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Expression of B-glucosidase genes bglA, bglB, and bgl from Bacillus polymyxa in

Escherichia coli
WANG Yan, MA Ya-Ru, WAN Xue-Rui, WANG Chuan”, WU Run"* , LIU Gui-Lin, LIU Yuan-Zi, WU Zi-Xiang

College of Veterinary Medicine , Gansu Agricultural University , Lanzhou 730070, China

Abstract: To improve the enzyme activity of g-glucosidase, two B-glucosidase genes from Bacillus polymyxa
were introduced separately (bglA and bglB) and together (bgl) into the pET-28a vector and expressed in Esch-
erichia coli C41. The three recombinant strains were designated as EA, EB, and co-expression EAB. Strains
EA and EB were mixed at ratios of 1 : 1, 1: 2, and 2 * 1 and their total g-glucosidase activity was compared
with those of each single enzyme group, the co-expression strain, and mixed expression strains. The results of
SDS—PAGE analyses showed that both BglA and BglB were 50 ku, and the size of these proteins in the EA and
EB mixed cultures was also 50 ku. The size of Bgl in the co-expression strain EAB was 100 ku. These results
indicated that a Bgl complex was able to form in cells, but not in vitro. In an enzyme activity assay, the activi-
ty of Bgl from the co-expression strain was not significantly different from that of bgl in B. polymyxa, but it
was significantly higher than those of BglA in EA and BglB in EB (P<C0. 05). The results of Congo red stai-
ning also showed that the enzyme activity of Bgl was significantly higher than those of BglA and BglB. This
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study lays the foundation for the construction of artificial assemblies, and for the integration of biological tech-
nologies in cellulose processing.
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ABRIEA B HIATHE 1 (o) 1 BT 38 bglA 1 bglB 4 H1IE £ 8] pET-28a 1 55 UL [R K bglA i bglB
FefAE pET-28a |05 3 A TALUTRL AR BIAE K HF ) CAL th ik I Lo T 418 Bk MO . K BF 56 %0 495 -0
4 4 27 4 56 0 A LA B 9 922
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1.1 ##

111 GRS Ok K HF I DH5a.CA1 K ik pBluescript [ KS(+) . pET-28a g H i 4 b 2% 1wk A 4 52
0 55 ORI, 22 R S AT DO AR SE I A B T A

1.1.2 &5 BRI N VI EF BamH 1 . Xho I #1 Sma 1 . T, DNA Ligase. T, # /8 {L B (PNK) iy T TaKaRa
oA BT GE A n]GIPTG . X-gal V2 N H % & . FI% & .FastPfu fly DNA Polymerase I T4t 50 2 2 4 2F
WHARA R ) WERLL K CMC-Na Il T [E 7 43 8 26 CTAB I T OXOID 23 w6 77 i bz DNA /N2 3]
B O 6 0 T R AR A B A R A HD

1.1.3 Bzt B3 KT DH5a.C41 J 228528 ZE AT 3 19 4% 35 35 LB(Luria-Bertani) £ 35 3£0), LB-fi
M AR R T 2B AT E AT 2 X YT (2 X Yeast Tryptone) 55 57 3 H FH AWK M IE T . LB-
CMC }5 736 F F WIS 2038 90 A5 D00 375 46 4 Mg 1) K At

1.2 7k

1.2.1 A4 DNA 428 XM B o Z AR MAF I, T 2015 48 3 14 HAE LB MR KE 5= Frp 37 Cif
Fi¥ 5 B R 7, WA WA S SR CTAB IL 2 BUGE R 41 DNAYY

1.2.2 TGk pET-28a: :bglA Fl pET-28a: :bglB iy H4 ¢ 4 Jfiki pET-28a: :bglA F1 pET-28a::bglB
(AL SR LI 1A R 1B, DL K 28 2 1 1 25 I 41 DNA SRR, bglA-F/R Ry 514 (% D47 PCR § 3
bglA F Bt ,PCR W 5 :95 CHIASHE 5 min;95 C 30 s;64 C 30 372 'C 80 s34 30 MEH ;72 CHEAf 5
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min; DA 2 A58 2F AT R R K 41 DNA SR . belB-F/R 519 (& D #47 PCR ¥4 bglB F B, PCR b 5%
H7:95 CHIAEM: 5 min; 95 C 30 s361 C 30 s;72 C 80 s;4L 30 4@%;72 CHEF 5 min, FH B ECIR 30 &40 5 18]
W PCR =¥ )5 6 H 89 7 Bt 5 pET-28a [Al i 22 Bam H 1 F1 Xho 1 BV, BEV) 5 9 H B9 - Be 5 pET-28a 4L )5 1@
it T, DNA Ligase #E47 % 4% , 43745 2| 85 20 Fi b pET-28a: : bglA Fl pET-28a::bglB., T4 Bk 24 WK PCR I
MUY UE (Bam H T #l Xho 1) IE#f 5 » 264 4 MER A= W0 BL A FRZA &1 e

