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Abstract: To screen and identify high chitosanase producing strains and to optimize the fermentation condition and analyze
the enzymatic properties of the target strain. In this study, high chitosanase-producing strain was screened from the

sediment of shrimp ponds in Beihai, Guangxi through primary and secondary screening. The strain underwent
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identification, the enzyme production process of the strain was optimized through single-factor, Plackett-Burman

and orthogonal optimization methods. The enzymatic properties and products of chitosanase produced by the strain were

studied. The results showed that the strain of Gxun-5.3.3 with high chitosanase production was obtained by screening

and was identified as Bacillus cereus. The optimal components for the enzyme-producing medium of B. cereus Gxun-5.3.3

was maltose 5 g/L, yeast powder 3 g/L, chitosan 15 g/L, and the initial pH and fermentation time were 6.0 and 84 h,

respectively. Under the optimized conditions, the chitosanase activity reached 62.03+1.18 U/mL, which was 55.58% higher

before optimization (39.87+1.24 U/mL). The protease produced by strain Gxun-5.3.3 had maximum activity at 60 °C

and optimum pH at 5.0, respectively. Metal ions Fe** and Mn*" had a significant (P<0.05) activation effect on chitosanase,

but A" and Cu®" had a strong inhibition. The enzymatic chitosan products were determined by TLC (thin layer

chromatography) as chito-oligosaccharides with polymerization degree 2~4, indicating that the chitosanase produced by the

strain was acting on endo-oligosaccharides. This study would provide a theoretical basis for the chitosanase production

of B. cereus Gxun-5.3.3 and the enzymatic preparation of chito-oligosaccharides.

Key words: chitosanase; Bacillus cereus; condition optimization; enzymatic properties; chito-oligosaccharides
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(N-Gle) o |- 288 ) BHES 7R A1, P A 8w 19
AL SV, W R AR T . FESENE
TEB A PRI PO | HT HIV-15 FE LA
FPEIE RS ST RE, TEE AW b, ATVESR B AL RAR
B35 ) 7 it A O B IR BN A5~ B S 7701, I HEAA R
I LR R T, R B B R EAE T, S,
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Aktuganov 4513 [ 8IF 5% 2 BH 95 == G AT B ( Bacillus
thuringiensis var.dendrolimus)B-387 7= 5¢ S Wi N U]
Wi HE Sl 3~12.5 U/mL., Wang 25U 558 B 7KCRAT
B & (Aquabacterium sp.) A7-Y Fe5c RN VIBEGEVS
IS5 it L R AH BELEE , PRSP 18 U/mg. BR/INigk!™
Wt 58 (Aspergillus sp.)CI22-3 F=AMIIRGFE 5
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oy B ARAS; AWANE . 0. BeRTE RN iR
M- A= R A BN = BEERAs L KRy, B S Ry
WAl &, FRpkalieg S9nEEYRHEA
FR 2 & 5 K,HPO,. KH,PO,. MgSO,-7H,0. NaCl,
(NH,),SO, ¥ hEF=4rHrali.
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1.2.1 $EFRFEECH R IFRE (L) SR
5, KH,PO, 0.1, (NH,) ,SO, 10, MgSO,-7H,O 0.7,
K,HPO,-3H,0 0.2, NaCl 5, pH7.0; fifi % % 3% &
(g/L) " A% . K,HPO,-3H,0 1.4, KH,PO, 0.6,
MgSO,-7H,0 1, NaCl 7, BzEEH; 4, Bt 40, pH 8.5;
B W& BAASEINE 10, A MEHT B MUK EVE A1 60 °C
JEREARIR G . P REIRIE(g/L): ERRRY 3, EE K
5, #%5hE 3, (NH,),SO, 10, K,HPO,-3H,0 0.7, NaCl
5,MgS0,-7H,0 0.5, KH,PO, 0.3, pH7.0; APl 73
(g/L): 7e2HH 10, (NH,),SO, 10, K,HPO,-3H,0 1.4,
NaCl 5, MgSO,-7H,0 1.3, KH,PO, 0.3, £} 45} 3,
pH7.0. LU EFEFEIEY 121 °C KB 20 min,

1.2.2 BERRAYTTIZE

1.2.2.1 Wi BCRAEFES 10 ¢ 5 20 mL JCH /KR
%, 35 C. 200 r/min #ESCHRT 30 min, FrBER AT 2
LB }5373E, 35 °C 5737 48 h Jm Pkisk o B Y& 12 3 ) i
Wik, 35 C Hig® 72 h Ja s W] el A% (D) R e
% HAR(D, TR HUE(D/d) , Bl L R/NRR IS S
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WK S BERE J7, ARYE D/d (8 /M) 25 0% 12k HY 7= 5%
BT RE IR PR AR 7

1.2.2.2 Eif KRB LKA BERRIZE R 2R T,
F22 B8 2% (v/v) B R B AP B R RS 3R 3L, 35 C.
200 r/min & 72 h, I8 A [F] B AR 7= 5 T W il B
BT, Vel BRI AR T —2B5% .

