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HZEHEEEJLT EEE ChikKJI0 EEBEERERENE/ER

K AKE B T ZHIT OEXRY
(A R2fbkEBe Uil AR 611130)

B E. [F%]) B £ T & K4 % (Streptomyces sampsonii) A 5 A B 44 R R %, A&
B LT 2T RBaAR h &, LE2NIUT RBaey T %A A 53 AR ANLRE. [ B
#] JL1% S. sampsonii KJ40 #9 /LT /R Ba 2L B ChiKJ40 AT Rz R ik, b THE G MR E
FEEA. [7i%]1 XA PCR ¥ 3 %A S. sampsonii KJ40 F &[4 )L T B4 B ChikJ40, &4
5| KA BAK pET-32a, F A Escherichia coli BL21(DE3)# 475 & iA. 128 His AFit & @ %
FALRA et FU LT R B AT461%, Bradford & & JRE M A XA A R BE R AR 4GB R
8RB, LT JR B X7 & 2 HL B R A S AL BRI A JUT R B & b, IR 40 )LT R B st 4wt
#& % @ (Cylindrocladium scoparium). % J% 5 B (Cryphonectria parasitica). 4%£4&%& i (Alternaria
alternate). *# # 4% i (Rhizoctonia violacea) JLFF 8 s A B 947 B 1E A . [4 %] ChiKJ40 3L F (&
K5 A MF434484) /£ E. coli ¥ 22 IPTG -5 &3&, #KFF 42kD 69 Z40)UT i, TFKE IPTG
E37°C#F3h, ZAFELHAREM. 0.2 mmol/L IPTG 16 °C FFidR, THINLT Rde: %
VAT T KA T L7, D3y vA QiR £ TR T . ALBR LT i BgrE 1 0.080 U/mL,
Barb & /1 % 0.041 U/mg, 4h B JUT SiBeiE A 0.046 U/mL, BErbiE 5 4 0.115 U/mg, %4k
1&5H 2.8, B & © R A 57.5%. 40U T R Be4 22 /% , C. scoparium. C. parasitica#= A. alternata
Bamindk o . BIK, R violacea B L& B3 a3 A4 R . [4548 ] ChiKJ40 A F ¢4
FRANALT S, sampsonii ¢9 A Hx, AT RBEEAR KX THO KRR, FALERAELTH
o
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Cloning, expression and antibacterial functions of ChiKJ40,
a chitinase gene from Streptomyces sampsonii

ZHANG Bo-Yang ZHU Tian-Hui© HAN Shan WANG Ying LI Shu-Jiang QIAO Tian-Min
(College of Forestry, Sichuan Agricultural University, Chengdu, Sichuan 611130, China)

Abstract: [Background] There are very rare researches on the biocontrol genes of Streptomyces
sampsonii until now. Only two chitinase gene fragments were cloned, and there is no relevant study
in the complete gene sequence of the chitinase. [Objective] To clone and prokaryotic expression of
the chitinase gene ChiKJ40 of S. sampsonii KJ40, then purify recombinant protein and investigating
antibacterial characters. [Methods] Firstly we cloned the chitinase gene ChiKJ40 from S. sampsonii
KJ40 by PCR amplification, then ligated it into vector pET-32a and expressed in Escherichia coli
BL21(DE3). We purified the recombinant chitinase using the His-tagged protein microscopy Kkit,
determined the concentration of the crude enzyme solution and the purified enzyme solution by the
Bradford protein concentration assay kit, measured the chitinase activity of the crude enzyme
solution and the purified enzyme solution using the chitinase kit. Finally also checked antibacterial
characters of the recombinant chitinase on the Cylindrocladium scoparium, Cryphonectria
parasitica, Alternaria alternata and Rhizoctonia violacea. [Results] We induced expression of the
ChiKJ40 gene (accession number: MF434484) through IPTG in E. coli, the recombinant chitinase
size is 42 kD. There are no significant differences in production of protein using different
concentrations of IPTG at 37 °C inducing 3 h. 0.2 mmol/L IPTG inducing 16 °C overnight,
recombinant chitinase mainly existed in the form of soluble supernatant, small existed in inclusions
precipitation. The chitinase activities of crude protein and purified protein were 0.080 U/mL and
0.046 U/mL, respectively. The specific activity of crude protein and purified protein were 0.041 U/mg
and 0.115 U/mg, the purification ratio was 2.8, the rate of 57.5%. After treating with the purified
protein, mycelium cells of C. scoparium, C. parasitica, A. alternata were segmented with inflating
the mycelia, and myceliums of R. violacea were broken. [Conclusion] This study of ChiKJ40
provides biocontrol background of S. sampsonii and finds a new source for the chitinase genes, and
lays a theoretical foundation for its application.

