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Construction of high-level expression system in Bacillus subtilis
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Abstract: [Objective] In order to facilitating the genetic manipulation in Bacillus subtilis , high-level
expression system as efficient tool was developed in this study,in which the inducible promoter Pglv and
expression host were reconstructed and optimized respectively. [Method) The inducible maltose promoter
and E. coli-B. subtilis shuttle vector were employed to construct the expression vector pGJ222,in which the
bgaB coding for B-galactosidase was used as reporter. The pGJ222 was electro-transformed into B. subtilis
1A747 to examine the expression efficiency and repression caused by glucose. By means of homologous re-
combination, the expression host was reconstructed through replacement of maltose operon regulatory ele-
ment by constitutive promoter P43 in chromosomal DNA of wild type B. subtilis strain 1A747,yielding B.
subtilis BCYL. The resultant strain B. subtilis BCYL was transformed by pGJ222 and the improvement ex-
pression system was used to determine the expression efficiency and repression caused by glucose. In An-

other experiment,the hemA genes coding for glutamyl-tRNA synthetase, which involved in the synthesis
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pathway of vitamin B12, were PCR amplified and used to construct expression vectors. The resultant ex-

pression vectors were transformed into B. subtilis BCYL to examine expression efficiency. [Result] The

high-level expression vector pGJ222 was successfully constructed in B. subtilis and the g-galactosidase driv-

en by pGJ222 was successfully expressed in this study. SDS-PAGE showed that expression amount of -

galactosidase accounts for 18% of total soluble protein. The production B-galactosidase achieved 16 U/mL

after induction (5% maltose) of 24 h. By means of the optimized host system B. subtilis BCYL,the produc-

tion of B-galactosidase was improved and reached 21 U/mL after maltose induction of 24 h;meanwhile, the

repression caused by glucose was significantly alleviated. [Conclusion) Thus, a high-level expression sys-

tem was developed,which provides a potential tool for genetic engineering of B. subtilis.

Keywords: Bacillus subtilis ; expression system; homologous recombination;g-galactosidase

A B ZE AT (Bacillus subtilis) & AF Tl & B2
FVGRLA: W 53 388 12 2 S0 EL A 3 A A A 8 =2 [P
PEE B AR ek S & G TR % R R AT g
e U 2 A A R 2 AT TR R PR R A )
Ao SR A SR B2 1 25 TR R R 45 oo F s 8 +
%) 5 I A B DR 2R L 5 B A T A R 2 R T R s
TEHAE R G I RS Ml o 2 JRAT 1 22 2F Ml 45
WPITH I B F (glo) AR 22 ZF G\ oo 1 3 ] g loA
(i bt 6158 R o ) %) M 1 )« g LoR (S 5% 3 49 28 1
GLVR) Al gloC (4t 38 # 11 GLVO) iy Fik™
Horb, GLVC 2l R 45 i) =2 7 ) 1% A0 218 Wl 1R 5 7% il
RG(PTS) W 7. 5 5 A& ZF W0 508 R wi iR AL 5
GLVR F1 6-§W2 2 ZFHE 45 G vl AR glo J3 3111
It 3% 5 VT 46 260 W0 0 A8 7 ) BEL 38 7 6 Cere) BB IR 1
M gloJq g7 glo BB F R — M ER AW
AR B 5 AR B A B Y I A R
AR 3250 1 R A B 2F AR TR st 1 A PR R A 1 4R
&, DL cre 13 55 5E A8 1) glo Ja 8l F R P 48 o0 1 A
FEIRFAAR L 38 A [F) U5 4 R R AT R T R
O figk 4 A B B bR DR A 0 AR L B AE R4S A B
ZEAUAT R A SRR IR R G O T ARG B ZF 6T TR Y
W 5E 5 0 FH B8 il

1R

.1 & #

LL1 @hkFite KRBITFHEKRAERBTE
(E. coli) DH5a (ST B 15 ) M B. subtilis 1ATAT TH
e BT Bk A pDL (A8 & M B-E 3L
WL A (bgaB)) . pGLVMI (& glo-M1 J3 3+
R Al pDGL728 (F5 spec Pk 3 IR B 4 2%
W, Hop B. subrilis 1TA747 B 8k & Bk pDG1728
A1 pDL fH 36 [ A& 2 R N 37 K 2 FF B AR o0 (BG-
SC)FEAE | 4% o3 bz 1 B Rl 2 by 74 b A MR 4 K 2%

