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BT XM IM109 bk A AT AR Rk A

HARWH (LacL ) HY55 512 i 2 HR A4
IR Tl 96.3 + 4.6 kDa, fiii pH 4 7, i

SR A — IR [R) TR R FLIR AT NCFM itk , B
IR NG E R . 2L L% J1h 226 Ulmg A, K
BB 49°C, K Al Vimax B 7351 2 : 2.18+0.12 mmol/L ,

2735 U/mg &M .
KB
hESES: Q814  XHEFIREL: A

B-2f FL W il (B-galactosidase, EC 3. 2. 1. 23)
ST K AR, RRK AR FLBE T A S b i B-1,
A4-D-Y-FUNH B, R REFE R 2L LW A AR R L 2LbE
( galacto-oligosaccharide, GOS) . % HE7EFLHl Hh AT
M B 250 FA T Z BN A, BN . AR K A 2R
W i) LR AR 7 A AR LR 5 A 2 1 )
FZLE (A== gk, SR ELE) iy
FUHE ;A Z2 I 00 % 2 FUAEH 0 1 2B 7 25 4 JC GOS,
GOS JEThREME & S s A R, 367 AR
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lactis) # % L1, 4k i 72 375 1 7L W& AT 1 ( Lactobacillus
sake ) | &+ FLBRAT i ( Lactobacillus helveticus ) ! |
M FLRRATH ( Lactobacillus plantarum ) 145 2
WP R B . I 2058 A 4 N ALy O AN ROk, 7
B2 1) %5 4 W ( probiotics ) H & B T gt iZ i i SE A
SRR TR AR B2 FUAET B Fi R (Lacl ) FI/NIE FE
(LacM ) Fa o LR . /N 1Y i 25 I8 o T —
ZIHHAE U BRA TN, IE A ES . RBE.
I R 7L IR AT T NCFM T2 ik X 4 DNA( GenBank
Accession No. CP000033 ) & 5¢ M F18. Hrakiy e,
T A 3 P FI T AL . lacA, lacZ
Ml lacLM, #E— 25 &I LacLM 2 1% 14 R it 7l
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WY lacLM A .35 1022 5, 5 H a5 -1 FLRR AT
( Lactobacillus helveticus) A lacLM R 74%0A44H
ol o LA I 2 Y 22 S AR 1T g BOX G R A LR Y
eI, R T dE— DA S LR AR AR, R T
N AT R B A, A Y R R Gk T RS R AL IR AT A
ATCC 4356 Btk 57 I8 — R IKB- L 2L W1 g, JFIE 1
AEAL S 1Y S U SR AA B - LW Rl 0 Tl 2 R
1 MR it
11 ##
111 WERHIETRL . REERFLIRAT I ATCC 4356 [tk
W) 1 v Rk 2 B B A 0 F 5 BT A AR & B % 1
J& 37°C, MRSEFE P EIG R 24~ 48 h, Kt
W IM109 bR R A S B AR AE, B RSk E 37°C,
LB B iR G . A ROk B N
T8 % 100 ug/mbL., Bk pQE3L A S B % R A7
112 FEGLFALES . g wlln &kt
PCR =4[l Hgk A% TS B Joor i /Nt il o B A
PENYIEEE [ Farmentas (Vilnius,  Lithuania), ExTag i
JF TaKaRa /A, T4 DNA #42EE H Promega (WI,
USA), 4fi 3k 2K Lk L% ( o-nitrophenyl-B-D- galac-
topyranoside, ONPG ), 4B 2 JEAHE-1-87-B- - FUM-Bhifig
B (agarose-p-aminobenzyl-1-thio-B-D-gal actopyranoside ,
ABTG-Agarose)li [ sigma /2y #](St. Louis, MO, USA),
Hoefb2Eadsm @ _ B A TRA R, PCR 48U H
Yel¥ Hybaid 23 Ao BERCBUS /T RS, BioLogic LP 2
Fr{¥. BioLogic Duo-flow JZH {1 Smartspec3000 43t
JEREAHI F 35 [ Bio-Rad 23] .
1.2 FERRFLERMTE ATCC 4356 EHAERELHE DNA B
=E

M 2.5 mL EEFEHEOBEER K, A 1 mL
Tris-HCl %% ( 20 mmol/L, pH 8.0) VEikEIIA, &l
WA, 0.5 mL ¥ (10 mmol/L Tris-HCI,
12% PEG20000, 10 mg/mL ¥ Ff, pH 8.0)
BPE, 37TCHHE 2h, B0 (4000xg), 15min) Yk
B PR SR CTAB P4 UL R 41 DNAR,
1.3 lacLM EFEFEH IKHHE