Keywords: Streptomyces sampsonii, Chitinase, Cloning, Prokaryotic expression, Antibacterial effect
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JUT TR NFRHSEER, &l N-LFEE-D-24
BPWERE T B-1,4 BT S B R 2 L
TREMER FAUR FEF4ERMNE —F&EMEYER
B, JIZAEE T RIS N AR 5T . R AU
SNEHE . ELIE . BERE . BRI ICEHES I Y
ey ® ) LT FEE(EC 3.2.1.14) & — A KR L
TRRBEROK G, LT REERES KRR IL T UK
SRR IIRE 2 N T Tk R R
SPCL GRS POMRT . A A R 5L T A
HERBPRERS, LT REEA RSN, 2
IR RIWE SRS, JUT BUm Ay A LT B
BEARRR T ] AR AR Y E BTG LA, T
DL 2o A A b Az 28 -5 % HOR A R 4o R e o2

b~ aGR B I, T s X PR R I B 1Y)
fa s, PR T i FIYE BBl E R AT K.
HRAE LT BT 2 iy o 1, #)LT
W o3 A 5 AR, AR 2 A5G, B 18 Kk
119 ZEWMEHE KR REE, (U2, IARHE T —2k
JUT BilgE T 20, 23 KK 48 FIRMBHHIK %
MO, 18 W IL T IREHE b 2 50, 4045
ANEE . ELE . R WELshY . Rk Al
19 LT il FEEAAE TAEY D, 75— i
rht gl A B, 5% FCBE R 14 (Streptomyces  sampsonii)
BEfG L Z RPN KBS, LT REHE
— S. sampsonii KJ40 J&A 5250 2 Mgt HEAA I 1R
PR 438 73 25 3 5 — #k = LT o g ELA 52 22 B
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(Rhizoctonia violacea) A+ W i 41 il 4= FH %) A= Bl
W, ATLATB RSSO i kA, AR
K AE ™M, HRT, mARE AMIFTE A Bt
e ORI TR PO b 4y B B kLT R Y
S. sampsonii, {HX} S. sampsonii JL T BEEHIBF5E
Ry BRAE 7 JLT 5 il A ke i T AL 4 W 1 2 7 1
b BRTEEHITIN S, sampsonii FEE 4 G
VIS5 411 bp F1 465 bp K/NK 2 ANJLT R
R B, {5 S. sampsonii B4~ JL T iS¢ 85 3L A 1)
TE [ N HoAE K #T % (Escherichia coli) 1) ik ok
DLARIE AT TElE S. sampsonii iYL T FiFREIA
P HEEH pET R A% R 8k, Fakalifh B2
M, WEEAEAMEEE, RS EILT R
LIRS RN AR A 7 B LAl

1 MR5ETE

1.1 w8l

111 Bk BERERE
S. sampsonii KJ40 Hy PUJI ARl R 2E FRAR LR 3P AR

AJRERLID = RAAR L, XRRC T 2012 4 4 J]
13 H PRIBETE [ A 1 T b D B2 D 25
AL, GRS CGMCC 5996 ; At fik
$% B (Cylindrocladium scoparium) . 5 5% Ji B
(Cryphonectria parasitica) . %% #% {1 14 (Alternaria
alternata) . %£22#%#i(Rhizoctonia violacea) i P4 )1| 4
Mp R A FRARRAPARA I S 30 % AR fHE . E. coli
DH5a #il E. coli BL21(DE3)ly Tt at a4t
ARAEBRAH]

PMD19-T #ilA F TAY e s A, I TR EY)
TRECGE)ABRA F] 5 pET-32a ZA Ty EE R k3,
A, R AR TR 2 AR DR AP PR A 2L 52 0 3
FEBRAE; S 1WA BUREE I f AR R BR A ]
SE Mo

BRATEIRIENB, g/L): &K 100, A
5.0, 5 4L84 5.0,pH 7.2-7.4 LB AR 7R H (g/L) -
[k Ul 10.0, BEREE 5.0, ALk 100, pH 7.0,
A R A B AR R R 5L P 3 15 9.

