& é % % iﬁ%\ Mar. 20, 2016, 43(3): 510517

Microbiology China http://journals.im.ac.cn/wswxtbcn
tongbao@im.ac.cn DOI: 10.13344/j.microbiol.china.150436

N EFHTFE CopA EEXTJLT REEEE chiA FA chiB B
FkEE1ER
BAE OEROEEE RALY R
(1. MIFREFA MRS AR K 300071)

Q. B FHAEYH SHARBEWE ST S KiE 300071)
(3. RETH AV IIER A A E TS K 300071)

B E. (88 AR =2FRAFE B75 PHERMEE CopA STRFF LT REEAR chid F= chiB
#h k&A%, [ %] A8 PREDetector 24247 Bti75 chid #= chiB #9B E# X 57, EMSA 7 %
FEARINEIE CepA R L 485 chid A= chiB AR 6 23T RIR KA BAF o, M copd KRR
PRATRAF R R AR AccpA, 1B R 520 % A2 & PCR #H KA Western blot 42 R LA 1K) 487
B ILT, CepA 3t chid #= chiB 3B &L%o, [4R] HEMNSAT R T, chiB L#RFHFTRA
FE—AHAE0) CopA 4515 cregp, ™ chid L B3)TF R AKIEMAF]. WINEE LR, CepA
&G £ [LiB % G Hpr-Serys-P 6955 T 5 chiB A B 23T REFHLESE, M5 chid XB B3+
REA4F LS FET5AEZ PCR #= Western blot £ R34 27, Bti75 ¥ cepd AR SR E, F
HER AR AET chiB 9L TR G M chid EEFENTR R, (L6 £ HBAEGFLT,
CepA Z A 847 =2 F AT T JUT SR B chiB ¢9&35, T chid ¥ &A% CepA IE.

XA FEEFRAH, CopA &&, LTRE, Rk

Regulation effect of CcpA on chitinase gene chiA and chiB in
Bacillus thuringiensis
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Abstract: [Objective] Purpose of this work was to research the regulation effect of catabolite control
protein A (CcpA) on chitinase gene chid and chiB in Bacillus thuringiensis subsp. israelensis 75
(Bti75). [Methods] We used the PREDetector software program to analyze the upstream regulatory
region of chid and chiB in Bti75, in addition, specific binding of CcpA protein to the promoter region
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of chiA and chiB was determined by electrophoretic mobility shift assay (EMSA). In order to acquire
ccpA deletion mutant AccpA, we constructed a ccpA knockout vector. Then, the influence of CcpA to
chiA and chiB in Bti75 strains with and without glucose was detected by quantitative real-time reverse
transcription PCR (qRT-PCR) and Western blot. [Results] PREDetector software program analysis
showed that there is a potential CcpA binding site cre;p in the promoter region of the chiB, while the
similar site is not found in the chid promoter region. In vitro, CcpA could bind specifically to the chiB
promoter with the assist of Hpr-Serys-P, but the binding of CcpA to chid promoter is non-specific. The
results of qRT-PCR and western blot revealed that ccp4 deletion led to a significantly increased
expression of chiB, however, the change of chid expression was not obvious. [Conclusion] The
expression of chiB not chiA in Bti75 was negative controlled by CcpA in the presence of glucose.

Keywords: Bacillus thuringiensis, CcpA, Chitinase, Expression regulation

B4 FMFFH (Bacillus thuringiensis, Bt)r®
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Thermo fisher 2~H]; 5HHAE T AW TR (LK
MAHRAFE, FHE 1L,
1.3 EFEFEFEY

LB i ## 3 (g/L): B A 10.0, EERER) 5.0,
NaCl 10.0, pH 7.2-7.4; FEARKMETFRIE S (g/L):
(NH4),S0; 2.0, K,HPO, 18.2, KH,PO, 6.0, Na-citrate
1.0, MgS0,0.2, WhHRKY 5.0, pH 7.4; MiZHEL:
FEH(G): 7E S TINA 1% %58 . Bti BEFET 30 °C

