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1.1 ##

L1.1 Bk BURI RIS IR £ A S0 I & bk 5 )5
B WE 1. KGHFH (Escherichia coli) 76 LB ¥z 77 5
1 37°C 5 97 Bt 75 SSM B g 3 MY (2 R ks 5
B) i 30°C R FR .

R1 ERFBARL
Table 1 ~ Strains and plasmids
Strains and plasmids Characterization Resource
E. coli JM110 Rpsl thr lew endA dem supE44 A (lacproAB) Novagen
BL.21gerE E. coliBL21 (ADE3) carrying pGEXgerE plasmid; Amp' This study
BL21pGEX E. coliBL21 (ADE3) carrying pGEX-4T- plasmid; Amp' This study
HD73 Bacillus thuringiensis strain carrying crylAc gene This lab
HDAgerkl HD73 mutant, gerk gene was disrupted by homologous recombination This lab
HDAsigK HD73 mutant, sigK gene was disrupted by homologous recombination This lab

HD ( estp—lacZ)

HD73 strain containing plasmid pHTexsBp

This study

HDAgerE (exsBp-acZ) HDAgerE strain containing plasmid pHTexsBp This study
HDAsigK (exsBp-lacZ) HDAsigK strain containing plasmid pHTexsBp This study
HD (pHT304) HD73 strain containing plasmid pHT304 This study
Plasmids

pHT30448Z Amp', Ermr, E. coli-Bt shuttle vector [12]
pHTexsBp Amp", Ermr, pHT304-487Z carrying exsBp This study
pGEX4TH Vector used for gene expression; Amp' GE health
pGEXgerE Amp"; pGEX4TH carrying gerE gene This study

1.2 FZ 7 F0 L o5 A Rk U1 i T4
DNA 3% 4% Ji§ « PrimerStar HS DNA 28 & i« Tag DNA
54 W 55 G 1) 71) S DNA 73 1 & bR #E 24 24 TaKaRa
ONFE e UKL B H K DNA - [R] R A B R e T
Axygen 2 wl. GST I JI§ M %t B 4l 4 A B
(Glutathione Sepharose 4B) W H GE A& . EFHF N

DT AL B R AR B A RS A A

1.1.3 SI4&REFIIME: R4 A 2 Ai ) HD73
W BR Oy 81 B S, 51 A Bk R A LR 2.
S190 45 B B AR AR ) TR A R 52 i e 5 sE
HTAE 5T 15 A RS DA RHB I A1 B 24 ) 58 A o

®2 5K

Table 2 Primes and sequences

Primer name Sequences (5-—53")

Restriction site

gerEMF GGAGTAACTGGTTTTATAGGACG

gerEMR GTCAGTATGTGGCACTCCAGC

gerEpGEXA4TAF CGCGGATCCTTGAAGGAAAAAGCGTATCAAT BamHI
gerEpGEX4TAR ACGCGTCGACTTATAACTCGAGCTCTCCCATAC Sall
pexsBa AACTGCAGTGAAACTCTTTCGCACCTT Pstl
pexsBb CGGGATCCACATCTTCTTGGGCATT BamHI
pexsBc CGGTATACGATATCCAAT

pexsBd TCGACAGCTTTTCTAAC
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1.2 DNA ZEEBRIESH#K
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DNA F B[R 3% B2 S N K T FF AT 5 A 25 gt A% 45
YES MGk (3 1. 95 2 4 2F M AT 18 I8 32 25 10 1 #%
AL WL 2 2% Scik (14 1. Ff8 201 PCR 774
283 Iy BEAT B -
1.3 pHTexsBp #{Kp#yiE

FR 4% CL 45 0 % 1t HD73 B fk exsB ATG |- F i
Bk 519, B 51 ) pexsBa it Uf {7 E BT AE ATG
¥ 402 bp &b, R 514 pexsBb i Uh A & & Il E
ATG T 150 bp dbo 762 AN 519000 5736 43 550 In A
Pstl 1 BamHI [{] V)7 55 . PCR § 14, 153 20 47 A i
DI B exsB 113 8 1 )7 51 4di N B4 AT lacZ FEIA
K45 D12 & pHT304-8Z 1) 2 sw B4 Al % £
e VAN =R (VAR el T P 1 P = R = N
pHTexsBp. 8% & 70 [ I 2 W 3% {0 J5 L o % 1k it
N HD73 BRI FE 5 5 e Al (0 B RR B A TR 40 %5 %
1 LB “F-4%, 78 30°C 15 3% 3+ H 5| 4 pexsBa #ll pexsBb
BEAT 07 & %5 5
1.4 pEABEBFMESN

