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1.1 ##

L1 pAk Ok FN RS 5% 0k« Ir TR bk 5 R DL 3R
L, KA HF & ( Eschrichia coli) i) 55 3% % [l LB 85 %
BE BB R ] SSM 53R L (CE RN 8 ¢,1.2%
MgSO, 10 mL,10% KC1 10 mL,1 mol/L NaOH 1 mL,
EARZE 997 mL,1 x10° Pa KB 20 min, #p i € 4%
B 1 mmol/L FeSO, 1 mL,1 mol/L Ca (NO,),
1 mL,10 mmol/L MnCl, 1 mL) ,

F1 BEHRFIRHK

Table 1  Strains and plasmids
Strains and plasmids Characterization Resource
Strains
E. coli JM110 rpsl thr leu endA dem supE44 proAB This Lab
E. coli  SCS110 rpsl thr lew endA dem supE44 proAB This Lab
HD-73 Bacillus thuringiensis strain carrying cryl Ac gene This Lab
HD-73"~ Acrystalliferous mutant strain This Lab
HD AsigK HD-73 Mutant, sigK gene was disrupted by homologous recombination This study
HDHFsigK Genetically complementary strain, containing pHTHFsigK plasmid This study
HD73 (ery3A™-lacZ) HD-73 strain containg plasmid pHT304Pcry3 A This study
HD AsigK(ery3A’-lacZ) HD A'sigK strain containg plasmid pHT304Pcry3 A This study
HDP3Ac HD-73 " strain containg plasmid pHTP3 Ac This study
HD AsigKP3Ac HD A'sigK strain containg plasmid pHTP3 Ac This study
Plasmids
pRN5101 Bi-E. coli shuttle, temperature-sensitive plasmid, Amp", Ery’ This Lab
pRNsigKI pRN5101 with sigK: : Kan fragment, Km' This study
pDG780 Carrying kanamycin resistance gene This Lab
pHT315 Amp' ,Erm", E. coli-Bt shuttle vector, 6.5 kb This Lab
pHTHFsigK Amp", Erm", pHT315 carrying PsigK-sigK gene This study
pHTP3Ac Amp", Erm", pHT315 carrying cry3A promoter and crylAc gene fusion This Lab
pHT304-18Z Amp", Ery", Bit-E. coli shuttle, vector containg lacZ gene This Lab
pHT304Pcry3 A Amp', Ery", pHT30418Z carrying cry3A promoter and lacZ gene fusion This Lab

112 FZXF LA : Tag DNA AW H T 1
BB AR A E S PCR =9 B0 & 3 T
AXYGEN /], PrimeSTAR HS DNA 3 4 g 4 A 36
RN UIEG A T4 DNA BB W A T4 T7
(KE)VAWRAF., EFRRHW T RBEREEY

PARARTAL 2w 40 M 87 (X [/ BIOSPEC 24
AL LT BB A Hitachi S-4800

L1.3 5198 a0 sE - B 5 |0 2 4l B 97-
27 WtkEE N AU 8Bt B A R P A L4 2, 5
W& R 510 R P B9 A A ) AR R SE
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Table 2 sequences of primers

Primer name Sequences (5'—3")

sigK-a (BamH 1) CGGGATCCTTCGATACGGATTTTGAAAGTG

sigK-b ACCTCAAATGGTTCGCTGAGCATCACCTTGCTCCAT

Km-a GAGCAAGGTGATGCTCAGCGAACCATTTGAGGT

Km-b AAGATTTCTCGCTTGAAATTCCTCGTAGGCGCAC

sigK-c GCCTACGAGGAATTTCAAGCGAGAAATCTTTTAATTG

sigK-d (Sal 1) ACGCGTCGACTTCTCTGCCCTTACAAACTCGT

YZsigK5 TGGGAAAGAGTCATCTTGTGTACT

YZsigK3 CAGATAGAATCCGTCATTTTCAACAGT

HFsigks (EcoR T) CGGAATTCCGTTATACTTTGCCTGTTCGTT-
TTTCA

HFsigk3 (Sal 1) ACGCGTCGACTTACTCTTTCGCTTTTTTCTCT-

TTCTCT

1.2 HERNEFREH

Thm & AT EAE 30°C B 58 s R R A8 Tl R v U
= R R 8 3R R D 39°C, B R FL i
220 v/min, 21 8 F AR I8 55 2 09 0 1 ok B2 B R
5 pg/mL, KEAFFH E. coli IM110 7£ 37°C K5 3%, #&
IR 3 S 220 v/min, B R & R H W E A
100 pg/mL, L7 R E R S pg/mL,
1.3 DNA 1€ %1 .PCR

