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BB T RocR W FORS M A Uik 72T
AcoR 1 ¥ 35 3L T W ) iR AR i 42 BRdR 1 i
STRENG IR 4 e A ™ LY pIP i ¥ 5 A S 4 74 o)
WoAT KRR R XS R T2 E
T A BAR W R AR T R OCHE A .

T = 4 2F AT B (Bacillus thuringiensis, fi] i
Bt) J2& A 221G BH 20 M RF 815 76 1 2 M 1) [ I 2R
o A P L R 2 2 20 R A U AR T (Cry
D 02 R AR AR T R AT Ry e R R M B
A e AR R AR B AR B e SR A T
AR o JR G2 ALRT T HDT3 N B AT
LA T I P M B e W AR AR AR L — AR 4]
X H A B BEAT T 00 s O T R B R R Ty RE AT 5
E W U Es 37 NS 2 S I S BT R T &3/ DI
B 2F WO AT B 2R S0 B O E Al HD73 B RR T, 4 B Sigma
54 1) sigl JERBL RS, Cry & (A= &0 8 R, 96k

SE ik PCR 0BT 76 5 35 7K T 58 48 1k 5 W 7 71 G (B 3%
ZE0, B W) Sigma 54 P73 ek 44 0B A B 2 4R 3 3%
BT Cry AWM CRRE) . HiTO LM
18, HD73 WAk b, ffi T Sigma 54 1) % 5% 0 9 K1
GabR JJ7 42 111 gab B [H 5% 1 Sk 2 6F Cry 2B 7 1197
LW EEm " . K SCEIENIA HDT3 Bk 5 1
A EBP: BkdR T 75 [ bkd H R 752 () 5 55 1 42 L o) A0
bhdR 575 % 25 I 7= e 5t A 2 1 7= R 10 S
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L1 ##Y
L 1.1 BE#R B #5557 2 0 O v AR A0 ke L &

1o E. coli WiR5FE4E ] LB K 7% 3k, Bt (1) 55 77 43 ) Al
F LB.SSM " jz 52 4,

FT 1. BHFRMN
Table 1. Strains and Plasmids

Strain and plasmid Characterization Resource
strain
E. coli TG1 A (lacproAB) supEthi hsd-5 (FtraD36 proA " proB * lacllacZAM15) , general purpose cloning host This lab
£ eoli BT F-dam-3::Tn9 dem-6 hsdMhsdR recF143 zjj202: :Tnl0 galK2 galT22 aral4 pacYl xyl-5 leuB6 thi-, This lab
for generation of unmethylated DNA
HD73 B. thuringiensissubsp. kurstakicarrying the cryl Ac gene This lab
HD (AbkdR) B. thuringiensisHD73bkdR gene insertionmutant; Kan® This study
HD (AsiglL) B. thuringiensisHD73 sigl gene deletion mutant; Kan" [13]
HD (Pptb) HD73 strain containing plasmid pHTPptb This lab
AsigL (Ppib) HD (AsigL) strain containing plasmid pHTPpth This lab
AbkdR (Pptb) HD (AbkdR) strain containing plasmid pHTPpth This lab
HD (BkdR) HD73 strain containing plasmid pHTBkdR This study
AbkdR (BkdR) HD (AbkdR) strain containing plasmid pHTBkdR This study
plasmid
pHT315 B. thuringiensis—E. coli shuttle vector,6. 5kb This lab
pHTBkdR pHT3 15 containingbkdRpromoter and bkdR gene This study
pMAD Ap", Em" shuttle vector, thermosensitive origin of replication This lab
pMADAbLdIR pMAD with bkdRinsetion fragment This study
pHTPptb pHT30448Z carrying promoter upstream from ptb This lab

1.1.2 EFZEXFIAEE : Tag DNA K51 B FEHE
P AR O w5 BRI 1 DI  PrimeSTARH HS DNA
T WA T4 DNA JEBRS W A TR 4% TR CK
M) AR | R $E B DNA B  F1 PCR 7= ) 4l
AR ZE A Axygen A ]

L1.3 SI¥&MKEFIIME: 4 Bt HD73 JE K
Al BRI, 51 A B A TR TR A A
A5G R 58 B B 510 52 i AE BN G O3 R
BBt A7 B 23w 5E G 51 A PR S e 1 A 2
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Table 2. The sequence of primers

Primer name

Sequence (5°—3")

