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T FRBgE FE Ry e b2 RIE K BEFE R
AEE REE KL AT ME

(PR ARG TR TSI MRt 48 350116)

B OE INFYI LTRAAART BB RATF AL LAY, LT REBGRERILT A
RIVT B, FIEF A SEAA R, BATARZIUT RBeae AR T eeyE =2 A. [ 8
891 L IKHE (Vibrio sp.) GR52 9 /LT fiBgAF, KIKLAEXMATEH F a9 4R EE, 454k
ey ELA LT Bt ATEE MR AR . [ %] vAIRE GR52 B4k H 41 DNA A4, L7
F)JUT BB GR52-1, M T4 R T42% BL21(DE3)/pET22b-chiGR52-1, # -3 & ik#y >
i it Ni-NTA #AEsetb g AT F MR AR . [4R] T RERS pH % 6.0, £ pH
5.0-10.0 J& B A 37 °C 1Ri% 1 h 43 464RHF 85% A L egARtBaE /), BA 434569 pH A2 2 M RiE
K3 JEH 50 °C, & 45 °CARiE 1 h HBeE /) A AREAMAE, £ 50 °CHRiE L h Lok&BEE )
151k 60%; f& 1 mmol/L JRE T, Cu®. Ca?*ztiZsBA 1Ltk A, Hg'xtiZds A 90 B 49394
YA A 5 mmol/L RE T, NitstizdslA —7 ettt E/m, Mn”*. Co™. Li*. Fe**. Hg'.
SDS (+ =kt AR 40 ) AT iZ B LA 9 R a3 HAE R . AR LT R A R A B, ) 71 5 A3 K,
Vinaxs Keat 2-%1 4 0.85 mg/mL. 0.19 pmol/(mL-min)#f= 7.02 5%, J& 4% 5 bk 541 & PR % & 40 B ft
HFREERILT . (44 TUIUT Rbs LA RIFeBEF MR, AHIUT RBe) T L LR EE
k.

RBIR: LT mBE, INH, THEREA, BFHR

Cloning, expression and characterization of the chitinase gene from
Vibrio sp. GR52

ZHENG lJia-Min  LIANG Yan-Hui ZHU Fan YE Xiu-Yun LIN Juan’
(Fujian Key Laboratory of Marine Enzyme Engineering, Fuzhou University, Fuzhou, Fujian 350116, China)

Abstract: [Background] Chitin is the second most abundant natural resource next to cellulose.
Chitinase can catalyze chitin into chitosan oligosaccharide which achieved high value utilization of
waste. [Objective] The chitinase gene of Vibrio sp. GR52 was cloned and expressed in Escherichia
coli, and the properties of recombinase were characterized. [Methods] The chitinase gene
chiGR52-1 was cloned from the genomic DNA of Vibrio sp. GR52 and the recombinant strain
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BL21(DE3)/pET22b-chiGR52-1 was constructed. The recombinase rchiGR52-1 was purified by
Ni-NTA affinity chromatography and the enzymatic properties were studied. [Results] The optimum
catalytic pH of rchiGR52-1 was 6.0. It was stabled in the pH range of 5.0 to 10.0 and could maintain
more than 85% of its relative activity after incubation at 37 °C for 1 hour. The optimum catalytic
temperature of the enzyme was 50 °C and 60% of enzyme activity was remained after incubation at
50 °C for 1 hour. At the concentration of 1 mmol/L, Cu®* and Ca”* had stimulation on rchiGR52-1,
while Hg" had significant inhibition. At the concentration of 5 mmol/L, Ni* stimulated the chitinase,
while Mn%**, Co®*, Li*, Fe?*, Hg* and SDS inhibited the enzyme. The kinetic parameters Ky, Vimax and
keat Of rchiGR52-1 were 0.85 mg/mL, 0.19 umol/(mL-min) and 7.02 s, respectively. Substrate
specificity analysis showed that rchiGR52-1 could catalyze chitin specifically. [Conclusion]
Recombinant chitinase has good enzymatic properties which provide a theoretical foundation for

Microbiol. China

chitinase applications.