B3, E. coli T 37 °C ¥i3%,
14 FBABFRIEENR D TEIRAE &

$E B Bti75 W Mk 09 B DNA, ¥ copd
(CcpA-F/R). chid (ChiA-F/R). chiB (ChiB-F/R), hpr
(Hpr-F/R)FI hprK (Hprk-F/R)FEK 4K 37847 PCR §~
B4 Ead EEIN S AR pET28a Bk, HALIEZ
A E. coli BL21(DE3), #kHRPHPE R va b p 5T R hs
7%, PCR MBS E 5, FHPE R AE TAEY) T

x1 AARFAARISIHY
Table 1 The primers used in this study

Primers Sequence (5'—3")
erm-F CTGGTCGACGCAAACTTAAGAGTGTGT
erm-R CGCTCTAGAGACCTCTTTAGCTTCTTG
CcpAup-F TCAGGTACCTTAAACGAAAGAGGTCGTCTCG
CcpAup-R CGCTCTAGATTCATCTCATCGCACACTCCTT
CcpAdown-F TCTGTCGACCGTATCCAATTTAGAGATTCAACG
CcpAdown-R CCGCTGCAGAGGTAAGCTATATACTAGGGAGGATT
CcpA-F TCGCCATGGTAATGAACGTAACAATCTATGATGTAG
CcpA-R CGCCTCGAGTTTCGTTGAATCTCTAAATTGGAT
Hpr-F CTGCCATGGTCATGGAAAAAATCTTTAAAGTAACT
Hpr-R CATCTCGAGTTCTCCTAATCCTTCGTTTTTCAT
Hprk-F CGGCCATGGGTATGAAATGTTTTTTTCTATT
Hprk-R ATCTCGAGTATCTCCTGATTCCCTAACTCAATCGC
ChiA-F AACCATGGACATGTTAAACAAGTTCAAATT
ChiA-R AACTCGAGTTTTTGCAAGGAAAGAGTATC
ChiB-F CGCGAATTCATGAGGTCTCAAAAATTCACACTG
ChiB-R GAACTCGAGCTAGTTTTCGCTAATGACGGCATT

P16SrRNA-RT-F
P16SrRNA-RT-R
PchiA-RT-F
Pchid-RT-R
PchiB-RT-F
PchiB-RT-R
Pchid-F

Pchid-R
Pchid-R(B)
Pcre.jig-F
Pcre.niz-R

Pcre nis-R(B)

GCCGTAAACGATGAGTGCTAAGTG
TGAGTTTCAGTCTTGCGACCGTA
TAGCGGATTGGAATGGACG
CCTACAGGAAAACCATGTAAGAGCA
GCCGCTGATGAAAAGACAAGA
TTCCCAGTCTAAATCTACGCCA
TTTATCCAACTCTTGTACATCCC
CCTATACAAAAAGTTGTCTAGATGTAT
CCTATACAAAAAGTTGTCTAGATGTAT (5'biotin)
TTTTTCAACTTAATAAAGCGTTTACACTAAATCTTACATT
AATGTAAGATTTAGTGTAAACGCTTTATTAAGTTGAAAAA

AATGTAAGATTTAGTGTAAACGCTTTATTAAGTTGAAAAA (5'biotin)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



WEIESE . & AT E CepA X ILT FABEIEN chid A1 chiB B9V 1EH 513

PR By A BR A w0 o

o 20 2 1R 2R 11 Co Y His e 25 5 Nidt S Fil
P, 4lifkCepA. ChiA. ChiB., Hpr & HprKZE [,
BN IPTG Z9KEH1.0 mmol/L, 25 °C,
120 r/minifs F455376 ho 4ifb 254« 435120, 40,
60. 80. 500 mmol/LYEBik 1T H 8 FH eI,
MEE AR, 12% SDS-PAGEHLIK/MT

