
SRS T WA - T L Sl W 2L 2L 4 i v
4.4h, KIGFFEEARN>10 h, BEEHAN>20 h, 1%
FIAFRETRECH 24.59, /NT 40, A A FEE B A% .
1 4955 MEWifEECh 63.87, BMAIEKMEE
}9-0.495, % NCBI-CDD H.XfJ5, I 4955 &4
Necrosis inducing protein (NPP1)AJPRSF&5 43k, A
11214 (V& FEfR ., SWISS-MODEL 4 il 2 11
4955 W = HEZ5H DL 6.
25 FEREMERNERREESE

[ 4955 U5 ME BT B AE S W AR G B NPRI
PRI-b. PAL., LOX. PRI-a (=R & WK 7. HH
4955 REFRELSS, BiEEAHSCHYEEA PRI-b. LOX
TESS | RIWEHE, B ASAFEMEE 3. 5K
Ik, FE PRI-b (FRIAE T 3 Kik,
LOX Z55 5 RikF|mme(E, HEH PAL TS
%5 4 K FiRZRIk, 1 NPRI AR H5 40 ik 22 15
K-
2.6 FSRERGHEEXEETK

T 4955 5L CAT. SOD. POD. PAL
Mg s AR A R WAL 8, R 4955 AHUHES, 5
STREAIEL, BAARSCH) CAT, SOD Fil PAL fii% 7%
e B AR ke s, B2 EAE TR, &5 5
X R A TC At 22 5 . 7RI B A PR B 0
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Bl6 HEH 4955 =445y
Figure 6 Tertiary structure of protein 4955
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Figure 7 Variety of tobacco defense gene expression
induced by protein 4955
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Figure 8 Variety of tobacco defense enzyme activity induced by protein 4955

W o HREMES, P<0.05.

Note: *: Significant difference, P<0.05.

2d i, MHHE CAT. PAL & SOD i) i 2 & FXF
B, iRFE S, 17 POD {EMETCH B 225

3 W

Streptomyces lavendulae gCLA4 FIRIL ST
[1 4955 S RSFE5HIE NPPL, 51 AR R B 0
(V] i 8 5 | A AR P4 975 0 S

BRI R B E 5 B AR 00 RS RTGE
i (systemic acquired resistance, SAR)FIE T R4S
¥t (induced systemic resistance, ISR), SAR F-#&
/K%M (salicylic acid, SA)EZ&EAN S, NPRI
S SA AR T W E SR Y e AR A

(pathogenesis related protein, PR-ZE[)J&H#AS:
A A A B P, SA KERYAR
REILIN PR-1 R IEFREMISEDS W PAL K4
Ry A AR O T B LR P71 ISR 2K 2 (jasmonic
acid, JA)F1Z fi(ethylene, ET)E S5 SR 4EN S,
LOX J& JA f553@ ik rpric i M, PAL Rl POD
SR BE R B A P E SRR . PAL HHEY)
BT ARG , S AR AN ot i A v 10 DG B
FIBR A MY R R UG, e
PAL & HERYIE N, (R A — R IS P o
WHETR R . RFTR 2R iss , XLy ifik 1
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T R — 2P gy, I PAL ISR AT L
B Ok A W T P B Streptomyces
lavendulae gCLA4 J&=—HRAEM N AE A B AR T, A
W R IHIRIEIS T8 11 4955 BRIEE MR b
NE, B A OCHY CAT. SOD. PAL Jiif
B RN, 5 SA R SR ARARK A i LA PRI-b
M PAL J% 5 JA 5 S5 @ARAMSCRI B AL Lox
FIAERIE, SA (G5B EM JA 15 52 R B 8k
6, RIS T 4955 bHfS, SAR 1 ISR
ZAHE AR

Ji A% A W) F A% AR W) b 4 AF FE Necrosis-
inducing #H, HAELFH SRS, [AARRER
[ A IRESIA P, B BIRFTT4S H % W] NLPs
FEAE T XA AR s AT DLy A i 4R — S A
Ko LIGZEW T, F R Bt A 3 R I FR T AH DG i
e, LASBHEAR G L Rk, TGS A
FIPTPE R L, I HIA A NPP1 @i /KRG 5 i&1%
F PR = — RSB N P seah, B
T2 R R 2 S0 A B R M R RS ek e 2
YU AL S KRR A4, Wi, NLPs
i T B 3 U/ HE R R R TR A B SR, DT
SRR R/ DOIE S SR NI ¢ i 7/ Rl R N E
PEPU BRIz Ah, NLPs i 7EA WA= YL i3 A v
(k= S (T N T S SR VA7 A i 4 &
4955 VERETE T, 175 FAEY) B A AR OC (0 TG 1
o, B s AE DG R A SRk w5 R Y
BN, X ANUA B Necrosis-inducing & [ 11
YResaE fent, B Streptomyces lavendulae
gCLA4 W] LATEAR Y 255 Bt h LR
(i) ISt SRy AL 5 A= W B e SR T 8L B
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