Keywords: Chitinase, Vibrio sp., Cloning and expression, Characterization

JUT Ba(Chitin)J&Hi N- £ - D-% i i 4 biid 1o
B-14- W HE AT AL e 2. LT R AR
R QR TR ALY, FEAAETR
WAAERE | iRC | B . WacshWnshscmpiE
A FAFAERE AR 100 12 t 24 LT RED, LT B
PR RS, MEE TR, B IR — A P
N, ALBETE THERIR . BEIR S TP IR h TR
FEE AR, AR A R S, P
WG IR ) AN W T AR FE R S AR A LTS T 5T R
AL LT BRSERE R M 2 B o pF9ER M,
JUT TR fee =y B KA A HA 5 AR pH . 3
SRALSE . FEARIMUBE AR . BUBETE A . IR A=
et IR . R AU SR I
JUT B E AR LT By T, HAYERHSE
AT, R, IR BRSO D TR e
S, BB BN E G ERRET t, JL
T 5 Y O K SR T E N AMIE SR )Tz
Kt

JUT Bl 1z, TEA . FR . N .
TR PR P, HRTIF R R A G
WAEILT Bl BAR LT BB e YA 4
B, AR B Tk A= 7 TR R SORS 5T VD TG
(Serratia marcescens) . fif% [+ (Streptomyces) FIA 2
(Trichoderma) &/ HULEMAEY) . HETE &M
JUT Bt TR S )3 BAEC,  [Rl iy JL T B et R

7¢. Bt TR IR & e B U
AEDRIRR LT B, e B BT 25, 127
FiE . BaE Y pH FRE . & BB RESE T
T A . A SCRFIEER TR e )L T
fifg LA, Mgt E 4 T # BL21(DE3)/pET22b-
chiGR52-1, #5SRIAHEAING rchiGR52-1 FiE174)
B A B Y, DAL T Bl o A& L
P JEAi
1 MR5Tik
11wl
111 EHRFIRA

IR GR52 BIAR M) PHALTEELI R BRIRS e Hh i ik
A5 LN 7EfEfE 3@ Escherichia coli Topl0 ShAk
SCUS R R A7 R AR ; #2ik 78 £ Escherichia coli
BL21(DE3)yF Novagen 4 FRZ\ ] ; ik pET-22b(+)
W F At 45X 4 (TRANS) A BRA ]
112 FERFALFRIEFRE

Pfu DNA polymerase, Jbii434:(TRANS)H
MRAT; BRIl &, OMEGA 2Aw]; PR
WYIEE . T4 DNA & . f£H Marker, Thermo
Fisher Scientific 72\ w] ; IPTG (lsopropyl B-D-
Thiogalactoside), Amresco 23] .

FEEIEER PCRAYL, E[E Eppendorf 22w %
ERUAGAR,  EIERERHECA R vl 5 B DRACRIHL K
H, HA ATTO 2vw]; 5/ EZ80 KA, SHENAN
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NFE TS, BINERS[SERGIRAH;
PRI TR A, Bl EREA R A AT
SRR, IR RLEES AR A E] M
eSO, HA HITACHI 27 .

LB K72 IOk [3]RC il
12 SREHZE
121 HERARE

W51 chiGR52-1-F (5-CATGGATCCGGCA
CCTTCAGCTCCGTCAATCGATC-3') #l chiGR52-

1-R (5-TCGAAGCTTAGGCGTCTGGCACTCGGC
CG-3), LIIKE GR52 Ktk DNA Jtiitk, PCR ¥~

M4 chiGR52-1 #£[H . PCR [ WA Z (50 pL): 2xPfu
PCR Master 25 L, chiGR52-1-F (20 pumol/L) 1.5 uL,
chiGR52-1-R (20 pmol/L) 1.5 pL, FE[K4H DNA
(20 ng/uL) 3 pL, ddH,0 19 pL. PCR J ) 4514 94 °C
5 min; 94°C30s, 585°C30s, 72 °C 2.5 min,
30 MEFR; 72 °C 10 min; 10 °C {447, # PCR j*
YA T B REEE RS vk e, 1R H Y B
122 FiEHAFEEE

¥ chiGR52-1 J& (K 1 i1 #i pET-22b(+) H
BamH [ #1 Hind IIIXAGEYT, [nIcry B H9HE R R B
IR T4 DNA 4Rz, M2l 3RiA
ki pET-22b-chiGR52-1 , #% 1k & & 2 & 40 My
Escherichia coli Top10, #k % BH M 7 % 1% &
Invitrogen 23 w0y , 44 77 91 1EAff (1) B 20 ki e A 2
JEZ SN Escherichia coli BL21(DE3).
1.2.3 FHI5Hh

