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1 HRE5HE

1.1 7

ERIRERE GS115 FIERIA AR pPICIK A 5L
5 %= TR A7; TOP10 Rz 4 My A At 24
YN8
1.2 FHik
121 ZEEHRERSHFMEABRK pPICK-
CH2-Csn H#%  H3¥% GenBank Ff & Aii BUMG 22
FIAFE CH2 TRPRI 7 R MH I L [F 7 9] (accession
no.: GU001716)$252 3 I i T A=A PR wl it

PR A BTN 7 56 0E o MR 3 R e S 55
WA AE GG 1), DGR ZEMAT T CH2
PR 70 SR OBE I L D R B AR, SR R V) 518 S
ECsn .3’ ECsn #£17 PCR #7#{4(F 1), [l &ifk PCR
PR AR AR B, M E A #k K pPICIK-
CH2-Csn, JF 3 A TOP10 EZA4MFE 1 h
Ja, YIANRARTES A 100 pg/mL 25k R
RE R RDUEN LB EASE R I, 37°C A E SR
SR, H PRECH R TR, o )k e vE R AR
VIR BR2S FRD A T A BR S w64 10
J; 9 BRI P T 0 S A0 TR R OBk A HH o

®1 WHEFHANTE CH2EMRTREBEERAEZRIEFRMAY

Tab.1 Theprimersused for eukaryotic expression of Chitosanase gene from Bacillus subtilis CH2

519 £ B primer

5| ¥)¥) %) (5'-3") primer sequence(5'-3")

Hi%& application

5" ECsn

3" ECsn

(R4 Not T BRI )
5" AOX1 GACTGGTTCCAATTGACAAGC
3" AOX1 GCAAATGGCATTCTGACATCC

CCGGAATTCGCGGGACTGAATAAAGATCAAAAAC (R4l EcoR I MYz i)
ATAAGAATGCGGCCGCGTGGTGGTGGTGGTGGTGTTTGATTACAAAATTACCGTACTCG — eukaryotic expression

H#RIE

1o ¥ DL AL T 0
screening of
multiple inserts

1.2.2 EBFREEH GS115 MWL H-80CIRIFEN
GS115 kIR RIWAIR YPD B35 B, T
EWEARARA ) H i TE, LR R
A AW HRA B 7)) i 28 iR 32 285 20 ik 45 FH
T ORI Sal 10Ki#, TaKaRa)EgtiZettfb, it
Wl H A B f ks DNA(K#, TaKaRa)# i
5 min M E TUK A, B B 9wk s
FMAR T 0.2 cm B LA (GEE, Bio-Rad)H,
RAJEE T UK E 10 min, K5 76 oL #5 AL (3E 1H
Bio-Rad)"H i#47 fL o5 (FEL i 2514 : 1500 V, 5 ms), 57
BPHC 1 mol/L LLZLEE 500 uL fin A B HEE#R T, 1R
B 200 L ¥ A 7E MD AR | 30°CH5 3% 3~5d, H
2K AT UL TR

1.2.3 FEHEEF GS115 A S# N F TGk
FMEE Y4 MD P L B A s R,
KA 2K VR R 31 G418-YPD VA | 30°C 1%
7% 2~3 d, G418( it T AW ARG RA R E
T B 1 1 v #5 DU B Ak (G418 T 1 MR B2 43 i o
1 mg/mL .2 mg/mL .3 mg/mL .4 mg/mL .5 mg/mL),
PREUAETE 5 mg/mL G418-YPD “F-Hx b K Hi Ky
Wi, VRS G, FIEERESE N A # UL S d

R AR AE AR A PR T $2 B A B v 1Y)
K41 DNA, DIBEREEL 4] DNA AR, SR
5141 5" AOX1 13’ AOX1(F DiFf7 PCRY 1, %
7€ Mut" (methanol utilization plus)¥, Muts(methanol
utilization slow)Z&#Y

124 ZRBEHBEFREEARSGSISHHIES
RIEFIETE EEEEAR Mut 195w M T
25 mL BMGY WG IR 250 mL #5rh (ifEA:
TAYHEARARRAEDH, 30°CHFE 20 h & ODgg =
2~6, BOWERR, EEFEEEFE BMMY
PRKG SRS T A ARG BR AR, 28°C |
280 r/min FUFEIR LS 96 h, 4F 24 h [a] 15 FEHE
Wi 100% W EER LR ECH 0.5%~1.0%, A&
TR 0 i 4T SDS-PAGE HLJK % 5E .

