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LR A A S, JR T ATP MR
Wi, —Meiick, TACPs A7 3 D45 5, 43 & N-Jii
B JBE CTIVD S5 Ry 30 B TF PR 25 5 S5 B (NBD) R 42 o
I ELE M (AAD) ', TACPs & A 45F 1) Walker
A Tl Walker B IR ZEHY 2351 FH T 45 5 JiE 9 K fifg
ATPS BT AR SF Y DS AN, 0 26 28 1 J5T 19 K B2 A7
FERKIMAS 5, bk CT-43 & 28 % BT 16 S5 0 = 4y
2 i e AR B A S B IR & AT
72 W OR = A R ORI R Y RE M B
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4 AT TR A B — A R AR R SRR N o T
TRY BT, Bl o W B A0 i A s Thu 1940 X 43 F BT &
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Thu B A 3 R #% 484 B Thu () — 2841 5635 H 2
i F CT-43 iy 1 AW KBk pBMB0558 I+, 3f
AT T % TR A LR R . SE R R R B pB-
MB0558 147 1 A2 IV BUA- I R 4, Hrh 3 A~ HE
G E S VAW R G VirB4, VirB11 &
VirD4 A AR & i FJEPENY . virDA 55 K 4 1) 2R A
N-si A 2 A5 R e 45 4 350, LA R SF I Walker A
Ml Walker B BifA, il TACPs & B W ¥, A 0F 58 H
FH A A2 28 A48 7 35 A8 g ) U5 B0 58 e 4R AR @ bR
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LB (Luria-Bertani) # 7& % . Fl T K I #T i
TR 2 4 2 MO AF T R B 5% s e PR 3R 0 . 1 LB B 5%
e AR R BT AE 3R TR AR T Y 9 0k B 2
FAR G FE . BRFFIRULIA A1, 2 b b 2k 2 py 4 &
JiH W N & K 7 % R (ampicillin, Amp) : 100
pg/mL; RHB% & (kanamycin, Kan) : 50 pg/mL; 4L
% % (erythromycin, Erm) : 25 pg/mlL.,
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& F DNA B o8 U0 B, T4 3% 0. % E
Taqg DNA ® & . ExTag DNA ¥ & . dNTP,
DNA % T JFi 2 br iy TaKaRa 2 7 CK %) F R #H
A0S TP s DNA B FIISCR V-gene (BUID 24 7]
) DNA Gel Extraction Kits H 3 B3 77 5% F ok 0
Gy sl E 7 . AR BT AR RN BORE IL R 1,

1.2 5|¥i%it

PCR e hz B B 513k 2.,
1.3 DNA M EMMEIMRIESEWL

DNA Y] | % 4% | 2 W iR Ak A3 i) PCR 47
Wity 2 B Sambrook Y ik AT, KT E
CaCl, 32 A5 1 il 28 55 Fe Ak e BROSCHR (11 )09 Jr ik
7 5 28 MOFF BR7 Fi 5 b JBR 32 25 4 I 1) ] 4% 5 7 b O vk
ZMOCHR [13-14 18 J5 ik #E47, i 8% A T Gene-

Pulser TM H#1L 1L (Bio-Rad) ,
1.4 RISk BMB1122 B & K B & L 46

B35 Ak 5 B 28 A8 Bk BMB1122 1 CT-43 #5 %
LB =i, 5555 24 h 5 850, 40 25 13 VR0 40 B .
M 1 mol/L Y NaCl ¥ W A1 25 B F /K 4% ¥k 3
W, Y U I B A0 B WA W BE L 4 000 r/min B O
5 min, JRE FIEW . A A LT N -2 26 3
RS EE RN LB R s &R,
WUVER T 50 pL WiahAl, B 10 pL J§ T HPLC Y
HERE . BRI IR = 4 R WATERS =5 208 AH
TEACKE I, (AR A . S C18 A1 (25.0 e X4, 6
5 pm), #HAE R 10 pL; K P 260 nm; i 5
A4 50 mmol/L KH,PO, il 5% H B H# R pH
£ 3.0);7#E 1 mL/min,

