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o-D- agal
250100
Bifidobacterium breve 203 a-D- agal
pBV220 pBVagal Agal DH5a DH10B
BI21 28.08 19.44  13.85U/mg a-D- 1.76U/mg
pBVagal  E. coli BI21 Agal 67kD 45C 40C
60°C 5% 70C pH 4.0~4.4 pH 3.6 ~6.0
p- -a- K, =1.43mmol/L V,,, =35.71pmol/ I min K, =261mmol/L. V,, =
63.69pmol/ . min Agal
a-D- a-D-
a-D-
Q786 A 0001-6209 2005 02-0241-06
13 14 a-D-
-3 3 Bifidobacterium adolescentis
AF124596 Bi. longum AE014784

Bi. breve AF406640

915 16 0-D-
¢ a-D-
a-D-
171 Bi. breve a-D-
agal
5
a _
’ 1
a - B-
D- D- 0 1.1
1.1.1 Escherichia
79 coli DH5a DHI10B BIL21
a- pBV220 Bi. breve 203
10 11 19 E.coli
2 a-D- a-D-galactosidase EC3.2.1. LB E. coli
22 100pg/mL LB
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30°C 42C »
1.1.2 BamH]1 EcoR 1 T4 DNA Ligase
TaKaRa pfu DNA
p- -a-D-

-a-D- 4-MUGal
Sepharose Fast Flow  Sephadex G-150
Pharmacia Biotech Gigapite K-100S

Amicon ultra PL-10

Sangon
pNPGal 4-
Sigma DEAE

Amershm

Millipore

PIERCE TLC Silica gel 60 No.
533 Merck
1.2 Bi. breve 203 o-D- agal

Bi . breve 203 o-D-

AF406640  agal ORF
2.01kb ni350 ~ 2359 PRIMER
2.0 F ni250 ~ 268 5'-
AATAGAATTCATGTTGGCGGCCTGCTCT -3’ EcoR1
R ni2377 ~ 2393
5'-AATAGGATCCATTCGCTGTGCGCTGTG-3’
BamH | Bi. breve 203
DNA PCR DNA
2.1kb  PCR 50pL
10ng/pLL 1pmol/L 200pmol/L-  dNTP
pfu DNA 2.5U 1x PCR
94°C Smin 94°C Imin 50°C Imin 72°C 3min 28
72°C 10min
1.3 o-D-
PCR EcoR1  BamH 1
pBV220
pBVagal
21
1.4
10mmol/L pH7.0 0~15C
10000r/min 30min
4%C
1L
10mmol/L. pH7.0
1.4.1 20%
~40% 4C

1.4.2 DEAE Sepharose Fast Flow
0 ~ 2mol/L. NaCl
1.5mol/L. NaCl
80%

1.5¢m x 15¢m

1.4.3 Gigapite K-100S
0 ~ 200mmol/L. pH7.0
150mmol/L

1.5¢m x 30cm

Amicon ultra PL-10
1.4.4 Sephadex G-150
1.5cm X 90cm 100mmol/L. NaCl
1.5 a-D-
2mmol/LL. pNPGal  50mmol/L
pH5.5

10min

0.18mL 37°C

1.05mL 0.2mol/L, pH10.5
0D
17700 »NPGal

1pmmol

1.6
Bradford &

1.7 TLC
10 ~ 30pg TLC
=5:3:2 20%
H,S0, 0.5% 3 5- 140°C

10min

2.1 pBVagal
PCR DNA 2.1kb
pBV220 3.6kb
pBVagal pBVagal
2.2 o-D- E. coli
pBVagal E.
E. coli DHIOB  E. coli BL21
1% Amp 100pg/mL. LB
30°C ODg, =0.5 42°C Sh

a-D-

coli DH5a

1
© PERFRMEDARATIKESHEE http://journals. im ac. cn



2 a-D- agal 243
pBVagal 3
a-D- Bi. SDS-PAGE 1
breve 203 E . coli DH5a/pBVagal
28.08 U/mg Bi . breve 203 16
67kD
1 o-D- 3
Table 1 Specific activity of recombinant a-galactosidase in various strains
E. coli E. coli E. coli ! > - D
Strains Bi . breve 203 BL21 DH5« DH10B : - 047
/pB Vagal /pB Vagal  /pBV agal 9" »g ——
- 67kD—> - by o —67.0
Specific PR
activity of - —430
a-galactosidase 1.76 13.85 28.08 19.44 . =
/ U/mg - —30.0
B e —20.1
2.3 = - — 144
22 pBVagal  F. :
coli DHSa E. coli DHIOB  E. coli BL21 1 SDS-PAGE
Fig.1  SDS-PAGE of recombinant a-D-galactosidase from recombinant
ml 1B E. coli BI21/pBVagal
1. Partial purified recombinant enzyme 2.Cell-free extract of E. coli
Amp100p.g/ml. 30°C 20uLL ) ! )
BL21/pBVagal induced 3. Cell-free extract of E. coli BL21/pBVagal
Amp LB 30%C 12h 3 non-induced M. Molecular marker.
Amp LB
48h ODgy =0.5 42 P
5h Amp LB Table 3 Purification of recombinant a-D-galactosidase from
100 E. coli BI21/pBVagal
Amp LB < T‘Jtta,l Spf,d,f;‘“ Tt‘f“’_lt Yield
Step protein  activity  activity
Amp g/ Umg %
2 pBVagal E. coli Cell-free extract 95.05 13.85 1316.44 100.00
DHSa  E. coli DHIOB Amp NH, 580, 20-40% fractionation 16.46 ~ 32.75  539.34 41.15
LB 4 48h Sh Sepharose Fas
. DEAE Sepharose Fast Flow column 224 774 163.14 12.38
4% 44% E. coli BI121 chromatography
80% Gigapile K-1008 ol 18 96,52 17.34 1.32
chromatography
2.5
2 BVagal %
povasd ‘ SDS-PAGE 1 67kD
Table 2 Recombinant plasmid stability of various E. coli strains
Time of inducement/h
Strains 8.0% 23.7%
0 5
E. coli BI21/pBVagal 92 80
E. coli DH5a/pBVagal 80 4 67.5%
E. coli DH10B/pBVagal 86 44 37°C 4-MUGal 10min
54 365nm Native gradient PAGE
) , 4-MUGal
E. coli BL21/pBVagal
DEAE Sepharose . .
o ) Native gradient PAGE
Fast Flow Gigapite K-100S Amicon
67kD
ultra PL-10

