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i B IFFIB-HIRBRAARTT T ZHENIERD 24, 5L YMICE N LE R0 . B-51K
EERAL G KM B-F RAB A RIS FAE, ARG, HM. BARFMRLELRETLGER, [B
89 1 B H 7Y R AR E (Microbulbifer arenaceous) ¥ JLl% 3| —/~ B-1,3(4)-F RAEBE AR, £ XA
B Tis kA, AR EmieEgmi. [ oA Raoed (Microbulbifer arenaceous) 3 B 41 DNA #
AR, FE—A B-1,3(4)-F BAEBE A B (MaGlul6A), #13& E 28 & A& IK pET-28a-MaGlul6A 7 XM
AFH BL21(DE3) P &1k, @it Ni-NTA #4e BAT At )e #4788 F MR A7 . [45 %1 MaGlul6A #)
% i pH Fo ki8R E 5 3 4 pH 6.0 A2 40 °C, £ pH 5.0-10.5 A= 35 °C vA FAZ. * EDTA EA 434
I, £ 1 mmol/L #= 10 mmol/L EDTA JRE T A54&4F 99.3%F= 82.5%#) BaiE 7). % B 495 A BUKME
TIFASME. AA S, KEFTRE. RSB, AL REFEEHRE, KESHWEIZAHTE
M. ¥, =HEFwdE, [44]) BFE@E YRR Microbulbifer arenaceous)® iR p-1,3(4)-% %A%
Bl 4 %, 1 A BB VR G M A B-F) TAB B 094748 B B-F) BB RO B & 3L T Aah,

FER: RACER, B-1,3(4)-FBAERE, KA, MR

Cloning, expression and characterization of an pB-1,3(4)-glucanase

from Microbulbifer arenaceous
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Abstract: [Background] B-glucan is a non-starch polysaccharide, widely existed in nature, especially in
cell wall of cereal plants. B-glucanase can catalyze B-glucan into B-glucooligosaccharides, it plays an
important role in food, feed and papermaking industry. [Objective] Gene of B-1,3(4)-glucanase from
marine bacteria Microbulbifer arenaceous was cloned and expressed in Escherichia coli, and its enzymatic
characteristics and hydrolysis properties were studied. [Methods] The [-1,3(4)-glucanase gene
(MaGlul6A) was cloned from the genomic DNA of Microbulbifer arenaceous and the recombinant
plasmid (pET-28a-MaGlul6A) was constructed. The recombination strain was successfully expressed in
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E. coli BL21(DE3), and purified by Ni-NTA affinity chromatography, then enzymatic characteristics was
studied. [Results] The optimal pH of MaGlul6A was 6.0 and optimal temperature was 40 °C. It was stable
between pH 5.0 and 10.5, and below 35 °C. The enzyme showed obvious resistance to EDTA, and it could
maintain 99.3% and 82.5% activity at the concentration of 1 mmol/L and 10 mmol/L. In addition,
MaGlul6A showed broad substrate specificity. It could hydrolyze not only curdlan and laminarin but also
barley PB-glucan, lichenan, oat B-glucan, and yeast B-glucan, whose hydrolytic products were mainly
glucose, disaccharide, trisaccharide and tetragasaccharide. [Conclusion] Cloning, expression and
characterization of B-1,3(4)-glucanase from marine bacteria Microbulbifer arenaceous could provide a
basis for the exploration of B-glucanase and preparation of f-glucooligosaccharides.

Keywords: Microbulbifer arenaceous, B-1,3(4)-glucanase, Expression, Characterization

- B e —J AR A ) IZAFTE M AR TE A
2B, JEl B-D-#i sk HEE L B-1,3 1 p-1,4 IR
BTSN Z R G . B-H R R AR
FAFHEPI YA, R #E . oK. .
INFZ YA RE B B, KRS R
&, 245 HIERL A 70% (FEH)P. dF
ARAEIE W) A0 M BE 25 AL 1 B bk, HAE W R R TR
SRR P RIVE DY, B SRR L ok
HE R —2E0 .

B-HI R ARG RE Ak B- 7 SRWH Y K i o ARAE K
fift 7 AR, B-4 R AT 40 S K2 (1)
B-1,3-1,4-F RWEEF(HAK Z W, EC 3.2.1.73), #¥F
SV % B-1,3-1,4-# 5RME T 3-O- WU A 2 M % 5k
B B-1LA- BT RS (2) B-1,4- 7 B OWE A (Y
YI-B-1,4- % MG, BEC 3.2.1.4; SMII-B-1,4- % 0%
fitf, EC 3.2.1.74), K25 4 2 5% 0 B X Y
B-1,4-WETFEED) (3) B-1,3-H BMEAG(HU)-B-1,3-7
BB, EC 3.2.1.39; AMJI-p-1,3-# BB, EC
3.2.1.58), H—MoK i p-1,3- MY p-1,3-5F
ST (4) B-1,3(4)- MR MEAF(EC 3.2.1.6), BA) 2
ISR e, REAE K A B-1,3-1,4- 4 SRMEAN B-1,3-
HMEBERA B-1,3 B B-14-8EIT P, 7E CAZy
(http://www.cazy.org/) B IFEH, KREZH B-H B
fifgJ&F GH16 %, Hrp B-1,3(4)-# R pH A 5%
AT