112 FERFIFLEE

VSR (Lysozyme) . 2475 5% 2 (Ampicillin) . 5-
R-4-58-3-5| - B-D-F- 2L AT (X-Gal) . IxBfigEh 22 v
W (PBS, pH 7.2-7.4, 0.01 mol/L)#I Bradford & [
JEW 5 & T R ERHA IR AR, FN
FEACEZT(IPTG) . AR SE 41 DNA $EEGEH
& 817 DNA gifbrioin & . ok MEshl e
4T RARAE AR (D) A PR AR5 Solution T |
DL2000 DNA marker . DLL5000 DNA marker I+ 54
Y T RR(CRIE) A PR/ w3 2xTransTaq High Fidelity
(HiFi) PCR SuperMix [ . 2xTransTaq High Fidelity
(HiFi) PCR SuperMix II1gFdtant e EYHAE
FRZ vl DNA BREIVENDIEE Hind 11, BamH T |
Xho I | T4 DNA H#HfIAT NEB (Jba0) A RA ] ;
His Aric e i e 2 Ak R & R B A Al .

FEE PCRAX, TEESCATENE]; RGEFAE,
W R ARBRH PRI A A FRA A Bk, Jb
AR BREAN AR, FOCHT /R
AR ; Gel Doc XR BER AL 58, EIH
(RERY/AiS
12 FHi%
121 LT REBEATEHIKEE

WX S. sampsonii KI40 4L R 21 7 1 i1 il
B e hRE U 43 By (JE [ 41 GenBank % sk 5 4
LORI00000000), #kA%—4ifid JL T o filg () 3L A .
FIFERA: Primer Premier 5.0 #3154, g4
F1: 5-ATGCGTACCCGTCTGATCG-3'; FiF5|¥
R1: 5-TCAGCAGCTGAGGTTGTCG-3', LIFE[H 4
DNA M A1 T PCR §74#% .25 uL PCR A 5 :
ddH,0 10 puL, 2xTransTaq High Fidelity (HiFi) PCR
SuperMix I 125 puL, DNAf#z 0.5 ul, I, Tijf
51#7(10 pmol/L)4% 1 uL.PCR Ji2 i 514 : 94 °C 3 min;
94°C30s, 57.8°C30s, 72°C1min, 35 MEHh;
72 °C5min; 4 °C {#4%.

afifk [y PCR 93 H iy B 5 pMD19-T £,
& 16 °C &4z, ZJEH1k% E. coli DH5a B2 25401
Jiorb i LB/X-Gal/Amp SR B 2H 1 EF ik,
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PEA: () TR 1 AT S R RE A R EF T DNATIT .
P b Y SE A AR TR, pMD19-T-ChiKJ40-1 FER
PP YIEG Hind AT BamH T #E47 SUEFIAGI
122 EERFIFMELRENESFTNN S

DNAMAN #{4E4EM ORF K & FE/R 751, F1|
NCBI #i % BLAST & /7153 8 A% TR 751 Al el
FERR P AN AT XS s FIHAEL ExPasy RGHH
ProtParam. Compute pl/Mw T_H. 150 & [ 9 BRiE 43
Fi SR 545, ProtScale I AR 11 BB K 1 5
TMHMM Server Version 2.0 Tl 5 X 4 ; 7E£R %K
% SignalP 4.1 Server B & ({5 5 K 7EZR MWk
NPS@SOPMA Tii il £ [ 1) &5 48 5 Te 2 At
SWISS-MODEL Tl & F i — 24544
1.23 T EREERFTEHIAIEE

PAER4H fFoki pMD19-T-ChikKJ40-1 ik , it
51 F2 (5-CGCGGATCCGACACCCGCGC
CGCCGCCG-3")fI T il#51¥) R2 (5-CCGCTCGAGT
CAGCAGCTGAGGTTGTCG-3")§ % BamH I #I
Xho T BEYIAL AN & 155 BRI ChikJ40 ZER 741,
JF%EHEF) pMD19-T 4844, 4% pMD19-T-ChiKJ40-2
JEkiE AL 2 E. coli DHS5o JESZ 240, 1581 FH:RS
b, LI pMD19-T-ChiKJ40-2 ki i, kY™
U T AR, FIBR SN YIS BamH T A1 Xho T
XU H ) F Bofil pET-32a(+), JT T4 DNA 44
P, AL Z E. coli DH5o JESZ 54N, AELFAoZR
SRARAA BRI N U6 BamH T F1 Xho T #E17 XU
ioalll8
124 FEHLT REBHIFESFRIX

