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W E:. F=4FRAFE Bacillus thuringiensis, Bt) LM1212 Btk5 A 4 Bt B AR R,
T R F I, B miefadhh = A mie. £ LMI1212 BT, %X EF CpeR RMAAL T 4
faAit A2, w BLAE95 E sh IR E @ B B cry35-like 49 2 3T (P3s). LB 891 §%ik cpeR Bl R AR,
R AMFAG. [FEY AR LET 24 cpcR FIRARE, KR T4 F I0AFH 4 cpcR-cl
Foe kBT RAEFRAFAY cpcR-t, ¥ cpcR R L F R KE 5 5 HE AL pHT304-Ps5-gfp -
pHT304-P3s5-lacZ & HBAR £, KIFH ZTHRFEEATL cpeR AR B B dh k& @ A 49 Bt HD73"
BT . AR SALERERHREMNEZTLE HD (cpcR-cl1-P;s-gfp)F= HD (cpcR-t-P3s-gfp) 4 tm il &
A B AT F it 4 52 3. M E HD (cpcR-cl1-Pss-lacZ)A= HD (cpcR-t-Pss-lacZ) & #h 4 B-F FLAE
B, [4R] 5 BEA KA, HD (cpeR-cl-Pss-gfp) B #hA= HD (cpcR-1-Pss-gfp) 8 #h 4 F Jie
4 LA A AR T 80.79%A7 90.14%, dhik F A MBI AR Z T 7424 942, T H gfp AR
FEX2ANERT YRR B-FHABEFEEEMRANLE R R T, BT Pss £ HD (cpcR-c1-Pss-lacZ)
A A HD (cpeR-t-Pss-lacZ) A M T A R 545 FE M. [4#8] cpcR BV RIKE cpcR-cl. cpcR-t
HEEG B m IR A, BUE Pis 69353, H cpcR-cl XF Pss 89380%E 6 1 K T cpcR.
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Functional characterization of cpcR-cl and cpcR-t,
homologous genes of transcription factor gene cpcR

LIU Huanhuan'?, ZHANG Ruibin’, HOU Shuo?, PENG Qi’, SONG Fuping"*

1 College of Life Science, Northeast Agricultural University, Harbin 150030, Heilongjiang, China
2 State Key Laboratory for Biology of Plant Diseases and Insect Pests, Institute of Plant Protection, Chinese
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Abstract: Compared with typical strains of Bacillus thuringiensis (Bt), LM1212 strain can
differentiate into spore-formers and crystal-producers. In LM 1212, the crystal-producing cell regulator
(CpcR) not only participates in cell differentiation but also activates the promoter of crystal protein
gene cry35-like (P3s). [Objective] We aimed to screen out the homologous genes of cpcR and verify
their biological functions. [Methods] We cloned two cpcR homologous genes, cpcR-cl from Bacillus
cereus and cpcR-t from B. toyonensis. Then, we inserted c¢pcR and its homologous genes into
pHT304-P;s-gfp and pHT304-P;5-lacZ vectors, respectively. The recombinant plasmids were transferred
into Bt HD73  strain without ¢pcR and the crystal protein gene. We then observed the cell phenotypes
of recombinant strains HD (cpcR-cI-P;s-gfp) and HD (cpcR-t-P;s-gfp) by using a laser confocal
microscope and quantified the sporulation efficiency. The [-galactosidase activities of
HD (cpcR-c1-Pjs-lacZ) and HD (cpcR-t-Pss-lacZ) strains were determined. [Results] Compared with
the control strain, strain HD (¢pcR-c1-P3s-gfp) and HD (cpcR-t-P;s-gfp) showed the number of spores
decreasing by 80.79% and 90.14% and the percentage of crystal-producers increasing by 7 and 9 times,
respectively. Gene gfp was expressed in these two strains. The [B-galactosidase activity assay
demonstrated that promoter P;s had high transcriptional activity in strain HD (¢pcR-cl-Pss-lacZ) and
HD (cpcR-t-Pss-lacZ). [Conclusion] The homologous genes of cpcR, cpcR-cl and cpcR-t can regulate
cell differentiation and activate the transcription of Pjs;, and cpcR-cI had better performance in

activating Pj3s transcription than cpcR.