W R B N AT L0 R B SSMBE g Ak b,
30°C,220 r/minf% % B 35, th T, T BURE & T,,, 45
ANISHCRE TR BF X2 mL, 800 )5 7 B3 FF
BT - 20°CIRA7 o B—1- FUBE T I S P o A e g
W22 scwk 051, 34T 3 Y ar 2 5 B0F
.
1.5 pGEXgerE FRiA#H A iE

K PrimerStar HS DNA 3K & filf i i PCR 91
J7VE T 2 4 2E L FT 1 HD73 55 B 41 3k 43 g 1
GerE I HE o 38 7= W) 28 Sall FI BamHI X
DI 4 N 15 FE il U0 9 1k A B2 ) pGEX-4TH # 1k.
73 3 H 2 FORL pGEXgerE 46 K i #F 18 BL21 B #£
153 BL21gerE B £k o
1.6 GerE ZERHJEEFA K

K13 21 BL21 gerE 18 Rl 42 i 4k, W% 1 %
T 5250 mL% 4100 wg/mL% %5 55 % 1) LB
W e ,37°C 55374 0Dy, =0.5 - 0. 6, I N2
B 0.5 mmol/L IPTG, 18°C . 140 r/min i 5 1 7% .
4600 x g 25.0010 min it 52 B 14, H180 mL pH 4 7.4
(1) PBS 2% 1 0 & ¥ W 14, LB 75 i 4 4 (CPT750,
COLE-PARMER A +]) JEAT M 5 il fr o FH 172 3k
76600 wifj K, i %3 min. 18000 x g &5 .0 10 min

LBRAIMYITE . L HEAT SDSPAGE (12%) Hijk
Kl #5545 GST #5251 GerE & A5 S £k, &
K2 I GE 77 il Ul W] A5 HE AT 4 D6 H Ik 35T A e
JiE S R 2 AT Al AL
1.7 GerE 0 exsB 35 F A9 52 B PR i SR 36

L HD73 3 Mook BB, M 57—
Carboxyfluorescein (fiij #X 5°FAM) 52 f) pexsBe Fl
pexsBd S| ¥ ¥ 8 exsB ATG 37 315 bp 4 F1 ATG T
UiF 29 bp Z M )74 . Al )5 1 )3 3 ¥ )7 51 78 A4 4b
5 GerE 4 &0 10 pL N AR FR B 110X &5 e
M 1 L, Poly (dI:dC) 500 ng/wL, 1.0 wL, GerE
B, AR KR AT ) V20 mine JI A 45 4T FAM
KRG exsB 3 3) 7 DNA, 1 pLo V&%) 336 1k s &
20 min. JX M 7 AE 160 v L Jis, 4°C 4% 1 R 3EAT
(5% ) A-7% 1 Ji r Ik A Wl - T 9¢ e Tk I R R R R
(‘& + 2 7] FLA Imager FLA-5100) X} 345 14 ke i3 47
A HHG 41 N Laser: 473 nm, Filter: 526000/
01, H1J£900 V.
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Iz A AT I HDT3 () 2R i Ah BE A O% HRH
ExsB 1543 bp#% 11 82 2w 5, 180 /> 2 1k 1 20 1t » L #L
FO5 O A A B DRV 2H e 51 00 i R 28 1 AT 1 R AR 3R B RR
) ExsB Z B M P 41— S, RIH Y5 B
thuringiensis 9727 f16) AR AL R 96% , 5 ¢ JH 7 i
& B. anthracis str. Ames ol (fa B% Ba) 8] AH L 1
4 92% , 55 B. cereus ATCC 14579 (fijFx Be) 0
FAAPE A 85% o Ui W exsB {E Ut FF 2F i A B BF b H
A B PR ST
2.2 exsB py% K £ EF SigmaK F FiEH|