A © W 1 98 IR FL R AT R NCFM B Bk 119
lacLM JE[H F510( [ 1), #3535 5144 .5 -CAGAA-
TTCATCAGGTATTAGTATGCAAGCAAACA-3', 3’
W5 . 5 -GCCTGCAGTTAATTAAGATTGAAAG-
AAAATTCGT-3', THRIZ 5| ARYREVIN f o 373

Bt 2850 bp, PCR Jz i 25f4:: 94°C 5min; 95C 405,
55°C 30s, 72°C 130s, 20 ME¥H; 72°C 10 min,
BERS HL UK K PCR 255, PCR 4k ik & 4iifk PCR
a7/ B

ATCAGGTATTAGTATGCAAGCAAACATAAAATGGCTT

RBS laciM Q A N I K W L
vernren TACTATGGCTTACACAAATAATTTA......... CAATCTTAATTA
Yy Yy G L H K *

LacMM A Y T N N L N L N *

1 FEERFLER4TH NCFM H#k lacL #0 lacM E R B RBS

MEEXE
Fig. 1 Overlapping coding region and RBS of the lacL and
lacM genes of Lactobacillus acidophilus NCFM.

XTI 246 PCR 741 pQE3L BikL, #AJ5H
TADNA % £ il i% £z , P i % AL R G AF R IM 109 T bk
DI RN EHEX . x-gal fIPTG (% LB M vk i1k
Fo XY . PCR FIN 7 %528 e AbF o AL £ Ay = 41 ot
Kitr 4 N : pQE31-lacLM ( & 2),

pQE31
L EcoR | Psl.r | J
PT5 -lacO -lac O J‘RBS MCS e
+
EcoR 1 Pst |

the fragment amplified by PCR
l ligation after digested

pQE31-lacLM with EcoR | and Pst |

o

Bl 2 ZHFRHK pQE3L-lacLM I IEE
Fig. 2 Construction of recombinant plasmid pQE31-lacLM.

14 E4 LaclM BIFSREF4L

A8 TS 6 25 2L, 8 85 % 20 0 1) F A R R B 3R
PL 1/50 Lo fl3dh & 2N 5 % 5 M 0.5%FLH Y LB 15
FEWL, I IPTG B2k 2k 0.4 mmol/L, 30°CHE K
Bige 20 h, B0 UCAREIR, VK B BRI, B
L (12000x g, 45min) U FiFwk.

B LacLM yalifpl . HOGE vk 5 i s e
PLVEXT buffer FA( NaCl #& £ 4 0.12 mol/L /Y buffer F)
BT, RIE A UnoQ 5% [ 85 738 #ett: , B LA buffer F2

( NaCl ¥ ¥} 0.37 mol/L i) buffer F) EMi. BEM
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WOt buffer FLBNTE, A LL ABTG-Agrose b3k}
W25 FEMT A, DL buffer F3 ( NaCl ¥ i 24 0.42 mol/L
i buffer F) e, FIIAM buffer F (20 mmol/L
NasPO,, 20 mmol/L NaCl, 1 mmol/L EDTA, 15puL/L
B-#ik L P, PH 6.6) “F-ffif[1) Sephadex G200 % i A+
(120cmx 1.5cm), WAERHEM: YIS, SDS-PAGE HL
PRI A4 R . ] Bradford ¥ e 4l L 2 Ik .
15 “{kHEE LaclM BIERMR

151 KERAFEME: LKA 5 B-2F 7L b 1 i
(116 kDa). FLERFT I B-F-FL W 1 ( 76 kDa). 4 Ifil
HHEH (BSA, 66 kDa) FIEGE A (14 kDa)
iy Marker, i@ 1t BHEBH)Z BT ( Sephadex G200 #E i
H, ZFRLE) MEEA LaclM A9 KR Tt
1.5.3 AT B PRI E J7 WA Sk s
SR BEAE R 49°C o W TEIZ N 4500, B4 %h
BRI 1 SUBE IR SRR AR — G B, (U)o R
FRAE /R i S AR 2R ONP (1 22 B IR T 6 R AL
(€MM420) , LM IR T ONPG 2440
SRR, FTLAY ODao fHASERT, ONP M EESET
¥4 ONPG HYHE . 15 €mM420=1.324 MM~ cm™?,
L ZR G e 0 SIS v o o W sl ik, DIARTR] pH
(B 52N VI A Fe i pH A, 75N [R] A4 2 Bz LA
JE B I IR

