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Isolation and identification of a Microbacterium sp. LW106 strain
producing cold-active f-galactosidase, and study on its enzyme
production conditions and enzymatic properties

ZHANG Yu-Jie WANG Li-Jun LIMeng GU Yan-Ling GUAN Bo NI Yong-Qing
The Food College of Shihezi University, Shihezi, Xinjiang 832002, China

Abstract: [Background] Cold-active B-galactosidases are typically characterized by a high lactose
hydrolysis activity at low temperature. Such a characteristic makes cold-active B-galactosidase highly
attractive for application in low-lactose milk production industry, and how to mine novel cold-active
B-galactosidase with enzymatic properties perfectly suitable for lactose hydrolysis in milk solution
condition becomes a research focus. [Objective] This study is aiming to screen novel strains producing
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cold-active B-galactosidase from glacier sediments at China No.1 glacier in Tianshan Mountains and to
evaluate if the enzymatic properties of the cold-active B-galactosidase is suitable for further application in
low-lactose milk production. [Methods] Primary screening using X-Gal culture plate, and secondary
screening by assaying the relative B-galactosidase activity at low temperature were carried out. The target
strain selected was identified by physiological, biochemical and 16S rRNA gene sequencing. The growth
condition and enzyme production condition of the isolate were optimized by single-factor experiment.
Enzymatic properties of the partially purified B-galactosidase produced by the isolate were also
investigated. [Results] LW106, a strain with high p-galactosidase activity, was identified as
Microbacterium sp. LW106. The optimal temperature for LW106 producing B-galactosidase is 25 °C.
Soluble starch was the optimal carbon source for LW106 to produce -galactosidase, the optimum medium
initial pH was 7.0, and the optimal inoculum size was 3%. Preliminary study on its enzymatic properties
showed that the optimal pH of the B-galactosidase of strain LW106 was 6.0, and the optimal reaction
temperature was 35 °C with a relative activity of 78% at 4 °C. The B-galactosidase produced by LW106
showed the best stability at 4 °C and pH 7.0. Metal ion Na" at a level of 10 mmol/L did not inhibit the
activity of B-galactosidase of LW106, while 10 mmol/L of Ca** activated the B-galactosidase activity.
[Conclusion] The enzymatic properties of [-galactosidase produced by Microbacterium sp. LW106
indicated it may be suitable for lactose hydrolysis at low temperature, showing good application potential
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in low-lactose milk production industry.

Keywords: Cold-active B-D-galactosidase, Microbacterium, China No.1 glacier, Enzymatic properties
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SRR EN O W AR TR AR SRR 5 2% B B L.
A RER B B IR B S TR RE . AT O3
B H R IN—S 00—tk KR p-~F 2L i 1
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UKFE R AP P IR A ie B0 =, BRRFERZ AT RE
ZENG YT, 345 g5 T80 °C 17,

TEBE TAEG N, BUS g UTRWIAE S I 50 mL
WA 0.85%AJCI A FIER K, IRIAFESIFEH .

1.2 EFEE

(1) 1/4 JRE RSN (TSB)R IR Ak(g/L) -
KRG RGKEY) 1.25, BEECKED 4.25, FA0H
0.63, &M 0.75, BHRE 4N 0.63.

(2) WIEkEFRH(g/L): FWE 5.0, AR 0.5,
FEEHZ Y 0.3, MgS0,-7H,0 0.07,KH,PO, 0.1, CaCl,
0.04, (NH,),S0,40.1, g 15.0, pH 7.0,

(3) HEiiki#i(g/L): L 100, BEEEH
10.0, NaCl4.0, BEEE[Hk 5.0, pH 7.0,

(4) KRR FI(gL): 3L 100, BEER B
10.0, & FI% 5.0, CaCl, 0.11,KH,PO, 0.05, MnSO,
0.001, MgS0,40.3, FeSO40.03, pH 7.0,

(5) MR IEREEFR I (/L) B 5.0, FRNH
3.0, BAME 120.0, pH 7.0-7.2,

(6) Bt ARG IR 5 (g/L) : SEH Wk 10.0,
A RIR K 3.0, BEEHREH) 3.0, FeS0,4 0.2,Na,S,05 0.3,
NaCl 5.0, IgH 12.0, pH 7.4,

