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Cloning and expression of the beta-glucosidase gene from
Trichoderma longibrachiatum
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(1. College of Biological Sciences and Technology, Fuzhou University, Fuzhou, Fujian 350108, China)
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(2. National Engineering Laboratory for Highly Efficient Enzyme Expression, Fuzhou, Fujian 350002, China)

Abstract: [Objective] The complete sequence of a B-glucosidase gene from a Trichoderma
longibrachiatum strain GM2 previously isolated in the laboratory, namely bgll, was amplified
and expressed. [Methods] The gene of bgll was amplified via homologous cloning. The bgll
sequence corresponding to the mature peptide was subcloned into plasmids pET-32a(+) and
pPICZa-B, respectively. [Results] Sequencing results showed that the bgll gene was 2 369 bp
in size encoding 744 amino acids, interrupted by two introns. The bgll protein expressed in
E. coli BL21(DE3) existed mostly in inclusion bodies, and there was no detectable -glucosidase
activity in the soluble proteins. The expression vector pPlZa-B-bgll was transformed into
Pichia pastoris GS115 by electroporation, and the recombinant protein with the molecular
weight around 78 kD, consistent with the expected protein size, was secreted. Under the fer-
mentation conditions of 9% initial inoculum, initial pH of 5.5, 30 °C and 1% methanol induc-
tion, after shaking for 96 h, the B-glucosidase activity of 60 U/mL was obtained. Enzyme
property analyses demonstrated that the optimum pH and the optimum temperature for the
recombinant bglT were 5.0 and 70 °C, respectively; furthermore, this bgll exhibited good sta-
bility at pH between 3.0 and 10.0 and the temperature range of 40 °C—60 °C. [Conclusion] The
gene of bgll was expressed in P. pastoris with B-glucosidase activity.

Keywords: p-glucosidase, Trichoderma longibrachiatum, Cloning, Expression, Pichia pastoris
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ez | R i 2 1 B e REoRIE R £ 4E
F B A 7T B RO R sk R F i 210,
(DRSS 7 = kD O R (S 7 -
(1%) -7 2 W T PR 1) v R SRR I T R A G
A S 55 25 i U 07 S A B — R T g YL 2T 4 R R
W, 1540 GM2, &% . WSS MEEIT45
& ITS IDNA 73 T AW 45E, 1 GM2 i€ 1
1A F (Trichoderma longibrachiatum), ASZ56F]
oA T BO KRS GM2 (1) B-Hi % HE
L R AR Se AR B v B R, AT 4 gk
— 2 W L R AT S5 A8 RN ZI RE S5 B DL K3 2
B [ AL

1 ME5hE%
1.1 BEPRFIRTRL

KA GM2 HASE g% W E R RS FF
IR, KT E (Escherichia coli) DH5a,
BL21(DE3)FIEE /5% L (Pichia pastoris) GS115
A S0 % R, R B K pET-32a(+) 1 A
Novagen /A 1], pPICZa-B Fl 74844 pCR2.1 14 [
Invitrogen A F] .
1.2 WFKEF

A FPRREIPE N UIEE . T4 DNA #4320 . rTaq
DNA Polymerase . i+ brifE & M B340 A
TaKaRa Biotechnology Zv#]. Gel Extraction Kit
4 TIANGEN 23 )77, Pfu DNA Polymerase
Fermentas /> 7= Zeocin, ILZSEE . Bk .
FEtRpy . SRR A B4y TR E . PDA
gt LB i3t LLB 5953E . YPD Kigidt
AIECHI ] Invitrogen 24 B 5E IR EERRSAE 0
A7,
1.3 E& DNA #y#1&

bk GM2 #2A PDA {5773, 30 °C,
200 r/min $ERIGFE 24 h )5, 8 2L 1L Uk B 221K,
TCRZEIRK Ve 3 . IGE & A 22 R ToFek
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AV AP AN A o SR T EREE R )
LR ZH DNA HEUR S5 (TIANGEN 72 /) #2HE A
2 DNA,
14 B-BEMEEES(bgl)ERE R 7 pE