mm.,

x 1 FTABERRKL
Table 1 Strains and plasmids used in this study
EAS TP P
Name Characteristics Source
DHS5 a KM Escherichia coli S R S AR AT Stored in our laboratory
Iz A FMUAT R P AR W AR 3 AR U R R S 98 & & R Bacillus
CT-43 thuringiensis subsp. chinensis, produces three kind of crystal protein and Z2E# i 7E S0 % {47 Stored in our laboratory
highly produce thuringiensin
BMBI1121 CT-43 Btk , & Fiki pEMB1155 CT-43 strain,including plasmid pEMB1155 AWF5E This study
BMB1122 CT-43 BT ER virD4 3£ Gene virD4 knockout in CT-43 strain A5 This study
MD18-T .
pV . T/A 5EBE# K T/A clone plasmid; Amp® TaKaRa 23 @ 7= i TaKaRa product
ector
e e i G T N R E R B -
- K AT i - ﬁxiﬂiﬂﬁﬁﬁ%&ﬁﬁi %H@ﬁlﬂ*%ﬂﬂ??ﬂ{mfiﬁi DB % HE Constructed by our
pHT304-Ts Shuttle plasmid in Escherichia coli and Bacillus thuringiensis ; Amp", Erm", laborat [12]
aborato
temperature-sensitive replicon in Bacillus,6. 8 kb aporatory
D4 Leftk D4Righ B HT304-Ts Sall/EcoR S Lef
PEMB1155 uir eftkan’vir ight i BE2E 8 7% p s 19 Sall/EcoRIAi ; eft KWESE This study
and right fragment of virD4 gene loaded on pHT304-Ts’ Sall/EcoRI sites
&2 PCR¥yEATASIY"
Table 2 Primers used for amplification
EIR/E S JF1(5"-3") FH %
Primers Sequences(5'-3") Functions
virD4Leftl CGGGTCGACAATTATAGGAGAGTGAAG(SalD HFY 1 virDA 2R Used to am-
lify wirD4 left { t
virD4Left2 GCCCTCGAGACAGTTATCAATTGATCG(Xho 1) PRy R e fragmen

virD4Rightl

CGAGGATCCCTGATCGTAATGATTC(BamH 1)

HFP 1 virD4 WA Used to am-
plify wirD4 right fragment

virD4Right2 GCCGAATTCGTCCTGTGAAAGTAAC(EcoRD
D1.1 GGAAAGTAGAAAAGAAGCCT
2B Bk BMB1122 ' virD4 B[ @ B 56
D1.2 TAACATAGTATCGACGGAG
i Used to verify knocked wirD4 gene
D2.1 GCTATTTTTTGACTTACTGGGGATC in the mutant BMB1122
D2. 2 CTCATAAAATCATCTTTCCCCTCAC
Kanl CTCGAGTTTGAGGTGATAGGTAAGATT(Xho 1) N "
an ¢ Y18 kan” # A Used to amplify kan”
Kan2 GGATCCTTAGACATCTAAATCTAGGCA(BamH 1) gene

D FRIZACE S P hricd i EEYI 7 &5 . Underlining bases are restriction sites in primers.



406 feori e b kA % R 55 30 %
1.5 ZRIkk BMB1122 40 B (4 4% 351 490 B4 &R 46 ) s 5m/ =  100~1 000,

I AS SC 1, 47 v i O s YRR S A L ) S B0
B E WO LCMS-IT-TOF KAT R AL (H A
B wD A, g A . VP-ODS 4 (150 mm X
2.0 mm,5 pm); A% Z&F 4 260 nm,0. 2 mL/min;
WMBIA N Vo ¢ Vi @ Vg =80 20 0.1,1~
5 min 2% W 340, 5~10 min 20% i sh4H. 10 ~ 15
min 20 % B AH . 15~20 min 2% s M ; & T A

2 #ER545Hh
21 virD4 EFEBEHAERMEE

LA CT-43 & DNA BRI 514 virD4Leftl/
virD4Left2 . virD4Rightl/virD4Right2 PCR ¥~ 1%
133 virDA JE A 7 A8 s LUBURL pDG780 S B A
M 51 % kanl /kan2 PCR 4" 1§45 2| kan" 2K , 3 4>

BamHl1/EcoR1

virD4Left

. virD4Left
Lac? a-peplide Sall Xhol
amp  pMDI18-T
2692 bp Xhol

virD4Left

pEMBI1151

BamHl ————= EcoRl

Xhol

\

3898 bp

Xhol
BamHI

virD4Left
virD4Right

pEMBI1152
EcoRI

virD4Right

pEMBI1154
6230bp

virD4Left

BamH1/ Xhol
BamHI
ori.Ee

Sall/EcoRI

pHT304-Ts

P 6800 bp

K&rr'n Ts-ori.By

EcoR]