B-1,3(4)- ) T Ml 1t B 105 /K M TR A R 1 B- T 2R
B, e AT BTl P R R 5 )7
M A EE MR, HRTCHGER B-1,3(4)-

5SRO RV T HIERUEY) , AR AT R
(Bacillus circulans)'? . 25 ZEHHTF 1§ (Paenibacillus
sp )L R A HL I T (Cochliobolus carbonum)!™ |
e S8 B % (Humicola insolens)? . ) % &
¢ K K W B (Phaffia
T 1 )5 B °F & I8 (Phanerochaete
chrysosporium)' F B 1 K # (Trichoderma
asperellum)[lg]gfo BRibZ A, AU — IR Tk
B ¥ 1 )& (Pseudomonas sp. PE2) B-1,3(4)-#i %
B (GluA) O HGE . SREHAR L, Y TEEREE L
FER . R RN E SRR, I ERUED)
A IE 1 52 AR I R R T AR A, BRI AT RE R AT
Hoph LR R

Vb A0 TR (Microbulbifer arenaceous)t&—Hk
MK v B e 15 B A B R R A T PO, BT
RO IERE , A B U . S BT A 2
T VL BT R U5 K R B AR, o JL T BT
(chitinase)® | & i (esterase)™ | Iy g B W
(B-agarase) ™ 1 a-VE ¥ i (a-amylase) M4 | SR i
TV R R IR B-1,3(4)-# R MR 4R3E . R
I, A S A5 YD IO B (Microbulbifer
arenaceous) Y5 B-1,3(4)- 1] T 0 B I A 1) v b 55
Fik, JFE— RS AR T, o B-1,3(4)-Hi 2R
WHBETE 0 ARREEE D7 TH i L AR AR PR 4
U AP
1.1 EH

VO A TR (Microbulbifer arenaceous) i A5z
B3 A AT e A0

(Paecilomyces  sp )™ |

rhodozyma)lw] \
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1.2 EZIFIFLER

# AR pET-28a(+), Invitrogen 231l ; KHATH
DHS5a #il BL21(DE3)EAz A5 41, A Y H AR
/A ; TransStart Fast Pfi DNA Polymerase, 654>
B A IHR S w5 BRI P N DIBEFT T4 DNA 442
fif, NEB 2~ rl; AxyPrep DNA Bt B 50 &,
AxyGen 2] ; SEFIZHFTAENI-NTA), GE 2Awl;
AR ZHE . BAT 2N, WA HE . KEMRE.
MW RME . BELEHI RN, Sigma 2] RAmZHE
PrRUEdh, Mezayme Ao

MyCycler PCR {¥, Bio-Rad 2\ H]; “£4h-A Ui,
ST, JERE bl AR A R A W] 5 R
Haifb R4, FlEFHP AT ; Kieselgel 60
AR, B. Merck 24 W] ; 5 20 AH 3 (high
performance liquid chromatography, HPLC)Z%t,
Agilent Technologies /A Fl .
1.3 7%
1.3.1  B-1,34)-FI RAEBERTF 5418

LIV B R (Microbulbifer arenaceous):
4 DNA AR, i i P B T Z BE R P 41
LVWSDEFDG Hl SGEIDIME, # i fij 3 5| ¥

%1 PCRY 5|
Table 1 Primers for PCR amplification

DP-F/R (F DIEAT B-1,3(4)-5 S BEBHR T FE 515
14, PCR JZ WK Z . 10xLA Buffer 5 uL, dNTP Mix
(2.5 mmol/L) 4 pL, 5|% DP-F/R (10 pmol/L)%%
8uL, 4 DNA 1 pL, LA Taq (5 U/uL) 0.5 pL,
#b ddH,0 % 50 pL, PCR R &514: 95 °C 3 min;
95°C305s,55°C30s,72°C40s,34 MEH; 72 °C
5 min, 12 °C 10 min, PCR J*#J% AxyPrep DNA
e 1 W) 6 RS % 422 e B 284k pMID-19T Jf:
WY .
1.3.2  B-1,3(4)-E E1EEE 21K F75 TAIL-PCR ¥ 1%

GinS i S eI L 7SS DA IS ot Vg o il b2
5 3 &5 515149 spl-F/R (sp2-F/R il sp3-F/R
(3 1), R TAIL-PCR )72, 1 FH 4 4 LAD 5]
Y e — X ENFEFET I AC (R D =
PCR ¥ H4C HFH By v 5, 3445 211
FESIN Y S PFE, JfiEat NCBI H' Open reading
frame finder (ORF finder)¥i H 752 B-1,3(4)-#] b
fiti K75

WRPEF R B-1,3(4)-H R KT, &
i+ EF#S1Y MaGlul 6A-F/R, LLvb & i &
(Microbulbifer arenaceous)EH4H NEARY 1 B-

K Bl Gk 2]

Name Purpose Primers sequence (5'—3")