Restriction site

bkdR1-
bkdR1-R
bkdR2-F
bkdR2-F
bkdR2-R
Km-¥
Km-R
bkdR-¥F
bkdR-R
pMAD-F
pMAD-R
pth¥
ptb-R
BkdR-¥
BkdR-R
RTAF
RT4R
RT2F
RT2R
RT3F
RT3R
RT4F
RT4R
RTSF
RTSR
RT-6F
RT-6R
RTIF
RTIR
RT-8F
RT-8R
RTOF
RT9R
RTHOF
RTHOR
RTHIF
RTHIR
RTH2F
RTH2R
RTH3F
RTH3R
RTH4F
RTH4R
RTHSF
RTHSR

CGGGATCCATTACTGATTACCCTGAAACGG BamH 1
CACCTCAAATGGTTCGCTGTTGTAGTCCTTTTGCCAACG
CACCTCAAATGGTTCGCTGTTGTAGTCCTTTTGCCAACG
GAGCGCCTACGAGGAATTTATTTGGAGAGATTTGATGGG

CGGAATTCTTCCCCTTCATAAGCACATC

EcoRI

CGTTGGCAAAAGGACTACAACAGCGAACCATTTGAGGTG
CCCATCAAATCTCTCCAAATAAATTCCTCGTAGGCGCTC

GCCATATGATGGCTCCTGAT
CTTCTACTGCTGCGATTGGT
AGGCAGACAAGGTATAGG
ATTTCCTCTGGCCATTGC

CCAAGCTTGGAGAGTTTAGGGAGGATTTAT Hind 1M
CGGGATCCATTTTGTAATCAACCCTTTCCG BamH 1
CGGGATCCTGGCTTGAACAAACGAGTTTGCTAC BamH 1
CGGAATTCTTATTGCATGCTATTTTTTGCATGGTC EcoRI

GCGCTGCTGAATCTGTTAC
TGTCCCTCTCGATCAATTAC
CAAACTGCAAAAGCGTTAGG
GCTTTCCTGCTGCTTGATCA
TGATCAAGCAGCAGGAAAGC
CATAAGCACATCTGCTTCAC
GAAGCTGGAAATGTGCTATA
CTTCTTCAGAATCATATGTCC
GGACATATGATTCTGAAGAAG
TGCAGCTGCTTTCATACCAC
GGCATAGCAACTTATGTAGC
CCATGAGAATGTAGAACTTC
GAAGTTCTACATTCTCATGG
CTACTGGTACTGTACCAGCA
TGCTGGTACAGTACCAGTAG
TGTGATGCACGAATTGCAGC
GCTGCAATTCGTGCATCACA
CTTCTACACCGAAGTCAGCA
GTACTTGATGCAACACCTTG
CGTTCGTCAATTTTACGTGC
GCACGTAAAATTGACGAACG
CTTCATGGAAGTCACCTTGGT
GGTGTGTTAACTGAGGAATC
CATCAAGCGCACGATCTTCA
TGAAGATCGTGCGCTTGATG
GTAATATCATCACCTTCACG
CGTGAAGGTGATGATATTAC
GATCGCCAACATTAACGAGCC
GGCTCGTTAATGTTGGCGATC
TCCCGTACCTTCTACTAGATC

1.2 MMEHEFFH K% DNA BRE

Bt 7£ 30°C 220 r/min 454~ £5 37 , 58 AL 4 i 1%
M4 38°C, 180 r/min; E. coli fF 37°C <220 r/min
FAEH W BN 100 pg/mL, 41

AT R

J= b o

AN B

BB 2 D S /L RO B A AT 4K
&5 100 wg/mLe K AT & 50K $2 10, DNA J BUi
Atk 2 WAKH & U] o 95 = 4 2 AT B i R Al
Z %3k 05,
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1.3 RT-PCR

HD73 Bk AR SSM P52 58 T, 6 1) (T, 4 % 4
WA AR, T, Ty a1 n /NI S IO W 2 mL
R 20 37 1 3E , U0 vE 5L BRI T B9 TRIzol T &,
RNA #2112 Qiagen Easy RNA kit {i IJ . RNA 4fi
b 5 HL UK A I, 70°C PR A7 £ FH . BLalifb J5 () RNA
S RERR 4 B cDNA. RT-PCR F7 514 W3 2.
1.4 RETKBWERFiE

pMAD & K i AT B —F AT B 28 AR # fd, & A
22 PR P T R R R ) A DX, R D TR 9 A 1Y
JEBE, AT B DS Rl ok B4 5 779 W2 2% Sk e 1, R
F & PCR 7 819 B4R AN 08 B B, XU D) 3% £z 3
pMAD &, #1k E. coli TGl W ¥, 3k 15 & 41 i ki
pMADAbEdR, #:AY, E. coli ET 1 ¥k 2 F AL 5 » ¥4 it
WL R A 22 HD73 B K, (8] U5 B A B bhdR i
DAL e i ke 2 40 5 0 J5RE 3R A 6 R IS B 3 P
P 6 41 8% 22 S DUk I 5 AR A, O DL SR AR G A
S % AL A AT PCR %5 o
L5 K%Mz