125 BHATEREEMOEN KimEitEedn
itk pPIC9K-CH2-Csn-GS115-3 ## %] 100 mL
BMMY WA FR I 75, KRERAE 4°C
6000 r/min FE5.0> 10 min, Y8 B, FIEBUH
0.22 pm MHFLIERECGERE, Millipore)id I8 f5 # 1T
stk FIH AKTA-purifier #5 (H4ifk 246 (3
[¥, GE Healthcare), % %¢ 5 mL &R A5 B
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gligKPE 15 MR, W 3 mL/min #1710
i, SRJ5H pH 8.0 2 vl A “F-£(20 mmol/L tris-
HCI, 10 mmol/L Bk, 0.5 mol/L NaCl)f#4E HisTrap
FF crude(¥<[E, GE Healthcare); X5 AL A&
FEM LA 2 mL/AR EAE, JefHZ2 vhif B(20 mmol/L tris-
HCI, 65 mmol/L BKI&, 0.5 mol/L NaCl)¥k i 24 .,
22w C(20 mmol/L tris-HCI, 300 mmol/L B
e, 0.5 mol/L NaChHEB H my 8 M, BEB W R H
SDS-PAGE # [ HE ik A T Al
1.2.6 EHEFZRERHELETAMWMNE M DNS &%
(B8 Shimosaka)5: 47 55 580 il 1 375 7 1) )
5o DNS LRI : B 100 pL HLEER (7T5E 2
FBEMA 900 L 7o RBHAW, FIIA Ph 5.6 1Y
1000 pL /Y Z 4N (A T A8 R A BR S 7)) 2R
MR, 50°CR4E 15 min, 1500 pL DNS( i
TAEMHARARA DA RN, 6 &8 S
min, WHGEEARZE 35 mL, 4°C. 8000 r/min 5.[>
10 min, 520 nm 508 FIE LS AIWOEHE(OD
{HL) o AR 5 22 J2E 4] 20 W T 22 o %) s o i 313
JS IR P ) SO 5 i (T Tl AR A X R ) o 1 BT
J1AT U E A 1 min B 1 pmol 348 JFUAE BT 75 72
R WE B
1.2.7 BHZEEERMNESER

1) E4 xRN BE R NIREMRER
EHE

P it 5 B R B o 1.42 mg/mL 1) #4588
W e Tl v AN 52 SRR S /5 20 T 25°C L 30°C . 35
‘C. 40C . 45°C, 50C, 55C., 60°C, 65C. 70
CHI 75CEAM T B 77, LAHH @ 554 70 R
i e S W iR, 25°C . 30°C . 35°C ., 40°C . 45
C. 50°C., 55C, 60°C. 65C ., 70°CHI 75 C/K%
60 min J&5, W RIAREHE T, A TATEE 3K,
DR il I B TS 1 o S R, e A T R
Tt %)k A 1k

2) EHFTRVENA S RN pH 1 pH faE i

2l Ak 5 e B M 1.42 mg/mL 1 T 20 55 B il
T R 50 BEMEAE pH 2.5~8.0(0.5 1y 1 M 5 ) il 22
MR R NIRA G, AR A e B A5 1 I 1
it 35 3 0 o 2 5T SROGE I A SN Bl pH 7E
pH M4, 5. 6. THMWBIART 4CHEF 60 min |

TERRBERG 1, BT 31k, Disds pH Y
WS 1 S IR, W AL 5T R BERE pH fe M.

