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WEET AN N2 2R 7 1R J3E TR (1 21 4 25 B P DD R B 220 TN B T 7 4, M EF dE R ASINE N FPA 20 1U/g R4,
B-HI A HE TR IS BG 6 10U/ SIS, 274 Wik BE 1 3% T, M Ri5 5 83.03%, RUTEL] B-i% b 11
(TN AE A ) 272 R 0 AL
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Heterologous Expression of the p-Glucosidase and Its Synergistic
Hydrolysis of Bamboo with Cellulase

CHENG Yi-jin}, ZHANG Ting?, LI Hai-long!, LONG Chuan-nan’,
LIU Jian', LONG Min-nan*

(1. School of Energy Research, Xiamen University, Xiamen 361102, China;
2. School of Life Sciences, Xiamen University, Xiamen 361102, China)

Abstract: The B-glucosidase gene (bgll) from Hypocrea orientalis EU7-22 was cloned and effectively expressed in Pichia
pastoris GS115. The f3glucosidase activity expressed by recombinant strain BP17 reached 121 IU/mL. The expressed 3
-glucosidase exhibited the optimum catalytic activity at 70<C and pH 5.0. The enzyme exhibited good stability at pH 3.0 ~
8.0 and remained 65% of its original activity after 1 h at 60 <C. The pretreated bamboo cellulose was synergistic hydrolyzed

by the cellulases from Hypocrea orientalis EU7-22 and the recombinant B-glucosidase from strain BP17. Supplementing
recombinant B-glucosidase greatly reduced the inhibitory effect caused by cellobiose, and the hydrolysis yield was

improved to 83.03% with enhanced B-glucosidase activity of 6 1U/g substrate. The results indicated the recombinant
B-glucosidase significantly boost the efficiency of saccharification.
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BN A BB A S AR LT 4 — Wi%sT PN 103 SRl Fn &k
P RO MR, DR, MR B AR
AR pAP S R Ny S €V IG R oY PP S
R —

R (Hypocrea orientalis ) EU7-22 A
%)@ (Trichoderma) HIH, EAURSLETHE., 175
ARSI —BRETAE R~ Bikk. PFE™, Besitk
AIELRIETS (FPA) (WK, 4 0.48 IU/ML, B-H%hE
HEFAYTE 1A 0.55 IlU/mL., 7ERIFRZH R =274k
R LT YEZR I TR, B AIRAY B- A4 RS )
PR HERR R, BRI T A AR A
FIFSEN TR F-BAMNE SRS p-aimii i,
BC R 7R 7 PR A RDREL A D iR 7 T4 4 2R (Y B 1L
DRI R B —

AW A e B A W Y B R
TR, RN, 5 TSRS, 1T
JEF RN R B RS B-A A H e, RSB AR Ty
PR TR T 7 £ 4 R R D PRI B AR AE RIS, XF
TSR 4L 2R I A o IR A G R L,

1 #RA7EE

1.1 #H
1.1.1 EHRABR

FRITREER EU7-22. KIAHTFE DHSa. SeaRiE
GS115 ¥IAARSLE = AR5, KUk pPICIK I H
Invitrogen /A ], ki pMD19-T Il [ TaKaRa A # .
112 ExFE

77 R TE MENDELS 1537250 PDA 5372,
KIGFFE LB Ki g3 L (43 sabe SC g mg ) (5 =
W), B8 YPD, MM, MD. BMGY . BMMY }%3;
FERIC I Z IR Invitrogen 23 FIHRAVETIE,
113 FEXF

FRAGIVE N DI . T4 DNA 4%/ . Ex Tag DNA
RAEWE . RNA #BGA & . RT-PCR 7 &5 H
TaKaRa /A rl; DNA Zlifblalfioitsn &, Bk )y
A & A de s RARAE R A B AR, AR
F1 DNA 7318 HRIENS F Fermentas /A w5 FREL I |
T REI2 oy . BB . DAL . BERELAE AR R
3 AR A RiEATAY TRAF,
1.2 bgll EEMZE
1.2.1 2 RNA B93EUE cDNA B9& A

FHEALI AT R TR EUT-22 BRfATE A 50 mL
PDA WilkEsadtr  FEAERFE 24 h(30°C, 180 r/min ),

