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LA A S A

AT W5 v AR 4H | Ik & B B.  licheniformis
MY75 bk REAE ™ A2 — Ff AR A iE i 9 55 kDa JL'T
S, I L) AD IE R R R s A
GenBank " 847X ML T B A YA T P 5045 R . A
T R VAT AR B T R S A BT ) AR
T SEE 1f BT% 43 M AR A5 T 55 kDa JLT BT Y A IR
FPAUBRAE , h M ve e 1 L2 A S TR, O 7 R i AT 7 o
N ZIE T EAILT B AEX BEE R 1 AT T A
H R B < A TR A R DXL e B A i A2 FRAT AR i AT
B PP B RO [R] 23 1R A, BB 2 R A R L
W TI7 WA AR 22 5 X — PR H AT
N i R DL AR IE

1 MoKAeTr &

L1 ##
L1 pEak ke % 5% 5 K 2R S AT T ( Bacillus
licheniformis) MY75 T& k73 85 F SE T 19 85 15 &)yt i
A %o IR . N & R B ( Gibberella
saubinetii) & 21 B (Aspergillus niger) F A4S g X1 J7 2L
B B R (Spodoptera exigua) i A % 4]
Fo wmEMSIEF LA E. coli XL-Blue 1 E. coli
BL21(DE3) thA = R, LB 5 3% 5L T K A i
EE SR PDA SR B T H W 95 . i o R ik
JETE LB B3R 5 h A 2% JLT ks, T MY75 B
PRI RE 55 o
L2 F2uC R JL T Bk W F L4 7 2k
A A & LT 5 (glyeol chitin) 1 3% 5t 4 kL
Calcofluor white M2R i [ Sigma 2\ @) ; B & 8 . N )
B30 H A (RGE) AW, FZALAR A - BioRed
A AL TR I 7 AR K v KA B e AR A PCR AR K&
gAY A
1.2 MHEOWH &REEEHNE

MY75 B k5% 57 13 ORLEE B9 ) 4 2 25 SOk
(8] I Driss 4877 " iz MR 1 009 JL T Ry
W 77o 1 BALIY G 2 X R 50°C, pH 6.0 51T,
FE T h B 1 wmol. N-Z, Tk 42 ik 7 45 B8 ( NAG)
Jr s BB . R A TR R Ik B LT A A
#5715 :8000 g .0 10 min WA, FH 5 - 10 mL
50 mmoL/L. pH 6.0 B iR 2 v i 5 20 Jfl 8 &, | 75
Bk J5 ,10000 g 8500 15 min, J4E 3 .
1.3 MY7S B#RJLT REBE E (chiMY ) 13T f& K

FR A AT I 8] BT 385 1) 3 BT 45 2R, LA GenBank th

oA ZE AR B OR & R R4 )y A (B S
CP000002. 3) K % & it T PCR 514, L5149
5’ -GAAGGATCCATGAACATCGTGTTG GTC-3’; F
Wesl 4.5 -CTTGTCGACTACTCAGACTCCTTTGTC
C-3" , KARBRICH 4 o 0 52 R 4 B ) g £ £z
Mo HEEUMYT5 14 DNA {8 PCR BH, Xt MY75
R chiMy FE DR AT 938 . Fr Y 3 7 R
94°C 50 5,50°C 1 min,72°C 1.6 min,30 PE*H,

4 PCR 914 7 W) 3% A 5 B 2 /K pMDI18-T Jf i
AP o R 385G 5 3 B g U0 62 s, BT BamH 1 Al
Sal 1 ¥ sg R BON SE B 4K E U0 T, B0 52 B
A% R GE AR pET28a ( Novagen) , I 1% H 41
AL pET-chiMY %% 46 %2 K #F % BL21 (DE3) 1, H]
IPTG %5 ChiMY & [ £k,