K FF 1R kLB IO % 4k, DNA | B 2l b 2 %
SCERL L] o J5 2= 46 25 B AT 7R L DNA $2 HUR L o 5%
=% 3cHkl12],
1.4 REEHBE

pRN5101 2 E. coli-Bacillus ZE B 3K, & F
=% [ BH M A L R TR ) A DX, T [ R AL
HEAT B A A BR B AR, k2% SCk (13 ], DL HD-
73 FE A N REA, 51 ) sigK-a sigK-b 37 4 58 A2
& sigKA , 5| ¥) sigK-c . sigK-d P g AR A sigkD; L)
Ji kL pDGT80 Ny BiAR , HI 51 ¥ Km-a Km-b 4" 5 ¢
e sigKK (51 ) W% 2) . DL sigKA | sigKK F
sigkD Ry Bz, DL sigK-a sigK-d 2 51 ¥ B H] & &
PCR HRY 1415 8 8 & Jr Bt sigKAKD, X & & j
Bt sigKAKD #f 47 BamH 1, Sal 1 XU V) J5 46 A 3
pRNS101 J7 A AH N o7 s B A4 & 6 B 2% K
pRNsigKT, K w5 28 44 5 B JF 2 W Ak )5 W i % 4k
A HD-73 B bk, 39°C 347 i IR 5 28 46 A R IR
BRDUMERE o K v IR U A Y TR RO Y A AL
G TIHRMAHEEWN LB ERSHEm RIS =
9 LB -4, 76 30°C K5 3%, Pk A RBE R Hi ik H
XF 2175 3R WU T bR L JF LTI ) YZsigKs | YZsigK3
HEAT Ui 6 %5 0E

L5 WmEHRNHE

R4 Bt 9727 h sigK JE ¥ 51, it T —XF
519 HFsigKF Fl HFsigKR (F] T 94 sigK 421K 5 471
(FRshT)) VI sn sigk &Kk R BS R
& pHT315 4z , Ak KA FF B8 IM110 , 3% 15 5 41 )it
#i pHTHFsigK , 4k 1M % fk HD A sigK B #% , 38 14K &2
PR i 4 o HDHFsigK TR % .
1.6 £KEB\ERSH

B 45 TR AR 2 FP T SSM K% 3% 3 rh 220 1/min 30°C
B, 1 h BURE, R 4 0% O BE O I TR DR K
600 nm W CAH 0D, , 1 22 £ T bR 19 2E Kt ¢, JF
fifi i TO (TO J2 XF 0 A= 4 W 25 o (0 B[], T 2 JF 2§
TO Fif J& B A ) o
1.7 BREWNE

FIFH G2 b B 5 R F - 4 4 0 BB I 5% Bt TR
PR AL ZE ML RDE B AR I RE T o 2= i RUER
FE B M TR B WO T 83 R A BT A
T AR IR ALY G 8 3 min, {5 7K w100 x I
BEHEATRR . R B ARIR S W SR T
YA b, T, B T IR S W4 (2 nm) , Hitachi S-
4800 14 HL B UL Z= 411 IEL
1.8 EZFMTE S

R A T2 R 1 5% 5 W AT R B R R, 80°C
PAEFE 15 min JFIRE TR ,24 h J5id 5P EK
) PR ST R B R 2 A
1.9 B-FIABEHEBHIESWF

PR B AT AR E D) SSM 7= E
30°C ,220 r/min $E 3% 5 F, B TO FF 4G HURE & T12,
B /N IORE — W, BRI 2 mL, B0 5 57 W FE ST
B2 T - 20°CARAF o B-2F FUWEH B IE 2E 53 B I o 7
HWSHSCER[14 ], 3847 3 Yoph o 8 8 U, B0
¥l
1.10 B#REFRBEZEQREILN