1.2.3 BRIRAIEERE

1.2.3.1 JBEAES . BB BT i TR AR AE LB &
PRI FRILHBEATRILE, 35 °C fHIRIEFE 24 h )5, PRHCE
PRPEA T 2L QYL | 2RI A, Sl s A
I T B AR AR S 4514

1.2.3.2 AAfk%E  SIRCE LA RS EF
TN B (AAAS AR PR S e FIT GBS /O YU X B Ak a2
CRyaceL A fat 5= 38

1233 SrTFaAYF%E PECLB §5353 LAY
7%, BT 100 uL EP &1, A 35 uL Chelex-100,
WRHEPR I PR 30 s, 99 C HIFE /K 20 min, &
O E VWA PCR AR R P it . {54 16S rRNA
i AT #(27F F 1492R) #4T PCR 374, ] F 4%
FFH Ezbiocloud s 22 47 Hb X5 {3 A MEGA 7.0
%R 4tF: Neighbor-Joining 725 ( [ JEEL A 1000 ) #4 £ B 1R
RGBT

1.2.4 57 5 B W 00 i 7% IR B 2 mL,
12000 r/min 5.0 5 min, B35 R 22N AGRERE4
REBAE N 70%, T 4 °C %, 10000 r/min, {KIE
B0 30 min, WCEEDLTE, JINA GBS R £ 2% vh ik
(pH7.2) #5159 B BRI, T 4 °C vKFE 45 FHE.
1.2.5 SeRBENGEE ME  3,5- AHFKAZER (DNS)
5, IFACHI 1 mg/mL B9 N - Z Bk 2 S A b v A T
ZxbrERZRY . 435 H 400 pL MBS & T 2 mL
i) EP & o, ABCA 6 2 A BE2H, Horpox BE2H 3B 7K
WK 10 min, F5HIA0A 400 pul 10 g/L BARFEHR
B, 50 °C W 15 min, BUZ W ¥ 200 pL 5 300 pL
DNS ¥4, ¥ 7K 10 min, 12000 r/min &5.0> 3 min,
L 200 pL M 540 nm WOGAE, MRPEFR A =0HR 5%
SEMES B, FERPEAG NG 2 X DR RV AR
1 mL MHEERAE 1 min PN P4 1 pmol 38 JFRERT
T BB 1 D EFEEA.(U/mL) .

1.2.6 Hikk Gxun-5.3.3 P=5e SRR S04k

1.2.6.1 HARZETE HFREEFRILILAM L, 5T
REIHRZE X R Gxun-5.3.3 FPRo BB REN . R
PSR 43 BN 10 g/L AIAPEGERS . M2
B AR . 2 ZENE . SRR 0 e Bl A RS PR
FTHRBEEDAL (0. 1. 2. 5. 10, 15,20 g/L) . RIF Ik
BE: 10 g/L BRI PR, ROk, IRE . Sk .
PR3 5 W 2 Bl RUUR S PR TR BE ARtk (0., 2. 5,
10, 15, 20 g/L) . TEHLEEFPZ5: 0.15 g/L MnSO,.
KCl. MgSO,. CaCl,. FeSO,. K ¥ ¥] & pH: 4.0.
5.0, 6.0, 7.0, 8.0, 9.0, JIEMUE (FaRMH): 2. 5.

