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1 #MEFE
1.1 R 5iF

KIHHFE BL21(DE3) ,pGEX-4T-3 Jfl#% % ik
BARH VIR KR R B TR Y S R
Wi (B OB R T 90%) & 'R E R R AR5 T it
B Flmarker, 5759 % -B-D- i £t 2 2L B 1T (Iso-
propyl-beta—D~thiogalactopyranoside, IPTG),dt 5t
R ERHABRA A Bk UL R & DNA B
JEREEE IS M) &, bt RARAE LR A R A
7] ;DNA marker DL 2000 DNA T4 i #% i B i
£ N Y W ,BamHI Fl sall TAKARA 2 # ;GST -
Sepharose FF Z#1#E, Jbmi 5 RS OISR A
MR\, LB (Luria—Bertani ) 55 3% 3 . 1% A i .
0.5% W% b1 F 1% AL FH ,pH 7.2~7.4;SOB (Super
Optimal Broth) 3373k .0.05% % K41 ,0.5% 1% BF
B, 2% A, S K E 4 100 mL,pH 7.0;1%
FERMEE W FE R 0.1 g, LTR-Z TR AN (pH 5.5)
G 10mL; A N EHERBEW A THFHER 0.1
g, THAKESR 2mL, FUEFRE ;IPTG . IPTG
0.119 g, KH/KEZ 5 mL, A ZEHralifbidH . 2 oh
W 1:Tris 5 0.6 g NaCl 0.9 g, JCH /K& % £ 100
mL, HCI ¥ pH {H % 8.3; Z& #l¥ 2. Tris i 0.61
o, WFERABEH K 0.641 g, THKEZEZE 100
mL,HCl ¥ pH { £ 8.3,4 CI# 47,

1.2 UE5E&

R, FRZ AR AR ; UV-8000S %
ShAT LR I, L T M AR A BR A H
H2100R B HIES.CoAIL , 50 e AN S 30 2 A T A
P2\ F] s BLON=-1000Y , #7537 {5 5 & A 4, Ll
Ll BB ASC 228 i 2 A PR A D
1.3 REH*

13,1 PR 28 BOAT 08 50 3R W il Ok IR v e 5 3R 3k 28
A RS GeneBank FH & b b 25 i AT B
o B ObE B & i ]’ F 3 (GeneBank:
WP_061527864.1) HHiZitHE . 78 http://www.
jeat.de/Start.jsp I 5k &t X K g AT 1 % S I 4 P
PEAT Ak, R B 20 0 A 5 R 3 i VAR 0 1D 467 a5
BamH1 Fl sall , 51 & 1144 2 19 5 K 45 44 4 Chid |
ZFEAT N 5L € A= Wy B2 A7 BR A ] 4l pUCTS %k
PRI AT HE [R5 B 2 AR i A A T R A I, A A
2 1) F Ak A 4 pUCI8—ChiA . 45 5 fii Fl Vector

NTT FAEXT LR UE . 38 35 BamHT F sall 3H§Y] Ak
F pUC18-ChiA £ [H ¢ & 45 14 Al pGEX-4T-3 %
KRR B MRS Chid 5EH, 1%38 G H it
52 HiL Yk W5 248 B 9T [l lhe, T lie 1 B ) T4 3% Bz g
2, B 25300 H 4 R A BT 44 B pGEX-4T-
ChiA

1.3.2 EHRBFEEEEFBUE K -80 CLRAF
() I 7 25 K I FT B 40 M BL21 (DE3) VKA %, 2
JE A 20 pL FEA AR pCEX-4T-ChiA, K& 30
min 5 FE 855 42 CHEB KB T IEE 120 s, K97
BJE AW E T kKA 2 min, 7 A SOB #%
I K I B AR 37 CAR LK ¥ o % B 30 min, 37
CHiFE 1 h, B LRI AL Bz A 4 4 °CES
L (10 000 r/min, 10 min), #F L35, JIA 100 pL
PBS 2 s WK ATIR S ULTE . W HL 50 L 48 Jfl 2
WA T LB [ AR F7 5 (Amp JT &=V JE 80 pg/
ml),37 CHEI'E 3% 12 h, Pk FH 7 52 B, 4 PCR,
XUREE) LA R O e T, v B )y 1 2 3R 0K TR A
i 45 MR FF A (E.coli BL21-pGEX—4T-ChiA)
1.3.3 EAFGAFRIAMA o EARARK
R LB W ARER SR (Amp JT R B 50 e/
mL),37 CHiFE ZE ODgoun N 0.4~0.6 B, JMAIFETF:
FIIPTG (£ He FE 0.07 mmoL/L),16 CiE S 10 h,
12 000 r/min,4 °CE.C>» 10 min WAEF A, A 30
ml PBS, WATIR ), B I UKV 25 11 F 8 75 40 o
WE 2B E IR 100 W, TAE 2 51k 2 s, 1}
[ 10 min, ZHAEME K 12 000 r/min, 4 °CE5.0> 15
min, B {575 5 20 B RG24 O RS GST
PR, PRIl FH S 2 A 3 0] i 4 il a1 7
1k, EMr AR GST-Sepharose FF, H ARG .
FHBGR 25 0.45 wm BEREREUE . A 7 SRR LR
R 1 AR BTAE R R WS 2 v
11R%7,0.45 wm JE B8, LA, A 20 A4
T L MR 1 1 VEIZHTAE . A 5 mL 22 vhif 2 i
TRl , W& &4 4lifk i = A B Ve MW . SDS—
PAGE HL Uk ke I 46 {25 3