WA LT ()RR BUA BTk % {b 2 BL21(DE3)
AN, PRECREE T 10 mL 9 LB (100 mg/L
Amp)HiFREE, 37 °C. 200 r/min JR5 TS0, ¥
300 pL JSFEEFFBANA 30 mL (¥ LB (100 mg/L
Amp)iR A 3535 R 37 °C 200 r/min #R3%555% 3 h,
B3 mL AERANIN IPTG A28 X RE, IR IR0
2T 6 HOKETRriE b, 5 3mL, 2
A IPTG (IPTG £ %4 0.2, 0.4, 0.6, 0.8, 1.0,
1.2 mmol/L), LA IPTG 32 BAKE AN IPTG
P 028 BRI

P33 0, 5L mL_ERRE SRR, 12 000 r/min
B 1 min, FE LN, B mL PBS SERIA,
12 000 r/min #.0> 1 min, 37 4. 60 pL PBS &
B, A 20 pL 4xProtein SDS-PAGE loading
buffer, /K 10 min {2 28 H:, 12 000 r/min Z.0
10 min, B iR T SDS-PAGE HL ik 5T -

1.25 FH/LT REGAE MM FLE L

B 1 mL 0.2 mmol/L IPTG 16 °C i35 % i1 1&
W, PBS VERHEE, WA EVRIE 10 Uk
JfaB¥ , 12 000 r/min &5.0> 10 min I8 IS UTE,
PLEA 60 ul 8 mol/L JRZE &, 4 °C & 30 min,
Jil 4xProtein SDS-PAGE loading buffer, /K&
10 min {275, 12 000 r/min 25.0> 10 min B35
Wi 1T SDS-PAGE HLIK 43T, W& Hif SUTTEMER
KSR, BRE SRR P FEUE DR IR
TER R ERAIE e . R His Fr
TCEE A RO A R S AU LT REEEEA Tatifl .
1.2.6 FH/LT REGRIRE SIEMENE

fii FH] Bradford & 11 B iR 6, 0 AH
WRNSEAL B e B o R IL T o ik ) 5 e A
it N Al AL R ) LT B 1
127 ERANTEREBHLMBFEEHLESH
Al

C. scoparium, C. parasitica. A. alternata .
R. violacea 7£ PDA il 28 °C £ 7 d,
BT ST IR 22 . FRFTALASHT IO e 1 1A
F(d=5 mm), EEREGHETAEIRRRTE, KR E
T 0.40 mg/mL ZhfbERAH Y 24 h, B LS5
PR 22 B T A b, FE SN 2B
HATEE, DAAK FH B A E A ) I 5 TR 22 /R R

2 HRE4W
21 NLTHREBEERESEE

JUT RS PCR =ik 45 R LA 1 1 1 %5
VK, AR BISEBEROR  F BaR/ N 726 bp 1 — 45
B FARR R P IS Hind TR BamH T SUEGEIAG
pMD19-T-ChiKJ40-1 Rk ILEl 1 Y 2 59k
i, WEFHNISF]Z) 760 bp AL FIZ) 2 690 bp 1Y

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1020 A 2 A

Microbiol. China

bp bp
2 000
5000
1000 3000
730 2000
500 1 500
250 %50000
100 500
250
100

B 1 DNA Bk
Figure 1 The electrophoresis results of the DNA
1£: M1: DL2000 DNA marker; 1: ChiKJ40 %:[K PCR F=4y;

M2: DL5000 DNA marker; 2: #kf& pMD19-T-ChiKJ40-1 XL fif

DI,

Note: M1: DL2000 DNA marker; 1: The PCR products of the
ChiKJ40 gene; M2: DL5000 DNA marker; 2: The products of
pMD19-T-ChiKJ40-1 vector by restriction enzyme digestion.

