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DR R 3l 75 S dm 1, 23T T nprR B DA (5l 2R Xof i 4K 2
P17 B S ) o

1 MopAe ik

1.1 ##
L 1.1 G bk BORLRIE: 97 25 36 1 N ASHT 58 B T iR

BRANBORL . KM AT B8 ( Eschrichia coli) K H] LB 15 %

B F N G MEAT R R R IR 5 R LB B 57
3 SSM 15 35 4 (8%0 8 35 N 17,0.1 % KC1,0.12 %
MgSO,,0.01 mol/L. NaOH, 0.01 mol/L Ca (NO,),,
0. 1 mmol/L MnCl,,0. 01 mmol/L FeSO, ) }53%,

L 1.2 FEEEAA AR : Tag DNA GBI AL
SIS AW HARA R 2 7] KOD DNA 545 i A1
KAV A T,DNA % 2 8 0 B R EY T/ (R
H) AR A DNA [l ks 42 O K PCR 7 ) 4l
IR & A Axygen 23 W] o HoAb A A i 5 A4 2k
B Sk B 7 A A B A B A R
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Table 1  Strains and plasmids
Strains and plasmids Characterization Resource
Strains
E. coli JM110 RpsL thr lew endA dem supE44 proAB This Lab
E. coli SCS110 RpsL thr leu endA dem supE44 proAB This Lab
HD-73 Bacillus thuringiensis subsp. kurstaki HD-73 | carrying cryl Ac gene This Lab
HD73 (AnprR) HD-73 mutant type, nprR gene was deleted by homologous recombination This study
HD (nprR'-lacZ) HD-73 strain containing plasmid pHTnprRp This study
HD (cerylAc'-lacZ) HD-73 strain containing plasmid pHTeryl Acp This study

HDAnprR (crylAc'-lacZ)

HD73 (AnprR) strain containing plasmid pHTeryl Acp

This study

Plasmids
pHT304-BZ Bi-E. coli shuttle, vector containing lacZ gene, Erm", Amp' [11]
pMAD Bi-E. coli shuttle, temperature-sensitive plasmid, Amp", Ery" [12]
pMAD-nprRAB Amp", Ery", pMAD with nprR gene deletion box This study
pHTnprRp Amp", Erm", pHT304-BZ carrying nprR promoter and lacZ gene fusion This study
pHTeryl Acp Amp', Erm", pHT304-BZ carrying cryl Ac promoter and lacZ gene fusion This lab

L 1.3 5196 b e 50 s < Bir 51 0 29 AR 4 Bt
97-27 W bR AE R 21 FF 9 BE T, 51 ¥ 44 Bk K e 910 WL 3%
2. G1¥a AR S0 E i A T AR ) TR
S8 o

2 S5IMET
Table 2 Sequences of primers
Primer Sequence(5'—3") R-estrinti()n
name site
ACGCGTCGACCAACGAGAAAGACGC ,
nprRA-1 ACTT Sal |
RAZ CACTCCGTGAGCAATCAATTCGCAT o
AP TGTCCTCCTCCATTC
RB-1 GAATGGAGGAGGACAATGCGAATT o
HPTRE GATTGCTCACGGAGTG
TCCCCCGGGGCTTTCTTGCCAGTTG
nprRB-2 CTTC Sma 1
. TCCCCCGGGGTTTGTCATTGTCCTC .
PnprR-F cree Sma |
GGAAGATCTTTATTAAACACAACTT
PnprR-R Bgl 1l

CACCTTC

1.2 HEREFEE
I 4 3 MR B AE 30°C BE 3R, 8RB N
220 r/min, LB R M HWKE N 5 mg/L, KB HETE

37°CHF7, #8 K e 2 230 v/ min, 287% 75 8 R 1
W R 100 me/L,
1.3 DNA RIEFEL

R AT B R $2 0N e 4k, DNA iy Beali A 2 UL
B & U o IR 2 & 28 MOAT 1 S DNA $2 IRCR e oy
FeAk 22 Sclik '™ o R B U A R R 3 Sy
AW B R A5 B b (NCBI) (1 PSI-BLAST J%
BLASTX,
1.4 nprR BREKRI#k HD73 ( AnprR) I