4L J5 I ChiAFIChiBZE (3% b e R A
HBRA F &R e DA
1.5 Hpr-Sers-PEIHI &

$20 pmmol/LAYHprAll pmmol/LAJHprK—[F]
AR ZR R, SO H % 4 10 mmol/L Tris-HCl
(pH 7.0), 50 mmol/L NaCl, 1 mmol/L MgCl,,
0.5 mmol/L AR ZiHiEE, 5% H ¥, 2 mmol/L ATP,
20 mmol/LA-1,6- —#HR(FBP), 37 °CJ/i30 min
Ja, F70 °CHEES minZé 1,
1.6 EMSALIECcpAZE B SchiAfAchiBEs1F
XS

EMSA (Electrophoretic mobility shift assay)3
B S5 Bti75 B A S DNA A H PCR Y14 270 bp
) chid JE3h T IX 18 DNA F Bt Pchid [Lh Pchid-F .
Pchid-R 8¢ PchiA-R(BY A5 ¥ 1Y) Pereqs-F il
Pcre R[5 Pcreip-R(B) IR KA1 chiB I3 8)
T IXTETE cre 72517 40 bp DNA F Bt Pereig, 75
5 CepA FEA—RIIMAZRNARZE S, RNE &
A 10 mmol/L Tris-HCI (pH 7.0), 50 mmol/L NaCl,
1 mmol/L MgCl,, 0.5 mmol/L — #i 75 # % ,
0.5 mmol/L EDTA, 5% H i, T H53 51 A Hpr
¥, Hpr-Serys-P, 1R&J5 37 °C i 30 min, &EMRH,
WG IME . 7 CopA AV ERCHAR ST IX
W BO R s R A A S, i A
+5 DNA AEFRF TS )M 100 £5 | 200 F5H9A A
WRERVMCH G 2 XU B (RER R se 4, B
WKEEE RN, FIRAY bR i R e .,
1.7 #E ccpA EEBEFRH K

BG4 erm-F/R, LA pHT315 JFki MARAR PCR
P EEE R B TR L T B R iR N R A

HE, P45 erm FEH Bt UL Bacillus thuringiensis
HD789 JL[H4{(GenBank: CP003763.1) NM#iti%kit
519 ccpAup-F/R | ccpAdown-F/R, LA Bti75 & DNA
B PCR 734 copd P E . FlE# 1 kb 224
DNA H B¢, ¥4ifbJ5 1 PCR A Bt 5 pKSV7 28 #i4k
WA . B SV AR erm FERTERRE], ccpA
B R DNA B PRI E A R, &
HFRFEN E. coli DH5a JEZ 2%, Tk B ok,
PEITORE AT RG] B e S, S 1 A %) SR A
%M pKSV-ued.
1.8 ccpA EFERFRTE AccpA IHMEREE

T8 2F H T Ao E 2H KT pK S V-ued % A Bt75 T
e, FH R E R copAFE R Bl a8 R
BUvEIE A pKS V7 0URL I B BRI 4
42 °CIH IR R , AL T R P A Km7E & &
TR MR ARAE R RIS B AcepARiBEIE
PCR M) %5 5 @Sk o #20 %8 IEW 5 3% LR
TA B FN DLt — 25 B
1.9 SRR XE= PCR #M chiA #1 chiB
mRNA BIRIEZE

Trizoli%: /3 | $2 HUBti 75 FIBti75 Acep A 240 T Y o
RNA, PIHOME, Oligo dT A5, Wik iil%&
Bti75MIBti75AccpARIcDNA, U 55140 . 37 °C
15 min, 85°C5s. A& IcDNANEL, L
16S IRNAJEFE N2, SERTE fE 2 EPCR A
Wichid . chiBRFeika . i A58 k1.
4 95°C30s; 95°C5s, 60°C30s, 401
PEIR
1.10 Western blott& | ChiAFIChiB&EH

