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Biocontrol potential of Bacillus thuringiensis strain Bt519-1
transformed with heterologous chitinase gene

ZHANG Na'* LI Peng-Fei'® CHEN Yue-Hua'?® CAIJun'? SHIJin' BIAN Qiang®

(1. Department of Microbiology, College of Life Sciences, Nankai University, Tianjin 300071, China)
(2. Key Laboratory of Molecular Microbiology and Technology, Ministry of Education, Nankai University,
Tianjin 300071, China)

(3. National Pesticide Engineering Research Center, Nankai University, Tianjin 300071, China)

Abstract: [Objective] To produce Bacillus thuringiensis Bt519-1 as biocontrol agent with enhanced
antifungal and insecticidal activity. [Methods] A recombinant plasmid, pDM, containing a constitutive
high expression promoter and the chitinase gene chiMY from B. licheniformis, was constructed and
transferred into strain Bt519-1 by electroporation. Zymogram analysis was used to test the constitutive
expression of chitinase of strain Bt519(pDM). Inhibitory activity of the engineered strain was measured
against 10 species of fungi that are plant pathogens. The most sensitive fungus was selected to test in
pot culture experiments. Roots of Capsicum annuum seedlings were irrigated with various
concentrations of the Bt crude enzymes, inoculated with the fungal sporangial suspension 12 h later.
The plant disease index and control efficacy were determined 7 d after inoculation. [Results]
SDS-PAGE and zymogram analysis confirmed that strain Bt519(pDM) expressed chitinase (68 kD).
Inhibitory of Bt519(pDM) was effective for 5 of the 10 tested fungi of which Phytophthora capsici was
most sensitive. Pot culture experiments demonstrated that the control efficacy of Bt519(pDM) against
P. capsici was 73.2%. The half lethal concentration (LCsg) of Bt519(pDM) against the moth Heliothis
armigera was 121.26 mg/L. [Conclusion] Bt519(pDM) has potential as an antifungal and insecticide.

Keywords: Bacillus thuringiensis, Chitinase, Constitutive expression, Broad-spectrum antifungal,

Phytophthora capsici

X957 4 ZE M I (Bacillus  thuringiensis, Bt)
ARITFE I S E s 100 4F. FHT_EARN Bt B
FIFE RS OB ICEN, T2k, #. R
BRI AU BIAT . T e R e R
PR IREIET R, AR E UG LT AT
Bt 38R o B H b i L ) =B 540 1 oy 2
JUT BT, #JLT B s, Rake L 7 HEAnE
MR R, FTIEER S Bt BYA HIE
Reda %48, FIFHEA AR B. subdilis JUT g
R B2 AT EE RS Bt TARER KR, XL 2R
AR B R G A B R AR
B0 & AT B ) chid il , SRR K alifl
J55 Bt AHFNEAG AT R R HUsk
%, AR R ERTIREY .

JTY R Bt AP, EAME+ZAERTEIT
i T Bt IR Y 5 LA P RFSY . Marrone SF7EK

BRI TRAIRA T Bt AQS2 BMREA T 1k 1yl L
BRI R R FHAE . Moar JIERH Bt 2878 1 bk
AU634, AMUPRE T FCEAR PR Bt HD-548 Xf 1K
W AR HURE MR, HL R X ¥ 22 K B (Botrytis
cinerea) . PPEIREERSTL(Alternaria solani) I HE Hh 7
(Aspergillus flavus )35 I 5 EA BR300
PR, ol S B AT LAl A TE T o A0 Bt 76 2 Bl
LT S

ARSI E AT R B, HA SRS T Bt
WHRAZIL, SINESYZIG, 4R35 Bt Witk
HIF AR BUNAE 0.3-2.9 fEZ b PR il B EE
TR . ASAIESEHI I 5256 2 i A ) 2H i Y
ik chi WERIE TS, 5ok 1 AR ZE MR
(Bacillus lichenifromis) MY75 BARHT chiMY FEH %
e, PATRESTENSE AT, ARRBILT
JoT Tt A E2E TR, R 2 ORE A B AR A R i
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T HAVEEE BtS19-1 BEED A, AiigRAS— e
FLTR BE 7 3 S AR 95 2 4 20 AT I 2 D e
BIFRIRR, JFERT 1A B Ik B B AR I 114
FHPEREVEHT . PSS AT T Bt AR 25
W3e4 1, SRTHEGLE AR 2 M) A 3 By
IRV R I E . APk, RO LT
LA Bt TARLEIMRAY H 20 T B A i,
T e Bt 101350 5 35 1 ) 52 91 A 410