¥ Bt B B 43 B2 Bl LB ORI SSM 8% 3R Sk v
30°C,220 r/min 55 5o B 1 /NI ECRE, H 20 066 B
T E F 600 nm P KR IR EAE 0D g, » B 41 50
/MY ER 3 R
1.6 EZahageHhMzE

Bt B8 b 3 A6 0, 1% % #: & 50 mL LB Kf 3%
%£,309C,220 r/min £ 3£ % 0D, = 1.0 B, fU 5 pL
B RUAE 0.3% [ & LB P iz e, 30°C 1 9% i
W[lﬂ 3
1.7 ZFREME

Bt WAk AE LB B 2% 3 1 ,30°C, 220 r/min 1 3%
2T, W HOE 5B 0ORR S RE VR T LB [ A4 B 9
H,30°C 15 97 10 h, oF H & HC Ao B R W52, £
90% A7 BRI AR JHCE M I, B 10 mL B9 65°C 4k
B 25 min J7, BB R BEVR T LB [ AR 77 3k, 30°C KE
F2 10 h, tF A B0k B, FME A = (B / A) *
100% ",
1.8 CrylAc EH~ENE

Bt WK 7E LB K5 2 B vh 85 9% & T, BUFE 2 mL,
IR BV UUBE H I 50 mmol /L Tris-HCL, 1 #K
SRR 100 s 5 I b RE 22 PR #h K 10 min,
B0 I R H Pierce660 nm protein Assay Kit
T ) 0 I 0 R S HOAH (R R R (R

4T SDSPAGE Hijk -
1.9 B-EIEEHEESF

Bt B BRI A0 A, 1% % 45 %8 50 mL SSM $% 37
3,30°C 220 r/min YR H IR, N T HURE S T, 45/
IFICRE 1 B OURE 2 mL, B0 58 B3 UOE T -
40°C 1R A7 » B=1- FUWE 17 I % £ W e 2 2% ek (19 1,
(SR E TR R I YA K

2 HRAIr

2.1 bkd ZEEFZEF5 54750 RTPCR 5347

Xt Bt HD73 3L K 41 (cp004069) i bkd K&K 7% 43
BRI 5 12 PR AL H5 8 AN B IR, F: 41 I 4 2 444 1)
HEWEE Bs o bkd FER R AR F (& 1-A) 8 A
DR 40 B 1) £ 17 00 23 9l 2 AR T Sigma 54 (R B
Siah ] + (Sigma 54-dependent transcriptional
regulator, bkdR, HD73 _4469) , % 2 | Wt & # % B
(Phosphate butyryltransferase, ptb, HD73_4468) , 723,
1% I & B (Leucine dehydrogenase, bed, HD73_4467) ,
288 B I 12 B4 5 (Branched chain fatty acid kinase,
buk, HD73_4466 ), 2-4 fi = Bt & Bl 2 W
( Dihydrolipoamide IpdV, HD73_
4465) , 24 St K MR Bt Al M AW o W (2-
oxoisovalerate dehydrogenase subunit alpha, bdkAA,
HD73_4464) , 244 5 & B2 It 2B A 8§ p W 3 (2-
oxoisovalerate dehydrogenase subunit beta, bdEkAB,
HD73_4463 ), i ¥ Bt Mk Bt X % % W
( Lipoamideacyltransferase of branched
chain alpha-keto acid dehydrogenase complex, bkdB,
HD73_4462) , ptb | bkdB 3L [R 2 [8] & 5% J7 18] #H [7]
ptb OB Wmow M v b oW P 4
TGGCACGGTATTTGCTT B - 12/ - 24 1R 5% 5 ¥
(BYGGCMYRNNNYYGCW) " 454 . % BkdR ff %
LR Py 5 REAT G5 R 1 s S BLA 3 A ML YY) EBPs
fR AR 57 45 K3, B 5 Sigma 54 HAE ) AAA ™ 45 #g35
L DNA 4545 1) HTH 45 kg RV AN 1% 345 5 1) PAS
Zithy sl o IXULHW] BkdR 2 KM T Sigma 54 1) % 5% i
AT

