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BEEE GS115 (pHBM706) 1EV& TRI%0 36h FRRA A (E, AT HBIRRS S 2 0. 177 IU/mL,
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Cloning of Acidic Xylanase Gene and Its Secretion Expression in Pichia pastoris*
LI Chun-Hua LI Xiang MA Li-Xin"~
( Faculty of Life Science, HuBei University, Wihan 430062)

Abstract; An acidic xylanase gene, named xy/3, was cloned from the genomic library of enviromental microbes
constructed by using shoigun cloning strategy, and submitted to GeneBank with accession number of gh:
AY300805 . BLAST analysis indicated that the gene xyI3 has low similarity with other xylanase genes and the en-
roded xylanase, sorted as Glycosyl hydrolases family 10, has 77% similarity with the intra-cellular rylanase
from Geobacillus stearothermophilus at amine acid level . Treated with T4 DNA polymerase, the gene xy!3 was li-
gated with the linearized Pichia pastoris expression vector pHBM9035 produced by digestion of restriction endonu-
clease Cpol and Notl to generate the recombinant plasmid pIIBM706. Then the plasmid pHEM706, digested by
restriction endonuclease Sefl, was transformed into P. pastoris G115 to obtain the recombinant P. pastoris G8115
(pHBM706) , which was induced to produce the recombinant xylanase with 0.5% methanol at 28°C . At the
36th hours of induction, the porduced crude enzyme was detected 10 reach the higest enzyme activity of 0. 177
IU/ml . The optimal pH and temperature of the enzyme activity is 5. 5 and 50°C respectively.
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AREREARBERER P XCEN, RELEAERFIINFAGRE, ERT
ZREEHEEERS 10 511 H, XWEARERAERRLTRX, o478, s, £
WA A EER L AIS A ER B EER" . ARHB S A REKE
AR AER AR, T R2EHTRBEER T, g8 Tk, 58T
A FIRETE Tl S48, T LA M A R A SRR K R BRSO M A M A B AR B R
INZIK 1ol 75 W P RE R RO A SRR RG , 1T SRt Tl U5 T AR ) A SR B

AREN EHTTEMHEAEYT, BACARFEXRENMEYPIER T E5
AARBRMAREN, mett. Pt BEARENS, FukTHEBHERED,
AU RNIIR M E YRR RS R R RN RIS ER, IR
TREEEFPSLE 7 ar Rk, ELRE AT AR SRORERG 0 M S M R AT TS

1 #R57*®

1.1 1#

THNARBTEXWE BFRESERT.
1.2 B, BFENTEAR

REITEMIRS . T4 DNA B585. T4 DNA E1kH8E. Tag DNA R-585, 4 f INTP
] H TaKaRa 7y %}, #EFAFEH . RBB-Xylan ( Remazol Brilliant Blue-Xylan) #4H Sigma
437, YNB Wy 8 Diffco 247], HER MG A# DO 28 EH /o fral; LB B3R5 0L
Wk [4]; YEPD, MM, MD, BMGY ., BMMY 3Z3 & I, Invitrogen /> BRI EE R EEREB4E T
B BEREFEAE: 2% 8K, 0.5% Rk, 0.5% BERME M, 0. 19% MR,

L3 HHERN
W&kl
&1 HEEERRR
Strains/ plasmids Characteristics Xource
E. coli XL10-Gold Ter", SupE44, hsdR17, recAl, endAl, gryAS66, thi-1relAl From Stratagene
Pichia pastoris GS115 his# From Invitrogen
. pasteris G5115 ( pHIBM706 ) This work
pPICOK Amp", Kan", ColEl, HIM, P,ny . Tagx . o-Factor 35, MCS  From Invitrogen
Denivative of pPICO9K, Amp', HIS4, Kan', ColEl, HINM4,
pHBM905 i, Troxs a-Factor 85, MCS Stored in this lab.
pHBM706 Xyl3 cloned in pHBM90S This work
Blueseript M13- Amp‘, ColEl, 11 ori, Plac, lacZ’, lacl, MCS From Stratagene
pHBMS803 Derivative of Bluescript M13-, Kan", two Earl sites in MCS Stored in this lab.
pHBM803-x+/3 X413 cloned in pHEM803 This work

