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FRFHHEWE Asp-524 A A, @i PCRBEARLEFIM R RAEBAR A7, £HFE
B G, MAETRABRFFFEEIBR, FATZARERFBEF PR EL. [£XR]
T EAF R G FaAAL T, ALREAD 1% T EHF5d 5, BELD 474 U/mL. BaF MR
SATR T ELINMD ) RAEBERIE pH A 5.0, pH L HSH R T4 pH 4 4.0-6.0 58 B A AR 42
., BEE AR AR SBEE A 80% A £, RIERMIREH 50°C, £ 60°CHRE 1h/s, #E
B EetRFF 80% A L. (456 45 RVLAZ o0 F) RAB B LA BT 69 A8 2 i fm pH RS M, X —
FRF A U Y R Bl IR LR R T — A,

KA BwWE Asp-524, S nFE RAERE, RHABE, AL

Screening and identification of exo-1,4-p-D-glucannase-producing
fungi, and its expression in Pichia pastoris

TANG Zi-Zhong' LIU Shan'? HAN Xue-Yi' JIN Hai-Jun' CHEN Hui'~ LIU Mo-Yang'
SHAN Zhi' WU Qi'

(1. College of Biology and Science, Sichuan Agricultural University, Ya’an, Sichuan 625014, China)

(2. Department of Biological and Chemical Engineering, Panzhihua University, Panzhihua, Sichuan 617000, China)
Abstract: [Objective] Exoglucanases is a class of cellulase which could degradation crystalline
cellulose. Nowadays, how to improve the exoglucanase activity is of importance. [Methods] In this
study, strain ASP-524, possessing higher level of cellobiohydrolase, was identified as Aspergillus
niger. The cbhB gene was cloned from strain ASP-524, and expressed in Pichia pastoris GS115.
[Results] After the induction of 1% methanol for 5 d, the expression strain reached a cellulase
activity of 4.74 U/mL. The recombinant exoglucanase was a 57 kD protein with an optimum catalytic
activity at pH 5.0 and 50 °C. [Conclusion] The enzyme was stable. The recombinant exoglucanase
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was relatively stable in a broad pH range, from 4.0 to 6.0, and retained 80% activity.

Keywords: Aspergillus niger Asp-524, Exoglucanase, Pichia pastoris, Strain identification
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IEFETFR,
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oI NCIR (A A S N RA R 8 323151 WapZY
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R, X—FFIR IV AR T 21 4 2R AR fr R Y
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B BIAE R LT Yl 2R DX, DA I I ad st e HC 4
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SR T A ERBIDITARZ (AR HTEX N Y
HIRPEREAN B-H R MRS, X T AN 3R
BB TE 2R R ESMII T R A (cbhA), i
KFHMIH R MG B (cohB) 5T 40 . RifEsh2r
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1.1 EPRFRRL

A SIS BT T BRI EUA S T 1,
1.2 EFEMIKR

FR AP N D) EF(Sal 1T, Xba 1), DNA Marker .
Taq DNA Polymerase. dNTPs, T4 DNA %2 |
ANHBERW . EAF0 T EARMEDIE T RIE T
YA PR RO &, DNABER B
& A L EOMEGALEYIH AR Fl 5 SDS-PAGEIR
F & A B DR A YRR A BR A
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Table 1 The strains and vectors used in this experiment

BRI Ui B3/
Strains and vectors Function Source
Escherichia coli DH5a. VLRSS 40 ARSI 2R ARAT
pMDI19-T seRER A AL = (A
Aspergillus niger Asp-524 P SN A R B R A 5
GSI15 FATFRIB M 1E ERHE AL = (A
pPICZaA ST SR i 2H AR A AL 3 (A
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K B R R (1 2R ik 631