A Bt HD73 B bR 42 3 K 41 13 21045 R 72 5 P
B LA R TR 2 T ¥ vk 1 22 X0 5145 K SSML B 77 ik
H HD73 Gk T, IR IOF 2010 (1 5 RNA J B o
J§ cDNA, #7050 9745 1 - 15 )7 Bt Horp “e " 3Ron U

dehydrogenase,

component
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JREE Ty cDNA iy BR300 “ + 7 7R L
HD73 43 K 41 0 BRI 34 (9 7= 4 - 7 KR bhal

PEH) RNA S SRR 18 (740 K% 1 vk (B 1-B) &
KRR ptb Fe N 2 bhdB He DI B 1 > % .0

(A)
Bs168
chromosomal Eﬂb m | bde}[ hkﬂbl bka’8> chromosomal
position:2506867 position:2496796
HD73
chromosomal 2460 @‘@-l 7464 >[4463 | 4462> chromosomal
sition:431 1891 osition:4301611
posttion bcd [pdl'f bka’AA bkdAE  bkdB "
7 8
B e aac 6. >le e
® o0t e s
operons
1 2 3 4 5 6 7 8

9 10 11 12

13 14 15

cC+ - ¢+ - ¢+ - ¢+ -

1. Bt HD73 1 bkd

Figure 1. Analysis of the bkdlocus structure in Bt HD73. A: Organizationof the bkdlocus in B.
subtilis168; B: RT-PCR analysis of the transcription of bkdlocus in B.

2.2 bkdR RT{RRYTF
B

T HES BRdR X bkd 4 9\ 1 1) B ¢ 5 2
Cry % (17 B S, M T bkdR A5 4k, 4R Bt
HD73 R4 b bkdR JE D E R ¥ 77 3 ¥ i 514, L
HD73 3 8 41 9 MR , 7 6 45 51 bkdR B 2% 548 £ 1
] B 1 582 pMADAbRAR Ak, I A HDT3 Bk o ik
17 e L 8 R X R TR A MU 40 U
Wbk (B 2-A) o I 5 & 40 514 bkdRF AU
bkdR-R, 43 31 LAt % 1 #k HD73 3 K 41 F ) & 8 2%
FAHPUE B 4T 5F 2 U R O B EAT PCR %

1% K& B A1 R A0 3T 504 AR

(A) (B)
4468 bkdR 4470 kan bp
5000
HD73 ¢ . Kan cassette 3000
900 bp 2073bp  234bp 1473 bp 2000
1500
1000
4468 Kan 4470 750
HIXAbKAK) 500
250
900bp 116bp 1473 bp 129 bp 234 bp 100

[ 2. bkdR £ F ¥ N\ = 3T KB 1

c + - ¢+ -c + -

R R DT
thuringiensisHD73 and B.

thuringiensis strain HD73.

SEo MR B RY B BE ) 3.5 kb, AR MY 4
By 3.1 kb, 5 HF 42 B /)N 400 bp, B R AR FE 4T
PEIE R % 4 bkdR FE R 2 AR bk (18 2-B) v 4k
HD (AbkdR) -} T 5T bkdR 3L R 58 38 %o} 1 4435 3))

RE TR0, R T DhdR 5875 A4 1) T b 1 #E AT 56
KW K. MR HD73 A& W4 7 A, &5 W
BkdR—F #1 BkdR-R, PCR ¥ ¥4 & A 4 B2 710
bkdR FE[K (2931 bp) , % #2 31| & 18 84k pHT315, 3k
91 4 i # 48 pHTBKAR, 43 %l # A\ HD73 F1 HD
(AbkdR) WKk » 345 1 3 35 1 bk HD (BkdR) 1 H %)
Wk AbkdR (BkdR) .

(A) #1 PCR % F (B)

Figure 2. Sketch map of the processfor bkdRinsertion mutant (A) and PCR identification (B) .