JH Pfu DNA Polymerase MJ:[HZH DNA g
AN AM BT, B Over-lap PCR ¥45 Bedh i
TIEHHER, BALIRIE 1 Prn. ARHEE KR
%% bgll 3£ [H (GenBank accession No. U09580.1)i%

it21¥: Pl 5-ATGCGTTACCGAACAGCAGC
TGCGCTG-3"; P2: 5-CTACGCTACCGACAGAG
TGCTCGTCAA-3', %i—%: PCR H5 |4 P1 Fl P2,

DIFEHZH DNA AR, 1538475 54 H
5# F1 [5-ATCCGGAATTCTCGCTGTTCCCC
CTGCAGGAAC-3' (EcoR I)]#I F2 (5'-GTAGTTG

AACTTGGTGTAAGACAGGCCAAAGCCAAAC
TCGTACCG-3'), F3 (5'-CGAGTTTGGCTTTGGC

CTGTCTTACACCAAGTTCAACTACTCACG-3)
1 F4 [5'-ATCCGTICTAGACGCTACCGACAGA

GTGCTCGT-3' (Xba 1)], VAFEKZH DNA Jtbity,
HHL PCR P74 7N+ exon2 . exon3; 25 =%
519 F1 F1 F4, LIZMNGF exon2., exon3 MHEiAi 4
it Overlap-PCR ¥ 14875 exon2-3, #5H 7o 5|
pCR2.1-T & [, F|H rTaqg DNA Polymerase #f
TTHIV% PCR BEHUSHYE v pE T (pCR2.1-T-bgll), fif
VISR #6477 5000 (1A ) o
1.5 bgll £EEXFTFEHRIFRIE

514 F5 [5-CGGAATTCGCTGTTCCCCC
TGCAGGAACTCCAT-3' (EcoR 1)]# F6 [5-GCCT
CGAGCTACGCTACCGACAGAGTGCTCGT-3’
(Xho 1)], LARL pCR 2.1-T-bgll Jyfitk, mifiE
PCR (Pfu DNA Polymerase)3%75 bgll i ikgmbs
J¥41. EcoR | Al Xho | XU pET-32a(+)=s 2 {4
Fiki 5 bgll R BB GR ST 51, 4353 Rk
R B H 3R, SR 4 °C SRR, Hik
FIKRIWAHTF A DH5a, W5 56k J 4 1 A 1Y Bk i
% h pET32a(+)-bgll T4 T,
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Intron2
Exonl [ntron1 Fl Exon2 F3 Exon3
Y Y N\
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Signal peptide 57’ F4
l PCR (F3. F4)
PCR (F1. F2) Al Y
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PCR (K1, F4)]

Exon2-3

E1 p-#EEEEE(bNERLEH/REES Over-lap PCR 1312
Fig.1 The structure of p-glucosidase (bgll) gene and the procedure of over-lap PCR

FEH pET32a(+)-bgll T4 YTk DNA, #%
fk BL21(DE3)/&Z &40 d, 45T LB/Amp “F-4R,
PRHCHIE TR T 37 °C. 180 r/min, ¥RG ;RS
W IR IETE 1% 4R 2 50 mL (1Y) LB/Amp
REFREL, ALk 0.5 mmol/L IPTG, 37 °C 5555
5ho ki 1h BURE 1 mL, AR O MR TR AR 20 A,
AT —EARFY 50 mmol/L PBS (pH 8.0)
Ho SR AUKITE R AR, S BRI S5 D
360 W, BR% 2s, [H]fF 2s, 320 min, 2.0y, 435
B 3 WOANUTHE FH T SDS-PAGE #:M H (125 1 1Y
AT
1.6 FRiX#H K pPICZa-B-bgll BIH9IE . 48L&
LTRSS RIE

EcoR | 1 Xba | X AVIFk: pPICZa-B FI
pCR2.1-T-bgll, 73 il I Al e 8 Ak J B Fn H 1Y 5
. SRJE 4 °C IEHGS IR, %1k E. coli DH5a &5
A4, 152 IER BTk 44 4 pPICZa-B-bgll .

Pmel £itEALTikl pPICZo-B-bgll, HiLF%{kEe
IR GS115 Iz A, LAY R F A 5 i 2 O

B, A 1 mL YPD K5373E, 30 °C & 1-2 h,
BUE B2 fE YPD/Zeocin (100 mg/L)fii ik
AR I, 30 °C 555 BB B . PRI B
WA YPD/Zeocin (100 mg/L)iR ARG 553, Ik
VikESE, PCR MU EGUISAIE, S5 5 ik iU 4 55
FEEE GS115/pPICZa-B-bgll, pPICZa-B 23 ik
SEFRIR] |, B AR B R BT R

YO IEM R AT 5 A 2 5 mL YPD Hi R
1, 30 °C 555 24 h J5, MW A 50 mL YP
iR gE, 30 °C kPGSR 6 h G, BNIMH EES S
bgll BEPRI ARk