10. 15, 20 g/L. K¥ERTE]: 24, 36, 48, 60, 72. 84,
96 h. IEFEAAN: i 2% (viv), REFIR)E 35 C,
FLIH 200 r/min, & EERFTE] 72 h, 05 575 RAHEES,
EA R ol A4t

1.2.6.2 Plackett-Burman(PB) ffbialE  XfBA A 2K
i 158 HH S ) G BRI 6 PR3 (T . VR . W04R
pH. & NaCl. BED 4T PB Hifbisiss, f- 2
B K 2 ARG D)

% 1 Plackett-Burman(PB) g% i1

Table 1 Experimental design of Plackett-Burman (PB)
s ES iAkF K

A E 2R (g/L) 1 2

B BERER (g/L) 2 5

C ¥dfipH 6 7

D HEE(C) 32 35

E NaCl(g/L) 2 5

F i a] (h) 72 84

1.2.6.3 IEAIRE X7 PB I 4h 51 47 0 35k 4y
. VB e Y 3 R 2R (RUR . BRIE. WIR
pH), AT F—4 Lo(3) IEAAAIEE (% 2) .

# 2 Lo(3Y)IEACIAE N Z ARt

Table 2 Factors and levels of orthogonal experiments design

of Ly(3%)
e
K — :
A: JiF(g/L) B: i (g/L) C: ¥ltfpH
1 2 1 6
2 5 2 7
3 8 3 8

1.2.7 Bk Gxun-5.3.3 7257 SEBE MERH 1 7 e P o
axvin

1.2.7.1 XA M A e e se OB s N AR
ZAE 30, 40, 50, 60, 70, 80 °C £fF FJZ M 15 min,
g 5 SROBEBEE 1, T8 B AR SN IR EE o [RIA, RepH
BEAR 530 BT iR AR BRI B 2 h 5, eSS
TRNEBEIE 7, LA S B J1°8 100%, AR S g
TR AEXT N, AT

HIXE %) = 2 x 100

o A FORSIIGLBNG; Ay PR TLE0 L iR
1 A o
1.2.7.2 pH XIHEIG M M2 e PERISE R K SN A 3R
pH BEEAE 3.0, 4.0, 5.0, 6.0, 7.0, 8.0 9.0, M=k Al
WAEAS TR pH 22 v 10 T 306 L B0 2 de AR I N
pH. CRPHBEW S T ik pH S i - o ViR 2 T e
TRIEE 2 h Jm, e 72 SROBE IR 71, THA AR pH 2%
P AR T -
1.2.7.3 &)@ B T il 0 PR 0 sz KR il A
TN AT FUE N 10 mg/mL (1) M| APP",
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Fe*'. K", Cu™. Ca* . Mg> HiiEdE 2 h, x5 SRpiG
I 77, ARG @ B BE 2 100%, THEE AR
& B T AR T
1.2.7.4 BRI SE RO 53515 10 g/L
B SIS AR 2 SR | s FH LT A 2240 . AT I ETE RS . Hhae
FEEMH . AR SENC T RN, IR S TR BEE T,
DAt 5 IR G R 100%, 153 A RS # AH o il
1.2.8 #WJEZEM(Thin Layer Chromatography, TLC)
M E B4 LA 10 o/L IRARFE SRS, 54
BEAE 1:1(vAV)IRA, 60 °C &1FTF, 433 0. 5.
10, 15, 20 min J5, #/K# 5 min, 8000 r/min & .0
10 min, B 78 B0 T REBOH b SR, LIFESEmE
T ER BR A B AR N AE, AR & TR AT,
JINAJR)ZFN AR : ZUK=2:1, v/v) B RIF. 2T
WSR2 1 em ACESZHrEEH, Kk A
JEMTFCA B R, F5ImEER 10 g/L B —ERE WS
BEAT T R SE T R e AR IR AR oy
BAALE, SRR TC SN Bl IR 2 A A 2
B LU, FIRTEE 7 4 S YT S SRR B ek AU 7
TN
1.3 HEAIE

AW I AEAE SR = AR R, G5 R
SEHME . SR Excel 2019 #E475dE 403, A Design
Expert 10 X PB 5 #1753 47, ] IBM SPSS stati-
stics 21.0 XT AR Z S | FlFf R 0T i S 00 5 bis 364 7
S E T (2 R S-N-K 325) M A IEAZ S5 ik
17 Z 0T (BRAE 538 H 43H71),, FH GraphPad Prism
8 A TIEIE L.
2 FBREZ
2.1 ERRUERMEMRATE. £

MREEN 14 131 KR FRFEIZ NS P e i v i s 2]
96 FRTAER, AI7E7T B4 ™ B s W pEl, b Ay
7 BRI (D/d) =1.1, Bk Gxun-5.3.3 1Y D/d fx K
R 1.67£0.13(3% 3. &l 1a), #F—2%T 7 #RREIfE Eui
R RAR HEA T 52 075 00 2 Ji % , PRAR Gxun-5.3.3 i
B, ATk 39.87+1.24 U/mL (3 3). X UiEHEIR L
AT LIASCR 52 SROBE BT 5 i M, Bel A LU R R 158 W B
RS WA MU A D 7E SR M RE T B . PRIk, R TS B e
¥ Gxun-5.3.3 VE R 250 Bk .

