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Abstract :[Objective] For further industrial production, -galactosidas was expressed in Escherichia co-
li and its enzymatic properties were detected. [Method]The B-galactosidas gene(bgaB)was amplified {from
the genome of Bacillus stearothermophilis through polymerase chain reaction(PCR) and then cloned into
Escherichia coli expression vector pET-28a(+) . Constructed recombinant bacteria (pET28a-bgaB3) was
cultured in kanamycin sulfate liquid medium by IPTG inducer. The optimum reaction temperature,reaction
time, IPTG inducer concentration, temperature thermostable experiment and enzyme kinetics were studied
in our research. [Result] The optimum reaction conditions of B-galactosidas such as temperate, reaction
time and IPTG inducer concentration were 65 C, 6 h and 1 mmol/L respectively,inaintained good thermal
stability. After been induced for 6 hours,the expression of B-galactosidase accounted for 20% of the cell to-

tal soluble protein and achieved a high efficiency. Dialysis protein was qualified and the concentration of
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protein was 0. 75 mg/mL, dialysis protein B-galactosidase enzyme activity 75 U/mL, specific activity 100

U/mg,Enzyme kinetics demonstrated the response constant 0. 398 pymol/mL,the maximum reaction veloci-

ty 27.435 pmol/(min *

mL). [Conclusion] B-galactosidas gene was successfully expressed in Escherichia

coli and the activity of g-galactosidas was improved to a large extent.
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B-2F FLWE 1 M (B-galactosidas) , "= 24 4 B2F 3,
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R e MR WHFE R W, Bl A R 2 Oy 55 €L 70 C
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.1 # #

1.1.1 ##5 K4 E.coli DH5q \BL21(DE3) &
FIREA pET-28a(+) , ¥ iy sl FHYE T ¥F B= 25 JF
KA BRA G ORAE s UKL pDL HH Ak 2 AN 7 K 27 4T 1
P98 0 (BGSC) ZL 8 5 K g #T B % 34 1 32 BL21
(DE3) fl 3 ik 4k pET-28a(+) ¥ [ Novage 24

7l ; 55 B K pGEM-T Vector system i H Pro-
mega 7\ F) o
L1.2 AR A FRGENDIE, T4 DNA % 4
fitg LK 21 DNA 2 BUs ) & & PCR 5] ¥ 18 B
Promega /A ®); 5 H 43 ¥ &= b5 #E perfection pro-
tein™ R T & 5 5] & (BCA-100 2R H i a2
2 N & ¥ B Novagen 23w s DNA [l it
& BoRn /N B 3R O R & I B OMEG 2 5 4B
fit F R -p-D-2 FL L I B 1 (ONPG L cat # N1127) 4P
Y S Ay (ONP, cat 2 35966) f¥AE Z ¥ H Sig-
ma 23 H] o
1.1.3 PCR 314 #R¥E GenBank 7 bgaB F: X
F£ %1 (GenBank % [ifi 5. 1023317) #% i+ b . T ## 51
.

FWEEI Y. 5 -GGGAATTCATGAATGTGT-
TATCCTC-3',

RIS N VIEE EcoR T 4R3I 85 5

FWERI 5" - ATA GCGGCCGCAACGAGACT-
TCTCTA-3',

TR YIRS Noz T 3HU51F 51 .
1.2 bgaBERFHBE HER PCR ¥ 1

PCR WK % :10X La Tag DNA B4 [ buff-
er(2 U/pl)2.5 pL, EY#51# (10 pmol/1)2. 0 pL,
dNTPs(2 mmol/L)2. 0 uL, FUE5[# (10 pmol/L)
2.0 uL,DNA #i#z (100 ng/pl)2. 0 pl, MgCl, (25
nmol/L) 2. 0 uL,La Tag DNA R & 0. 5 pL,
ddH,0 12 pL, SRR 25 L,