DP-F SRk YTNGTNTGGWSNGAYGARTTYGAYGGN
DP-R Conserved sequence amplification YTCCATDATRTCDATYTCNCCNSW
LADI1 TAIL-PCR 1% ACGATGGACTCCAGAVNVNNNGGAA
LAD2 TAIL-PCR amplification ACGATGGACTCCAGABNBNNNGGTT
LAD3 ACGATGGACTCCAGAVVNVNNNCCAA
LAD4 ACGATGGACTCCAGABDNBNNNCGGT
AC ACGATGGACTCCAGA

spl-F CACGCCCCCAACTCCTCCG

sp2-F GGAGAGCCTCACATACCCGCTTTACA
sp3-F GAAATTGACGTACTGGAATCCTACGGC
spl-R GCTCAACAGCCAGAAAGCGTTGG

sp2-R GGTGTGGATCTTGATGGTGCCCG

sp3-R GGATTGATGAAGCCTTCGCTCCAG
MaGlul6A-F SR EHY GGGATTCCATATGTGTGGCAGTGGTGGTGGTAAC

MaGlul6A-R Full-length sequence amplification

CCCATTCAAGCTTTTACTTGGTGAGTTTCACATCGTCC

H: Y: CE{T; N: A, T. CEiG; W: As{T; S: G C; R: As{G; D: A, GE{ T; BHFUINLAE LI T RILFRIR.
Note: Y=C/T; N=A/T/G/C; W=A/T; S=G/C; R=A/G; D=A/G/T; Restriction sites are underlined.
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1,3(4)- i 2 B I 55 B )Y 51 . PCR S o R %
10xTransStart Fast Pfu Buffer 5 pL , dNTPs
(2.5 mmol/L) 4 pL, b, TS0 pmol/L)%
1 pL, #it DNA 1 pL, Fast Pfu DNA R4
(2.5U/uL) 1 pL, #b ddH,O £ 50 pL. PCR JZ 5%
£: 95 °C 3 min; 95°C30s, 55°C30s, 72 °C
1 min, 34 MJE¥5 ;72 °C 5 min, PCR 7= ¥4 AxyPrep
DNA & i [mfik A & i s, 5 pET-28a(+)
Nde 1 1 Hind 11 XYY, K] T4 DNA M4
16 °C EH R, WHEMHRKEBAK pET-28a-
MaGlul6A, FALKIAFFIE DHSa, Gk &4 H
AR DR A BB AL 1 I 3R BUTORE
1.3.3 B-1,3(4)-EREEBFI S

FF i 5] 124 (open reading frame, ORF)#|
NCBI ORF finder (http://www.ncbi.nlm.nih.gov/
gorf/gorf.html) A #&; F|H CD-Search (http:/www.

ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) 73 ¥7 4 #4
I FIHAEL B SignalP 4.1 (http://www.cbs.dtu.
dk/services/SignallP/) 43 #t H A5 5 Ik ¥ 41 5 #) H
BLASTP (http://www.ncbi.nlm.nih.gov/BLAST/) A&
HHARRUT S ; FIFHLEL M ExPASy ProtParam
(http://web.expasy.org/protparam/) 73 H Ak K] i hith it 24,
HRR . AR A RS T ClustalX

1.83 BAFEAT Z P A HE XS 707, 78] BoxShade
(http://www.ch.embnet.org/software/BOX_form.html)
TE U4 Hext 8
1.3.4 B-1,3(4)-E BHEEE(MaGlul6A) I ELH FTiE
R Ay

FJFki pET-28a-MaGlul6A ¥ %E E. coli

BL21(DE3) J&& 52 75 41 it vb . $k I 5 581 7% 76 &
50 ug/mL RIRE KM LB RKigidkdr, 37 °C,
200 r/min PRGIEFAR . DL 1%MEFEHER
300 mL FREEFIEF, BE IR ODgoo 15 F)
0.6-0.8 i}, A IPTG ZEZLUEH 0.5 mmol/L,
16 °C 5% 16 h

9 000 r/min .0 5 min WA B R 20 it H
ETZh A (20 mmol/L pH 8.0 WMz &: ,

500 mmol/L NaCl, 20 mmol/L BKmk)Hr, &8 A il e
(Bh# 300 W, IFE 20 min, TAE3 s, 1524 s)5
12 000 r/min &.0> 10 min, YCEE 35 7 BN AS LB
ffi I Ni-NTA #F(1x5 cm)@ifbk EAHEH, LU
0.5 mL/min Ji#E A, JEHTHETUER 10 A
g2 il A V5. SR 50-100 mmol/L BRI
(22 ik B (20 mmol/L pH 8.0 #f2%h , 500 mmol/L
NaCl, 50/100 mmol/L BKME)L 1.0 mL/min i £k
PEVERE H AR, 5 ODso WS HINEE A . 4lifk
J B 145 SDS-PAGE #il 4fi i
1.3.5 MaGlul6A f§iE H R EBKE RN E

