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Extracellular expression of protein elicitor PeaT1 in Bacillus
subtilis to enhance drought tolerance and growth in wheat
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Abstract: PeaT1, a protein elicitor from Alternaria tenuissima can promote plant growth and trigger systemic acquired
resistance in plants. In order to expand the application of PeaT1, P,3 promoter sequence and nprB signal peptide-encoding
sequence were cloned from Bacillus subtilis 168 chromosomal DNA. The two sequences and peaTl gene were spliced by
overlapping extension. This product was cloned into the Escherichia coli-B. subtilis shuttle vector pHY300-PLK and the
resultant recombinant expression vector (pHY43N- peaT1) plasmid was transformed into B. subtilis WB800. SDS-PAGE and
Western blotting analysis showed that protein elicitor PeaT1 was expressed extracellularly in B. subtilis. This recombinant
bacterial strain enhanced drought tolerance and promoted seedling growth in wheat.
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1.1 #7#l
1.1.1 FHe, JFH

A EZEMOAT R 168, Al 2 ZF MUAT B WBB00 Fh 4
Hfll K2EE R F R B 75 = 2 K
A 4T Escherichia coli DH5a., Jfi#i pET28a-peaTl
AT ZEARAT 5 KA T Al R 2F M T 28 1 2 A4
pHY300-PLK Hi Ht [ Rl K4 5 AL W HoR Bt
TR T A
1.1.2  FZHH

K FPBR AL R I DI . T4 DNA JEH: . Ex
Tag DNA H 47 . DNA marker %5440l [ TaKaRa 2y
Al WEEE . DNA RIS A Jb ot KR AE e
BN HE] s BrdiAE R S AMRESCO AP i A
Jriige Marker I 5 Fermentas A w5 514G 1 S
JP i IR IR AR TR IS, Hoph BT R
FHE 43l 5 7= A A 4
1.1.3  LEFH

BT HIE FR 360 LB 938, WRAEF 24
BIA 50 mg/L &N ®E R, 20 mg/L RIRE R
10 mg/L PUIRZR , FI T 5 20 K o AT Bl R A o A 1 )
fifi 32
1.2 Fk
1.2.1 BT K41 DNA 7942K

SR FH AR A AR 2 ) 290 B8 5 R 4 2 B )
PREEURG B 2E HFF R 168 JEH 4 DNA, J7ik5 %45
BUL P,

1.2.2  Z/#idi K PCR 71

P JA B F5 nprB 155 K4 i ¥ 51) 11 5 [ K il
A UIKS R ZE AT 168 JEN4] DNA M#HR, F)
5149 P3 1 P4 444 P43 3 FF 5, FIH] P5
1 P6 ™3 v 2R B IE I nprB 194 5 IR is 17 41
Hre P3. P6 #4551 A EcoR T Al Pst T BUI{ 14,
7 PS5 o th i1 (TTG) B ATG, DIl
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Table 1 Primer sequences for PCR amplification

Primer name Primer sequence (5'-3') Size (bp) Restriction site
P1 AACTGCAGCAATGGCCAACCCCCGCATTGAAG Pst |
P2 CCCAAGCTTCTATATGCTCAGCGCCATGATGGAG 624 Hind III
P3 CGGAATTCTGATAGGTGGTATGTTTTCGC
P4 GTGTACATTCCTCTCTTACCTAT 300 EcoR 1
P5 AAGAGAGGAATGTACACATGCGCAAC
P6 AACTGCAGCTGAGGCATGTGT 86 Pt 1