FIH E. coli-Bacillus % ¥ 2 /& pMAD Jii f7 i 47
SRR AE . 514 nprRA-1 nprRA-2 §7 4 5848 &
nprRA , 5| ¥ nprRB-1, nprRB-2 §" 14 & 48 & nprRB
(518 W3 2). L nprRA | nprRB O £ #z, U
nprRA-1 nprRB-2 S 5| ¥ i H # & PCR £LAR Y1915
FHEZ R B nprRAB, XF 8 & J Bt nprRAB i 17
Sal T .Sma T WG Y J5 46 A %] pMAD [k Sal T .
Sma 1 {37 5 [7] 44 2 3 55 2% pMAD-nprRAB , ¥4 f Bk
AR T R IE L WAL S i R L A HD-T3 TR,
37°C HEAT vy il AL 0 e K nprR KL TN A BR o A = iR
07 3 T VR R 1 214 114 A7 8 [m) I O A T S AL B R
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LB -4 5 TR R LB Ak b, 78 30°C 15 5%, Bk
VAT 3 HURTA R JF LS 1) nprRA-1  nprRB-2
Tt e S
L5 nprREBERBHFE lacZ B ERIZHMEHE
I REBELEKRNRE
1.5.1  PCR ¥ 8. it nprR J3 30 79 H 51 ¥
PnprRF . PnprRR ( 5| % WL & 2 ), LI HD-73 B
15 DNA Sy #E47 PCR 9718, 97 1945 3 DNA J
B nprR FEH A 81, R/NA 531 bp, PCR 2R
50 pL & &, I W & 4 94C 5 min; 94°C
1 min;56°C 1 m1n;72°C 1 min, 30 /™ 1§ ¥ ; 72°C
10 min,
1.5.2  SRIKFAR IR H S e Ab T ik 1 R A i T 1
BE W nprR e 5 3h 7 B Bkl & Sma |
Belll XUMG VI J5 4 A B & A lacZ B Y 34K
pHT304-BZ Sma 1 . Bgl Il fii /5 Z 8], % A E. coli
IM110 #4585 20 5B pHTnprRp, ¥ 8 20 J5iokz i 5
e A E. coli SCS110, ff Ji i 25 WS Ak, 42 MCH 41 5
L B AL R B bR HD-73, 3R A% e 4k 7 44
HD (nprR'-lacZ ) , ¥ 8 20 i % pHTeryl Acp Hi, 7 ¥%
ﬂi/\l’iﬂﬁlﬁﬁk HD-73 F15€ 725 1/ ¥k HD73 (AnprR) , 3k

BE AL T iy 4 & HD (cerylAc’-lacZ ) 1 HDAnprR
(crylAc -lacZ) .
1.6 B-FIEHFEHFEDN

¥ HD ( nprR’-lacZ ). HD ( crylAc’-lacZ ) .

HDAnprR (crylAc'-lacZ) W AR 53 B A & H A% &R
[ SSM LB #% 3% 3L 77, 30°C , 220 r/min & ¥ ¥ 3% .
HD (nprR’'-lacZ ) W #RTE SSM 5 LB 3235 d TO

OO AE R I8 2R 0 TO ) I B JRURE , 0 ) MR &2 T8
(A) nprRA-1 —p <«4— nprRB-2
2903bp
I i
— nprR | | phr-like
>< 531bp 983bp L—
| ; [ deleted —_ >< |
nprRA nprRB
967bp 953bp
o — [ )
1920bp
nprRA-1 —9 <4— nprRB-2
1

Fig. 1
PCR amplication of HD-73 wide and HD73 ( AnprR) .

I T15; HD ( erylAc'-lacZ ) #1 HDAnprR ( crylAc’'-
lacZ ) IPRAE SSM B F b iy TO JF4G HUAE, 2= T8,
LB 53R iy T6 FF iR HURE, 2 T15, &/ i HURE
—W,BR 2 mL, B0 5L B, A oL BN E T
—20°CLRAE . B-21FLWH AT Bl IE 43 M I R D o T 3k I
SHICER L AT 3 R AR
1.7 Cry EERES

¥ HD-73 } HD73 ( AnprR) W ¥k 4r 4% A LB
R HEY, T T7 .T19 .\ T31 K T55 (Cry 25 114 5B F
O HORE T mL, 18514 x g, 8.0 1 min, 35 L3, £ i
SLHNE T -20C A7, #E4T SDS-PAGE 4347,