1.2.3 KT TR pET-28a:: bgl (pET-28a: : bglA: : bglB) ) ¥4 e F Ik HYL B pET-28a: : bgl
(pET-28a: :bglA: :bglB) (A A ME LI 1C, E 5544514 belA-R1 Al bglB-F1 8RR 1L . SR 5 LA 2285 28 28 FAT 1
SR ZH DNA S #itk . bglA-F/R1 51917 PCR ¥ 1 bglA Jr Bt PCR KW A5 A IR] b5 DL 2285 208 2F 6 T 17 2k [
41 DNA #H . bglB-F1/R 51 ¥i#k47 PCR "3 bglB K B, PCR i 25 F R b o FH I [0S 590 & 43 5 1] i
bglA FbglB F Bt H BamH | §#Y) bglA KB, Xho | §iY) bglB F Bt BamH 1 1 Xho | [l Y] pBluescript
I KS(H) G BmY G bglA.bglB 5 pBluescript [ KS(+)4lifk )5 ik T, DNA Ligase i 15 3 5 2 Ji ki
pBluescript I KS(+)::bgl, WY FRE T Sma T Fl Bam H T XUEGYI 5 3E IF #1 )5 - 8 T 415k pBluescript 11
KS(+)::bgl 5 pET-28a 435l | Bam H 1 Fl Xho 1 #E47HFY), B V) = W4tk )5 F T, DNA Ligase #8417 1% #4532
YTk pET-28a: :bgl, ZH K PCR FMIXUEFYIHAE (Bam H 1 #1 Xho 1 ) IE# )5 » 6 15 4 MEE AL W) R A BR 2
GRS

® 1 PHEEVEEE bgIA T bgIB BRI 1E5Y

Table 1 Primers of f-glucosidase gene

5| %) 4 F% Primer name 34 % %) Primer sequence(5'—3")
bglA-F CGCGGATCCATGACTATTTTTCAATTTCCGC (BamH )
bglA-R CGCCTCGAGTCATTTCTCTTTGTTTAGCGTC (Xho 1)
bglB-F CGCGGATCCATGAGCGAGAATACCTTTATATTTC (BamH 1)
bglB-R CGCCTCGAGCCCTTTTCTATTTAAAACCCG (Xho 1)
bglA-R1 TCATTTCTCTTTGTTTAGCGTC
bglB-F1 AAGAAGGAGATATACATATGAGCGAGAATACCTTTATATTTC (RBS)

1.2.4 EHFTR A LIESR B e 1F 4 B0 35 4H ik pET-28a: :bglA . pET-28a; :bglB M pET-28a: :bgl
AL B RIGAT R CA1 B S M A& A FIRE K (100 pg/ml) By LB EARE IR F 37 Cid 3R )G . i ik
PR Fe R
1.2.5 37 4 B B A0 05 3 Rk Wik i) EARREBEHERS 3 mL 5 RIFHEERM LB .37 C 220
r/mingd B IR 3% 1+ 100 WA E] 100 mL 2X YT {5 9# 894,37 CH% 2.5 ho il A IPTG #] &% )% 1 mmol/L,
28 CARIRIES 14 ho W E T Loading buffer PRI E f8 7 BERE A0 D2 292.5 WL AR5 5 s [ B 5 s,
FEHWEREE 4 C 8000 r/min #.0 30 min Y4 EVE . H GE AR A Ni-NTA #: #1785 (g™ . LIS
(1 T 21 T R A % BRJEAT SDS-PAGE Hiyk ™ , 43 7 F 41 28 (1 K15 0L
1.2.6 4 ijﬁﬁ@%ﬁ:@H‘Jﬂziﬁj\*ﬁ*ﬂ@@ﬁﬁﬂ’ﬂ‘uﬂﬂnﬁ g BCA 30 & 221l 562 nm & A9 2 F e B2 AR v il
2, I 5E B A ODsgy o (B - 30 520 A5 7 T 2R THEAE 0 A0 BV VR T .