BU5 mL $2A 50 mL P RE SR SRR 48 h,
WA 2214, ARYER & UL R BUR RNA, LLE
RNA M#siHx 488 RT-PCR 120 & Ui -7 R 5%
345 cDNA,
1.2.2 PCR ¥ 1% bgll E X

FR4 NCBI i e v 5 J7 R EE B EU7-22 1 byl
FEH 4K 51 (No. JQ904600 ), #5it— %15 4 bglF:
GAATTCGTTGTACCTCCTGCAGGGACT ( X4k
70 EcoR | BEYIA &) A1 bglR: GCGGCCGC
CTACGCTACCGACAGAGTGCT ( X554 Not |
BUIGEA), LA cDNA SRR 1S Kdwi5 -5 AT 1 1Y
bgll 3[4, PCR =15 pMD19-T #kiE %, 1Lk
JAFT P DHS o J83Z A 20 M 5 126 0 372 w1
1.3 EEIFEEHREE

bg 1 F A Y Bl R 1 4mfis 7 51128 EcoR | Fl Not |
XUt UT) o e A B8 AR R B A3 R ek 34K pPICOK /Y
Z ibENL A, 1B E LR pPICIK-bgll, FX %5
AT RR A D) B e 4

HRAE Invitrogen A wIEEARIEREFRIA RGEAET
W, FHRR GRS Bl 1 Zetd:Ab B4 ki pPICIK-bgll,
FIH AL ITE S AL IREERE GS115 JEAZ A4 il
o, KU S TR IR A TE MD Pl B, $55R 72 h
(30°C) 2K MHEE, 2058 T MM F1 MD
M I o BRECEE MD A EAE K TAE MM SFAR AN
K K2 M, 4335F T3 1.00., 2.00. 3.00
1 4.00 mg/mL G418 1 YPD 155554k |, LATRTE
EZ AL 2

WA GA18 Hrit /ARy Hitk, S
EE SRR TR LTI B 40 DNA, fili ]
PPICIK #fAk I AOX1 il 5 [#ik4T PCR %5, 3K
15 4 HE R EERE GS115/pPICIK-bgll,
1.4 BHUFRIFESFRIX

#F4H ¥ GS115/pPICIK-bgll 7£ 100 mL BMGY
Hegp3erh153E 24 h (30°C, 250 r/min ), % ODgy M
2.0~ 6.0, ELOWZERMR, A 20 mL BMMY 1537
HEARZEEFE, A 12 h #Mi 0.5 mL A S: bgll 3
Rl 2eik, [RIATE 0.5 mL BRI E IR ZE R, FEg
OE RN E B- A BT RS 1, 2l iR
i 26 K = Bl h £k, IF X A% i B R B LT WA T
SDS-PAGE 43#7 .
1.5 B-EIEVEEHEEENRNE

K X -fil HER I -B-D- A BT (pNPG ) MJIE
YT B~ A E T S O 09 o 0.1 mol/L A7 5



232 Bofe T

it %1%

PR 2% W ( pH 5.0 ) A T 13 WOW g 28— e 1754,
B 50 pL # 85 B S 50 L pNPG (5 mmol/L )
WWER A, B0CIHTE/KE 30 min J53rBIimA 1 mL
Na,CO3( 1 mol/L iAW 2% 1k v, ZE A E 5 min,
M5E 405 nm T RGBS B
JEYIHE AR 1 pmol pNP BT i g A — N BEHG )
B (U ),
1.6 ELKESEHINE

DL Whatman NO.1 JE4CHICY), e 24t R il
BT, KEdt—4 (6 cm x1cm, ZJ50 mg) &
N, A 25 mL HZERATIRES, Mg A
1.5 mL FrEERRZE i (0.1 mol/L, pH =4.8), Tl
A ) 8 s MR B 0.5 mL, iR s)
JE BT 50°C/AKIAEIR 1 h, 22 J5F DNS VLI & hivk
B LA 100°C/KIA K 3G 5 min R BEFL R R 25 1 %
W, — M UE4RAEETG (FPA) EPREAL: (1U) EXH:
BEAT P KRR AR AR R 1 umol 7245 B P T B
1.7 EREMBRH