Keywords: Bacillus thuringiensis; cpcR-cl; cpcR-t; cell differentiation
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subsp. yunnanensis)5 LMI1212 [ Y 3 Rk
1L, ANEE AT 5 28 1 A A0 L v 7 A R i A
Srinivas 5% KB, 95 2 4 2 MUAT R = R Aol
HD977 HFkAY 103-MDa Jik S5 T dhik iy
Az ORI i 2R 25 B i) R R 200 L O AR Y R AR
FH I HE I 40 AL 5 ery FER B ery FE R A9
YERTTIEA G, HaniARE B p 7 A AN 0 2 i
R A, Ohba 551 I AH 22 B (U B AR K
B, Bt =m WA 113 Wk, 116-72 B k%
15 /> T R AE TG 2 JfL 200 M v #0081 B R Y
TS, T ZE ML A0 B B AR A, S TR A A
7 AR BN T R A R 1%

HOADTTE &3, LMI1212 B bk A9 40 i 531k
TR 5 )i ¥ CpeR (crystal producing
cell regulator)f !, #AIY) Bt kA SH
cpeR FEP, Bt HD73 T# Pk 1R R R 22 84 i
AT L, L2 RO A L i AR 3457 2R T[] —
Afarh, BT Bt HD73 ARSI T 54 fhik &
P cryldce WBURL, LAY R 22 8040 i a]
e RGN, (AFFATE A AR . A58 s X7
CpcR 5| A Bt HD73 W #&F1 Bt HD73 T #k ]
B\ cry3s-like JER WA 801 (Pss)B0TE Y, H
Pss Ji Bl AP AR 25 T B 4t i rp s s 1),
CpcR J& T OmpR &5 [ 505 , Hi M 1 3 55 245 14 35,
1 DNA £55 4540820 i . 75 NCBI $idfe 2 b
BB, TEAS 7 A A it A 10 5 A5 25 R A T IR
g A AR P 5 A CpeR [FITEEMA, EA
M 451385 CpeR AL, [HIEDIREARM. I,
AR I X cpeR [RIIEFE R A 2 2R
Wk, FEBCLREEEN, 8N cpeR-cl
cpeR-t, EEXTEANTR AP ge AT 0T 5T, B
45 JL AT R 45 78 A R AN i R T 4 Ak 4 A 3 e O
filh, [FIEFRT S Bt 50 A o i i s s B
H BT o

WL

1.1 ##
1.1.1  EH SRR

A G BT B R SR LR 1
1.1.2 BRESRER

BEFRIEAE 121 °C &M FIBFK B 20 min,
KGR R LB AR 57 3 (g/L) . B%
BB 5, A 10, NaCl 10, ZFEH1i%L
SEEA LB EARR: SR (g/L): BRI
5, AW 10, NaCl 10, 35 16, =4
JLFF BA 5%5 5% 6 SSML TR A 8% 77 2 (g/L) : B 7
W% 8, KCl 1, MgSO47H,0 0.25, MnCly-4H,0
0.002, 875 pH & 7.0, fFHBETIA L IERR Y
CaCl, fil FeSO,, L/ 5x10°* mol/L #il
1x10° mol/L. ¥i/E%: H %% & (ampicillin)
BT RE Sy 100 mg/mL, TAEWREE A 100 pg/mL;
¢1 %% % (erythromycin) # BL il ¥¢ 4 10 mg/mL,
TAEHE N 10 pg/mL. HUAERMEH 0.22 pm JE
JEE S UEBRTA -
1.1.3 FERFE514

QuickCut BRI ¥ N VI A 5249 T %
(REYARAE; AT B EOwER
Bradford W H 11 22 5 Bl =AU A R A W
FM4-64 Gt H 28R CHRBHE (P DA BR A
H); PCR ZH4lifl . DNA [a] F1J5kr 32 U )
& B B PR R A R A A E I AL GE =
W) JosE s RN & A SR B AR R
ALE) A PR Fl L SLme B 5 196 B iR
TAEY TR R SE R . FE B AT f oS
B AR I R A FR 2 W] 58 1o
1.1.4 AR

(1) Z-Buffer (g/L): Na,HPO,-7H,0 16.08,
NaH,PO,H,0 5.52, KCl 0.75, MgSO47H,0
0.246, 1817 pH {E = 7.0.(2) ONPG: 0.4 g ONPG
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Table 1  Strains and plasmids