KM 3,5- i £ K # R (3,5-dinitrosalicylic
acid, DNS)EPMIERHE /7. B350 L 4% (Fi
TRBUE) W AT A5 58 Z 0 & F 80 48 h A
5 min, JIA 50 pL & 4B EFRK (3 mg/mL,
F% 500 1§%),40 °C F2 )% 20 min J7 , A 600 pL DNS,
WK 10 min, FRARHEIGTE 540 nm AL 5E 2
HH )R SR 5 o I 0 S TR IR RN ST
JRE ARSI 1 mol I8 JFURE BT (A il SN
1 AN ) 542 (U)o

Z W Lowry WP EE MBS0, LTS
# 1 (bovine serum albumin, BSAWE MR HEDR .
1.3.6 MaGlul6A EAEEFMERNE

fidi pH & pH F@ M . AN[F pH A%
MK R (citrate, pH 3.5-6.0; sodium phosphate, pH
6.0-8.0; Tris-HCI, pH 7.0-9.0; CHES, pH 8.0-10.0;
H & 8-NaOH, pH 10.0—11.0)H ] 45 4% (AR
FO) R AT AR 2 BRI H) , +4 BEBRUE 5 2200 2 R TR pH
H RS T, DARIE )i S 0 100%, 43903t
BRI pH {21 F AARXTBES 70 pH e I
M ERRF pH B 122 vh K B R B 2 2
1 mg/mL F 30 °C i 30 min, R 5 HsOR AL 0 B
FokAE A 30 min, FBRARAET B E Hak
ARG 1, LLAR LA PR Al R AR R X B

oI TR B IR AR E RN A . RS pH (Y
% PR IC ] 4% (BT ARFR L) R AT 1558 Z IS
O3 AEAS [A) i B2 25 4 R (20—70 °C)il 5 il Sz 1 f¢
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TG . DABES 1 s 100%, 3 il ]
T BE A5 AR S 7 SRR 50 mmol/L
FrER S M (pH 6.0 EZ | mg/mL 5, &
TR EE (2070 °C) N ORdE 180 min, 43 3I7E 0.
5. 15, 30, 60, 120 fi1 180 min HUEE, 4 HEARiE
D7 RN e FLAR ARG T, AR S A 35 Sl il v A R
POpiEes
137 €BRBEFRILEYI MaGlul6A BEE S #Y
A

&8 BT XALE W EEE s . H
50 mmol/L pH 6.0 FF7H5 IR 2% i s 20 ity v i 7
Z 2 1 mg/mL, Z33A 1 mmol/L I 10 mmol/L
48T XA, HIRAGWET 30 °C fRik
30 min, VK 30 min J&5, FREBRAE T 00 R FoAE
RBERE 7, RIS & B B Ak & P b 2R B
VEXFIE
1.3.8 MaGlul6A [R5 R 30 h = EHNE

YRS . B 50 mmol/L pH 6.0 TR
PR M Ay BB 1% (BT RF E) A T 135K 20k
(curdlan) , B2 fii Z ¥ (laminarin) , 4 Z i (lichenan) |
K 57 % 5 Wi (barley B-glucan) . 36 37 ] 5 B¥ (oat
B-glucan) ., MELEH S bl (yeast B-glucan) , & H JELf- 4k
ZHI(CMC-Na)., HHETYE R (avicel FIHEA A BB
(birchwood xylan), #%MARIE LN E RS 1, %
FEERT AN R RS Sk

B 11 B HUNME : Fl 50 mmol/L pH 6.0 fF7
T 1R 2% R T 1A (R v B 1Y) P 759K Z2 B (curdlan) |
A1 Z Wi (laminarin) . #iAK Z M (lichenan) . K321
X B (barley B-glucan), #eA7 %5 S M (oat B-glucan)Fil
Fi 15 4 S B (yeast B-glucan) , # FEFR 1 7 ¥ F 40 °C
J 5 min J5 e RS 7, i3t GraFit #FH5
HOK IRH L Ko IR K T Viaxo
1.3.9 MaGlul6A BJ7kfR45ME

Fi 50 mmol/L pH 6.0 MG RRESE ik 43 5 Fic
il 1% (B L) R AT 1558 Z M (curdlan) . R A
ZWi(laminarin) . HiAK Z B (lichenan) . K37 #ij R b
(barley B-glucan) ., FHEFZ %) HE M (oat B-glucan) I fiE+HE
] B M (yeast B-glucan), 433 A 1 UmL H

MaGlul6A, 7£ 35 °C 504 N7 K M. 517 S,
15, 30, 60, 120, 240, 480, 720 Fil 1 440 min HX
¥, )22 M1 (thin-layer chromatography, TLC)
SRS ) JRIZFNIE T RE: LR /K=2:1:1 (&
), BRI H 15E=5:95 (KB

ASTR] R E] TRT B AR, 22 HPLC dEfT7E 47
M, DA 2 WA B A SEREAE AR i i o 3T
Shodex-Sugar KS-802 (8.0x300 mm); Aill#s: /~
ZYPERIES ; FEhA . glik; PERER: 10 pL;
Jii#: 0.8 mL/min; H:R: 65°C.
1.3.10 HFELER D

