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o E: p-AHOBFHALS. BN, AVAHALFAREATEZH L AMEL, BRLELER
MR MR RAY B-F ARG B R E AR RS . RAFRNEREF Infirmifilum uzonense ¥
R —/A GH3 Rkt) B-7 B F LR, &% 4 lubgl3. A B FF»H B+ lubgl3 2%k
F 2 109 bp, %A 702 NRILER, HibaFEH 77.0 kDa. HFiZ AR AEKRMATE 7 #AT LB RE
F3t 445 69 TuBgl3 #HATEEF MR AR, 4R 27, T4 [uBgl3 &i& pH 5.0, RiERE 85 C.
G B A RIFHRAE TN, 80 CAIE 2 h SR AeARHF 85% A L#yBaEE ). HEA KR H pHAEE
M, f£pH 4.0-11.0 EE A 1 h, A4EH 85% A LeBEE /. @i RM4FFHENZ LI, %
B 3t %f AH 2K K -B-D-vtb ' F £/ 42 F  (p-nitrophenyl B-D-glucoside, pNPG) =t 2 F 5K -B-D-vth v A A&
% (p-nitrophenyl B-D-xylopyranoside, pNPX) 34 1& & &9 Kfg 66 77, R A 69 N3 fe 8. vA pNPG
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Abstract: B-glucosidase has important applications in food, medicine, biomass conversion and other
fields. Therefore, exploring B-glucosidase with strong stability and excellent properties is a research
hotspot. In this study, a GH3 family B-glucosidase gene named /ubg/3 was successfully cloned from
Infirmifilum uzonense. Sequence analysis showed that the full length of Iubgi3 was 2 106 bp, encoding
702 amino acids, with a theoretical molecular weight of 77.0 kDa. The gene was cloned and expressed in
E. coli and the enzymatic properties of purified luBgl3 were studied. The results showed that the optimal
pH and temperature for pNPG hydrolysis were 5.0 and 85 °C, respectively. The enzyme has good
thermal stability, and more than 85% of enzyme activity can be retained after being treated at 80 ‘C for
2 h. This enzyme has good pH stability and more than 85% of its activity can be retained after being
treated at pH 4.0—11.0 for 1 h. It was found that the enzyme had high hydrolysis ability to p-nitrophenyl
B-D-glucoside (pNPG) and p-nitrophenyl B-D-xylopyranoside (pNPX). When pNPG was used as the
substrate, the kinetic parameters K, and Vy,.x were 0.38 mmol and 248.55 pmol/(mg-min), respectively,
and the catalytic efficiency ke./Kn was 6 149.20 s 'mmol . Most metal ions had no significant effect on
the enzyme activity of TuBgl3. SDS completely inactivated the enzyme, while EDTA increased the
enzyme activity by 30%. This study expanded the B-glucosidase gene diversity of the thermophilic
archaeca GH3 family and obtained a thermostable acid bifunctional enzyme with good industrial

application potential.

Keywords: thermophilic archaea; GH3 family; B-glucosidase; enzymatic properties; bifunctional enzymes
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B- 7] 20 B it T LA AR T b v IR K S 7 g 0 1 7K
fi R A BLGT ETEL B A AT AN AT LA
P AROE , WD IR o, IR TG 5K
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PERRE S, T RO R AT B 00 R 2 B
A T v R

W EIE S A I KB ol R, X
5 e AT 0 AR AR PR B A OC . i R AR T 26
BEMIXT IR a oK, Bl wE s P
(methanogens) . @& ER A (extreme halophiles).
W v g 4  (extreme thermophiles) A1F& ¥4 B
(psychrophiles) 4 RISHE T Bt b 2%
1%, B TP 2R RE, 5 HABME A,
ZHCH TR IR Y B-7 A W I 1Y) SR s N T
JEH T, RUEVERTE R, FERa . B &Y
Jo B Ak S R )z B o T TR R TR Y B A
W I 2 AR A GHI %%, 1 GH3 Kk H
R ARTE T 1R U5 T B v AR R ]
¥k (Unfirmifilum lucidum) 3507LT" Y -7 45 b
B, 1% o ik 258l 85 °C L pH 6.0-6.7,
J2 B 1YY rep IR A