TR BN RS VR B, LA P3. P6 514, F
MEZIEM: (SOE) P 118 K Py i3 317 F1 nprB
55 g A . peaTl FEHFHMY 4. R
MY peaTl BPH)F5it51Y PL. P2, L)
pET28a-peaTl Bt MAARY 4 peaTl JE[, 5149+
435I Pst T #1 Hind A VI 5 o KA 201 Pys 5
nprB RS F Bt K peaTl KX 435I Pst T ],
JH T4 DNA & #5354 15 8] 5 Pas J5 857 Fl nprB
155 K K peaTl L [H )34 45 7= ¥ Pas-SP-peaTl,
1.2.3 FHYFEAEIKIIFE
bR A A s, 1 EcoR I /Hind Il
HEAT LR o 4 Tl e 58] f) B0 7 0 5 [ R L U 1)
R AT TR -l R 2 AT T F R iR PHY300-PLK %
B, AL KT DH5a A2 54000, 9 0E FHE 58
R, $RICTRL, %Y, R E AR IA R
& pHY43N- peaTl.
1.2.4  FrHE IR NN ] 75 R 55 1E
B R 50y B, subtilis, $EAREFRIE (LB+11
FimE) wh, 37 ‘C. 200 r/min £ F153% & ODego=
0.85~0.95, vk -¥4#)1 10 min, 4 “C. 5 000 r/min &
O 5 min WURTER, SR ABITI 0 f i 22 vl
(0.5 mol/L 1AL, 0.5 mol/L H &, 10% %)
FRWAAR, BLOBRE BN, R 4 K, mEH
1mL 2R R A, PARERZ A, m
60 uL A9 2% 32 A 40 M oin A EE O R Gk K
pHY43N-peaT1 8 puL (% 50 ng), K 9% & 2 min, %
ATA BN T, 2.0 kv, 2 mm, B 1Kk, 7
BifmA 1 mL LB ;355 (% 0.5 mol/L 1AL EEFN

0.38 mol/L H#Ml¥), 37 C. 200 r/min €% 3hJ5,
WA T & TUAEM LB Ak, 37 CHRlad i, M4
PRI TR 25 0T i e BHPE 5
1.2.5 PeaT1 7 B. subtilis WB800 #7057 J)\ 751k J
F2

Vo E ZH TR AR RN BRER AR (5% A5 AR BTRL) 430
R T EAUARN LB WA 5T, FEE, D
NI £ 5595 B, subtilis WB800 E#k .
37 °C. 200 r/min Z{F R F%, 5I4E 24, 36, 48,
60. 72 h WEIBGHFRMR o A 13RS ] i [R] BRURE (9 15 %
W17 SDS-PAGE iUk, Kl fE 3Rk AL, WM
BTART
1.2.6  Western blotting %7

F ik 4 SDS-PAGE MLk , #iid BIO-RAD
EHHRES RS, %% PVYDF JE L, LI PeaTl #t
WA —bt, B E AR AR IC 0 SEHURPUAR Ry i,
H#EFT Western blotting 4347 .
1.2.7  FHH AT K M2 E

4% %) ¥k B B. subtiliswB800 il E 4 B Bk
WBB800-PeaTl MYMLIE A E] LB B33 h (&
IMAURFR), TR, &5 mL ROl
AR, HI#TEER) LB BEfR ki d ik 3 Ik, mEE
7, ME R R ODegoo fH, AJHE 1% (VIV) HY$&

WO EER TP RW LB KR,

37 'C. 200 r/min %A P55, ¥ 3 PATH R,
B — 22 B )0 7 ODgooo LA BEREAKAA 1g(1 000
ODeoo) AYNABTR, 3537 I ] 18 A8 b 223 il BT 14 2
Kz,
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1.2.8  HYFHHEEIEIE

B BOEALBOE R, UL 1% B IR T
PR LB ek, 37 CHig%, ML 1% 8RR
R TP RN LB iR, W EE R
FRE 60 h, W R WD i B SRR A ek
R LB Ph b, 37 CHiFEREKIAREE, BEHLEK
I 100 B A 0 R A A BLAE R b A
R LB L, 37 CHiFR, WEHFORR Z KN
Mo [EIEE, 43 BIBkECEE 3% 36 h A1 60 h Y FEf+, &%
FEICPEIUTORL, SEAT BRI DDA B, DA I 5T
KL A AE B LA A AR 2 T
1.2.9  FH RN DL A KRN E

