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A [ Y] s B AU R oW LT B fid IR B I AOFE T, R IREF AT Cq MRILT B
LN EAT T e 530K IR TR R iE . [ D715 ] R A1 CTAB 3L EUE IR DNA, B4 5 15|
Yy, 22U PCR 3 se b3 IR BF AT B8 Cq BRI AR JL T Il 2 [N 22 e 91, 9 se B 25 P 19 ORF 7 Bt chitl , 5 344
pPICOK AHIZE % , M1 3MR pPICOK-Chitl , e A RESR AL 2 25 A M b, AR5 i 1.5 me/L YRR G418
itk S PCR Bk, K FHAA R AL T AT 00 5% X6 A I 0 o 1 A Tt A e LT it a2 P el 6
K M1 SDS-PAGE ALJKAGIN . [4550] SRIREFA B Cq B JL T B N 4 K P51 0 2756 bp (NCBI 5% 5
EU795711) ,PCR 43445 B FF B HE ORF R BL chael 2y 1827 bp, Hb (& 3 AN & -, 5" sl i i X 4
76 bp,3"diAR 5 X 240 bp, 4t 424 A IERR AL T BB AT A, FLIE(E 5 KRBT U425 7E Gly (20) 5 Leu
(21) ZZ 1] 5 B i 1 £ T 21 200 0 D I 9 mP JL T Joi i 5% P i A TR T () ) SEE R T R 0, 72 h 3 B R R E
482.5 U/100 wL, i W Rl 16 M S0 Ui s, 7655 1% RYJLTT B b ] B0 ek iy o2 W e, ik 7= 4 SDS-
PAGE HLPKAGINH 7> 740 41. 0 kDa, [ 4518 ] AW e BRI [REFAS 1R Cq TMRJL T BIAERE , J ORF i
DB SRR O PR AT TR VE R LT Tl . 5 28 W (8 M TGS 2 — 2 A 5005 i T i B L
HL A F 2R S

KR SRICHPA B LT Bl s swbi s 205 5 7 WIis 1k
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Gy RN ZE T B AU RE 3 - 4RSS MR
ERRREE TN 17% - 50% . 24 B R AR 14 )L,
T A Uz BH BB EL R 5 L T R A N L T
B AR A B R HUR R B AR R
et B o R LT 5T il — 288 H B A K i I, BE
WG IUT TR A LT S R B, 5 B I B P TR
22 SR AARRE T HLL T BT A mT LUK A &l drh g i)
JUT T, AT AT 1) 340 1 s 2 (9 AR, sk 4 He e
TR PR A AR T R i T A A M R
A LT BT oy, JLT B ml s H 1 A8 Bos ok 5
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T ARSK, B MU R A 1 LT 2 315
TE, FERIFEILT g 42k PR 4 08 o A o [ 9 4 F2 22
PSR A ) K I FF TR (E. coli) ik G 1
HAZ AW BE T AR S8 B B TR/ i [P
R B D 1 2R T8 1 R WLAH G R E . A
I P A E W BE R R N R IK R G, TRk
FREPA RLT BM R N O AT 2 308, S Bk
S FRET A R S EOR ML S A= W B i 07 T IS o

1 AR %

1.1 ##
L1.1 PaRE R B A S R BF A 1 eq PRIPE (N.
rCq20031021 ) fRAF T P4 K2 A R AR 2 B TTHHE
YIRS 3 B AR R P. pastoris GS115 BRK K&
LI IR AK pPICOK I [ Invitrogen /3T,
L1.2 T2 RS BRI N VI8 . Tag DNA
KA WA TakaRa (K% ) 2467 o, 40 LT .
JERAR AR 11 i R B B B Ok 1 AR T (Sangon ) %
m, B IR £ OMEGA 3], PCR 51416 S
W7 Y ZFE L1 B2 A= R R A wl 58 B, N- £ 1-B-
D-#5j7%] Jfie (GluNAc) 1 H Sigma 2\ w5 HL 5 46X
Electroporator2510 /7 {8 [#] Eppendor 2y 5] 7= i, TC-
312PCR {4 T4 [F Techne 2\ H] .
1.1.3 33 YPD .MD .BMGY .BMMY £33t
Fi¢ Invitrogen 7 w) 58 R PR Bk W BE 75 B o
1.2 EEMEFREREZE DNA fJRE