3) EAFENERES) 1= E L Vinas K I E

B 0.9 mL KWWK EE 7398 2.5 mg/mL .,
5 mg/mL. 10 mg/mL. 20 mg/mL. 30 mg/mL.
40 mg/mL .50 mg/mL . 100 mg/mL 5% AR, N
A 0.1 mL 4ifb 5 R 1.42 mg/mL EHFER
VB, ¢ 5l 454 N R 10 min, A DNS 320
RSOV R, RT3 IR, W H Lineweaver-
Burk BUBIEE EIE TR B3N 75 55X Vinax BT Kino

4) LY EHTERGERE S

B alifb J5 B9 A 1.42 mg/mL {19 5 4H 72 b
i 51659 PMSF. IAc. EDTA. EGTA A
SDS( LA TAEWHEARAF R A FDIRG LG
e 4359 9 1 mmol/L 5 10 mmol/L iFWK, 4°C ik
B 60 min J5IE BTG ), A PATSEER 3 WK, L
SRR 2 B /K TR & il Sy of JRECIN 7 it 9% 7,
R A5 0 4 Tl 5% O T A5 0 0T i 2 58 SR S )
Y SZ I

5) &JB B X EMH RS I M

B4tk B EE g 1.42 mg/mL Y T 41 55 B0
it 53415 0.1 mol/L 42 J& #§ T FeCl, . KC1 . MnCl, |
NaCl., LiCl, CaCl,, MgCl, . HgCl,, CoCl,. CrCl;,
FeCl;.CuCl,,AlCl;.ZnCl, . AgNO5 il Hg(NOs),( I
A T A BOR A IR 7)) IR A e JE B 1 4k
FE2H 1 mmol/L IRGW, ¥HIRAWET 4CHE
60 min J&5 I BEIG 7, RRAHFAT 3 IREEE . XFHR
HHFERNEEFRAESRE T, BER AR
T 1 HI Wt 4w B 0 E 21 78 SRR I 0 ()5

6) E47CREREEE AR ™ W4 4 4 i

i 3L 2R TR S BT AR ), 100 mL 10%
()7 SEME I A SliAL 5 W B2 351.58 U/mL Y
HFCRBERIE 3 mL, Bid R0 MR 4 h, &0
Je WA VSR R B AN A T 1wl Bl 4,
M EM T 2% 1 em WAL E SRR AR S 1
HARVL2~3 mm R EAE, S5 Z B RS 2 om,
R TR Bl T 28 . ¥ SRS 2R 2
Bt & T RIFFE A JZ P, SRS IRA
JEFERIh, FERIFWATHT IS B E il By, M
EHTGL T UL BT, R AR T, A
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Mg b RG], RS R BARE T 120°CHERE A
ZHE A A TE A Ik

V5 WA 7 ) BT BR ARV A
SRIG oK S, #0812 h JR B0, BRI
V3K, RASRITTIER I T8, AR ACIRSE SR
I 540 PRI % AB SCIEX 5800 MALDI TOF/
TOF™ £ Gt (Hh R} 27 B JG% Ak 2 Wy BRAE 52 BT ) %o
it i P W) 20 53 4T 7€ P53 Hr, Data Explorer K%
Qb $R V5 A A O 22 T B 3 PR AT A A, B AT
B AR AR RS B B BT (V) [, B A s 3R 1Y
BUAE A B 7 i B i, AR KRR B Ui 1 5
(34514 Laser Intensity : 5000, Min S/N: 100, Mass
Tolerance: +/-0.5 m/z, Min Peaks to March: 5,
MALDI Matrix: DHB, Total Shots/Spectrum: 1000),

2 ZERE5HW

21 WEFHITE CH2 BXEREHBEREE
FEERRRRIEMEAEBERERNAL

WA 1R, #2344 pPICIK-CH2-Csn 7E 52
IREEE GS115 Wbk 231k . SDS-PAGE
HLUk o, RxHPEAKRDR 29 kD, 5HiH
H AR KRNTEE—E FH AKTA-purifier £ 140

b R Gealifb ) )5 R BTG SDS-PAGE 2 [ HL Ik 5%
HH—

o4 5 O R S e A R LR 2, &
2 e S T REL B L LU TS O 133.60 U/mg, A
2t AKTA-purifier 85 2k R A0S, HLRETE12
i E] 338.08 U/mg, & J1IHICRN 68.51%, 4l
feAE%ch 2.53,