1.4 RER4EHEEA DNA phiiR

SHER [5), BRI Sg HIEAA TRIKEEEREYP, 30T, 2500/ min I F
72h, WEFEK, LUAE extraction buffer BEEIA 10g BREEBIEE5k, T AR E R
HIREGIM AL TE R 2% B SDS ¥, T 65CT/KIBHRE 1h, 6,000z B.(> 10 min, B
b, FEmESmA 172 (KB 30% B 2 R/ 6mol/L NaCl 5, 1R5), ERHE
2h 5, 10, 000g B.0» 20 min, 3R L, Y& TE buffer BT, mEMREHNA
PIRFE R 0. 75mol/L (FIREERHINHE , 1BSIGUKEE 5 min, T 4C, 16,000g 2.0 30 min,
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BE, 3Rl B AN/ FRERRE R, BENAO S AHEREMEY,
16,000g 20> 30 min, 3R EiE, UiEEP DNA FBEEH TER TE buffer,
L5 HEREDERANENNRR

S (6], I Sau3AIFBA-REY)ABE R E Y LB 4] DNA, H RAKERE d3 ok Ik 4
~ 10kb /N DNA B, JT9E dGTP FRfE 45445 F 4 Klenow fragment T H & 43 E; 5
B LA Earl 5¢ 2BV T 0B Bluescript MI3-[1y 3% {& pHBMS803, 347 BERE o i =] Wi K
K Bt. —#7E T4 DNA ligase R9EIL T 31T 58S, 3451k E. coli XLLO-Glod B#k
L6 AEERERNZE

RBB-Xylan JE¥F ik ER3 R0 ErEh B Bw A HE RFRA FEH 3730 @)
FOGEATIIT , 32 P GeneTool ¥K{4%f 15 51 7€ NCBI $(3# EE o #4T BLAST 4747
L7 JE¥ DNA gi3hiR. DNA HMEt). #bFREIE

Jhhr DNA RY4E2 . DNA s BEED M40 F 2 BESCER [4 ] 3E9T, DNA R B BIMCR A
Clontech 2> 7] #3 Advanlage TM PCR-pure Kit ¥, Gel-extract Kit [B]I .
L8 BFREEEE DNA FR

ZWIE (6] T,
1.9 PCRyMEEW

ZHEER (4], KA PE2400 B PCR §18{0LH 1T PCR § 15 hif

Forward Primerl; 5’-GTCACGATGAAGCAAAAGCGAACAGT- 3’

Reverse Primer? . 5’-GGCCACTTTTTTATTTGGGTTTGGGTTA- 3°

94C Smin; 94°C 3055 S6°C 30s; 72°C 90s; 30 circles; 72°C Tmin
1.10 PCR =i 4hig

1A T4 DNA Polymerase JTH 42 BE 25 0. 4mmol/L dTTP, F 12°C 4L FP PCR =4
30min ,
L11 kT HE XL10-Gold BEZSHBAIHE . DNA . #ULXBTE

ZHER (4] .
1.12 EFESHEIENRNPSE. Hit. BEEEFBBERNI Mut RE (FENA
®B) EERFESRE

Z I Invitrogen 2, A1 EE AR BEEHRAE T 17 .
L13 EBEAREFEHERYMFHLNEIRE

¥ MD S35 PR A KRB R T HEE R E BMGY B3P b, 28T H:
Fr2d, MR EEREE S EH 0.5% RBB-Xylan (5 MM £ ¥4k £, % 12h 0
HELEIKEHO.5% HiTHhS, WEHFEIANNM.
114 KBEREEHAEREEHSEGENY

1 0. 02mol/L. pHS. 5 BRALE kAL REAE p = 10/ MOFEE A BBV, $ 2. 4ml
WHFH, I O. Iml A1 EEFRREENE T = MBS, T SOC K 30min J5, B K
IR, SARRSRITI DNS Bl @ 5O ( ARV IR IR) &8, LA Imin £ g
Lpmol JLJFRELE N | MBEIE BN (IU), ODg [H5EEAMMARB AT .

