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Characterization of a p-glucosidase Bgl17 from a metagenomics
library of termite gut
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Abstract: [Objective] A novel B-glucosidase encoding gene bgl//7, which was functional screened
from a metagenomic library constructed from the gut of Globitermes brachycerastes, was expressed in
Escherichia coli BL21 and its characteristic were studied. [Methods] The recombinant enzyme Bgl17
was purified, and the stability and kinetic were identified. And the hydrolysates were analyzed by thin
layer chromatography. [Results] Bgl17 was belong to glycoside hydrolase family 1 (GH1), and the
optimal temperature and pH of Bgll7 with p-nitrophenyl-B-D-glucopyranoside (pNPGlc) were 70 °C
and 5.0, respectively. The specific activity of purified Bgl17 was 115.69 U/mg and 297.39 U/mg with
pNPGlc and salicin as substrate, respectively. The K, and Vp,.x of Bgll7 were 0.81 mmol/L and
227.27 pmol/(mL-min) with pNPGlc, respectively. Bgl17 can remain 50% activity at 50 °C for 1 hour
and 50% residual activity was detected after 1 h at pH 5.0 and 6.0. [Conclusion] The B-glucosidase
Bgl17 showed the high activity with salicin, which might be beneficial to the degradation of
lignocellulose. It showed the potential for industrial applications because of high thermostability. The
optimal temperature of Bgl17 was much higher than that of termites’ living environment, which would
contribute to the study of cellulose degradation mechanism of termites.

Keywords: Globitermes brachycerastes gut, Metagenomic, B-Glucosidase, Glycosyl hydrolase
family 1, Salicin
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FE— AR AT 4 2R, SR AR AT
W5 RO A BR LI (Globitermes brachycerastes)H)
[ B A My e B R 20 Fosmid SCEVEAT T IhfEdfiik,
O AR B T — At AR R AP -5 A T il 2 A
bgll7, AICE—XZ SR AT ripE 5 RIE RS,
FEXTHTEME | il RNARE . RRE MR AT T
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1 MR5TE

11 SRR

1.1.1  EHRE K KHFFE TOP10 il BL21(DE3)
S WER LRSS FEAERIATE 32, iR pET-28a(+)
TR, I H Novagen (32 [H)/AH] o

112 T 4- i 2 R -B-D- ik g i A R
(PNPGIc) . 4-fiF FE A I -B-D-ML IR 2= FLA 7 (pNPGal) .
ST LT = 4-RYIEIRIE-B-D-£T 4k
(pPNPCel) . 7K 47 1 . 4- fiFf 2k 7K 5 -B-D- A Hif 11
(PNPXyl), T SheF4ER (Avice) I [ Sigma 237 .
1.1.3 $EFE. LB 3Rsk(g/L): BERHERW) 5, K
EFH 10, Sa4k8h 10, 1x10° Pa Ki# 20 min, AR
FREEIN 1.5%—2.0%19 B 5 o

1.2 Bgll7 IRIREFRIEEH

PIIHRES EA3 2N Fosmid B BN, BT
SIVY G bgtl7 K . FrHIEW GIY A 5-

GGAATTCCATATGGAAAAACTTGTATTTCCCA-
3, RmsI¥HR 5-CGGAATTCCTATAACTCTCC

GTATCC-3', TXIZERIIH Nde 1 F1 EcoR 1 FigU)fi;
Mo PCR J W A& &R 14§ 10xBuffer for KOD-Plus
5 uL, 25 mmol/L MgSO4 3 uL, 2 mmol/L dNTPs
5 uL, 10 pmol/L 1E 2 Ia) 51 ¥4 1.5 pL, Btk 1 pL,
1 U/uL KOD-Plus 1 puL, ddH,O #p55% 50 pL, #~
BRI 46F M : 98 °C 2 min; 98 °C 10's, 58 °C 15's,
68 °C 80s, 35 MM ; 68 °C 10 min, PCR ¥4
P P ) i X YD % N [ R ) AL 2R Y
pET-28a(+)FIk iR, 4% WA AR AT TR
TOP10, PRIREASifEIIT I PCR X5E , P vafE
e G T2 D5 . 11 SO 1 0l R R A