K Expasy "' ProtParam (http://web.expasy.
org/cgi-bin/protparam/protparam) i W JL T JF [
chiGR52-1 KL[K AR By ¥ LA S S5 L 55 R
F SignalP 4.1 (http://www.cbs.dtu.dk/services/SignalP/)
TN B S IR DL R B UM, O HIEE A RGA
f& Bt — % Al & fF s A JH SWISS-MODEL
(http://swissmodel.expasy.org/) £ £k XF JL T o il 4 T
[Fi] A
1.2.4 E4AEE rchiGR52-1 BiEERIE

PR AT R TR B HERD 3 LB WA 57

(7% 100 mg/L Amp)H, 37 °C., 200 r/min Jzi%E5
F:. B ODggo 5% 0.5-0.8 B}, FIA IPTG (&ik
FEA 1 mmol/L)iFA 1755, LIRESIN IPTG 546N
SR, $FHTE 4 °C. 13 000 r/min #.L> 5 min, Uk
A I WOFINE LT RERG 1 .
1.2.5 E4HEF rchiGR52-1 BYEGTE H &N

K HH DNS (3,5~ i 5L /KA IR ) 1 I i A0 S b 5
0 B 0.1 mL K5 0.9 mL (¥ 0.5%R 4L T %
JEEY , F 50 °C /K5 KU 30 min &, A 1.5 mL DNS
AW 5 min B [FE LUK TG BRRALE R 2 X
BE. 6000 r/min 5.0 5 min, B EWEWT 540 nm il
EWGME, HE N-ZBE-D-Z I apibr i th 2t
SR OB & i WS T BAAE SOl s AR R
T, 1 min LS4 1 umol N- 2. fit-D- 2 45
WE R (A 2 SON 1 /NG 71 5 (U)o
1.2.6 ELAEE rchiGR52-1 B9 B4k

FIIFH 28 2R A XS T IS TR e 4 5
I Ni-NTA SEFUZ BT E LG rehiGR52-1 #1743
Bafifk,, SDS-PAGE 4l
1.2.7 ELHEE rchiGR52-1 By LLiE A E

K 2% T 17 2 % Y (5, (Bradford) 12 ) o2 4lifb 5
R o T AR AR N A T I 4
FEIE 7, TS g (RS IR )
1.2.8 E4HE rchiGR52-1 BIEEF 4RI R

(1) FIE RN pH F pH e PEmF5Y . 76 50 °C
ST, S AELEATR] pH 28 vl e il 4 e 4
LT RIEY R EHEF rchiGR52-1 % f1, LA
R0 Fo R 1B R 100% AR X WIS J1, iR
BIE N pH; K E R rehiGR52-1 & T A[F pH
e 37 °C S5 PRI L h, 7Efid pH IR E
I E RS 7, VARALBRZH FOBES 71k 100%315
% pH TILT R R AR IS E 53 Lo

(2) FRcii S0 I AR E PR SE « 7RIS pH
ZRAFTT, 30 FEAS [ i (30,40, 50,60, 70 °C)
FHUE LB rchiGR52-1 G T, LLINAS A f i ity
16 718 100% 15 AH XRS5l S TR 5
HEAR rchiGR52-1 437 B T [FIR A rh A
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[EAEl2, 5. 8. 15, 30, 45, 60 min), F-7Efkid pH
ARSI R 71, DAAAEIRA (S 718 100%,
TR A5 LT TR A R AR 1 43 He o

(3) AIFl 4 & B B Ak 24 1500 X il 0 01 1) 52
Wi FERGE VAT, FLAREE R 1 mmol/L 1
5 mmol/L ) 16 Fi &)@ F(Na*. K'. Li*. Ag’.
Mn®*, Ca*, Co*". Cu™, Mg*. Ni*", Fe’". Hg*".
Zn?*. Pb* . cr*'. Fe¥")AI 3 F k=X FI[EDTA (2
TP ZER) . SDS (T e EREN) . B-FidE L]
XTHE A rchiGR52-1 [T J1 sz, LAAH A 2544
AN 4B B Rk 2R A B S5y A X R