P T S I S 2 N AR =950 I 3 S R )
ChiKJ40, #£32 NCBI 4 2 , & 55l MF434484
22 ERERFISERREMEEREEMMI TSR
i1t NCBI 3 BLAST ELXi, ChiKJ40 &[R4
1 MR /¥ %) 5 Streptomyces albus SM254 il
Streptomyces sp. FR-008 fitj— Bt 4wt JL T i 726 bp
R/NRZ AT R 7 51—tk 99%. F1H DNAMAN
BAEHT, ChiKJA0 FLPK Tk [ 524E (Open reading
frame, ORF)X/NA 726 bp, %ifith 241 P HLR
BT F A S Hogmb i) 2 S5 WL 2. ChikJ40 &
K] G i 2 2 1) DR T 45 P Sl W /K A 19 5%
L Streptomyces wadayamensis . Streptomyces sp.
FR-008 Streptomyces  sp.  ScaeMP-6W I
Streptomyces sp. BvitLS-983 Zmfid i1t JL T o i3k A i1
FILMR T A —8E o 100%. T A (1 5 A B AT
X4yt h 25 677.28 Da, FRISZEHL &5k 4.55,
1F HL fa AR BE BB (Arg+Lys) S 13, £ H 7 ok 2 5
(Asp+Glu) Ay 25, 73 F3 K Cr1z8H1711N3110364S7, S
Wi ZECh 72,57, ECFREKYEN-0.261, RFEE
M, SRR AR BER K, KRR EKIEE
Mo EHZASEMRAMINE 1, il 20 Fha B

B, FAH R (Gly) AT &R (Ala) T o5 el ok,
Hili 11.2%. W AAE — SR, T
5 527 fEILER, B 1-4 NEILBRAEE TR,
55 28-241 (VRAISLRIEBING, FEESRE, 374
AT 29-30 (256, BUAIKLG T4 30 7
RHER ., EA RGN, o BHEEILR 78 1, &
32.37%; SEfPEERILER 47 1>, 5 19.50%; JoHL
& LR 81 4>, & 33.61%; B HMAEILIA
354, i 14.52%; HEALERLL o BEEAIC RN S
Mo . A = s il 3,
23 EH/LTREBHIFSRIE

Tk AR FOR ] BamH T fi1 Xho T XA
M ULIE 4, 425 650 bp K/NEIZcHT, 5 ChiKJ40
FER RBRAFZ NG 9 BoR/N—8, UM B4R
IREARR ALYy . B Rk 2= BL21(DE3)/E
ZAYME P I TSR IL, SDS-PAGE HEM % E
SRR 5, 28 AR LS T RIK Y 20.4 KD (UARZ
EH, REFNSREMEL TR R RIAEA
hIR A, T4 IPTG S5, pET-32a(+)-
ChiKJ40 B T7EZ 42 kD ib BRI B 4671, 47
KRGS A 1 B A SR8 8 1R/
Z#1,02,04,06.0.8,1.0,1.2mmol/L % IPTG
S EATR AR RS, EHEAN R LEE
Ak
2.4 EHJLT REGALA AN FIL (LR

HE 6 AT, 16 °C il I R M B 1A
FEUTEMWE AT B, NS AR ARA T
EFUtsET . mE 7 &8, 50, 100, 150, 200,
250 71300 mmol/L ¥ £ (1) KI5 v 357 AT LA ot i 21
A, Hrp 100 mmol/L ¥ R il ks I 1 1 B AUR
hf .
25 EH/LTREBHRESEMENESER

{8 1 Bradford 5 (i B s 10 70) 60 e H AR
SRR v B, LT o ) 5l e R il v A
A L EER AL T REERGTE, 25 R 2. aifbliR
fifi % J1ok 0.115 Uimg, 4lifbfEgch 2.8, i ol
%N 57.5%.
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10 20 30 40 50 60

1  ATGCGTACCCGTCTGATCGGGCTGCTGACCGCGGCCGCGTCCGCGCTGACGCTCTCCGTG

1 M R T R L 1 G L L T A A A S A L T L S V
70 80 90 100 110 120

61 CTGGCCCTCGGGCCCACCGCACAGGCCGACACCCGCGCCGCCGCCGACGACTTCATCGTC
2 L. AL G P T A QA D TR A A A DD F 1 V

130 140 150 160 170 180
121 AGCGAGGGCCAGTTCGAGTCGATGTTCCCGAACCGGAACTCCTTCTACAGCTACTCGGGC
49 S E G Q F E SMF P N R N S FY S YS G

190 200 210 220 230 240
181CTCACCGACGCGCTCAGTGCCTACCCGGGCTTCACCGGCACCGGCAGCGACACCACGCGC
61 L T DA L S AY P G F T GT G S D T T R