WP & Thermofilum uzonense 1807-2" &
TR, 76 85 C | pH 6.0-6.5 Z&AF T 4 A7
Wt REVFFAE MR G KB M1, T. uzonense
1807-2" W F VAN Insolidifilum uzonense!™ , 18
O RREENAFIN 5 &L, Himiy GH3
KGN B- I H T B N Tubgl3 . ARWFFER %
FEHTERIFFE  (Escherichia coli) BL21(DE3)
iR A, SRIEA B-AANE T,
A4 A luBgl3. X iZmgR = v BTt oE, B
TE R it — 20 ¥ A RN FH B JE A

1 #R5F%

1.1 EHRFARAL
1.1.1 E#k
E. coli DH50. N wilEfE £, E. coli BL21(DE3)
SRR TE E, B AN
1.1.2 EHFRM
pET-30a(+)-lubgl3 A W Tl AW R 5
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(LR AR F]
1.2 FEZiRF IHM)L
1.2.1 iR

TGA Stain-Free Fast Cast Acrylamide Kit
12%0 B Bio-Rad 22 w5 # M. BEAE S Y
¥y H Oxoid 23 7] ; His-tag 25 [ 2l 1k 1 2k )
B I8 MR A P e TR BRAE] Y X
fiff 2 7% -B-D- it Mg 75 745 M H  (p-nitrophenyl
B-D-glucoside, pNPG). XJHi3E B-D-FFLHH
(p-nitrophenyl a-D-galactopyranoside, pNPGal) .
XF i e 2R -B-D- ML PR K B (p-nitrophenyl
B-D-xylopyranoside, pNPX) #JlJ H Megazyme
Ay HAlaR 2 0 [ e pr s, e A A st
G A
122 EFEREZEATMES

BFigrdk . LB Hi 5 (1%L,
PR, 0.5%0M8F BEZHUY),
50 pg/mL,

1 mol/L IPTG ¥ ¥k : FRHL 2.383 g IPTG &
fit T 10 mL Z€ME/K . 0.22 pwm 38 IRk 8 B4 i
IPEAEAE T 20 Co iESIEE 100 mL B R
Jin 60 pL.

NTA ZZ (100 mL): 100 mmol/L Tris-
HCl ZZ 1% 20 mL, 2 mol/L NaCl % 25 mL,
1 mol/L WKIME4$H 0.2.4.6.8,10,20,30mL,
458 NTA-0-300, #5468 pH N 7.6,

4 mmol/L p-nitrophenyl B-D-glucoside (pNPG):
FREX 0.054 g pNPG 743 f# T 50 mL ddH,O
th, =20 CHEfr#H . 4 mmol/L p-nitrophenyl
B-D-xylopyranoside (pNPX): FRHL 0.054 g pNPX
FEAPVERT 50 mL ddH,O 7,20 CHEAFA ]
4 mmol/L p-nitrophenyl a-D-galactopyranoside
(pNPGal): FKH 0.06 g pNPGal 7535 T 50 mL
ddH,0 ', —20 ChEfFE& .

123 EEMUEHE
B FE IR, Kylin-bell SZ5AY 84 & fHIR

1% &
TN RAUWE N
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Wz EFAe, B2 R AERA R A A kAL,
A Ty B A LUK 2 AT R /A Rl ; DK-8D — AL
HLPAVIELIR K, i S5 IR A A IR A 7
pH it, METTLER TOLEDO 7/ &) ; #75 i 2 Jifd
WA, DR A R\ 24Nt
T, FEESARRA A B R WELT, dtaios
— YRR R A F
1.3 A&
1.3.1 EHBIuBgBAEXPBHFEHRMIFER
R4k

(1) FEFRE

W Y BRI 5L E E. coli BL21(DE3) J&
ZA, H200 pL HALJE IR T LK EHAREF
FFM, 37 CREFE 24 h, BRI IE 4 10 BH
AL TR 4 mL LK 35353 ,37 °C 220 t/min
iR 24 h, DL 1% (V) #Ra 2 200 mL
LK }i 3545, 37 'C . 220 r/min, ¥ 3% 2 H K ODeoo
7 0.4-0.8 ZIf] , A 120 uL IPTG (1 mol/L) %
SEHFEE, 37 °C. 220 /min FEEREFE 6 h,

(2) BB E Ralifh ik

PBIEEREHEBK 10 000 r/min B0
10 min, 7% B34, NTA-0 BRI, #HSHE,
AR R 3 B AR . SR REERIESifb R A
A3 AR EE NTA B vei s e, sk
SR NTA PEMG R, B NTA-300 PEM R &
1, ffi[f] SDS-PAGE il fE (ks E L. 58
A MIEHEMA (bovine serum albumin, BSA) %5
Ik BE N A8 ik 2 AR eI £, T 5E 2R e
1.3.2 E4Hfs uBgl3 BEEEHNE

