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1  ����� 

1.1  �� 

1.1.1  �LMNOP?����� ATCC 4356 �@

QRSTU0VWXY./Z�L[\]�̂ _`a

b 37c	MRS^_dSef^_ 24g48 h�hi�

� JM109 �@):jkl[m	^_`ab 37c	

LB ^_�Sno^_pq�rXstuvw)xy

z{s 100 μg/mL�NO pQE31):jkl[m� 

1.1.2  |}~�M��P6������~��+�

PCR�Y�����`����NO��������

���"QR Farmentas (Vilnius	 Lithuania)	ExTaq"

Q� TaKaRa��	T4 DNA��"QR Promega (WI	

USA)	�����E�%�o-nitrophenyl-β-D- galac-

topyranoside	ONPG���x���-1-�-β-E�%F-� 

% (agarose-p-aminobenzyl-1-thio-β-D-galactopyranoside	

ABTG-Agarose)QR sigma��(St. Louis	 MO	USA)	

�¡J0~�QR��XY3¢���PCR £¤�QR

¥T Hybaid���¦§¨©ª«¬�BioLogic LP®

«��BioLogic Duo-flow®«�M Smartspec3000ª¯

¯w�°QR±T Bio-Rad��� 

1.2  ������ ATCC 4356 �	
�� DNA   
�� 

² 2.5 mL ^_YS³´�µ�D	¶· 1 mL 

Tris-HCl¸d�20 mmol/L	pH 8.0�¹º�D	³´

�µ�D	6 0.5 mL¸�d�10 mmol/L Tris-HCl	

12% PEG20000	10 mg/mL ¸�"	pH 8.0� »¼

½¾	37cef 2 h	³´�4000×g�	15 min��µ

�D[12]	�8¿À6 CTABÁÂÃ��Ä DNA[13]� 

1.3  lacLM 
������� 

ÅÆÇGÈ�?����� NCFM �@�

lacLM��ÈÉ�Ê 1�	ËÌ 5ÍÎÏY)P5Í-CAGAA- 

TTCATCAGGTATTAGTATGCAAGCAAACA-3Í	 3Í

ÎÏY)P5Í-GCCTGCAGTTAATTAAGATTGAAAG- 

AAAATTCGT-3Í	8ÐÑ)Ï·�"�ÒÓ�£¤Ô

ÕÖ 2850 bp�PCR×5`aP94c 5 minØ95c 40 s	

55c 30 s	72c 130 s	20ÙÚÛØ72c 10 min�

¦§��ÜG PCR ÝÞ	PCR IJ~��IJ PCR

�Y� 

 

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

ß"�IJ� PCR�YM pQE31NO	àK6

T4DNA��"��	á�âJhi�� JM109�@�

ãäxyz{s�x-galM IPTG� LBåætuâJ

ç�ß"��PCRMGÈèHâJç�éê�»ÄN

Oëì)PpQE31-lacLM�Ê 2�� 

 

 
 
� 2  ��� pQE31-lacLM ���� 
Fig. 2  Construction of recombinant plasmid pQE31-lacLM. 
 

1.4  �� LacLM �����	
� 

ÅÆíjkÝÞ	î^_pq�»Ä�@^_Y

ã 1/50 ïð�Läxyz{sM 0.5%�%� LB ^

_d	2¶ IPTG ñvw) 0.4 mmol/L	30còó

^_ 20 h�³´�µ�D	ô�õö÷øù�D	³

´�12000úg	45 min��µ�ûd� 

»Ä LacLM�IJ[14, 15]PÃ"ü�ý���þ

��� buffer F1�NaClvw) 0.12 mol/L� buffer F�

�«	àK¶· UnoQ��³ç��		áã buffer F2

�NaClvw) 0.37 mol/L� buffer F�¹
� ¹
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d� buffer F1�«K	¶·ã ABTG-Agrose)��

�M®«		ã buffer F3 �NaClvw) 0.42 mol/L

� buffer F�¹
�á¶·6 buffer F�20 mmol/L 

Na3PO4	20 mmol/L NaCl	1 mmol/L EDTA	15 μL/L 

β-����	PH 6.6�å�� Sephadex G200¦§	

�120 cmú1.5 cm�	�µ"ü�ý���SDS-PAGE�

�ÜGIJ�Þ�À6 BradfordÁGHIJ��vw� 

1.5  ����� LacLM ���	
 

1.5.1  �àªç�GHPãhi��β-E�%F"

�116 kDa������β-E�%F"�76 kDa����

û����BSA, 66 kDa�M�û¸�"�14 kDa�

) Marker	�p¦§��®«�Sephadex G200¦§

		`a(��GH»Ä LacLM��àªç�� 

1.5.3  "0ª«P"ü�GH�ÁÅÆ��[6]� P

×5!w� ) 49c�ËH"!×5`a8	#ª$

%& 1 W'(����)),Ù"ü*Ò�U��6+

�,-ÁGH!×5D¬S ONP �.'(/¯¬0

�ЄmM420�	!Á�12b¸dSZ� ONPG�ñ3

45"#$	Zã6 OD42078H9	ONP �vw:�

;< ONPG�vw�G= ЄmM420=1.324 mM−1 cm−1�

ã¬É>%�?Y¸dGH"@&AÑ	ã'( pH

7�×5dGH�B pH 7	"'(�!w×5ãG

H�B!w� 

2  ����� 

2.1  lacLM �������	
 

���Y�âJhi�� JM109 �@K	"t

uåæ�ÖC*DE�»Ä�F�ß"�M PCR è

H°GH�GÈ=I� 3ÙJ�'(�?�����

NCFM�@� lacLM��ÈÉ�x��ÈÉ�,K'

(	L�hM��LacL��N 512Òx��'bÄx

�ObPx��ÈÉÂ� GenBank	QRS)P

EU590651� 

2.2  �� LacLM ������� 

»Ä�@T�K	"õö÷øù�DK��ûd

S"ü>U 25.5 U/mL	VWXY	T�K��dS

ä�Z 2.55 kU/L �"ü��p 4 ÙIJ-[	»Ä

LacLM�:>U*��I	�ïü&) 226 U/mg��� 

LacL M LacM �2\ªç�ª]b 73271 M 

35817 Da	ª]�5 73 kDaM 36 kDa`��Ê 3��

^_I»Ä LacLMj`*�¸�=>�ab" 37c

ãývw IPTG�8 mmol/L�T�»Ä�@	�=>

cdeàb�¸�=>	fghiDc¨�ÝÞjk

=��ABTG bβ-E�%F"�?Yl�Y	"�


mÝn	o'�î�#$�î�M Agarosepq��

K	r¨*�s�β-E�%F"MIJ~��":

./Soj�>Us��Þ	�à ABTG-AgaroseÝ

n"�(9tÝn*uvw���Ê 3�N 4�x��


M®«×	¦§��®«�IJ�yzý�Ê

3�N 5�x��"�x��gI�� 36 kDaM 73 kDa

{|`�	'p" 73 kDa {|`��eà�,`W

}w�� 
 

 
 

� 3  �����β-�	
������ SDS-PAGE �

�� 
Fig.3  SDS-PAGE of the purified heterodimeric β-galactosidase 
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  ����� LacLM ���	
 

���� marker ���	
�������

�������� LacLM������ 96.3�4.6 

kDa���� ��! SDS-PAGE"#���$%

&'��(!)36+73=109 kDa*+,-�./

LacLM �0�123456$&'!56%&'7

8�9:;<	=  

>?� LacLM @ABC� 49D�E 33DF60D

GHIJKL$�0�=M�NO�3PQE 60DR

STU 49%�0��V5�WXY�Z[\PQK]

S^_`abcd�ef�g�]�hi!jkbc

lm��= 

nopqr/�PQ@A pH � 7�E pH 6F7

GHITUL$0�=PQ�s�tuvwxy�z
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pH� 7.5m�Q0j{ 35%�|z pH}~ 8.0m�

�������0�)0��� 1%*= 

Q�����^���PQ� ONPG � Km !