Bl alife)5 52 R B SDS-PAGE 7t
M: fRfESr TR A 1 B SRR AL S 45 2R
Fig. 1 Analysis of the purified recombinant chitosanase
by SDS-PAGE
M: proteins with standard molecular masses;
1: the purified recombinant chitosanase.
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Tab.2 The purification and activity of the crude recombinant chitosanase

SR [ /mg

HeiE J1/(U-mg™)

4lifk, purification JEEE 1/U total activity : e o alifb 5% purification  [FIYSR /% yield
total protein specific activity
HH B 32582.37 243.88 133.60 1 100
Ni-IDA-3% FZ M7 22322.18 66.03 338.08 2.53 68.51

22 BAFEREBMEFHER

221 EAXEEMANRERNEBEFMEERE
IR 2 s, RN 45T R R S Y
M) S 55 235 SR R W, Y il VIR EE R 50°C,
BEALT 30°C. Ml 70°CRHEE SR #EL 70%
LA (B 2a); B 4150 FOMH G I R RROE M e 45
WR (& 2b), 1E 45~55CRHZEHRiaE, R8s
(BT 1, AEXT TS )RR 90% 2547 .

222 BEHAFEEBHNRIERMN pH 1 pH 38E
4 pH W H 2 57 B BH B RS ) 520 DLE 3,
() d5c3E S N pH N 4.5, 3F H pH KT 3.0 12l 114 il

TG SRR 70% 4540, @it 5.5 B EEE )
T A 90% 22 45 (] 3a); B 47 A pH Fa i
P 5 AR R (8] 3b), B AE pH R 4~5 Z [l 5
o, CRFFE M BTG 71, AH X BTG ) IR R TR
90%/ 7 o
223 EHTRERINNZEE Vi Kn BE
WA 4a iR, 524 70 RBERE IR FE PR AE,
Bifi 5 7 MR B (S) I LT, O R (V) Bl 2 T
B, H 1NV AN/SEGE SRR, #R4E Lineweaver-
Burk AUEEAE BE T H 5 20 R R 2F A AT 5 CH2
PR 7 RWE B 19 30 1 22 80 Vinax=24.39  (umol/
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mg)-min~', K,=5.48 mg/mL; & 4b i, 45¢ SRS/ DO R D 33105 UESE NI RS
ROEUR AL F o AR, Om il T RGN A AU 1 mmol/L B}, PMSF F IAc %7%
(AR B, S 7 R B AR X L B 28 1% SN A B TR B O E ], EDTA il
224 HEYMBEEHZEREETANEM AFE EGTA %3 #4330 i 72 2 b Wl %) g 3% 07, Tf

g 100 - :=3;fis]) :g 100 r?=3;7ciSD

S g0l s 807 7

B g "

£y B o60p

E w0l E 40 +

z . . . . . £ . . , . . ,

20 30 40 50 60 70 80 20 30 40 50 60 70 80
1R E/°C temperature 1R E/°C temperature

P2 R Xl i 2 e SR At 0 ) B R P ) 52
a. AN e YT 0 20 58 SWH T T TG 0505 . A ()R E X H 2 5 SR T I ) RS TR R R
Fig. 2 Influence of temperature on the recombinant chitosanase activity
a. optimal temperature of the recombinant chitosanase; b. temperature stability of the recombinant chitosanase.
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Fig. 3 Influence of pH on the recombinant chitosanase activity
a. optimal pH of the recombinant chitosanase; b. pH stability of the recombinant chitosanase.

a b .
_0.12F n=3; xSD 012} p=3;xSD
2 5 P
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g g L "
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S7/(mL-mg™) S7/(mL-mg™)

Kl 4 T4 7C RBEREREOL SN 3l ) 2 2 B0 E
a. FLZHFEIRNEME Vinax T K ELIUAE S b, T 58 RME MU L DR 35 ANAS, S N0 i 12 o e RO A B2 1) A2 4.

