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Table 1. Strains and plasmids

Strainsand plasmids Characterization Resource
Strains
Dam, dem, supE44, hsdR17, thi, lew, rpsLl, lacY, galK, galT, ara, tonA, thr, tsx, D
E. coli JM110 Novagen
(lacproAB) (F~, traD36, proAB, laclq Z M15)
rpsL (Strr) thrleuendA thid lacYgalKgalTaratonAtsx dam dem supE44A (lac-proAB) [F~
E. coli SCS110 This Lab
traD36 proAB laclqZAM15]
HD73 Bacillus thuringiensis strain carrying crylAc gene This Lab
HD A clpP HD73 Mutant, clpP gene was deleted by homologous recombination This study
Bs 168 trpC2 [15]
Plasmids
pMAD Bt-E. coli shuttle, temperature-sensitive plasmid, Amp", Em" This Lab
pMADAclpP pMAD carrying partialelpP flank gene This study

L1.2 EZRXFFIME:Tag DNA KRG A T
B AR A F PCR =9y IR ) & 0w B T
AXYGEN /A 7], PrimeSTAR HS DNA & W« AH < 1
W DI AT T4 DNA JEH R4 08 B T %49 TR CR
H) AR A E. B SR HE pH I g R ] METTLER
TOLEDO 73 7] SevenEasy Plus S20P %4 73 1 #% pH it
ZF Wi & K H Biotech A w] Synergy4 % 1 fi i A
e

1.1.3 SIMEBRRFFIME: Jr il 51924 Bt
HD73 $RIAE D20 7 51 vt 510 44 Pk S e 9 L3k 2.
S el b A AR TR O W) 58 G B e

Hhy AR b R 2 e AR A R 22 BE S BT T B0 0 S
K o

*2. 5I9F5

Table 2. sequences of primers

Primer name  Sequences ( 5°—3")

ClpP1F (BamHI) CGCGGATCCTTTTCACGGCGTCTTTGCGATAC
ClpPIR CGCTTTTAGTTATTACATCTGTTATTTCCTCCTTATAAAG
ClpP2F AGGAAATAACAGATGTAATAACTAAAAGCGAAAGC
CIpP2R (EcoRI) CGGAATTCTGGTGCAGCACTAAGGCAGATT
ClpPLF TGCAACAGTCGTGTACGGTCAT

CIpPLR TGTGAACTGATGAACGGATTTG
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Bk 32°C, $ PR 45 38  180 r/min, 21 55 25 (1) 48 FH ok
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8.80.8.89.9.02.9. 11 3l 5& W& Ak 4= K5 00 B Bf 9%
5 pH BAL AT 3 WEE, aHh s —3L 4R K
LR FR 3P N NaOH J5 Bt HD73 il Bs 168 /K
# 52 B W] £ NaOH IR JE AN [R] 1 15 77 KL vh 32 31 1)
P BUAS A P S A K ) AN ), NaOHL ¥R JiE
fe s AR ST A AR KT A R R R R
¥k NaOH [{JH B2 2 /b, Bt £ Bs 52 A2 KA 0T 7%
X R [ 52 i pH SRR (B 1), sz 2R 34940 3€ B,
Bs fEAN[R] NaOH ¥ FE N (1 A2 KA B0 » i 26 AR 3 e 2
KA LT B N ) 3 7R 5 pH #BOK I iR 7R 5 %
F| NaOH ] J5 P 52 28 K B BT 4 B 1f) OD {i & pH
. B Bt HD73 7E¥53: 5L pH 4 8.9 - 9.1 W 1J LA
WAE 4K Bs 168 #ERE 774 pH Jy 8.2 - 8. 4 I /] LA
W AZ AR U0 H B Gl i R O Y B8 ) BE5R T Bso
2.2 clpP EFERRERTHRIEE