Strains and plasmids Characterization Resources

Strains
E. coli TG1 A(lac-proAB) supE thi hsd-5 (F' traD36 proA” proB" lacl? lacZAM15), general  This lab

purpose cloning host
E. coli ET F dam-13::Tn9 dem-6 hsdM hsdR recF143 zjj-202::Tnl0 galK2 galT22 aral4 This lab
pacYl xyl-5 leuB6 thi-1, for generation of unmethylated DNA

HD73~ HD73 acrystalliferous strain by curing the pHT73 plasmid This lab
HD (¢pcR-gfp) HD73™ harboring cpcR-gfp plasmid This study
HD (P;5-gfp) HD73" harboring P;s-gfp plasmid This study
HD (cpcR-P;s5-gfp) HD73" harboring cpcR-P;5-gfp plasmid This study
HD (¢cpcR-c1-P35-gfp) HD73™ harboring c¢pcR-c1-Ps5-gfp plasmid This study
HD (cpcR-t-P35-gfp) HD73" harboring cpcR-t-P;5-gfp plasmid This study
HD (cpcR-lacZ) HD73™ harboring cpcR-lacZ plasmid This study
HD (P;s5-lacZ) HD73" harboring P;s-lacZ plasmid This study
HD (cpcR-P;s-lacZ) HD73" harboring cpcR-Pjs-lacZ plasmid This study
HD (¢cpcR-c1-Pss5-lacZ) HD73™ harboring cpcR-c1-P;s-lacZ plasmid This study
HD (¢cpcR-t-P;s-lacZ) HD73™ harboring c¢pcR-t-P;3s-lacZ plasmid This study

Plasmids
pHT304 B. thuringiensis-E. coli shuttle vector, Amp’, Ery’ This lab
pHT304-18Z Promoterless lacZ vector, Amp', Ery" This lab
cpcR-gfp pHT304 carrying the gfp gene and the cpcR gene, Amp', Ery" This lab
P;s-gfp pHT304 carrying the gfp gene under the control of the P35, Amp", Ery” This lab
c¢pcR-Pss-gfp P;s-gfp carrying the cpcR gene under the control of the P.,.z, Amp’, Ery" This lab
cpcR-c1-Pss-gfp P;s5-gfp carrying the cpcR-cl gene under the control of the P,.z, Amp’, Ery" This study
cpcR-t-Pss5-gfp P;s5-gfp carrying the cpcR-t gene under the control of the Pz, Amp’, Ery’ This study
cpcR-lacZ pHT304-18Z carrying the cpcR gene under the control of the P, Amp’, Ery" This lab
P;s-lacZ pHT304-18Z carrying the lacZ gene under the control of the P35, Amp, Ery" This lab
cpcR-Pss-lacZ P;s-lacZ carrying the cpcR gene under the control of the Pz, Amp', Ery" This lab
c¢pcR-c1-Pjs-lacZ P;s-lacZ carrying the cpcR-cl gene under the control of the P,.x, Amp’, Ery" This study
cpcR-t-Pss-lacZ Pss-lacZ carrying the cpcR-t gene under the control of the P, .z, Amp', Ery" This study

% 100 mL Z-Buffer, 7345 F8 A4,
20 °C % 1. (3) 1 mol/L Na,CO; & (g/L):
Na,CO; 106,
1.2 ik
1.2.1 Kl gfp AiREERRSHAEE

A5 NCBI 0Hl e v A% 1 R 17 4 45 1 ik
cpcR-cl . cpcR-t, ¥ A ETE P35 5 gfp flG
FIRMEIK E, HH cpcR R TS
cpcR-c1 FEAF cpeR-t R FRIR , PR 0Y B A
JRLAT 4 44 4 cpeR-c1-Pss-gfp . cpcR-1-Ps5-gfp

<l actamicro@im.ac.cn, & 010-64807516

(FE 20 TR A M ph A AR TR () I A
BRAFEISER, R EWE 1),
1.2.2 PllacZ AifEEE R HKAGE

PABURL cpcR-c1-Pss-gfp . cpcR-t-Pss-gfp M
ik, HEHABIX cl/t-F (5'-GTAATGGAA

GGATAAACAACGGATCCCGGGAAGAATGG
AT-3").cl/t-R (5'-ACGGCCAGTGCCAAGCTCC

CGGGTTTAGTAATCAAAGTCATGCA-3")y" 1
S epeR-cl . cpcR-t, PCR “Pjaifb)s, ]
TosE iR AR 45 BamH 1T Sma 1
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CpcR-gfb‘< g | Pow| cpeR %
Py — &by
cpcR-P-gfp « gfp [Pyl Powx| cpeR >—
cpeR-c1-P,-gfp %: g [Py Pl cpc‘R-c[%
epeR-1-P-gfp ~< g |Puf P | cpcR- >—