1.4 JLT i ChiMY Fy45 1% 4

1.4.1 {150 SDS-PAGE £ I & i 1% 43 A7 : SDS-
PAGE Jy k2 BESCHR [ 10 ] o M5 73 4% BEAS 2 9
HERAET

1.4.2 AT B[] BT % 43 M (time-of-flight mass
spectrometry, TOF MS) : 4 [ 3% 73 # vh A7 JL T o1 il 0%
PERYEE U NEERE LU, 64T e P9 e 28 11 i K A
Je F T R g o W pR b K2R A R o 2 e iR
FBI O Ho B B 98 B, MASCOT #% 4 43 #r
ELE

1.4.3 il pH B SRR 8 PRI E < ZE AN TR] 1Y il
FEA pH {H 2508 T I 2 5 05 238 1 ChiMY i35 /7 .
JH 4 28 vk 5290 pH (Y2846 :pH 3.0 -7.0 J]
FrBEIR WL 22 vh s pH 7.0 — 8.0 FI B R 2% vk
pH 8.0 -9.0 ] Tris HhBRZE th# ;pH 9.0 - 12.0
H 2 W2 . NaOH 22 ph . 2% sho (0 25+ Wk B2 1 oy
0.2 moL/L, K EAE & 43 I 7E 30°C - 90°C (1 A [ i
JETF R 1 h O il AR E Ve, A E A 3
W, BOEBIE .

1L.4.4 SJEEFXILT BEE R m . fE 4C %
PER K BEW S W 10 mmoL/L 19 4% Fh 42 & 55 1
RAE,BCE 1 h JFINEETE g Y 4 08 B 1 a4
Mn®* (MnCl, ), Cr’" (CxCl,), Li* (LiCl), Na®
(NaCl), Cu’" (CuSO,), Mg’* (MgCl, ), Fe'"
(FeCly), Zn’* (ZnSO, ), and Ag* (AgCl) , A VE N
XFHEFH B EDTA g4 35 %5 Wi Fi SDS ¥ Wi . it A T 72
HA 3 W HBOFHE

14,5 K4 B o 36 1k B ok BB AP A B 1. 2 O
v 45 SRR Rk ChiMY IR, #2 SCak Oy ik i
0 L T I ORS00 T A
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2 Rt

2.1 MY75 B ¥ 5 ik Li51H%E 51 SDS-PAGE
REBIE S

M 1-A filf 3% o3 A7 4 285 S 0] LU W X R F B
1-B () SDS-PAGE %5t rh 55 kDa 2 |9 4547 1Y 0 &,
A — BRI, 2 XU BT R Y AT R L
T T A TR B0 R S 4 . BRSR SDS-PAGE
5/ BLFE B 40, B RE 0 Ar A R — 5%
FLEG S PR 4500, U MYT7S bkt R —FOJLT
G, 5> T 290 55 kDa, 1T H Fiib %A AL
TR B RGE , AT T R TS T .

kDa M S

kDa
—97.2
97.2 —
B — 6.4
664 — ;
L — 443

443 —

1 MY75 BRIk LB HE B EBIE K SDS-PAGE
o

Fig.1 Zymogram analysis and SDS-PAGE of the crude proteins from
the culture supernatant of strain MY75. (A) zymogram analysis.
Proteins were stained with Fluorescent Brightener 28 and observed
under UV light. The dark area represents the clearing zone produced
by the hydrolysis of glycol chitin. (B) SDS-PAGE. Proteins were

stained with Coomassie brilliant blue R-250.

2.2 EAFRIRIEHH

55 kDa 25 11 25 g B A S 00 B35 29 07 S o, A
A N-3i {55 IR 25 56 DR IERIT IR 2 C-ii
55372 AR Mk, AT 10 RN IR A, ek
MOIKEE & 11 NI, e K& 29 MR, &
AHTHE T & R, 55 kDa B [ 19 P9 Ik 91 5 80 2
b A ZF FLAT TR 4 R R 21 7 51 (5 55 : CP000002. 3)
1 67 kDa JL T Jot fifg g 3 W) U o
2.3 MY75 BT REBEEAMNEERRRERIE