Y E IR SRR 6 S8 = AR A
L1.2 A4 A FREIVEN VIR, T4 DNA M35 i
AL AL 4H 4 B0l 70) & 8 Promega 24w s Tag DNA
REM ANTP B4+ Bt & br i (ASMO0431) 11y
H MBI 28 & DNA [aCiR 50 & L 50 /) it 52 BG 5)
&M A OMEGA 24 &), # & F f5 id i 7 & (DIG
DNA Labeling and Detection Kit,Cat4 1 093 657)
g A Roche 22 7] . 43 A1 21 4B i FE 78 -3-D->F Ltk g b
H (ONPG, cat # N1127) , 4B f 3£ %Kl (ONP, cat #
35966) FIHL A= R MW A Sigma 2w, Ni*" 3% HI#H i
(NENAD I H NOVAGE 23w . 4 %5 88 0 1257 &
(G016-0120) 1 B 144 ML A= YA R A W) .
L1.3 JlsAFEF®RAI ARG R
H Vector NT 81t X i A A ¥y B8 A BR
o E ARG Hgw S  p s 0L 1, WE S T3 #
T7 Ja 2 7 51 9. 28 & 00y 519k
HCP1,
1.2 WHMEFHRIFEMNES

R ZFERA R A LB K s 5T 37 CREG I
Fr o PR AR IR I v A FEE 6T TR T U 0 o
SN EREGE S YD LB R T 37 CiR%
BRFE AR a6 o A R B 2E AR AT R R F A N
i E 50 M A R LB Br R BT 37 CRE G K
I HZH MG B ZF AT R CR B PR SRR (RS
pg/mLEAE RN LB R FRE R,
1.3 FRikFME pGJ222 IR

i BT 2 A0 R T e 38 20k pGI222 Bk # i
Bl 1. PABRL pGLVMI S #Edk . H1 514 Pglv-1-up
Fl Pglv-2-down(new) PCR ¥ 3 F B K J& 2l 270 bp
A B 2 T R 2 ZE B S B F glomue . TE glo
mut 5 1 3" %5 WEIA Apa 1 Fl EcoR T 1y FR il 74
fitg ) i w3 J5 o2 B B pGEMT Vector, #4 # pGLV-
mut, f Apal F1 EcoR 1 #H1k pGLV-mut, [n] i J3
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Bl Fr B K I T SR R 2E 10T R R R AR
A pGI244 I AH L7 &, # E Fak 4K pGI148A,
FH51%) bga-up Fl bga-down M ik pDL g 3% 2. 0
kb (1) g $8 107 25 94T B S ER kB2l ZLBE AT il 5k

H (bgaB), FWHRIFERE R B .4 EcoR T #l Sac T
XY 5 O T RIL AR pGI148A () glo-mur T
i, A8 £ bgaB KE PR Kl ZF 96 FF T 3R GR 2R IR
pGJ222,

1 AABFASIYREZEREFT
Table 1 Primers and oligonucleotides
S o' —3") IR 14 P 0 il
Name Sequence Restriction enzyme
Pglv-1-up TTGGGCCCGGCATGTATCCGAATC Apal
Pglv-2-down(new) GGGCGAATTCCGACCTCCTTGATAAATTTTAC EcoR T
bga-up GGCGAATTCATGAATGTGTTATCCTC EcoR 1
bga-down GCGGATCCAGGAGCTCTTAGC BamH 1.Sac |
GlvA-fro-up TTGGTACCGTTTCCTGACACACCGTTC Kpn 1
GlvA-fro-down TTGGGCCCTGAATTTTAAGTGAATATACGC Apa 1
GlvA-bac-up GCGGAATTCATGAAGAAAAAATCATTCTC EcoR [
GlvA-bac-down TTGAGCTCGGAATAATTGAGCATCC Sac |
P43-1-up TTGGGCCCTCAGCATTATTGAGTG Apal
P43-2-up TTGGATCCTCAGCATTATTGAGTGG BamH [
P43-down GCGGAATTCATTCCTCTCTTACCTATAATG EcoR [
Spec- [ -up TTGGATCCGAATGGCGATTTTC BamH |
Spec- [ -down GGCGTCGACTTGAAAAAAGTGTTTC Sal T
Ehem-up TTGAATTCATGACCCTTTTAGCACTCG EcoR [
Ehem-down TTTCTAGATACTGCTACTCCAGCCCGAG Xba |
Bhem-up TTGAATTCATGCATATACTTGTTGTGGG EcoR |
Bhem-down TTTCTAGAAATCATTCAGCTTTCACTCAC Xba 1
HCP1 CAAGCAGCAGATTACGCG
7 5 b R I 43 S il D) A A
Note: The sequences in italics indicate restriction sites introduced for potential cloning purposes.
pGLVMI1
Apa 1 l EcoR 1
| b | pGEMT vector
R 7
Link Clone I
DL,
¢ Apal,, co® o R;_'\( p
pGLV-mut E ! ORI+
(Xma | pGl244
BamH | 3.2kb
 Xba 1 Qgﬁ EcoR 1 Sac 1
A/Sac I Cm I bgaB
[ Apal /
Apa I \E ORI\_%
0
FeoRT] A ¢ ORI+ EeoRT J  ox
t C +
Pst | N gl COlE
;{WIEII N pGI148A
am % 3.5kb
Xba 1 \* Mcs o T % g
O & pGJ222 )
/ 5.5kb
Sac 1 Cm
3 /
/\ Cm
Sac |
BT b ZE AR O B2 OB 1 8 i A IR 2R Tk 2k pGI222 i 2t [l %