#3 kB R RS R

Table 3 Results of strain cycle diameter ratio and enzyme activity

k73 Pzt (D/d) % (U/mL)
Gxun-5.3.3 1.67+0.13* 39.87+1.24
Gxun-21.7.1 1.46+0.03° 35.33+1.91°
Gxun-3.3.2 1.20£0.09% 34.32+0.95
Gxun-TX2.1.3 1.27+0.12¢ 34.13£1.36°
Gxun-6.3.1 1.34£0.01* 31.14+0.65°
Gxun-1.2X 1.23+0.05% 30.58+0.76°
Gxun-21.1.1 1.10+0.04¢ 25.14+0.84¢

1 PRI PR R AR 2 M 25 5 (P<0.05) .

B 1

Fig.1 Strain Gxun-5.3.3 transparencies and morphological

identification

T oa. P MR i ] 58 OB A% B B b, 22 R (A
(100%); c. ZEAL A (100x); d. HFEE (2000%) .

PR Gxun-5.3.3 MIZK T LB Ak 35 C 537
48 h, PAVE RIS IUERIR, B ZL A 6  HAGE Y], B
VI GEASTRN 5 FE— A A PR A A S S5 TR 221G
e BHrE(E 1b), F=2E A 10); I s R FRRE
REFFIR K2 2.5 pm (&l 1d); FIER 4 AIA, FJELT
(MRS | e 3L s ([ Weisd) | p-21- LB
TG B TR A S R A SR B, T AR A R T
5 (OF K50 . mifb &k . ZIEMR N R B 5
TE AT K S Tt 0 A 2 R M8 Sk B, BB BRI AR R
FERFFEE . HRk 16S IRNA FEXT45 5 5 kL 2R Ay
¥ (Bacillus cereus) ATCC 14579 FHLIME B =y, I8
#] 99%., H MEGA7.0 A4 XT I Bk Gxun-5.3.3 1Y
16S rRNA JFHNIEAT L X 53T R G & B, B
R Gxun-5.3.3 5 B. cereus WEZ Rt (K 2),
LEHTEAFYE | RIS SE L 16S rRNA JFH145
T, BEIRR Gxun-5.3.3 25217440 B. cereus Gxun-5.3.3,
BRI T A A W B AP AR o0 (GDMCC)
13555l GDMCC NO: 62890,

K4 AR ELR

Table 4 Results of physiological and biochemical characterization

i H &7k 4 TiH #5% £ S
2 RGE + e +
T - SRR I (OF 1) -
HIEELLI 50 (MRS + R A i +
HESE T (M) + TEM R B -
B-EFURT RS + AR IR B S -

e AR B AR B

2.2 Bk Gxun-5.3.3 FEEGREMSL

2.2.1 FRNERSRETR RIS REVI(K 3A),
55 00 JERH EE, BTS00 2H ) T G I 2 A E A
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Fig.2 Phylogenetic tree constructed based on the sequence of strain Gxun-5.3.3
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AL BRVE; B, Z 2 A C. B D. BEREENRE; E. JOHLEL; F. pH; G. 5o BB EE; H. I 8] ; AR FREAC SR 59 22 0] 774 3

PR (P<0.05); & 4~18 7 [,

b

& 3

Bl o A ZPBERE ARG R R W], )T 0~2 g/L
P, BT A A RE AT G O, B 22 /L I,

(P>0.05) , B ANHAUAS [R] R 50 Pl 4776 391 4. 2 e
PEAE I (P<0.05) , Herb 22 ZEBiE0E ik ™ e E A
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FitE i 1A B F RN 52.25+0.83 U/mL. 4ERANHE N
2~10 g/L, X EfgiE S B /N (P>0.05) o {H M H BE S
F 15 g/L B, T 6 25 22 250 B 3 0 i . 52 RAATK
(P<0.05) (Kl 3B), iX TGN Z2 1022 22X B
R AR H] . B, BERR Gxun-5.3.3 FR5E B
B Ee b s R 2 g/l BOZZ 250k

FHIE 3C AN, BRINEERRRS . BRI L KT8 2R
FA R AL S0 U 257 o R AR 7= il A 381) S 5 4 T
(P<0.05), Horp R Ry e SRR FH 0, s i JeH LA
P PR 22 RN Gk 8 X6 Bl I 5 i O AS i 35 (P>0.05) .
PE— 25X BE R MR BE A28 R I (18] 3D), 2438
Kol 5 g/L B, BiEG de i 0l Gk 52.49+1.00 U/mL, 1H
MESTIE R 20 g/L Bk, XoF AR = il = A g & 3 il A
FH(P<0.05), Al GEJ& = e 5 i By S5 TR IAR A PR
B, ASFITFEEFL SR . Bk, PR Gxun-5.3.3 P2l
i ZIR N 5 /L BERERS .