FHEFRY 518 L MY75 T K B9 5 DNA Sl 15 4t
#EAT PCR 71, 45 2K B2 1902 bp 197724, K i
B BE. & P Uk W, O TF 0Bk AE KB
1797 bp, % H W 45 &4 H MY (B 3% 5.
EU822303), F BamH 1 il Sal 1 RVl chiMY 5¢
)T RE AR YT, W5 B iE A pET28a 3 1k 2
A, M T 2 BUORL pET-chiMY 3% JBURL % Ak iE

Fikfg 2 BL21 (DE3) & ¥k, K15 ¥ L 7 E. coli
BL21 (pET-chiMY), %3t IPTG 5% )5, 7E % k¥
20 L ) BB T R R AR AR T KRR R R IR 1967 kDa
MEHEE(E2),

kDa M 1 2

97.2 —
66.4—
443 — W&

2 KBHERIERIZEKN ChiMY Z B SDS-PAGE Ei%

Fig.2 SDS-PAGE analysis of ChiMY75 heterologously expressed in
E. coli BL21 ( pET-chiMY75 ) transformants. 1. induced with
IPTG; 2. un-induced; 3. E. coli BL21(pET28a).

2.4 REREZEAHSMY?S BERFHEARFIIER

SERERY chiMYT5 JE A i i 599 N E R, 5
GenBank 1 20 4 38 (14 b 4K 2F FEFF 7 JL T 5% i 42 3 1R
FEAN R IR AE 97% UL b it MER S RS R
TR 23K 5r F R AHFE, 29°4 67 kDa, 045 N-viig K &
MAFEERMGE S KRIFH., M0 Fe5kA
MY75 BEERY LT Bl 4> F i R —8, A5
U5 ChiMY ) 20 3 1% )7 31 5 53 33 43 A b il o
() MY75 T8 Bk 09 LT 0 N KT 3 A 28 2E 47 1 4
Fb, & BAG IN 3] 9 24 55 kKDa JL T GG 18 5T 4 J5 91 bk
T E A R R AR A AR T A b, B TE
TEPEN 100% (B 3) . sk, AT W —
B HOPH T A A I MYTS 58 bR i
FIEAT T 5 01, A G- BY Y1 451K 24 100 4> 42 47 1)
IR, N 3 Jp 8 st ol DUE Y 5% o #r
A IZ T C-ui A3 373 = 599 A~ S SE R 1) AF ]
WRIP 1 1l 3 A USRS 192 F 55 200 A2 3 iz
¥ 5k 18 SR 5 Ak 3 7 Sk Tl 1) T35 37 A 31 o
2.5 RIERIEM ChiMY FE/EF414

FE K By FF 18 R 3k (9 JL T B il ChiMY | 85 56
YEHT pH 2 7.0, 8 HAE pH 7.0 I il 3% 1 %€ 4
100% ,H& pH F AT X5 LAAE G Al 05 PR . 1
pH 4.0 B, % i 09§ 3% 771X A7 10% LLF, {34 pH
EAE) 5.0 B i B 16 M KR T, 2958 70% A4 .
4 pH fH = F 7.0 Z J5 MG S T R, 76 pH 10. 0
i 95 A A 15% o UEW] ChiMY75 S —Ffpeptk JL T
Jo 1

ChiMY ) AHE1F IR By 50°C . 76 30°C B,
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B3 RiEZKIEH 67 kDa ChiMY REEF 55 55 kDa EH M ik 53 bt
Fig.3 Comparison of amino acid sequence between 67 kDa ChiMY and 55 kDa chitinase from B. licheniformis MY75. The short
peptide sequences in the shade, determined by TOF-MS analysis, is of the 55 kDa wild-type chitinase secreted by B. licheniformis

MY75. The numbers demonstrate the positions of the short peptides sequences. The boxed “SIP” represents the 34aa signal peptides

in the N-terminal. The sequence in the box is the active site motif of the catalytic domain of the ChiMY.