Fig. 4 Kinetic analysis of the recombinant chitosanase
a. estimation of V,.x and K, of the recombinant chitosanase; b. at a constant concentration of chitosanase,
the reaction rate change with increasing substrate concentrations.
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SDS FE 44l T ¢ R (W EEE 71, LA WAwk
JE T+ %] 10 mmol/L B, EDTA . EGTA F1 SDS iy
PO e 20, 280 S A ] S SR B I
fif % 41, 17 PMSF 1 TAc 1554 50 BB v 17 1%
ZEp- Al
225 ERBTFNEAEREBRIEEINZN
4 A B 0] 4 e RO T I I T 5 ) AL ]
6, Fe’ . K', Mn*", Na'. Li", Ca™ X7 St ity
A — R B VE, Horb Mn® BE R RS )42
Tk 2.4 4%; T Ag". Mg®" . Hg™ B TAELER %52 5
WA UM EIER, Kb EEEE T Ag Al
Hg® W] 1 11 FEAKE] 65%; CO*' . Cr'', Fe’',
Cu’'. ALY Zn® X 7 FOWH MR TG 1 504 S0

240

160

FAXTEETS 71/% relative activity
o0
3

Co* Cr** Fe* Fe* Cu* Ag' K*'
4 JB B F/(mmol-L™") metal ions

Bl6 < Jm e oo RAHMET 1 00520

Fig. 6 Influence of metal ions on the recombinant chitosanase activity

226 EBAXTRBEHBEBESYNAS ST KE
21 5 SO I A e SR T W R AT 22, A
7 BN HZH S BB I R T SO ) A ) e
FEME, LA RS R Ko SRR O, E
W2 o 20 52 SRR R N DBl % B 20 52 SR OB
it A =0 1) o 0 R BT TR I e AT s SR R . ek
WERY AR RT3 T B R AE 399~2103(/& 8), 725 M
), W F AR Y h R A 2~10
() 7C SEREI A 3 A o AR5 BT R4S 1) H 4 7 SR
it 2 WA TS SR, ST B R —

3 Wit
70 SR AR Y 5 ) o e SR 0 1 4 P oA

150 F [ |#A 4% mmol L
concentration of compounds

- A A WU BE 10 mmol - L

concentration of compounds

n=3; x+SD

HAXTEEE 71/% relative activity
o © Y]
3 3 S

W
(=]
T

Control EDTA IAc EGTA PMSF SDS
A¢4&¥)/(mmol-L") compounds

Bl s feaWxl oo RERE J1 89 =20

Fig. 5 Influence of compound on the recombinant
chitosanase activity

Mg Mn* Na* Li* AP* Hg? Zn* Ca® control
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vy

1 2 3 4

P 7 E ] RO I Ak e SRR W R A 8
L BEARF=H; 20 RO 3. HEME 4. =HE
Fig. 7 Thin-layer chromatogram of the hydrolysis products
of chitosan with concentrated chitosanase
1: the hydrolysis products for 4h; 2: fructose; 3: sucrose;
4: kestose (trisaccharides).
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Fig. 8 Mass spectrometry analysis of the enzymatic hydrolysates
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DA ey 2 4 e SR 1) 7 B RS O HY,
YRS T A REZF ORI CH2 T ko SROBE Ml A B2 R
Wb U RIB R G Y B 80 IR 5

BT FE ) FE AR R 2T B CH2 B bR 7e R bl
Bt LI A e i i e AT 0K, faifl 1T ixd 4l
Fi i oy ey el AL AR, B2y T i A Tl ]
M BA o I HL 2% 2 21 I 2 SR A R 1k Py D) R 58 2R
BERE, TERRVERET T B OB o2 Mk, A2 —
ROV T e S, 2 (9 7e SRR RE AT,
A B EEALNAE 2~10, ZELA B2 0 H
T e I TR R R EE ARG R 2ZF AT