1 Plgfp AREEEMHFEEREE
Figure 1 Construction of vectors with gfp as
reporter gene.

WY cpeR-Pss-lacZ BAK I, ik E. coli
TGl Wk, REEH TR cpcR-cl1-Pss-lacZ .
cpcR-t-Pss-lacZ (K] 2).
1.3 A iCH %N E

PRI RE R T 5 mL LB WAAR: 57 5
(TPAER)PHIEL, 1% 5] 100 mL
SSM Kig#3EH, 30 °C. 220 r/min {1 FHi 3%,
DA MR A TR AR IR R 0, B R 1 h B0 1 YA
W . 7E 600 nm I E B YO (E (ODeoo) »
FF B E] 5 ODgoo HYXF B ——XF 0, 22l A=
Khizk,

cpeR-lacZ *<: lacZ  H P | cpeR %
Polacz— TacZ_P]
cpcR-P-lacZ % lacZ  |PysH P | cpeR >—

cpeR-c1-P,-lacZ % lacZ  |Pssl] Popen | cpcR-ct%
epcR-1-P -lacZ ‘< lacZ  |PsH P | cpCR-I%

B2 WilacZz AREERMHELEREE
Figure 2 Construction of vectors with lacZ as
reporter gene.

14 FAHABRERHIENRKRAKAMEL
Bigg it

R PRAE SSM HIE IR 2 T, I J (T 15 %L
ARSI, 7,08 ToJ5#Y n /b B
I mL F¥#, 12000 r/min &.0> 1 min, 3 F3,
A 500 pL KEZKIEYE 3 ¥k, 12 000 r/min
20 1min, 5 B, TUEM 10 pL 59K EKE
B WEEC 1 L BEAS5S 100 ng FM4-64 21 {5,%¢
Yt 44 Bl [N-(3-triethylammoniumpropyl)-4-(6-(4-
(diethylamino) phenyl) hexatrienyl) pyridinium
dibromide]{2 2, H I Al HOEI R AR B B
880 M H AL

3 30 B T o 3 AR 3 AN [T 1Y
MG A, B BOR 4B
100 4, e AR NN n, 153 AT
TS v A7 Az A0 B 451 1 7 S4B R AR T 1R 5
SRR NS
1.5 ZBARITESRR

B RIPRTE SSM SR 2 Do . BT mL
PRV T, AP 100 pL BRIRCHEA 766 B
(L 10 F5 0 —A B0 ), B alE h AR A TE IS T
65 °C /K HFin# 30 min, HX 100 pL s
FRIVRCAEA TR HE A B o B B LB 100 wL 335 7R Al
T LB BERPAR, BABREE 3 PR, 30 °C
TEIIFESR 10 ho TERINARETLEF-A HIE U e
%% (colony-forming units, CFU) &A%k, hin
PUSTE-HR IR Y B se BRI ™ 2 i 20 K
1.6 B-FFEEEEES N

(1) WHRTE SSM h¥iFR & T, BT 4G HL
B, ZJa /NI T URE, BRI T, A UCHL 2 mL
PR, 12 000 r/min #5.0> 1 min YA IRLE T
-20°C % H.

(2) [ EAF A 500 pL #i¥4 i) Z-Buffer,
29100 puL A1 90, AR IR 5B 150 5.

(3)4 °C.12 000 r/min B0 10 min, B 20 puL
FIEMA 1 mL Bradford H1, KW 5 min J5 @&

http://journals.im.ac.cn/actamicrocn
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ODsos {H, T W (mg/mL),

(4) 7 Ep & mA 700 pL Z-Buffer FI
200 uL ONPG, &%), 37 °C Ti#h,

(5) WA HIA 100 pL _E¥, 37 °C )2
N ERARE B E A, A 500 pL 1 mol/L Na,CO;
Lk, e RN HE], JRE ODyo fE -