K pNPG 52 TuBgl3 BTG 1. 44T
B~ 7] 26 B T 8 %) 3% 1 FH RT3 248 - B-D- M MR
Wt (oNPG) 1R (pNPG %ffAE pH 5.0 AUFF
BEIR-BEIR A — A ge v h, WREESH 4 mmol/L).,
B 250 uL pNPG T, & 3 A FPATH 1 A4
XTHE, T80 C/AKIs IR E 4 min J5, £FAT
] F& 10 s UINA 250 pL 38 FE R BB (6F
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RN, 80 'C i 10 min, Sz 4% a7 Biim A
1.5 mL 1 mol/L ¥ Na,CO; ¥ i 2 15 52 )i I i 3¢
WAL, ZVATHEIFE 10 s, BHIEZER (WHIRA
Se NN RS TR o e BE ), A A O BE
THE 405 nm b 2 TG 1E .
1.3.3 E4Hfi§ luBgl3 AI&IE
M ZE

BN E . FEAFRRE T (60-100 C),
EHTE Y pH (B A AT IR - IR S — BN 22 v i
RO, 15 YW B BRI 5 )XY pNPG
17 B SN

PEEPENE : ZEAFIREET (70 °C .80 C .
90 'C), ALFHAEE (0. 0.5, 1.0, 2.0, 3.0h)
STEURE S T 7R A pNPG
1.3.4 =:Aff IuBgl3 A&I&E pH E X pH EFE
TE T4 E

il pH AW : FoEiRE T, FIH pHE
4.0-8.0 JLF N FF IR -W IR = — A 22 v iR 2k
Fitf 53 o0 s A A A, DU S D0, ARG )
e 5 100%

pH F2E PEDE : FHASIR] pH 22 vhif 4 21 il
TR 10 4%, 37 ‘CALFR 1 h, 4 CRERIR, B
1% i 5 J7 82k FH pNPG % .
1.3.5 E40fs luBgl3 MR N NESH

FERGE KV AT, LA pNPG AJEY, Wl
7€ TuBgl3 7 0.1-2.0 mmol/L A [a] 5§ ¥k i 54
TR T, D 2 4G oK I R RORL B e
EIERITE N BN T2 B8 K« Vinax TN kca/ Kino
1.3.6 E:AfE luBgl3 BIEYIFFIENE

N 2 il A B 305 S g 5 R X AN TR
HIREfERE ST, HEHEY : 4 mmol/L i pNPG
pNPM ., pNPX . pNPGal, oNPG. £ 4 —H
ERYE RS R ORI
137 AEAEBEBEFHUZAF N EAHEE
IuBgl3 i 7E 71 B9 22
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WA 5 mmol/L AR 48 B I I s &4k
BN 5% A R RAG0), £ ab B 3 1 F1T,
WA TS AT A 25— A B S g i Aot R, DA
X HR A O BTG A 100%, T %E TuBgl3 AYAH
XIS 3, BFSEAS A 4 )R B 5 Ak A R x
TuBgl3 P 77 8 5
1.3.8 E:Aff luBgl3 X FE:.
Z %M E

E Fc 3 RN ST ) RN A R i A
TRFBLHR 5% . 10%. 20%F1 30%HY 2, B/ H s, LA
E ) W VS PO N O T S N iR 3 )
FBEXT TuBgl3 1 B 1520, e 7 [A] 1.3.2,

PUfidE pH (HAE pNPG MY , B Hi B 24
R ) 2l 55 AN [ TR B A A WA 1
il 4 2 B BE 433 R 0.5, 1.0 il 2.0 mol/L,
W R T ) 2 W ) S AR R A R, DA REI
R BEIE J1o0 100%, 76 fdd i B 45 1T il e
TuBgI3 AAEXT G Ty, A GEAS [ Ve J ) 26 i ot
TuBgl3 [ 1 15200

2 ERSAM

2.1 ELAfEE uBgl3 EEFFI S
RS R BN, B-HAETT Y luBgl3 &K
KR 2 109 bp, W% 702 NEFEER, A
iR 3 5] X6 45 S BT 1 TuBgl3 5 B % /8 SR TR T
W P B IR ZL T (Thermofilum adornatum)
) GH3 K% A% TR (WP 020961743.1)
A —BE R, N 66.91%; TuBgl3 5T %&
BRI T RERGE B Thermofilum pendens 1) GH3
FWE B-HIEIWETTEG (Tpbgl) M9—BHE R 60.77%;
5k FRERE Thermotoga neapolitana 1)
B- 7 A B Y B (2X42_A) M F A — Btk
61.28%. LIRGE R LI TuBgl3 J& T Infirmifilum
uzonense FUR I GH3 K%k B-H % v i, HAK