LG ) Bti75 . Bti75AcepA FkEIE 1%43 4%
flhZE 50 mL S F1 G #5535, F 30 °C. 200 r/min
Bi3% 9 h, BROWUERM, Mrrdnm, Wk B,
2t 12% SDS-PAGE 73 & )5 , ¥ # % PVDF i -, T
B S%MLARWIHY PBST =iEE M 2 h; JinAfbt
ChiA —#i(1:2 000 F#if¥), 4 °C WHEER; 0.05%
PBST ¥EMR 4 Y%, 4¥K 15 min; fiIlA HRP FRicHYF
PR —HU(1:5 000 #ikE), 37 °C BFF 45 min; 0.05%
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PBST ¥R 4 Y%, B:YR 15 min; F| A 3855 % HRP-DAB
JEY) B A & AN, ChiB 8 H AREE .

2 HR54H
2.1 M CepA EEHS5/LT Bl chiB BYIF#E

HIHIRTIE R, Bti75 WK chid F1 chiB (3L
NJa 87 X385 Bacillus thuringiensis HD789 Btk
Frigsga—aML SRk, A Fujital BT EE Y
W ZEMATFE Y cre f705, 181t PREDetector
BEUSITON & B Bt75 AL T R IL chiB
WA B T RARE— DN cre Q8L creas
(5-TGTAAACGCTTTAT-3"), 5% 2F 4T 1
cre —3UT%] TGWAARCGYTWNCW B Brskqpl
WE 1R o RN RLE chid FHfE 3T X & B2
LY cre f7 55 o BRI, FRATTHEN chiB W fiESZE] CepA
FITEAE , 1 chid FHANZF] CopA HITHEE
2.2 EMSA %1 CepA B 5 chiA #a chiB B3h
FhREMFREES

i EMS AL ERe S PETE 4 285 5 SL 00 AR ek 5
PG SRARATI Ceop ARE TR RS- EZE 5 T Pehid
Pcreqg. CepA (0.5 pmol/L) 54 W)= RICHIPeres
(0.1 wmol/L) ¥ Jz i H 43 73l A 0.5 mg/L i £f1
DNA (ARFerEse 4, BI2A)FI1001% . 20005 H9 AR H
W EARIC I Pere s (Fr e %, F2B), WE2A

JirR, SRS DNATT LSS 4 1 i Cop A Bl (Tk
IE3) LK A Hpr 5 (VKB 5) 5 Pereqys 25 G5 TN
A T Hpr-Seras-P i) 52 I Cep AAT5 98 A B it i) BH i
Fl (UkiB4) . TEFERPETE gl b (B12B), MimA
20015 ARARIC I Pereq st , A Hpr-Seras-Pr# i 1
A BELYE 2577 T8 Rk (Fk B 6), T IMA T Hpri CepA 5
Pere il SN HATSAG 388 Sk BH I 1) BEL S 251 (KB 3
4), H5HR T CopA B B 1T LLUAERE 1 5 Peregs
454, HPEHpr-Serss-PHYFHBI T CopART LUREF MY
5Pcregup KAELF o

mE 2C fos, RBHIIAT 0.5 mg/L &l
DNA, 25 EILE CepA 5 Pehid BN PGS
CepA (Jkii 3) A B2 IA T Hpr-Serys-P (3Kl 4)
8% Hpr (JKif 5), #:Aok DNA #0] LLsa4+E CepA
5 Pchid Wigh4, MIMUER CepA 5 Pehid Z 1)
I R AR S SN
2.3 ccpA ERE BT chiA #0 chiB B9 mRNA &
gL o)A

qRT-PCR Z55R 411 3 Fizn, Toie e et AR+
HE(S) i S 7 A A B R AL (G) P, chid RN
mRNA FEIkR7ERFE bR Bti75 HFRIRRIS AR Acepd
W EZERE 3A). WK 3B IR, Bt chiB 1Y
mRNA /KM 5, A K FREL(S) P 1 B AE 7k Bti75