(7) & IR-TE B8 PY) R R 5 (g/L) . B A
10.0, BERERFY 10.0, CaCl, 0.008, MgSO, 7H,0
0.02, K,HPO, 0.04, KH,PO, 0.04, NaHCO; 0.4,
NaCl 0.08.,

1.3 FEXFIFOMEE

B R AN R B I b s B AL AR M HOR
ABRTAEA ] BEHEAE (0NP), ABHEA B-D-
L FLIL BT (ONPG) . 51N 2 -B-D-FifC 2 ZLBHAT
(IPTG)F 5-15-4-58-3-M5|W-B-D-2f FLHE 11 (X-gal) Iy
H A TAY TR R A BR 2 v . PCR 7154,
Techne 2 F]; BEFRIL, BioTek 2AF].

2 g
21 P B-FAMEHEKR S BEIFIE
2.1.1 #0

WEHC 1 mL 2R 1 3R, AR A 50 mL

1/4 TSB $557 B HEIE N, IR GIS), T 4°CH;

7= 48 h 13EIEFHRT R . O A I KB R R
(107, 107, 107595, BB IREL 100 pL
BRI EAT RN X-Gal #1 IPTG 14 1/4 TSB
RBRFEER b, BT 15 °C EiREFHEM PR
6-15 d, YTV H I AR LT SR TR0, BREX
Wi TRV A B alifk 3 1k

212 E7%

PRECR) G A5 0 I A A B P H2AP ) 5.0 mL &
SR, 15 °C. 150 v/min JRIFGHGETE, HERs
FE DI RE RS BE ODgooo 4 °C. 12 000 r/min 5.0
10 min WAERA, 0.1 mol/L BiRRELZE K (pH 7.0)
PR AR 2 U5, A 100 pL 1% (RFLE)E Z
M2 CBEIREE, 4 °C & 4 h, FEIIA 100 uL
0.1 mol/L WERRERZE M (pH 7.0)BITS B-~FFLIE 111
FHLARER , 208 2 e R ) B~ UM BHS 1 07 1E
T B2 FLE TR B
2.2 oNP FRAERZL A5 §

DABERRZZ hB (pH. 7.0)53 5 T T | 2 vk s oy
0.02, 0.05. 0.10, 0.15, 0.20, 0.40. 0.60 pmol/mL
(AR B  (ONP)FRUEIR IR . LA pH 7.0 IR SE
R ES Y, TEDE K 420 nm AN SE &Y ONP 1Y
WA, 2733 ODypo 5 oNP WREERRIERZE
(=1.410 5x—0.003 7, R*=0.999 5).,

2.3 B-FEFMEEEEE NHRINE

T 3 AP A S 2K -B-D- 2 ZLBE T (ONPG) 75l i A
Mg i B-~ FLBHTTAENG 71 o 7€ 50 pL oNPG B IR
Z(pH 7.0)F A 50 pL HIEEW, 15 °C [0y
15 min B 37 °C 2 10 min Ji5 , WZH 200 pL 7E0KAS
A K NaCO;3 (0.5 mol/L)& 11 b, FE4MRAT AT
WA 420 nm I E WOGAH o R BRIV TR S
DG, PUMBCKIE L S oNPG 2 A i
Yy XoF BB TG 72 X : 1 min 7K f% oNPG 4E %, 1 umol
oNP FIf s BY R E O 1 ANEEE B o A Al TG
E (UmL)AZ R -
g ODiy +0.0037

1.4105x¢

x0.3x N x20
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FH: ODygyp: 420 nm FARANIEWIGE; N: A
B BASEL ¢« BRI SR SN ST 5 1.410 5
F10.003 7: 3K H OD4o 5 oNP ¥ B 0] (AR E il £ 7]
HAR
24 FEEEMRBVETE
241 FENE

XoF i 18 Ak TR AR (R TR 95 T8 S A TR g, 4
PRI VP AR T 22 R g . B i A
T 1 mL 4% (PRFE )0 I v v Hp 11 5 0 A
FEMG/K AR PR, FHAA 4 o AR A 7 i — 20 ) 2
LML
242 HBEBEHERE