Bz . EEEN

{HQIZI ’
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A 1 frR . R SignalP 5.0 fil TMHMM
SyHT TuBgl3 2548, 4558 BoR iz A 1A 55K

FESIRARAE (181 2., & 3), NN, SRt
Tubgl3 FERTE R T 18 Hh 64T i Py Rk

luBgl3 (l) MNVG VGV SNEN G% GAAG
WP_020961743.1 (1) MSQQINE K j TSSQ—LE GAAGE
Tpbgl (1) ———-lRGRGPG{ BS SRRIP-——— oy
HGM92513.1 (1) MEKLEJEKTER JT1FFKA SRS o o GAAGETHP
2X42 A (1) ek B IS ISR 0 o [ GAAGETHPVP
IuBgl3 (82) SN
WP _020961743.1 (83) Ky
Tpbgl  (73) i
HGM92513.1  (91) 3
2X42 A (89) M
[uBgl3  (172)
WP 020961743.1  (173) | B
Tpbgl  (163) | %I'\“NKINGK'\‘E(S(;I\JI?WI,I..'I VLREEWGFBGE v
HGMO92513.1  (181) ) RIEWLL‘T‘\-"LREE“'GFGF\’"\{TD\K
2X42 A (179) ' j
[uBgl3  (257)
WP _020961743.1  (258) G-
Tpbgl  (248) S D
HGM92513.1  (271) NPKR
2X42 A (269) NTER
[uBgl3 (344) B 0SHT
WP_020961743.1  (343) IFYﬁ»”
Tpbgl  (335) § GREFLELYT
HGM92513.1  (361) 0 YK:'E TFFG
2X42 A (359) { VKPRUDSWGTT T
IuBgl3  (430)
WP _020961743.1  (429)
Tpbgl  (423)
HGM92513.1  (451)
2X42 A (449)
luBgl3  (518)
WP_020961743.1  (517)
Tpbgl  (513)
HGM92513.1  (541)
2X42 A (539)
uBel3  (604) NG " NPCESE IV U LAS L EKCRYEV
WP_020961743.1  (603) ¢ i {POE ] ) ﬁ, SENGINE gV VLERGHLY,
Tpbgl  (603) : RIDKPEQELKAFRKT nﬂEﬁcE
HGM92513.1  (627) N HiFi8ss J * LRELISFN GR——{j 1R
2X42 A (625) NUGRAGURY: RAPK R DKPFQEL KA KTRLLNPGESEIV QL GIRDL ASFNG 1 ;
721 731
IuBgl3  (692) WPSREKLTRLE
WP 020961743.1  (691) E—[EBK RN—
Tpbgl  (693) |l
HGM92513.1  (7195)
2X42 A (713)
B 1 TIuBgl3 [EBAE F5IELxY
Figure 1 Multiple sequence alignment of [uBgl3 amino acids. The catalytic sites marked with *.
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SignalP-5.0 prediction (archaea): sequence

SP(Sec/SPT) =

TAT(Tat/SPI) ==

LIPO(Sec/SPII) =+
cs

OTHER
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~
T
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]

Probability

OO - - - - _ v - i ——————

MNVGIREFLNKLTLEEKAGYVLVGVGGTHMFPGSRVPGAAGETHPVPRVGIPGFVLADGPAGVRIEGGCCT

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
L 1 | 1
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Protein sequence

2 TuBgl3 fIERFIESIRINE R
Figure 2 Prediction results of lTuBgl3 amino acid sequence signal peptide.
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Figure 3 Distribution of amino acids of the transmembrane domain of luBgl3 protein.