(6) ARIELUT AT B-2 FUWE il 4% 5%
T PE -

U= OD,,, x1500x1000

TxV xE K E
T-J W B} 8] (min), V-ILABIFE SRR (UL),

2 BEREAW

2.1 CpcR-Cl1.CpcR-T 5 CpcR BIF 5! b3

TE NCBI 8%, LA CpeR & IR 741
Z% 75|17 BLASTp 4081, Z5RHY5 CpeR
FEARLTE R T 50%1 )7 51386 99 %, JodhAH
IPETE 50%—60% )7 514A 89 2%, AHMITETE
60%—80%MIFHIA 1 7%, AR T 80% 7
I 9 o FRATE SOCHE TAHPE R T 80%M)
9 %75, HoH 8 FIFHRIET W FE ZE AT
W (Bacillus cereus), 1 57 9 R R T 4 1 28 AT
W (Bacillus toyonensis)o M 8 JKIFFIH s

CpeR PRI e s 1 1 4577 40 (AL
85.45%), FHAMSILH M4 K cpeR-cl, HEA™
Wit 4 4 CpeR-C1 (WP_086410509.1), KI5 T4
TEZEMAT B I 2R P51 5 CpeR P HIl AR
1 85.91%, F H Lt LR M4 M cpeR-t, EH
WA 4N CpeR-T (WP_098072443.1), FIH
Clustal X FI{ELL 4 ESPript 3.0 (https://espript.
ibep. fr/ESPript/cgi-bin/ESPript.cgi) i# 17 [7 I )%
HI T, 2553 B CpeR-C1 Fll CpeR-T 5 CpcR
LA () Py 45 g 3 (o) 1O 9 15 25 A4 3R DNAL 25
A EERIRA ST 4-117 F1 126-220 LR 5%
HEAiE, B 3), HIHEN CpeR-C1. CpeR-T L
45 CpeR HA MR D fE
2.2 CpcR-C1 #1 CpcR-T &Ml HD73 & #k
B2 R 53 1k

F T H#iE CpcR-C1 Ml CpcR-T REAG MM
HD73 B PR AL o1k, /L gfp st 2D
B EZH JFRL cpcR-gfp . Pss-gfp. cpcR-Pss-gfp .
cpcR-c1-Pss-gfp Fll cpcR-t-Pss-gfp. ¥4 2H Joi ki
N HDT3 Ftk, KWK HD (cpeR-gfp) -
HD (P;s5-gfp) . HD (cpcR-P;s-gfp) . HD (cpcR-cl-
P;5-gfp)Hl HD (cpcR-t-Pss-gfp)o LI HD73"
HD (cpcR-gfp) . HD (P;5-gfp) . HD (cpcR-P35-gfp)

Bl al B2 a2 B3 a3
CpeR — NOROCO000000RO — 00000000000 — N0000OQ0Q00N
CpcR MNP NI LI N[ENBEANOEQIQONLL I KFMIID TNDGIEGIIRFQKKVYDLVILDEMBPNLDGGSICKIIRSQSHV
(@ ECIIM NP NI LI N[ENENN QER I ONL L IEOK FIR I D TBINDGIEGI IRFQKKVYDLVILDEMIIPNLDGP4SICKIIRSQSNV
CpcR-C [EMNP NI LI NBINEINQEN{IONLL IENKFWNID TIINDGIEGIIRFOKKVYDLVILDMEPNLDGISICKIIRSQSHV
p4 ud Bs us B6 B7 B8
Cmﬂ —- ) 00000000000 — DDOQO0O000DODRO TT —-r 7 P >
. v . . . f .
CpceR AP I TMLS THKMESHE IKGFQFGIDDFITMPMSHE LFMYRIEATI LR[EENS TREILEL IQFQEISLNPDSYIVYLNGQ
(@ ¥l e 1 T1MLS THKEIESIE IKGFQFGIDDFI TP YSEIFLFMYRIEATILREINS T @ALIdL IQFQEISLNPDSYIVYLNGQ
(& OIVEIe T IMLS TWKEIE SINE IKGFOQFGIDDFITHPIASHIELFMYRIEAILRENINS TESALIJLIQFQEISLNPDSYIVYLNGO
ab B9 a7 ad B10 B11