22 (ORI % T ) A7 o A
AARFHIE S, R R B . PROK AR
TER K ARG . Ak SR e s s MR
2.4.3 16S rRNA EEF5| 21

R FH IR Z AR B RO SE N 2 DNATY
PAFE R R ALK ZH DNA it , % 16S rRNA
FLREHAG Y 27f (5-AGAGTTTGATCMTGGCTC
AG-3")F 1492r (5-TACGGYTACCTTGTTACGACT
T3 3 16S rRNA ZH™, PCR AR : 2xTag
PCR Master mix 25 pL, 1E. &E5I%)(10 umol/L)
% 1L, Bt DNA 1 pL, ddH,0 22 pL., PCR [
M. 94°C 5min; 94°C30s, 55°C40s, 72°C
1 min, 7H¥F 30 %; 72 °C 10 min. K141 PCR
PR S pMDI19-T #ikiEss, 46 KIFFm
DH5a &, $RIGEALT ORI TN o A )7
H$E5E GenBank Fiis P2 HIR HEXT 4347 o $RAGAH G RD
J@Y 16S rRNA JEHF4, #£ MEGA 6.0 # {4 fifi
JH 4B 4% 7% (Neighbor-Joining method) M R G & F
B}, 5K FH Bootstrap {2 X} AR 33 R 2 AR 1k
TVEY, TEA 1 000 UK, WA e R AR AR
A3IEHAL
2.5 FEEHMR
2.5.1 EEFRETE X ARG RY 200

P 35 IR0 B R R IR DL 2% 1) B D R 4
FlE] 30 mL &R FRIEF, 20 °C. 180 t/min $Z %%

o
|

Rige, MG 6 h =0 12 h PEEE M K A A
(ODgoo), 3 M FATSEE:, B 2K, BOEFMIME.
252 BEFREXN RIS

W 35 TR AT B A F B IR W DL 2% 00 2 D i 42
PRI A 10 mL KEEEFRES, 40507 15, 20,
25 °C 44 F 180 r/min #EMids 5%, MM 6 hE 12 h
W Bl 6 B R E M) i (ODgoo)» 3 AT, BE
2, BOFHIE.
2.5.3 BREXEEERIEN

Vo FUBHRR I s . RERE . 2R AT A
VERY, A BIRE TR APV, AR RIRR IS )
R S R IR R B PR B — S i
Pl 2%09 LW106 BT 30 mL ik & Bk g5k,
BERE RS BENTRIE 20 °C, #4533 180 r/min, 1537
90 h, LRI (ODgoo) FIBEHEYE, HEFRIR
3ANEAT, EE 2R, BORHE.
2.5.4 1EFEYNLE pH X FEEERI S0

43 ) DL S R 5 2% i (HAc-NaAc) . BER &h
2% b W (NaH,PO4-Na,HPO,) F1 il 2 h 2% vp W
(Na,B4O7° 10H,0-NaOH) L | A [F] 91 4 pH 114 A& ek
FRAk, HRWIRRESRE pH 23010 3.0, 4.0, 5.0,
55,60, 65,70, 75,80, 85, 20°C 3 90 h,
WEAFILG pH 853250 F A B AR AE Y18 (ODeoo)
G, A pH 2644 3 A P47, 2.
255 1EFhEXFEEERYEZ 0D

AL 2%, 3%, 4%, 6%. 8%. 10%F R
RIS 50 mL (kB FR ST, 20 °C 557 90 h
Dt T
2.6 BMFEHRVITHR
2.6.1 B-FFIBEHEHVIS AL

VRV T B R A I (%o 125 W, TAE
3sf58s, 15 min) AT AR . (R g
TGRS EAR AR, FhAT 438 50%—60%1h Fl
HIVTTE, AT 0.02 mol/L BEMRELZE M (pH 7.0),
T 14 kD M4BTI, RIS RIL A p--F
FLBE T
2.6.2 EEXTEGIE S RIEZ N