KR LB Ji 5 (1 L): B 10 g,
WEREd 5 g, AALEN 10 g3 BEREREFREE YPD (1 L):
MM 20 g, BEARECMR 1 g, MEERRY 5 g; PDA
RFRFEAL): D (FHK) 200, HENE20g,
Blg 20 g, pH L AR AF R EFR I A L):
EEME 10 g, BEERRY 10 g, R ILLF4E K40 10 g,
MIZR4T 0.2 g, NaCl 5 g, KH,PO, 1.0 g, Bifig#k
20 g; WEFERIFRIE B (1 L): K,HPO, 0.5 g,
(NH4),S0,4 2 g, MgSO47H,0 0.25 g, fhiHeF4E R
#r1.88 g, MISRLL 0.2 g, Bifig 14g, A 2 g, pH
HER; WAFMFRFRIEA L): EA5EAMK 10 g,
AN 10 g, BEREE 10 g, pH 7.0; WASKMES:
FRE( L): FE 4 g, R 1 g, BAREE R
12.5mL, ¥ pH{HZ 6.0-7.0
1.3 A%

131 FIMIERBEBERNFIE: W0 R
1.0 g HrfERAERE AN =M, A TR K
9.0 mL FULK L ILFEIR, SmiEiRGIRAGH
B I DAAS [V FE RS B VR AL T 27 i 3 e R
R A I, 30 °CK53R 2-3 d i, LR ERPRECT
AT R TRE 5 R 58 B |, 30 °C fH k%
F¢ 2-3 d, HEERE KB B R SRR TR AT
PRA . S0 P15 2 TRV DL T T B U3
Pl F AR FR I rh | 25 37 5 0 % K TR R
P 3A JEORE i, PR A RO v B o s A TR BR A T
77 i, W A A B ) TR AR D TS R e 57
Jrp 37 °C 200 r/min 2 KRR T% 3555 48 h, i DNS
0 A B ) CMC i ) AU AREETS ), %
CMC it {5 7 00Uk 40 1% 349 v 1) 1R bk ol o TR
BRI, DAL ESEI SR 3 AP

132 PFIMIEREMEREMEE: HE T8
FHIITS FEol e, #r- s Femrk, 4 °C.
8 000 r/min E.OWUETEIA, $2HUE DNA i,
M E W ITS # M 51 ¥ ATS wp : 5-TCCG
TAGGTGAACCT-3'; ITS down: 5'-TCCTCCGCTTA
TTGATATGC-3")i#4T PCR ¥/ 3, m¥&uifb)s,
R A |l Wy, Wy 45 SR R BLAST

(http://ncbi.nlm. nih. gov/blast) ,Clustal X F1MEGA 4.0
WA T Z P9I, JFERE L TN .
1.3.3 SMNEBIEEER cbhB BT FHifiks
2 BN Asp-524 FEA T KIEFE, WUERIK, K
FH Trizol IR BUR RNA, L RNA B 7 I 5%
S, LA 2 pL MR s ) ARG T PCR 9 1515
FIWUEE cDNA, M3k b X435 B v [ 5 v ) 5 DR %
5% N UP. 5-ATGTCTTCCTTCCAAGTC
TACCG-3'; DOWN: 5-CTACAAACACTGCGAG
TAGTACGC-3',,

PCR P 37128 1.5%B B Wi EE I Ha vk [N
TA JEREERES pMD 19-T, LR A KT
DHS5a, Z8% NHuih: A 1 BEGvE 15 21 1 B % 1k
FREHAR A FI T
1.3.4 SMIEBYERS cbhB EERIAHIKHE:
VARG S 1S T S
http://www.cbs.dtu.dk/services/SignalP [ 3 £ 17 7E
LG ST ; A DNAMAN #5474 & 11,
FEGRUEIE SRR P HE TR T, R T A S A S
SN G5, FHESIY B SumgI AT
Sac [T BV, 519 T iE Sms | AT Xba 1 B
A, FIESIMIN: Sense: 5-CCGCGGCCAGCAGG
TTGGAACCTACACCACTGAGAC-3', Antisense:
5""TCTAGACCCAAACACTGCGAGTAGTACGCA
TTCT-3', XI5 A5 ARIEEYIAL