KM Origin 8.5 #HATHHRGETHE R AL FE, %%
¥R 3 WOFEAT.
2 HERG545H
21 B-1,34)-EREHREENTERFIISH

HRIE R ST E HE R 7 41 71 951 1 (DP-F/R),
VA Microbulbifer arenaceous #:H 41 DNA AR
HAAF 22928 400 bp MILRSTF AN (K 1A). ARFE T A
M ORSF 9B 5 |47, 3 TAIL-PCR J5i%:
PHGARE] B-1,3(4)-H R BEME2 K75 (MaGlul6A)
(¥l 1B). MaGlul6A 41 1566 bp, #ifh 521 4~%
HEIR, FA—B N ifF 5 k(1-19 aa). 4 ExPASy
S AT AT 0% 25 1 1% B 000 o R 5 F 40 )
4 65 kD F14.18 . BLAST & [1)37 41 Lux KB (A 2),

A B

bp M 1 bp M 1
2 000
1500 2000
1 000 1500

750 1 000

500 750

250 500

100 250

100

1 MaGlul6A RSFFEFI(A)FI LK FFI(B)8Y PCR ¥
18 Bk

Figure 1 PCR products of conserved sequence (A) and
complete sequence (B) of MaGlul6A

{#: M: DL2000 DNA Marker; 1: PCR ¥ 34™4.

Note: M: DL2000 DNA Marker; 1: PCR products.
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BglA|P45798| | [ MCTMPLMKLKK MRRTAFLLS) - LT ECSHLESDRS - - - = - = == === m e mmm e e
BH2115|P23903| 350 YWADYIYGLWFQPIQE- -NJ0- - IRIGYPINCGQ.GGNLENNEVNYTF1GNPNAPRPDVSDOEDI SIGTPT
BglF|2HYK|
BglII|3ATG]|

MaGlul6A 1 mmmmmmmmeeeee- MSKARFRLTALGLAFAATE L'GS{!:'N\NDD- QADAPVDP - - P- - - ANERPERCLE

MaGlul6A
BglA[P45798|
BH2115|P23903|
BglF|2HYK|
BglII|3ATG|

MaGlul6A
BglA[P45798)
BH2115[P23903)|
BglF|2HYK|
BgllI[3ATG]|

MaGlul6A
BglA[P45798|
BH2115|P23903|
BglF2HYK|
Bgll|3ATG|

MaGlul6A
BglA[P45798|
BH2115[P23903|
BglF|2HYK|
BgllI3ATG|

MaGlul6A
BglA|P45798)
BH2115[P23903|
BglF2HYK|
Bgll[3ATG|

MaGlul6A
BglA[P45798|
BH2115|P23903|
BglF|2HYK]|
BglII|3ATG|

MaGlul6A
BglA|P45798)
BH2115[P23903|
BglF|2HYK]
Bgll|3ATG|

2 MaGlul6A £ EF5 b3t

Figure 2 Multiple sequence alignment of MaGlul6A

1 : MaGlul6A ZHJPHI X FEI5 00 : BglA, WEFELIREHER R IANY B-1,3-1,4-4 K Wi (GenBank %5%5 . P45798); BH2115,
PR ZEAUAT RV B B-1,3-7 S0 (GenBank 555 . P23903); BglF, i [REMRIER p-1,3- 3 B WEifF(PDB & 5 2HYK);
Belll, bl el IR B-1,3- B MAF(PDB &35 . 3ATG). PiAMASF Ak sk 3k F BB 4o 1A e Aric.

Note: Sequences were deduced from the following GenBank accession numbers: BglA, B-1,3-1,4-glucanase (P45798) from Rhodothermus

marinus; BH2115, B-1,3-glucanase (P23903) from Bacillus circulans WL-12; BglF, B-1,3-glucanase (PDB: 2HYK) from Nocardiopsis sp. F96;
Bglll, B-1,3-glucanase (PDB: 3ATG) from Cellulosimicrobium cellulans. The two conserved catalytic residues are marked by black pentagrams.
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MaGlul6A 5 GHI6 ZK ik i ¥ 21 W& 4 £h i
(Rhodothermus marinus) IR0 B-75 B B EE(BglA)
ALY B & 40.51% (GenBank B 5% 5 .
P45798. 1) SERIR ZEHUAT 1 (Bacillus circulans)
(GenBank %5555 : P23903. 1) HIEE 5 X R (Penaeus
monodon) (GenBank 55 . Q8NON3. 1)* 11y
B-1,3-H1 SRBH W AH LR 20 301 8 40.2%F1 35.1%
MaGlul6A HA —/MEfbZEF 3L a, HA ik ik
JEJF ) [-E(Glu188)-E(Glu193)-17E GH16 % 215
SR,
22 E4H B-1,3(4)-BRIEEE(MaGlul6A)RIRIx
Rk

T2 B-1,3(4)-H BAEFMaGlul 6A)%4: 1 mmol/L
IPTG T 16 °C 55 16 h )5, 4 °C. 9 000 r/min &5
O 10 min AR MR, IR TZE MR A BRJG M A
BE ) AE 4 °C. 12 000 r/min Z5.[> 10 min B8 2
i . MR 28 Ni-NTA — £ alifb 15 31 ik 4l
afifpt B b H bR A 0y DGR K aiAb 5O 3R 2,
i 56 71 ISR 54.2%, B HLIE iR 26.6 U/mg
B3 585 Umg, 4ifbfEEch 2.2 (8 2).
SDS-PAGE 43 #T7E 66 kD 4b it /R B —Jffy , 5573
4 F1 65 kD HIE (K 3),