TTCCTCCCATACCGACCTTTCGITTTCATATATAGTTTGTATTCAAGCCT 50

TTTTGTATTGAGAAAGTCTTTTTCAACTTAATAAAGC

TTTACAICTAAAT 100
—

°
CTTACATTTGIlTACGATlTTAAT CACCCCCAGCTCCCTTGTATAGACTTCG 150

TGATGTCTGATCATTTTATCTAGACGTTTCATACGTCTAGATTCATTTTG 200

ATTTATTGGCGTATGCCTTTAAATATATCTTTTATTTTGAAAGGAGAAAT 250

GGCTATGAGGTCTCAAAAATTCACACTGCTATTACTATCTCTACTACTTT 300
TCTTACCTCTTTTTCTCACAAATTTTATTACTCCAAATCTCGCATTAGCA 350

1 chiB EiBaFXEFS
Figure 1 Sequence of the chiB upstream region

T FRIZARTERIZ IR SIT FIEHEN 10 IXHI-35 X5 HURIIR cre fini; Festlthfra LI SRC; R FThRicH

TR,

Note: The minimal promoter region is underlined with fine lines; Bounding box represent the —10 box and —35 box; The cre sequence is
marked by bold; The transcription start site is in dot; The start codon is underlined with bold lines.
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1 2 3 4 5 1 2 3 4 5 6 1 2 3 4 5

E 2 EMSAIFCepASchiAFachiBR#F K ERMIGES
Figure 2 EMSA to determine the specific binding of CcpA with cre

: A Al B: CepA (0.5 pmol/L)5 Peregp (0.1 pmol/L)WIERERM T FEE SRR MR EES. A: 1: Poregus (Bio); 2: Perecus
(Bio)+CcpAj; 3: Pcrecz (Bio)+CepA+0.5 mg/L 45 DNA; 4 M 5: Pcreqis (Bio)+CcepA+0.5 mg/L 4 DNA+ 2 umol/L Hpr-Serys-P
8¢ 2 umol/L Hpr. B: 1: Pcregs(Bio); 2: Pcreqs (Bio)+CepA; 3 & 4: Pcrequs (Bio)+CepA+Hpr+100 f58% 200 f5AKARIC Peres, 5
J 6. Pcreg,z (Bio)+CepA+ Hpr-Serys-P+100 155 200 15 RARIC Pereas. C: CepA (0.5 pmol/L)F Pchid (0.1 pmol/L) R4 etk 35 445
45 1: Pchid (Bio); 2: Pchid (Bio)+CcpA; 3: Pchid (Bio)+CcpA+0.5 mg/L #:K5 DNA; 4 f1 5. Pchid (Bio)+CcpA+0.5 mg/L f:A
DNA+2 umol/L Hpr-Serss-P 5% 2 umol/L Hpr; #i3k Fr7s Ay BHHT .

Note: A and B: Non-specific and specific competition assays of CcpA (0.5 pmol/L) with Pcregys (0.1 pmol/L). A: 1: Pereyys (Bio); 2: Perecyis
(Bio) and CcpA; 3: Pcregip (Bio), CcpA, and 0.5 mg/L Salmon-sperm-DNA; 4 and 5: Pcrey (Bio), CcpA, and 0.5 mg/L
Salmon-sperm-DNA plus 2 pmol/L Hpr-Serss-P and 2 pmol/L Hpr respectively. B: 1: Pcregs (Bio); 2: Perecys (Bio) and CepA; 3 and 4:
Pcreciip (Bio), CepA and Hpr plus 100- and 200-fold excess unlabled Pcre,;;s respectively; 5 and 6: Pcre.s (Bio), CepA and Hpr-Serys-P plus
100- and 200-fold excess unlabeled Pcreqs respectively. C: Non-specific competition assays of CcpA (0.5 pmol/L) with Pchid (0.1 pmol/L);
1: PchiAd (Bio); 2: Pchid (Bio) and CcpA; 3: Pchid (Bio), CcpA, and 0.5 mg/L Salmon-sperm-DNA; 4 and 5: Pchid (Bio), CcpA, and
0.5 mg/L Salmon-sperm-DNA plus 2 pmol/L Hpr-Serss-P and 2 pmol/L Hpr respectively. The arrows indicate retarded bands.