BHE AL/ mL B (IU/mL) = [ (ODy,fH) x0.5697 +0.008] x35000/150. 14/
30/BERAER, BRI BAAE S 7E pHS. 5, IREE R S0 B Iy P A AL | umol 38 RAEE
FUABEHBAL (1U),
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SkaE

2.1 AERERERE B NEE
IR YA DNA M H 35 m i 1 iR, B 0.5% RBB-Xylan JEY)

A 1

VR 1 100pg/mL HEFHH G LB HHFH T

B HO R0 2 B 41 3 P b kB — A~ B L

bp B 0 0 % B L R O 45 R
“oae 7K/ 1110bp BIFEA B B 4% 4 — K 0
31 1011bp (i FF MBI IEHE (open-reading frame,
oo ORF) , 7E NCBI ¥#i2 i it BLAST 447 %8,
I PRI 5 0 R B AR, S e (XA 7 —

MEMARBERERGRERBR, inil
SR IR Y3 41 DNA R AR R TFIFFIRIRER 99.0% , &
Sau3 Al 4B E F Glycosyl hydrolases family 10 ( GLE 2),

M ADNA/Hindlll, 1 Genomic DNA of environmental mi- {Z¥E F/10 R A BB MY ETE XL EY|

crobes, 2 Genomic DNA partly digested by restriction endo- TAENEMK (47-53), H 5% #E T Geobacil-
nuclease Sau3 Al

lus stearothermophilfus [ intra-cellular xylanase

HERAEBKTFR77% R (F3). HEERGE N o3, HEEFREE GenBank,

FRTH gb: AY300805 ,

1 50 100 150 200 250 300 136
gi | 40566551t gb| aac98123. 11 intra-cellular xylanase [ Geobacillus slea.rothennophilusl] Length = 331
Score = 445 bits (1145), Expect = e-124

Identities = 211/322 (65% ), Positives = 249/322 (717% )

Query: 6

Shjct: 1
QuEl'y: 66

Sbjet: 61
Query: 126

Shjet: 121
Query: 186

Shjet: 181
Query: 246

Sbjet: 241
Query: 306

Sbict: 301

MKKSEQSLAGAFRNDFLIGAAVNHTIVSQSELLKQHYNSVTAENEMKFESLHPEEHLYT
M S SL F NDF IGAAVN TI Q +LL H NS+TAENMKFEL PEE +T
MNSSLPSERDVFANDFRIGAA VNPVTIEMQKQLLIDHVNSITAENHMKFEHLQPEEGKFT
FDRADRIAGFARENGMKLRGHTLIWHNQTPDWVFEDGNGGMAGRELLLARMKSHIETVVK
F ADRIFA + M +RGHTL + WHNQTPDWVF + DG G R + + LL RMK HI TVV +
FQEADRIVDFACSHMAVRGHTLV WHNQTPDWVFQDGQGHFVSRDVLLERMKCHISTVVR
RYKDTVYCWDVVNEAVTDDGEESLRPSKWLHCIGDDFIEQAFRFAHEVDPEALLFYNDYN
RYK +YCWDV + NEAV D + G E LRPSKW IGDDF + EQAF + A +E DP + ALLFYNDYN
RYKGKIYCWDVINEAVADEGNELLRPSK WRQIGDDFMEQAFLYAYEADPDALLFYNDYN
ECNPGKREKIYSLVKSLLENGTPVHGIGLQAHWNLYDPSLDLIREATERY ASLGLKLQVT
EC P KREKI + +LVKSL + G P+ HGIG + QAHW + L PSLD IR AIERYASLG + L +T
ECFPEKREKIFALVKSLRDKGIPIHGIGMQAHWSLTRPSLDEIRAAIERYASLGVVLHIT
EMDVSVFAFDDRRTDLTAPTAEMMRLQEQRYKQFFDLFREYKEVLTSVTFWGAADDYTWL
E+DVS +F F DRRTDL APT+EM + Q +RY Q FLF+EY + + V + SVIFWG ADD + TWL
FLDVSMFEFHDRRTDLAAPTSEMIERQAERYGQIFALFKEYRDVIQSVTFWGIADDHTWL
DHFPVRGRKNWPLLFDTEQRPK 327
D + FPY GRKNWPLLFD + +PK
DNFPVHGRKNWPLLFDEQHKPK 322