PCR #4454k : 94 CASPE 30 5,54 CiB & 30
$.72 CHEAH 30 s, JFFF 30 .4 CLRAF,
1.3 bgaB BEREFEZRIEREHHE

Il s 4 B-2F: ZL W 1 Bl 5L X (DgaB) 4 5 X A
B e R B 5 i) PR ) P D) R B0 A7
EcoR T .33t 5] A BRI VI Noz T 193 517 31
Bz 3 i B 5a e 3] pBluskm B EcoR T 1 Xba 1
A7 s 8] 45 2 e (8] 2 4& pBluskm-bga B, L {L 5] E.
coil DH5a (DE3) J&& 57 25 4f My v, $2 B BT ki, H
EcoRTH1 Xba 1 #47EE VI £ %€, B H EcoR T M
Sac | A H 8] 24K pBluskm-bgaB., A 2 kb fy
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bgaB FEH R B . ¥ Ia U r= 9 e [ 31 pET-28a(+)
FKBHME. AT bgaB fl A ik pET28a-bgaB
(pGJI347) , ¥4k 5| E. coil BL21(DE3) J&% =2 75 41 i

pET28a-bgaB

T7 promoter

o of LB a4 ok GI347, F BT AR S R,
EcoR T Fil Sac T #E47 U % 2 Fi 5 % 52 , il Stra-
gaty AE A E D,

lac operator rbs

AGATCTCGATCCCGCGAAATTAATACGACTCACTATAGGGGAATTGTGAGCGGATAACAATTCCCCTCTAGAAATAATTTTGTTTAACTTTAA GAAGGAGA

His * Tag

TATACCATGGGCAGCAGCCATCATCATCATCATCACAGCAGCGGCCTGGTGCCGCGCGGCAGCCATATGGTAGCATGACTGGTGGACAGCAAATGGGTCGC

MetGlySerSerHisHisHisHisHisHisSerSerGlyLeuYolProArgGlySerHisMetAloSerMetThrGlyGlyGInGInMetGlyAry

EcoR | bgaB Not 1

GGATCCGAATTC ATGACCCTTTTA...... TGC AAGCTT

le——2.0kb —»|

GlySerGluPhe

K 1 pET28a-bgaB i ik (A) 3L A ik & 19 ¥ 31 s 5 (B)
Fig.1 The map for pET28a-bgaB(A) and bgaB expression region(B)

1.4 IPTGREMFEFRIEMNZIE

Pk & pET28a-bgaB (BL21 (DE3)) () & 4 1#
G347 FAT V& HEFP B 5 R 00 8 3R (4 ot o vk
30 pg/mL) A LB #5537 C R EFRG .
AR 1 s 50 B 5 Rl B S R RN EE R
30 mL & LB K% 39 (250 mL =) .37 C.
225 r/min fHIR K 52 E ODsos A 0. 8 B, 76 TC IH
RAET 9 A 0.5,1,3 Fl 5 mmol/L ¥k Ji (1)
IPTG #4755, 4 0 7E 1,2.4.6,8 h U IS A
AR FE W .4 C .12 000 r/min #.0 30 min, I 5
T A 3-F L T i O e
1.5 Wt -+ FEF B SDS-PAGE Ry B ail

WA AR GI347 535 2,4.6,8 h J5AYME
W - B0 30 min(4 C .12 000 r/min) , 3 b3 W »
WEIR 2% "h R B PF PR 2 W, B0 10 min (4 C
12 000 r/min) . W4 BVE W . —70 CURHEL 2 ¥, 7E7K
AR, B0 20 min(4 'C 12 000 r/min) , W EE
BV L 1 5 EREZRIR G100 CIK 5
min, #£ 47 SDS-PAGE Hi ik , 48 % 0 i 5% 22 Je 4, 20

min J5 i {6 18 h, MEH £k k.