LL pNPG NS, W ANE pH {E (3.0, 4.0,
5.0, 6.0, 7.0 , 8.0, 9.0) &M FEAMIE )1, T
SERFRI SN, pHo AR pH fetk,
T SV pH AR IRZE (iR s BRI , 4351 F 25°C
PRI 1 h, DIETREETE T K 0 h BREVE XA,
THAH X BTG 7 o I AN [R]3R BE( 30°C, 40°C, 50°C,
60°C, 70°C, 80°C, 90°C ) £ FHEHE )1, Wik p-#i
PR S AR . DL FIRE AR Lh
SN AT L i IR A
1.8 FREEFREBERIAFZENML

TERRRAKSE, % GS115/pPICOK-bgll K/ B-
AP R SRR TR o e TR B fin
With pH 1, 755 pH HE LB (BARERY
WHE), EBGESH 96 h YL BERINE B-H ApE Y
BTG 1o FESROE K BESE T B3R T8 LU 2 7= i)
e
1.9 Fi p-EEREEIE S TE R EERRE
NHEA R

Xtk 75 115 245 VA 3 el 0L K A B B 2T
He PR VENGE, BUACEE S A AR e = A BATEF
R, PAFCBRERI AR TR AL AR I AITEF
A, KRB RF VELP A F]Y) FIWE3/6 £F4ER M
SO e T AR 2 rh S AL o B

AR J7 1A JAE T T 7 21 4 R il A5 o 4 1 T
B-HI I R FEIME T, JCRI KA T2 . g 2

R Z A 100 mL, Prergefm ik iE A 10 g/L, IA—
FE LA AE R MR 2 B A T R, AT
BERRZE AN E ZE 100 mL, PRI AZMREEH 0.05%
HEZEERBIER . B THIK (50°C, 130 r/min)
FRIK A

BiFR 12 h BUH 1 mL BEfR, DNS 32005 Hp
FIRJERE o i, e PR AR AR R . MRS
F (%)= MG x100 x 0.9/ (MC + MH), H+H
MG 4 100 mL &R fif b (g), MC A1 g
JEYITh AR S (g), MH 1 g JiRPrhperge s
i (g

[FI R Watters w2800 AR (033 SO e P v rh 247
A WE . AR AR, BARBENT. &
FEE T 12000 r/min 54 F B5.0 2 min, _LiEHRAHE
KRB —E R0, 4 0.22 pum BALIERR S g =
W, HEREDE, MR R . EIEA: Aminex
HPX-87H (300 mm x7.8 mm) AHLERH:; Waters 2414
IREPOCKIES; AR 30°C; 5 mM FERERVE R 5h
A, JiEE 0.5 mL/min; FEFEE 10 uL,

2 HR5E

21 EFTIIEEHKEIE
2.1.1 bgll EE K7 E

TS S AT SE Y bgll K:H cDNA F3 4K
2142 bp, 4% 713 MNEKM, SHGECHHEP TS
FHALLIR R 100%.
2.1.2 ELHRAAIEE

20 JFokz pPICOK-bgll FH EcoR | 1 Not | X1
Yoo, BRI BA S 9.3 kb AT 2.2 kb, TIESE
I boll JEH AR pPICIK i, MFERIT,
bgll i T pPICOK WA 219 T il , J-HA IE Y
[5e] EAE
213 EHTFHTFEMEE

pPICIK-bgll HLAE AL S e AR IERE: GS115 /5, ¥ MD
S A H A R VA 4 FP R MM AT MD SEAR T
ik Muts BUAL+-, B 7ES A 4.00 mg/mL G418
FAR e 2 12 Nt He IR Muts T 5 R
BEI R o Pt i BEPE L AL T304 T H R i 5
K%, WURBESS 96 h LB WA Tim A, Phikt—
PR fe i (1 bk BPA7 BEAT 5 SLF5% .
22 ERFHIESTIERTIEZYIREN

KW R TN BPLT #HATHI A S0k, 45
SN 1 Frs o B 7 R R AR i R, 7R
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SR 144 h e, 16 25 1U/mL; B TR0 s Ak
BEi s, WAARAER R 36 h BIsARIfaE], 255 144 h