BamH] >

virD4Right

Ts-Ori.Bt

Xhol pEMB1155
10329 bp
virD4Left
Sall erg/
am
Hp
B 1 BiBREk pEMB1155 RIHIERE

Fig.1 Flow chart of construction o

f the disruption vector pEMB1155
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A ik pEMB1155 9 PCR B, 3k 1.2 Hindlll marker; 3K 2. @BR I virD4 FEH 5 WKIE 3:kan” B 5 JKG8 4. virD4Left J B

VK3l 5:virD4Right F B ¥k 6: DL 2000 marker, A: The PCR results of plasmid pBMB1155; Lane 1:A Hind[ll marker; Lane 2:
Disruption virD4 gene; Lane 3:kan” gene; Lane 4:virD4left fragments; Lane 5:virD4Right fragments; Lane 6:DL 2000 mark-

er.

B ki pEMB1155 B Y156 5E . 9k 8 1: pEMB1155 ki 9k 2: A Hind [l marker; 3ki# 3:Sall 1 EcoRI ¥ pEMB1155 ki ; Yk

i 4:BamH [ Fl Xho I WY pEMBL155 Jfiki; ki 5:Sal I # Xho I X pEMBI1155 Jiiki; ki 6: BamH [ #l EcoR 1 M ¥
pEMBI1155 Jfiki; kil 7:DL 2000 marker, B:The digestion results of plasmid pBMB1155 with restriction enzymes; Lane 1:plas-
mid pEMB1155; Lane 2:X Hindlll marker; Lane 3:Digested with Sal I and EcoR | ; Lane 4:Digested with BamH I and Xho [ ;
Lane 5:Digested with Sal/ I and Xho | ; Lane 6:Digested with BamH | and EcoR | ; Lane 7:DL 2000 marker.
2 REBREME pEMB1155 36 B 35 A 8 ik B FR ik B i
Fig.2 Agarose gel electrophoresis map of the disruption vector pBMB1155
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A:CT-43 k&% I3 # Fermentation supernatant of CT-43; B:virD4 Wi 28 28 ¥k il /M 42 U4 Fermentation supernatant of BM1122;
C:CT-43 ALY Intracellular metabolites of CT-43; D:virD4 F1 B 5 728 #k M A4 Intracellular metabolites of BMB1122.

& 3

CT-43 R I H BMB1122 BI 5 A& 8 & it (HPLC) Bl it

Fig.3 HPLC maps of CT-43 and BMB1122
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A-G: 78 Bk BMB1122 L 4 AR5 #8210 5 4 1 1905 & 2 3R 5 lE

i A Y R TR X BL A m /=, LR BB BT 48 m/ = (85 #F Sk B 48

FA I 9 O AR X 2> 1 i — 3, A-G: All the precursors in the proposed biosynthesis pathway of Thu in BMB1122. The red circles indi-

cate the m/z value identical to the molecular weight of the metabolites.

B 4 ZRTHk BMB1122 B AR i ¥ LCMS-IT-TOF % 1T FTig B i

Fig. 4
A BE R e F) pMDIS-T #84K |, 3848 virD4 i
BRIE N, SR 5 H virDA B BR 3£ O 7T B 3 4% 1K
pHT304-Ts I, ¥ AL K FF H DHS5«. 44 8 2 &
K1 s o XA 3] 5 A 748 kL, 547 PCR A
fitg U1 56 30F (& 2) 43 2 m bR 37k pEMB1155,
2.2 virD4 B F i Nk R R F L
Tl % 95 = A F AT CT-43 2 2540 M, B 4

The intracellular metabolites of mutant BMB1122 detected by LCMS-IT-TOF

T Y R ik pEMBI155 HL#E 4L CT-43 32
AU H virD4 FER S R B S 9) virDALeft]
Ay B BT Ui virD4Right2 #8476 7% PCR 35 iE.

W R R CT-43 54 583 virDA JEH 0 LY 3
2.3 kb F B w4k pEMB1155 # 4k ik A CT-43
AL AL [ B B 5238 virDA FEN RN 1 A 34K 1
FAR A R AR A R L A m PR JE A v AP 2. 3 kb
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13,6 kb ZE47 19 2 2571 , Zead Tk A9 21 3 A IE i (1055
b7, b 1 BRdr 4 o8 BMBL121, T )5 2656 .