it 4 B2 FL W I B A 2 Ak SR B NG A S A
JEFTENT O NPT REIR TR T 1 mL SR
T 52 T o 6B R B 1, N2 RS I T O g B
U s R BP9 NPT R S FZE AT A 10 F5 A 1A R
W) 2B T KPR U SR IG5 AR AR BRI - A YT i
Wb B er it oAb A B i 5 AR /by
SR G FH - 0 % Wi 5 A AE R AR /b B B R
SR ARSI ASC RV AG I L 5 i B e . SDS-PAGE
i
1.6 it 3~ FLbEE B 1% B gy il E
1.6.1 B begml 2 A B2 ZLME T il T Pk
.55 CHparoiiEfk ONPG 4% 1 pmol ONP Ay jifi
it — AR AL (UD S35 S0k 20-22 10 7
I WA e 12 . 43 ) 2 Rl 30,50, 75,100, 150, 200 A
250 pmol/L ) ONP #rufEif . B 2 mL £ i 1 0 2
L1 min(4 C.10 000 r/min) , YLIEEE T 2 mL 1Y
7Z Buffer (60 mmol/L Na,HPO, « 7H,0O, 40
mmol/L. NaH,PO,, 10 mmol/L. KCl, 1 mmol/L
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MgSO, + 7H,0,50 mmol/L B-#i %k Z B, pH 7.0),
N HBIE Y B (10 8] 100 %), B 200 Ll # B
Wi MA 1.4 mL Z Buffer,10% Triton X-100 £1 10
mg/ mL ¥ W 45 20 pL,IR%27,37 CIRE 30 min, il
A 4 mg/mL ) ONPG 200 ;L;55 CR M 15 min,
fA 1 mL 1 mol/L ) Na,CO, % 1k W ; )W K 25
> 3 min(4 C .10 000 r/min) , B LI % - 7€ 420 nm
I E W EAE OD,y, » 15 3] ONP ¥ C(pmol/L) . %
TR R Y B N (U/mL) = C X107t X
T A3 B0O< 15/ 2 o7 1 1

1.6.2 ZER B BEGMNE il E A R
B 100 15, 78 5 A2 B AR I A 200 L #i B
Wi,1.4 mL Z Buffer,20 pL Triton X-100,400 pL
ONPG(4 mg/mL) , 4537 55,65,75,85 f1 95 C
1.6.3 ZE#EABEEGME K04 F1
mmol/L ) IPTG 2 4~ 155 5 86 B X i #4 g2 ZL B
B AT S, o WIAE A IPTG J5 2.4.6.,8 h BURE,
0 2 it 9% P

1.6.4 #A&E Hagm 2 alifb i) & [ Bl
65,75,85,95 1 105 CHFE 60 min, Ml & fif 15 74 .
1.6.5 BEfEsh A egml & B g2 UM A
) e BE 43 ) s B 0. 196,0.2%,0. 3%, 0. 4% Fil
0. 5%0 4% il 1% W 2 1) J7 9 FF B A VR B 43 0 Ok
0.4,0.8,1.2,1.6,2. 0 mg/mL ff§ ONPG Jit ¥ [l #l
FERLL 9+ 1 M H R A ,50 C/K¥ 5 min J5,DNS
LR B B E 10 mL I A M

M 1 2
e

3000 bp
2000 bp

& 3 pBluskm-bgaB #Y 1] % & 45 R
M. DNA Marker SM0393;1,2. fi ki pBluskm-bgaB
Fig. 3 Enzyme digest plasmid of pBluskm-bgaB
M. DNA Marker SM0393;1,2. Plasmid pBluskm-bgaB

2.3 IPTGRENFERIENZIE

IPTG 35 545 5 (& 5) £ W] 1615 5 1 Gy
Bt R IPTG M5 S A R ARV B 4f {0 Bl %5 15
SR ] AR AR R EE IPTG 3% s AR 38, Horp
L1 mmol/L & E 1 IPTG & R &if,i55 6 h )5
i A B2 2L WE Wi 06 a5 ) 82 U/mL. X 7] B J&