(4) TELHM rchiGR52-1 (1) Ky A Ve (LI E »
Ko AR E 0.5, 1.0, 1.5, 2.0, 25, 5.0 g/L)AY
WAL T B, TE i S A e G
FE 3K, AR ROV, R AUEE RS
Kin T Viax 8,

(5) B FIERSE: SrRIcH] 0.5% (Fife
RFRER) AL T T . ARy JL TR . HF5ehs . 7ol
W R LT 4E E A (CMC-Na)IEY) , TEfodE 5510 T
W5 FALE rechiGR52-1 [ 1, i % F AL AT A
[TV E R R Sk
2 ZRE45h
21 NTEREEKERFREFIISH

PLIREH GR52 THFEFEFZ DNA SHEHR, it
KBS YT PCR §714753)—24% 2 500 bp
AR B (K 1) #i% F Boll v 4745 09 )3 51 R
Vector NT I #4750#r, FHIFBIELHE, 7E NCBI
BRI TR VTS T, BN e )
JUT 4, 1doh chiGR52-1,

JUT JREEREA chiGR52-1 4K 2 553 bp, 4ihd
850 MM FEFR A 1 ML BT, S, SN
b 4.39, 43Tl 87.22 kD, ¥R T BIPR A
ILRFH], K F NCBI H) BLASTp IheE, S%dkE
FERE T IA T . FEBdRES, AL
& 11142 Chitinase [Vibrio fluvialis] WP044365306.1 /I
WP032080440.1, —ZM¥HA 80%, i,

bp

4000
3000
2250
1500

1 000
750

B 1 JLTREEEE chiGR52-1 ) PCR ¥ 1 Bk E
Figure 1 PCR products of chitinase gene chiGR52-1

. M: 5000 bp DNA Marker; 1: PCR # 14724

Note: M: 5 000 bp DNA Marker; 1: PCR products.

chiGR52-1 & F 2 — N ILEGHTARI E H . SignalP4.1
TEL IS5 BB ZE ARG SR, [F5RUIH]
NLRTESS 26 F1 27 DMEAFERRZ W], SWISS-MODEL
FELNFJL T JiH chiGR52-1 #E4 7[RI EAS 4L, L 3arr.1
YEMBLRL, XF 4 850 A4 LR 1 JL T Ji fiff
ChiGRS2-1 45 27-593 AN SRR 45 ety , 1551
—MEAREE(E 2A), —BER 79.79%., —
Heiih, 2 2 MERE BT MR T 50%, HEhH
AR IPEREIE AR 90%; 4 2 MR TS
PEARTF 3096, %454 ERIHIIE K, @
1t Saves filk 55 #& (http://services.mbi.ucla.edu/SAVES/)
1 ProSA™(https//prosa.services.came.sbg.ac.at/prosa.
Php) X BAURZEH AT T Z RSBk, ERRAT,
ProSA . Verify-3D {H 435I/ 95.471,-11.04 ,99.82%,
RUZE GG IR @ Pymol Ztrik
F A e A A 1 (] 2B), PR 4T (i sy R Bt
HL, WA RN IR .
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B2 JLTJRES chiGR52-1 EA=#HZME(A)FIREE
% E(B)

Figure 2 Three-dimensional structure (A) and surface (B)
of chiGR52-1

2.2 EAEF rchiGR52-1 BIRIE 541k

B TAEH BL21(DE3)/pET22b-chiGR52-1 4
IPTG i#2 W E L rchiGR52-1, B4,
ELO WS BRI E JLT B EE NS 9f 4T SDS-
PAGE il (€ 3). Z5R R \PTG 15T/ A i
FAEWEAE 90 kD Ab B — W AR 1 45T, S
DN B BEIE 7 1-5 K/1N(87.22 kD) — 2L, U E41L T
JalE R chiGR52-1 7E KT i Hhifs Rk B

kD M 1 2 3
120 g - -
; N =
48— - ——
W ——
30 —  — " -
—  S————
25— - -
14 — P 2

3 SDS-PAGE ##74h{L E4AEE rchiGR52-1

Figure 3 SDS-PAGE analysis of purified recombinant
rchiGR52-1

¥: M: Protein marker; 1. 4ifbFEANE; 2: £ IPTG T AR
3R 3 RZ PTG H AR FIEH.