1.3.4 T 41l il 55 AR ORI TR R
3,5- KB ER (3,5-dinitrosalicylic acid,
DNS) & #EAT I L3R A0F . 1 %84 100 wl &
HHFREH 700 wL LR- LR ZE vhil (pH 5.5)
1200 WL 1%7c RAEE W (pH 5.5) IRAJGE T
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37 C/KW 20 min, FEAA 2 mL DNS ¥ 86 K 7
7 min, 5 FHICHE KRB E 5 mL ARFIEAE 470
nm A0 5E OD R, i FH 28 1 5 I 346 B4 il AR 1 g o)
HR WG o S AE B RS T 1 min AR AR 1
wmol I JFUH T T B AL, B IR BRI E S IS
e WS LA v R A ERR HER . AE 6 ik
B4 I AAS T A AR A 10 T 2R R U TR
(0,0.2,0.4,0.6,0.8,1 mL)  JC# K (1,0.8,
0.6,0.4,0.2,0 mL) A (R B 25 25 307 52 305 1% T
(5mL), MR A G HUE 5 min, 7€ 595 nm 4 5E
B WOCEAE , IO A A5, AR iiE & A
B i R B2 R R A b il bR 2R Z S TE L
K 50 WL gifb 5 ARG S 5 mL % 1
W22 W WORA) , E R E S min, KIS 595
nm A0 (18 W B AEAR A s v il 2 SR A5 75 20 i e 2
1.3.5 [EEE e EamiRE . K EARGE
25,30,34,37,41,46,51,55 Cilt & T #E17 B2 2
IO, e JEDNS 32k 0 il 0%, LA D00 A5 0% it 3% e R {A
K 100% , 15545 T BE T A X O

TR e M f AL RS AR R R
15,30,45,60,80 min Z J& 75 e idi il BE T 247 B {2
S, ¥ B8 DNS 2 0 5 Wi DA A5 RS R R Bk AT
PR A B A S R 100% , TH5E 45 1R % T R AR IR
R %) X G

e idi pH A B 5 ARG 5 S0 A B & R - 2T
By (pH 2.5,3.0,3.5,4.0,4.5,5.0,5.5,6.0,6.5) %% i
W R W R A M -Fr R (pH 7.0,7.5,8.0) 28 thifk
rh, 4% B8 DNS 35 E BTG o LAIAS: Y e B R
9 100% , 715445 pH AE T B AR X B

pH e . W HABEAF pH H T /iR
30,60 min, 7F 85I 8T 4% B8 DNS el fi s
PLAS pH (E T AR ZEAT AR I Ak PR 5 R 100% , 11
A pH BT A [ £ ek o [ F) AFDRS it 7%

AR 4 8 B A FE R . 7 SR i AR S AR R
i AW BE R 5 mmol/L (AR [\ 42 )& B T IR
(Fe3*\Cu2* \Zn2+\KJ'\CaZ*\an*\MgZ*\NaB\Ag+\Ni+\
Hg* & EDTA), 7 37 CR VA& R T 20 min,
470 nm A IS REAR AR Ak B B A4 2R 0045 B i
T A R G SO BRZL TS O 100%