2.3 bkd ERFEHIFERIBESH
4 HD73 423 N4 7 51, % il 5149 ptb¥ F1

ptbR, PCR ¥ 1 peb

LA ATG L3 708 bp Fr B (H:
AL SE I — 12/ =24 FF4) 5 5 lacZ B4, 375
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H A # Ak pHTPptb, 43 %l %% A HD73 Hf 4 A1 HD
(AsigL) 1 HD (AbkdR) B HK, $RAAH N B Ry 4 4
HD (Pptb) AsigL (Pptb) £ AbkdR (Pptb) « B-F F 4
MG PR s 25 R = w] (B 3) , 78 HD73 BF AR 1 1
B, peb JEDR 1 5 B T M Ty B T FF 252 i 3 1 » 17 18
sigL Rl bhdR FEAZ A& 5 prb K& DA #4331 3% P 1) ek
BEEAES 1K UGB peb B DRI ¥ 9% 5% %2 Sigma 54 [ 45, JF
% BkdR 19 33% , i RT-PCR 45 3 32 W] : bkd I [H 5%
HI) ptb-bkdBT AN FER 3L B 1 S RN T 454
X ULW] pb-bkdB Y\ 1 1) e 3 & 52 Sigma 54 () 5
1, 3 52 BkdR B -

300007

== HD(Pptb)

=C— AbkdR(Ppib)
s 25000+ == Asigl(Pptb)
=1
& g 200001
'k
-g 2 150001
2= ] 7
?n 10000 -
a

5001
e e N B

0 1 2 3 4 5 6 1 8
t/h

E 3. BkdR X} ptb /3 & F #Y 4% RiF I
Figure3. Regulation of the ptb gene by BkdR.

(B)

(A) (©

1.0
10 N
2 0.8
3
=1
. 5 061
Qo g
© o= HD(ABEAR)-SSM 2 04
—=— HD(AbkdR)-LB E
- HD73-LB 2025
—— HD73-8SM

HD(BkdR)[(4.5=1.5)]cm

2.4 bkdR RELIKAHIRE S
Al 2 e s R W (B 4-A) TR RAEE
FEFE K LB B IR Ak, 38 2 A 7E FR T (1) SSM. 5% 557
HE 5 bRdR e PR IR B 2% 6) TR AR AR I 38 T W) R .
B NTR W, 5 HD73 Bp /R A [(5.6 +1.8)
em] AH L, AH [R] 5 5 B 7% 40 R 1 1) ) HD (AbkdR)
[(1.1+0.8) em] IZ 8 GE Jy W R %, B0 bkdR
FEDR I s 2R o T OTE AR IR 12 B B J) 5 AbkdR
(BkdR) [(2.2 +1.2) em] btk HD (AbkdR) Wik 1
W BEK S B HD73 7 74 28 1) B B /05 50 B9 % B bk
W AL T W AR ) 3E ) BE 77 s HD (BkdR) [(4.5 +
1.5) em] b HD73 5 A= B () 1 BT AY /N, 06 0 3k 3 ik
bkdR K& RV A7 56 W0 1A AR 1) 3z 3 fig ) (B 4-B) o 2F
TG i s 56 2 W) (1] 4-C) , HD (AbkdR) ZF i J&
R 5 B AR BTG 72 S, U B bkdR S RS 2R X 2 g
ERE LS E %0, % HD73 . HD (AbkdR) fI HD
(Asigl) 75 LB ¥r R S rp 85 98 &8 T, WO AR TR 44, 73
FreE s . 70 & E =AM EREA T, sigl A2
k5 HD73 Bf A RUAH L, CrylAc R A= & W &K
B 10 bkdR SRAZ R Cryl Ac 8 A 77 &8 Jo W] A 4L
(E4-D) , #tW] BkdR i £ (4% 8 & 42 % Cry
e VRS A

AbkdR(BKAR)[(2.2+1.2)lem  HD(AblGIR)[(1.1£0.8)]cm

(D) F @
S

QOO
R

<—CrylAc
(133 kD)

0.1
0123456789101l
t/h

HD73
Strains

B 4. bkdR REL R ERK L (A) FHREMKE (B) Z515 5 (C) # CrylAc EF 7~ &2 (D) £
Figure 4. The growth curve (A) , sporulation efficiency (B) , motility (C) and analysis Cryl Ac protein production (D) of bkdR mutant.
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3 ifie