W 4% B R FP T SSM. 8% 35 3+ 220 t/min 30°C
KRR, FE R AR BDOKE 24 22 B0 BORE 15294 x g B0
1 min, BOE K 82 2 0D, {H — 2, BOH 8] 4 5
W, LR fe , R A SDS-PAGE A I B A% 7™ A= g A%
iR E A, TES k1],
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sigKk JEP 4 < 714 bp (EU370934) . il EE 5|
PCR 13 | sigK 8 fif bR 28 25 & sigKAKD , 58748 &5 ih
sigK JL[H | 606 bp (45 sigK A 5% 141 bp) |
RIREE R BUE L 1473 bp Hil sigK JEP 335 551 bp
ZH A%, 3 2630 bp , K HoAd A 21 i B 2k /& pRN5101
733 pRNsigKT( [ 1-A) , 3% b HD-73 Btk b 64T
o IR AR i e X 4T B R WURIT A R IR & R hutE
M T AR, Dh5E AR & A MR T 51 ) YZsigKS Al
YZsigK3, LA4T - I8 5 28 B #k A G & T8 #k HD-73 (1
JLH 4] DNA SHEMR AT PCR %58 o & TR AR T 3
A R B2 1.2 kb SRR KR 44 R B 2 2.7 kb,
A R R YR R BE K 2 1.5 kb, B R Ad AR R TIR
BRI (E 1-B) o UFBIZ R BRED A sigK 3L A
SRR A 444 HD AsigK,

YZsigK3

K

A
N2\

pRNsigKI

1 Double crossover

sig/ Km® /K
»2730bp Aeeeeesseenneeens HDAsigK
YZsigKs B YZsigk3
&
®) &é v‘%x?o Qt\’b
o ¥ S

500 —

1 sigK BEEBAKRBEREFMME(A) T PCR £
E(B)

Fig.1  Construction and PCR identification of sigk gene disruption
mutant. A: Sketch map of the process for sigK gene disruption mutant

HDAsigK; B: Identification of HDAsigK and HD-73 by PCR.

2.2 sigk BERKEMNERERNZ N
A 2T E 4 R R (18T 2) R AR R

PSRRI K S P B AR R AR 0 AR K 22 A
R HE KR E W 9878 bk HDAsigK A 1< 3% #2222
X e W sigK B TR 2 3 O TR AR AE AR 1 S 9 A=
KA — & W20 5 100 52tk HDHFsigK fy A= K15 B
BEITWE, 54 & Wk HD-73 1 A4 K O 22 51
AN,
2.3 sigKk BEREKRENFRERMRAABREEZEAF
=1z 0k A1)

DL & bR HD-73 Syt B, FFH SSM. K 77 W 1
I 9% 8tk HDAsigK Fl st 4% 1 &2 # HDHFsigK %
T20, 2 20 0 24 i, )T 430 4 H - S 0BE W ¢ B
HE 2 TR R AR S A S R I b O O 1 D 1) 28 I D 322
B fniR (& 3-A Fi1 C) 1 5878 bk HDAsigK U475 4K LA
BIAR ML A7, A 20 IR A J 4 L 30 (T8l
3-B) , X U W sigK FHEPH (4 2 3% B0 HD-73 76 Bk 2 2%
A 2 MR A 1 BB T 3 2F M Bk 40 A SR
RABMRALR T BRI RE Sy (18 4-A) s F ] SDS-
PAGE il Cry 5 1By k15 &0 , N[BT 4-B il L&
B, R TR A HD-73 B LU= A K i 130 kDa (1 5%
An AR F1, T8 bk HDAsigK /Y 28 1™ & W] AR T
R TR, XU sigK B P 2R E FfE 20 1 Cryl Ac
3Rk . PRI TE Bk HDHFsigK AE#% 3k 130 kDa (Y
CrylAc A JFHEA B W& TRk, X R
B AR p = AR R S IR A BE 015 3 TR
2.4 sigK EEKEX cry3A BERIFHF M

ery3A JEPR R Bl 1 5 s s Ve AT R W sigK FE A
B 2 36 X L) ery3 A -lacZ () 335 6 B B A 52, T
AT JF 46y, 5 748 TR Pk r 1) A SR T 1k J 3 i T o R
PR (B S-A) o BEH] sigK JEPK I 205 A F) T ery3A 5&
I 3 5 3 0 5% 5% o