P CH2 B PRST R R I 7 Re PR A SR I, A il
LR H OhPPHGE A K SRR B2 25 FAT T CH2 Witk
SR ME B AL B 2= R LA PP T, 0. gl E
21 il LU TS (338.08 U/mg) & R i k(161 U/mg)f)
2.1 fi%; 7£ 50°C . pH 4.5 18 F B4 5¢ R BRI
Jifis; MRIRFERIERGRETE 60°C . pH 5.5 5%1F
B ) fE, 25 500 AT BE R 5 4 o SROBE g
TE S IR B EE BRI B0 S 3y, L rp Rl IR B R
IR 10°C, KRFEAR T 2 7= B REIR BAS o X1l 7 22
W5 1) H 2H WO 7 8 RO il 325 e TR TR BE S 45°C,
Heili pH 4 5.6, £ 40°CHl pH 5.0~7.0 FHaAE 2009
AR, XM POV 1) T 2L B A T ST SR I
ISR N 50°C, il pH N 5.6, B ipag
F 5 1) T 2 0 2 8 RO il 3k e TR TR BE Sl 60°C
&ifi pH K 6.0, XLEWFFELE R, >k A AR
Fofr %) i 2 e SR il e 3 AL IR EE RN pHL 22 7 h
U] BE L 7C MG > A R84k L T G 20
FEV ) 25 P T IR BE AN pH ARS8y, BrlA
S THEXS 72 RMERG 1) 73 T Z5 i ik os I, A e
T - b 7 SR R E AT LMk i . EDTA A it
AU 45 e 25 R 5], R 10 mmol/L RESE
SN AS I 5T ) 20 5E SRR RS ), Ui E
MBI IE P O P RE S A & JB B, 1 PMSF Xf
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o 2 7 TEBH T IS 1A R, T I e I T
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Expression of the chitosanase gene from Bacillus subtilis CH2 and
characterization of the recombinant enzyme in Pichia pastoris
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Abstract: Chitosanase is important in carbon and nitrogen recycles that occur extensively in nature, and is useful
in the preparation of biofunctional chitooligosaccharides. Chitosanase occurs in a variety of microorganisms, in-
cluding bacteria and fungi. Transformation by genetic engineering has increased the enzyme activity and enzyme
content of recombinant chitosanase. To obtain abundant chitosanases possessing high chitosanolytic activity for
large-scale production of chitosan-oligosaccharide, the chitosanase of Bacillus subtilis CH2 was best induced by
fructose and not induced with chitosan, unlike other chitosanases. This study investigated recombinant expression
of chitosanase from B. subtilis CH2, which was cloned and expressed in Pichia pastoris, and characterized the
application of the recombinant enzyme for chitosan hydrolysis. Chitosanase may have important industrial appli-
cations in the utilization of the enormous chitosan substrates. Mass spectrometry (MS) and thin-layer chromatog-
raphy (TLC) were used to analyze the enzymatic products. The molecular weight of the recombinant chitosanase
was estimated to be 29 kD using SDS-PAGE. The specific activity of crude enzymes was 133.60 U/mg. The spe-
cific activity of the purified chitosanase was up to 338.08 U/mg. The optimal pH and temperature of the purified
chitosanase was 50°C and 4.5, respectively. The K, and V., values with soluble chitosan as a substrate were 5.48
mg/mL and 24.39 (umol/mg)-min~', respectively. Fe**, K, Na', Li*, Ca*", and especially Mn?" enhanced the en-
zyme activity of the recombinant chitosanase. Whereas, Ag”, Mg®*, Hg>", EDTA, EGTA, and SDS inhibited the
enzyme activity, and the other metal ion tested had no effect on enzyme activity. This characteristic of the recom-
binant chitosanase was better than the chitosanase of B. subtilis CH2. Furthermore, the enzymatic production of
chitooligosaccharides from chitosans of various deacetylation degrees ranged mainly from chitobiose to chitopen-
tamer, and the enzymic products contained 2—10 degrees of polymerization of chito-oligosaccharide after the re-
combinant chitosanase hydrolysis, but no monose. These results indicated that the enzyme was an endo-type chi-
tosanase and a typical acidic metalloproteinase, which might be a good candidate for biotechnological application
in producing chitooligosaccharides.
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