CpcR Q0000000000 ——00000000 RRQ0000Q0000D —_—

2 —-

CpcR FMKKKLTTKEFDMLHIFLEINPGKVLSREFMLNBIVWGYDYYGDERVIDAYMKKMRKKLEIPYIKTHMTGVGYKMDT

CpcR-Cl1 EMIKKKLTTKEFDMLHIFLIANPGKVLSREFMLNEVWGYDYYGDEIRVIDAY UMKKMRKKLMIPYIKTIHTGVGYKMD T

CmR{j IFMKKKLTTKEFDMLHIFLISNNPGKVLSREFMLNEIVWGYDYYGDERVIDAYUYKKMREKLRIPYIKTIHYTGVGYKMDT
yV—3

3 CpeR-Cl. CpcR-T 5 CpcR RIEEF 7tk 7t

Figure 3 Amino acid sequence alignment between CpcR-C1, CpcR-T and CpcR. Amino acids are numbered

and secondary structures are labeled.
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PR AR AN E HD (cpeR-c1-Pss-gfp) il HD (cpcR-
-Pss-gp) EIAR IO AR Kl 2, 45 2R R () 4):
HD (cpcR-t-Pss-gfp) T bk 15 % BETE bk 19 28 KO
B—E, Bk T, WK ODeoo [HZ14 2.0;
HD (cpcR-c1-P;s-gfp) Wtk I AE K K18, ik
To ) ODeoo 1E 249749 1.0

B PRS2 Ty, Y, Gl oL IR
FERIMBIUES, X R HD73 1 HD (P;5-gfp)
(R 43 A ML 2 LR A0 B, HD™ (cpeR-gfp) -
HD (cpcR-Pss-gfp) . HD (cpcR-cI-Pss-gfp) Hi
HD (cpcR-t-Pss-gfp) Bk R A # /B8 28 Jg 4n
MBS 5) 0 Tog IS 3 Y 27 LT ERES R B

HD73-

HD (cpcR-gfp)

HD~(P;-gfp)

HD (cpeR-P;5-gip)

HD (cpcR-cl-P,-gfp)

HD (¢pcR-1-P ,-gfp)

5 pm
{—

5 HAHARERHREAE

FM4-64

GFP

10
g
% 1r - HD73-
= HD (cpcR-gfp)
-+ HD (P,-gfp)
-+ HD (cpcR-P5-gfp)
-+ HD (cpcR-cl-P;5-gfp)

-© HD (cpcR-1-P ,5-gfp)
01 2 3 4 5 6 7 8 9 1011 12
t/h

0.1

4 2 gp BRMEKREKEBZENE
Figure 4 The growth curve of strains containing
2fp gene.

Overlay Bright

Fl T d-
e

Figure 5 Confocal laser microscope observation. Overlay: GFP/FM4-64 overlay. Bright: bright-field image.
Cells were cultured to 7}, in SSM medium. Green fluorescent protein-expressing cells are crystal-producers

and red fluorescence indicates staining with FM4-64.
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55X RGP HD (Pss-gfp)fH L, HD (cpeR-Pss-gfp)
TR R A Ak 40 R K5 R 2 4 B B ) R A T
90.22%7F1 90.56% ; HD (cpcR-1-P3s-gfp) B bk 11 .
200 i 450 25 i A R AR o) BB AR T 87.76% I
90.14%; HD (cpcR-c1-Pss-gfp) T £k B &L 4 it L
50 A T Rk AR AL, {HZE 40 A KRR AR T
80.79%(& 6 FIZE 2). Xt T, W} 1 8 R A0 B o
B e A4 7 A 2 T o B T RS
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Figure 6 Analysis of sporulation efficiency. Cells were cultured to 754 in SSM medium. Data were

represented as mean+SEM.
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Table 2  Statistical data of total cells number and spores number

Strains

Mean of total cells/(CFU/mL)

Mean of spores/(CFU/mL)

2.77x10°46.32x10°
2.71x10°+2.16x10*
2.79x10°+6.18x10°
3.39%x10°+£5.76x10*

HD " (P;5¢/p)

HD (cpcR-P;s5-gfp)
HD (¢cpcR-c1-P35-gfp)
HD " (cpcR-1-P;5-gfp)

2.15x10°45.27x10°
2.03x10°+8.00x10°
4.13x10°+6.40x10*
2.12x10°+2.34x10*

Cells were cultured to 754 in SSM medium. Results are given as mean + standard error of the mean (SEM).
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Figure 7 The percentage of crystal-producers.

Cells were cultured to 7j, in SSM medium. Data
were represented as mean+=SEM.
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Figure 8 The growth curve and the transcriptional activity of P35 of the recombinant strains. A: growth
curve; B: transcriptional activity of P;5, the data were presented as mean+=SEM.
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