pET-28a-bgll7

W M H A B A BORL R L A R A e E
BL21(DE3)", #EHCEAAETE R 50 me/L FAR%E
1Y LB AR5 AL, 37 °C 200 r/min 5 FR1E4
R R TR 1:100 E2R0 280 LB ¥Rk,
37 °C 200 t/min 5557 & ODgoo N 0.6, 155 F:4 IPTG
FAYKIE 0.5 mmol/L, 18 °C. 110 r/min B FEE
20 h, RREEHIE, BEOBEERK, FHE7 PBS &%
¥ (Na,HPO4 12H,0 5.541 g/L, NaH,PO42H,0O
0.705 g/L, pH 7.4) , 7S B4l i, 4 °C.
12 000 t/min 50> 15 min, WCHE [T B0 AR BRI

FELE [ ] Ni-NTA (QIAGEN, £ =) iE47 26 il
JEAraifth, FRRIBKMEVEEE 20, 40, 60, 100,
200 mmol/L ) PBS ZZthik (pH 7.4)E A T UEME, WA
100 mmol/L F1 200 mmol/L YERRTR . WA AIBER IR
Ay Mg Vivaspin™ g BIEMR s, JFZuam
PBS 2z 1P LA 23 BRIk ik 4 J i B G AT SDS-
RN B BRI 7K (SDS-PAGE) /At , K 25 14 46
B, P i, AR R R DI IR e i
L7k (Native-PAGE) 1 73 4 85 FH B IS 44T, AR 4R SC
BROVRIE R 2, (] 4%IR IS 10%50 2 i ik
THUK, HIKZS R G HEERRITE 4 mmol/L Y
4- ! FE AP TR 1 - B-D- Mk Rg 5 485 B 1 (MUGle) ¥
Hi. 50 °C FIRTE 30 min, 7ELEAMT FWEETEE
HAM RO, 7% Sl R250 Jefd, WIEEE
251 o B MR A R 7 Bradford 8 IR K
MR S 2 T AR TR ) By A BR A R T E .
1.3 Bgll7 BIEg=F RS
1.3.1 HERNFZFMHFNMNE: L) pNPGle (20 mmol/L)
NIEPIINE Bell 7 1) B- A R 1, SOV &R
TESCHR[ 124058 1O LRl I VRIS ROV fis pH 1)
D5 S FHANIA] pH 1) SR ER (pH 4.0-6.0) R R (pH
6.0—8.0)F1H %2 -NaOH (pH 8.0—10.0)2% M , H)iE
YIFIRTR) pH 28 1A BN 4 mmol/L 75 HH , 2lifkir)
Pt FHANIA] pH (2% M 73 SR e . ORI RE
J& BB AR 4% 50 pL RS Y515 45 °C R
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10 min, AILA 100 pL 1 mol/L Na,CO5 ¥ 1E v
FHEGARSGM 2 405 nm P FIRG(E, DIRFEMHK
FEXTASHE R W (pNPYRIVE R E M 2, 115G ) 5
B, IASEIEHS e i) pH &0 MiZiHosE pH
MR SCHR AV N i TR I P BRI T R AR R A
HXTIE, EEIEIEER 3 K. B Bell7 Mfad
pHE)E, VL% pH SR BIEY S5, ¢
3080 °C &4 43 il o Bt , AR S B fe e 1)
T 25 A A 1) 3 IR B

fit 1% 1 B (U) R SCR R 3 B A R
JEYIHE R 1 pmol pNP AT BB A 1 A~FlE 5
B,
1.3.2 REMSH: BRI Mo AT B
FEBFRAE S pH 214 T4 50, 60, 70, 80 °C 4b
PR [ of [B) S AR AR ) B- A e A BT 1 o SRRy
TR SN2 T 1.3.1 F5 5 300 , LAARALFRT)
TR A F5c3 s SN 25 T I B FR AR TSR 100%.