exsB FE U AT 25 AT B R S DX 2 v BAT AR ABL R 41
ALKy, bR UL PR 23 00 2 B 2 g 4K S 1 CotH 3%
P2 T il R A A7 Il i 4 7 ) B4 Y5 exsB A e 4 T
exsB J3 ) T v B, Y lacZ fil 4 3k 43 T E 41K A
pHTexsBp, 4 Bl % f 5185 2 70 i bk HDT3, HDAgerE .
HDAsigK W, 1y 4 & HD (exsBp-acZ) « HDAgerE
(exsBp<acZ) HDAsigK (exsBp-acZ) . B-=YF ¥ 1F
g vE PRI e g5 R L (B 1-A) sexsB B3 T M T, I
UK o, T o 38 31 5 0, 22 ) FF 22 B AT o e o
P U8 W exsB 2 W 3] 3k 10 A5 B o 55 B AR HDT3
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(A) 70000
Ll ] PexsB-lacZ
50000 A
40000 4
= g
E 30000 4
8% . —A— HD73
% £ 20000
35 1 —w— HDAgerE
Z = 10000 - _
S E i —&— HDAsigk
T 20009 —=— HD(pHT304)
oA,
1000 A
0 4

(B) TATAAAATTACACTCITIGTCCTGTICA GAAAGATG CCTACATA CATATCATGTT 54
-35 -10
AAGGAAAA/ ACTTTAATACATGATAAGGAGGATTTCTATG. 106
RBS orf

AATAACAGCCGGAGATRBITGAATA
e ATINEBATA AATCGAAGTC GC {DRBIITGHGA
yoiR TG TGAAAGATCTG G TGGERBA CHAT

ydgB JRATTG 6 TGCAGCGGCTRBATAIAC
yabG /DX TIACATGGACTG CCGCTA[ORIGGAAG
spsA QA crreacearacea {IRIGARAA
cotA R e acareeTaTTa TR AA AT

ACMATAAATGTGAC AJRGERATATG

cotC 8CGCAAAATCTACTCGRGERTA ATIAA
cotD I e racccermarr T [EREACTIAG
cotE JRRCTAGACAATGCCCA JERBAGANIAA

(©) cged

cotB

cotF A Bracarreaceer co R mrcdica
cotG R BicrrrrmasaccecidBetafica
ewlC dMBscascecererrrrrr [RBredior

gerE TEXEIccrcececeTroTa IR AT

PexsB G aAGaTGeeTACAT [ERBrCAllT HD73

PexsB G'IM;AAA’IA’I'ACC'IA CATA 'I'CCHGT B. thuringiensis 97-27

PexsB G'Im;AAAGAT(;CCTA(‘.ATAMTCAHGT B. cereus ATC C 14579

PexsB G'IMGA—\A’I‘A’IACC'I}-\C.-\'l‘A 'I'CCﬂG'I‘ B. anthracis str. Ames
MWCM CATANNNT SigmaK Consensus

E 1 SigmaK %} exsB 2 & Fi FiFE
Fig.1 Regulation of the exsB gene by SigmaK. A: B-galactosidase activity directed by exsB gene promoter in HD73 .
HDAgerE and HDAsigk. B: The promoter region of the operon. The 35 and -0 regions of a possible SigmaK-specific
promoter are underlined. A putative ribosome-binding site of the exsB gene is underlined (RBS) . Putative GerE-binding
sites are boxed. C: Sequence similarity between the PexsB promoter and the consensus sequences obtained by aligning the
SigmaK-dependent promoters of Bacillus subtilis. Consensus sequences of SigmaK-dependent promoters are presented

above and below the alignment, respectively. W is A or T; M is C or A; Nis C, A,T or G.
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FI G exsB )R 8 1 e G PEAE sigK A2 f& HDAsigK
AR 2, UG I 12 0k DR AE O M e 0 % R B2
SigmaK K7 il. BE— 200 T8 7 aE
SigmaK 8 Jil A7 £0, & B I 5 K 5 AT b2
SigmaK ¥ Hl| L K B 8 T+ SigmaK 1R 51 A7 55 AH AP
W (B 1-B) o

L5 T HD73 BBk 55 0 B 2 A 1 1 AR 3R T i
B. thuringiensis 9727 B. anthracis str. Ames fl B.
cereus ATCC 14579 T exsB JE 8 T I F ], K I exsB
JA BT AE Be BEW MK P o O s 3B 8 A AL
SigmaK R BT . U6 8] Be BB bR, exsB 1] g 1
52 3 2 J0 06 38 O 45 PR 5 SigmaK 45 (18] 1-C) .
2.3 GerE X} exsB B EHIZIEBE