Note: M: Protein marker; 1: The purified rchiGR52-1; 2:
Fermentation with IPTG; 3: Fermentation without IPTG.

HHFRARLTE TR HIFR S s 24
R HeAR | AT alifb 5158 B — 25k (8] 3 UK 1),
FIHE LM rchiGR52-1 E3fAG4lifk. FEfal 5k
PRI B4 rehiGR52-1 Fuii 1k 4.33 Ulmg.
2.3 E4HEE rchiGR52-1 BY TR
231 mRIEBRR pH A pH IEE 4

¥ rchiGR52-1 B T ARl pH 22 v il 2 ity
677, R R V)% E 4 WG 0 s N pH o 6.0
Y4 pH<3.0 5 pH>11.0 I}, i & 1 544 0 (1 4A).
¥ rchiGR52-1 BT A[H] pH Z i 37 °C 4R 1 h
TV E TR AR WG J), A5 R R WIZMEALE pH 5.0-10.0
T NS E TR, REPRIF 86% LA F AR BET
715 1E pHAK T 4.0 2510 T iZ M 58 42215 (K 4B).

A

120 —a&— Mcllvaine buffer
—&— Tris-HCl

100 —&—Gly-NaOH
£
T 80
S 60}
(=]
=
g AWt
[
oz

20+

O 1 i 1 1 ]
2.0 4.0 6.0 8.0 10.0 12.0
pkl

B 120

= 100 |

&

E: R0 |

3 60

o]

Z 40

= —a— Mcllvaine buffer

o 20 —aA—"ITis-HCl

—@— Gly-NaOll

20 4.0 6.0 8.0 10.0 12,0
pH

& 4 ELHEE rchiGR52-1 RiERMN pH (A)F pH faE

(B)
Figure 4 Effect of pH on activity (A) and stability (B) of
rchiGR52-1
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232 EmERFREFRIBEMN

¥ rchiGR52-1 #& AN [l Ik B v I s 7, 45
TR 2% I % T 2 I ) e S T A 50 °C (18] 5A).
H rchiGR52-1 & TR [RIELE F - 1 h I 7E il [
o S5 T A FR ARG 1, S5 RFIIZAE 45 °C
DU R E MRS, 76 50 °C {356 1 h AEff4F 60%L1
ERARXTEENS . #ad 50 °C EEHGE ST (] 5B).
233 AREEREBFREAUERF X EHE
rchiGR52-1 B § 0

W 16 FIAF 48 25+ S fb2#iGR17E 1 mmol/L

A 120 -

100
80
60
40+
20¢

Relative activity (%)

040 % <0 70 %o
Temperature (°C)

5 E4HEs rchiGR52-1 &i& R iR E (A)FIHIE E 14 (B)

A5 mmol/L ¥ & T X B 41 rchiGR52-1 1% /11
SN (% 1), 5 REH]: 76 1 mmol/L ¥kE T, Mn**,
Co®*. Li*. Hg*. Ag'. SDS X% HA /N [FIAR R
FHMEIVE T, Horp Ho® %% mEA s 20 am il v e
FRAYHESG R 1.2%, Cu® il Ca” %% BENIA 27.8%
1 3L5%HIAEHEME T ; 7E 5 mmol/L REE TR, Mn**,
Co®*. Li". SDS. Fe**. Ag'. Ho* %iZa B i i
MRIER, b He® XHZ R HI1E R 100%,

Ni** X% HA —E B BRI, Hofb s T Afk s
TR B B A2 )

B
120
5 100
Z 80t
S 60
fand
Z a0t —a—45°C
2 —&—50°C
~ 20 —55°C
0

S .. 3
0 10 20 30 40 50 60
t (min)

Figure 5 Effect of temperature on activity (A) and stability (B) of rchiGR52-1
*1 TREEHFLFRAFTIXELLE rchiGR52-1 BEE SIS M

Table 1 Effects of different factors on rchiGR52-1 activity

5wl W AT g A S
Additives Concentration (mmol/L) Relative activity (%) Concentration (mmol/L) Relative activity (%)