Fig. 1 Construction sketch of expression vector pGJ222 of B. subtilis
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1.4 BEHHE B. subtilis 1AT47(pGJ222) It &

SR FHSCHR 15 438 1) 05 ¥ 6 pGI222 W% 4k 3]
B. subtilis 1A747 T ¥k, 3£ 18 B. subtilis 1A747
(pGJ222) . R HHBEREME B 35 B G SR HALTA B. sub-
tilis TAT47 (pGJ222), F 2,4,6, -, 64 h & H
ODss - 22 i o A= K i 22, 9F H Olympus CX41 1
B WL L TR P TR 28
1.5  B.subtilis 1ATA7(pGJ222) ik Hy#a 7l
1.5.1 & @& SDS-PAGE #m X &4 B. sub-
tilis 1ATAT(pGJ222) #4715 R ik, S k[ 16 ]
I7 i H £ kE 5. I BIO-RAD(Mini Protein [[[) 3 B
HLVK R GE#F 1T SDS-PAGE il
1.5.2 B-kslpEsrdsEren 2 B2 LT S
PRI E 2 BEOSCHRL17-18 11 vk iR 47, B2k LM AT
it B % 2 LK 55 °C R, & min fiE {6 ONPG A g 1
pmol ONP [ fiff izt >y — A~ i 1% B2 (U
1.5.3 &Gk T BRE & B ERKSE & (N-
ative-PAGE) #e B #% (Zymograph) 2~ # 5% W Hk
(19177 ¥ # 17 Native-PAGE, w1 Uk Ji5 ¥ & it FH Z
Buffer 3231 15 min, 2k 5 5 & X-Gal (& TR FE 40
pg/mL) 1 Z Buffer % A 42384%,55 ‘C/K# 15 min
J&5 ) FH 88 18 1% % %8 (Bio-Rad » Gel Doc XR) (% .
1.5.4 #HEMEMWH KRB WHEHE B. subtilis
LAT747 (pGJ222) 347 58 % W5 300 1 3 35 o LA S o o o
SYER 50 A ZEME LB Br 3R B SR EAL T B. sub-
tilis TATAT (pGJ222) Ayt B . SR FH A 280 0 SR AL il vk
T 7 4 2 W o LR B AR S R A B I ) &
0 B A5 R AT o 225 ) 7 I e R AR 2R S e A ) % AR

feh £ .
1.6 RIEBE B. subtilis BCYL I E R REHK
R

TE B. subtilis 1A747 (pGJ222) 14 3¢ 35 I #2238 36
o, 2 SRR B R AT U5 T A L T 280 T 2 3k AT
PR T . A TR 1 7 4 Bl 7 £ 5 7 i it 22 () 52t LA
ML, T P8 RBER G B. sub-
tilis YATAT FE[R 20 (4 22 2B B 9N o0 I 2+ JH Ak 2 2
FOURF R 28 S 3 T P43 B, by EE b 33k 78 32
DA PR I3 20 AR 6T 8 4 B 1 R 22 2F R 5 2 TR I R
TV 32— 2 28 it 48 7 W T 238 R SR IR FH
1.6.1 # &% 4k pCYL25 ¢ M2 B ZEAT
A AR pCYL25 Mk B3 WL 2, 32 B. sub-
tilis 1A747 ByFEPI 4 DNA, DU B bR, ] 2 4 5]
Y (GlvA-fro-up 1 GlvA-fro-down F GlvA-bac-up
Al GlvA-bac-down) , 43511 3 3 A 25 #0043 3 K 41