A 35 ® Bti75 B 30, & Bti75

B Bti75AccpA B Bti75AccpA
25 F

W

The relative transcript level of chid
The relative transcript level of chiB
s

S medium G medium S medium G medium

El 3 Bti75F0Bti75AccpAFchiA (A)FchiB (B)BYmRNARIA 2
Figure 3 qRT-PCR analysis of the relative transcript level of gene chiA (A) and chiB (B) of Bti75 and Bti75AccpA strains in
different mediums
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MURIR AcepA UL KR 2 W 35 5% 25 (G) Hh I i SR bk
AccpA X = HE¥ITL N EES; MEE R FHEILG)
H Bti75 chiB 1Y) mRNA /KB E LT HA =4
2.4 Western blot #%31] ChiA 1 ChiB EH & =

WK 4A 7, Bti75 il Bti75Accpd 15 S #1 G
gt ChiA A MFRIBEARHZE AR . 4
4B ffi7n, Bti75 WHRAE G 3553, ChiB M
RN, copA HHARFRG, ChiB Myl [
T+, 57 S FHAKEFRILPILAR—E, Western blot
55 qRT-PCR Z53 A —F, #E/R CepA Xf
chiB FER I R
3 wig

Heravi S HEI G /N 28 MOAF B pO LT B R
SR A B A PN, — ROk UL, ZERGC
PR [CPHPE T, WAh B 2 MAT i b, R4
CCRAEH W T AR /2 CopA. DAAEEE A BE,
CepA S5 1HEILH W7 3 717 5145 & AR SF I 51 0
cre I I HAERZEUEI T, CepA5erefii
F45 & B AL BH 8 5 P Hpr-(Ser)-piy & 5 J54:
WM, YRS IR A7 AE RS, JENATP
K FBP K- FF 155 1856 HprK /P A 3 G 4, KFHPr
24 S TR GR B W R 1k, HPr-(Ser)-P 5 CopATE K &

A D 1 2
36— e
| .
B xp i
100 —
70 —ia

Y, SAERRRIEA I (W crefiy s g A, I
10 A BARTE IR 25 42 2F AT B PP I CCRAR Y
H i G IS8 .

ARG LE TR, T CopAE L HES
chiBR:H i a sh 77 5l kA fe e a5 &, B
Hpr-Serys-PAEZNFBIER, X 15HH CepARTBEXS ) &
& PEMFT R chiBRE R A VRV EH . it — 2 A5
TESE T X — i BA W cepAILH BRI, TERI%I0E
AWM, chiBREF mRNARE B ETHE,
ChiBFE I FRiA I 5 5, Bk T A4 CCR
BN o IR BEZELREST T CopAXT chiB-A L) T JHEEAE
H, CcpAiliit 5 chiBFEH R T 81 X crefi .45 A,
il chiBEEA 5% 5%, NS ChiBIY G iR R
XFFchidlis , WL F A HIER EE S 3 7 XOR
fitEcrefii ., CopAEH SchiAWA BT IX 456N
e SerESS S, Hammar%E 32 H 56 5t IR o Sk 4%
A AR B Sl i e A B R s R R R A
T8 FCRE SRR (i 1 RT LA RE J iE fif E
CepA S chidJi gh+ X AR R4 & o SR8t
qRT-PCR flWestern blot 3£ 5 B i — 25 IF 5 chid F
7F&CcpAEE TR

WAV E AT R, 95 4 2 AT
Bti75 1 ChiAs> FH K436 kD, MAMIJLT i ;