AR R A 5 35 L 1 B3 A A8 21 % LR A
B MR EE R 10%/mL, 26°C 1355 -7 d B
KA, K] CTAB B4R HU DNA'S
1.3 JLTREEKFINERMNEE
L3.1 BRI i Beiy el : 22 R B 2R A T
JUT BT AU 23 B, IR A 3k 26 LT J5 il 22 (1]
I BTARST I IR X Bt , AR FL rh P A RS X Bik
TG B — XF i IF 51 ¥, BWE 519 5'-ATGAARG
AYTGGGGYTTYGATGG-3', T % 8] 4 5'-CCCAR
ATWCCRTTCTCCCAGC-3', 48 JL T BBSE R AZ 0>
A B EE 3 W FRALE,
1.3.2  YADE J:4Effi 31 5" 3K A F 5 : H Dra 1
fifg 1) 3 G B b 5 3 X 41 DNA, i B i ©) DNA %
4 -10 ng/pL JE#FTH#HE, # 5 J7 75 R F YADE
I
1.4 EFREBSEHREHENHEE

WG KIFFNEH A Not T Fl EcoR 1 VI

S5 Y, EiE51 Y RNA45 . 5'-CCAGAATTCCTT
GCGGCTCTTGTTCA-3", F %% 5] 4 RNA1640: 5'-
CTTGCGGCCGCTGTATGTGCCAGCAAGAC-3', 7 4
JUT BilgEE A (fig 45 4 chitl ) ORF J W, [W] s H] Not
1 Al EcoR T 43 5IXUEEY) 25 244 pPICIK fi) DNA, £k
Ja it TR, 16 C /) 30 min, SR 5 FH A VI Pmel
Y B4 kL DNA pPICOk-chitl £ ¥4k, % #:7¥)
HIEMTHAL E. coli JFREZZSY0M. .
L5 EREBEMNELSFE

ML Be AR BE P. pastoris GS115 JE&~7 25 ZH o A0
HAH kL pPICOk-chitl DNA B UL, 48 J5 A VK T
P11 LA B W TR &) 20 M, O A 78 MDD -4 I,
30°CHFR BTV T L, W B TR VR LR T 96 fL
Y RE SRR 1, 30°C B 4555 2 d, SR JFHL T L 96
LA SRR T TR, 23 0l R AE 5 1. 50 mg/mL
G418 YR FZ 1Y) YPD Pl A KAk .