1 RS 5
1.1 ##

PR BRAR TR UL 15 fh2 AR 245 g mk
J525(96%)) 5 BT BRI A Fl ;25 H Marker 1 H
TIANGEN A+l; £ —EEJLT B (Glycol chitin) 5 2¢
Y4l (Fluorescent Brightener 28)3JI4) F Sigma (32
EA T, Ha A AT =t

HEAT = N AL AR SC 0 Al 0 Sk o 1T AR
(Capsicum annuum), >k H K] B8 FE B S 1
wli 5 A% HOWE PRIl B O iR B L (Heliothis
armigera), FALA RMPL2BEAE R TEE . Hor
SIS TR . BORLILER 1,

LB i dk(g/L): BREEHAR 10.0, BERR 5.0,
NaCl 10.0, pH7.2-7.4, FT E. coli Fl Bt %35,
SOC 73 (g/L): M 20.0, BEEK 5.0, NaCl
0.5, KC1 0.2, MgCl, 2.0, #%j#Hk 3.6, HT Bt
AR IR B % . NB i3:3(g/L): FWH 5.0,
JEEFE P 10.0, NaCl5.0, pH 7.2, [AREFIELE M
1.5%MEIEHS , FHT Bt R AU I FURAE
1.2 A BEIRIXJLT RETIZE K Bt519(pDM)
SOERE
1.2.1 pDM FRAiBgMEE: Ll pCB U hdkik, HH:
A FE bgaB it Sal 1H1 Sph 1 WEEVIRE, A
HH B. licheniformis!*¥) chiMY ORF (EU822303),
SRIG AN BamH 1 F1 Sal 1 SUBFVING 15, FRER 80T
chiBpA4 4 A chiMy FERI ) _[-iF , S5kl pDM 1)
PN 1 Fis .

1.2.2 %% Bt519-1 BESZ7S4HRE: 1 Bt519-1 #2A LB

F1 KEFARAERR R

Table 1 The strains and plasmids used in this work

WEARANERL Strains and plasmids PR Source

Bactria

Bacillus thuringiensis 519-1 Lab collection
Bacillus thuringiensis Bt519(pDM) This study
Fungi

Fusarium graminearum Lab collection
Phytophthora infestans Lab collection
Cercospora arachidicola Lab collection
Frusarium oxysporum Lab collection
Physalospora piricola Lab collection
Phytophthora capsici Lab collection
Botrytis cinerea Lab collection
Sclerotinia sclerotiorum Lab collection
Rhizoctonia solani Lab collection
Alternaria solani Lab collection
Plasmids

pDM (pCB with chiBA4 promoter,
chiMY ORF, Ap" and Er")

Lab collection™”

Br3esdh30 °C, 200 r/mini®fk12 h, FREEIE LI
PR FR G 2R b R kb, AR SRR T K595 22 ODsgoo
490.6-0.8)5 , K E R VKIA20 min, 5 000 r/mini.L>
20 min, F . FHEEAISGLE (272 mmol/L
FEME . 15% HmBER R4S, FH50-100 pL 20%
TJCHPEGO000F = R {4, I L 45 o

1.2.3  EBELE: FERTHUR S SRINKE I HL AR,
F£100 puL Bt519-UEsz 282001 55-10 uL pDMBTAL
IRATIMAR, VK10 min/5, 1 800-2 000 VHL/E
TH i, B A S AR mL SOCH; 3%
5, MBWARIE IR S RN ZEPE T, 30 °CIK
BRFR2.5 ho 1ES 450 mg/LIL T ZLBY-AR ik
i, 30 °CH53712 ho Tk B L TBtS19(pDM)
1.3 SDS-PAGE KEGiEH 4