(1) FoEiRE. SRPERETE 4, 10, 15, 20,
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25.30. 35,40, 50, 60 °C 435l 5 KPS0 10 min,
M%E ODgy, FAIREE 3 AT, DA AR
TR 100%, THEAARIMXEEE. 2) #FEE.
TS BB A SITE 4. 10, 15, 20, 25, 30. 35,
40, 50, 60 °C iE 4h, BUHJE 7 BIEH, MR
FEWE 3 A AT BE-5EY) 30 °C S 10 min J5ill
FE ODuy, UURZAPERIEHE R 100%, THEAS 25
2.6.3 pH WEEFEHBIF M

(1) pH XJEFHE 52 . Al ELHil A\ pH (3.0,
4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0)/FrEIR-BER
SEOPI, BRSNS B MRIR AT, 30 °C 4
RS N 10 min, ME ODyy, ANE pH
3AFAT, B mEHEE N 100%, THEAG BRI
T o (2) pH WA T B2 BedilAS Rl pH (3.0,
4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0)AIZZ M, ¥
il 4 0 5 A i ) _E R G v P RIR A3 5), 30 °C
KB 3 h, FEIIARYIRY 15 min, 2 I
ODyy, A~ pH ¥ 3 AT, FELARZACPRES (1)
6N 100%, TR FIRI A
2.6.4 EEBEFIEEE BN

FERG N AR 2 HP A I AL R 10 mmol/L
fl Ca®*, Mg™", Cu™, Na', K", M &J@ &1,
FEFh &I T8 3 AT, UANIRINGE &P
&N 100%, 1545 2AH XA o

3 ER545H
3.1 EHRHIERE
3.1.1 BB SHHERE IR (LAFE

FRk LWI106 555% 5 d J5, JEA 1 mm % 2 mm
) R RV, TR, &g, B,
EREAIVR, NBEW, EXRRehHEE, B
Fiii L 5% L2 S 7R 12 TR R 200 R T 285 S A I 5 A fR
(1) XFHEHK LW106 JE47 ARSI R 1)
ERBH], HER LW106 & BEMIS5I - IR , Tek/K
fifial e 2 BH BB K e i B, d Ak A
B B, o EASE RS IR R IR R MR R A i 3
fETI.

)

£ A

SU8000 5.0 kV 7.9 mm x50.0 k SE(UL) ' '
1 LWI106 BRI B
Figure 1 Scanning electron micrograph of LW106 cell

1 E LWI106 BUER S £ B A (LHHE

Table 1 Partly biochemical and physiological characteristics
of the strain LW106

"1:00 um'

I H 4

Test item Result
HERE & I Sucrose fermentation o
BRI HiAFI B & 18 Arabinose fermentation o
F =4 & 8% Rhamnose fermentation o
H #2 B & 8% Mannose fermentation o
7 2 HE 4 8% Maltose fermentation o
AWK % Xylose fermentation o
% A % Glucose fermentation o
2P F UM & 5% Galactose fermentation o
FLAE % 1% Lactose fermentation o
B K f# Gelatin hydrolysis =
JERIKA# Starch hydrolysis +
fifk & A2 i H,S production -
&3P Motility o

W oo: H977ER; < PHEE; - A
Note: o: Weak acid production; +: Positive; —: Negative.
3.1.2 HE#k LW106 B 16S rRNA ERE F51 547

XF LW106 kAT 16S rRNA FEFH 78"
W PAF KN 1 500 bp B9 1 Bt (GenBank
55 MH064254) . 72 iR 7515 GenBank
Bt P Th B P S HEA AR X, R BRERT R LW 106
) 16S rRNA Xt [ J¥ 41 5 i 2R B 3 A 3
(Microbacterium phyllosphaerae) P369/06 (99%). I
ERIE AT (M. phyllosphaerae) HWG-A23 (99%) .
BRI (M. phyllosphaerae) THBB 11136 (99%)
) 16S rRNA FEK ¥ AU fe s . RS54
(F 2){E/~ LW106 5 M. phyllosphaerae THBB 11136,
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M. phyllosphaerae HWG-A23 N (Microbacterium 3.2 BMRF-EBSFRIAR
sp.) W21 TRHELL 60% M SHpfe R — . Bk, %1 3.2 IEFESEIFNRE X E KR BRI #20

SN HRR LW106 %58 R
LW106.