18 0f F k519 (Sense A1 Antisense)iF17 PCR ™
B, W H B, KR IAEIR pPICZaA TR
PCR 4= 4y [al it ¥4 7 Sac 11 F1 Xba 1 WAEY], i
ISR 257, Dh— LBl il s, A
KIGAFE DHS5a, 4 25 g/L Zeocin HUi: i 645 51 BH
PEFAL 97 RIS IS 1R IUTUR 48 Sal 1 etk ),
B AL Be R IETE GS115, BEELZE 50 g/L Zeocin
POk TS 2] 0 BAYE RS A+, I AR A T TRV
PCR 4 3 it % 2 BHE AL . PRI TRVE PCR
YE MR AL TS R RIA
1.3.5 EEF RO SDS-PAGE S#4f: % /)
ME e PL 1%L 4E R B (pH 5.0 #74
PR - IR — BRI IR, I b I AR AR
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Fo 122 SEMRA, 50 °C i 1 h jF sy, Bk
55 DNS #Z AR 1:1 1R G, /K 5 min, 1B4]
JRERZE SmL, 540 nm H(B, SHEbRMEHZL A
PRI SRR s BB ) AL (U)E ;7R 50 °C
pH 5.0 4, 1 mL JREFR A i e A=
FIYTF 1 mg HAHT TG A Mg R
2 HRE54W
2.1 SMIEREESREKRIFIEEE

3 3] 0 A2 0 i A5 31—k v 7 A 1) R SR
BEECHH , f844 N Asp-524, ZESEFRRTE ik
ikF] 5.1 U/mL. JEESr /R Asp-524 7E PDA
FRFRAE AR KRR, S, B 6 e Y
I, U S R e o R EJESR,
@, hokmg B R e, DRGNS, WLkl
2ok, AWZ%, ATk s B AR,
TR R —, TR BRI, HSUZ/ Ml
KRR, % b Bl

ITS JPHI X455, FIF MEGA 4.0 ¥4, L)
Neighbor-Joining 5342 R G2 & B AL (8] 2).

IR Asp-524 5 M il 5 (Aspergillus niger)ft)—
MBI 99%, 45E RIS B B R T
WLEE AT LS5 200 0 0 o R 5
2.2 cbhB EFHREREMEEESH

RNA $2EUS 2 2%IAEHHEE R Ik 45 R R
(/8 3), 28S rRNA. 18S rRNA Fil 5.8 rRNA X Ji}

o 11

Bl 1 E#k Asp-524 BUIEFREFEFN LSS

Figure 1 Morphology and cultural characteristics of
strain Asp-524

o1, 4: PR 20 3: W

Note: 1, 4: Spore; 2, 3: Mycelial.
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() = 2 1M R L, il id RT-PCR J5i%, DASRHEE
MORNA W, Jihs3kMS cDNA, LIRTFH
cDNA Mt , 519/ UP 1 DOWN, FwEr {45 i
PrimerSTAR HS #{7 PCR ¥ 14753 cbhB JE[H,
FBER/NR 1 600 bp 2247 (K 4), T-A safE ki
PHEFE Ak 36 R A w7

99 Asp-524
99 Aspergilus niger
99 Aspergilus vadensis strain CBS 113366

Aspergilus awamori

Aspergilus tubingonsis strain 428-UAF

E 2 BE#k Asp-524 BY ITS RELB#
Figure 2 Phylogenetic tree of stain Asp-524 and related
strains based on ITS sequence

28S RNA
18S RNA

5.8S RNA

E3 ZiESRNARE KGN
Figure 3 Electrophoresis analyses
e PLESHRNARE S,

Note: RNA samples.

bp

4500
3000

2 000
1200
800

500

200

E4 cbhBEEPCRY #&45

Figure 4 Results of PCR amplification of cbhB
{F: M: DNAZPTHARIE; 1. PCRIIGLER.
Note: M: Marker III; 1: PCR products.
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WP 45 5 7E NCBI b4 7 Hxt o Hr & B, i3k
K58 i 8 ih 2 7 A0 U0 A R OB il 5
(GenBank: 4977345)HA47 92%M)— it ; 55 kT
57, cbhB ZEM)T & — By 21 aa 1915
SR, AT N, S5UI67 5 ANA-QQ.