SDS-PAGER A Z # 7 E" . S 3 #r -

TESDS-PAGEF B I H A R HEIE Y & —BL T
J5, B UK JE R R A £50.1% TritonX-100F1) 5 11 2% v
(0.1 mol/LLTREN, LIRMTTpHZES.0), 37 °C.
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Figure 1 The construction of recombinant plasmid pDM

80 r/min #E¥7 1%, B TritonX-100, DEEHRH(eé
6L A28 i . 0.5 mol/L Tris-HCI, pH 8.9)4: (%,
30 min, ERAMT SRR K T
14 TREEN/LTREBEREEKSTE

P2 FH R BIFE A LB hidfk 12 h )5,
DL 1% s i 05 ) LB BigR3E, 30 °C,
200 r/min 5537, B 12 h BURE—yk, s JL T )0 flg il
W, (RIS A R EIOH 35RO W58 A of B2 B ESCRN 41
MOEAS, 22l g B 5w iR 24 iR, RS )
A 2 B e A B2 BE SRR [14]
1.5 TRERRKIEERE RSN

PR ARVE T S AR LB Kk,
DL 1% PP 82 B Ca % R W LB KigRdk, 30 °C
PR 12 h, BUREDE VAR, DL 1% Beph i
FHIR RS IRk 5 75 . WS BERR 12 h BURE 55 82
—IK, HE 72h KEEEERRREE 10°)5, /7>
ST LB “PARFI & LI5S 21 LB Pk, 4% 3
5,30 °C 1557 24 h J5 i HEORTE BO T A T4+
1.6 HMEEILENE

FETHEAMT, R & B LIS A0 F R
SAHZEEIRER PDA AR FREELL— & Ho il
BISRA, WA R BE 1) & PR e o 5
FRUFIA) 10 Rl I B 542 4 mm (K E LAY,
LR PR VR S DT D, BT il & Wi
b, BAREM 3 AER, E26°C, KR 72hE,

FIR 738 SO 3 FLDU S AV AR A — IR, BT
o MEREHEAR T, MR %)=
PR P54 B B AR A B P VB B )N FR B V5 9 H
HA]x100,
1.7 HIFIERME SR FIEALZFEANHEFTEUICs)
M ZE

BORMBRE R T, KU IR N 10° CFU/mL,
B R AR S T Bl 1:1 BRI HR A A
Mge e, FHREY R %S B T KR R L
W, 26 °C 537 2 d &, FH 40 %5 BB e 10 0
BT R R, TRIRHAE R AR T X IR i FH SPSS
AR ICs0
1.8 HRHE R 2T B3 SR 16
1.8.1 Bt HHEGIRAIHI & KEE LIER AT E 2 7R
F¥5, 10 mL 50 mmol/L. pH 6.0 FOBERRENZE v
TRV SRR, B 2 BERE R R AR TR i 2
BRI 3 e B A B AR R 28 FH o T RRRIAR 43501 A
20.58. 10.29. 2.1 U/mL, BpA:GE#k N : 8.97. 4.48,
0.91 U/mL,
1.8.2 HMEEMTFRERENHERERDE: B
PDA “FARIEAL 3 d (UBIBURERR R, % e B ik
SRR 7 d A2 A, HRRKUE R T2 2] BiF
W, 4°C & 60 min, A 10° CFU/mL K75
TR o
1.8.3 ZERKWAE: BRI AR itk h
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il TR o B3 ARG ARl TR R A
WP AE DAORH VR FIAR 25 M TN bk, R RARE 3 MR E
3 WRH o KRR PR TR AR 24T A\ BRUAR
W, BANEE 6 MREEFRMHMAIT . 12 h JSHRh B
MR P, THE R HIARARES 1 cm 4T —/ML, 1
A1 mL PR, VK, HRUEIERE
B HeRh 2 d JEIFIRWEE, SRS, 7 d JE I
AR R L B LB AR
1.84 ERIFEREAE: MM SCHRIRE e FE )
PRUENS, ST SERIRR AR I . AR A A TR A 1
BORIFRAOR . FHAR" & SPSS #
Duncan’s H &% 2= % S BRI TS b e
T 18 (%) =X (R P E < %9786 Hm MR 50 < 1001/
Pt EAEVRED) 5 BRL(%)=[ (i BP0 15 48
B Kb BES-HA 155 5 K0/ B SE- 1 175 480 100,
1.9 AR BMRNE