2 HERFpH
21 laclM EREFEHIKRIE
HEREFEYI AL KT IM109 BtkIG , e
PR K TSR EARE . WA PCR %
FEBEH . WP R 3 -G A R F rg M FLRR T A
NCFM F#E Y lacLM L 341 o AL IR T 514 — b A
), BPILRWEIE (Lacl ) (9% 512 fv 2 LM AN e 4l
PR i A E R . PSR SC GenBank, B35 N
EU590651.,
22 Ei LaclM RIIESRIAFA(L
HARMTE )G, 70875 BB A 5 1 FIE
I A F] 25.5 U/mL, HULHER, SRR
A2y 255 KUIL MBS . it 4 ADaifebeR, B
LacLM FEAAE] T HLpkal, FLHIE 1ok 226 Ulmg 1.
LacL #1 LacM 373t /3 a2 73271 #
35817 Da, 4r#xtii 73 kDa il 36 kDa £ (K 3),
UL LacLM B 7RI PESRIE . RATHE 37C
DI HEE IPTG (8 mmol/L ) S EAR K, HFEk

AR AT R R, R WAL B (4550
% ). ABTG J&B-FFLB T EFrR M 2UY, Bne -
284, HURRERILREAR . IR Agarose 2L 4 2
Ja, BRRL T ARG -2 FUBE T i R A2l Ak . ZEA
W P HNE A R B IROCR, B4R ABTG-Agarose 45
AEFRIELALE & TIF 224 1 (B 35S 4 3KkiE ).
SR AR R, ERHERRLZ BT i 2h b ek e m (K
35S SIKIE ). FEVKIE I 7T LA & ¥ 36 kDaFil 73 kDa
HbR&y, Ai7E 73 kDa AAr&i FAIRA — 5

[oe]
sl

kDa 1 M

170 —
130 —

100 —
70 — - <73 kDa

55 —
40 —

35 <36 kDa

25 —

B3 RE_RAR-FABETEHMESHLLE SDS-PAGE B
kB

Fig.3 SDS-PAGE of the purified heterodimeric -gal actosidase
from the recombination strain. 1. sonication supernatant of the
induced recombination strain; M. protein marker; 2. ammonium
sulfate precipitation; 3. UnoQ anion chromatography; 4. Affinity
chromatography on ABTG-Agarose; 5. Gel permeation chroma-
tography on Sephadex G200.

2.3 4i{kB9ES LaclM BIMERAR

PAASEE 1 marker FRUE AR R 431t (19 6 25
AR PRI, 45 LacLM Ay KR TiH 96.3+ 4.6
kDa, 5HFHiE /& A SDS-PAGE Hi 1k I 15 Y /)
WAy T2 M (36+73=109 kDa) fR4zir, 1B
LacLM (935 M B 202 f— > RO HE R — > /N A
B SR — A

2K LacLM fei&ift il 49°C, 1E 33°C ~ 60°C
T I A R B IE M o (E AR B 2 % B AE 60°C AT
RELREE 49911 M , 33X — XoF AR 2 19 s (i il A vT
RELY ARSI A 57, PRI A AT LA 2 0 e il LA
A B 3647

THLE R, KBRS pH A 7, fE pH 6~7
T PR DR FF B RIE P o I T B 2% I i U, 2
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pH N 7.5}, TG ZE 35%, 1fi2Y4 pH k%) 8.0 i,
SILT ek LW (I HF 1% ),

Mg 2h J12E R N @R, %X ONPG (1 Ky
Ve T4 312+ 2.18+0.12 mmol/L, 273+5 U/mg % [
(K 4) . fEEdfp LI, S ER+ ONPG
Wl (mmol/L ) SEFHE (pg/mL) Z I AKT 183
i, ONPG JF U 41 i W1 , b B0 R0 o bk (8

250 T
5 200 }
e
o
2 150
‘%« 100 3=-2.1842x+273 .51
2 R2=0.9891
> 50

0 20 40 60 80 100

(Velocity/[s])/[(U/mg protein)/(mmol/L)]

B 4 LacLM HIBg 3N J1 2 4% (Eadie Hofstee plot)
Fig. 4 Kinetic analysis of LacLM (Eadie Hofstee plot).

