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Effect of plasmid curing on cell differentiation of
Bacillus thuringiensis strain LM1212
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Abstract: [Objective] Compared to traditional Bt strains, Bacillus thuringiensis strain LM1212 can
differentiate into spore-formers and crystal-producers. In this study, we tried to reveal the effect of
plasmid curing on the cell differentiation of LM 1212 strain. [Methods] The endogenous large plasmids of
LM(p35'Z) carrying cry35-like gene promoter and lacZ gene fusion plasmid p35'Z were cured by high
temperature treatment. The mutants were selected at HCO plates with X-gal and identified by using
primers of cry genes. We extracted plasmids of mutants and analyzed them by pulsed field gel
electrophoresis (PFGE). Observation by laser confocal scanning microscope and optical microscope,
calculation of spore formation rate, SDS-PAGE and LC-MS/MS (Q-TOF) mass spectrometry were used
to determine the effect of plasmid curing on the cell differentiation and expression of cry genes in
LM1212 strain. [Results] Two plasmid curing mutants LM(p35'Z)-W and LM(p35'Z)-DB strains were
obtained. The colony of LM(p35'Z)-W was white and LM(p35'Z)-DB was dark blue on HCO plates
containing X-gal. It indicated that the activity of cry35-like gene promoter was affected in these two
strains. Cell morphology observation showed that more crystal-producers were found in LM(p35'Z)-DB
than in both LM(p35'Z)-W and LM(p35'Z). Crystal protein production in LM(p35'Z)-DB increased, but
not in LM(p35'Z)-W. [Conclusion] Plasmid curing affected cell differentiation of LM 1212 strain and Cry
protein expression. This will provide the excellent materials for better revealing the regulation mechanism
of cell differentiation in LM 1212 and genetic modification of Bt strain.

Keywords: Bacillus thuringiensis strain LM 1212, Plasmid curing, Cry protein, Cell differentiation
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LM1212
LM1212
LM1212

Bt
1 HR5 A
1.1 ERFA BRI

1.2 EHE
LB (Luria-Bertani)

(g/L) (Tryptone) 10.0 (Yeast
extract) 5.0 NaCl10.0 pH7.0
HCO (HCO
M 13% )
HCO (g/L) Casein hydrolysate

(vitamin-free) 7.0 KH,PO4 6.8 MgSO47H,0 0.12
MnSO44H,0 0.002 2 ZnSO47H,0 0.014 Fey(SO4);
0.020 CaCl,'4H,O 0.18 Glucose 3.0 pH 7.2

1x10° Pa 20 min
SSM
Mg/L) (Nutrient broth) 8.0 KCI 1.0
MgSO; 1.2 NaOH 0.4 1x10° Pa 20 min

Ca(NOs); 1.64 MnCl, 0.013 FeSO4 0.004 (
)

F 1 EHRFABRRK

Table 1 Strains and plasmids

Strains and

. Description Resource
plasmids
LM1212 Wild-type strain [4]
LM(p35'Z) LM1212 strain carrying p35'Z [4]
LM(p35'Z)-W LM(p35'Z) white clone by curing of This study
the plasmid

LM(p35'Z)-DB LM(p35'Z) dark blue clone by This study
curing of the plasmid

p35'Z pHT304-18Z carrying the lacZ gene [4]
under the control of the Py 3s.iike

(Erm)  X-gal 5 mg/L
100 mg/L
1.3 FERFIFNEE
2xTaq DNA Mix
PCR Master cycler Gradient AG5331
Eppendorf DYY-5
CHEF-DRIII Bio-Rad
Mini protein 111 Bio-Rad
Leica TCS SL Leica
Microsystems Wetzlar BX61
BX61
14 IWAHZE
141 SEHRKBAL: LM(p35'Z)
LB 39 °C
ODgpp=2.0—-2.2 1% 4
100 mg/L X-gal HCO 30 °C

2d
142 BRkiMIZ R BRI ERTHRRALIL:

LM(p35'2)-W LM(p35'2)-DB
LM(p35'2) QIAGEN Plasmid
Maxi Kit
0.5xTBE
14 °C
DNA marker
120° 14 °C
6 V/icm 10h

EB

1.43 PCR ¥E3|41&%it: LMI1212 cry
(LM1212 NCBI

accession No. AYPV00000000) ( 2) PCR

1.44 BRHEWERRTHRESRMAMILGISZIT:
LM(p35'Z)-W LM(p35'Z)-DB
LM(p35'Z) 1%
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£z2 LMI212 cry EEG|H
Table 2 The sequences of primers of cry gene in LM1212