250 260 270 280 290 300

241 AAGCAGGAGGCCGCGGCCTTCCTCGCCAACGTCAGCCACGAGACGGGCGGCCTCGTCCAC
81 K Q E A A A F LA N V $ H E T GG L V H

310 320 330 340 350 360
301 ATCGTCGAGCAGAACGAGGCGAACTACCCGCACTACTGCGACACCACCCAGCCCTTCGGC
I0lr v E QN E A N Y PH Y C DT T Q P F G

370 380 390 400 410 420
361 TGCCCCGCCGGAAACGACAAGTACTACGGACGCGGGCCGGTCCAGCTCAGCTGGAACTAC
120Cc P A G N DK Y Y G RG P V QL S W NY

430 440 450 460 470 480
421 AACTACAAGGCCGCGGGCGACGCCCTCGGAATCGATCTGCTGAACAATCCCGATCTCGTC
I4IN Y K A AG D A L G I DL L N NP D LV

490 500 510 520 530 540

481 CAGAATGACGCCTCGGTCGCCTGGAAAACCGGTCTCTGGTTCTGGAACACGCAGTCCGGG
161 N D A SV AW K T G LW FW N TQ S G

550 560 570 580 590 600
541GCGGGCAGCATGACCCCGCACGACGCGATCGTGAACGGCGCCGGATTCGGCGAGACCATT
8lA G S M T P H DA 11 V N G AG F G E T 1

610 620 630 640 650 660
601CGCGCGATCAACGGCAGCATCGAATGCAACGGCGGAAATCCCGGCCAGGTCCAGAGCCGT
200RR AT N GS I EC N G GN P GQ V Q S R

670 680 690 700 710 720
661 ATCGACCTCTACGAGAGGTTCACCGACGTCCTCGGTGTCGAGCCGGGCGACAACCTCAGC
21T p LY E R F T DV L G VE P G D N L S
T21TGCTGA
241 ¢+

2 ChiKJ40 EEZHERF Y R E RGBS EER
Figure 2 The sequence of ChiKJ40 gene and its encoded amino acid sequence

*1 BEARIEBRAMN
Table 1  Amino acid composition of protein

SRR TR e Bt 5 B AL SIER AR Hot Bt B4 L
Amino acid Number of amino acid Percentage (%) ' Amino acid Number of amino acid Percentage (%)
Ala (A) 27 11.2 L Leu(L) 20 8.3
Arg (R) 9 3.7 P Lys(K) 4 1.7
Asn (N) 17 71 L Met (M) 3 12
Asp (D) 15 6.2 . Phe(F) 10 41
Cys (C) 4 1.7 ' Pro(P) 1 46
GIn Q) 10 41 L ser(s) 17 7.1
Glu (E) 10 41 L Thr(T) 18 75
Gly (G) 27 11.2 P Trp (W) 4 17
His (H) 4 1.7 Tyr (Y) 10 4.1
lle (1) 9 3.7 L val(v) 1 5.0
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B3 ZEB=REHTN

Figure 3 Prediction of protein tertiary structure

bp M 1

5000
3000
2000
1500
1 000

750
500

250
100

Bl 4 FRiEFHIKBRAL BamH | #1 Xho | WEGILE R
Figure 4 The identification of expression vector by BamH |
and Xho | restriction enzymes digestion

7¥: M: DL5000 DNA marker; 1: #%/4& pET-32a(+)-ChiKJ40 %
017 4.

Note: M: DL5000 DNA marker; 1: The products of
pET-32a(+)-ChiKJ40 vector by restriction enzyme digestion.

2.6 FEH/LT REGXLFHBHERERER

ali fb J5 Y T I TR 0 A B R TR R 22 f5 , C
scoparium, C. parasitica, A. alternata. R. violacea
WZIEA SRR A TR RIRREE 21, DLIE 8.
FH LT RS, C. scoparium. C. parasitica
HI A, alternata T& 2241 H B8535 L JiZfik , R. violacea
22V itk ELAR 3 B R e 1 o