pPICOk 75 ki A B[R] I, S AL PRAE R B X R
1.6 EEFRESHLFH PCR WIE

PREL G418 §ifi 3 - M I A < B 40 3 1 V% 0k 47
PCR %3 3iF, PCR 35 1E5 %) RNA45 RNA1640
1.7 EABEHFRIL

F SR E TE B 09 B TR P H2 PP BMGY A 3% 57
35,30 CHEIRKEEIRE 0Dy 155 2 - 6 L B0 I 4
WA, 4% ODgy, = 1 55455 BUMY AR S 523 rh 4k 22
FEIRKGE SR o AR 24 h [ A s i 100% H B 2 2k
BEHR 1% 4 %F0h 24 h 48 h .72 h 96 h L 1 mL
PRRRE ity , B WSR3 RS
1.8 RIEFHMMEMSESKN
L8 1 JLT B P A « e AT Al 1) s 53
F 1% BEARILT J5, 1. 7% Bifg , 8 ik a7 W P 4G ) %
PR ) LT T it o
1.8.2  JLT GREGEEPEE BRI . e 130, B
250 pL fiff W . 250 L 100 mmol/L 2 41 2% v ik
(KPB,pH6.4) 200 wL 10 mg/mL & JL T i, IR
A1,37°C )z i 1 h,12000 r/min B5.0> 5 min 3 FiE K
BT — RO, A 50 wL 48 4=, 37°C J b
30 min; AT A 100 wL 0.8 mol/L 1§ ik 41 2% v ik
(pH 10.2) , W7k 3 min, ¥ 403 % I 5 I A% —
FH 4 3 % ( DMAB) 3 mL 37°C 2% 20 min, |5
WEAH (ODsgy ) o JUT BURE 1 AN Bl B 2 R
37°CAREIEZ N 1 h &A% 1 nmol GluNAc FF R iy i e
1.8.3 SDS-PAGE Jy#1: Bk 4 J5 1 % e W i A7
SDS-PAGE , &l JL T3 il ) 4312
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2.1 ERBFHNE CqE#HKILT REBERNEN
SEIREF A B Cq PR RR JL T T 356 X 42 07 31 oy
2756 bp ( NCBI % 3% 2. EU795711) , JT jilt I 35 42
(ORF) 1827 bp, K& 3 NN & T, K5I R
111 bp .68 bp .60 bp , 435 F 31 220---330 ;430---
497;548---607 , N & F & A WAL N & 30 57 51
GT---AG, , H: 55 dE 4 5 X 4 76 bp, 3" viig IF 2 it [X.

B-EASSIANA
H-LEr
M-FLAVOVIRIDE
L-LECANN
-FARINGSA
S-ELEGANS
N-RILEY?

LELIGELIRRAVCLESVARLIY
LSFLGEESVALIARLOATLESES
DS LFEQELATTATLOATLGLE

B-BASSIANA
H-Loxar
M-FLAVOVIRIDE
L-LECANII
-FARINGSA
S-ELEGANS
N-RILEY!

B-BEASSIANA
H-Lixit
M-FLAVOVIRIDE
L-LECANN
-EARINGSA
S-ELEGANS
N-RILEY!

B-EASSIANA Q
H-LIXI &
M-FLAVOVIRIDE
L-LECANII

FARINGSA
S-ELEGANS
N-RILEY!

]

B-BASSIANA
H=LIXI
M-FLAVOVIRIDE
L-LEGANIL
-FARINGSA
S-ELEGANS
N-RILEY!

B-BASSIANA
H-LIXI
M-FLAVOVIRIDE
L-LECANII
-FARINOGSA
S-ELEGANS
N-RILEYY

B-BASSIANA
H-LIx
M-FLAVOVIRIDE
L-LECANI
I-FARINOSA
S5-ELEGANS
N-RILEY!

B-BASSIANA KGME
H-LDKn RGLN
M-FLAVOVIRIDE EQM2
L-LECANII KGEME
-FARINGEA FEME
S-ELEGANS EGITS
N-RILEY! FQM=

1 240 bp, Mt 424 LR, SignalP 257>
Bt N. rileyi Cq JUT R EIR T 51 R, %7 5
FEAEAR 5 B BT )T 911, 388 A5 5 K 59 U4 o5 7E
Gly(20) 5 Leu (21) Z[a], i ol 2 ik 7 5 5 by
44.0 kDa, ORF Y5 Nomuraea rileyi MJ & £ i) 7 %]
(AAPO4616) MIfLIEL 99% 7
2.2 5HMER/LTRESERNREIRES
Blastx &% DNAman 44-453¥7 , Nomuraea rileyi Cq
R LT B 2 e 5 LR A R SRR IR LT