Microbacterium sp. LW106 BHRTE 15, 20, 25 °C HiFRa0E K4k
B2 AN 3 iR kR LW106 7E 20 °C K557

Microbacterium sp. BM-12 4 (AY635877.1)
Microbacterium phyllosphaerae KUDC1780 (KC355287.1)
56 ——— Microbacterium phyllosphaerae THBB 14579 (KM817275.1)
Microbacterium phyiiosphaerae KUDC1779 (KC355286.1)
14 Microbacterium phyllosphaerae IHBB 14640 (KM817274.1)
Microbacterium phyllosphaerae P 369/06 (NR 025405.1)
Microbacterium sp. DT 3-07 (KM253049.1)

77 57 Microbacterium phyllosphaerae A-138 (MF467846.1)
Microbacterium phyllosphaerae HWG-A23 (1Q684246.1)
Microbacterium phyllosphaerae IHBB 11136 (KR085857.1)

60 LWI106 (MH064254)

Microbacterium sp. W21 (MG758046.1)

Microbacterium foliorum MBT2 (JX966439.1)
Microbacterium sp. VKM Ac-2050 (AB042084.1)

Microbacterium foliorum 556 (EU714371.1)
Microbacterium oxydans J1 2 (KJ1627769.1)
Microbacterium sp. JCM 28647 (LC133678.2)
\Microbacterium sp. JCM 28676 (LC133707.2)

Microbacterium foliorum N1-12 (JX094161.1)
Microbacterium sp. JCM 28702 (LC133733.2)
Microbacterium oxydans SZCS-1 (KT896536.1)

83
60
12
—
0.001

B2 EHk LW106 B9 R GFEH LS 7

Figure 2 Phylogenetic tree of strain

LW106

TE: 555 S HERTE GenBank HIE 75 7330 ERBTHORBERL; HHIRFORMILEHE, 0.001 FR 0.1%H)E

%[131‘

Note: The sequence numbers in parentheses correspond to the GenBank accession numbers of the reference strains; The numbers at branch

points represent confidence level; The bar

scale indicates the rate of substitution per base, 0.001 represents a replacement rate of 0.1%.

A ~ B
YT isec 201 _a15°C
35 —-20°C ——20°C
——25°C —4—-25°C
301 15t
g
~ 25 5 T 1 2
g i }; &~ X
8 2.0 £ 10}
1.5+ El
=
1.0F O 05}
05F
00 1 1 1 1 1 | 00 1 L 1 L 1 J
0 20 40 60 80 100 120 20 40 60 80 100 120

) ¢ (h)

B3 IEFRETEFRE X E R LW106 4 1<(A) K& P~ EE(B)BIF G
Figure 3 Effects of culture time on LW106 growth (A) and B-galactosidase production (B)
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i, HR AR B R, BAE 25 °C #5550, 7
?Mk%*km‘r}% ik 1.499+0.107 U/mL, [
I AT 25 °C VE M T RE LW106 B = BHEE o
3.2.2  EFENGE pH X FEgRY 20

ARG RN UG pH X TRk LW 106 7™ il %) 521
WK 4 B, BR300 pH 7.0 XTHEFR LW106 7~
B-P LT B A
3.2.3 ERIEXPEERRISZND

PL 1% (B AARF L) Hegl oy B in s UbE .
HiNE . REHE . ZIEMERIRTVEETEN, AR ARE RN
ME—fiR, PR BEEEFE 90 h JR TR R LW106 /™ B-
L FUBHF BRI 2 SR ANE 5 R, AT TERER A R AR

A — Gal activity 149
o~ ODam
1.6 -
— - 43.0
3
E \'\
=) 1.2 —u s
= {209
= O
2 0.8
[~
=
) 4 1.0
04}
0.0 L r— : . . . 0.0
2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0

pH

B4 BEFRENE pH X EBHF I
Figure 4 Effect of initial pH on production of p-galactosidase
from LW106

6.0 ] Gal acitivity 7 6.0
m OD, 600

5.0 5.0
&)
£ 40 4.0
2
2 g
8 2.0
= 20 .
)

1.0 1.0

0.0

G\\,\GOSe S\,\(‘XOS \ SK‘AYC“ Lac\ose N\a\\ose
sob

Carbon source

g5 AERRIREXT LW106 F=EgaI 500
Figure 5 Effect of carbon source on p-galactosidase
production of LW106