4 Western blot# | ChiAFIChiBEY & &
Figure 4 'Western blotting to show the expression level of chiA and chiB in Bti75 and Bti75AccpA
. M: Marker. A: Bti75 fl Bti75Accpd 76 S Fl G B 5L ChiA H9&H:; 1 M1 2: Bti75Acepd #l Bti75 /0 3I7E S R 33k, 3 Al 4.
Bti75AccpA F1 Bti75 4 AI7E G KiFr¥H. B: Bti75 Ml Bti75AcepAd 78 S 1 G 53739 ChiB (85 1 1 2: Bti75Acepd 1 Bti75 5341
16 S Bigrdtdr; 3. Bti75Acepd 16 G Ji3iFerb; 4. BH75 18 G Jigrser.
Note: M: Marker. A: The expression level of the chid of Bti75 and Bti75AccpA in the S medium and G medium; 1 and 2: Bti75AccpA and
Bti75 in the S medium repectively; 3 and 4: Bti75AccpA and Bti75 in the G medium repectively. B: The expression level of the chiB of Bti75

and Bti75AccpA in the S medium and G medium; 1 and 2: Bti75AccpA and Bti75 in the S medium repectively; 3: Bti75AccpA in the G
medium; 4: Bti75 in the G medium.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



ST T B2 CopA XL T BIRESEN chid Fl chiB BIFEVIFENEH] 517
ChlBﬁ}?‘ Hik K70 kD, j‘]lj‘]‘ljJ)LT ﬁq—@@’ ﬁﬁ‘ﬁ, ChiA catabolite repression in Bacillus subtilis involves the

FIChiBI)ZRIABIZYvo A AN, WL T B
Rt A =TT AR BR Y vo AR skl A R TS0 FE R
A LT BUE TR, ZYvoAIl, chid
FchiBRRFAZFL . IR FIRAAAE LT SR %5
b5, YvoAMIIHI gL fRBR, 1K+ = AMChiBE
LR Cep AT, /N5 ChiAZE B R 1
RGP R B ChiA R &5 L AMIIEEE T D) #E L
THCORERNE, TS 5EERE. &R REss,
— B R ZHEZ B, CepAf#BRXF chiBRTIHIVEH ,
KA ChiB, SChiAZLF/ER, Kt Sdiy)
FNIAB P JUT B FILT S0 . XRE, 7R3
HSRIEAS BT, AT 95 2 4 2 MAT s
RULT IR, fEEFFmgh b PO, 3TAH
CCpAXﬂLchiB LA ISIPER, ﬁﬁxﬂ%chmm%‘% ny il
F3Bt75 5 BEIE N 24 278 1 A SR I

AW MIHEALTI (In silico)\ EMSA Rk
(In vitro) S5 FN KL R SR 5 X IG R (In- vivo) 521
(qQRT-PCR Fil Western blot ki) = /7 Hi#£Z& T CcpA
FEAXN = ZEMATRILT REER chid A1 chiB
EVER, B BT s & 2R LT e
FIRVTHLIRA BB, e A I8 = 4 2F AT i
T DR R T AR

Z 3 ik
[1] Henkin TM, Grundy FJ, Nicholson WL, et al. Catabolite

repression of a-amylase gene expression in Bacillus subtilis

involves a trans-acting gene product homologous to the

Escherichia coli lacl and galR repressors[J]. Molecular

Microbiology, 1991, 5(3): 575-584
[2] WuY, GuY, Ren C, et al. Recent research on catabolite control

protein A in microorganisms[J]. Chinese Bulletin of Life
Sciences, 2011, 23(9) 882 890 (in Chinese)

S, JRH, ATEE, AF. SRR IR ) CopA W
AFFE (D). ctfﬁﬂ%é, 2011, 23(9): 882-890

[3] Stiilke J, Hillen W. Regulation of carbon catabolism in Bacillus
species[J]. Annual Review of Microbiology, 2000, 54: 849-880

[4] Lorca GL, Chung YJ, Barabote RD, et al. Catabolite repression
and activation in Bacillus subtilis: dependency on CcpA, HPr,
and HprK[J]. Journal of Bacteriology, 2005, 187(22):
7826-7839