2 ZER 55
2.1 bgaB EEHK PCR ¥ 18

& 2 ], PCR §" 88 1Y bgaB 3 H BLK &
A2 000 bp A2y, S HUASE SR —3L

1 2 3 4

1IN =

2 000 bp —p = g o

K2 bgaB FH ) PCR P14k
M. DNA Marker SM0393;1~4. PCR j=4j
Fig. 2 PCR ampilication of bgaB
M. DNA Marker SM0393;1—4. PCR product

2.2 EHBHK pBluskm-bgaB 1 pET28a-bgaB Y
KEHER

H WY EcoR 1 Fl Xba | XF 3 41 Ji HL
pBluskm-bgaB FE47 XUEE LI, 74 B K FE 2 3 000 bp
12 000 bp By 2 4> 1 Be (B 3) 5 JHN VI EcoR [ 1
Sac | XF B4 FOkL pET28a-bgaB(pGI347) #EAT XU
VIR B E N 7 700 bp Ml 2 000 bp 1y 2 4> Fr B
(& 4>, 5 10 25 SR A — 25, 06 W] 0 20 J5 s 1 A A
Uyo P25 R BIR . bgaB B2 K 5 6-His b5 % )3 51 %t
HEREG B2 AHE (E 3 . 5 NCBI GenBank i #4 ik 1l
ZFFLAT R B2 LW I R IR 0 T 4 — 2, R UGIE ]
21 SRR R

7700 bp

2000 bp

4 pET28a-bgaB Y] % e 45
1~3. Jfiki pGJ347;4. DNA Marker SM0393

Fig. 4 Enzyme digest plasmid of pGJ347

1—3. Plasmid pGJ347;4. DNA Marker SM0393
H T o v BE 1 155 3 W A AP R A P AR kA R e T
B B A BT T I A B2k S
AY 43 W 1 AN R AR R PRARL s E+£E 1 mmol/L
LA FERY TPTG X i £ B->F FL OB 41 B 2E 47 05 3%

B,
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J8 H A TR B-24 LB il 2 DX 7 R AT B P Y R I R 1 R E 63

T: 90 T

82 80F

- =

25

# g 60 |

£s

i b5

g 40 —®— 0.5 mmol/L IPTG;

ﬁg —&— | mmol/L IPTG;

& 2 —— 3 mmol/L IPTG;

#3 20} —4— 5mmol/LIPTG

;, S

E@ ) ) ; ,
00 2 4 6 8 10

%51 /A

Time

F5 IPTG ¥k X B 4LB (GI347) i3 £ Kk 5% i
Fig.5 Effect of the IPTG concentration on the
expression induction of GJ347
2.4 T BFIAMEFBEIFESRIEL
ALk 45 R (& 6) KRBT AL G347 18 Fof
FEWITE 70 ku BFIE A — B 1 A9 45 S 1 2 0 IR T
M PR e AL S T AR . AR pE LR

116.0 ku

66.2 ku
45.0ku

35.0ku

25.0ku

18.4 ku
14.4 ku

.
6 FAW GI347 LW SDS-PAGE HLyk 45 R
1~4. IPTG 55 2.4.6,8 h 1) GJ347 HEHMHIEY
M. Unstrained Protein Molecular Weight
Marker # SM0431;5~6. X} 8
Fig. 6 Expression protein analysis by SDS-PAGE
1—4. Protein extraction substance of GJ347 ;M. Unstrained Protein

Molecular Weight Marker # SM0431;5—6. The contrapose

2.6 T B-FAREEFBOEFEER

2.6.1 HERFEEAE HE 8 A, TE 65 CHfi
B B-2F OB TV Bl A 05 R L 55 C BT ER TR MR 2
1M 75,85 K1 95 CH . M 4 B2 ZLWE 11 Bl 0 75 M 2
FEAIK.75 CHFRZ R 65 CHIEENG M 1/6, Bk, i
-2 FUBE T B 5l S IR 65 C