22 EHifAfE uBgB EAMITFERRIFRIEGE HBIKFWE RS TRERSHERS TERMER, N
{£ % SDS-PAGE 4> #f 77.0 kDa.

FALFORL pET-30a(+)-[uBgl3 %L £ E. coli 2.3 TuBgl3 HIEES 1% RS 47
BL21(DE3) 32400, wEefHMERAL T 231 ZAuBgl3 MBER N K HMEEN
TESE, MallEEmMA IPTG RiEH® L 24
H . ML 3G 2l FVE, BEAE 4 SDS-PAGE 21 i TuBgl3 7EAN [FIHRLEE T MG 284k 4n
K, aniEl 4 pros, gife)s B-AIAMEI R 1B SA B, TuBgl3 fEIRE 70-100 CYLEA,
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& SRR AR T 85 CHE L M Sy BRI TH 5 AR
<G Q«QGC}\) %\4‘@&‘ %x " ) o R . B

wa > £ Wi 1T B BT EE K 85 CIN , Wi 1k iAol
116.0— == B3 | R VIR s B IR GRS L W
662 — wmw S S 770KD:  RWEREE, NIREEN 90 TR, AXEHE 5T
45.0 — - ﬁ R 58.56%; SN A 100 CHY, AHXTHE G
350 - ST 4.08%.
20— — W F15% pH ORI 4> % 14 5B %01,
il 16 pH 0 5.0 4P T, G ARG, Wik

SR pHo 7E pH KT 5.0 AT, BENG 7166
Bl 4 =40 B-EEMEEE luBgl3 &Y SDS-PAGE  pH [ETHE AWiEE; M4 pH {Hm& T 5.0 A,
ST it 1% 1 BE pH A 3G 2 8 AR

Figure 4 SDS-PAGE analysis of the recombinant 4 P S
B-glucosidase IuBgl3. M: standard protein AR luBgl3 ARAEFEIE SC Pim.

molecular weight marker; 1: supernatant before 70 CLRIRALEE 2 h, BTG SIFeE IR EFFE S IR
induction without IPTG; 2: supernatant after Xy 1E 80 CEAFTARIRANEE 2 h, AHXTEETE 5

induction with IPTG; 3: broken supernatant after - 0 . \ ,
Ak 757 ﬁ/ /f%‘E' ) Y J[I'Il
induction, namely crude enzyme; 4: purified 134k 85.52%, RZEN di RF ], G 0

protein. s R R, 40P 3 hJ5, TuBgl3 AHXTHEENG H
A B
~ 120 1207
i 100 | < 100f
-~
Z 8or z 80
2 60t 2 60
() o
Z 40 Z 40}
k| k|
& 20 + 2 20
0 - - - , 0 , - - -
70 75 8 8 90 100 4.0 5.0 6.0 7.0 8.0
Temperature ('C) pH

@)
o

140 ¢ =70 C —=+—80°C—=90C
120 |
100
80+
60 r
40
20

Relative activity (%)
Relative activity (%)

0 L . . . . 1 1 )
3.0 40 5.0 60 7.0 8.0 9.0 10.0 11.0
Time (h) pH

5 E4HE IuBgl3 L pNPG A R BT RIBE 1R

Figure 5 Enzymatic properties of the purified recombinant enzyme IuBgl3 when pNPG is substrate. (A)
Effect of temperature on TuBgl3 enzyme activity. (B) Effect of pH on IuBgl3 enzyme activity. (C) Stability of
IuBgl3 at different temperatures. (D) pH stability of [uBgl3. Error bars represent the standard error.
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{3 5.96%; TAE 90 C A T IRiREALEE 0.5 h,
Mt I5 1 UROR T I, AR B ] 11.46%, Ak
M2 h JFEHE Ak, DL ESSRERN], &
ZH i} TuBgl3 £ 70—-80 Cyu BBl Py AT KL Ay iz
TEE

YRR A S 4 pH 3.0-11.0 JEEIAA
[ pH S0P, TERIb 40 F e EA
fii TuBgl3 B9 pH FEt:, &l 5D Frs. #iks
10 f5 1 EH AL TuBgl3 7€ pH 4.0—11.0 A9Z% 1P
HAbEE 1 h, MR FT AR EA 85%LA B (AR X it
H1. HHEA RN pH fBEr:, BEAHEARF
RN FH A 77 .
2.3.2 EEE IuBgl3 MET hFS L

RSB B B AR 3 — 4 B2k, HlH
A y=1.470 2x+4.364 3 (R*=0.998 2), HitL Al
A HFER AL Kn F Viax 775120 0.38 mmol/L
Fl 248.55 pmol/(mg-min), ML E kealKn=
6 149.20 s 'mmol ',
233 AREEEBEFMLER A ELHE
IuBgl3 f§ 7% S 89521