3 ik

N Y 5L B LR, 29 13 1Y A TR Ak
R E S R . 32 40 8 4 O IR 2 3k 1) — Al L
HIT, ARSI e R IR R WIS E SIS A 17 bp
M2 (K DSEE T PR, lacM %45 RBS, #H
REREM lacL JFUARHIE. BRI N ESAR, #
WERRE L LacL BRBEZ )5, SERIRSI LacM YR 46 %
1 I FF 4R RHIE LacM o X FPALHIAE AL 10 1 A9 L il
FAPEWISEIN 17 LacL A1 LacM 1EJZLL 10 1 B i3
£ R SR IR A S 1 B UM RS kg 18 A
R 5T UIE 2 Mg R FL AR AT 7 ATCC 4356 T8 #k ) LacLM
SR TR,

FE i MR ILVETRFLIRFF A ATCC 4356 Ttk
LacLM B, B TR FFH AR AT, A REH
LacLM & ZEMR 75 F1 LacLM S8 Aila] . Ry ikF)ix
ANHEB, FATFA pQE3L /A LacO 5 RBS Z | H)
EcoR [ i VI S A1 2 sifE i s (MCS) L) Pst I il
VI S I 1% 38A 1Y His-Tag 71 RBS ([ 2), 1
a7 H ARk pQE31-lacLM., 4 A H 1 lacLM HE[A
MBI B RBS 2R . — i pQE3L & LI {4
T B R T, M R s, SEEL T RRE

AR, X
EE

TLE R IR VEBRFLBRFT I ATCC 4356 [tk LacLM
(2 FE R 17 4 g R FLIR AT T NCFM T #& LacLM

( GenBank accession no. AAV43287 and AAV43288) LI

T RETRFLIRFT I R22 i #k LacL M( GenBank accession no.
ABK59934 and ABKS59935 ) (U A — AN EILERI 25,
BRI SES 512 0 S SR AN 2 2 2 R i 2 A 22
PR SF KA HT, KI5 512 v 24 S R AN S R
SFRIER, TSP ALRRAT A P A fE 2 . IR FLIR
FFIAE R22 HFkH LaclM C 2wl o™, Himga ik
SR FLIRFT I ATCC 4356 itk LacLM A %5, H
38 VR 7 6°C , 53l pH 5 0.5, K {7/ 1.45 mmol/L,
Vimax (K 88 Ulmg . X 8622 5 Al BE & RV HEEE
512 i 28 FE R 19 725 S 36 A

IR FLRRFT T ATCC 4356 A1 57 I — SRR B-F 5L
WFFEE 60°CATSREMr 4900E T, 78 el et 4%
P ARG, B R0 Tl s B 250 i
AL TR IR AT S H N AT T 1 A

AR Z Y RBS R T %3k 05

5 % X B
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Cloning, expression and char acterization of a heterodimeric
beta-galactosidase from Lactobacillus acidophilus ATCC 4356

Qu Pan*?, Jinchuan Li*, Yanguang Cong?, Lina Liu%, Junmin Zhu?, Fuquan Hu*

(*Department of Microbiology, Chengdu Medical College, Chengdu 610083,China)
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Abstract: Heterodimeric beta-galactosidase of Lactobacillus acidophilus belongs to glycoside hydrolase family 2, en-
coded by two overlapping and translational coupling genes, lacL and lacM. The lacL and lacM genes of the sequenced
strain L. acidophilus NCFM encode polypeptides with cal culated molecular masses of 73,253 and 35,817 Da, respectively.
[objective] To clone, overexpress and characterize the enzyme in Escherichia coli. [Methods] We cloned the fragment
(2834 bp) containing ribose-binding site (RBS) and coding regions of the lacLM genes from L. acidophilus ATCC 4356
into expression vector pQE31. RBS and HIS-Tag of pQE31 were substituted by inserted fragment. Recombinant plasmid
was electrotransformed into E. coli JM109. Expression product was purified by ammonium sulphate fractionation, an-
ion-exchange, affinity chromatography and gel permeation. Native molecular mass of homogenous enzyme was measured
by gel permeation, and beta-gal actosidase activity was determined by using o-nitrophenyl-B-D-galactopyranoside (ONPG)
as the substrate. [Results] Overexpression of the soluble enzyme in E. coli was achieved. Amino acid residue 512 of re-
combinant LacL was different from that of L. acidophilus NCFM. Homogenous enzyme was obtained by purification. The
homogenous enzyme had a specific activity of 226 U/mg protein, a native molecular mass of 96.3+4.6 kDa, an optimum
temperature at 49°C and an optimum pH of 7. The K, and V. values of the enzyme were 2.18+0.12 mmol/L,
27315 U/mg protein respectively.

Keywords: Lactobacillus acidophilus; beta-galactosidase; clone; expression; purification; K., value
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