WA M 3§ Bl 500 bp B9 GAS v BOFI T i
500 bp 1) GAb J Bt ML GA f Rl GAD Jv Br ¥
T BEE| pGEMT-Vector /1,18 3] pGEMT-GAf
1 pPGEMT-GAbD,

PL B. subtilis TAT47 B R 40 DNA R4, A
514 P43-1-up #1 P43-down PCR 14 P43 |23+,
Pt HTEpER pGEMT-Vector #1,15 %] pGEMT-P43,
i Apa 1 F1 EcoR T {4k pGEMT-P43., [a1 i 5 3l
P43 J B, v B B AN 28 AT B - AT T 5 AR 4
pGJ244 v, 15 2 R IKF K pGI288R. ] EcoR [ FiI
Sac 1 W tb pGEMT-GAb. [0l it GAb, 75 [ 7
pGJ288R 1, # GAb [ F B ik pCYL17,

VL B. subtilis 1ATAT (R R4 DNA R K. A
514 P43-2-up #l GlvA-bac-down PCR #" 3 800 bp
i) P43-GAb ik &, B H 7 3 pGEMT-Vector
L, 5%] pCYL19,

P pDG1728 i £ #i. F 51 % Spec- 1 -up #i
Spec- [ -down PCR #"## 1.1 kb f#H: Wi 85 £ o ok 3
spec, $¢ H 50 B 3| pGEMT-Vector 1, 1§ F|
pGEMT-spec, | BamH I #1 Sal 1 %1k pGEMT-
spec, B spec FEH , va B 5 pE3 (4 A0 N 7 55 . 75 3
pGJ265, H Kpn 1 Fl Apa | 4k pGEMT-GAT,
W GA S, ¥ Ho 78 B 2] pGI265 By A1 B A7 . 15 F)
pYG34, H BamH T 1 Sac I JH 4k pCYL19, [A] i
P43-GAb Rik & W H eS| pYG34 b M@t &
K pCYL25(H 2),

1.6.2 4tk ik 8 £ B. subtilis BCYL &5 #y &
FIFH Sca 1 2Pk % & 8K pCYL25, i1 5% fk
B. subtilis TATAT, Pk A7 H W 5 38 BU LY o B L 15
FE 4 T B. subtilis BCYL, #2 Bt H 3 [N 4 ot 17
Apal 1 Sac 1 B V) £ ] #1 Southern-blot #5 i,
Southern-blot £ 75 ¥k 2 25 SCHK [ 15 ] F1 1 &5 = b
i A & U B . 518 Spec- 1 -down
P43-down, N3 & 24k pCYL25 vy 4 4o 45 1 W 25
RPUPEFE AN P43 J3 3189 1 kb i BiAE N8R4
M 2ERRic. FH EcoR T Ml Sal T b K4 DNA,
17 Southern-blot £ M, M A I 1E B A9 o B+ JE
P4 473 P43 FRik &, 3% LI R AT FRA F
W

1.6.3 44k ik 58 £ B. subtilis BCYL (pGJ222)
Foak AR AN B RIR AR pGI222 LR E
2015 ¥ B. subtilis BCYL |, 18 3] B. subtilis BCYL
(pGJ222) . MR B R G AT H TR B IF
AT MR 5, UL B, subtilis 1A747 (pGJ222)
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1E e
R SAIEEADNA O o
FIFFEHRY T Chromosomal DNA of B.subtilis 'yo
Altose utilization operon L Apa 1Y
—E Pl glud [V gbR EcoR 1
= Pst | pGI244
m ’ BamH 1 &
Kpnl ¢ Apal EcoR1 ¢ ac | .@ Xba 1
Apa 1 EcoR 1 Sacl
pDG1728 pGEMT-GAF pGEMT-GAD pGEMT-P43 For 7t
v L I
. L Yl o