¥ iAL 7 BMB1121 T 44 C S iR G i 2
FAERREN R 4 d I R RIRE R PR, K
RRERT R S PODERAR:: IR N (R 4 7 R O 1T
DR N R 3 A pEMBL155 5 47 2 g AT 1 T 45 780 42+
T 7 44 CHYIGEFR ST S Bk AN Re AL A5 il %
I s i 2t (IR AL e ), < 00 8 3R P itk 3 A 6 )
AL Qe qR b N3RS - RIB & Kot . it
P 36  FRAS 2185 VA A A T g i) R AR 8
A A R

TE virDA LR G 5 X119 1 i AR A8 A R 3
G X N 2 X514 D1, 1/D1. 2,D42. 1/D42. 2,
PCR 5o 1iE i Yk i 16 15 2] 19 s B ¥, 514 DI1. 1/D1. 2
) PCR F=#1K/NR 1.9 kb, 514 D2.1/D2. 2 #) PCR
FEMIR /N 1.3 kb, d5e 2 2 15 3] e AR [R] R XSS 4
() 2 A4k Hodh 1 #kav 4 b BMB1122, H F )5 &8
5.

23 RELHK BB A B EERNSARBEEIL
gl

ST atiAl e B 928 bk BMB1122 F1 CT-43 B9 & 1 |
AT HPLC K (18 3) , 45 S0 . & Wbk CT-
A3 R LW RS I B Thu B4R AE W8 i 6 L T 28 A8
Pk BMB1122 & B b3 W A Kl 2] Thu B 47 1E
W i
24 ZRITHR BMB1122 B AR it B el

1) 2878k BMB1122 Jifd py X35 9 19 HPLC i,
R 25 2R (18 3) 7w« R 7Ltk BMB1122 Hl i & 18 bk
CT-43 JE AR 4 34 1% A A6 I 2 95 = 4 28 IR AE TR
Wb 3 5 FRATTHT A 58 A0 45 2R (CT-43 Jfl A 58
W) Thu 2 FAALE) & —Bm .

2) %% bk BMBL1122 Jild 9 AR i3 9 1) LCMS-TT-
TOF A7 FRIEA I . A 25 50 (] O 8BRS CT-
43 W 4 2 T B BGE A Y BT A A A A X A
TR AT m/ 2 AARA 595 = & FZ AR5 F i
HHFFIY m/ 2.

3 W #

Bz F O — AP AR PR RN 1 IR R AT AR
Yy o W B A0 A o BTG T AL B9 B 5 i
Vo BEEFMEFTE R 407-1(Cry ) (Pig')H
1 RRAS 2R R R L EBE ™ AR R B Thu BB
Espinass 5 R4 H21 JH B bR ) 28 8 0K R L 4528 R B

1 NEAB berA M berB TN HE R B0 15t 4% JBE 1 XTIk =
SEREREE, BerA EEMFI S ABC ¥z
KGN ATP B4 A 8 A KA 38 1 R IR
berB R 4t (0 A 6 AN BE 1 25 5 02 e , 3 )
T BB S 32 T M5 25 4 1 4 LB 4 5 o A ber AB
FIBE 5 95 2= 4 R Y 43 WA R S g VA G

AT HPLC Kl 45 R 87 virD4 5872 Bk
BMBI1122 & B F I8 WA 75 2 4 3 5 W00 i
HAT IR toxin-x ¢ AF W W00 ATS SR A7 7E » Hh 1 4 DU
virD4 JE P R AT BE RS2 e T 05 = 4 R i M4 o
WL EHBRWI R, Wi — SRR X TR &R
2 T LB A0 B A1 HE AR 3 2 2 4% 0 43 WA ML 3 75
E— 2 HE5E .

IV Y 53 b 22 G5 A7 AF T 45 2% TG 9 14 40 18 L BH 14 41
BRI R B 2R R RGE B VAL R S
N B o e A VR K7 S S e e RSl B R
WA FE RSB RS AEH R
FE AR DNA 43 F . AREEHE X CT-43 o Kk
ki pBMBO0558 #EAT T £z & % B AH C 3255, w1 6 A
HAR LA, R X AN R R G
CT-43 o 547 i 580 Dy 6k, o e L AT {149 Ty g
E 0 JES W 5% 3 22 G PH A 40 7 op IV AR 40 08 R B2 11
HREER_R—THN LI, BA — & NHEie 55
M1E.

Z % X #

[1] SALMOND G P C. Secretion of extracellular virulence factors
by plant pathogenic bacteria[ J]. Annu Rev Phytopathol,1994,
32:181-200.

[2] FRONZES R,CHRISTIE P J, WAKSMAN G. The structural
biology of type IV secretion systems[ ] ]. Microbiology, 2009,
7.703-714.