fit Y pH FevE Mo drid i AR pH 22 vh i i
BB S , 7E 50 °C A ANFIBSE], 7Efid pH 4%
PF R IEBRAR 1 P-4 W B 1k
133 £EBFMESEMERITM: fERNIRRPR
INZEHRE A 10 mmol/L M Fh &8 &b &4, 76
BRI SN 25 T A WG, B E AN 42 T B X
Tl 15 1RSI, AR SN A s 0 A 2R DA A e T
A 100%.
1.3.4 Bgll7 BIEM4FF1%: DL pNPGal | £ 4E — ¥k |
pNPCel ., /K1 . pNPXyl. Avicel 25 iy k &
Bgl 17 (P45 5% , Horf pNPGal . pNPCel .pNPXyl
KA R I 5 5 A SCHR ) et VR ™,
55 pNPGle FAAMF 274k — W /K e B 1 I 7 R
FHA AT PR (GO)KLI 57 £ (Sigma, &), MIE K%
HOKRIEPE R DNS 304 W0 5E 8 45 R 3 iR
W=, DA RIERR eI ZE, K H Y I
LRIER 1%, BEESA(U)E SRR
FEHE 1 pmol I8 JFUME TS B . Avicel 7K R PR
FIRZRIE R 2%, HAax 5K oK i vl 2
Jr R
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135 EEshAZESEME: L) pNPGle AIEY, W
5E Bgl17 18 0.1-1.0 mmol/L AN [FJEE Mk B 410 T iy
IKAER , ARYEK T R 53 Bell7 3h 12
SR TIIET 3 YOS SR, BOPRIME, RRR L
B 3K,
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DL 1% ET4E — 0Ky, 430 0.01 U #1 2 U
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(K A T 2 2 b, Sege bl Ry 2
Rk TR EE: 218 B 25K DAARFR LG 3:3:1 IR &
VS, TR 20% B AR 1Y FH BV . AN [
(ARSI AERE AR b a5k, 7R AT b 245
J& . YIS A, 7E 110 °C A T A 10 min
pUESIE S

2 HRE540
2.1 Bgll7 EERYsEEFRIE

i X e AR R N A AT T
Fosmid () e R4 SCEDIRENE , I 5 T 24 30%
TERE e R T KR AL 4 R AR IE T
TR R B-AI AT T REIER bgll7 (GenBank
T IN903693. 1) 4ifith By 444 A2 SRR ZH 1 1) it
B, ZEAR TR — Kk, ZHS
Sphaerochaeta globosa K i [ B- i %) ¥l 1 i
(GenBank %55 : WP _013606846.1)E4 fi = 1 AH
LI (59%)-

PCR "} bgl17 ORF, £ Nde 1 Fll EcoR 1 XUt}
V)G AR IR AR pET-28a(+), A4 # 41k
pET-28a-bgll7 . # 4 Jii kL % 1k A K W #F &
BL21(DE3)H R i Dtk A 1 ik , it Ni A%
FUZMralifk, 25 SDS-PAGE ZrHr&MEH] T
Bgll7 4 M, EASTRZAN 55kD (B 14), 5
PSRN o1 AR R o ARAR TR YL (B 1B)FITE
PR 10)BRAifbY Bell7 (& —KHM%
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Figure 1 SDS-PAGE (A) and Native-PAGE (B, C) analysis
of B-glucosidase Bgl17

I M1 B EA S TR M2: SRR A TR 1.
MRS RCT IR EE 1 5 22 200 mmol/L BRI .

Note: M1: Denatured protein molecular weight marker; M2: Native

protein molecular weight marker; 1: Soluble protein fractions
expressed by E. coli; 2: 200 mmol/L imidazole elution.

Phoma sp.If) B-HIZENET B IR MRS T IorF2h
440 kD ) R AT Sk YR T Botrydiplodia
theobromae W) B-H Z WG IGE D T8N
350380 kD, 1 8 > 45-47 kD HYTH ML L,
FANEPEHE X 4 4> 10-12 kD ACIEMEIER A
1Y, Bgll7 BYARAE RS 5 MUGIe By 5 e (a4
1C) i —E B % K 531 4l iy HAT BT 7K f 1
EYEERE . 2ifbfE B RE R 1.67 g/L.
2.2 EEEMRNE
221 Bgll7 MmEkMEFEHFREREME: D
pNPGlc AJEY), I5E Bgll7 HHoE W 214 «
Hotpeil VIR EE A 70 °C, FFEHL 55 °C ] 70 °C 1
RN EA B E T EE 2A); Bof pH ER 5.0
(K 2B). 4kl Bgll7 fEfd 54 F s 1l
115.69 U/mg.