BamH1 ¥y  Sall - Rl;“\ W ORI+

co.
pGEMT-spec PE3 % pa3 DGI288R
(Xma 1 *MCS 3.5kb
BamH | &
A Xba 1 || Cm -
pGl265 EcoR | N ORI—S4¢ I
\_vli s pad Co iz ORI+
Kpnl ApalV sq/1  BamH 1 I pCYLI7T &
© 42kb =
2N Cm
Sac 1
B + GEMT Vect
P43 GAb P ector
K & P43 | Gdb |
X M ¢
"

pCYLI9
|

P2 Al B 2R R 1R R 5 B pCYL25 4 1 1A i

Fig. 2 Construction sketch of integration vector pGJ222 of B. subtilis

1.7 #4& pGJ-EhemA #1 pGJ-BhemA HH & & Fik

SRy — 20 R A R R 2R IR R GE X R I i R
IROR S AW 3 0 4 3 R I T RA R 2 6 AT TR
Yert: R By, A ET R 1R 8 Z - (RNA A Al 2
B hemA W3R IB EAK  IF 43 K B AT 4% Al Ak 2
ZEAUFF R HEAT R IR . SRR A FF TR L B 41 DNA D
Hom#ir, /5% % Ehem-up/Ehem-down PCR §~
BER AT T 4 22 3R Bio & BUHT 9 8 42 00 A = BE-tR-
NA & 0 2 5 5 K EhemA 5 4 BUR 5 25 960 4T 18
K41 DNA, DL 84z FH 51 4 %t Bhem-up/Bhem-
down PCR 4" 34 A 55 2F #1 FF 3 4E 4= = By, & AT
AR AT A E-tRNA & 585 2 5% 5 ] BhemA ., |7l
W EhemA F1 BhemA 3}: B, & EcoR T il
Xba 1 ,EY)J5 43 50 50 B ) pGI148A 1) AH R A A5,
15 3] % ik # A&k pGJ-EhemA # pGJ-BhemA, ¥4

pGJ-EhemA F1 pGJ-BhemA # 1k B. subtilis BCYL
AT S E ik, UL B. subtilis BCYL (pGJ148A) Ky
XF HR X H 2% 3k 7 Wy ik 47 SDS-PAGE £ I, Jf X
BhemA 75 53 35 & WM ] 52 51 43066 B 1 (HITA-
CHI U-3010,Solution 2) 7E# £ 200~700 nm 4b i
T g AR Wi kik .

2 AR5

2.1 #H& pGl222 HRIE S

2.1.1 ZRmwgkenx RAELEEE 3D LM,
B. subtilis 1A747 (pGJ222) fE" KI5 F# )5 4 h ik A%t
BAKM 12 h F#E AERKEEM, 8,24 M1 32 h iy
BEK 45 (E 3) Bk ,8 h B B BEAL F4r 2445 . 24 h B
BRTF RS LA 32 h IR I B T3 2 (1 28 4.,
I DN ol P ) BORERE R 6,12,24 1 36
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24h
15
13
i
Q 9
Q
7
5
3
l
2 4 6 8 10 12 16 24 32 40 48 56 64
i [8)/h

Time
B 3 B.subtilis LAT47 (pGJ222) T & TE 25 (X 400) 14 K il 2%
Fig. 3 Morphological observation(X400) and growth curve of B. subtilis 1A747 (pGJ222)

2.1.2 B-¥3EFamEren e B-lIUB IS
PRI 25 5 57 L WS N 0 Sk 43 B 5 06 22 2E R I 1 5%
FETE B S T 3 A v 10 T T P S R R R N 22 2R b
(5 IR 5L AE 24 b I IS PR GK B 85 8 (16 U/mL)
SEARUINALN 12 %, B0 5 & 4 % 5 Vo i 4 B 4l
P18y T T35 P 0 T A 0% o 2L RS I R R 23 B 5 %0 2 ZE b
Y 3X — 25 BRI T 24 WE XTI B i AR A

2.1.3 SDSPAGE, Native- PAGE # | # Zymo-

graph 24 SDS-PAGE # &5 R B /R, 7 70 ku
WA — B A 24, 15 bgaB B 19 4> I Bk
AN B AN B4 BT o bgaB (197 3%
A B AR B AT Y 18% . Native PAGE
R, B, subtilis 1ATAT (pGJ222)i% 5 24 h (Y5 1
BB H W B &H (F 4B), Zymograph 43T
.k bgaB 14 EA YR 4C) KW
HF glomur WA T bgaB HyFik,