Xof P Bk 2H 7 B 2 Y R I R A
ARG IRIEAILG pH (B TS0 1 Y R o
IR RIS . RERFEIENIG pH 2354
45,50, 55, 6.0, 6.5; RN 5%, 7%,
9%. 11%. 13%; UsnmyHHEER EE 535020 0.5%
1.0%. 1.5%. 2.0%. 2.5%H %A 50 mL £5
L1 250 mL =it ARl REF A T 1G5
i B} H 4 TRk, 30 °C 1535 96 h I HURE, 43I
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SE KRR B- AT H S )
1.7 EHEERREN
1.7.1 IF-FEEFE-B-D-BEEH (PNPG) EMEF
ARASE I - X - i 2% k- B- D -4 4 HE 1 (PNPG) A6
SEM A RS M 2% (W) B, pH 5.0 11
0.2 mol/L B2-EEFR AN 2% i, 2.5 mmol/L pNPG,
B 2 SR R A FIER 200 pl fIn AR EPE
RS- by as 7, L GS115/ pPICZa-B i H:
PERR LTS TRAVEBAPEXT I8, 50 °C i/ 30 min J5, W
g8 R A LSO R
1.7.2 SDS-PAGE # il : ¥ & W I3 Wt 17
SDS-PAGE /347, SDS-PAGE 4355 IS He i 12%,
AR FE R 5%, MUK S8 % S i g
1.7.3 B-EAEBEEIEEMERNESRN: At
IR E 2 1 R ISR S, 0.5 mL K
i T HIEE A, A 1.5 mL 0.5%/KA% 1T
FEEmR S v (0.1 mol/L, pH 5.0), T 50 °C /Ki
FO 30 min, WE7KIEKIE 5 min, # DNS Lotk
D A SO B i, DARTR R E N 25 1 T
TS BRATRR N AR AR B 1 pg AR P
HE X LA 156 (U)
1.8 FE4H boll BEF MRS

DIZKAZ T AR, EANTR pH (3.0-8.0, [H]f#
1.0)/9 0.1 mol/L AP IR ZE wfif , I B 77,
W 72 9 ol RN pH W E pH RRsE e, DU
AN[A) pH (3.0-11.0, [AJB& 1.0)A9 2% #i#k (0.1 mol/L
FEER 2% i E% 0.1 mol/L Na,HPO4,-NaOH %%
WRO)FE B, B TE|RTHRE 1 h, WEsk
RBFIE J7. B O h BEAE X IR, SRR X il
A

ool S I i A #E 30 °C—90 °C ([h]
10 °C) &4 T I Bl 7% 7 o IR B T A I 2
TEANR)IEEE (40 °C—80 °C, [AIfE 10 °C) Kkl
WA 1 h 5 SR ARG 7o DAL SEB M Sy
120 21k, BIR 34-FAT,
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2.1 bgll ZEFE SR

bgll #£[H 41K 2 369 bp, BLAST Z3Hr4h %
B, % &N 5 4 8 K % (GenBank  accession
No. FJ882071.1) Fl H [T K % (GenBank accession
No. U09580.1)% 93%7 89%lmitk, %5 bgll
FEHEHPANE T, 2900 T 35-66 bp Al
1 896—1 959 bp,

i 12 Overlap-PCR 7521 bgll 2[5 cDNA J¥41],
44 2235 bp, it 744 DEEERR, WA 2 s,
http://www.expasy.org/ T Il 1% & 1 4> T & N
78 251.4 D, “FHi NN 5.96, 1-31 [V &R N5
RREA . iz B2 AR T8 0 ) S 4k R
(Trichoderma viride) > Ji [¥Y) (GenBank accession
No. AAQ76093.1)F1 HL [ A% (Trichoderma reesei)
K1 bgll (GenBank accession No. AAA18473.1)
94%F11 96%4H1l, 5 Talaromyces stipitatus > 5 )
bgll (GenBank accession No. XP_002485128.1){¢
62%#FH1Ll, 5 Thielavia terrestris 51 glycoside

hydrolase family 3 protein (GenBank accession
No. AEO67341.1) 70%HH{ . bgll 4hd i) & H ii)E

THEH KBS % 3 (Glycosyl hydrolases family
3), I HEE 1A B R & A i S I TR~ X3,
GIu®® 1 Asp®™ G IEBRFRF ML TG Mo H.
TEREH K G R % 3 v FE ARSI
2.2 bgll EEEXFGE FRIFRIE