Control - 100.0+0.0 - 100.0+0.0
Na* 1 110.5+4.2 5 110.4+1.0
Mn?* 1 76.7+2.8 5 56.8+5.1
cu* 1 127.8+3.4 5 107.2+1.0
NiZ* 1 100.8+1.0 5 124.7+3.4
Mg** 1 97.245.2 5 83.8+4.2
Gr* 1 102.7+2.8 5 104.8+0.2
Co** 1 83.5+1.0 5 62.3+3.4
Li* 1 60.9+1.2 5 49.5+5.0
Cca* 1 131.5+2.7 5 111.8+2.2
Fe®t 1 104.6+3.6 5 67.56.5
Fe® 1 110.4+6.8 5 102.3+7.6
Hg?* 1 1.2+1.4 5 0.0+0.0
Ag* 1 87.646.1 5 70.846.7
Zn** 1 93.1+4.5 5 88.2+4.6
K* 1 95.5+4.6 5 94.8+4.0
Pb? 1 96.5+0.9 5 96.1+3.5
SDS 1 79.1+5.5 5 40.2+4.0
EDTA 1 93.7+4.5 5 84.7+4.7
B-EiELZ B 1 103.1+4.2 5 95.6+1.4

f3-Mercaptoethanol

Note: —: Without treatment.
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234 BRRRE 3N ESENE

KM Linewaeaver-Burk fE R ¥, 45 5 4H fifg
rchiGR52-1 1) Viax & 0.19 pmol/(mL-min), Ky 4
0.85 mg/mL, ke i 7.0257 (3 2).
2.35 EHAEF rchiGR52-1 BRI S

Ph 05% (et RAARILT B, 4k LT
. BRFERY . SERME . R LR 4R 1(CMC-Na)
R, W E AR FRY) T BT ), DU
YR AR LT o ARG 1 1000675 HAt IR 1)
ARG 7 SS9 3 i, FE4LHE rchiGR52-1
XA LT A AR R B 77, XAl LT i A
10.9% R TG 77, XTHRSEH A WSS B BEG 7, XF5¢
RUEFIR LA e RN BRG T, FTIW, EAHIL
B rehiGR52-1 HAgFE b )L T T, Afg
Moo pl . U RS T RS . HEL
JROIVE L S 4ERTEAR], HEerE R 5L T
R4 .
3 WitE&

PLIRE GR52 K4 DNA AR, sefs LT

K2 BRRNMNZHHDFSH

Table 2  Kinetic parameters of enzymatic reaction

JLTEE E& Vmax Km Kcat
Chitinase (umol/(mL-min)) (mg/mL) )
rchiGR52-1 0.190 0.850 7.020
LICHI18A 2.836 2.913 0.024

%3 E4EEE rchiGR52-1 MRYIHF R 14
Table 3 Substrate specificity of rchiGR52-1

I[ist7] AHXS S
Substrate Relative activity (%)
JieA JL T )5 Colloidal chitin 100.0+2.6
4i#53 JL T JiR Powdery chitin 10.9+0.2
HR5EH Shrimp shell meal 3.8+1.4
5% 228 Chitosan No detected
2 H L 2T 4E Al CMC-Na No detected

3L chiGRE2-1 41, Mt TR ——RMF i
BL21(DE3)/pET22b(+)-chiGR52-1 #Hf 7 gdik, Xf
HAING rchiGR52-1 #4173 B Al AL AN 711 BT

LB HROE SN pH R 6.0, 5ol S T N
50 °C, fE pH5.0-10.0. 45 °C LA FFaE Ml ; %
WeBE(L mmol/L) T Cu®. Ca®* X% EA — & (L
FIVERT, B MR (5 mmol/L) T NiZ N HA (e
F; 7E 1 mmol/L F1 5 mmol/L ¥&JE T, Mn®*, Co®",
Li*. Hg". Ag'fil SDS X}iZl#s LA MkfEmA, H
H H X Z IR 100%. B 20 241
K Vinax - Keat 7351124 0.85 mg/mL ,.0.19 pmol/(mL-min)
17,02 57, IEYIEE SE T 2 BH X T 2H I R4 S
WAL T B, B RSER R A KT kL
TR LICHIL8A, VUL T BifE M il
NI FZH Ky Vimax 57518 2,913 mg/mL |
2.836 pumol/(min-mg), ke &7 0.024 s (32 2), HHI
ZF, ARSCH R R AL TR rechiGR52-1 H
AT I S R ) R P AR IO