7SN I AL ER X B AR 7 B TG i 2 52 T (P>0.05)
(I 3E) . ML, B#ifk Gxun-5.3.3 F=ffi e i JCFE 46
SINBINTCHLER, PR A I AAS

DRIAR & BB 2 5w if pH N 4.0~7.0 B), Filgi [l
% pH BIZHTHG IS, pH A 7.0 BFlEE B R A 53.03+
0.83 U/mL; {H>4 pH 4 7.0~9.0 i, fifF i Bt %5 pH 114
IR REATC, ZRPH s sl IRy pH SIS A B AR ™
Big (& 3F) . A, B RRE Gxun-5.3.3 7 il % 3 9 A
pH & 7.0,

YEHIH BEART 15 g/L BsF, I Bl IS 40 vk B 1
DB ETEE IS, 2SN EE R 15 g/L B, BiffE A 2] i
1M 59.08+0.75 U/mL; {H S FE & T 15 g/L
Ak, Tl e B T e i T R, PT RE SR STk
B o B MR A K N e AR R ME o Rk, PRTRR
Gxun-5.3.3 FEfidEc IS IS MU E S 15 g/L 52580, Itk
S PRI F5  AT 35 59.08+0.75 U/mL (&l 3G).,

KPR TR e A2 SRR B (8 3H), 24 & BizHsE] /)
T 84 h B, VG B 2 A WIS R] (A 3 g 3 O, & e
84 h B I B AT ik 59.33+1.16 U/mL; {H 24 & RS
()T 84 h B, WS AR TR) GBS T BRAEG, P] BE ST
TE A BT TA] & P ok A v Bl B i s 2R 0 o DRLIbE, TR AR
Gxun-5.3.3 =5 RIS A TR 84 he
2.3 Plackett-Burman (PB) iR

MR Y5 Plackett-Burman 355 i M 455 (56 5),
2: H1 Design Expert 10 2K 1453 M5 2] BOAE ) |
C(#hE pH) X Gxun-5.3.3 F=Hg /K - BA 2 520
(P<0.05) (3 6), R E B(&EIR) . C(WIHh pH) S
BN AGRIED T T —HMIERS %

24 IEAE

ZEEIER RIS R NI Z 0 (% 7. & 8),
R R4 R ZE X EE Gxun-5.3.3 P2HEE L ST
BE, R R I e 2, DRI AR AR U . AR . W AR
pH = PEZE P X E R Gxun-5.3.3 F=fEnG P2 m iy
FIRKFN A>B>C, AT IAERMAHEGN S g/l

%5  Plackett-Burman i 3053 K 45

Table 5 Design and results of Plackett-Burman experimental

S AR BRI Cwilh DIJZ ENaCl FEfE  EEE
(gL) (gL) pH (¢) (g (h) (U/mL)
1 1 5 7 32 2 84 4.54+0.58
2 1 2 7 32 5 72 1.84+0.83
3 1 5 6 35 5 72 20.59+£2.49
4 2 2 7 32 5 84 3.02+0.83
5 1 2 6 35 5 84 12.60+3.99
6 2 5 7 35 5 72 16.77£0.75
7 2 2 7 35 2 72 2.33+0.71
8 2 5 6 32 2 72 48.86+7.07
9 1 5 7 35 2 84 8.83+0.16
10 2 2 6 35 2 84 3.02+2.08
11 1 2 6 32 2 72 11.95+0.42
12 2 5 6 32 5 84 38.57+£0.47
% 6 Plackett-Burman i3/ #r 4t
Table 6 Results of Plackett-Burman experimental analysis
FEARWE CPHM HmE PR FE PlEH WEM
iy 2189.17 6 364.86 5.58  0.0394 H*
A 227.17 1 227.17 348 0.1212 *
B 891.38 1 891.38 13.64 0.0141 *k
C 804.64 1 804.64 12.31  0.0171 Hok
D 166.13 1 166.13 2.54  0.1717
E 15.99 1 15.99 0.24  0.6418
F 84.05 1 84.05 1.29  0.3081
B2 326.67 5 65.33
J=vil 2515.84 11