%2 MaGlul6A #iftE
Table 2 Purification summary of MaGlul6A

afifb ok SRS SR VS aifbffEe ENeR

Step Total Total Specific Purification Recovery
activity protein activity factor (fold) yield (%)
(U)  (mg)’ (U/mg)

I 366.9 13.8 26.6 1.0 100.0

Crude enzyme

SEFENT 1754 3.0 58.5 2.2 54.2

Ni-NTA

TE: % BRE JTIE L) 4% (Bt AT EL) AT 34K 24 (curdlan) 2l
JRY, #£ 50 mmol/L pH 6.0 (AR TIRRR T, F 40 °C X
I3 20 min;®: & [ Lowry P00 5E | LA 3% & 11 (BSA)
HPRIE.

Note: *: Enzyme activity was determined in 50 mmol/L citrate
buffer pH 6.0 at 40 °C for 20 min using 4% curdlan as the

substrate; *: Protein concentration was determined by the Lowry
method™ with bovine serum albumin (BSA) as the standard.

KD M 1 2
97.2 — e

66.4—we i —
443— -

29.0—w=

20.1—w=

-
14.3—w

B3 B-1,3(4)-EEHEEEMaGlul6A) 4 L&

Figure 3 SDS-PAGE analysis of purified MaGlul6A

e M: R FabrdEsE A, 1. MBS 2: Ni-NTA Zifk.
Note: M: Low molecular weight standard protein; 1: Crude
enzyme; 2: Purified by Ni-NTA.

2.3 MaGlul6A BIEEZ 14 R

MaGlul6A JEARMFAPEFUNE 4 Fron. b
pH B2 pH 6.0 (K] 4A), 7E pH 5.0-10.5 7t Fl
WNEEDRFE 80%LA FMHTE J1 (&l 4B). MaGlul6A 7
40 °C IS 185 (B 4C). 78 25, 30 1 35 °C fi
I 180 min, MaGlul6A {3RELRF 80% LA I T 77 5
TE 40 °C fRi 60 min RELREF 65%MHE J1, R
180 min 4 30%M7E 77; MaGlul6A 7£ 50 °C
155 °C LRI 5 min X% A 20% A A7 EG F1, PR
60 min W iR G 1 (] 4D)s
24 EEBETRUEHN MaGluléA B§iE S
A

AN TRV B 1) 42 8 B T I Ak & X MaGlul6A
BTG T34 AN 3 FTR JE 1 mmol/L ¥ BER , Na™ |
Mg®" . Mn®" . Fe’" fil Co™ Bt % B & Hb ¥4 0%
MaGlul6A, Fi% 153 54Em 1T 19.5%. 25.4%.
14.9%. 17.2%H1 18.7%, Cu®*, SDS 1 DTT Wi
il 7 MaGlul6A A IE %, BEE 150 BIFEAR T 19.1%.
203%F1 17.4% . M4, &)@ & F L& WiE
10 mmol/L Y& JE I}, Fe* H1 SDS 1] MaGlul6A i
P, BEHE S0 BIFAR T 31.4%F1 51.7%. EDTA X}
MaGlul6A {GMETC R &5, £ 1 mmol/L Fl
10 mmol/L ¥ J& T4 99.3%F1 82.5% I B 17 .
RIFEHPER Cu®*, Zn*", DTT %t MaGlul6A i
TR TCH B 22 5
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A oop B oo
3 80F < 8ot M
= 60 —m— Citrate buffer = 60 —a— Citrate buffer
3 —e— MES buffer 3 —e— MES buffer
2 40 —— Sodium phosphate 2 40 —A— Sodium phosphate
s —o— Tris-HCI £ —o—Tris-HCI
© 20 —— CHES buffer & 20 —— CHES buffer
—v— Gly-NaOH ——Gly-NaOH
1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
0 40 50 60 7.0 80 9.0 10.011.0 40 50 60 7.0 8.0 9.0 10.0 11.0
pH pH
¢ 100 - b 100
:\3 80 ;\2 80 25 o
g =~ —|-25°
2
= 60 E 60 --30°C
g *g —A—35°C
2 401 2 40 —¥—40°C
= E —-45°C
& 20} & 20 —+50°C
—»—55°C
0 | | | | J 0 1 1 1 1 1 1 1 1
20 30 40 50 60 70 0 20 40 60 80 100 120 140 160 180
Temperature (°C) ¢ (min)
El 4 MaGlul6A BY5iE pH (A). pH IEEM®B). HEBREC)FURERRE D)
Figure 4 Optimal pH (A), pH stability (B), optimal temperature (C) and thermostability (D) of MaGlul6A
*3 ARKEEREFRUEWI MaGlul6A BTN 2.5 MaGlul6A EYEESE MR NFESH
X N
GAXIERIE ), %) MaGlul6A X R ARG E I S B 1y