Sephadex G-150
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pNPGal 20 D- Melibiose
~70°C Raffinose Stachyose
45°C 30min a- a-

o-
40C 50C 80% Bi.
50C 60C 5% adolescentis Bi. breve a-
70C 1999 Leder S Bi.

pH 2.25~3.8 - pH adolescentis DSM20083 -
3.5~6.0 - pH 5.5~8.0 344kD 4-MUGal
- pH 8.0 ~ 10 - 145kD
P Van Laere
pH 4.0~
4.4 pH 4°C
pH 3.6 ~6.0 a-D-Gal- 1—>6
Hg* Cu** Ag’ Immol/L PCMB Broek Bi. adolescentis  a-
0.0lmmol/L Co" Mg" Ca™*
Mn®* Zn** Immol/L EDTA  DIT  10mmol/L
pNPGal K, =1.43mmol/L °2000 2001 Bi.
Vi = 35.71pmol/ L+ min K, = breve 203 o- Bi.
261mmol/L V,,. =63.69umol/ I: min breve 203 Native gradient PAGE
37°C
TLC 156kD
) 79kD
24h a-D-
a-D- agal
agal Agal
1234 56 78 9 10111213 141516 1718 19 20 21 ORF  2.01kb 669
.l Sy ﬁ'@ 9 74.2kD agal
e #maﬁ&@*&g 22 F & Agal
s ; 67kD 74.2kD SignalP
o »e sees G S 3.0 Server http //www. cbs. dtu. dk/services/SignalP/
Agal N-
2 agal
Fig.2  Reaction products after hydrolysis of melibiose or raffinose by ORF ATG
e 3 e 5 S 4Tl i - TG 67.950
13. Raffinose with the enzyme for 2h 4h 6h 8h 10h 12h 18h and
24h respectively 14 ~ 21. Melibiose with the enzyme for 2h 4h  6h agal G- O6His-tag
8h 10h 12h 18h and 24h respectively.
N-
3 ORF ATG

a-D- a-

E. coli B[,Zl/pBVagal

13.8
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2 a-D- agal 245
96.52U/mg 37°C  4-MUGal 10min 365nm
Native gradient PAGE Bi. breve 203 o-D- agal
a-D- Agal
a-D- Aga2

Sephadex G-150

Agal
Bi. breve 203
156kD
a—D- 18 19 A g 8.1
Bi. breve 203
Agal Bi. breve 203
a-D- Aga2
Agal
24h
Aga2
3 pH
1 2 3 4 5 6 7 8
Y - " . s
* sEeN
. . - ‘ L4 L. g
; * *  =—OQligosaccharides
produced

3 Bi. breve 203 «-D-

Fig.3  Reaction products formed after transgalactosylation of melibiose or
raffinose by a-D-galactosidase from Bi. breve 203

1. Galactose 2. Glucose 3. Melibiose 4. Raffinose 5 and 7.
Melibiose with enzyme for 12 h and 24 h respectively 6 and 8.
Raffinose with enzyme for 12 h and 24 h  respectively.

Agal  60°C 5%
Aga2  60°C 80 % Agal
pH 4.0~4.4 pH 3.,6~6.0
Aga2 pH 5.5~
6.5 pH 5.5~9.5 Agal
K 261 mmol/L

m

Aga2 K, 2mmol/L. ™"

Bi. breve 203  o-D- Bi . breve 203
2 a-D- Aga2
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High expression of a-D-galactosidase gene agal of Bifidobacterium
breve 203 in Escherichia coli

LU Yu ZHAO Han WANG Qin-peng LIU Wei-feng XIAO Min"
State Key Laboratory of Microbial Technology —Shandong University  Jinan 250100  China

Abstract o-D-galactosidase gene agal of Bifidobacterium breve 203 was cloned into temperature expression vector
pBV220 and transformed into E. coli. The recombinant plasmid pBVagalwas induced to express with temperature. The
specific activities of recombinant enzyme Agal in E. coli DH5a FE. coli DH10B and E. coli BL21 were 28.08 U/mg
19.44 U/mg and 13.85 U/mg respectively. The recombinant plasmid pBVagal is more stable in E. coli BI21. The
molecular weight of Agal as determined by SDS-PAGE was about 67 kD. The optimum pH of Agal was pH 4.0 ~ 4.4
and it was stable between pH 3.6 and 6.0 kept at 4°C overnight . The optimum temperature of Agal was 45°C  and it
was stable below 40°C  incubated for 30min . Km-values for p-nitrophenyl-a-galactopyranoside ~ pNPGal —and
melibiose were calculated with 1.43mmol/L. and 261mmol/L. respectively. No transgalactosylation activity was found
when Agal hydrolyzed melibiose or raffinose. The results suggest that Agal is much different from reported o-D-
galactosidase from Bi. breve 203. Agal is another kind of a-D-galactosidase in the same bifidobacteria strain.

Key words Bifidobacteria a-D-galactosidase Temperature inducible expression
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