1.3.6 HEiabr A4y EE 3k, A
Excel F Orign {4 (2020 f ) 15 17 504 kb B8N 2

AR LA B E bR 22 18 AT 3R

2 ZHR55W
21 EAMBEREAGNLRENE

A FFS T R R aifb g L nE 1 FiR 4
Ak J5 15 3 — S X o TR R 2958 57 ku AR
HEM, P GST % HE 1 26 ku, HHE M 31
kuo HI 7% 5 A VA AR A SR B Ak [l A R
y=4.36143x+0.0004, A 15 5 2 1 4 10.932 pg/
ml, DNS 7 I 75 B 3% & 6.135 U/mL,  Lbi& )
561.19 U/mg,

97.4ku
66.2 ku
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Fig.1 SDS-PAGE electrophoresis analysis
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M EA AR pH 4.5 B B i s S pH 4.5~
5 LN EA 80% LA L AR M B pH (H4kZ:
Fhim, HEALEGAGG W T pH 8.0 B I 1
SEAES R 3b ul g, 7E pH 2.5~6.5 5T
AbFE 30 min, B 06 A — 0 FR AR B (H R 4%
BTG ATIHE T0%L) &, ZBEAE R M IR 5 T A B hf
)3 P R R T
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Fig.2 Optimum reaction temperature of chitosanase (a), temperature stability of chitosanase (b)

(%]
(=]
1

(=3
(=]
T

80

60

40 -

20

AR Xl
Relative enzyme activity/%

(=]

pH &
Hydrogen ion concentration

(a)

5 3 8 8 B
H
BE
i
83
BE

AFS it 4%
Relative enzyme activity/%
[ 3
=}

(=1

[§)
w
ES
w
(=)
N

pH &
Hydrogen ion concentration

(b)

3 ERMEERE pHE(a)fn pHERZE X (b)
Fig.3 Optimal reaction pH of chitosanase (a), pH stability of chitosanase (b)
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I 0 40 AR Cue (Fe B 1 AT I 58 i G 2
60% () 7K -, i Zn* Nit# F Ak 2> 2 50% 1 i
. Ag* Hg'2x S EM G M52 2k . K Na*,
EDTA 5 5 41 i (9 36 1 JL-F- %A g, Hod ED-
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B

3 it
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Fig.4 The influence of metal ions and surfactants

on chitosanase
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20T 2 35 1 VD TQ I 72 R (69.7 U/mg) , H
JERKALTF Lin SFU7E KM KT B b 28 3K 1 A 5 2
FUAT B 5E BBERE (3 655 Umg) . R, Al R 2
JRLAT i 5c 3R M Tl A 5 T L B — S T o 7 7 SR K
fiff 7 T EAT — 2 A

2 TR 5 I PR ZF BT TR 5B i I 1
i 37 °C,42 CALBE 60 min LA b o] IR 75%
fiti i ,46 °CF 4L P 30 min fe AT A5 9% AT LA 4E 5
T 50% , EL AT R0 1 il B A e ) I 7 SR M il
A HE i L AIG 10~15 °C, B2 iR Fa e 5w
5 CH2 S 5 R 2RO R B SR BB T A2 P
M=, TEFCSERE AR 7 ok AR T E O SRR TR
o Y S NE I R SR T bR S I e i
Az W BT G DR I TR AR E P R Y 5 SROBE il AR
T A= 77 A AR /N A BEARRUR: S5 3, A I
2 W] 7 SR WH I OE O OB R GRS Ol TR SR
10 °C, ¥ B FasE M 5 CP Xl RE R BB R
IR F G0 Bl HE AT A B (0 45 SR S 2T
hORE ZE BT 1R 7E SO A B RS R —
PR MG i 3 35 4 s PR e M

HhORE 2F BT DA 7 SR OME i 4 5l pH AR 4.5,
£ pH 4.0~5.5 Zb ¥ 60 min J& fe 1% il 15 47 7T 4 R
1E T0% VA 13X — B K, SR ZE AT e R
W (fid pH 5.5) M ZFFFF # 8 TS (& pH
5.0) 40t AE R M PR B T HoAT B A it A2 )22 52
SR I it o0 T2 I A T ) 8 hom L W R B S R i |
FhUL B S R AR, e 245 T SRR S 1 B 3% W
T, Tl b E B T R A R R B R
S5 TR VS VRKE A0 7 SR 1) K 52 AT e A1 80 ke
(0 G TN T 20 R 2 R BOR W pH. {H R A
70RO B IS M, R 2 BT B e SRR Al R
{18 2 Tt 52 13 A B 4 oy FH T 55