ZMHTE 50 °C 250 MReveE ey, A3 1 h A/
AIOREE 50% TG PE, FEE IR E AT = AR e TR

K%, 7E 70 °C BFEFfa et Rk, 4P S min §F
PERIRE R 50% (18] 2C), & pH g, Bgll?
1£ pH 5.0 1 pH 6.0 [ ZFREL 2% vk Hh A2 e PR
ALE 1 h ATAT AR EE 50%IEPE, TAE pH 4.0 554
R TR, AL 5 min 35 PE BRI R R 2
40% (&1 2D),
222 EEBBETFX Bgll7 p-EEEHEELAE
W)+ Ay A5 A B IO, A5 v 4 T 85— T TS 1 1) 5
M), S 50 3 2ok [ il S5 A4 R S IS [R] 1) 4 s 5
T, &P Ni'. Mn?. Ba®". AP, Co® %I f4i%
Pl —E A, Hrb Ba™5 APfEiEA
B, A Cu®, Fe Ml Fe* X TG YEA AR B
EIHIER, BN )5 B T L P Ak sk,
Z™ X Bl R A R R A RIAE R, 2o AR AE
mF, BRI PR H T 40% (K 3),
2.2.3 Bgll7T EMFRHEREBH DEDF:
Bgll7 & T A] LK f# pNPGle 4k, 8 1] DLK fi
pNPCel. pNPGal. pNPXyl. Zf# —MifI/KF1,
TEARREKME Avicel (F 1), ZZ5REW Bll7 B
BRI, BB KMEMIEY, B T2
REAE, DL pNPGle MJKY, BERISH 1S40 E
ZER R Ky fE20 0.81 mmol/L, K S i JiE
Viax N 227.27 pmol/(mL-min), K {84 2.49%10%s,
KooK 25 3x10° L/(mols).
2.3 Bgll7 WERMHIKERTIZ DR
FIFHHZ ZH 08T T Bgll7 3274 — Wi /K i

R 1 Bgll7 XARRRYIBKERIFR

Table 1 The activity of Bgl17 on different substrates

L2 i )
Substrates Specific activity (U/mg)
pNPGlc 115.69

pNPGal 76.30

pNPCel 29.48

pNPXyl 4.55
Cellobiose 140.92

Salicin 297.39

Avicel 0
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Figure 2 Optimal conditions and stability of Bgl17
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Note: A: The temperature profile of Bgl17; B: The pH profile of Bgl17; C: Themostability of Bgl17; D: pH stability of Bgl17.
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fitixFF pNPGle HIZK G MR BHm & Tk AG 1T, il
L) Bgll7 Xf /K47 BA 1R = K fig s v, 2
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A, 76 AR RGE h A W B2 1 il
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ZRIGE IR (UAE 40 °C FeA7 sl RO A Tl
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AT ASE S A A E 3, DB/ NN IR, i
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I P R B T B A TR b R
Bgl17 HATAHXS 55 55 1 s o g Tk 3 R 1
WA RGP T Y J1 5 S5 — 0, s A:
FEFREEIRE N 20-30 °C, i A\ (I 18 12 38 2] (1)
Bgll7 Bl I N 70 °C, it THESIRE, A

Bl 4 TLC 247 Bgll7 44— HE(A)FD L4 = HE(B) Rk R T 12
Figure 4 Analysis of the Bgl17 induced hydrolytic products of cellobiose (A) and cellotriose (B) by TLC
el WAL, SR TREM2) . S R MB)IR G ARHER; 2-4: 0.01 U Bgll7 KAEHY 10 min, 1h, 2hJ5/¥); 5-7: 2U

Bgl17 /Kf#EH 10 min, 1h, 2h F=4).

Note: 1: Mixture of glucose (M1), cellobiose (M2) and cellotriose (M3); 2—4: The hydrolyate produced by 0.01 U of Bgl17 at 10 min, 1 h
and 2 h; 5-7: The hydrolyate produced by 2 U of Bgl17 at 10 min, 1 hand 2 h.
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