3T DNS PR B 25 M MM VS O o R S SO AN BN A R A A B 1 e AW T i UK
ARG B4 L U/mL 2R . IR 0. 5 mL HLAGIR (BlA 2 110 mg D 5 1 mL 1 207K 4% H A7 5 FR 2% th il
(0.1 mol/L,pH 4. 8),F 50 C{£ 60 min J5, A 1.5 mL DNS i 10 min, E 4 & 25 mL,E ODsy o [
I SBORH TV A8 0 TG I ODs00 o 1 R % BREH AT B0 S0 B AT 3 0K, i I8 095 (L Dy 12X 960 2 I 095 (L 5 0F B I 0% B
2%, If-#i i} SPSS(Statistical Package for the Social Sciences, version 13. 0 for Windows; SPSS Inc. , Chicago,
1L, USA)BRAF#EAT 5 V22 5 40 T
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3 LB-CMC 55 F5 5017 W R 21 e (2, AR 41 7K ff B 10 K /N IR -7 26 00 i 1) K At i ek
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2.1 bglA F=bglB %5 F ik B ke # sk

i PCR 77 va BEAR 2 1 2R S 2Ff AT TR B 2 M 1 18 0glAbglB FEF W 45 R R WY bglA FlbglB K
/NGRS 1361 Fi1 1358 bp, i1 bglA FEH T4 5 Z A5 25 2R AT T 1Y) bglA B H (GenBank % 5%5 M60210. D) J¥
G L X RLEME R 99 00, bglB 5K 5 51 5 22 K 28 2R AU FF B 1 gl B 3£ H (GenBank % 5%5 M60211. 1) %41 Lt X [
MR 99% . ¥4 bglA bglB 43l H: pET-28a, 5 Ak KA AT I DHS o, 14 £ ) F 41 kL pET-28a. :6gLA Fl pET-
28a::bglB % BamH | Al Xho | BYIRAETC 1R 5 73 5 5% A6 KW AT B CAL, R AUEE D) 55 31 &3 an B 1D, i 45
UL E 4 ok pET-28a: :bglA 1 pET-28a: :0g(B & I A KA CAL Hr . K45 2009 K AT 58 35 4156 Bk 4
B4 EA(pET-28a; :bglA) Fl EB(pET-28a; :6g(B),

A BamH | ypo 1 B BamH I yho 1
SgrA |
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Mlu [

Bel I
BstE II

Apa |
BssH I

SgrA [
Sph |

Mlu [
Bel |
BstE I

Apa |
BssHII

! pgla

Dralll PET-28a::bglA EcoRV Dralll pET-28a::bglB EcoRV
6730bp Hpa | 6727bp Hpa |
TthA I P<hA |
Bg'l Bgl |
Pvu | Fsp Pvu | Fsp |
Tthi11 |
. 3st1107 1 Tthi11 |
Eco57 1 | BssS [ Sap I % et A [?st1107[
AWN T ggprull 1 p
AIWN I ggprnil 1
BamH |
D
C D
Miu [ M 123 4 56
Bel |
BstE Il
lacl Apa |
pET-28a::bgl ac BssH II 5000 bp
Dralll EcoRV 2000 bp
8105bp Hpa |
Ps<hA |
Bgl | 750 bp
Pvu [ Fsp | 500 bp
Sef 1 Psp5 1

Nru | Tthlll |
Eco57 I | BssS | Sap [3st1107 [

AIWN T ggprull 1

E1 EARMNEERFAEETHEEHNEYRIE
Fig. 1 Plasmids map and p-glucosidase gene recombinant plasmid digested from Bacillus polymyxa