Table 3 Effect of metal ions and chemicals of different
concentrations on the activity of MaGlul6A (relative
activity, %)

EEETMMEEY e Concentrations (mmol/L)
Metal ions and chemicals 1 10
Control 100 100

Ba*" 94.7+0.17 82.9+0.15
cu** 80.9+0.49 78.0+0.62
Na 119.5£0.34  78.6+0.34
Mg** 125.4+0.3 81.3+0.11
Mn* 114.9+0.13  79.2+0.28
Zn** 97.6+0.32 93.8+0.17
Fe’t 117.2+0.28  68.6+0.22
Co** 118.740.05  96.1+0.34
Ni** 93.6+0.30 70.620.11
EDTA 99.3+0.32 82.5+0.22
SDS 79.7+0.13 48.3+0.27
DTT 82.6+0.11 78.6+0.32

SN 4 iR MaGlul 6A %A 154K Z# (curdlan)
HAT e R WS 11(100%), X B AT Z2 A8 Fn A Z 0511
AHXT BTSSR AR, 20900 60.4%F1 62.6%. [F]
B, X K7 #) B b (barly B-glucan) Fl7HE 27 45 2 bk
(oat glucan)JAHXTEETS 153518 50.9%F1 51.4%,
T % PRI A S 13 3% AR XS . e4h,
MaGlul6A X} CMC-Na. fllibZf 4tz AR AR R
WA TEE, W] MaGlul6A 22— LA B-1,3(4)-
IR, 7oL, IR R NE . RA 2
PR LA BRI Ko 505120 1.8 1.9 Fl1 5.6 mg/mL.
2.6 MaGlul6A BY7K R4

MaGlul6A KT IFIRIE . BATZHE . HiAKZ
Wl R 20 SR | G2 ) SR D I B SR 1 K i
FRPEAHT AN 5 fis . TLC 2B, MaGlul6A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



2036

(DGR ESTE(

Microbiol. China

Fz 4 MaGlul6A HIRMISFFHERNNFEL

Table 4 Substrate specificity and Kinetic parameters of MaGlul6A

7] B4 )7 AFDX B 1 Kin' Vinax"

Substrate Main linkage Relative activity (%) (mg/mL) (umol/(min'mg))
A 154K Curdlan B-1,3- 100.00 1.8+0.1 72.5+£1.9

A Z4# Laminarin p-1,3- 60.38 1.9+0.1 55.6+1.2
K3 H R M Barley B-glucan B-1,3-1,4- 50.88 3.8+0.1 83.6+1.4

AR ZHE Lichenan B-1,3-1,4- 62.61 4.3+0.1 125+1.8
JHEAZ A BB Oat B-glucan B-1,3-1,4- 51.41 3.6+0.1 81.3£1.2

P RE A R M Yeast B-glucan B-1,3-1,6- 13.31 5.6+0.2 11.0£0.2

Wt RRIRYIA S 2E B 50 mmol/L PR ZE (R pH 6.0 HP, F 40 °C Z5M4 NN 5 min. K Al Vinay #8335 GraFit F 44155
Note: *: The kinetic parameters were determined for the different substrates of above-mentioned at 40 °C in 50 mmol/L citrate buffer pH
6.0 for 5 min. The apparent Michaelis constant (K,) and Vi, were calculated with the software “GraFit”.

K % AT 755K Z2 WE RN LA 22 0 T2 )R e
TR R KA A W . KR . e
SROME K I B 4 SR 0 7 W A /D R O DU, 10
MaGlul6A Sy PN R I o

HPLC 5 #r W] : MaGlul6A 7K fif if 1558 2k
24 h, HEHEFR RS RS R0N 2.5 mg/mL
3.8 mg/mL; /KA ZHE 24 h, HAAREM b
T 3.1 mg/mL Al 3.6 mg/mL, /K EKEZ
HRPEFE DL = F, HA S 3.5 mg/mL,
RS RN 2.2 mg/mL, AN, KEHLAK 2N e
7 M S B SR 24 h, FLAT A S ol
2.8, 3.1 fl 1.2 mg/mL,
3 wWiE4in

UTAE R, B- A S i DR e 1 i 1
WSV B Pz B 4 % 0. HEl, BRT
115 B0 B J& (Pseudomonas sp. PE)!7IB-1,3(4)-# 5
B IR T e Y, HARCHMIER B-1,3(4)-
R RO IR T R PO RSO
TV B W i 40 TR T BT IO TR (Microbulbifer
arenaceous)> KR B-1,3(4)-H HHEEF(MaGlul6A)
() DN o B R Gk L il A MR BT R KR R T
MaGlul6A H&H —4~ GH16 KiEfELLi, 5
T 21 W 4 EL TR (Rhodothermus  marinus) K 5 1
B-1,3-1,4- 1 3 Ml M (BglA) B A7 f =i 1 A1 2L 4
(40.51%), FWIZMZ— BB B- R .