Symbol Forward primer (5'—3") Reverse primer (5'—3")
cry41Cal TTGAGCCAAGATGGTTCGAGT TAGCTCCATCATCGGCAATTC
cry744al GCGACAGTAGGCATAGAAAC ACCTTTGAAACGAGCGATAT
cry45Bal GGCGTTGAGAATATCGAGTTAG CCGGTTGCTTGATGATGAGGAGG
cry32Wal GGTCAATCTGTTTGGGAAAGG GCATACCCCATTCGTTTCCA
cry32Val GAATACGAGCGATCACCCTAGGTA GACCATTGCGGTAGAGCAGGA
cry35-like2 AGACCGCTTGAACCTGGATTT CAAAGCATTCGATACAGTAGCCAC
cry35-like TAGAGTCTAGCTGGCCAATT CTATCAGGATCGGATGGAT
50 mL SSM 30 °C 220 r/min 146 BRANREMKBAEBRESH:
T5 TI14( TO LM(p35'2)-W LM(p35'Z)-DB LM(p35'Z)
Tn TO n ) 5 mL LB
3 T5 FM®-4-64  30°C 220 r/min 8—10h 1%
[N-(3-Triethylammoniumpropyl)-4-(6-(4-(diethylamino) (300 mL) SSM
phenyl)-hexatrienyl)Pyridiniumdibromide] 4°C 8000 r/min 6 min
ddH,0 2-3 ddH,0
3 T14 (48 )
LM(p357)-W LM(p357)-DB LM(p35Z)-W  0.1120 g LM(p35'Z)-DB
LM(p357) Ti4 3 0.240 0 g LM(p35'Z) 0.1817g  ddH,0
(9 mg/L)
100 nl SDS-PAGE
n2 100 —nl/100 LC-MS/MS (Q-TOF) Bt
=n2/100 3
145 R SREM IR ES 2 HREAH
LM(p35'2)-W LM(p35'Z)-DB LM(p35'7) 2.1 JRILERRFRAYTFIZ
1% 50 mL SSM LM(p35'Z)
30 °C 220 r/min Tl LMI1212 cry35-like lacZ
50 mL 1 mL 100 puL X-gal HCO ( 1A)
LB T1 p35-lacZ
1 mL (  1B)
65 °C 30 min ( 10) 3
1 mL 100 pL ( 1D)
LB cry35-like
= /T1 ( LM(p35'Z)-W
3 ) LM(p35'Z)-DB
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W(p35'7)-DB

IM(p35'Z)-W

El1 REERBITHL
Figure 1 Selection of mutants

A 30°C

X-gal HCO LM(p35'Z) .D 3

X-gal HCO LM(p35'Z) .B C 39°C
X-gal HCO .

Note: Dark blue clone are indicated by arrowheads and white clone are indicated by arrows. A: The colony of LM(p35'Z) strain on HCO
plate (containing X-gal) when cultured at 30 °C; B, C: The colony of LM(p35'Z) strain on HCO plate (containing X-gal) when cultured at
39 °C. D: The phenotype of dark blue strain and white strain on HCO plate (containing X-gal) after repeating for 3 times.

22 RERFHRIES T

LM(p35'Z) LM(p35'Z)-DB
LM(p35'Z)-W
LM(p35'Z) 5
( 2 LM 12345
1 LM(p35'Z)-DB
LM(p35'Z)-W

bp SMLM W DB M  bp

15 000
1000
7500

5000

2500

2 REBEREIFROE D
Figure 2  Analysis of plasmids pattern in mutants
SM DNA ladder marker M DNA ladder marker

LM LM@35Z) W LM(@35Z-W DB LM(@p35Z)DB *

Note: SM: Supercoiled DNA ladder marker; M: DNA ladder marker;
LM: LM(p35'Z); W: LM(p35'Z)-W; DB: LM(p35'Z)-DB; *: The
curing plasmids on agarose gel; —: Part of the plasmids were curing.

LM(p35'2)-W ( 2 W
5 Deng p35'Z
4 LM(p35'Z)-DB LM(p35'2)-W

2.3 FBRIERRARET cry BEEE
LM(p35'2)-W
LM1212
7 cry (D PCR
LM(p35'Z)-W cry32Wal cry32Val
cry744al  cry45Bal (3 1 2 3 7)
cry41Cal cry35-like  cry35-like2 (
3 4 5 6) LM(p357)-DB
cry41Cal  cry744Aal  cry45Bal (3 8 9
13) cry32Wal cry32Val cry35-like
cry35-like2 ( 3 10 11 12 14)
cry
Bt cry