W 5B Konagaya Z5PAffFgy 2 R 4 2%
PG 199 4 0t o oA R LT O Rl Y e R N I B
35-45 °C, fRidi ) pH 435024 4.6 A1 5.0, 7& pH
5.0~7.0 YU [l N BCHARE ; 22 FCPH PR BRI L T
R ) 50 S 3 EE A 40 °C, Fidi KU pH M 5.0,
7F pH 5.0-8.0 LR N E R . BRI
B, EEALJLT TR AR R EA rp 22 3 A foe i S I itk
JEH1 pH 435k 37 °C 1 3.8, 7E 35 °C LA P&
PEEST . Huo 2512\ Aeromonas veronii B565 154
G| — 25 LT B R i Rk, EAH Y
T8 SN I EE AN pH 43514 40 °C f116.0, 7E50 °C T
PRI 1 h FIAEERS S1{0k 20%, 7E pH 5.0-6.0 YL [l
WREMRAF. HEZ T, ASCHRE M EAIL
TR rchiGR52-1, H.AG ¢  1Y d5cal 2 N I B
(50 °C)F R AR P (8 50 °C TR 1 h {55
TR4F 60% L F AR S 77), JFHA 98 10 pH 1R
FYEFE(pH 5.0-10.0), 1 H&—Mom, Xnlge5&E
IR RAAE 2, AL T RN e TR

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



1034

TEY I8

Microbiol. China

UFRSELRE ., Hao 25200 5y em, JLT Bl CHI 1 0
CHI NI &\ &5HFE, FRnEA R 2t EIER,
AT LA W frcep g, X HAR e PR R T AR

REFERENCES

(1]

[

(3]

[4]

[5]

(6]

(71

(8]

[°]

[10]

[11]

Hao ZK, Cai YJ, Liao XR, et al. Optimization of nutrition factors
on chitinase production from a newly isolated Chitiolyticbacter
meiyuanensis SYBC-H1[J]. Brazilian Journal of Microbiology,
2012, 43(1): 177-186

Wang ZW, Liu ZM. Advance in study and application on chitinase
produced by microbes[J]. Letters in Biotechnology, 2006, 17(3):
439-442 (in Chinese)

Eibf, XGRS BEEYILT SRR []. A ERE I,
2006, 17(3): 439-442

Tao Y. Identification of a chitinase-producing bacterial strain,
characterization, gene cloning and expression of the chitinase[D].
Chengdu: Doctoral Dissertation of Sichuan University, 2006 (in
Chinese)

Ve B3, —H" ST BRI B 1 4 | T B R LR IR s b
5FIK[D]. AR PR A 2A A8 3, 2006

Lv MY, Shi JX, Xia X, et al. Enzymatic properties of chitinase
from recombinant Escherichia coli with different substrates and
analysis of hydrolysates[J]. Food and Fermentation Industries,
2015, 41(3): 26-32 (in Chinese)

B, AR, ZHE, S RIGFERIAIUT B A F
Wy il B R AR ) 3T (D). S R B Lk, 2015,
41(3): 26-32

Zhang YT. High-yield expression, characterization and
application in aquaculture of two chitinolytic enzymes from an
Aeromonas veronii strain B565[D]. Beijing: Master’s Thesis of
Chinese Academy of Agricultural Sciences, 2012 (in Chinese)
SR, U4 R R BS65 HYRIAIL T MR
BRI | MBI Bk = 5RFE N HID]. Abat: v AR
SRR L2 i8S, 2012

Ubhayasekera W, Karlsson M. Bacterial and fungal chitinase chiJ
orthologs evolve under different selective constraints following
horizontal gene transfer[J]. BMC Research Notes, 2012, 5: 581
Zhang HB, Liu MY, Tian YJ, et al. Comparative characterization
of chitinases from silkworm (Bombyx mori) and bollworm
(Helicoverpa armigera)[J]. Cell Biochemistry and Biophysics,
2011, 61(2): 267-275

Langner T, Gohre V. Fungal chitinases: function, regulation, and
potential roles in plant/pathogen interactions[J]. Current Genetics,
2016, 62(2): 243-254