23 FIEFHMEHIGE

P14 1) PCR =P A2 35 844K pPICZ o £ WL i)
J& , B AL A KT DHS o, 227 25 g/L Zeocin
Ptk LB A (R R 10 g/L, FEEER) 5 g/L, NaCl
10 g/L)fiivt)a, PhikPHMFEILFHE1TH# 7% PCR,
H Sac I #i1 Xba T XUPFHI% 2 (K 5), 152 1 500 bp
F1 3 600 bp P 2% 5%71 , BV % 45 L 1A, 1 L
FFHVE R RR I 4% A S-pPICZoA-cbh,

2 1 M bp

El 5 S-pPICZaA-cbh F{KAIEET] L E E

Figure S Enzymes digestion of vector S-pPICZoA-cbh
. M: DNA 4> F&#5iE; 1: S-pPICZoA-cbh XUEFY]; 2.
S-pPICZaA-cbh JFiki.

Note: M: Marker; 1: S-pPICZaA-cbh plasmid was digested by
Sacll and Xba I; 2: S-pPICZaA-cbh plasmid.

2.4 cbhB EEFEEFREEPRIFSRIE

W E 4l FoRE ) Sal T rEfbmaifb i,
WO A I L R R AR R RE GS115 Hh, WA T
50 g/L Zeocin ] YPD ¥4z I+, 30 °C fHERGFE 2 d
&, HAL T4 RYE PCR BE ks, FEYLPkIE 10
PR AL, BEA T LR BE S 1% RS R0k
PRt I P 000 O 32, A T TR M 1 Y TR PR A 44
S-pPICZaA-cbh-7 (55 2), % 7115 4.74 U/mL, I
R T B DU AR, 8 kD BT BT bR,
PEG20000 ¥ 45 J5 , JH ¥ 48 09 ML g e i 47
SDS-PAGE 7317, 453 ULl 6, cbhB K&K 75 5E Ak i
BErhRE ), Rk ot 5 B 53R h—
#H, 224 57kD,
2.5 FHEIMNIERBEHEEE RS F
2.5.1 EHIMIEEEERIRIE R pH 0 pH 2
EME: BUET 120 h 5 R MR, 7£ pH
3.0-10.0 s, R EER NIEY), R
DNS L EE , S ETE pH 5.0 B R A e g
6775 VM E T pH 3.0-10.0 ZZppi R 1 h,
SR TE i W S5 F T IS, 7531 pH A2uE Pk,
4 L H 21 AR pH 4.0-6.0 22 [ TG 40 , 355
80%LA I, B TR ENE, M pH K,
fitg 16 71 S TR (B 7)o
252 EHIMIEREMHNRERMERENRE
TREMES#r: PO 7 HI7E 20-90 °C fRif 1 h,
DU X it 2T 24 28 A G , SR ZH AR 50 °C B G
J1isF e, PR 53 M TEAS [R) i B ORI 1 h
JE G, ELHEETE 60 °C {315 1 h [5G Ji453k
FI 5 B TS T 80% LA L, TR i) 60 °C J& #fi e
PEATR(E 8)o

*x2 BEEMRMEKREEERIE

Table 2 Screening for recombinant GS115 with high activity

HEHkmS Strain code 1 2 3

fif# 1% Enzyme activity (U/mL) 1.81 1.35 1.29

246  3.72 1.31 4.74 327 1.91 3.08
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1 M kD
—

Co )

CK
—94.0
— 66.2
, —45.0

&

.
- —33.0

— .