1 IPTG %5 pET32a(+)-bgll/BL21 53L&
F A 75 S0 R E R T3 22, 4 h JLFak 3
M S 4 h 5 TR A FH VA TR 8 R 7 U0 Al e,
B, A T RN DTYE T SDS-PAGE 43 4T,
ZiOnE 3 PR, B A KERS L FUIE T,
W TILPERA BMEN, LR sl
B AT R ARG, DA KT BL21
FIRWEA B-H A WE T BEIE B T K A Ak 1]
ik,
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& 2 bgll BREEFS
Fig. 2 The deduced amino acid sequence of bgll gene
T FRIZAE IE TR, R BT, AFRNE TACE, JTEAR N IR LIS, ROF SNSRI, K6
T AR AR

Note: The signal peptide is underlined. * designates the stop codon. The conserved amino acids in the catalytic center are boxed.
A indicates the intron position. The identical amino acids are in black background, and the similar amino acids are in gray back-
ground.
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3 BBEREEARRMESN

Fig. 3 Solubility analysis of the expressed protein

T 4 M 28 S R S R 0, B IV R DUUE i AT
SDS-PAGE. M: RTEEEARIERR H; 10 VUIEhEH; 2. LI
WHhRE .

Note: The cell were ultrasonicated and centrifuged. The super-
natant and sediment were separetely collected for SDS-PAGE.
M: Protein marker; 1: Proteins in the sediment; 2: Proteins in
the supernatant.

2.3 bgll ERFE FEEEFREEE P RYSRIX

A3 AR I BT R . 5 1 d 5
RIS 3 d J5 MR, 50 ki
1T SDS-PAGE /1, 8|5 RNE 4 fis, &
20 GS115/pPICZa-B-bgll Z5d HEA S, fie
PR R/INK T8 KD A AR 1

XT -l HE R H-B-D- I A B 1T (PPNPG) 78 B-7i
2 W W AP T SR A = o - R A I
NE, Qi 5 FiR, 1A GS115/pPICZa-B-bgll
T2 T A TR A A B € S g P, o R
GS115/pPICZa-B i T J&1 3 Ve A 28 Ak, 1361
20 MR R RE I A LT W T AR TE A TR -
AT

TR A BER 0] ) & B DNS 75
B- I W REEETG, 25 R 6 iR, 96 h i,
KW A - E RS e, A
41 U/mL,
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4 E4H GS115/pPICZa-B-bgll #9 SDS-PAGE Hjik
ST

Fig. 4 Electrophoretic analysis of the recombinant
GS115/pPICZa-B-bgll by SDS-PAGE

M ARSEEERMER I 10 5% 3 d Y GS115/pPICZa-B-bgll
R 2: 551 d ¥ GS115/pPICZo-B-bgll KEEH; 3: 5%
i) GS115/pPICZa-B-bgll KB,

Note: M: Protein marker; 1: GS115/pPICZa-B-bgll induced for

3 d; 2: GS115/pPICZa-B-bgll induced for 1 d; 3. GS115/
pPICZa-B-bgll before induction.

5 E p-BEEEHEATERE AN
Fig. 5 Qualitative detection of the recombinant bgll on
agar medium containing pPNPG

TE: 10 XFR4] GS115/pPICZo-B A I 1, 2., 3:
GS115/pPICZa-B-bgll HH ¥ ik o, BEA B-H%t i
).

Note: 1: Control lacking glucosidase activity; 2, 3: Transfor-
mants showing glucosidase activity.
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Enzyme activity (U/mL)

24 48 72 96 120 144
1 (h)
6 FHEEKIFSTEIFR
Fig. 6 Status of bgll production of recombinants

53 N TE B AP A5 1R T K5 SR e B E A 1 T BE,
30 °C #5557 96 h BFIURE, WE & A1) - 2
RS S (E 7). G5 5R IR, MERR IR
pH A 5.5, FFIGFRIRIER A 9%, BN 1%H
Pk BE AT, GS115/pPICZa-B-bgll T4 1 & EEk
B-HI A M T B A B de i, o 60 U/mL
2.4 FE4H boll BIEEF1ER

L 0.1 mol/L MR- A IR N 2 A R, 7K
Bt Ry, s SRR G pH o 5.0 (B 8A),
7 pH 3.0-10.0 Y [N, BEAYRSE PR, A
7E pH 3.0-6.0 4T, =RAE 1 h GEIRES 80%
PI935 77, pH 7.0-10.0 [AIFESA4 R REMR S 70%
L %3 71 (1 8B).