R B Sk 82 mg/mL,

w
o

90 —a—Wet cell weight

80} —a—Activity . .—="
~ 70 /._’t}./_./ """" /\! 25
- L
E e -
? 601 A 20 _EI
£ o / 5
£ / 115 =
2 401 . 2
2 0! /‘ 1102
8 20} <
g 0 /‘/ ’

4/,‘—‘ .
0 0

24 48 72 96 120 144
Induction time (h)

1 B EREER: BPLT KBS B-AIA W B L
Fig. 1 Time course of B-glucosidase production by
recombinant strain BP17

i 4-iF B F 1S T SDS-PAGE 434 (&l 2),
FEIRI) B-HIAIREEE M, 294 76 kDa,, Bradford il
FESF 144 h ML BERA R 1 B o 443.2 pg/mlL,

kDa 1 2 3 4 5 6 7 8 9
116:0; —
© e iy g
66.2 —
45.0 —
35.0 —

B 2 FEHEEIREERRERIE IR SDS-PAGE 74T
Fig. 2 SDS-PAGE analysis of expressed product
1: Protein marker; 2: GS115/pPIC9K induced product; 3-9:
GS115/pPIC9K-bgll induced for 24, 48, 72, 96, 120, 144 and
168 h respectively

2.3 ERFIEEYIRIEEF MR

L pNPG RJicHy, A5 B A4 Y i pH
49 5.0, 7£ pH 3.0 ~ pH 8.0 JulE N, EEAFEE M4
U, 1EpH 4.0 ~ pH 6.0 &4 F, FIEARIE 1 h gl
B 90% LA LG 1 (1 3),

FEFGE SN pH R INAS B- A2 0 1 1Y) Foeidh S
RREE A 70°C, MTFE 80°C I EgTE Syl N, &
Y HEAE S0C LA M ARG IR EE, IR 1 h JSAEXT
Fi G JIA5E 95%LL I BEEREE MR, EET A

FasiE 7 60°C AR 1 h R , BGHOATIXH A 71 0 65 %,
SR TEAE] 80T I, B PR 0
(F4).

120 f ——optimum pH
—e— pH stability
100 -
80 |
60 |

40t

Relative activity (%)

20+

Ok

K13 pH AFEL B~ 4 Bl S ) B AR 2 M
Fig. 3 Effect of pH on the activity and stability of recombinant
B-glucosidase

120 —e— temperature stability

—— optimum temperature

100 |
80+
60 -

40 +

Relative activity (%)

20+

Ok | | | |
20 30 40 50 60 70 80

Temperature (°C)

Kl 4 X EZE BRI AR I ) AR E TR R
Fig. 4 Effect of temperature on the activity and stability of
recombinant B-glucosidase

2.4 FTIKFMHFBIMK
R BESA AT AN AR IR S AR B b ) SRR A 3
S, AR T KRS AR H RS I E, WA
pH {E, 5 pH (E LK RN 5 450 S5 R A
5(A, B, C, D) iR, HIHTME, HEEBS
$°h 2.5% ITELA B A H S O A e 8] BA ),
2 BMGY A K155 pH (bt (65 ~ 7.0)
i, SRR TEAMR A (K 5B ), 4 BMMY i
SREFEIL pH (HAE 6.0 ~ 7.0 BF, KR P B ALY
WG (K 5C), i, A T B e AR
AT REEFRRLE], 5S 144 h B I B iR ME
121 1U/mL (& 5D ), HisHmieienin 4.84 £, 5
Chen Z5U1/E He ke rp A0 B-H A0 B TS 1
(60 1U/mL) AL, A KAHES.