5B R HDT3 A H, exsB I8 3 T 85 363 PEAE
gerE 5E A% Ak HDAgerE 1 i 11 B AR, U8 W GerE Xf
exsB ¥t AT IE P E I (B 1-A) , o THE— 2B it
W] GerE t2 H R 157 HILAE T exsB J3 8 1, N JH ik
J5 BEL 4 1) 77 90, HEAT T GerE 28 (15 1% 8 8 TR 45 &

I Bk pGEXgerE 71 K JIi #F 1 BL21 h & ik
GerE, 13 2| i % PE ¥ GerE-GST fili & 1. K ik )™
WK/l 34.6 kDa, f 36 C=K i — AN K/PNL R
7.6 kDa [1] GerE #H [1 Fl N=K & — 4> K /N A 27
kDaGST—H5 % (Bl 2-A, ¥k 2) o« ) FAM 451 (1)
319 pexsBe il pexsBd 471 T exsBATG 37 315 bp
AbFTATG R 29 bp 2 I0] 344 bp ) )y Bt. aifEl 2B
JIT 7 » B J R 0 1) 4% e ks AR il I B Bl DNA, H i
DNA B4 h DNA 5E A4 &M, lEEA
IAFEE (60 88 0, JES B 1 DNA 4% A W R0 Bk, -
2R BB T, Ui GerE & (1T LY exsB 3
HTHite # BT R TR GerE iR
AT R R B Rl B 2F AT B P 2 GerE 425 4 110 Bk
KA 2 7 GerE YA i AHALYE A iy (B 1B) o

WX Be P BE exsB J5 3l If) i 55 I 47 2 49
BT AT I exsB (1) ) T 1E Be i RE A2 O <7 11,
o GerE YU A7 5 [l B0 25 AT B oh GerE YU 47 5
W EA AR A AU . X BB AE Be FBE Y, exsB
TRAT R 52 3 GerE 1 (1 1) H #2 1 W 4 (B 2-C) -

3 e

Xt 2 J A0 BE AT 5T T A S v 7 R 2F A B
IR R 2 M AT B8 3K 5 AN i RE v s el 1 0 L 2F AT 1
IR e K2 MR 2 AT B ( Clostridium difficile) 25 1 i =
HE B 2R MO N B AT EOR A Y BE A Ak B
YR G5 A0 T A5 R A AR O 1 4 1 1 4 ) 48 7%
PRSI G N & I R b T R AR B0 A &
2. H AT, AMITEE2E9RIE T BelA BxpBLExsY, CotY,
ExsK.ExsB.BetA fI YwdL" =72 =¥ 2 jfy 4 Bk 75 [
75 ZF J A B ) L3 R g kg BT R AEIAE T H 2 X
U 2 g A0 BE B [ 7 B Sk KT 1 32 B R ) I
HIBAT G » A S AR T 8 A ExsB g it 3L 1A (1)
SR HL -

ExsB % [1 ¥ 4C 7€ Be o % 3™, McPherson %%
NAE Ba xf ExsB AT T I8 WE5E . 50 A I Bk
/b exsB [ HE M0 AR KT 41 S B 2 TR RO R
ANZ R, AR AT LU J 50 6 1R 2 i A1 BE L HZF g 4
BEMORRG S, B vk o Al {1 J8 1 RT-PCR 1) J7 v i
SE T exsB & W2 M B T 46 B S 00, DR TR T exsB
A 8 % 5 SigmaK 7105 Y