M HD73 (1 35 B 41y 51 o o B 459 31 clpP DRk
IR SR AR G 1K) AU B K4 4 pMAD A ClpP (18] 2-A) , Jf #%
18 HD73 B B 0 AT o il 58 7 5 0 16 ) 41 3 2R UK
MBI FR . JHR A & 514 ClpPLR F1 ClpPLF, DL 21 %
50 B R RN LD K T AR HDT3 [R5 B 20 DNA hy A
AT PCR %E5E o R BBRY 1945 2 7 By 2.3
kb, BUR B ARS8 v Be 2 1.8 kb, B H R RS 1Y
Bt/ 500 bp, Bk ik 2% clpP K& K B bR (18 2-B) S fi &4
4 HD A clpP.
2.3 clpP EERKREBR B THERERKNEZM

gy AE B 9R L b on N NaOH 2 9k & O
24 mmol /LA 30 mmol/L i, #ll i T HD73 F1 HD



618

Lili Qiu et al. /Acta Microbiologica Sinica (2013) 53 (6)

(A) 10

01 | /= 0D 0 mmol/1. -8 OD 24 mmol/L| 2
=& OD 26 mmol/L =@ OD 28 mmol/L,
=4~ 0D 30 mmol/L ~== pH 0 mmol/L L
-0- pH 24 mmol/L. -A- pH 26 mmol/L
-0- pH 28 mmol/L ~o- pH 30 mmol/L
0.01 0
0 2 4 6 8 10 12

t/h

(B) 10
fae [ ¢
' ® e
100 |h‘t.;‘§"is
] F
r —
10
] jany
Q‘ (=%
Q
1
0.1 )
===0D 0 mmol/L. “®OD 18 mmol/L
=&0D 20 mmol/. ~€=0D 22 mmol/L
—-0D 24 mmol/I. -=-pH 0 mmol/L. | |
=pH 18 mmol/L.  -A-pH 20 mmol/L
-0-pH 22 mmol/L -0-pH 242 mmol/L
0.01 0
0 2 4 6 8 10 12
t'h

B 1. R B B AR A K Y B
Figure 1. Growth curves of Bacillus strains after alkaline shock. A: B. thuringiensis HD73; B: B. subtilis 168; Closed

symbols and straight lines stand for growth curves, open symbols and dotted lines stand for pH value curves of the

correspondent growth medium. The enlarged symbols indicate pH value and ODg, for the recovery point of growth.
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Figure 2. Construction (A) and PCR identification (B) of clpP gene deletion mutant.
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ARG A KA 2 5 (B 3-A) , H7E NaOH £k
B 24 30 mmol/L (pH =9.38) ¥ F HD AclpP Lt
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T KA AW E N 50 mmol/L Al £
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Figure 3. Growth curves of HD A clpP under different pH. A. NaOH 24 mmol/L; B. NaOH 30 mmol/L. Closed symbols
and straight lines stand for growth curves, open symbols and dotted lines stand for pH value curves of the correspondent

growth medium. The enlarged symbols indicate pH value and 0D, for the recovery point of growth.
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Figure 5. Germination of spores. A. HD73. B. HD A clpP.
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Figure 6. Growth curves of HD73 and HD A clpP after salt
shock.
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Effect of clpP disruption on alkaline sensitivity of Bacillus
thuringiensis

Lili Qiu'?, Qi Peng’, Ning Qu'”*>, Chunxia Liu®, Jie Li', Jie Zhang’, Fuping Song”’
' College of Life Sciences, Northeast Agricultural University, Harbin 150030, China

* State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese Academy of
Agricultural Sciences, Beijing 100193, China

Abstract: [Objective] We compared alkaline tolerance between Bacillus thuringiensis (Bt) and B. subtilis (Bs) and to
determine the effect on growth when the c¢lpP gene encoding caseinolytic protease is disrupted after alkaline shock.
[Methods] B. thuringiensis HD73 mutant with the deletion of clpP gene was constructed by homologous recombination.
The effects of cIpP deletion on the growth after alkaline shock, sporulation and germination were analyzed. [Results] Bt
can recover growth from alkaline shock when the medium pH was between 8.9 and 9. 1 whereas that was between 8. 2 and
8.4 for Bs. Bt tolerated alkaline more than Bs, leading Bt to adapt in alkaline environment of the midgut as a pathogen of
insect. Deletion of c/pP gene had no influence on sporulation and germination. The ¢lpP mutant grew slower than Bt HD73
in the LB medium in addition to NaOH of 30 mmol/L. It indicates that the ClpP plays an important role in the alkaline
tolerance of Bt strain.

Keywords: Bacillus thuringiensis, clpP gene, alkaline shock
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