* 1 gERER, Cu¥, PO, CdTFI Co**
454 B T BIAEAE R TuBgl3 AYMEAL TR PR A 7
A BFERF; K'. Mg, Li', Ca*", Fe*',
Ni*"Fl Na™%5 B 7l L A 10%-30% TG
J1 RPN R B R, (B RefRE
60% LA I A RGTE J1 o AE 5 B U e B0 il 75
EDTA B/ AR TuBgl3 AYEE S8R 30%
e T At 4 Fh ik 25 5500 X% il G S ) 3 B
AN AR BE M A, o TuBgl3 X 5 N BT
Z VR, B R N g
(methanol) AbFRJE, ZBEEHLIK 20%7ZE 40 W I
715 #iFELEE (B-mercaptoethanol) 7] HH i 1)
il TuBgl3 BYMETS Iy, fHH R X 70%A 70 1Yl
5775 SDS NEgHE HASVER, A X EEA
WY A R s AR o
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F1 TRAEEZEFMULFRT (5 mmol/L) XF
H4AEE IuBgl3 B8E I T

Table 1 Effects of different metal ions and
inhibitors (5 mmol/L) on the enzymatic activity of
recombinase [uBgl3

Reagents Relativity activity (%)
None 100.00+6.33
K 79.14+7.17
Ca* 69.77+6.76
Zn** 85.16+3.50
Mg 76.08+4.31
Fe? 88.74+3.40
Fe* 66.87+5.46
Cu? 105.26+3.06
Na* 87.10+4.10
Pb** 107.55+4.35
Ni** 86.94+6.63
Li* 73.97+4.65
cd** 98.22+4.57
Co** 101.73+4.65
SDS ND
EDTA 130.45+7.32
B-mercaptoethanol 31.17£1.71
Methanol 77.61£0.50
Isopropanol 93.86+4.12

ND: not detected.

2.3.4 ELAEE IuBgI3 X AN[EIRE CEEFI R EZRY
i % 1

(1) IR EE L WEXT TuBgl3 B G 71 B9 52 1

TEIR ST CWENT TuBgl3 I 71 0952 Wi i %
B, AR B (<5%) AT DA REIT 155 42 o i
601, W& OB T, B 7 s A,
MR FE R 20%0, AHXT S AR 27.69%
(& 6)

(2) A[A)He S B BT TuBgl3 B 1 A 520

HE 7 ATLAE v H X TuBgl3 &
AR TEAE L, SRR 22 B Bk B2 AR K
TR B (<5%) XS J152 A K, {H bl %
FH By B WY I, TS 0w D S i,
R ARG T 1) A AL RO
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1207 BV AT 2 mol/L I, TuBgl3 FAHXT iGIE /1
£ 100 (0 7.81%, LT v A4 B 0 LA
i 1 . AT A Y, (L35 AR B 0.25 ot/
sl o uBgI3 MR BT S35 47981 1
3 20 2.3.6 EAE luBgl3 MEME SIS

. . . , RS SR A AT, PR ) ke 2
0 5 10 20 30

Mt 20 EG TuBgl3 MR e sk, 45 2R a0
% 2 F7n, TuBgl3 %F pNPG Fl pNPX 7% M AH
B 6 AEIREZEEX IuBgl3 By iE 1189 F M0 XT i T HABNIE KD, Lh pNPG MR, B
Figure 6 Effect of dlffere.nF concentrations of JIE BT AF] (224.74+2.37) U/mg, 1A pNPX
ethanol on [uBgl3 enzyme activity. . . .

RRPIEE, B IATIA (165.59+6.42) U/mg, %

Ethanol concentration (%)

1207 AN BIRY) I RBE (sophorise) B, it 2 A —
§m0 E RS g, TEZH B TuBglI3 X EF 4E R
E 801 (cellobiose) . £ 4k —H# (1,4-B-D-cellotriose). JE
g 60r
2 .l JH —## (gentiobiose), pNPman. oNPG 7K fi#
Ezm RE I AL o X UL R XS TuBgl3 Y

. . . . 6 ALK, TuBgl3 X} pNPG F1 pNPX HA
0 5 10 20 30 N N 2
ethanol comeantation (ot B K RRE ST, 2 — A DU R, T4
[uBgl3 FEARRE M, fERE ORI R I
Bl 7 TREREFREEX luBgl3 BEiE AR NE HAR RS
Figure 7 Effect of different concentrations of
methanol on [uBgl3 enzyme activity. 3 ﬁ-%}