VmaxM��3�2.18±0.12 mmol/L�273±5 U/mg��

)� 4*=E��������z�^	�� ONPG

�C)mmol/L*�Q�C)μg/mL*(�$` 18.3

m�ONPG����Q0��M�$�����= 

 

 
 
� 4  LacLM ������	(Eadie Hofstee plot) 
Fig. 4  Kinetic analysis of LacLM (Eadie Hofstee plot). 
 

3  �� 

�������	
����� 1/3����

���������������������   

�[17]����� ���!"����#$% 17 bp

���(& 1)'	()*+,�lacM-. RBS�/0

1234 lacL 56+,�+,7����89�/

01:; LacL <=>?�@ABC LacM �D6E

FGH56+, LacM�����IJK 1�1�LM

+,!���N LacLO LacM P�K 1�1�LMQ

R�STUQ1VWβ-XY0Z[\]�[2,11,16] ��

��^'_`Y`a� ATCC 4356�b� LacLMc

�STUQ1� 

d� ��_`Y`a� ATCC 4356 �b�

LacLM 9��(Jef[gh]ij�kl�m

LacLM �n�`opO LacLM qrs*���7�

"t��uv$% pQE31 w1 LacO x RBS >y�

EcoR�[z{|O}� {|~MCS��� Pst�[

z{|z�(�w1�� His-TagO RBS~& 2���

�(�m�� pQE31-lacLM���f�� lacLM ��

�+,���� RBS D6��� pQE31 �K��1

��������N��������'	(���

��]�����3�z� RBS � (����   

¡¢� 

� ���_`Y`a� ATCC 4356�b LacLM

�n�`opO_`Y`a� NCFM �b LacLM

~GenBank accession no. AAV43287 and AAV43288�K

£_`Y`a�R22�b LacLM~GenBank accession no. 

ABK59934 and  ABK59935�¤¤.�"n�`�¥S�

#�¦§�¨ 512 {n�`i�mn`N�©n`�

��Jª«¬®�¦§��¨ 512{n�`i�J

ªn�`�d¯�Y`a��°d}�]�_`Y`

a� R22�b� LacLM±²³´µ[11]�f[gh]

x_`Y`a� ATCC 4356�b LacLM.¥S�f

¶·¸¹º 6»�¶· pHº 0.5�Km¼½ 1.45 mmol/L�

Vmax ¼¦ 88 U/mg ����¾¥S�3�¦§�¨

512{n�`�jS�¿�� 

_`Y`a�ATCC 4356�b�STUQ1β-XY

0Z[d 60»À3Je 49%�\]�d�]ÁÂ`]Ã

ÄÅ.ÆÇ�\]�È.ÉÇ�ÊËÁÌÍÎ%Ï¼�

�Ð�� ��OµÑ���fÎ%ÒÅ(�Ó� 
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Cloning, expression and characterization of a heterodimeric 
beta-galactosidase from Lactobacillus acidophilus ATCC 4356   

Qu Pan1,2, Jinchuan Li1, Yanguang Cong2, Lina Liu2, Junmin Zhu2, Fuquan Hu2*  

(1Department of Microbiology, Chengdu Medical College, Chengdu 610083,China) 

(2Department of Microbiology, Third Military Medical University, Chongqing 400038, China) 

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 calculated 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-galactosidase activity was determined by using o-nitrophenyl-β-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�  and an optimum pH of 7. The Km and Vmax values of the enzyme were 2.18±0.12 mmol/L,      

273±5 U/mg protein respectively. 

Keywords: Lactobacillus acidophilus; beta-galactosidase; clone; expression; purification; Km value 
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