— 26.0

= - 200
El6 FLHEEFREERE K S-pPICZoA-cbh-7 93 Rk =
%) SDS-PAGE
Figure 6 SDS-PAGE analysis of expression of the
reconstructed S-pPICZaA-cbh-7
W M: WEEASTE; 1 Wk S-pPICZaA-cbh-7 143l
HMH; CK: AP ik R cbhB ik HEA.
Note: M: Protein MW marker (low); 1: S-pPICZaA-cbh-7; CK:
Control. Arrow: Target protein.

100
80

60

40 |
—®- The optimum pH

—&- pH stability

Relative activity (%)

20 f

0

4 6 8 10
pH

7 EYREEFREEF B FK S-pPICZaA-cbh-7 = EE R & iE

pH #1 pH f2 E

Figure 7 pH value stability and pH activity profiles of

the enzyme produced by S-pPICZaA-cbh-7

100
80

60

L
40 )
—e— The optimum temperature

Relative activity (%)

20 - —s— Temperature stability

O 1
20 30 40 50 60 70 80 90
Temperature (°C)

8 EYHEEFREE B B #k S-pPICZaA-cbh-7 Ry 4GS
EH

Figure 8 Heat stability and optimal temperature of the
enzyme produced by S-pPICZaA-cbh-7
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FIHBINIE, YR REREZ IARENE
B o SKULAE LT 4k 2 R PR UM — B R Y HE RS 57
H, Tt 5 0 - 338 o 25 31— BR A 4R R S i g
R 58 A LB (QCF3), Mg Mak e A&, M
Y4 N 40 224 [ N 1077 £ 4 2% T B4 Tk rP 07 B
LT YE RS B 4k (R B NF4PY i 2t
AT SR R B B R D, ARSI e A
BB TR Asp-524 HAG R 10 S04 S0
Wit % 7, 531597 6 d 5 Fe s BTG AT 3k 5.10 U/mL,
55 [R) 28 SRR 8 1 7 A0 U1 i R0 T L T A LG S
1w, ARl LME Ntk AR T 58 R A e
E S AR

21 4E R ARSI TN (cbh) . P ) SR b
AT B0 PR FE R, BB 9L 78 43 B AR i
JEOBE , T A B £ 48 25 P 2T 4 R R AT R o 2
anR L HEARE S ) R B (Exoglucanase, cbh)Jg
— RN &Y ST A AR A AR T iAok
¢ W) Andrew C. Tolonen Z4§ (2009) i uf #11 il
Clostridiump hytofermentas H' 44k 2 il 45 LA WY
SN BEEE CpHy3 367 FUIEE, (HA5HNG bR
PREF 2 R EEMI RO RE S AR ER ™, p e v LA A
L1 U R RS AR L FE R, cbh A5 % N AT Bk
IFERT, DL EZ5SIE SRR T cbh JEH P mipE ik

H AT 2R 0 E AN SRS B L R T 91 R
B I7E GenBank FiEMM ERAWE, 40l K
HM769954 Fl AF156269 . ASSCH 545 A SMI) i SRk
T RE RO — 0 2 & PR AT R I AR W (5 B2
IR, AW B2E T SR cbhB R A I TiX
—#E Gielkens M. MLASHRIE A BUARAF! ),

B R BB R AR R G — P AE oY R R Y
FE IRIR RS, HA Rk fa b s Mg 2 1
(AR S, AR SEBG S T RN AR Asp-524 oM R
WERGILIN cbhB fEREAREERE R 5L, TS 8|1 E
ZH SR B ARTE 1% BEAYA S T T LR suh &
JRFF5r b cbhB B, HiFeak i B 20 il /e feadh 45
THIIE 1R ATk 4.74 UmL, X —1G00 5 H &
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A5 B 2 377 1) 4 IR S B 7 P A 3R DA — 2 /Y 1L
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