2.3.5 ARIREBEEI IuBg3 B5E H B
W 8 o, Bl A R B,
TuBgl3 FREIG S 2 W Es . 24 s AR &R Y 4

(B -7 2 M I A D A ) v s AT A, 2T
i R B TP 0 S BREBR L, ) AR

2 TIuBgl3 EMS R4

140 Table 2 Substrate specificity of TuBgl3
g 120 Substrates Specific activity (U/mg)
‘E' 100 Disaccharide
5 801 Sophorise 7.99+1.20
2 60T Cellobiose ND
s 40f .
E 2l 1,4-B-D-cellotriose ND
0 . ) . Gentiobiose ND
0 0.5 1.0 2.0 Aryl B-glycoside
Glucose concentration (mol/L) pNPG 2247442 37
PNPX 165.59+6.42
8 AEIKEEEMEN IuBgl3 B8E HHIE I pNPman ND
Figure 8 Effect of different concentrations of oNPG ND
glucose on [uBgl3 enzyme activity. ND: not detected.
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oy BEZG AR BT SR 2 AU, K 3 2
TRV W R R Y B- ] 2 il S HL g
YRS, O T ¥ 00 - 4 A N Y

Fe o0 R HARALWE ), TR B B R B-
25 BE I T o AT RN, PR BT Ak R A
R BRI 254 . difg g o, (R
ST TV R . B DI . PRl
S AR IR B ol TR T AR R R A 5 AR
AUV BRI R Y - A T AT ST 3R B AR
HigE GHI Z 7Y, %t T GH3 %k B-Hi%
BEH B A T R BR . 28O BRI B-
R PR BERY pH [HAE P 7R 4.0-7.0 LI,

AR 60110 "C 2[R, Bilan) & & 1 13
FUKBRIE (Pyrococcus furiosus) 1) GH1 FKJk&
B~ 7] W il 1Y) B S N pHL R A 36 S it JEE
AR08 5.0 A1 102-105 CUY SRR Tl B #uk
&M TR HE (Thermococcus kodakarensis)
B GH1 K% B-HiZ M B vul bgll A, Hfw )%
IV pH Rl 3 S5 07 i 435310 7.0 1 105 CRY;

DA K M — 1) GH3 52 It -7 2 W Tl A 5T MR A
L2 (Thermofilum pendens)?", %) 5
S pH e B bz il B 53 2 3.5 F190 C o

R3 FRMEDRIEN p-AEEETEAY LR LR

A FEARAT A LW TuBgl3 SR U T Rg 34y 18
Infirmifilum uzonense, 1% MHEEE N B — R4
TR DU 4B Ok TuBgl3 A i S 0 I
H 85 °C, i S pH iy 5.0, 5280 BRI
() B~ A BEH AL, R EAT S IR R P i R A
HIERT UL, R IR Y B e AR ol ) il
IS5 5 R 9 A A7 PR B B AR e 1 — Bk

55 Pyrococcus furiosus™ ' Fl Sulfolobus
solfataricus" " RIR K B-A AN EEAN L, H4
B TuBgl3 W HAT IR IAFEN:, 75 70 CAHI
80 C i Ak T A~IE 2 h ol 4EFF 85%L4 1 Ayl
TG 0o B4 2 AR Y A 114 v ik T R A T 7 A ) o
ITrp B, mEA O] LR & R R )
POV AR EE , FRARHRNE, b 75 Je Xk, [A)
BB T RN AR AR T R 2B TRk
VR B~ 26 W WY pH 7E 4.0-7.0 Z [A] 45 3547
MR EYE, M luBgl3 FEMRYE G TE IR T 4R
A RAFHFE P, ATLE pH 4.0-11.0 G A R
85%Lh LIRS J), HARKWN T, 4
S A F pH (N 7.0 B, TuBgl3 (4T 1 W fik
TRE, ATRE H T S R PR T LR 1Y SO AR R B T
DB B, B P45 2 X6 il 3 P v B A 2

Table 3  Property comparison of B-glucosidase from different microbial sources

Organisms Enzymes  Molecular

Optimum

Optimum pH K, (mmol) keat/ Kin References

weight (kDa) temperature (C)

Infirmifilum uzonens IuBgl3 77.0 85
Thermofilum pendens Tpbgl 77.8 90
Pyrococcus furiosus 230.0 102—-105
Thermotoga sp. TsBgllA 50.0 90
Aspergillus niger NLAB280 330.0 70
Bacillus subtilis BglH 53.0 45
Penicillium piceum PpCel3B 92.0 60
Talaromyces thermophilus ~ Bgl.tls 116.0 65
Thermotoga naphthophila  Tnap0602 51.0 95
Thermoanaerobacterium Bgl 52.0 70
Thermococcus kodakarensis vul_bgll A 105