2 xyl3 PHI- and PSI-BLAST 454
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gl 9967514 | emb | Y16849.2 | BSPD3 Thermobacillus xylanilyticus xynA and abfA genes and ORF1, strain D3,
Length = 4385, Identities = 54/62 (87% ), Strand = Plus / Plus

Query: 507 cgcgeacgaggtcgatcccgaggeecticialictataacgaliacaatgaatgeaatee 566
FERULERERREE 1rnredbrer 0 ve b reeer 1errr veeer rrernrennng
Sbict: 972 cgegeacgaggecgateccgacgegetgetgtictacaacgacliacaacgaatgeaatee 1031
Query: 567 cg 568
Il
Shjet: 1032 cg 1033

B3 xy3 Nucleotide-nucleotide BLAST %&£ 5

2.2 EARFEGRZIEE pHBM706 HHAREBLEE

LR 3RA8 89 SERE A 2yI3 R (T 40 JH R pHBM803-xy!3 4R, LA Primerl 1 Prim-
er2 NG| Y M B 1. 9 #E4T PCR P18 U, BRAS/-4kM 72k 1. 10 42 T4 DNA Poly-
merase 403 . EWUE, 574 THOR pPICIK 8k pHBMOOS £ [ It P9 118§ Cpo | F0
Not 1 SRS LA K BUE#E, =¥k E. coli XL10-Gold 3% 45 F & 100pg/
mL R HFERM LB VR, BV LT HEMRE, 2 0. 7% B EE K i f
PCR Y104, RGEM R pHBM706 (B 4), H PCR Y 4 EWE 5 Fim.

pHBM803-xp/3
‘ Primer| Primer2

) ‘ TADNA Polymerase
r

§qQrc — UGG 5
Cpol+Nod 1
Reovery of about 8.0kb fragmem
| T4 DNA Ligase

B5 PCRYMEEEA

pol Fik; pHBM706

M ADNA/Hind 1,1 Control ( - ): pH-
BM905/1emplate ,2 pHBM706/template
3 Control {( + ) : pHBMBO3 - xyl3/tem-

Noil

plate

4 EHFB pHBM706 3 1

2.3 EERFEAGNRIE

HEAFTH pHBM706 22 FRIHE N VIAG Sal [ RAEMLJG 5405 7 BERE GS115, R LA BT
B pHBMOOS ¥efb E R AMERIE RN AN B, RESEHLTFR L HLTFRENSS, &
AUPEER 30 ~ 60 LA T SAHEZE BMGY B3 PR, 28CHESR | ~2d REEBEAH 0.5%
RBB-Xylan i) BUMY 3558 F AR , P 8¢5 % (49 12h #hin— K 8%) 48h J5 , PRBUE B 7= 4
TR P YRR AL T A DX SRR AL AR E SR AL T, 43 BB Bk YEPD 3§ 3% 5 b, 28°C
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TRAEHT IR B DNA, SRJS LU DNA XHEAR , L Primerl ) Primer2 3| #1344k F
HEAT PCR § 8448 5, (RIS LUBDRE pHBMB03-xyi3 AR AF i PCR ™18 2 Jo7 9 1 3 B8,
ZRmE 6 iR,

2 PCREEEHRMNEAE ARSI TFREESH0.5% RBB-Xylan #j BUMY
BRI 2BCERERERN— AR AKBRBEOEREFREES, F 44 % GS115
(pHBM706) . 415 FRREELA) RBB-Xylan 5 35 FAR w40 7 B R o