LW106 j=Rigit il i, BiPHRK LW106 REAZ4L
U K A AT PESE R 7 B-2F UM
324 EMEXEERIZMN

BRI B RS ANE | KRl it 43 Sk
K 2%, 3%. 4%. 6%. 8%. 10%, IERERpEE N
R B-FRUR T B2 (K] 6). 4Rt 3%
B, B B ELBE RGN i E ., A E
2.208+0.043 U/mL.
33 EFHFMEMNMTHR
331 MMmERERKRIEENE

PR LW106 JIry™ B->F UM T M i S A FH I
FETE 35 °C 245 (B 7), 4 °C TAHNEREZ) N 78%.

30T
25+
gzo— %
S5 7%
215+
2
—glo— )
S %
05F
oo LA Zih 72 A i 72
2

3 4 6 8 10
Inoculum size (V/V, %)
6 IEMEN LW106 =595
Figure 6 Effect of inoculation amount on production of
p-galactosidase from LW106

110 -
100 - /§/+/
90t i
> L
:‘; 80+ E/ L
*g L
g 70 _ R
cI
50 —m=— Optimal temperature I
| —a—Th | stablit
m ermal stablity *
1 L 1 L 1 L 1 L 1 L 1 L 1 5
0 10 20 30 40 50 60

Temperature (°C)
7 EMRERERPREN
Figure 7 The optimal temperature and thermal stability
of B-galactosidase from LW106
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Figure 8 The optimal pH and pH stability of B-galactosidase
from LW106
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Figure 9 Effects of metal ions on the -galactosidase activity

XTBEEPEA S IHIER, Na' Mg™ . KO0 S ok
TeH M, Mn® F Ca> X Etk LW106 ™ B-2f
FLH A — 2 PSR
4 WREHR

AR L —5- K1 i e HF — BRI B-F
FUBETTRG ™50, XTHIH JEAS: . AER 16S
rRNA JERFH 0, X8 WEFTFHE Microbacterium
sp. LW106, #Z A SCHMAT, RIE T HAT &
(Microbacterium)EFRIGIE B-21-FLHTT B AO 18 R
FM, B B SCHRARE AP AR B2 LU
T Y TR PR 3 221 A 1R 8 (Arthrobacter) MR AC S
LT 8 (Pseudoalteromonas) B ARS8 S AR S AT
M AL BB R B (Rahnella)™™ | V0 T KR
(Serratia)™ K i 1 5 J& (Marinomonas)* "\ 53 2 7
IR B-2FFLWETT B PR PR 40, (H ™ Bl Y5 A
f(1-3 U/mL). XJHEHk LW106 F=Eac4-mnros &
WY, R R B R R 25 °C, mefERIE R AT
WEVERY , F@bIth pH oA 7.0, SAERRE R 3%,
AR A T 7 B AT 34 2.208+0.043 U/mL.

UNGE SN S R = A E RN
2E5, R TARGMAEY Y B AT IR A—
FE ST B-FFLE T . 4325 B H AL E g
HIRE YA FLBE 1T FF R (Arthrobacter psychrolactophilus)
F1, F2. F3., F4 Fl F5 PR -2 FU0H 1) f
WG 10 °C, 7E 0 °CIBRELR T 80% MG, I
WK F1, F3 Hl F5 ARafAA e — A dicidi S B A
30 °C 1Y) B-2FFUBEH Al ] S JOBR R 1L £
Y EIPLR RH (Rahnella sp.) R3 BARA ™ 1A
ARG UM T Wl il e NIRRT 45 °C, REE R
15 °C B (AT Sy foe i BRI 1 40%, 4 °C B IS
AN Ay Fe i G ) 23% 05 AR 2 P AR AR RO
- UM T T 0% iV FH B8 7E 2535 °C,
& pH A 6.0-8.0P" %1, A#FFE itk LW106 T
PTG B-F- LB T ) docidls S WL Ay 35 °C L4 °C
B AR X G 290 78% , 2R BH AT B0y i I ik 1
PEo HEHE M HAMGE p-FR M EEAR, L
oNPG YA, Na SHZ MR AT =K -2 2L
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