A:pET-28a. :bglA T 21 i %% € 3% Plasmid map of pET-28a::bglA;B: pET-28a: :bglB T 41 Jii ki & 3 Plasmid map of pET-28a;:bg(B;C: pET-
28a: :bgl YL KL % Plasmid map of pET-28a:: bgl; D B 45 Ml H il 1k 81 1) XL D) 55 iF B-glucosidase gene recombinant plasmid digested; M
DNA marker;1:pET-28a; :bglA T 241 FUki S EFY) (Bam H T Fl Xho T )pET-28a: :bglA digested by Bam H T and Xho | 32:pET-28a; :bglB T 41 Fi kL
W Y) (BamH T #1 Xho 1) pET-28a::6g(B digested by BamH I and Xho I ;3:pET-28a;4: pBluescript [ KS(+) ;5 : pBluescript [ KS(+) ; :bg! T
A TR UG (Sma | #l Bam H 1) pBluescript | KS(+) : :bgl digested by Sma | and BamH | 36:pET-28a: : bgl T 41 Bk X EEYI (Bam H | #l Xho
1 )pET-28a: :bgl digested by BamH [ and Xho | .
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2.2 bgl Ml R RAKa ML

FH PCR 3515 bglA . .bglB & B, B V) i% 32 8| pBluescript [l KS(+) $45 5 24H i b7 pBluescript [ KS
(+)::bgl i@t Sma T Bam H T BV EE T IR)E (B 1D) 6 bgl F2 M pBluescript T KS(+)::bgl EYIF
4% pET-28a, 3K B T 4L Fi ki pET-28a::0gl, 3@t BamH 1 #1 Xho | BV I iE TG iR G (B 1D) &4k K g AT
CAT, Pk FHPE 2 40 1 SR BOBORE , DNA I 5 5 1k B e 45 BOOE B B B L 36 8 B 40 Bk pET-28a: . bgl T TN #%
AKWAFH CAL . K45 B0 R AT TR SL R0k 4 R bk i 44 O EAB(pET-28a: :0g0) .
2.3 BglA BglB & Bgl #9 % &k & SDS—PAGE ¥ i

¥ EA.EB.EAB.EA 5 EB %A FUR S EH A IPTG S, B A B w5 #1744k . 15 3 % 3 BglA,
BglB.BglA 5 BglB %A BUR & 8 H M Bel, Jf##17 SDS—PAGE kil . SDS—PAGE 43 #r £ W] (| 2) . i %

B TR S 250 5 9 05 IR IR R 4540 L alifb J5 A B — . 5 )5 19 BglA BglB.BglA 5 BglB S A FUE & 1 B

FE 50 ku ZbA B (0 2R 1 R R T L 5 SCHR P ARG Y 20K 2 2R AR B T B AR A R 50 ku AHAENY LR
T Bl EAE 100 ku 40 BT W A9 85 1 0K . A 25 B R/ AT L, Bel A 5 BelB SRR BUR & %Eﬁ&ﬁ
TE I 58 B 1 52 2R 1 340 s A AR S5 R /INI B A T 5 5 i 3R R GK B 1 Bel ZEAE MR NTE IR T —
MRS,

94.4 ku
66.4 ku

41.5ku

33.7ku

B 2 SDS—PAGE Hjk
Fig.2 SDS—PAGE electrophoresis
M. 4 Marker Protein marker;1:EA 55 i EA before induction; 2: EB 55 §ij EB before induction;3: EA il EB R & #£i51% 5 #i EA and EB
cultivation by mixed proportion 1 : 1 before induction;4: EAB % 5 /i EAB before induction; 5:EA 5 )5 EA after induction; 6:EB %5 )5 EB after
induction; 7:EA #l EB R4 #1515 5 )5 EA and EB cultivation by mixed proportion 1 : 1 after induction; 8:EAB % 5 J5 EAB after induction; 9: EA

4ifk )5 EA after purification; 10: EB 4lifk.J§ EB after purification; 11 EA Fil EBIE & # ik 4lifkJ5 EA and EB cultivation by mixed proportion 1 : 1 af-
ter purification; 12: EAB 4fifk.J§ EAB after purification. EA: bglA 3 [H % # pET-28a J5 % A C41 JE& 52 725 41 iU 7Y T 41 1% # Recombination strains of
bglA was linked with pET-28a and expressed in Escherichia coli C41;EB; bglB £:[F & #2 pET-28a J5 5 A C41 832 240 Mg i) T 4H % Ak Recombina-
tion strains of bg/B was linked with pET-28a and expressed in Escherichia coli C41;EAB; bglA,bglB KN % # pET-28a J5 5% A C41 J&&52 25 40 L)
2] # #k Recombination strains of bglA,bgiB was linked with pET-28a and expressed in Escherichia coli C41. T [d] The same below.

