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[18]

B-
, GCC
, p-
B-
(Enterobacter agglomer-
ans)B1, GOS
GOS,
B-
( GCO)
1 AHAT i
1.1 #F
1.1.1 B-
B1
(%, w/v) 1, 0.5, 0.5,
NaCl 0.5, pH7.0; (%, W/v)
I CaCl, 0.011, MnSO, 0.0001;
MgS0O,7H,0 0.03, KH,PO,4 0.005, FeSO,-7H,0 0.003,
pH7.0 ( )
, 1%(v/v)
,37°7C 20 h
1.1.2 Oligomate 55°
-B-D- (o-nitrophenyl-B-D-galactopy-
ranoside, ONPG), Sigma ; (TLC)
Silica gel 60 No.553, Merck ;
LC-10A RID-10A ;
Aminex HPX-42A(300mmx7.8mm) Bio-gel
P2 (100cmx1.6cm), Bio-Rad
1.2 FERER p-F A EEHE KT
37 24h,
[14]
1.3 16S rDNA Hj PCR 1
PCR 16S rDNA 27f
(5'-AGAGTTTGATCMTGGCTCAG-3")  1541r (5'-

A AGGAGGTGATCCAGCC-3") PCR 50uL
94°C 30s, 50°C 30s, 72°C 1.5min, 30
PCR pMD18-T ,
E. coli Topl0 ,
BLASTN
(http://www.ncbi.nlm.nih.gov/BLAST/)
1.4 B- FLHEEEEKAETE1EN E
2mmol/L  ONPG
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1.6 B-FFUEEHRGIEERE R MM
50 mg, 50uL 3,
300uL @®
pH (pH3~11) 30%(w/v)
,  50C 4h, pH GOS
; @ pH7.5  30%
, (30°C~60C) 4h,
; ®
(pH7.5),  50°C 4h,
; @ 30%
50C ,
100°C

(10%~50%)

(pH7.5)
10min
, TLC
HPLC MS
1.7 BHREEFYDW
1.7.1 TLC TLC , (
=5:3:2) , (20%
+0.5% 3,5- ), 120°C 10 ,
Imagel
v1.28(http://rsb.info.nih.gov/ij/)
1.7.2 HPLC
, 5% ,
s 0.2mL/min,
Class-VP6.0
1.7.3 MS

0.2pm

80°C;
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0.5mL/min,

>

, API 4000
MDS Sciex, Toronto, Canada), Turbo Spray

(Applied Biosystems
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1
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Table 1 Physiological characteristics of the strain B1
Characteristics Bl Characteristics B1
Oxidase — Nitrate reduction +
Catalase production +  Gelatin hydrolysis -
Indole production —  D-Xylose +
Methyl red + Sucrose +
Voges-Proskauer +  Maltose +
Citrate (Simmons) —  Trehalose +
Urea hydrolysis —  D-Mannose +
Lysine decarboxylase — L-Rhamnose +
Ornithine decarboxylase —  D-Mannitol +
Arginine dihydrolase —  L-Arabinose +
D-Glucose, acid production +  D-Sorbitol +
D-Glucose, gas production —  Glycerol +
+, positive; —, negative
2.1.2 16S rDNA PCR
Bl 16StDNA , 1532bp,
GenBank DQ133596
, 16S
rDNA  ( DQ279308 DQ279307)
99%
[26], Bl
16S rDNA
, Bl (Enterobacter ag-
glomerans)