M1 2 3

B 6 PCR 3™ 3% SR % FL 4 e R R 6 B7 HEEERBEEE RBB - xylan V408 M
M ADNA/Hind W, 1 Control ( - ): P.pastoris  1,2,3 GS115 ( pHBM706 ), 4 Control ( - ) : GSI15
(pHBM905)/ template,2 GS115( pHBM706) total DNA/  ( pHBM90S)

template,3 Control( + ) : pHBMB803 - xyl3/template

2.4 ARBEMEREoB £EFBBRRIFSRIEA

GS115 (pHBM706) £ Mut RV T H Mut®, B ATREES =M, R
Fe ABURL pHBMOOS (IEEARRERE GS115 A SIEN MR AR B, — 3% RN B4
fro 4 DNS SRBEE RS &, 458 CS115 (pHBMT706) 7Ei% A0 36h Mk &
{6, PrPdisSMREIE Y 0. 177 TU/mL, WA S,

0.20 A—’_‘

% 12 24 36 48 60 72 84 %
th
B8 GSIIS (pHBM706) &S Righz
2.5 EHKBEREESES N
LA pHS. 5 (49 5% B 22 vh W BT M B A BB WE M, 4r B 25°C, 30C, 35C,
40°C, 45, 50°C, 55C, 60°C, 65C, 70C, 75°C, 80 M Fir-H MBS /7, W
REA B BOE SR 4 50°C, H7E 80°CH{5E 50% LA RS, miE 9. 4
51 L. pH4.0, pH4.5, pHS.0, pHS.5, pH6.0, pH6.5, pH7.0, pH7.S, pHS.0,
pH8.5, pH9.0, pHY.5, pHI10. 0 MIBSERLE shi A HIE A BB YIS I, 75 50C KT
&E T8RS S, WISHBER Y pH H R 5.5, HAEMYE pH #E N 50% 1Y E 8
16, TERRET oy MIsE TS v S B FRE, A 10,

B35 /(1U/mL)
= 1 [
s 2 &
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120 120
£ 100 £ 100
w80 ﬁ %0
# o0 g 6
Z 40 Z 40
F 2 =20
%% 30 40 50 80 70 8 T35 6 7 % 9 10
1 °C pH
RO B HF AN 32 A B A AT AR IE PRI B 0 B 10 pH A B 2H A 3R00 N 175 14 41 2
3 g
ﬁﬁﬁ,m?ﬁﬁ%#m%@,EﬁEﬂ%%ﬁi%ﬁK&ﬁﬁﬁﬁi%ﬁﬁﬁ

W 1/10, A5 il AHEM IR S0 M1 SR SO, T e 19 51— Mt A BB R
AL, AMUERTHAEMKRFANERSE, SRENE SR T RIEHSEY
WA RARAORIR, TSR 7 %ok (1 98 S 00 A W0 e i 1) PP B O R 2R P 6

ATIOR QTR o- P 755 RK, S8l T iRR7r e AR RE R R ) S0 3k, X
TEHZMMHEREHASEEE L,

SR, TEA BT P EBEIEEE R EERE GSIIS i FE K EAS, —HE GRS T
ARG EBTEANMOYE, SRMEYERT. L0540, mamm
R TEIG TR R R SRR B4 L ®A T, 0 Sinelair ¢
SRS ALEIG TS T AMNEE R A AR D RAKTE S B— T, SRR
FRIEH) 36h ERETEEAIR FRE. Rt A T AR T R T A A A 5 WA
BN ATE . HAET, RIS TEEE 10 A0 BEFRMEENAREBRE, Ldag)l
TOERRBEEREE T HMERE, LIRS B/ R R A B R
AR RSB T ARSI, BT RO T SERE F) 3K 20 A BB R IL I 4T DNA
Shuffling L1 &i2RFR94A7K V. NSRBTHRGAMBEET R, MM S SR T
HERMEENE. MY XERFERGKTEG, AREREERARN T Pgn .

2 %
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