2.4 DNS kmlE &4 3-H 545 i i %

FH DNS v 5 B 2H 34 7 W 1 B 05 (i D0 2% 2. il i SPSS #4453 | H ¢ Bel 5 2285 28 ZF LK 1 L Bl A |
BglB.EA fil EB(1 : 1) \EA Il EB(1 : 2) & EA fl EB(2 * D) RYEFIG(E . 2550 Won . Bel 55 2 K5 28 28 AUAT B 10 B 76
2R AEFEP>0.05 ,HBEHT BglA.BgIB.EA f1 EB(1 : 1) EA il EB(1 : 2) }z EA Fil EB(2 * 1) fy il 1%
{E(P<o 05) . & H T Bgl (% bglA FbglB Wi WAL 1 58 8 n 2 & 8 E PRSI (K K48 w51 EA F EB

BRI S ARG E2ZE R AR E . Sl T EA F EBIRG E IR0 bglA M bglB WA I A
ﬁ;ﬁm%‘ﬂ’ﬂinﬁlﬁo
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*2 DNSENEBEE
Table 2 DNS method for the determination of enzyme activity U/mL

i Sample X BB 4H i 3 Control group activity

iR 56 4H i 35 Enzyme activities in the test group

[t 1% {li Enzyme activities

Bacillus polymyxa 1.0520. 188
BglA 0.19740.035

BelB 0.16940. 050

Bel 0.18840.078
EA+EB( : 1) 0.16540. 054
EA+EB( : 2) 0.17440. 033
EA+EB2: D 0.18340.017

5.186£0. 371 4.134+0.216~
1.46840. 140 1.27140.125%
1.19340.199 1.02440.173%
4.1132£0. 239 3.925+0.262*
1.26440.090 1.09940. 1447
1.3784-0. 498 1.20440. 4667
1.28140.411 1.09840.426%

e RRERBF(P<0.05), 5 FRERARF(P>0.05),

Note: * means significant difference (P<Z0.05). # means no significant difference (P>>0.05).

2.5 RMRaEeé

W RE 4 I in A CMC-Na #9 LB SE Az fL
37 Cit K57 NIRRT e 8 . NaCl ¥ M €0 )5 3 30
TK fife B o A AR K ik BB AR 1 R /DN BRI DT K g T M Y
I, 5 R (B 3),EA FWE.EB 3. EAB |
i EAFIEB(L = DIRA £ 5 BEBA K e .
VEHIFE B3 AR . N RE 25 1 40 W 3 20 i o
T P B AR i A i 114 7K i B R T A S AR R S Y K i
RPN R 2 Y SR S R SR A e A/ = I TE2 R oY= s o4
FTH B B — 0 8 A% RO B K i B BN
1 BglA 1 BglB ¢ 1:1,2: 1,1 : 21RAJFIE MK
fif Pl 220 AN (FCRE SR SR K 3R 1 Bl i A B
fLrb s R IRT 7 A K A B R TR 5 R A B — i A
G BT A K A P U W Sk e 3R B 45 W T S Bel 1Y
KR I M B
3 itig

B A WA D A A R B b ) — A
Tt 20 43 AE DR IT B AR W 0 AL SR U B Y
DL A EL S 35 ) 2 B A 30 A > PR B8 R R 45 fa WL n
LU FAR N AR T ) W R 2 B T 4% [ BUR Y
JEEA ., AR 2R 28 28 AR 1 1K 0 b kL, 5
FEFIE T B4 1 1 bglAbglB J bgl 3L A 82
FE A% g TR -7 2 I il 0% U 1Y [