€

B - FLAEH A
BgaB

B 4 B-PILBEH RN SDS-PAGE(A) Native- PAGE(B) Fl i (C) 4 by 45 B
LR A B TR AR 2. B subtilis TATAT (pGJ222) ¥ 24 h B9 78 (I ;
3. B. subtilis 1A7TA7T (pGJ148A) 55 24 h [ A HU) 4.6, B. subtilis 1ATAT (pGJ222) 'S 24 h i AR WY
5,7. B subtilis 1AT47 (pGJ148A) ¥ % 24 h & IR I
Fig.4 SDS-PAGE (A),Native-PAGE (B) and Zymogram (C) analysis of B-galactosidase
1. Molecular weight Marker;2. Protein extract of B. subtilis1 A747 (pGJ222) after induction of 24 h;3. Protein extract of
B. subtilis1 A747 (pGJ148A) after induction of 24 h;4,6. Protein extract of B. subtilis1 A7A7 (pGJ222) after induction of 24 h;
5,7. Protein extract of B. subtilis1 A747 (pGJ148A) after induction of 24 h

2.1.4 W EBEAH RS LIRS EMA HL W 805 %0 M A R B 41 7E 12 F1 24 h
S b R A AL i 2R an 1 5 s, BRI S Rl TS I B A TS 5 43 ER 5 060 22 ZFE R I X R
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S BIR B 1396 F1 6100 AU VR IR AT HE IR A 2 T 0 UG R 4L O
W T A AR R R A T R
PR 6] 25 S5 S EL0 ) 0 PR S 17 1 5 W25

(I _
mE T s
=N N
53 =
e " o
g2 @ g
i g &3
B ® O
o5 oo &
:‘;en.
@
20
2z
83 8
23 15 T
T2 6 ., ©
v .
g & 10 LW
im 8 4 8
'S '
= S 2 O
3= &
Q!. O 1 1 1 1 1 1 1 >0

1 2 3 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36

i [8)/h
Time

—h— BRI BEF IR Activity of B -galactosidase; —— 7 45 ¥ &% & Concentration of glucose

5 TR A AR (A 522 2B (B XE FR AL h B subtilis1ATAT (pGJ222) B-21 FLBE T B 5 1 5 A 4 b 5 b A G R
Fig. 5 Relationship between B-galactosidase and glucose content in the medium supplemented
with 5% glucose (A) and,5% glucose and 5% maltose
2.2 MMURZRGFHHERFESRIE /N, PA3 JR )T RS B B A AL 8. N B. subtilis
2.2.1 #ALREE £ B.subtilis BCYL 36 BCYL J£H 4] DNA 1 PCR #"1§ P43 ik &, I J5 45
4 DNA Jig ] F1 Southern-blot M 255 (& 6) 8 SRE7n  H M HEEH R WK T HARRIXE .

A B
1 2 3 4 5 6 7

[FYRENTNC NI
AARAAARAR
SoooooT

— (8]
(VI3 S}
~ =~
S o

Bl 6 B.subtilis BCYL 4] DNA K Fg U7 151 CA) il Southern-blot(B) 6 Il £ 5
1,2. Apa 1 1 Sac T WY B. subtilis BCYL &4 DNA;3. Apa | 1 Sac | WG B. subrilis 1AT47 3£ 20 DNA;
4. DNA 4y T FrUE 5,6, B. subtilis BCYL £ K4 DNA Southern-blot #:{l ;7. B. subtilis 1A747 3£ 4 DNA Southern-blot £ il
Fig. 6 Digestion (A) and Southern-blot (B) analysis of B. subtilis BCYL
1,2. B. subtilis BCYL chromosomal DNA digested by Apa I and Sac T ;3. B. subtilis 1A747 chromosomal DNA digested by Apa | and Sac T ;
4. DNA Marker;5,6. Southern-blot analysis of B. subtilis BCYL;7. Southern-blot analysis of B. subtilis 1A747,which as a negative control
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Fig. 7 SDS-PAGE and production analysis of B-galactosidase from B. subtilis BCYL (pGJ222)
1. Molecular weight Marker;2—4. Crude protein extract of B. subtilis BCYL (pGJ222) after induction of 24 h;
5. Crude protein extract of B. subtilis 1A747(pGJ222)after induction of 24 h
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1. Molecular weight marker;2. Crude protein extract of EhemA after inducible expression of 24 h;
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