2.2 E. agglomerans Bl Fr561EE B-F L EHEBRY &
aalvin 4

2.2.1
1, 0.5%,
0.5%, pH7.0, (
) , 1%

0.5% 5%
1%
I, 1%, pH7.0,
(
) ; 1% ;
0.5%~4% , 1%
2.2.2
3 s 5 4
Lis(4%) 2,
3 3 (AK)
» B- >
> 1%,
1%, 0.5%
®2 BERKFER
Table 2 Level of factors in L (45) orthogonal test
Level Lactose /"/: _F:e;ne /% Yeast extract /%
1 0.5 0 0.5
2 1 0.5 1
3 1.5 1 1.5
4 2 1.5 2
®3 EXHRERMBESN
Table 3 Range analysis of orthogonal test
No Lactose  Peptone eZterzsctt B_g%if/t;f;j ase
1 1 1 1 3.913
2 1 2 2 4.622
3 1 3 3 4.574
4 1 4 4 4.151
5 2 1 2 5.004
6 2 2 1 5.202
7 2 3 4 4.651
8 2 4 3 4.242
9 3 1 3 4.433
10 3 2 4 4.181
11 3 3 1 4.509
12 3 4 2 4.712
13 4 1 4 4.346
14 4 2 3 4.503
15 4 3 2 4.621
16 4 4 1 4.272
K1 4315 4.424 4.474
K2 4.775 4.627 4.740
K3 4.459 4.589 4.438
K4 4.436 4.344 4.332
AK 0.460 0.283 0.408
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2.2.3 222 peak 4 to 6. TOS.
, 1%, 1%, 0.5%, ’ 30% 12h
pH 6.5~9.5 , pH7.0~9.0 ’ 2
HPLC ,
] . pH 7.5-8 . . : 9.5% 19.6% (transgalac-
20C~45C , 20C~37C ’ tosylated disaccharides, TD)46.6%
25°C 222 (transgalactosylated oligosaccharides, TOS)
, pH 7.5, 25C BI , 24.3%, 3 ,
1 , B- TLC ( 3),
26h 9.7U/mL, ,
19.0g/L,  38h , (TD+TOS)
, 40.7% ,
16.4%, 30.2%
12 -
1 2 3 4 5
10 ¢ . . Glucose
8+ . ' Galactose

(B-galactosidase)/(U/mL)
(=)}
c(cell)/(g/L)

Qo+
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1 E. agglomerans B1 Bk (0) FAFEEEMZE(a).
Fig. 1 Time courses of cell growth (0) and enzyme production (a)
from E. agglomerans B1.
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E. agglomerans Bl, s

GOS pH 7.5,
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E 2 #FEERNA HPLC 547

Fig. 2 HPLC analysis of the transgalactosylation reaction. 1.
galactose; 2. glucose; 3. disaccharides including lactose and TD;

Q GOS
' Lactose
t GOS
-
3 BEENNE TLC 547
Fig. 3 TLC analysis of the transgalactosylation reaction. 1. glu-

cose; 2. galactose; 3. lactose; 4. transgalactosylation products by
B1; 5. Oligomate 55®.

2.3.2 E. agglomerans
B1 Bio-gel P2 ,
( B1-11 BI-5
B1-1) , 4, GOS
4 B1-5
, (m/z) 4

T4 RBEEFYHMSER

Table 4 The results of MS analysis of oligosaccharides

Samples Molecular m/z

weight(M) Results

BI-11 342 M+1]7343.4;
M+H,0]"360.5;
M+Na]* 365.5;

M+K] 381.5

M+1]"505.5;

[

% disaccharides
[

[

[M+H,0]" 522.6;
[

[

[

[

[

[

B1-5 504
M+Na]" 527.5; trisaccharides
M+K]" 543.6

M+1]" 667.5;
M+H,0]" 684.7;
M-+Na] 689.5;
M+K]" 705.6

B1-1 666

tetrasaccharides
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Fig. 4 MS analysis of the sample B1-5.
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Enterobacter agglomerans B1 producing f-galactosidase with transglycosy-
lation activity: screening, identification, fermentation conditions,
and galacto-oligosaccharides synthesis

Lili Lu, Min Xiao*, Xiaodong Xu

(State Key Laboratory of Microbial Technology, National Glycoengineering Research Center,
Shandong University, Jinan 250100, China)

Abstract: Galacto-oligosaccharides (GOS) are promising non-digestible oligosaccharides recognized as prebiotics.
Commercial GOS containing galactose as subunit, are synthesized from lactose using the galactosyl-transferase
activity of B-galactosidase. A strain producing -galactosidase with transglycosylation activity was screened from
the soil. Phenotypic analysis including morphology and physiology characteristics and 16S rDNA sequence analy-
sis were carried out. Based on taxonomy results , the strain was identified as Enterobacter agglomerans B1. Me-
dium and fermentation conditions were optimized by single factor and orthogonal experiments. The enzyme
reached 9.7 U/mL in the medium (pH 7.5) containing 1% lactose, 1% yeast extract, and 0.5% peptone when cul-
tured at 25°C for 26 h. Effects of pH, temperature, lactose concentration, and reaction time on transgalactosylation
by whole cells were studied. Yield of GOS reached 40.7% in 30% lactose (pH 7.5) at 50°Cfor 12 h, as analyzed by
HPLC and TLC. The results of an MS analysis showed that GOS were composed of di, tri-, and tetrasaccharides.

Keywords: Enterobacter agglomerans; identification; B-Galactosidase with transglycosylation activity; fermenta-
tion conditions; galacto-oligosaccharides
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