T AR (P<0.05); *UKRER BEFH RIMEIA KRN R

#7  IERIRLGER
Table 7 Results of orthogonal experimental
S-S AR (g/L)  BEKIR (g/L)  CHItGpH G (U/mL)
1 2 1 6 44.30+6.76
2 2 2 8 48.68+3.02
3 2 3 7 53.03+2.55
4 5 1 8 50.02+2.27
5 5 2 7 51.07+1.68
6 5 3 6 59.46+2.87
7 8 1 7 33.21+£2.92
8 8 2 6 39.67+3.37
9 8 3 8 40.53+1.82
kl 48.67 4251 47.81
K2 53.52 46.48 45.77
k3 37.80 51.01 46.41
R 15.72 8.50 2.04
EW A>B>C
LA A A2 B3 C1
#£8 AT ESHT
Table 8 Orthogonal experimental analysis of variance
RS S SEH AE  SFRY Fld PlE
B IERLHY 1510.696 6 251.783 22.125  0.000
ABEHE 1165371 2 582.685 51.204  0.000
IR 325.777 2 162.888 14314 0.000
pH 19.548 2 9.774 0.859  0.439
R 227.596 20
B 60544.171 27
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FERE (A2) . 3 g/L Z P8 (B3) . ¥4 pH6.0(C1),
XF 1E 3SR GG ARAT Fe A A A4 EA T 5013 55, A5 s
b 62.03+1.18 U/mL, T 6 5 J2 48 21 Bifg v7% e AL 1H.,
FH IE SIS v . Db )s SE SRV G i
Bi7(39.87+1.24 U/mL)$2E T 55.58%.

2.5 Bk Gxun-5.3.3 =R EFEEERAVESZ MR
2.5.1  URBEXTEEIE M M AR MRS TR X A
J W RS SR, DS X P14 s S I T A e e
PR IE X W A F= S e A R X . MR
T EAE 30~60 °C BF, Mg B 5 TR0 i v S S
(P<0.05), 60 °C Bfik#E k. (B2 = NS & T
70 °C B, BEIE B HFEAR, 80 °C B, AHXTHEIT W25 M
K (P<0.05), XA 50% Z-45 (& 4), AT et TR )&
BN ES A 5 e e Ty A L TR R AN INTHTRS =055 R PS
AR Gxun-5.3.3 77 70 OB B 0% B il [ L7 i BE 2l
60 C, AR ERE RS R TR, MR & T 50 C
J& , BERE 2R T R, 1355 B0 Bl S N i AT, 3
S DR R BRAAT SN RS LR, B0 25 5 A2 B S i T
RGP, Gxun-5.3.3 P77 SR R e TE S 25K
BIF 98 IR AE 55 SR BEAE 30~45 °C W Fa 2 PR 4T, T
50~80 °C PR E PERL 2245 FS 2425 (A, (g BT
WEETE 30~50 °C FARTE-

120
a a

00} s % .

g sor

60|

j_»g 40

< -o- APk
20r = FEtE
ok ¢ d d

30 40 50 60 70 80
HREZ (°0)
P4 SRR Pl P B AR PR TR
Fig.4 Effects of temperature on enzyme activity and stability

2.5.2 pH XFEIETE MRS RS2 pH XTGP
FEMEZE R (K] 5), 2 pH N 3.0~5.0 B, AFX G
Bt pH FhEi g o, pH & 5.0 i3k, (B4 pH
A1 5.0~9.0 B}, AHXT G A pH 340 i ik BALG, T HE

1207 .
a a O
-m-

1

hiE

100 f (6

i

P [*) o]
S S S
T T T

AHRHETS (%)
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5 pH XHGHE M MRS e M52
Fig.5 Effects of pH on enzyme activity and stability