2 X FpH

nprR FRK Rk HD73 ( AnprR) Kt
SLRERF ] HD-73 TE % nprR K& K JF 01 ¥, HD-73
nprR JEPH 4K 1275 bp, i # & PCR 15 3| nprR
KRR BLRE & nerAB A8 Gl nprR BEIA
967 bp.nprR F: A 3’ ¥ 292 bp Fl nprR FE: A T i
661 bpﬂ@*ﬁﬂﬁ&rﬁugﬂﬂ,/\ 1920 bp, %5748 & fff
nprR K BRJE 983 bp, If-45 Ho A A 2] pMAD i 5%
BB AR 15 B pMAD-nprRAB , K 4 £ 4 19 2 1K
pMAD-nprRAB %% A HD-73 B £ o #E 47 & i 28 2% i
e, R4 % B U AR (I 1-A) o DLBURRGR Bk &
HD-73 4 % T bk 55 K 20 DNA SH Bif, LA nprRA-1 |
nprRB-2 5| W iAT %5 o R bR D3G5 2 B
292.9 kb BURE MY 3G 7 B2y 1.9 kb 8 K BB
PR R BN 1 kb B nprR e S R B (8] 1-
B) o Ik B U R B nprR R DR R 2R R 2 T
¥k, 4 HD73 (AnprR) .,

2.1

&
S,
N
(®) 3
2 q
wide type M @ %
Double
Crossover
nprRAB 3kb— — 2.9kb
2kb— — 1.9kb
ﬂ truncated 1.5kb—
AnprR

HD-73 nprR EFS B RTENAE

Construction of nprR gene knock-out mutant in HD-73. A Sketch map of the process for nprR gene knock-out mutant HD73 (AnprR) ; B
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2.2 nprR EEBZh FHEREESH

TE LB i 3E 3 v nprR 5& R 1) Bl 2R AN 5% i) B Ak
AR (K 2) , WREHFAAERKRSEE 7 h A
R 1,10 nprR 5 R AE X B0 45 38 (TO ) B T 4R &
K, BRHFATREY S h 5 (T12) £k 5k 3 i
TEA F) T 2 MOTE B 1Y SSM 5 358 35 | 1 ik %o 300 &85
WIE 1 -1.5 h ghif AZFMM, Z /5 nprR BEH £ ik
Fraifo® L (B 3) o D g5 R U nprR LK 7E
X RO 4 R TF 6 2R3k AR R e IR Rk

100 —e— HD73 —m— HD73(AnprR

B 2 HD73 1 HD73( AnprR) B #7E LB E R A K
H 2% L 5%
Fig. 2 Comparison of the growth curve between HD73 and HD73

(AnprR) strains in LB medium.
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Fig.3  Analysis of the B-galactosidase activity of nprR’-lacZ fusion in
SSM and LB medium. A: HD (nprr'-lacZ) in SSM; B: HD ( nprR'-
lacZ) in LB

2.3 nprR ERABRKX Cry EERIZEHNZ M

JA B TR TG R oy AT R WL AR SSMBE IR
nprR FE B B 2K X erylAc’-lacZ 1 3% 35 J0 W\ 52
Wi o TR LB 85 FRde v PR P erylAc’-lacZ Y
T7 JFHf 23k, AR AR 5 A8 B bk P 3R 8 08 2 10 35 i T o
KPR, 2 T14 GEAR BRI IR 00 B T 28 fe g, 100 HE K TR
Bk crylAc'-lacZ F3KTh B BE SR, 2 T22 ik ) f
w (4) o BB nprR JE A R AT F) T Cryl Ac
SRR FE SN

—&— HD(crylAc'-lacZ)
—&— HDAnprR(crylAc’-lacZ)

16000
12000
8000

Miller unites

IS
S
S
S

(=}

12000 1

8000

4000

Miller unites

4 crylAc'-lacZ EREEKAREFRZHT -+
I EHEEES N

Fig.4 Analysis of the B-galactosidase activity of crylAc’-lacZ in
different strains and nutrition conditions. A: LB medium; B:

SSM medium.

SDS-PAGE 43 # 3 B, 7€ & 11 3 35 1 ] ( T7-
T19), HD73 (AnprR) W AR iR 22 7~ &8 B & & T
HD-73 , 3 5 B 1% P43 A 45 SR AHAT o W) i W4 3], 2R
FIRAAT W R B A b &R, vl
nprR K& R B B AH 4 45 Cry 25 FUTE A A B AR T S0
R P RE T (B 5) o T31 A TS5 5848 bk A
KW Cry EHRIBERAHENZER(ES5), It
Sh A E— 2 UE B nprR R A R AT L 45 %5 Cry
EE IR, IF HXF Cry 85 A & & 77 552
K,