MaGlul6A 7& pH 6.0 /4~ HAT fe iy BTG 11,
SN YRR T (Clostridium  thermocellum)® "
B-1,3(4)-Hi RAHME(Licl6A)— 2, (HILH (A fFE R
(Cochliobolus carbonum)' *VFI s 5 )6 i %5
(Humicola insolens Y 1)PUF) B-1,3(4)- S 5 114 F:
i& pH . MAh, MaGlul6A 7& pH 5.0-10.5 JE
WEAARAFR) pH R M, 76 pH 11.0 B 5 ARG
IR KIS S0 60% LA 1, HuAy 58
% (Humicola insolens Y1) (pH 5.0-9.0)FIIEHALT
YW i (Clostridium thermocellum)*® (pH 5.5-10.0)
B-1,3(4)-H RMEME A pH A3 E VE VB 258
MaGlul6A FeiE iR K 40 °C, 35 °C W gt fa:
80% A _F W 1 o 1 LT 4017585 (Paecilomyces sp.)P
(70 °C, <65 °C). WML AER R (Clostridium
thermocellum) (70 °C, <65 °C)[30]%Hﬂl§%@§§%@1ﬂf
i (Alicyclobacillus sp. A4)PY (55 °C, <60 °C)
B-1,3(4)-#i BAHNE, MaGlul6A EA BRI HoE IR
JERREENE . AN, Mg™7E 1 mmol/L ¥ J3E it
MaGlul6A &M EA 22 BaEE A, BT 4
1 25.4%. 4 EDTA W45 1 mmol/L il
10 mmol/L B}, MaGlul6A BEMERFFH A KRG /1)
99.3%H1 82.5%, FRIALMEA HAT 5 J B 1~ HOME
MaGlul6A XA 154R Z B (curdlan) i) 8l 1 2¢ 24k
(K 1 Vi) 533119 1.8 mg/mL F172.5 pmol/(min-mg).,
Ko 5K BAR B (Rhizomucor miehei) 1Y
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¥ ouwn o St rrrerr “*eTesencosee
G4 w G4 » CiI® s wnnnn
G5 » G5 = Gs * e
. . . =
2 % 5
l : 1 1
M 51530 1 2 4 812024 M 51530 1 2 4 81224 M51l53‘0{32§1‘22‘4
min h min h min h
D E F
G...;....‘.
G =
G2 - R
G3......ooo- gg‘ S G » . SEBEee»
04:0.....000 04:......... S e
G5 L L 2 AR AEEE GS.'.'..""S}?}: TR R R
- E R R E. *T P e 0 0 G5 ®
L] . L . 5
] s 0 H .
M 51530 1.2 4 8 1224 M 515301 2 4 8 1224 M51530 1 2 4 81224
min h min h min h
G
H G 93 Glz '
| ! P T R
Yeast B-glucan
80 000 —
e H RN
Oat B-glucan
60 000+ AR Z
Lichenan
o) .
= KA E
Z40 000 M@gl
L B A 20
20000 Ll?iminarlpn
A58k 2
Curdlan
0
10 11 12 13 14 15
t (min)

B 5 MaGlul6A KEHFE S #7

Figure 5 Hydrolysis properties of MaGlul6A

e ATRRZHEA). BATZEB). REMBM(C). MK WD), MM RN E) BRI RBE KB H: REIEYK
fift 24 h B9 HPLC 20#r. G: #i%5HE; G2: BAi b G3: RAT=WE; G4 RATIURE; GS: RAIHE

Note: Hydrolysis time course of curdlan (A), laminarin (B), barley B-glucan (C), lichenin (D), oat B-glucan (E) and yeast B-glucan (F); H:
HPLC analysis of different substrates hydrolysed at 24 h. G: Glucose; G2: Laminaribiose; G3: Laminaritriose; G4: Laminaritetraose; G5:
Laminaripentaose.
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B-1,3(4)- I SRAEME(1.87 mg/mL)A{RL, T HAK
% B-1,3(4)- i SMHNE, 1 Agl9APYY 4.98 mg/mL .
BglP%Mfy 2.96 mg/mL FI Bgll6CP Y 7.58 mg/mL
#1 PsBg16A 3.12 mg/mL, i8] MaGlul6A H
EER s SRR/ P I =R DR A
MaGlul6A IR T 98iZ IR A%, AAT LAK
fift AT AR Z RN R AT Z W54 B-1,3- 5 1 1K)
X R T M . HA 22l | JHE S ) SR I R 77 1
B B-1,3-1,4-5E 2200 R B B KARRE T
MaGlul6A Xt AR REYI KGR A 25, £
DARIZHE . M. =W, Hoh R HIRE. H
A Z Wl A A TR AN I B A AR R A /D it
B MaGlul6A F&iz 1) I W) SV KoK i/ FH el
15 B-H SEME Rl a5 LA WEAER T
ASCNVP TG B (Microbulbifer arenaceous)
FRERERF B —> B-1,3(4)-H RBE LA, I N TE
KIGFFE HF5 . MaGlul6A Feil pH Fl o I
435124 pH 6.0 F1 40 °C, 1E pH 5.0-10.5 3t Bl 42
Feteoe , RUDZMEA B pH e, thsh,
MaGlul6A X AR B- SRME IS 4R B m K
FERVE R AE R AR Ty B T A I N AN
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