3]
€0
€0
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B1 FAEEFEFRR/LT RESERFS
Fig. 1 Comparison results of the amino acid sequences of chitinases from Nomuraea rileyi Cq and other fungi. Black areas are high degree homology
(100% ) and unshaded areas are regions of variability between the chitinases. _ indicate the conserved catalytic domains (SIGGW, FDGIDIDWE ) of
glycosyl hydrolase family 18 and chitin binding domain ( GSWEAGIWDYK, GLGGSMFWEAS).
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[l A B TR P A B B m i R (B 1) . Horp 5
Nomuraea rileyi MJ B & 89 [F) I8 4 5 2] 9% , 5
Metarhizium flavoviride ( CAB44709 ) . Hypocrea lixii
( BAB40589 ) . Lecanicillium lecanii ( ABD77096 ) .
Isaria farinose ( ABD64606 ) . Stachybotrys elegans
(AAM70478) . Beauveria bassiana ( AAN41260 ) (1] 5]
PEPE R 79% 74% [74% [ T14% 69% 64% , X
S LT AR IR TR R G 18 KR T A2
sy e g, Hod 2 A ] 57 7 51 SIGGW FI
FDGIDIDWE JE W FE /K i it 18 ST K A i 1k o
B, GSWEAGIWDYK #1 GLGGSMFWEAS 4§ {4 5F
XEUEILT g &4, HA SIGGW Al FDGIDIDWE
PRy DX JL T J5T il 7 e A 25 T 1) 200 B B L E LT
FAEPREEMEM" . FIEES TR Nomuraea
rileyiCq T/ #k& JL T J B L H A SIGGW HI
FDGIDIDWE {45 [X 3,
2.3 HEFREBEREHENIEE

W3 W F 5 & A B B R W 04 5 e 2 ik
PMD18-Chitl JfikiZ: Not I il EcoR 1 XUV 5 , 1]
WO H Y R 8 RISy H A s PR i 4 38 i S 1T Not
LA EcoR 1 WU U 1 52 i W BE 4 35 2 {4k pPICOK
-, 45 pPICOK-Chitl F 4 Jiikr, % A KM FT 1R Ik
S A, S O AT B BORL, S8 /5 ] Not 1 F01

(A) 5’AOX1 _-Pme |

Ampicillin

pPIC9K-Nrchit 1
11107 bp

Kanamycin

®)

bp
pPIC9K —>
— 8453
chitl — —2323
—1929
— 1373

B 2 pPICIK-chitl FHIEE(A) FIXNEFHILEIE (B)
Fig.2  The restriction enzyme map of pPIC9K-chitl ( A) and
agarose electrophoresis of digested plasmid pPIC9K-chitl from
Nomuraea rileyi Cq Strain ( B). M. Marker; 1. pPIC9K-chitl
digested by Not [ and EcoR | .

EcoR 1 il Y1 36 UE 57 R 2 75 S 74 £ i 2y 1) pPICOK-
chitl Zik , BTk g S ARG U 5 an e 2., DA
PI ok B35 b ml LUB] R0 & B P A ik 5k, 5
Marker [t % 7] LA 2E P 2% H Uk 47 20 ) 2 2k 1
pPICOK FiI Chitl J I,
2.4 EEELTFH G418 fFiE K PCR IiE

FH Pmel ZPEAL 1% DNA 28 H i 6 Ak 7k A e R %
GS115 FpkH 72 MD Al E 1SR, #28 YPD B
FEA TN TS 1.0 mg/mL, 1.5 mg/mL,
2.0 mg/mLiY G418 ~F-Hi I #1725 DL v Ry i it
1E 1.5 mg/mL () G418 P-4 B85 1T 245 I se i)
AR L, ARG TE 1.5 mg/mL G418 P-4 L i
WA K B 9% 54T PCR NP BALE , i e f5 3 1
H IR
2.5 JUTREgEEFRBEERRRIEST
2.5.1 FEWRBIEEIER R ILT BRI A7 AR
JUT B BT ALERAT 5 A FL, 1.2 fLoA xR 4y
FIIMAGE SR FE R 72 h By A 4k S AR B B &
;345 LAl inA 24 h 48 h\72 h 555 5%
KRB, 25 L I IR g B34 8 50 L, 452R
WA 3,72 h R TR % B P Ok f oK HoRiE 4,48 h
R TR ) 375 B B o T LA HY L (B8R 72 h ) Ak L
375 B BEL /N, 24 b T 20 0T RE A R DL B JEL (161 3)