[3] CHRISTIE P J. Bacterial type 1V secretion:the Agrobacterium
VirB/D4 and related conjugation systems[ ] ]. Biochem Biophys
Acta,2004,1694:219-234.

[4] LAWLEY T D,KLIMKE W A,GUBBINS M J,et al. F factor
conjugation is a true type IV secretion system[]]. FEMS Mi-
crobiol Lett,2003,224:1-15.

[5] GROHMANM E,MUTH G,ESPINOSA M. Conjugative plas-
mid transfer in Gram-positive bacteria[ J]. Microbiol Mol Biol
Rev,2003, 67:277-301.

[6] CASCALES E,CHRISTIE P J. The versatile bacterial type IV
secretion systems[J]. Nat Rev Microbiol,2003,1:137-150.

[7] ALVAREZ-MARTINE A,CHRISTIE P J. Biological diversity
of prokaryotic type IV secretion systems[]]. Mol Biol Rev,
2009,73:775-808.



410 e p Al R 2 AR AR 55 30 %

[8] SCHRODER G,LANKA E. TraG-like proteins of type IV se- 222009,
cretion systems: functional dissection of the multiple activities [13] PENG D H,LUO Y.GUO S X, et al. Elaboration of an electro-
of TraG (RP4) and TrwB (R388)[]J]. ] Bacteriol,2003,185: poration protocol for large plasmids and wild-type strains of
4371-4381. Bacillus thuringiensis[J]. Appl Microbiol,2009,106(6) :1849-
[9] CHRISTIE P J,ATMAKURI K,KRISHNAMOORTHY V,et 1858.
al. Biogenesis, architecture, and function of bacterial type 1V [14] ARZEMS, BCWH 5, 32 R, 5. 9 = 4 2 MO AT 5 3 bk YBT-1518
secretion systems[ ] ]. Annu Rev Microbiol s 2005,59:451-485. T 960 A 5 728 1A P2 11 ) 7 D 2 M R 8 AR MR A TR 1B [T ). AR rh ok
[10] XU, 95 = 42 2F M AT B8 B Ak CT-43 hof = 4 R & U 7% AP R 2241 . 2010,29(5) : 577-581.
thuABCDEFG il 5 & Bag & 4B D] R bl K4 [15] GOHAR M, PERCHAT S. Samplepreparation for b-exotoxin
e Rl R 2B, 2008. determination in Bacillus thuringiensis cultures by reversed-
[11] SAMBROO K ], FRITSCH E F, MANIATIS T. Molecular phase high-performance liquid chromatography[ J]. Analytical
cloning: a laboratory manual[ M]. 3rd ed. New York: Cold Biochemistry,2001,298:112-117.
Spring Habor Laboratory Press,2002. [16] ESPINASSE S.GOHAR M. LERECLUS D, et al. An ABC
[12] 235, = 4 2 MUFF B % HO W Rl B bk YBT-020 & i Al 3% 38 &Y transporter from Bacillus thuringiensis is essential for beta-
ARG F 1 E DL RFFE LD, BB A P Aol R A A Bl 2 R exotoxin | production[J]. ] Bacteriol,2002,184:5848-5854.

Function of virD4 gene in plasmid pBMB0558
in Bacillus thuringiensis CT-43

CHEN Hui-jie LIU Xiao-yan CAO Shi-yun RUAN Li-fang SUN Ming

State Key Laboratory of Agricultural Microbiology s Huazhong Agricultural University ,
Wuhan 430070,China

Abstract Bacillus thuringiensis CT-43 produces thuringiensin. The VirD4 protein encoded by the
virD4 gene located on the plasmid pBMB0558 of CT-43 is highly homologous to the coupling proteins
(T4CPs) of type IV secretion systems. In type IV secretion systems, T4CPs’ basic function is to recruit
substrates to the type IV secretion systems for secretion through the translocation channel. A homolo-
gous double - crossover vector was constructed through knocking out the wirD4 gene in CT-43 and a mu-
tant BMB1122 was obtained. HPLC result showed that the characteristic peak of thuringiensin was not
detected in the fermentation supernatant of mutant BMB1122. The LCMS-IT-TOF result showed that
the corresponding m/z with molecular weight of proposed precursors in Thu biosynthesis could be detec-
ted in intracellular metabolites of mutant BMB1122, consistent with that of CT-43. The knockout of
virD4 gene interrupted the secretion of thuringiensin. Presumably,the virD4 was a critical gene for Thu
biosynthesis.

Key words type IV secretion systems; gene knockout; high performance liquid chromatography
(HPLC) ; thuringiensin
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