B TR MR FNET A= ARRZE [ NB 3R hd%
77 96 h, WA BRI B2 VR THA VE N AR TR
W TR B 5 MHREEIR, 3 BIRIERR RS U
Tkl *TRRAUIASF R Z W, IR THS,
Bz ARRES BOIEAl B o A e A i O ik
BT 30 °C 53 72 h SR G4

2 HBRE54MW
2.1 IRBRETERBFRFRIEINEESREN

B F Y F A FOR TR pDM 18 5 B B Ak 5
ANZARBERE Bt519-1 JA%EAL T LRI H G 1Y)
P38 AN B T KNG chiMY &R - Be (),
TEBHEEZH kL pDM 5% ASZ IR, S W4 A
Bt519(pDM).,

BRI FYEFR 4 d MEFARERKS
Bt519(pDM) R bk & IR R R , F 38 vk B R 22
—34, #47 SDS-PAGE il H 8 11, 455 4l 2A
P o SEFATE X MR LA R B, TR ORI T
68 kD AbH —SFr s &l BAEWA S SA
(9 JLT R ChiB 2424 70 kD, i T2 ICiHE S W5
FkwfIk, SDS-PAGE KAGIH . SAYGUE TR 4y

A B
kD 1 M 2 kD 1 M 2
97.2— — k
e——
66.4— - = 4 ——
- e — i
-~ -

2 AHEXRERLEHFFREBRIER SDS-PAGE &
BgiE ot

Figure 2 SDS-PAGE and zymogram analysis of specific
expressed protein in fermentation broth of Bt519-1 and
Bt519(pDM)

TE: A: SDS-PAGE, % szt R-250 J(. B: MM T,
POCYRI, IFEAESEIMDE TS, RXAREER T
LT B LT BBk f#. 1. Bt519-1; 2: Bt519(pDM); M:
#E 1 Marker.

Note: A: SDS-PAGE. Proteins were stained with Coomassie
brilliant blue R-250. B: Zymogram analysis. Proteins were stained
with Fluorescent Brightener 28 and observed under UV light. The
light zone represents the hydrolysis of glycol chitin in the gel. 1:
Bt519-1; 2: Bt5S19(pDM); M: Protein marker.

SFRME R EILT Bll, #3775
M, S53RANME 2B FiR. TR B IA I - 2R AT
FLT i ChiMY R LASMEEE R i al s LT
By, Bon BB, RN
SDS-PAGE Elff 3k M A A K/h—2, miH
HAREAAE E. coli T 57 IRFINM ChiMY 73 F &
wsg e B AR H B AL T it TRk R
RAAG I H
2.2 TIEEHRBIJLT REES AR A KHHE

TETC T AT T A3 BIRE IR PRI AR, 2 I HURE
SIRTILT TG & R A R R, 255 LA 3,
TG IR I s SR nT I, TRERERRLT
Ak e — o T AR AR, EATRAER A
3.3 U/mL, JULFRBHERIGERRR 3 4%, S 4iag
RIRIK S SRR R

BRgenii, WML T RE LT RA W, =
24 h A KRS E I ORI 2 B v, Bl
eIk EIF A B WORTR, IRt =
60 ho 75 I 1140 B 20 M T 25 1D BB SR
48 h FF Ui H B 5 A 2 R A A R ) R A
fiff AL R 1H 5 2 R T2k o T TR TR R RS R
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o fg ---a--Bt519-1 growth curve 140
E |l - BS19(pDM) growth curve 135 ’.g
E 14| —+—Bt519-1 chitinase activity 13.0 5
uz 12+ —=—Bt519(pDM) chitinase activity 12.5 ;
% 10 12.0 &
- L Q
8 et fas &
41 4 -
8 2L5 10.5 8
01 ()0
0 12 24 36 48 60 72 84 96 108 120

t (h)