A R AR 1) /N2 P T RN R T, TR DK
VR 5 W FEERS L X R B R i 2 B 35 3R R
W 3h, BETHA LR WD, DA
PRAVE X IR, BRAbPE 10 R, F&E 3K, 10d )5, W
AN R o RIS IR AN K ST TR, R R
0% R %EE . BlEEK, BRTEPEE, &
SOK, Ld S TRE AR T SR B A AT, I
B RLGE S 7N,

bp M 1 2
2000 —

1000 —
750 —
500—

250 —
100 —

1 PCR BRIk

2 BEREH

21 BHRFTEHIRMEE

PL P3/P4. P5/P6 514, WA FZF BT 1A A
DNA F14" 54 Pys 3 857 F1 nprB 24, 43051155 T %
100 bp {55 BKF1 300 bp JEsh T B (A 1A), LIK
HIRG Y NN, I E S ALY 1 $] 25 400 bp
ARG R B (B 1B), 43l G R BORl PCR
PR 2 H peaTl ZEH (29 624 bp) H Pst I 47
YIJ5, H T4 DNA #8142, 153129 1 000 bp
& A Ja 3 F RS 5 BRI 3% 32 R Bt Pas-SP-peaTl
(B 1B), MFL5R 5 AT H—3, FiE =Y
W 3] K M FF B - Bl B2 I RF TR 2R AR AR A IR
PHY300-PLK I, & T E4H Rk A pHY43N-
peaTl,
22 BRFEHANELHBEHRNETE

W b g g 1) T 2H R R AR B AL K AT TR DHBa
JRAZZSANML, PRI M S T AT IR SR, SR IUTOR
HATEEYI S E (B 2), MK 2 ATRLAEH, £ Pst]
[Hind I XUV J5 Al 152 624 bp 24 H R BE, 5
peaTl K/MHFF, MIFLER ST A peaTl JEH T3

bp M 1 2

2000 —

1000 —
750 —
500 —
250 —
100 —

Fig. 1 Gel electrophoresis analysis of PCR amplification product. (A) M: DNA marker; 1: PCR product of P43 promoter; 2: PCR
product of nprB signal peptide encoding sequence. (B) M: DNA marker; 1: PCR product of recombinant P43-SP-peaTl; 2: overlap
extension product of P43 promoter and nprB signal peptide encoding sequence.
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bp M 1 2 3 4 5 bp
15000 —
7500 —
5000 —
2500 —
— 2000
1000 — — 1000
— 750
— 500
250 — —250
— 100

2 FEHHFIEH K pHY43N-peaTl HIEGHI L E

Fig. 2 Identification of recombinant expression vector
pHY43N-peaTl by enzyme digestion. M: DL15 000 marker; 1:
pHY43N- peaTl digested with Pst Iand Hind III; 2-3:
pHY43N-peaT1l digested with Pst I or Hind III; 4: PCR product
of peaT1; 5: DL2 000 marker.

— 5, R FTR A S peaTl By EE L H IR AR I
T U VN R NI M T £ O F A -
subtiliswB800 &~z 4L, SR IR A TN IR R
1) LB A |, BREFHVER L+, F P3/P2 5141y
W75 PCR, % fHtEveke (& 3), %M peaTl %A
L B A B0 G 25 I 7 WB 800
23 HiWFTIEERH PeaTl BY SDS-PAGE #n
Western blotting 4> 4f
IO [ K 7 Bsf () 149 B 21 B 37 R ROG) IR B
W it1T SDS-PAGE 43 #r . B 414 Ll 7E 35 kDa 4b i
M WA, SN PeaTl 43+ K/

A
kDa M 1 2 3 4

72 —
55—
43 —

34— <
26—

17—

10 —

bp M 1 2 3 4 5 6 7

2000 —

1000 —
750 —
500 —

250 —
100 —

3 B. subtilis WB800 5Ef&F peaTl k& PCR ¥ #&7/=
Y 35 B HE B AR RR Tk

Fig. 3 Agarose gel electrophoresis of PCR amplified products
of P43-SP-peaTl from B. subtilis WB800 clones. M: DNA
marker; 1-5: PCR product of WB800-peaT1 clones; 6: negative
control; 7: PCR product of P43-SP-peaT1.