KD M I 2 3 4 5 6 7 8 9
97,2 — e

6060.4— v

44.3— —

29.0— S St S

201wt BB eSS S

5 pET-32a(+)-ChiKJ40 Ei IPTG F SR RELIRE
=0 Sy

Figure 5 SDS-PAGE analysis of pET-32a(+)-ChiKJ40
induced by IPTG

. M: % Marker; 1: pET-32a(+)Ai%S; 2: pET-32a(+)
S (PTG ¥ % 1.0 mmol/L); 3-9: 0, 0.2, 0.4, 0.6, 0.8,
1.0, 1.2 mmol/L IPTG 55 pET-32a(+)-ChiKJ40 (£ &k M B ik 4=
TR 20H LB VR

Note: M: Protein marker; 1: pET-32a(+) not induced; 2: pET-32a(+)
induced by IPTG (1.0 mmol/L); 3-9: pET-32a(+)-ChiKJ40 induced

by IPTG, concentration of IPTG was 0, 0.2, 0.4, 0.6, 0.8, 1.0,
1.2 mmol/L (the samples were cell homogenates).

B 6 JHEHRRMEWEN

Figure 6 The soluble detection of recombinant proteins
H: M: AR Marker; 1, 2: ZS#RARZSRY) B, 3: =
BARMNEZRYIIINE; 4. 5: EHBRANPZSRY) FiE; 6. &
BRI N BRI TOVE.

Note: M: Protein marker; 1, 2: Supernatant of cell lysate from
PET-32a(+); 3: Sediment of cell lysate from pET-32a(+); 4, 5:

Supernatant of cell lysate from recombinant vector; 6: Sediment of
cell lysate from recombinant vector.
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Figure 7 Purification of recombinant protein

e M: HAE Marker; 1. FEHBKRMERHEY EH; 2-9:
0. 10. 50, 100. 150, 200, 250 £ 300 mmol/L BRME: .
Note: M: Protein marker; 1: Supernatant of cell lysate from

recombinant vector; 2-9: Liquid were eluted with 0, 10, 50, 100, 150,
200, 250 and 300 mmol/L imidazole.

'

e —

%2 FEA ChiKJ40 BazEik

Table 2 Purification summary of the recombinant ChikJ40

WiH HH AR Ni-Agarose 4}
| te;ms Crude enzyme Column of
solution Ni-Agarose
HAHRSE 1.94 0.40
Protein concentration
(g/L)
JLT SRS 0.080 0.046
Chitinase activity (U/mL)
HIE 0.041 0.115
Specific activity (U/mg)
wifk R 1.00 2.80
Purification fold
AR M ES 100.0 57.5
Recovery rate of enzyme
activity (%)

B8 mEAERBELFES
Figure 8 Hyphae morphology of pathogenic fungal

. A-D: C.scoparium, C. parasitica, A.alternata, R.violacea IF# H22JE45(400x); a—d: EZJL T HEHALHLS C. scoparium, C.

parasitica. A.alternata, R.violacea [#%2JF25(400x).

Note: A-D: The normal morphology of mycelia from C. scoparium, C. parasitica, A. alternate, R. violacea (400x); a—d: The morphology of
mycelia from C. scoparium, C. parasitica, A. alternate, R. violacea treated by the recombinant chitinase (400x).

3 WHEER

JLT Joc it 2241 O A 0 2% T sl of SRR AR A
poll b, DR EAEI I ORRE S o LT R A
Wy RENS 73 fifé AL o D AL T A L B ) R 2 LT
Jit, MR, ALg0r XOE B LT S

BTG B . ISR R B
(Chaetomium sp. ymf1. 00843)F /™ s LT Gt
A <7 A 22 4% i (Rhizoctonia solani) F14H B 7k &
i (Alternaria alternata) B 22 A1 . 5 ] 2 404
WIS ZEHLFF R FMAB R B4 s 2L T g, &
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PR 0T 75 SR AL 2595 T (Fusarium oxysporum) . #iiff
# & (Penicillium aculeatum) , M X A% (Trichoderma
harzianum) . 2% (Rhizopus)#ll/k % (Botrytis cinerea)
AW AT AT, L T o B 0 1 i 4
RS K. JLT R AR G BEARK
PN R, A LT RS A S . AT
JUT B R AR A= 7, DR T IR 221803 B
7 R bR B 1 O3 R AR AR s e R L
NI I A SR 5y 5 . SR
M, BERE RN T Tl Ak A 7= L T Bl A
Z o M HOR B KR X — 44t
TR LS R LT B DR B R I A A Y
FARIEA TR ERIE , DAV R KA AR ™ R 5 iy
) 2