it 3% F3 AN Ry S5 7R WG 00 30% , BiE A RE BT,
it A W 4 v (R 7R R R 55°C Z ), B
TR B T B, % BETE 55°C B A R I i fa e
P, BMEAE 70°C A 1 h A5 Re O 3F 30% 1 B i 1k
FATXT MYT5 AR BE55 L I5 ORL 8 F1 b i B A
A1 55 kDa JUT J51 filg 0 i 7 e e 64T TE . K
R HC S 3 VR pHL, S5 i VIl 8 R et B A M Dy Tl
(PE T 38 5 SRR IR A ChiMY AL (PG mg ) o
W& 4 B E TF5 ChiMY R4, L% 8 e 10t
EREE R, SR BR LiT, Na®, Mg’ X i
WA RO R R M’ G 2’ Ag”
4 FpEs o 0 BE 9% W b B IR ChiMY (9 3% Pk i
Cu™, Fe'" WFh B F 1% 8 A LT 58 &k Kb b
BeAh, FATE ML F], SDS & EDTA X} ChiMY i #£
WA B b A VR T, U0 B O I 04 355 T S RO T 6
J& B Rl
2.6 RiEFRIZEH ChiMY HIIEERE 4
% H K WA BL21 ( pET-chiMY) J% BI21
(pET28a) |- ¥ Wi 1 8 11 ¥k B 4303l 0. 472 mg/mL
M10.457 mg/mL, ‘&A1 0 JL T 5 8§ E 51 50 50k
6.32 U/mL #10.47 U/mL, ¥ J5—M&EH &S iR
TERSEE TR 3 ARSI SHERAFIRS,
28C G 4 do M 4 0] UL, 1 SR % B 2 A b B
i (ARic 1R 2) BB 96 1E 8 8 &, 76 4 HEAR JE
AL B 5 B A K TR 22510 & A ChiMY 1 3 5 4%
i LB A A K g o8 A, A W BT A
KL, hULiEH 5 KEW 67 kDa JLT i 5
K H MY75 BEARE 55 kDa JL T G4 AR E], 2k
R A .
2.7 ChiMY X #H =& F AT E R RERIER
JUT Bl ChiMY &5 Bt 15A3 @& 2K H R T8

4 RIEFRZEH ChiMY X 2 MEREEFH LA
#ER

Fig.4 The inhibition of spore germination of different fungi. A
A. niger, B: G. saubinetii. Each cup was filled with 50 pl of
spore-containing fluid (10 spores/mL) and 150 pl of different
samples:1: 50 mM sodium phosphate buffer (pH 6.0) as control;
2. culture supernatant of the sonic-disrupted E . coli ( pET28a)

cells. 3: culture supernatant of the sonic-disrupted E. coli ( pET-

chiMY) cells

Sl A W 5 8 00 2 T 5 SR D, CRiMY. % 40 7 A%
LA W) R L VA CRiMY (9 B R
HL R BE Y B (LCy ) F Wik 27% . 4 #5455 %
Gt Hr IR L 1
&1 ChiMY75 5 Bt15A3 ) [E Xt #f 3% 77 4
B 4 ¥ 7 1 E

Table 1 Insecticidal activity of ChiMY75 and crystal protein
of Bt 15A3 for S. exigua
LCy,/ 95% fiducial
Insect Samples L.
(mg/L) limits/ ( mg/L)
S. exigua Bt 15A3 crystal protein  21.33 18.67 -24.53
Btl15A3 crystal 21
A3 erystal protein s 55 13,79 -17.68

+ ChiMY

3t

Tantimavanich %“”Z{iﬂl’[ﬁl‘(%f@*T% TP-1 T#
R N K AT T #6481 FH ) — B 35 PR & B 3 FoAS [
F I JLT .68 kDa,62 kDa 1 50 kDa,
BEAATTIN R, AR 2 AN A B B A= ) rh AR AR 2 L
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THEMB SR, A5 A, ChiMY fEH1E R
Ji7 ¥ TR S Rk Ao R v 3 TG BY D) AR i 28 b A 2

FOFF B MY75 87 9] of (9 8 1 40 F & 5 il oA
[Fi) , Fy O U8 B RS ] b A< 2 76 4T B 6 JL T 5 I 19 B9 1)
BT,

Chuang 55 A GIEBH ¥ 1A 28 A AF B LT 5 Bl i)
C-Ufi R T 145 MEEM Z )5, HE A 451 5 Urhk
R A KR b R A R R AR B g
JE i o B, FATTIN R, MY 75 B Bk 7= A 9 55 kDa LT
JiT AR W] g &t 67 kDa K/NBYHT R [ 44 C-tii
SYUIIE i, HiX — 8y U1 B2 9F R 52 i 2 F i D e .