90 100
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50 - 70
A B
60 |
40' \l ‘/\L
~ ~ 50t —
E 30} £ 0l //
2 5 2
=0l / >3+
2 A s
I3 S 201
< 10} <
) 10}
0 1 1 1 1 1 1 ) 0 1 1 1 1 1 1 1 )
00 05 10 15 20 25 30 35 35 40 45 50 55 60 65 7.0 75
Methanol concentration (%) Initial pH
801 140
0r /\‘ . 120+ A
o ~ 100} ‘/‘
E% £ w0
2 401 2
> 2> 60
S 301 s /
10f 20
0 v
35 40 45 50 55 60 65 70 75 0 24 48 72 96 120 144 168 192 216

Induced pH

Time (h)

K5 BP17 )™ B A bl H G A e 2 A FI AL
Fig. 5 Conditions optimization of B-glucosidase produced by strain BP17
A: Methanol concentration on activity of recombinant B-glucosidase; B: Effect of initial pH value on activity of recombinant
B-glucosidase; C: Effect of induced pH value on activity of recombinant B-glucosidase; D: Effect of time on activity of recombinant
B-glucosidase

25 EiH B-BEEEIES A% R EIREE
4

AWFFOR L SR BERE BP17 Fif™s B-H MY
BN EN AR 7 AT EUT7-22 Fr =2 4 i h b
FIREMRATER e (4R FAFHR . KRES R
Sk 82.04%. 6.46%. 4.83% ), LF4EZEMGETRINE N
FPA 20 1U/g JiKH) , B-HIAGMEFRERA LN O ~ 10 1U/g
EWIANE I ERHA 48 h R R vk B, 45

BN L PR AERIMER 0 ~ 6 1U/g IEYITER,
Bl -0 A W Tl S S RGN, A DO VA R A

1R2REAT TGN, AR ARSEIG N B-H5 2 W T Bl ) FH

AR IR R AR S, BB IRGE -5

TEGA I 6 10/g iKY, B4 0 1 IS it A

h 2 WUIg YR, 214 —BEA S Rt B 2 3 T,

H1 0.92 g/L B2 0.29 g/L, 1B B~ A0 11l A% i A

X EF Yt R R A FHAR I 2

1 P-AIAIIE TGS I XS WA 14 52 e
Table 1 Effects of adding B-glucosidase to Hypocrea orientalis cellulases on the enzymatic hydrolysis

Dosages of BG Sugar concentration in hydrolysate (g/L) Reducing sugar Hydrolysis
(1U/g substrate ) Cellobiose Glucose Xylose (9/L) yield (%)
0 0.92 4.76 1.00 6.53 72.95
2 0.29 4.96 1.01 6.81 76.10
4 0.19 551 1.01 7.10 79.32
6 0.14 6.01 1.03 7.43 83.03
8 0.13 6.35 1.05 7.47 83.48
10 0.10 6.40 1.06 7.49 83.70
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3 Z5ip

2R B e — P A Y R RE R
Wy R A7 AE 7 B A R AN L A B 0
AT S M X6 £ A 2R B AR AR . AR SORIFHEEIAL T
FEFBO IR mRas Bl G, P i34 4t
X DB ) 2T 4 2R Y SR

BeRmE R RIR R G BN EZEARIER
ge, N EE R, AL TR A MR IR AN
A TAAM ARCARRAS . BihGgL
e ECPR O PR B~ 25 Wt PR O B T 7 B AR g
l:,:'%éi[lzm]o

VEREFI R JT N EUT-22 1Y bgll £, FAE
ERREERE R, SRASSEIN TRE R kR BP17. Fikr~
WIS A BT B-AIA M 11 S 1 T3k 121 1U/mL,
St R RS DM ARG 77 (0.55 IUMmL) 1Y 220
5 o B T E T R i B Ak % Je il pH oA 5.0,
FE IR N 70°C, 7 pH 3.0 ~ pH 8.0 FliEEE 60°C LA

B- 1 260 T P S O R v T A R
IR REAR 50, TELF YR Bl &R 20 1U/g i),
- AR B N Jy 6 WU/ IS, AR A5 R i
ATk E] 83.03%, b HSMAF4E R B HEE T
13.82%. Chen 21\ il 25 shal (L 5] B3 A B
fitg, FEERAINE] R RARTRLT4E R R, Wi
6.5 1U/g JIKYIET, KAfASHIK 83.9%, AAF5RES
52 A o UL LT 2 22 Bl R B v v s n - 2
TP A A T 25 2 2 0 RE A . 58 R T B TR TR bR
BP17 FEA BT 2 22 WAy T A VAR B 1 AN A
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