B3 FEAEBSG/LT REETERRRIE

Fig.3  Identification of chitinase activity of the Recombinant P.
pastoris with chitlfrom Nomuraea rileyi Cq on colloidal chitin plate.
1. BMMY culture medium; 2. Fermentation liquor of P. pastoris
without pPIC9K-chitl and pPICOK; 3, 4, 5. 24 h, 48 h, 72 h

respectively Fermentation liquor of P. pastoris with pPIC9K-chitl in.

2.5.2  FABEREFRIAR LT SR I E A5 2R -
E GluNAc #rifE 2R, DL GluNAc ¥k B A Ak b, W
BIRIEWSE Y 7



T 7% SR IREPA T Cq BIMIL T BTREEE N Y so e 5 k70 A. / e Y2741 (2010) 50 (4) 497

W0 h,24 h,48 h,72 h,96 h KB, LA A
(1 5 AL BRI 2 A B JL T o S 1, 23 6 R
FAREAL TR R B A ER 3 Ik, WNER 1T i
TN, FE— R )P LT J5 il 3% P B o T (] 1) e
MG 7, 76 72 h AELE B MR A
£1 FEBE chitl LT RESEES

Chitinase activity of recombinant P. pastoris with

Table 1

chitl from Nomuraea rileyi Cq in different time

Chitinase activity/ (mU/100 pL)

Induced time/ h

C transformant
0 0 0
24 0 60.5+4.1(n=3)
48 0 302.6 £6.7(n=3)
72 0 482.5+5.8(n=3)
96 0 364.4 £4.8(n=3)

The activity of chitinase is 100 pL fermentation’s activity. C indicates P.
pastoris with the plasmid of pPICIK, transformant indicates P. pastoris
with plasmid of pPIC9K-chitl.

2.5.3 SDS-PAGE #ill. |1 2.5.1 F 2.5.2 4p¥raf
FIWEREFIR B LT BTG PEAE 48 h A1 72 h L,
B LA S e 1 [) — I BE B Kk B tE AT FL K 20 A
W SRR W, SR A TCA JRDLIE E H, A0 1
mL FE S 252 48 h 72 h T ARk EE 4 A 7]
—LE A&, 5 Marker A H, A2k ILT
Rl F T2 41 kDa(K4) .

4 EHBEREWHE SDS-PAGE 5317

Fig.4  SDS-PAGE analysis of recombinant P. pastoris with chitl
from Nomuraea rileyi Cq culture supernatant. M. Marker; 48.
Supernatant of recombinant P. pastoris after 48 h fermentation; 72.

Supernatant of recombinant P. pastoris after 72 h fermentation.

3 it

W B RS S1 H, PCR 377315 21 5% [ BT A
B Cq WL T R N 5e 8 1) ORF X B, (5% T
JUT TS BEHE DA 69 50 20 05 R, TR A 2 ) 2 R 2K

& pPICOK-Chitl &4 244 pPICIK rh i) 733 5
SR, E A R LT FREEEE N 155 K, L
6 R HERR 15 R ) R T 2 ) S MR A P ek el
HEARBMNER . BAREERER IR RGERIERES
IR AR RERE 5 B AR R e (R b B2 (4
0 52 T TSR, R B O, AR S SR B AR
pPICOK Jai T 5 B A, [m) i ey S ) T 21 240 0 7 5
R gl R, AT pPICIK-Chitl fiE
TERERF M P RS E A5, AR T IR 29 KRB IR P
o