DL S T #k HDAsigK Jhy Xf B, Fi ] SSMB: 37 1
B3 HD AsigKP3Ac F1 HDP3Ac #5355 % HDP3Ac 2
M1 &6, #) J SDS-PAGE £ CrylAc #Y KB,
ME 5-B ia] DL & A HD AsigkP3Ac 1 HDP3Ac
H CrylAc (R B =AW W25 5, 1 58 42 f& HD
AsigK i1 Cryl Ac 1Y £ A H SRR, UL sigk 5
R X ery3A J3 8 736 3/ CrylAe RiF B KA
TR
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Fig.2  Growth of HDAsigK ([J) in SSM medium compared with that of the HD-73 wild-type strain( @ ) and complemented

HDHFsigK ( A) strain.
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Fig.3 Scanning electron microscopy observation of spore and crystal mixture. A; HD-73; B: HDAsigK; C. HDHFsigK. The sigK gene

disruption mutant HDAsigK didn’t produce spherical crystals compared with HD-73 and HDHF'sigK.
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7 2E MR A M A R BT 0 75 . SDS-PAGE & 3
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cryl Ac HE P ) 5% 5 i SigE | SigK 18 3] H XU 3l
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Fig.4  Analysis of live spores and protein production of sigK gene
mutant. A: Spore production of the HD-73 wild-type, HDAsigK and
complemented HDHF'sigK strains. The number of colony forming units
(CFU) indicates the number of live spores per mL. Each value
represents the mean of at least three replicates; B: SDS-PAGE analysis
of CrylAc protein in the HD-73 wild-type, HDAsigK and
complemented HDHFsigK strains.
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b [ B Y ory LR, BE O B W erylAc 3
PRI 22607 2, AT BTt 3 b Sl 95 25 45 2
AT B0 5 S0 Bl HD-73 B AR IX BRI & A — 4
cry JEFH eryl Ac, % 5 TR 10 T 55 98142 O 5 AR X 48
AR L HD-73 S % B bk 40 50 5 4 e gk
T sigE FEH sigL B AN spollID e H Fe A5 k171
DRI I 2 71 bk — 2 1) 28 728 1 1) 5 A5 04 S 437 4% ot i £k
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Fig.5 Influence of sigK gene disruption on cry3A gene promoter
on transcription and translation level. A cry3A’-directed synthesis
of B-galactosidase in HD-73 ( @ ) and HD AsigK ( A ) was
determined at the indicated times after growing the cells in SSM
medium at 30 °C. Each value represents the mean of at least three
replicates; B: SDS-PAGE analysis of the Cryl Ac protein initiated
by cry3A promoter.
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Characterization of Bacillus thuringiensis sigK disruption
mutant and its influence on activation of cry3A promoter
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Abstract: [ Objective ] To construct and characterize a sigK gene disruption mutant of Bacillus thuringiensis and to study
influence of sigK gene disruption on the activation of cry3A gene promoter. [ Methods] We constructed the sigK gene
disruption mutant HD A sigK by inserting kanamycin resistance gene via homologous recombination. Scanning electron
microscopy and spore formation analysis were used to detect the abilities of sporulation and crystal protein formation of both
the mutant and the wild-type strain. SDS-PAGE analysis was used to detect the expression of crystal protein. Beta-
galactosidase assay of cry3A’-lacZ gene fusion was performed to analyze the influence of sigK gene disruption on the
activation of cry3A promoter. [ Results ] The growth curve showed that mutant grew slowly in late stationary phase
compared to the wild-type strain. Scanning electron microscopy and spore formation analysis indicated that no spore was
produced in sigK disruption mutant. SDS-PAGE results exhibited that the expression of cry gene was significantly
decreased in the mutant. Beta-galactosidase assay showed that the activation of ¢ry3A promoter was stronger in the mutant
than that in HD-73 during late stationary phase, but the disruption of sigK gene had no significant influence on the
production of Cryl Ac which was initiated by cry3A gene promoter. [ Conclusion ]| These results indicated that sigK gene
was one of the essential genes during the sporulation of Bacillus thuringiensis, and influenced the expression of crystal
protein. The expression of crystal protein which was initiated by cry3A gene promoter in sigK disruption mutant could be
used to develop high-efficiency and safe biological pesticides.

Keywords: Bacillus thuringiensis, sigK gene mutant, cry3A gene promoter, sporulation
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