SR pH 2NN T S IR ES G s B I T A
MR PERS, RIk, Y fis pH oA 5.0, pH FaxE
PELE SR, 24 pH N 6.0~7.0 ¥ & 2 h B, AT B
YEFFTE 90% LA L, FEE H Beum nRcE s 1H 2 pH oAy
3.0~6.0 F1 7.0~9.0 B}, AHXF 7% 1 R E 2 (P<0.05),
B FRSE P22, AT RESE pH i i ol I 2l A B
ARPEIRTE , S5 08UAR B 5 M I ) it B8 sl i o3 T P
AN AE SR T P e i, RIS e g P AR T
2.5.3 &R TXTEPHETERE &)@l LS
B2 A, M SE R AR P A0 AR 4R, T 6 il 1)
FRHESANHIWERR . AT, SARIN4 RS FAEXT
Wi 75 A L, Fe?t . Mn? %) i i v B b 35 s VR
(P<0.05), H:rf Fe” R R i b (&1 6), FH X s K
F 173%. 10 AP', Cu®', Mg> %} lgi% M B .25
FIVEH (P<0.05), Hodr AP, Cu® AT {dififg it 36 1 J LT
SEARESE . KOH Ca? Xt 72 SR il 1% 77 JC 4 35 5 i
(P>0.05) . X5 K Z U0 P ok U5 1) 5'E SROBH il —
32028 AT F o4 B B RN R IR 1 7 SR
Bitgis J 1 G AR AVE RO, iE—2E R B AS R IR
FERMEMA — B 2SR . S E RN TFe S
Ay R R T S TR A R S AT S PR S . A
J& BT R I sZ AL vl B S AR B e IR
B AR E M E S YA X, &R RidS 570k
BSOS G B T PO LIS, 1Y
Kl 5 )i Z BRI S5 R T, A ) A3 335w >, 5%,
&)@ B B SR, S AN 5L, TS
YIRS E I, T S80S 1 R, G 0m B4
T 0 EARAE VLTI A RrE— 2B IR A .

200 a

=
150
S b
o c C
22100+
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-
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o
= 50t
A < H g °©
CK Mn* AI* Fe* K' Cu® Ca’ Mg
EEET
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Fig.6  Effects of metal ions on enzyme activity

2.5.4 KR Gxun-5.3.3 FEC BB I SR
G SRS P O S E A R H S SR Y
SIIE A, Bk, R EHE RIS e A 5
R MR, R R MEST R B, TR Gxun-
5.3.3 JUT 5 e STl e SN JEC ) A AR 5 SR, HL
ISR = 53T ) o U5 FR S 4T A 2240 . nT s PETERs
R . AR SEINESE R AR TG ARAIL, 13X 15
HH A2 il %o LAt R SR w35 431 ) IO il i e 00 55 (181 7)
Kl b, Bifk Gxun-5.3.3 Frr=se R PHAGE A & —PEK
fR SR EIRBENIRE )T o
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Fig.7 Effects of substrate on enzyme activity

2.6 Bk Gxun-5.3.3 F= R B VERGAYBERR =Y E

FERVHEGAT 2 FhASHY, pYY) AT BRPH AR AN
Y7 AR SR o L AR TE SR P iy B-(1,4)-24
FEART 20 T B A BRI BROBE s i M) 2 50 BROBE T A
FeMEHER R s M) 7 oK R B-(1,4) - LA
T, A SE R AA (GIeN)BY, ilsd TLC 22
o} g R e SR O =) 3 T e SR AR BH (B 8), Bl Bt
[ S N FE BB WK S o sibl, b 280k 52
TR ST RS DObE, I K gt R b R H B
M, X R AR Gxun-5.3.3 F=52 BBENF A N U1 FL S
TRV X552k F ZEAIAT BE TS BRI P S C BT A
P fif 2 S35 PO

K8 STERBEREmEAE Y2 )E N
Fig.8 Thin-layer chromatography of chitosanase digestion
products
TE: a FhRREIEM AW bR AL b STIEMERR R . L 0 min;
d. JX R 5 min; e. W 10 min; f. JZ i 15 min; g. Y. 20 min;
G1. Hubl; G2. —H¥; G3. —H; G4. VUK GS. okl

3 i

SCERMENGEAE TV AR 7= 5 ZehE T BAA By
MW e, H AR A Y 7= e TR IR i 5 R A= 5=
FENE R . SR T . A Wi AR S
B ZE HAT 5 J8 ( Bacillus sp.) 5= 5¢ 32 08 i B8 75 N
11.5 U/mL., Huynh 23 W58 ISR ICE & (Lentzea
sp.) OUR-I1 j=5E MU GG IE A 2.4 U/mL. K5 H
LB ST AUTR B8 SR (Purpureocillium lilacinum)
M7a = 5C RBEGHE S S 16.8 U/mL. A 5eth, i
WEFRIG 1) B. cereus Gxun-5.3.3 BE Bk, M 75 M e ik

39.87+1.24 U/mL, & T H 1 K2 BOCHRHRIE FRRR Y
[ 154 v 0 0 S BN | A e & - e S K 42 DIV
JHE 1.