2.6.2 mER FAEE X GI347 BB S 45 R (K
DFEWEFETIGM 2 6 h, iR -2 LB A S
PSRBT M AE 6 h 5 BT M I R R X R

A Wil AE X 43 B B TR R 66 ku, AKX R
K EHE A AR T 36 MR, 2 4
ku, J 4 & A3 F RN A 70 ku, 5 45 R
— R EHE AP RIE . SREERH M H
(Gene genius,GeneTools from synGene) , fEi5% )5
6 b, T AR B2 LB T Wl 10 2 A A o P A R T M R
FII 20 %0 RIBBRK & .
2.5 T R-FIMEEEHAL

HL Pk & 3R (18 7O R W] %5 pET28a-bgaB(BL21
(DE3)) L GJ347 194 FOMLER W #E47 4l A i
#Hr (JH Z Buller (& B33 4 ) £ F B WL
%0, SDS-PAGE LKA - £ 70 ku MFir A — B 12
MR S PR 2R, X 5 HGE B bgaB M H RN — B
FH AR 1 5 I 5 X700 % 3 B 2 AT AR A BE
LR EH B RWE Y 0,75 mg/mL, &y
H TR AR B2 FUME IS 75 U/mlL, T M
A 100 U/mg.,

66.2 ku

45.0 ku

35.0ku
25.0ku

18.4 ku

14.4 ku

Bl 7 S GI347 aift Py i) SDS-PAGE i jk &5
M. Unstrained Protein Molecular Weight
Marker #SMO0431;1~3. G347 Fy4ifLi= 4
Fig. 7 SDS-PAGE of purified protein
M. Unstrained Protein Molecular Weight Marker # SMO0431;
1— 3. Purified protein of GJ347

B 15 B T A9 B TR 7 i T R, 5 7 W)
T2 B A ) 4 R P R P R 4k 2 gk R T 3R
KRS, PR T B B-2fs LW T A AR R N B
[1]24 6 h,

2.6.3 #AEE M EEHEE 10 Bon . i g2 EL
W T %) 3% P B IR Y T e T R A A W] — R
T 8 355 P e I B ) TR AR . #E 95 C TR R
N 60 min J5,BIE P 3. 11 U/mL, & BTt #4 g-2f
FUBE T B A R A AR e .
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% 5 | Eg 20+
i £ a2
:ﬁ 3 401 o & 15t
4n 5 & -
Fz ot il
aﬂg S 0]
2 20t & 2
3 #5 —=— 0.4 mmol/LIPTG;
@e'g | A\‘m ew 5 —&— | mmol/LIPTG
gm ti&Zi:;:i %7
0 1 1 L 1 1 1 ] E 0 X R , ,
0 5 10 15 20 25 30 35 0 5 4 o p
ﬁBZHf]‘rlil/min JR M B [B]/min
Time Time

8 M #R B2 FLME 1 Bl dre 3 52 17 R BE 1 A

Fig. 8 The optimum response temperature of §-galactosidas
2.6.4 wHFFABFHGBIEDHF LSRR E
1) S » X4 s 07 B[R] [ R JEG 420 v 8 K, Tif 44 -
2 U Y O B R o AR R O S A TR B A
BV, 4 Lineweaver-Burk fEE i (& 12) K K K H
BOK, AV, HERIATER Y= —0.398 4X+
27.435,R*=0.942 9, )\ il A1 y %l ) B B AT SR AR
it # g->B 2L B AT B A K, i 0. 398 pmol/mL, V.
#27. 435 pmol/(min » mL), K, {H5 3C#k[23-
24 T4 IE B AH 2 HoAt -2 FLBE 1 B L ONPG N JiE
Yot K, {H—M%7E 0. 1~14. 3,