AL A 5 K B A bglA bgIB Fbgl 4y
SI3%E 4 pET-28a, JF7E RIAATF I C41 3Bl T 3Rk, 58

B3 RIRAFBEKREER
Fig. 3 Congo red stain hydrolysis circle

1:EA I3 EA supernatant; 2: EB | EB supernatant;3; EA fil EB
(1: DIEA LW EA and EB 1 ¢ 1 supernatant;4:3: 33k % EAB su-
pernatant;5: EA 4lifbJ5 % 11 EA protein after purification;6:EB {5
% 1 EB protein after purification; 7: EA il EB(1 + 1R & £k g5
1 EA and EB 1 1 protein alter purification; 8: EA B J5 EA after
breaking;9:EB #{#% J5 EB after breaking;10: EA 1 EB(1 : 1 E&Fik
Wi G EA and EB 1 ¢ 1 after breaking; 11. 3t £ ik 8 # J5 EAB after
breaking; 12 ;3 Ak 4lifk J5 45 H EAB protein after purification; 13: BglA
# BelB(1 : DBglA and BglB 1 1;14: £ K FMFFE B. polymyras
15.:BglA F1 BglB(2 : 1) BglA and BglB 2 : 1;16:BglA F1 BglB(1 : 2)
BglA and BglB 1 : 2.

KW BelA BelB Fl Bel 3 MEB# N AR ES . HEAFEHK EAEB.EA 1 EB(1 + DiR& XK K)G#HAT
SDS—PAGE S5 () 8 F 4447 22 90 A K R AE 50 ku(BelA 3 H R/ WAL 8 E A & A &40, T g EA fl EB

(1 DIRGRIBTEMINARIE RS- EGEA.

FIHI - 27 4 238 5 0 00 D0 J7 ik it =2 — G0 — AR E BT T B0 05 1% 45 R0 4% A7 AN T D00 743 0 T 7% 22 S K TR e
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AEAFE . MR E NE R AT (B, polymyxa 1. 794) W 5y BEAT 3] -7 %5 0% 1 BRI K 0glA N
HAHAE pET-28a b HAL KIGHFF A BL21, Gl B30 i & B 4 49 4% 1 (B-pNPG) Sy JIE W) Il o 1t % » 7 20 3-8 4 4
HEGMEG ISy 24,7 TU/mL., &3 FF 75 500 D0 P50 0 4 2F 64T 18 vh 58 B 15 3 0gLB BE TN o 32 ik A 3% 42 3
pGEX-2TL b4 R H A BL21(DE3) Hh3kik i@ it B-pNPG Jy Jic ¥ I 7 Wl » 16 5 Sy 25 48 i i e 1% )
4 0.043 TU/mg, Sy 1 577 64 LU AL - A 5256 4 [ P9 4058 B A0 7K A% 1 Csalicin) 15 IR 97, 3 AE 1 B 3 Sz ik -
AP EEA IS 1. BelA 5 BglB #—§4H 4 F DNS 2 B4l 5 Bif . BglA B 75 { b BgIB 9 K . Gonzalez
SFUVRR T R IR [ 2R ZE AT IR bg LA SR S A 1) B 4G R T A L bg B 3k BRXE 2T A RIS A Y K A A
MR, # EAEB 57 45 1 8 a4 J5 0 (B B . HL K i el o A B L 9% G D TR AT BB 2 7E TPTG 5
IF 2 ) G B R AP 5 (B AT 8 AN FE 43 T 52 e LTS e RT BB ORI FF R CAL ML A & A T I IRIE T B O
FURT SN EAE A S L IERIT SO E QA LGS B R R . T e A S i R R 2 BglA
1 BelB WA EZ 5 E A KRB 2 BelA A BelB 1P i 58 B 19 525 85 F 5 A B8 S 4 b R K i i Pk . H Al
RS> 5% W 340 7 W T R0 LAt 9 i 0 A7 S 385k, T am SN - A W T L IR bg LA Rl bg (B 4y 35 )
RN HE A cel A TERS BEZFJUAT T WBB00 A3k 323k, He 32 ik 55 4 I WBB00 (pP43]M2-cel AbglA) Y it A il X
S ET A R AE RIRE Y 317, 4 mg/ L B A A  JHC I A1 i RN 2T 4 WIS ) S BRI 24 mg /LR A 4 0 5
J 1 P A0 B R DKL R PR ) SROW L PR R K AT T BL21(DE3) e 3R 3K L i IE J T3k 1196. 8
U/mL.

4 HFig

AR TSRS B4 4 Wl 1 B 1 gl A Rl gl B 7R RIAF R CAL WISk e . JUM G e — 2 0 IR B 3%
IRABETE S T 4 A% 5 AR TR R BTG 22 0 2 X — ST A SR T 4 R R SR R A 3R e R R AL T S A
k.
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