LM(p35'Z)-DB

[12-15] cry

LM(p35'Z) cry 2 1
LM(p35'Z)-W 1
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cry41Cal  cry35-like 24 JRRAERKRIRAVAAETE BE N R it o #h
cry35-like2 LM(p35'Z)-DB LM(p35'Z2) T5
1 cry32Wal cry32Val Cry ( 40 T14 Cry
cry35-like cry35-like2 ( 4F) LM(p35'2)-DB
cry35-like  cry35-like2 LM(p35'2)-W LM(p35'2)
T5 TI14

bp M1 2 3 4 5 6 7 M 8 91011 12 13 14 M 15 16 17 18 19 20 21

2000

1 000
750
500

250
100

3 RTHEMKE cry BEEEE
Figure 3 The identification of cry gene in mutants
Note: M: Marker; 1, 8, 15: cry744al; 2, 9, 16: cry45Bal; 3, 10, 17: cry32Wal; 4, 11, 18: cry35-like2; 5, 12, 19: cry35-like; 6, 13, 20:
cry41Cal; 7,14, 21: cry32Val.

A LM(p35'Z)-W B LM(p35'Z)-DB ¢ LM(p35'Z)

P .

>
-

10.pm 10 um 10 pm
L — —

D LM(p35'Z)-W LM(p35'Z)-DB LM(p35'Z)

T14

B4 BHREIFSNE
Figure 4 Observation of morphological features in mutants
(1.000x) ( )

SSM FM®-4-64

Note: Optical microscope (1 000x); Spore-formers (cell with asymmetric septum, prespore or spore) are indicated by arrows and
crystal-producers are indicated by arrow heads; Cells were cultured in SSM medium with erythromycin; The cell walls were stained with
FM"-4-64.
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LM(p35'Z) ( 4C 4F) LM(p35'Z)-DB
( 4B 4E) LM(p35'Z)-W
( 4A 4D)
T14
LM(p35'Z) LM(p35'Z)-W
( 5 LM(p35'Z)-DB
(QIN)
LM(p35'Z)-DB LM(p35'Z)-W
LMI212
2.5 JRAIGRKIKBISEROFL R DR
LM(p35'Z)-DB LM(p35'Z)-W
LM(p35'Z)
LM(p35'Z)-DB
LM(p35'Z)-W LM(p35'Z)
( 6) LM(p35'Z)-DB
LM(p35'Z)-W
LMI1212

2.6 FRNREAKMBARESREES

LM(p35'Z)-DB LM(p35'Z)—W
LM(p35'Z)
SDS-PAGE
LM(p35'Z)-DB
LM(p35'2)-W (7
el
g 100
g§ 90 o Crystal cells |
£ % 80 = Spore-formers
S5 70t
235 60 I
=}
52 sof
s 2 407
938 30t
g g 207
2 LM(p35'Z)  LM(p35Z)-W LM(p35'Z)-DB
Strains

El 5 LM(p35'Z)-DB B #kF1 LM(p35'Z)-W E ¥k E A0
& URZB AR FR & L 15)

Figure 5 The percentage of spore-formers and crystal cells
in LM(p35'Z)-W and LM(p35'Z)-DB strains

50

40

30

20

Sporulation efficiency (%)

LM(p35'Z)-W  LM(p35'Z)-DB
Strains

LM(p35'Z)

B 6 LM(p35'Z)-DB E#kF LM(p35'Z)-W Etk SRR
ES

Figure 6 Analysis of sporulation
LM(p35'Z)-W and LM(p35'Z)-DB strains

efficiency in

kD M LM w DB
250 —
130 — 1- 1*
95_ - - -
2 2+
s _p——
72 — N 3 . 3
.- ——— _——
4— 4* 4+
— —
57—-—‘ 5* 8 5+
6——
36 —
28 — “ 7*~ 7+

B7 BRARAMRERELREEZMNE
Figure 7 Effect of plasmid curing on protein expression
M Marker LM LM(p35Z) W LM(p35'Z)-W DB
LM(p35'Z)-DB 1 Cry32val 2 Cry4lCal 3 Cry32Wal
4 Cry69Aa-like 5 NT32-like 6 Cry35-like+Cry35-like2 7
Cry74Aal 8 Cry45Bal - (
) * + :
Note: M: Marker; LM: LM(p35'Z); W: LM(p35'Z)-W; DB:
LM(p35'Z)-DB; 1: Cry32Val; 2: Cry41Cal; 3: Cry32Wal; 4:
Cry69Aa-like; 5: NT32-like; 6: Cry35-liket+Cry35-like2; 7:
Cry74Aal; 8: Cry45Bal; —: The protein expression of wild strain

(control); *: The protein whose expression is reduced; +: The
protein whose expression is increased.
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