AN TR) 4 Jai 5 R T I 1 AR 0T R 2 AT B
¢ SR I 1) 1 % T 52 WA AE AR 25 5 o KO Natxd A ks
25 MFF P 7 SR Al i T35 1 T8 A 5 T ) D P T
PR Sy 30 S B —F 7 200 i P 0 93 A S ) e R L, 2 A
JiLIE R AR AT B T, IR S TR S
JEA R EEE 7, EDTA RN —F &R BT
2540 IR S ) R 2 AT TR G SR OWE I T O
WX = A E T O S R TS
FHy, Agt Hg5e 23 i Hoks 25 MUAT 0 7 SR il

BTG, XTAES Agt He R &8 B FHIC,
4 R O S R AR A Het il
552 Tl R 3% R ) % ) 0 R 3 — T R R A R AR AR
FHE AR L ZS [ 4 B 254, AR I W EE X JL R B AIR
T 100 451 g ) 35 PE27 5 mmol/L #4 Cu® Zn®* Ni*,
Fe %t BE G YA 40%~50% B I HI7EH . 72 e it
FEH, MR ZEALAT R ST R BRI IG M SBE2 6
mmol/L ) Cu® Fe**5¢ 2l i 7&Ky 2F A AT B8
Fo R BB EE UG 1295 0.1 mmol/L Cu® il Fe i />
40% ,2 mmol/L Zn**¥§ /> 55% ,1 mmol/L Ni*Jg />
1395 31X 57 SCHIBF 98 45 R A0 — 2, Heoh , Fe
— P E A R R &R IR T, AR S kAR
FAT T E A, (5654 6 he
FIHE AR Mn? Ca? Mg &5 - XF i b 27 B T 14 76
R A B W EOEE R, A WS R A 2
FELRT BT 7 SR G 2 R 7 81 1 55 186~198 v X )il
1) R A B TR R R A% Tk e M 4 I 1 480 iR 2 a1y
WG S A A, AT LA A TR Il 1Y) 25 () S5 4 %
A=A AR A HE TG PR M2 ] LUAE I AE 15 % Ch1H
B H L A 468 7 4 & R 624 1 58 & R
660 3 4+ 2 R 45 I M 24 5k TR 4 B 1) 30 ME 45 A 1
RO OE VR T O L3 S S IRy 9 7 45
ol A= 0 v 02 v B DR SF 9, T Tottey S5 BF 52
H 3 AN R R 1 A4 IR PR 104 45 4 B 2
FE Co M Zn S E RS A B B A
M B INASE , X 5 A1E I 5% i 0T il 355 PR 80U
S e = 1) 3 FES T Zn® (FRAIK 50% ) , Cu® (F%AIG
40% ) ,Mn** ({2 # 30% ) —F, Kt 7E i 28
PRLFT R ¢ 30 i v A A7 2 AR LA S5 A 0 0, AT
Bt — 2L 0T . B ST SRR N AW K IR &R
TR R R AR 7 SROBE SR N R B K Tl
TR AR H LB B FT 45 40 e T e R T U
Sk HRORT 25 BFT B A RN i i 6 R el AT 5 R S B
FHAR A IS AR

2 % x #
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Recombinant Expression and Enzymatic Characterization of Bacillus nakamurai Chitosanase

in Escherichia coli
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(‘College of Biological and Chemical Engineering, Guangxi University of Science and Technology,
Liuzhou 545006, Guangxi
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Abstract Chitosan is a kind of macromolecular polymer with rich source, which has a wide range of application value
in many fields, such as chemical industry, food, biology and so on. However, it needs to be degraded into small
molecular oligosaccharides to give full play to its activity. As the advantages of enzymatic degradation of chitosan are
more and more obvious compared with other methods, the exploration of new stable and efficient chitosanase has attract-

ed the attention of the majority of researchers. According to the chitosanase’s amino acid sequence of Bacillus nakamurai
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in genebank database, we designed the corresponding coding gene and expressed and purified the recombinant protein by
E.coli prokaryotic expression system. The results of enzymatic properties showed that the optimum temperature was 37 C
and the relative enzyme activity was still 50% after 30 min treatment at 46 °C, and the optimum pH was 4.5, and 60%
relative enzyme activity could be maintained after 60 min treatment at pH 2.5. Ag" and Hg* completely inhibited the en-
zyme activity. Mn*, Mg* and Ca* promoted the enzyme activity, while K*, Na* and EDTA had no obvious effect on the
enzyme activity. In this study, the enzymatic properties of chitosanase from B. nakamurai were studied for the first time,
which expanded the resources of chitosanase library and provided theoretical basis for the subsequent research and practi-
cal application of the enzyme.

Keywords Bacillus nakamurai; chitosanase; enzymatic characterization