FEdpcid SO pH NG E2H bgll il Y i e
IifEE N 70 °C (€ 8C), i 4R T+Z 90 °C A
Aitg 6 G R %, /XA 70 °C B 13%. BffE
40 °C—60 °C &1 F AR R E M, RiR 1h 5
ARG 13476 80%LA b IR R T, B
BT AREE, TEIRF 80 °C FRUE 1 h )5, BEAYAHH

I 1M 22% (141 8D),
3 e

AR SO — MR ARG T P P pm R L B A il
I bgll, ZFH) 4K 2 235 bp, 4t 744
2. boll FEPITERFH T, LAICHE PR A
WRAAAE; TR AR LR, S bl 1YE &

FE MM 25 2 22 IH: bgll LK 7E P. pastoris 7
SEELT A AL T RE R I BFST AR, BRI T
Tt P14 S A A A v R R B A A 0 0 A R
SRR Asp F Glu; Bause 51O /K i
FE 3 LB, Asp RRSFEIEIR, RIS
DAL JE L LA E IR P51 VMSDW . L2 (5 &
PRSP o SO 21 B 4 B il i 2 BE TR 7 9 )
FERCEEA AT A SCHRARE 2 1) — B, N 8 TR

B % 3 Wb o
A
SO
2 50
2 30
8 20 [
9 1N
1V I’
= 4.0 J.U 2.0 o.U 0.0
pH
B O
& 60
2 50
sl 0 T
Z 30
g 20
g 10
§ 0
M 5 7 9 11 13
Tnoculation amount (%)
cC O
£ 70
2 60
2 30 /\_—\‘
s 40
5 30
S 20
E 10
S O 1 1 1 1
2 0.5 1.0 15 2.0 25

Methanol supply (%)
7 EHRENE pH E. EMEFBPEIRENE p-
BEREEEEARMN
Fig. 7 Effect of the medium pH value, inoculation
quantity and methanol concentration on bgll production

TE: A BRIERIG pH (BRI B HERf X i
SN, C: PRSI I X 7 g ) 2
Note: A: Effect of the initial medium pH on bgll production;

B: Effect of inoculation on bgll production; C: Effect of
methanol concentration on bgll production.
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e,\“ 100 TR é’ 22 F /_\X\x\xﬂ—g—x
z z StL
R / \ s 01 N\
8 60 f g 60
o 4 s 50 [
> 40 | z 40 L
= 20 S = 20+
é 1 1 1 1 1 1 J é 10 [ 1 1 1 1 1 1 1 1 1 1
0 0
3.0 4.0 5.0 6.0 7.0 8.0 30 40 50 6.0 7.0 8.0 90 100 11.0
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C - 120 D - 100 [
X N X 90 r
= 1(;2 _ o~ < | ‘\1\7\
5 60 | /‘/ \\ 2 60 [ \\
< s 50 L
2 40 f £ 40t X\\\
s 90 s 20
g — X g 10 t
2 : : : : : : - 2 : : : : N
30 40 50 60 70 80 90 40 50 60 70 80
Temperature (°C) Temperature (°C)

E 8 pH. :REXEL bgll BgE 1R
Fig. 8 Effect of pH and temperature on the activity and stability of the bgll

A il pH; B: pH RUE M Cr BaliiE; D: RERE M.

Note: A: pH dependence of the bgll enzymatic activity; B: pH stability of bgll; C: Temperature dependence of the bgll enzymatic

activity; D: Thermal-stability of bgll.

HRTAIFFE Y -7 4 4 1 il = SR I T il
Yo SEEPRIER B-H A bE H ARV 2 et
ARSI AR AR R BRI A N R
PERE, fof pH —BAE 3.0-6.0 RMEIE R, H/0
B BT RRIR IR A2 YRR, feid pH FEBRTE
LRI . BN, 4y 4530 Alkalophilus i #h
B-HIZIBETTBEAE pH 4.0-10.2 BHA —E AL
P, i& pH 7F 6.0-9.0 Z a5 4h, B-H it
Jit P i Y YRR T, 43R AE 40 °C-100 °C Z
1] o AR SCAS B E L B- I 40 B T bgll 1 i pH
4 5.0, 7E pH 3.0-10.0 e ks, T mamsn s
B, WY Ad SN I TE 70 °C, 7E 40 °C-60 °C
T ARG R E M . AR S G B- %
TREAIRFTY . oot AR BE e T A

Z % XX W
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