Anuradha V, Revathi K. Antifungal potentiality of marine
microbial chitinases isolated from crustacean shells[J]. Journal of
Pure and Applied Microbiology, 2011, 5(1): 87-96

Zhang XB. Effects of chitosan oligosaccharide on the expression
of IL-1p and TNF-a in macrophages[D]. Hangzhou: Master’s
Thesis of Zhejiang University, 2002 (in Chinese)

SK/INL. SEEEREXT E SN 1L-1B . TNF-o 308 33K 19521 [D].
BU: WV TIR# AR 2A 62153, 2002

Yang MD, Qu ZH, Li YR, et al. The application of chitin,
chitosan and its derivatives in food industry[J]. Food Science,
2001, 1(5): 97-99 (in Chinese)

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

Wakags, mhkte, 2ok, &, JUTROUT S0 R ILATE e
PR ). &R, 2001, 1(5): 97-99

Song GM. Construction on chitinase produced by recombinant
Bacillus subtilisfD]. Wuxi: Master’s Thesis of Jiangnan
University, 2008 (in Chinese)

KOGHI. 77 JUT 5T E 2R R B R IRAT I A (D). e 1L
P A 2 V1 S, 2008

Yao YP, Wang JM, Zhang ZG, et al. Role of
N-acetyl-chito-oligosaccharides in plant diseases biological
control of Trichoderma spp.[J]. Journal of Shanxi Agricultural
Sciences, 2013, 41(2): 194-196 (in Chinese)

Wt FEW, SKAENI, & LT SEREEAREH A WP iA T
MIFERL]. ILPGRAL R, 2013, 41(2): 194-196

Lv MY, Lv YL, Xia X, et al. Expression and inclusion body
renaturation of recombinant chitinase in E. coli and its
enzymology properties[J]. Science and Technology of Food
Industry, 2015, 36(22): 168-172 (in Chinese)

BAFIR, FUKEY, BAE S KIFTREGUL T RRERRE . (i
WS TSR D). £ Tl R, 2015, 36(22): 168-172
Li J, Zeng ZW, Ouyang SW. Characters, gene expression
regulation and applications of microbial chitinases[J].
Microbiology, 2001, 28(4): 84-87 (in Chinese)

2, W, WHASC MUEYILT SR . SRR FRE
VAR K 3] A= p~4ad A, 2001, 28(4): 84-87

Liu D, Cai J, Xie CC, et al. Purification and partial
characterization of a 36-kDa chitinase from Bacillus thuringiensis
subsp. colmeri, and its biocontrol potential[J]. Enzyme and
Microbial Technology, 2010, 46(3/4): 252-256

Li J, Zhang YT, Zeng W, et al. Determination of total protein
content applications Coomassie brilliant blue[J]. Chinese Journal
of Biologicals, 2000, 13(2): 118-120 (in Chinese)

PR, SRR, SR, S BB Srsd i e S ey
T E A 2R, 2000, 13(2): 118-120

Bradford MM. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein-dye
binding[J]. Analytical Biochemistry, 1976, 72(1/2): 248-254

Dixon M, Webb EC. Enzymes[M]. 3rd ed. New York: Academic
Press, 1979

Spezio M, Wilson DB, Karplus PA. Crystal structure of the
catalytic domain of a thermophilic  endocellulase[J].
Biochemistry, 1993, 32(38): 9906-9916

Sippl MJ. Recognition of errors in three-dimensional structures of
proteins[J]. Proteins: Structure, Function, and Bioinformatics,
1993, 17(4): 355-362

Konagaya Y, Tsuchiya C, Sugita H. Purification and characterization
of chitinases from Clostridium sp. E-16 isolated from the intestinal
tract of the South American sea lion (Otaria flavescens)[J]. Letters in
Applied Microbiology, 2006, 43(2): 187-193

Huo FM, Ran C, Yang YL, et al. Gene cloning, expression and
characterization of an exo-chitinase with high B-glucanase
activity from Aeromonas veronii B565[J]. Acta Microbiologica
Sinica, 2016, 56(5): 787-803

Hao ZK, Wu HG, Yang ML, et al. Cloning, expression and 3D
structure prediction of chitinase from Chitinolyticbacter
meiyuanensis SYBC-H1[J]. International Journal of Molecular
Sciences, 2016, 17(6): 825

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