Bt HD73 4 Jk DA 41 W0 7 29 FF e 22 DAL 1 T e F 5
Bl 5 DR °R 41 R 4 TR M RS S AL R %
R AL 7L B AR 2 FF . Bt HD73 ot bkd JE D %
AT 8 ANHER, 55 Bs ) bhd HE D% 2 B 1 AR
WA . Bt 55 Bs (¥ BkdR 25 K48 AL ™Y o A
FOR I bkd Fe DR R P T A HE D peb-bkdB $L 5,
5% Sigma 54 [K T HI% %), 52 BkdR HI¥LE X 15 Bs
i peb R T IR S AR AL R Y o Bs Wi bhd
i DR 75 4 B 140 1 2R 496 AL SR I 2 R R 5 5
M (S R IR ) i) S IR I 1R ) & IR 42, 7E Bs
i1, sigl 3 KR bkd 3 R I B 2 58 A8 1 5 AR e R
4515, T R S5 2 TR A M — SR 401 IR D e e TR
F & S BE I U7 R I FT 4K TESE T Bs ot Sigma 54
A BkdR 7 2 11 32 65 R 7 1R 1 A O 3 O B, A
S 06 5 H T F TR WL B TR sig B DN 1 kK 9 B
AN il R ) 0 R S R A o — s i
] B A8 I Sigma 54 F K bhd R % F e ok T S
BLI . LAy BT822 WY, Be A Bs () bkd 3[R % W) B¢
HA MR8 . BF50 R, 76 B b, il i # st
2 VR 11 T 2L 25 TR 75 5 K 4 7% 20 LR B 76 o5 A 7
AR 43 R F) 6 A AR % 47, BRdR 2 1 S
JE T IR 10 £ g 4 R Jh v 2, JF 3R I T Bt
BkdR 2 15 37 % JIg 10 18 ) 45 A i 42 21

SRR W R LT AR AE T T IE AR A R 1%
FEEE IR SOHES 7 R 2 AN R M F )
R 2y B Ll IR T R AT AR I S xt
T 0 N 7E G R B R R R B R A e TR
1) 29 o AWETT R I bkdR JE X 1) Bt e 25 DL bkd 45
TR, T B2 S 8BRS 7 1R 1 & 1%
AT 52 W) 440 DS PR 978 80 5 3 T B A bR 58748 138
Bt B TR BN 54050 % L, 76 0or %
S F R 0 T S BE A IR I i s o BT B Ak
T % S ) S B IR 7 R ik ) 4 e 3 N 7 B
BE) Ko ol o T L R L RN A BRI, S
JIS 07 1 % 6 4 T (/R o Bt B AR T g 2l bkd
DRI 5 010 B 3 A 11 EL AT 1094 S50 o) 3k 14 2
B 5 3218 A Jh A 70 A SRR B T PR 5 R SR 10 B
RS B

AW 5T % B> bhdR FE [R] 1 i 26 56F 1k 14 7 K

ZF M) T R A Cry B8 (A 7 34 08 W) 8 5 ), g
sigl 5 R R 2k 63X 3 A 2 A0 4 B A W 8 1 5
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Transcriptional regulation of bkd gene cluster in Bacillus
thuringiensis
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'College of Life Sciences, Northeast Agricultural University, Harbin 150030, Heilongjiang Province, China
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Abstract: [Objective] In order to determine the effect of bkdR deletion on Cry protein production. We analyzed the
transcriptional regulation of bkd gene cluster and the phenotype of bkdR mutant. [Methods] Sequence of bkd gene cluster
in Bacillus thuringiensis was analyzed by sequence alignment. RT-PCRwas used to reveal the transcriptional units of the
bkd gene cluster. bkdR insertion mutant was constructed by homologous recombination. Transcriptional activity was
analyzed by promoter fusions with lacZ gene. Comparison of the Cryl Ac protein production was determined by protein
quantitation. [Results] The bkd gene cluster was composed of eight genes. The ptb-bkdB formed one transcriptional unit.
The transcriptional activity of ptb sharply decreased in sigl. and bkdR mutants. Deletion of bkdR decreased the motility of
cells, but no effect on growth, sporulation efficiency and Cry protein production. The bkd gene cluster is controlled by
Sigma 54 and activated by BkdR. Deletion of bkdR has no effect on Cry protein production, but decreased the motility of
the cells. [Conclusion] The bkd gene cluster is controlled by Sigma 54 and activated by BkdR. Deletion of bkdR has no
effect on Cry protein production, but decreased the motility of the cells. It suggested that deletion of bkdR do not affect the
Cry protein production the same as sigl, mutant. It means decreasing of Cry protein productioninsigl. mutant was not caused
by only one EBP mutation, but might be multiple roles.

Keywords: Bacillus thuringiensis, enhancer binding proteins (EBPs) , bkdR gene, transcriptioninitiation factor Sigma 54
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