SigmaK & 2 Ji W 1 BE 41 Ml b 3 200 B s R
EEEH T AN SR 111 AN SE D S S I R
B T R 2 B 1~ 2 A H S 8y 2 L kR
AN 2™ o GerE J2 2 i BE 41 i 5% R 3 34
G — AN E A GerE W0 5 40 ) 4K 36 T+ SigmaK
3 DR ) 3% 3K A I IR /6 T 4 ) 2F R A R 1 I AR £
R N g, o R K A R IR JE R cotC gl
SigmaK #5%, 3£ 52 3| GerE [y 1F 43 Y o AW AL
SET exsB £ 3| SigmaK K F#24H], K I GerE
Xt exsB {E# KV AT H M IE W4, FAE g
BT 2 B » IS E 28 B b exsB IS B 51 A ABL P v
5 95% o X LG LE YL W exsB kDR A1 S FE ZF AT 1
BE b ELAG AR ] 4% 77 e AR R T2 i A BE
B B 11 ExsB 4 i 55 IR 1) e iR s AL Ok i
U2 M A1 R e AH G DR ) B SR P LR B 4 T 4k
R A E T M RE AN M 3 DR R 0 % [ AR T
— AT IR 1y 5 SR A 90 2F A0 B 1) R 25 R A R 2 AL
il o
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(B)

<4—34.6kDa

et ww i R s Kk

e R R R

it i ke Wiy s Kabol

Boadl
ATA CCHTTM HD-73

AAT/ CCETT@ B. thuringiensis 97-27

AR VRl B cereusaTCC 14579

©) oo 1R
cort [NEABcclAAAA
covt [ OmccRBaR
cotV’ AAATGGT PRTT)
yicZ R R B Meacechac
sporvce [N T TIN— TRERECCRACAR
colX AAATAGERNIC 1IN A 116 A aNCIXE 1)
corC GTTTG GG A TTTGGACINCd]
cotD AAATAGG (81T T [§1T A S C SN T
web TinmteoetcA - JREiclcc Bacaa
v B Ecdioral-Aitee
spc [NEIRECTrcS - M Bl
PexsB A!TCM—-- G
PexsB A!TC m—-- G
PexsB
PexsB

MCAI'C m---CCﬂl"l' B. anthracis str. Ames

RWWTRGGYNNYY----RWWTRGGYNNYY  GerE Consensus

2 GerE 3t exsB BEI FRIEZEIE BT
Fig.2 Positive regulation of the exsB gene by GerE. A: SDS-PAGE analysis of the GerE protein. Lane 1 contained molecular weight

standards low range marker, lane 2 and 4 contained respectively crude extract of soluble protein and insoluble protein in BL21gerE,

lane 3 and 4 contained respectively crude extract of soluble protein and insoluble protein in BL2IpGEX. B: EMSA using labeled P

exsB and increasing concentrations of recombinant GerE-GST. Lane 1 lacked GerE-GST, lane 2 through 9 contained 1.3,2.5,3.8,

5.1,6.3,7.6,8.9 pg/mL GerE-GST, lane 10 lacked GerE, contained 12.7 pg/mL GST. C: Sequence similarity between the P

exsB promoter and the consensus sequences obtained by aligning the GerE-dependent promoters of Bacillus subtilis.

Consensus

sequences of GerE-dependent promoters are presented above and below the alingment, respectively. Ris A or G; Wis A or T; Y is

TorC; Nis C, A,T or G.
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Transcriptional regulation of exosporium basal layer
structural gene exsB in Bacillus thuringiensis by SigmaK
and GerE
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Abstract: [Objective] To identify the transcriptional regulation of exosporium basal layer structural gene exsB in Bacillus
thuringiensis. [Methods] We analyzed exsB and its promoter sequence in Bacillus cereus group by sequence alignment.
We performed beta-galactosidase assay of exsB-lacZ gene fusion to analyze transcriptional activation of exsB promoter; we
used Electrophoretic mobility shift assays to detect binding of GerE and exsB promoter. [Results] exsB was the high
similarity in Bacillus cereus group strains. Beta-galactosidase assay showed that exsB promoter had the strong transcriptional
activation on the late sporulation phase. Deletion of gerE or sigK gene decreased the activation of exsB promoter.
Electrophoretic mobility shift assays showed that GerE could bind with exsB promoter. [Conclusion] The exsB gene is
regulated by SigmaK and GerE on the late sporulation phase.

Keywords: Bacillus thuringiensis, Exosporium, exsB , SigmaK, GerE

(AR ICTT 9 SRR

Supported by Key Project of Chinese National Program for Fundamental Research and Development (2009CB118902) and by the National Natural
Science Foundation of China (31070083)

* Corresponding author. Tel: + 864062896634 ; E-mail: fpsong@ ippcaas. cn

Received: 31 October 2012 /Revised: 13 December 2012