[5] Meyer FM, Jules M, Mehne FM, et al. Malate-mediated carbon

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

HPrK/CcpA pathway[J]. Journal of Bacteriology, 2011, 193(24):
6939-6949

Khan SR, Deutscher J, Vishwakarma RA, et al. The ptsH gene
from Bacillus thuringiensis israelensis. Characterization of a
new phosphorylation site on the protein HPr[J]. European
Journal of Biochemistry, 2001, 268(3): 521-530

Boél G, Mijakovic I, Mazé A, et al. Transcription regulators
potentially controlled by HPr kinase/phosphorylase in
Gram-negative bacteria[J]. Journal of Molecular Microbiology
and Biotechnology, 2003, 5(4): 206-215

Schumacher MA, Seidel G, Hillen W, et al. Structural
mechanism for the fine-tuning of CcpA function by the small
molecule effectors glucose 6-phosphate and fructose 1,
6-bisphosphate[J]. Journal of Molecular Biology, 2007, 368(4):
1042-1050

Zeng L, Burmne RA. Seryl-phosphorylated HPr regulates
CcpA-independent carbon catabolite repression in conjunction
with PTS permeases in Streptococcus mutans[J]. Molecular
Microbiology, 2010, 75(5): 1145-1158

Xie CC, Luo Y, Chen YH, et al. Construction of a
promoter-probe  vector for Bacillus  thuringiensis:  the
identification of cis-acting elements of the chid locus[J].
Current Microbiology, 2012, 64(5): 492-500

Xie CC, Shi J, Jia HY, et al. Characterization of regulatory
regions involved in the inducible expression of chiB in Bacillus
thuringiensis[J]. Archives of Microbiology, 2015, 197(1): 53-63
Fujita Y. Carbon catabolite control of the metabolic network in
Bacillus  subtilis[J].  Bioscience,  Biotechnology, and
Biochemistry, 2009, 73(2): 245-259

Hiard S, Marée R, Colson S, et al. PREDetector: a new tool to
identify regulatory elements in bacterial genomes[J].
Biochemical and Biophysical Research Communications, 2007,
357(4): 861-864

Heravi KM, Shali A, Naghibzadeh N, et al. Characterization of
cis-acting elements residing in the chitinase promoter of
Bacillus pumilus SG2[J]. World Journal of Microbiology and
Biotechnology, 2014, 30(5): 1491-1499

Ishii H, Tanaka T, Ogura M. The Bacillus subtilis response
regulator gene degU is positively regulated by CcpA and by
catabolite-repressed  synthesis of ClpC[J]. Journal of
Bacteriology, 2013, 195(2): 193-201

Gorke B, Stiilke J. Carbon catabolite repression in bacteria:
many ways to make the most out of nutrients[J]. Nature
Reviews Microbiology, 2008, 6(8): 613-624

Hammar P, Leroy P, Mahmutovic A, et al. The lac repressor
displays facilitated diffusion in living cells[J]. Science, 2012,
336(6088): 1595-1598

Liu D, Cai J, Xie CC, et al. Purification and partial
characterization of a 36-kDa chitinase from Bacillus
thuringiensis subsp. colmeri, and its biocontrol potential[J].
Enzyme and Microbial Technology, 2010, 46(3/4): 252-256

Liu D, Chen YH, Cai J, et al. Chitinase B from Bacillus
thuringiensis and its antagonism and insecticidal enhancing
potential[J]. Acta Microbiologica Sinica, 2008, 49(2): 180-185
(in Chinese)

XIZR, BRAAE, S20R, %5, R4 ATHULT Bl B AR &
H UM BRIV I]. ZES2AA, 2008, 49(2): 180-185
Li LN, Zhang L, Yang XC, et al. YVOoA acts as a negative
transcription regulator of chitinase genes in Bacillus
thuringiensis[Z). http://www.paper.edu.cn (in Chinese)

RTINS, TKHE, BbER, . YvoA HFINHI S = A chi
HIWFRIB[Z]. T ERHE IS SCEZR. hitp://www.paper.edu.cn

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