Ls]% 601

e

2% 50

Ao

‘_Eg 40

N

ﬁ% 30

%é 20f

8

*“.‘5 10f

ol

ﬁé 1 1 Il 1 )
2= %0 04 08 12 1.6 20

JRY) R B ¥ E/(mg + mL™)
Substrate concentration
1T T AR - LW il VS 4 O o VA Y

Fig. 11 The substrate concentration of g-galactosidas

S N 7

B2 LB Y Al 25 D9 oy T HoAT R RO AR E L
R AN AR N (% S E SN W SR A
TR TR A T7 . B~ FUMEH B o e
Til o J S A7 AR T AN TR R 26 BB A AR N Ak H R

B9 T B2 FLH H B Aol SO A f) 8

Fig.9 The optimum response time of 3-galactosidas

N
= 4.0
>
e [
% s 3.0F
o
4 5 2.0}
S
w8 1.0}
o)
i 0 1 1 Il L )
%Cﬂ- 65 75 85 95 105
i fE/C
Temperature
10 T #A B~ U M P A2 E 1k 10 i 2

Fig. 10  The thermal stability of g-galactosidas

~
T 20
=
g
FES
5e
52 1ot ¢
Hg Y=—0.398 4X+27.435\ ¢
= 2
S5 R*=0.9429

S sl
K
#

0 1 1 1

X

20 40 60
R R B/ (mg « mL™)

Substrate concentration

P12 T A -2 FLME Y 1 S N T 2 55 0 ) o e vk L Y A
Fig. 12 Relationship between rate of p-galactosidas enzyme
reaction and substrate concentration
T oMl R — BT Ay o R (A 7L TR e 5 4 B0 1
e B ve B 2 WE YD B A, Sy — Aoy Rl . H -
2 LB I A iR T R P A 20 D e R X T AR
DRI SH e i e T e v 18 -~ LB Tl A 4 B Ok
J PCR AR pi e 72 HAB TR Bk P B AT W &R L. B

AR FRT AR A A B2 FUNE T B A A 0R 1R
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J8 H A TR B-24 LB il 2 DX 7 R AT B P Y R I R 1 R E 65

R L2 DL R R B 6 Ak 0T 9 B (K luyverom y-
ces lactis) FFE k528 1L 41 DNA M, H Tap
Plus fiff PCR " 3§ p-2f FUA 1 B 5L P, 3545 5 20 B kL
T1549.4 SnaB 1 . Not T XUE§ VI, 32 FL A 7 B 3
K 3d A B FE k3K pET-30a(& EcoRY . Nor [ Wi
PO ik i 8 20 Gk FORL pETlacd , 4% pETlac4 i
AL K7 FT 1 BL21(DE3) b 32 3k, 45 il 1% I 2
B UR A AR RN B 15 A . EoT kT
PR ZF AT B8 o 0 B-2F FL 0 il L K 28 PCR 973 |
EcoRT #1 Pst T W HE§ V) J5 52 B4 pUCLY |, B &
EcoR [ Ml Pst | REgYIJ5 5 2k Fokr pKK223-3(4
EcoRT 1 Pst T WEGY)) i 8, BB KA &
IMI09; 3R 3k 1 B2 ZLBE H il K, 8545 A /) 285
15 Vo B IR 5. 4 A 5 SR Tl 7R FROIR 270 AT T
A 20, 98 U/mL, 1 76 K i A1 1 i 3 3k
EHE R F] 33,102 U/mL,

AHIE TR AR T 0 AR 7 2 AR B A T AR B2
FLBE Tl B A (b gaB) 2 v B B K A 18 pET %
KRG (PET-28a(+)) . JF7E KA A i BL21(DE3)
AR E AR L. WL IPTG Jif 350, I 15 i #4 6-
2 LW Al ) Rl S I I R 65 C Rl S I I [
6 h, IPTG MR35 W 1 mmol/ L, B 2
JIERIE G W T B B2 O I A S N RCR
0.398 pmol/mL, fz K & M # B & 27. 435
pmol/(min » mL) .1 mmol/L IPTG %% 6 h 5.,
PR FUBE T B IE PEIR B 82 U/mL, Heiif #2100
U/mg,

(&% 3tk ]
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