5.0 0.380 6 149.20 Present study
3.5 0.149 3.05 [21]
5.0-6.0 0.150 ND [19]
6.0 0.240 509.11 [33]
4.6-5.3 1.110 60.06 [34]
6.0 0.150 147.00 [35]
5.0 0.003 933.33 [36]
5.0 0.250 ND [37]
7.0 0.127 ND [38]
6.5 0.620 ND [39]
7.0 1.770 ND [20]

ND: not detected.
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B = — s, BEIRE SRS G, FEAG
R 1Y pH (HAL T 8.0-11.0 B, Xl
() pH FRE MEZ Wi o, i TS TR 5.57,
A B0 R A B ZE PR PR B v, R BRI AR
AR E AR, X —FE s 5ok IE T -
BglB MR B-Hi A 11 i Bgl747 AL,

pNPG Fl pNPX J& B 7 (14 55 F ST IR 9
AT, 4 IuBgl3 Lh pNPG NI, i
B HETE RT3k (224.74+2.37) U/mg, 1fii LA pNPX
Ry B BT B R B 3 R I LG TR T Y
74% . 5 AR UE I Bl AH L, BV A R
AR, flan, HiE 1k (76.1245.40) U/mg
A9 vul bgllA KIETF RGN Thermococcus
kodakarensis®™, TuBgl3 XI#E#E (B-1,2) VA%
SSHKAREE ST, i TuBgl3 SRR > T2
(] 77 76 1 55 0 2% K /R F 0 5 B R &4 4 — bk
(B-1,4) FIEH 4 (B-1,6) L&A WM. A
[vi] -4 26 Al T PR T 5 R AS [R) S B0RT K A A DS
WA, 3B R, GH3 5 B 7K A3 Fl g 75
11 GH1 5K 1) B~ 2 5 1 il EL A )12 I IS )
SPE, R T AT RhK i o 2 B B AR I T LUK fif
FUREHE . H B . AR A e
HERAERY ) Bilhn, ok [ ZFMAT R I GHI KR B-
A FEE B BsBgll A AN AT K Al £F 2 25—
YR HE LRI, W KE pNPG FI
pNPXP Hi NAFGE AL, T &4 —pife
JIFL O L AROBE 43 1Y) L AR R TR T R Y S )
KOV T LIZ G TG 5 3k S SR W A TG RLES
e AT AR, T 3 A A A AL 1 48 R
PSS R JEC 90 F 2 fh T R RT AR B- 2 W
B R s Sk o 42 )8 S 1 RN Ak a5 T 22
JE R SN 1 A B BRAR R, ABFSE R Cut
Pb>" . Cd*". Co™ %4 )8 B T A7 1EXT TuBgl3
(AR TG T B = A 3 s, At 8 x
Titf 115 o 26 B AN [R)RE B (], (RIS o B0
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FETE 60%—98% L[N, —WCT RER B-H
25 I 1 I 5T A R BT 2R AL ) 4 T AR
PTG (A AR PER] SDS AT % il 5 4 2k
W, X—PE S ZH0E RS, 1 EDTA
HY A BETE 142 T 30%.

A TuBgl3 XM B 1 Ll . HEER A
AN ZME, BA —EWRNEA <R
ARG PR, TEG R 2 E 2O T /5y + 5
IK G- Z TR s R M Bl s M O 2R
PR R Y JE TR KR LR, A
W98 Bon IR MR B O B B W (<5%) &
TuBgl3 i 752 AN K Bl iE G 2 il s g, W]
e T K13l it 2 5 AR VE F ) ok 4 Rr i
TP R B 2 WA P R
Fhim, TuBgl3 ARG J) PRI, FIRERHm T
A AL AR T R N AR R BB K, BEIR T K
s FZH5WEAEIMAEN 1, SEMEHR KAk
A5, (ARG N T P R IE R, LA
BILIA ) B 7K B AV DU il 3% ) AR Il I — R E
P 55 R 3k 45 & IR 2, I A RS A AL A R 6T
I EXTUR LT TR A (NAGase) G 105200
ARALE32T

ARAFGEIRAS 1 A EAH [uBgl3, HigdER
RS pH 2051 85 CHI 5.0, HA ML
R pH et Asieet:, Bl LissoK i
pNPG Fl1 pNPX X PHFNIEA, J&—Fh S A1 % XL
e e iR vE -t . S8, XK
T4 8 B T A PV A — Bt sz 4
ARHFGE R G SR AR F GH3 F% B 4 4 1 il
25 R FIAS E PEER AL T R LA R, B i BG4
Jei B0 Tl Ak iy AR AL T 2R S8
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