kDa
212—

116—
97—

66—/

—130 kDa

49—

5 HD-73 0 HD73 (AnprR) Wtk RAZE A RIAM L
B

Fig.5 Comparison of expression of Cry protein between HD-73 and

HD73 ( AnprR) strains. H; HD-73  N. HD73(AnprR).
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T TR i B R AR A 5 7 28 2 11 mprR S PR B 2 A AR K
o RIS AT AT DA S AR Cry B0 A SR
KRGk AHLEAH XS B0 (1 SSM BE FR He v, nprR B K]
B2 IR eryl Ac 3 IR 9B % FI 63k . Angel E.
Aceves-Diez % A\ ¥+ NprRB 45 WS A Bt 35 38
{0 AR 1 A BT I 5 AR 0 45 SR A
# W Bt /1 NprR- NprRB £ H A 68 5 Al 55 25 J AT 18
(B. subiilis) 1 Rap-Phr & [ i) ff FH A 2 AH DL
Bs 78 A= K ik B v AR B AAME - T A IR O 23 W N
ST 2 A R AR 5 43 1 Phr, X4 B (K %5
KF|— g K, ok Phe gE A M A6 T Rap 4 H
B 2 BER AL TS M, B2 SpoOF 1Yl R 1k 7K F- , a2 171 fefi
SpoOA (14 il B2 1k 7K ~F 14 i, 5 25078 1A R Bh A= i 2
JLU TN R I B b nprR 1 de Ok 8 T 1 1E 5
W2k T NprR Xf SpoOF #y @i iR Ak #0111 T, A
T el 7 4% B PR A 3 A ZF L3, T eryl Ae PR 3 1
JE 2 UK AL A 3 7, iR & 1 Cry BRI Y
BRI . SSM J& A F T 2F LIPS B iy 3% % ik, 7
I SR 45 1 TR AR DA B30 3] 2 i 40 O AR
JLEA LN ZE AT IR TE SSM 8% 3% L h AR ME 2
NprR & F B SZ 0 o T 25 52 50 A4 23 B 58 248 Bk AN
L0 R TR AR AR 2B K e U IR RS S 0 L R A v A i
HEAZE A L), T 23 A NprR & 1R 25 P
TSP 52 el B A 2 R B AR b i 4 s TR i
I3 M5 AR SEIRAE 5 2> 7 X Cry S RIB K
A

Iz 4 AT T IO B B B A ) A R =2
— AR RPIA b R R HEAE A E R TR
Yy g A 77 R AC  Af HAR 7 AR v Tk e R
H e DL 2 A 2 58 A TR G G SR B A% A AU R AR
Az 77 AN oA R T BRI AT RN AR BIESE
KB —FRER(E S 5 NprR kN A i 2K 1 57
AT AT RO PR B AR TE A CZE A A R, H X
Cry 5 11 RS2 W B0/, 3% — & B R 38 3% A Ae] 4 1
Bt Az 7 i i I [] 2 A1 1 — b BT 10 SEL B
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Effect of Quorum Sensing response regulator nprR deletion
on expression of Cry protein in Bacillus thuringiensis

Yao Wang', Chao Deng', Qi Peng', Zhen Chen', Dafang Huang’, Jie Zhang',
Fuping Song'”

(! State Key Laboratory for Biology of Plant Diseases and Insect Pest, Institute of Plant Protection, Chinese Academy of
Agricultural Sciences, Beijing 100193, China)

(* Biotechnology Research Institute, Chinese Academy of Agricultal Sciences, Beijing 100081, China)

Abstract: [ Objective ] The rtole of Quroum Sensing response regulator nprR on the expression of Cry protein in B.
thuringiensis HD-73 was studied. [ Methods] The nprR gene deletion mutant HD73 ( AnprR) was constructed by using of
homologous recombination. Beta-galactosidase assay of crylAc’-lacZ gene fusion and SDS-PAGE in both HD-73 and HD73
(AnprR) strains were performed to analyze the effect of nprR gene deletion on expression of cryl Ac gene. [ Results] Beta-
galactosidase assay of nprR’-lacZ in both LB and Schaeffer’ s sporulation medium showed nprR gene in B. thuringiensis
was initially transcripted at TO (end of Logarithmic growth phase) and keeping expression in stationary phase. Beta-
galactosidase assay of crylAc’-lacZ and SDS-PAGE indicated that expression of crylAc gene in HD73 ( AnprR) was
stronger than that in HD-73 during transition phase and early stationary phase. However, Cry expressed product between
HD-73 and HD73 ( AnprR) in LB medium has no significant difference when crystal and spore were released.
[ Conclusion ] The deletion of nprR increased expression and transcription activity of crylAc during transition and early
stationary phase in rich media.

Keywords: Bacillus thuringiensis; Quorum Sensing; nprR gene; crylAc gene
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