75, a3k B. subtilis WB800 FiI B. subtilis
WBB800 & 35 kDa 4T 457 (K1 4A). BEWITE Pys i
1 B9 s A1 NprB 55 Ik A9 5 5 F peaTl B K ik
HEE I R R

N — B E peaTl JE PR 76 Aili B 2 M AT B
WBB00 [ bk iy 4 s e ik, A 21 Rk 2R (1 AT
Western blotting ¥ (& 4B), =4 bR AE
35 kDa b BURE S PR ARAT, X0 B R A
(2%, F IR, R ZF AT A vh 23k 19 H A B 1 RE
BERbT PeaTl HUMARFT N, Fik =P HA PeaTl &
FIPUEYE . HLIE B2 1Ok 7 PeaTl FEA HE2E i
FFEf P b AT T IR A i ek

B
6 7 kDa M 1 2

72—
55 —
43 —

34—
26—

10 —

4 WBB800-PeaT1 Ei&Fi& ™ PeaT1 B89 SDS-PAGE (A) #1 Western blotting 24 (B)

Fig. 4 SDS-PAGE (A) and Westernblotting analysis (B) of PeaT1l in WB800-peaT1 supernatant. (A) M: protein marker; 1-5:
WBB800-PeaT1 culture supernatant harvested at 24, 36, 48, 60, 72 h, respectively; 6: WB800 ((pHY300-PLK) culture supernatant; 7:
WBB800 culture supernatant. (B) M: protein marker; 1: WB800-PeaT1 culture supernatant; 2: WB800 culture supernatant.

Journals.im.ac.cn



1360 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

September 25, 2011 Vol.27 No.9

2.4 FEHBFEH WB8B00-PeaTl H ik R EHTE
E T

B. subtilis WB800 Fll WB800-PeaT1 £ LB 13
Wb B A K sh 2R nE 5 i, WA K ik B
ATRVE H, PR ARAE K 2 i A2 Ak i SR Eom ]
B. subtilis WB800 7EHzFl & 1.5 h i A X AE K 1,
5 h %%k K459, i B. subtilis WB800-PeaT1 2 h
B E AT KT, EEXT IR S T 0.5 h, X8
KWL T 6 h, WXTHEWRG T 1 h, ZJEPREkk
() A K B AR — B, MRIEA K g, TR
B. subtilis WB800 £/ B. subtilis WB800-PeaT1 7t LB
B AR b A K9 AR 2351 24 30 min A1 35 min, it
B A1 U 5 R ) A6 AR 7 A 3R A 1 R R
5 M)

HAE R R e MR A R R, HA
TEE L B3 97 60 h J5 st faE o 94% (11 6)
i B 2 41 JFORE7E B. subtilis WB800 i D) g 5 8t 1%
A3 AR IR 5% 36 h 1 60 h B B AR A FORLEEA TG
KAERA EHFSERIAGL

1g(1 000xODg0)
3]
w

—— WB800
—i— WB800-peaTl

¢ (h)

5 B. subtilis WB800 0 WB800-peaT1 & #8954 1< th £
Fig. 5 Growth curve of B. subtilis WB800 and WB800-PeaT1
strain.

®3 FHEHKNNEREMHFE

100
98 r
96
94

Stability (%)
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90 . . . . . .
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t(h)

6 EHBEHRREMDT
Fig. 6 Stability of recombinant strains WB800-PeaT1.

25 HHEWKR/NEEKINERENEIEIER

JFH 5 41 7 WB800-PeaT1 il WB800 4b B [ /N7
A 10 d J5 R B B T IR (3R 2), WB8O00 H X
HE T 10.76% ,WB800-PeaT1 [t X} HEHE 5T 26.25%,
FH TFER WB800-PeaTl A B 2F AT WB800
XiF/INAZ 4y B AR AR RO B I ., W] 5 A peaTl
Je B 1A 2R AT B WBSB00 it A K I TR

N RERE TR EA S, KRS B P AL/ N2
BRI RS . R TSRS, i A Ak AL PR
(/N2 R ER AT AR s BT RS . kAL 1d )5,
WAL BB KR AR ST T, F 4L P R AL B G /N2 4
BRAFIE %3k 80.87% (3% 3), 1M HAIH P Res A T5 5L
IR = B0 WO IS I A E e 7S L QAN O 7 i

2 FHEWKRINNEZHREKER
Table 2 Effect of recombinant entophytic bacteria on
promoting wheat growth

Treatment Plant height (cm)
Control 19.24+0.48 (C)
WB800 21.31+0.57 (B)

WB800-PeaT1 24.29+0.64 (A)

The different letters after the data in the same column show the
significant difference at P<0.01.