S. sampsonii (1) ChiKJ40 JE[K i fith G LR 1) {4
SPEEREURE ORISR 19 Kk, sEEREILT R
M2 B T 19 Z, 19 Z LT B 7 5 4
YR, TEMAEYh RE T 18 KiEILT
JR . Ohno 25 TMOIEs — YR W s 45 1 4 22 Sh 1
Streptomyces griseus HUT6037 & Figmtid 19 KL
TR, ZJ5 19 ZILT B2 re oAk
LRI, 19 FIIL T R = a5 2T
R AR AYRIER LT B o+ i 25 5AR
K, — e 20-90 kD 4fi s JL T J5i /i 2 2 20-60 kD,
SHYILT (2540 kD) K/NEE, HESJLT
[t (4085 kD)/NE AHBFSEAE E. coli th3eik
ZH ChikJ40 N 4rF 20k 25.6 kD, {HZETE
SDS-PAGE #HE FIBiAcH /il , REIFRBE N
KNI 42 KD, %40 F i K/NVFISERREY ChikJ40
HER RO NEREA —E 2, X FEEH
NTE pET-32a(+)Hilk A Bk ny 8 A B ik
/A 20.4 kD, FA & R/NA 12 kD /) Trx-tag,
2 NK/NA 0.8 KD Ay His-tag Fik/NA 1.7 kD )
S-tag, F N i 5.1 kD SKJE T T IX LEFR B FILL 1125
2 [8] () 54 PNIERR .

E. coli B RGN RTE TG T RATITIRA

WA BIEP . AL, ikt LS Kl F)
R | 1 EMAifk R AERES, BOh BT
I R B Fs R 21 SIS AR SRS B K
PRIRMIRIET, 252 e 35 AR R A T A
R, BETE NS E A BRSNS R L,
H A shnt . 2 HAZT:, ik, SRINE
HEHATE E. coli Wi HA T 12 1 HTHT
SO S i A SR R R AR R (1 S O, [
R SR F TR B, SRSt Sl AT
ChiKJ40 J:[F5E 1) pET-32a #hiKE33515, 16 °C i
B, EASEAFEDENEEET LG,
S Foifk. pET Fibh & A — Bl A R bR 3t
P, T3R8 S Maifl, Ao
TE [ e B DR M SR B Ak, 100 mmol/L ¥k 2
) K s T R e MRS R Fre e, i T TV g L T T A
0.115 U/mg, AL A54CH 2.8, B 5% 57.5%.
Garcia-Fraga 25122 5g 5 1 10 U5 B D B AR A2 %
P I (Pseudoalteromonas tunicata) 19 ZJEJLT
il Ptchil9p, HAH M Ptchil9p HMHA SN
0.257 U, ZifbEg it 0.228 U, JLT A
Ptchil9p X F. oxysporum F17% 5 (Aspergillus niger)
BRI EER . Hjort Ptk in = 4%
JEAFTE BUPM255 [)JLT JBifi Chil8H8, 4lifb)5 Y
W W GE % 10 ) B f 2% JEH B (Colletotrichum
K 4 ¥ J1 B (Fusarium
graminearum). F. oxysporum #1 A. alternata [ & 2
223 N

JUT o3 il R 08 5% Mk 0 1 2400 i B 1) = 2 2 i
SILT P B, HEEE & B R
PERY 19 ZEME LT Joal, T 70 4 T 1l 25 v e PR
2528 g sE g AR B35 1S, sampsonii
%I A. alternata. F. oxysporum 522 s [ EL 12 i 22
ARAMHRER . AT S, sampsonii JLT 5
il I DR JAZ R P A T s ol E2
JUT T %o 22 i it T 1) 240 L 25 4 B AT e SR PE
HEM S. sampsonii KJ40 7= LT il H A E R
LR I EEIF R Z —, HAj, &T S, sampsonii

gloeosporioides) .
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R R A%, I S, sampsonii
FERA 38 2 AL T BRI 7 Be, RBETakE
B —oE R JLT B AL . ChiKJ40 ORF K/hvhy
726 bp, Hifih 241 NEIERR, T gAS—A LT R
RSERE A, IRIASHFZE X S. sampsonii JL T 5
LR ChiKJ40 HyF9E, SE3FI4MFE T S, sampsonii
AR 50, LT BRI ERE] TR rckIE, I
S H N B T B S
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