YHTAH A 2077 5 SRBE R B AFTE B IE AR
FRUE M 22 A5 ), 38 ) A T 2L AR i TR 1Y
FEBEEE, S A R A P S SRR TE T RE .
JEPEHTAERS WEST ANV & (Mitsuaria sp.) SH-50,
PEALRTEFNG 2 5.0 U/mL, i@ it PB s 46 A i B 1t £
Ar= i S5, BERE 15 26.6 U/mL., Liaqat 2509 fF 5%
Y B2 0 = ZF L FT B8 ( Bacillus mojavensis ) EGE-B-
5.21, PLALRTEGES A 2.2 U/mL i#id PB 56 & e
HUEHILIE, BEGs 21.1 U/mL. ARUFFEIL =it
2 G, BHS IS 62.03+1.18 U/mL, #E4L AT (39.87+
1.24 UmL) #2551 55.58%, Hifb)s s = kX
BOCHRAR A, SRy Tl i AR - e SRR AL e S 4,
HABLFIN M E

H 1T 41 18 5E 2 BE I S 0 Y B 3 il B — A
30~50 °C Z[a], ZAE Py S5E WHSE ARG L MF-08
P e SRME N S SV R EE SR 40 Co AR A R R
Gxun-5.3.3 752 RME B 1% e dd 2 W IR (60 °C) B
15, AT RN NS 1, HIZBFAE 30~50 °C Z MG
B PFa e, X5 Wang 250 1 3H ¢ D1 SERR 2
FUATEE (B. cereus) TKUO031 F=52 RBHEFAEL T 50 °C
I RAFAIRRENE, TE T 50 °C IR E PER 22 BT
R BRIBIECT WS AR YL &8 (Mitsuaria
sp.) C4 y=Fe RIS pH N 7.2, MIARWFIE H5¢e
BB IS pH S 5.0, pH 6.0~7.0 &1 FiaE
B, 3X F2 B AN [R) B AR BT 7 52 SRBE I e i pHL AN
[7], AT 7 Mk il B 3E T v MR IR A58 T SR8
S o WeAh, ANEG:JE BT S oe R BEREES & e, XTI
I A B S BAMHRIVE I, AP gE b — @ WY Fe™ .
Mn* X AR FE SR IEAA BOE VR, 1 AP, Cu*
MHRAE I o 3 5™ 8 AR HE Y Mn® X R IR T
R ECERIRAT I (Bacillus nakamurai ) W50 S0 H.
ARG WARVEHEE RIS R, S5 EkRyH T
FERMENG TV AR P i F h 2 s T 2 T X
RIS

FHIT, SCHRFRIE R P8 T 2 /AT 5 1 7 SR M i =2
WYL, Chiang 559! $2 38 AY Al & 28 f AT 18 (B.
subtilis) IMR-NK1 7 7¢ 2 Ml Wi 7K fif 7= 4y 5¢ —
Wi~reVUbl . Jiang 251 4138 A9 M A T ZFAAT IR
(Paenibacillus barengoltzii) 7 B F& K PbCsn8 7E A
P SAT TR RIS R 7 58 SRR R K S ) S ae
B, Fo =W, MIARIETELEN B. cereus Gxun-5.3.3
TS SRBERE S N DR, X 5 R ZHOCERIRIESE IR
RIS
4 i

ASHFFEIN PUALTEFAR SIS YR i il 1 Bieis
FEERBERF YRR B. cereus Gxun-5.3.3, BT BRI R
S | Plackett-Burman A IE A2 Ak 305645 2 Bii Ak 5=
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B R T 220 222000 5 g/L, Bk 3 g/L, 563
Wi 15 g/L, W1lf pH6.0, &P Al 84 h, HRAb)E ifFiG n]
ik 62.03x1.18 U/mL, AL ETHE S T 55.58%. [
2P R4 R, B RRE Gxun-5.3.3 BT P55 BN A
PN, T A B @ iR S 60 °C, 30~50 °C B F2 a2
0, Beidli pH M 5.0, pH6.0~7.0 FasE MR, 48 B
Frf Fe?' . Mn™ X 58 VBB A W 2 0 BaE /EH,
AP, Cu” A R MHIVER- o ARWF5E R B. cereus
Gxun-5.3.3 5aEMHAR Y 25 77 FI7E SENE 00 B ) g5 32
LT EE RIS
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