5 HuTHE )RR B E LT BB [, ChiMY
BIG IfE pH 6.0 7.0 JE Bl N ey, J& Trh vk JL T
Fall . AR K, R IEAN R LT 2 4R
BT S EARR, Mg®" X ChiMY 47 34 i 1
FH, H0 I 10 ) A 2 A6 AT B R B LT R il
Chil8B™ o MY #E — 25 iF B 25 46 KT 18 L T 5 6 4
Z Rk

— LB A W R YR 0 LT T B T LR B A
At S M A SE AT B L TR M ) 7
I 28 A3 A0 UL o ASBIF S T BA S U5 2 3K 114 1l A 28 4
FFR LT BREE ChiMY75, X% JR B W /Y 8 F 85 & B
A A T Bk A X S ek ) A
w5 b A 2 AT R A AR
b A= Wy B 36 T T AV AE A N e
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Heterogeneous expression of chitinase gene from Bacillus

licheniformis MY75 and the characterization of expressed
ChiMY

Liang Xiao, Chuan Liu, Chichu Xie, Jun Cai, Dong Liu, Yuehua Chen”

(Department of Microbiology, Nankai University, Key Laboratory of Molecular Microbiology and Technology, Ministry of
Education, Tianjin 300071, China)

Abstract: [ Objective ] To heterogeneously express the chitinase gene of Bacillus licheniformis strain MY75 in E. coli,
and to characterize the recombinant chitinase ChiMY. [ Methods | The extracelluar crude protein from B. licheniformis
MY75 was analyzed by zymogram analysis. The partial amino acid sequence of the protein owned chitinase activity was
given by time-of-flight mass spectrometry ( TOF-MS). Then the corresponding chitinase gene chiMY was cloned and
heterogeneously expressed in E. coli. The optimum temperature and pH of the ChiMY , and the effect of various metal ions
on chitinase activity were studied. The antifungal activity and the synergistic effect on insecticidal activity were
demonstrated by bioassays. [ Results] A 55 kDa extracelluar protein produced by B. licheniformis MY75 exhibited
chitinase activity in zymogram analysis. The chiMY gene was 1797 bp long and encoded a 599 amino acid protein. The
molecular weight of the recombinant protein ChiMY over-expressed in E. coli was 67 kDa. The amino acid sequence of the
55 kDa extracelluar protein was proved identical to the 67 kDa ChiMY by the TOF-MS. The optimum temperature and pH
were 50 °C and 7.0, respectively. The enzyme activity was improved by Li*, Na® and Mg’" and inhibited by Mn®>"
Cr’", Zn’", and Ag'. Cu’’ and Fe’" can inactivate the enzyme. The bioassays demonstrated the heterogeneously
expressed ChiMY could inhibit the sporangia germination of G. saubinetii and A. niger. and reduce the LC,,(50% lethal
concentration) of the crystal protein of Bacillus thuringiensis against S. exigua by approximately 27% . [ Conclusions ]
The B. licheniformis MY75 could produce a 55 kDa chitinase. The corresponding chitinase gene was over-expressed in E.
coli. The molecular weight of heterogeneously expressed ChiMY showed significant different to the wild-type chitinase
protein. This implicated the the protein processing of chitinase in the B. licheniformis MY75. The ChiMY also owned the
antifungal activity and could improve the insecticidal activity of the Bacillus thuringiensis crystal protein against S. exigua.
This is the first report about the chitinase from B. licheniformis in China.

Keywords: Bacillus licheniformis; chitinase; characteristics; mass spectrometry; antifungal activity; synergistic effect

(AL Hh:2F57)

Supported by the National Natural Science Fundation of China (30570052,30600015)
" Corresponding author. Tel: +86-22-23505964 ; E-mail: yhchen@ nankai. edu. cn
Received :21 December 2009/Revised: 1 February 2010