E 3 Bt519-1 0 Bt519-1(pDM)ZEIEF S E M TEEE K
R A4

Figure 3 Enzymatic synthesis and growth curve of
Bt519-1 and Bt519(pDM) in the medium without inducer

60 h Z i I TR 1A S i R AR 5 AR AR ], (AR5 35
Z 96 h, T TREMAREAHAE, N2 wiigdK
CAL TR AW, 2RI W& TR A E, JL
TSR AR Y K

AR R T AR, TRE T 0 A ) e — g
MCTFHE AT, (AL RS, BB SRR 3
W e TR e, TRER N 68.57 mg/L, B
b TR AE R AR 47.96 mg/L.,

2.3 TiREEHRAL pDM BRERRE

R R AOL I E 2R AL A TR bR, 78
A ICEPEE ST T AR E S, HHEZE R
K 4, S 8 WIEFRE 96 h, HBTRIfRA7H
AR 91%, TR EM2ES, RINZTRLEE
Fase HERAT
24 IREENEEIEEEMNE

KR 22 AR, e T AR A AR TR
Xt 10 PR E R AR . R R
WA, FEpb 3 EC AV BRI A 5
1P Rl Y VIR [ e 21 s W O 22 9 e
FR, S5RILE S,

BT A E, PRI R B, R
TR PERR R (4. solani)¥h, Bt519(pDM) I G P
IR R BtS19-1 #A A AR BE B4R 5 . 45 2
90% M Lh IR A 4 FRERT, Horb P e

=
(=]

SRS Sus i S

Plasmid
preservation rate
(=]

W

0.0

0 12 24 36 48 60 72 84 96

t(h)
B 4 RABREFEENTEEERPRRAIRER
E
Figure 4 Plasmid genetic stability of Bt519(pDM) in serial
culture without Erythromycin

100

0 Bt519-1
= Bt519(pDM)

> &v‘“ & &
S & w\\" & &
(o‘“ Q.‘ so\“' ¥ g
¢ o
Fungi

Mycilial growth inhibitory rate (%)

B 5 FHREAEBRN 10 MERREZE KNG E
Figure 5 The mycelial growth inhibitory rates of ten
species of fungi by fermentation broth of Bt519-1 and
Bt519(pDM)

K FEHAIEFE(P. capsici), IR 30%H2 =2
90%, UFEBHBRACRE BRI B LT B # U, b
A R TR BB DR 3 T 35 28 R B bR )54 o
TEA AL I, AU IR LT Bl A T A B
TEYE . TMSEEIRTE(S. sclerotiorum) X AL FEHEFI
TR B RRARAE B RO, B AL B LT A K
k38
2.5 XERHLR B0 & B FHNHIRE I Cso)
AR TR B A T A TR AR L X RO B A T
EORCTR ¢ ol R AN 05 7= T <5 6795 I P
68.1 mg/L 1 117 mg/L, TREFR 1) ICso BT AL BERERE
KT 40%, X—Z55 5 LRI g 22 B KA 2 —
], MRS 2,
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2.6 BFFRMERBIBGIAR

FRAEAM ELTR P25 5, B TR BRI B R 4
R S K BAROE RS, AR M ARSI A, DU
P A R 2R A 20 R X B, ARG I TR B XS bURE o
(IR TARIR

FREBUR ) 0 6 1) TR B R R A AU TR R T
il A8 B 3 AN BEAR BE B, 43 D A [ e 3
WL T RS o, TRERE BRGS0 s 2R K
£20.58, 10.29 F12.10 U/mL, BpA= B BRI
8.97. 4.48 F10.91 U/mL ., fb2fqR 24 e bk 5 4~
BERAEE & 12.50 mg/L F1 6.25 mg/L, (4L itirss
7 B9HEE R 10° CFU/mL,