7375 W] Pl 98 LT o % P v, T 4 B R
WL 48 h 1 A AR C W A B LT BT A7
72 h (R S S TR R LT 5 I M e DY e A
SDS-PAGE HLJKIXH H, PE4F 48 h .72 h i T K IR
PEATRLUK, B3 s Y 48 h 72 h PYIKIE 7R [R]—f
EAUFAE— 5 LUK 55T, 5 Marker AH HUEZ, Al 313
oy TR 41 kDa, 510 7314 44 kDa K/MA
4, T HEARER A S ILF AR RSN E R, H i n]
AR 2 2% S AMIRRE D Rk 1 74

I JEPE BT W], SR IREFAT i Cq AR JL T 5
WAL A 5 B e 55 LR LT BT A AR B
SEAL R, BAT YA R ST LT B TG P A
(SIGGW, FDGIDIDWE) , %2 JLT J5i -t ml [ fi
LA R RE 78 FUE 75 AR R EAE . ARERE
TESE IR IR N 208 TR IR B Cq WRRILT
TR BEHRE LN, I K I W P ACEI A 3 PR ), DR
PREEIN 3 W0 1 7 ) O S A o TR G AT LA V.
rileyi Cq TERRJLT I AT RE LA 26 LB T RE , BT 23
AT 20 M AT o3 fife B HUPARBE B LT o, S SR
IR S5 DI RV P BT 25 i R SR AR BE B B, L
TR R RO IR B AR A E R R E
R 38 A T T R R LT B Pt g, (R
TIRASg JLT T 4 o oA a0 2 55 7 0 TR R, o Al
A= 4 RE O 17 A A SRR P R O 1, LT B Bl AR
ST B 98 2 V8 D B T R AR T BEAT L fi B
PR 2200 A B SR 53 0 0 LT T e, A 4 S A
AV M AN AR T A, PSP B R85 [REF R Cq
BRI PR LTSl B o it = ) 1) R P A B 50 R
TR LT S-S 5 1 G R T
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Cloning and expression of the chitinase gene Chitl from
entomopathogenic fungus Nomuraea rileyi CQ

Jinfang Wang, Guangying Liu, Yi Zhai, Yongji Wan*
(College of Biotechnology, Southwest University, Chongqging, Beibei 400716, China)

Abstract ; [ Objective ] In order to understand the role of the entomopathogenic fungal chitinase in invasion and pathogenic
process, we cloned and expressed a chitinase gene from Nomuraea rileyi CQ strain, and detected chitinase activity in
recombinant Pichia pastori fermentation supernatant. [ Methods ] Specific primers were used to amplify the complete
sequence of chitinase gene and open reading frame ( ORF) from genomic DNA of N. rileyi Cq Strain extracted by CTAB.
The fragment of ORF was linked with vector plasmid pPICIK to construct the pPIC9K-chit! expressing vector and
transferred into Pichia pastori. The recombinant yeast P. pastori was screened by 1.5 mg/L. G418 and PCR check.
Activity of chitinase in recombinant P. pastori fermentation liquid was verified by transparent zone test and 0D,
determination, and the molecular weight of chitinase was analyzed by SDS-PAGE. [ Results] The complete sequence
length of chitinase gene of N. rileyi CQ strain is 2756bp ( GenBank accession number EU795711) that contains a 1827bp
of ORF chitl, a 76bp uncoding region at the 5" end, a 240 bp uncoding region at the 3’ end, and 3 introns. The ORF
chit] encoding 424 amino acids of chitinase precursor, and the theoretical restriction site of single peptide is between Gly
(20) and Leu(21). Activity of chitinase expressed by recombinant P. pastoris increased with fermentation time, and
reached the peak of 482.5 U/100 L at 72 h. Hydrolysis test of chitin showed clear transparent zone at the 1% colloidal
chitin plate. SDS-PAGE analysis suggested that the molecular weight of chitinase was 41.0 kDa. [ Conclusion ] We
cloned the chitinase gene Chitl from N. rileyi CQ strain and expressed in recombinant P. pastori successfully to study the
infection and lethal mechanism of pathogenic fungi to insects.
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