Table 3 The effect of recombinant entophytic Bacteria on wheat drought tolerance

Degree of leaves decline

Survival rate of seedling

Comprehensive drought-

Treatment resistance (%) resistance coefficient
Control 19.67+8.81 (B) 52.79+9.35 (B) 36.23+8.90 (B)
WB800 27.00+1.76 (B) 59.83+1.43 (B) 43.42+3.47 (B)

WB800-PeaT1 47.00+£2.08 (A)

80.87+0.58 (A) 63.94+1.25 (A)

The different letters after the data in the same column show the significant difference at P<0.01.
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3 Wi

Aili B2 LT T AL AR HLA BRI 4 W BE R
71, AHREAMER 7 R AR Z B 2 Fh R
P 2R R R A R BN AT R R
FZ—, B, 765 A RUAS B 2E MR TR Py 2% ik 41
VEEE UAH Y IROE . Oy T 4 SR BE DR A R ik i
WF T8 AH Ak A8 2 T — R B e 2 1l 5 PR 1 5 728
PRER BRI, ARBF g0 R F T Bk 8 ik 1 B2 [ Y
Hili R ZF HLAT R WB8B00 1R e s bk, A AT H
() 35 R 1 43 W 3R 36 o AR T 5 A A 1Y 4 TR 8
24~72 h, Rigedkh PeaTl & 1K Hi P HH B R4 it
i R X AR E -

S BRAM IR KL RITEA R 2 JAT IR g 5k, 1E#%
BG5S IR 2 PR R, AR AT,
FRATIEFE Tk A WEREZE AT TR 1Y o- T8 A3 T 1 155 IR
FIRS B 28 MOAT 1 1 B9 NprB {5 5 K0S, Hiasiksh:
ZERELH A NprB {55 IKAED | 3 PeaTl 33 535
FREE T, ULBEREAE A B IO ME 5 KA R T AR
SR ik o X AT R B e EA S HE 5K
FEB| AN (406 B i A1 i 2o 7 rh REAS B 1 B 1R
P — R 550 AR K M TR I, s 5
IKEGEOIRR iSRRG 15 5 I NAS RE g R 5 ek 5 | 5
AN 53

A B2 IR T 2R 35 2R 46 v T A% e e 19 )i
BT A REEA T 10 sacB BN 1S 31T Peaes™™ L 4L G
T F IR TERS WEIE TN 3 BN F Pamyel?2 1 Pog Ji 811
55 Ye SEMEGT KR, FEN IR 2 X LA a g F i
Pz it BT 19 ) Bl B 5 R P2 A9 36 T e 3
T Pys MR E = H) NprB {55 A ik oo
8, T K FF R - 2F M AT B A R RS 2K
pHY43N-peaTl, fii peaTl LK 7E NprB 15 5 ki3]
ST AR AR 2E BT B WBSB00 H AL I Y A A

¥ 22 Ty i A= B TR TR H A AR B A
FEMTANEZ —, ABFTEE R IR TEAS 2 AT
WM A  H O T PeaTl, B s R4

PR LA 2 3 A 0 A A N 5 R B T A L )
fE, SG5R TR ARG BT AE, S AR AR A A
iy TR A 5 S A i A A AR B ARCR B
B ERR AR Z IR B TR BRI T AT
9T I o

A= W AE B R IR BT T AN 5 ] Bl A 1k 2 4 7
e A A A 5 i FL 23 32 45 Fh R B AR AR 2 ], A
FEE . R EAME RS, A KB
J3E TS S AIC T S 00 FAR S, R R G 2 M T
15 3 B ICRHE R4 50 ~ 100 h, TS24 00 F
RIS 20~30 mint®3 . H g mT AHEIRT , ASHF 5T BT A5
1) E A RS L R E Y (60 h), REREFRLLIEM
— AR TN ABETE IR AT E AT 0 AR i
S, TEHEE 223058 T, 4L R S B R
TR 1) R A T A RO A 7 200 1) 5 W i A 5 3k — 2
/50

Biff: AT RLXFAGHFERAZFRAS =
%07 & NEAEE ¥ RATH 168 (B. subtilis 168) Auik
FHRATH WB800, A#t ¥ E R XFRFEH LML
AFRIFZLIFIERAMHG -HEFRATETHR
#H AR pHY300-PLK.
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