2 3 B A A A AR R SR TR, WA
BRI RERRTE 7. 10 F1 14 d FORG T T 50 A%k
G, CK AR 5 B 19 700 B

ThARFEMRAE K 7 R, B0 BR AR TS 45 %L
ik 96.72, MLET TR AL ERR BRI L, 53
73.17%, THEFAERE N 35.27%. 45 10 KB} 7% B4
WA, TR SRR, BiRcE B 2R,
FN% 14 K, BPAERIERCIERAR SN, T
TREREMRAAE 14% B3

&l 6 S TR 10 AR 2 BB
IR EE €N R TP O B e Ly et sy LN W
BTG SRR, [F— R 1A RO BERERTS 1Y)
Fhemisgm, ER— DX NARRIRE T, TREEM
BRI LB A R e, (FURAE 2R At I
A2,

2.7 FRHTEMEN

WAk 2 TRRE ARG TR, IR R T, X
FRES BRI Ll AT T SO Evk B 2 . 4558 S A
G HT LR 4,

DL FEORE R, BtS19(pDM)AY LCso EARXS T
Bt519-1 A —EFEEEMREAR, (HPIETEE (S XE
AHES, R TREREL BRI TE R
1. AR R TREE Bt519(pDM)JE—HkfE
T B I Z DI RE A
3 i

Bt J& 0y e 2 R A AN, 3 Bt T
FERARIY R H MK Z R TS A S, sk
MEFE IR AW Bt ZIREHEKILF A ME .
Bt519-1 SR I A9 — ik e 2507 A HLA B R Y

R2 2 HEREABRNRESE TR E

Table 2 The ICso of the fermentation broth of Bt519-1 and B519(pDM) against spore germination of P. capsici

8 w5 A AHSCZ AL AR B X [H]

Strains Regression equation Correlation coefficient 1Cso (mg/L) Confidence interval
Bt519-1 Y=3.08X-6.37 0.959 117.006 106.200—143.412
Bt519(pDM) ¥Y=2.15X-3.03 0.988 68.106 57.804-94.198

* 3  TI2HE Bt519(pDM)XTHRHIE & I B 4 B R

Table 3 The control efficacy of fermentation broth of Bt519(pDM) against P. capsici

7d 10d 14d
QbE
Disease index  Control efficacy Disease index  Control efficacy Disease index  Control efficacy
Bt519(pDM) 11.94 73.17ab 33.85 56.07b 87.13 14.27b
Bt519-1 60.42 35.27b 83.47 16.90c 100.00 -
Dimethomorph 0.44 99.30a 1.26 97.90a 4.17 94.77a
CK 96.72 - 100.00 - 100.00 -

e FSEEE G AR FRERR P<0.05 /K - 1 3 22 5% (Duncan’s &% 251 55).
Note: Values followed by different lowercase letters in the same column indicate significance difference at 0.05 level (Duncun’s new
multiple range test).
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Figure 6 The control efficacy of fermentation broth of Bt519(pDM) against P. capsici on 10™ day
TE: ACE: BPA:RHIMRACS IR 3 MKRIE; BDF: RGBSR = % 3 MR GH: AL @ REGIGIEM M P INREE; 1. AR

AR s T U R BORURE B 0 B

Note: ACE: Low/middle/high concentrations of crude enzyme of Bt519-1; BDF: Low/middle/high concentrations of crude enzyme of
Bt519(pDM); GH: Dimethomorph: high/low concentration; I: Natural growth; J: Negative control (inoculated with P. capsici only).

R4 2IREXRE BFEICRENE

Table 4 The LCsof Bt519-1 and Bt519(pDM) against the moth Heliothis armigera
Probity M7

Sl =]
LLC Probit analysis LCso X 95%EiAr X [A] EVEV
Strains LCs0 (mg/L) (95% confidence interval) Regression equation
Sg Ve af
Bt519(pDM) 0.192 2.554 3 0.466 121.26 (93.19-154.03) Y=3.063+1.470X
Bt519-1 0.198 1.400 3 0.706 82.07 (59.79—-105.28) Y=2.812+1.469X

S BAE R RGERRS, JLT Bl ChiMY e H AR 25
JOFFER , S B RE Bh T, MU R 15
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