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Expression and inclusion body renaturation of recombinant chitinase
in E. coli and its enzymology properties
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(Department of Bioengineering, Hubei University of Technology, Key Laboratory of Fermentation Engineering (Ministry of
Education)/ Hubei Provincial Cooperative Innovation Center of Industrial Fermentation, Wuhan 430068, China)

Abstract: This study aimed to use E. Coli BL21(DE3) to overexpress recombinant chitinase and study the
concentration of inducer,time and temperature of expression to optimize the expression. The recombinant
chitinase was not only in the soluble protein but also in the inclusion body. The refolding methods by dialysis
and Ni—NTA column were used to renature the chitinase and were compared by the content of protein and
specific enzyme activity. The effects of the loading protein amount,the flow rate of refolding buffer and the
temperature on the refolded chitinase were investigated. The results show that chitinase could be refolded by
dialysis and Ni—NTA column. The enzyme activity of chitinase by the affinity chromatography which was
1347.7 U/mg was higher than by the dialysis method,but its yield by the affinity chromatography was lower
than by the dialysis method. The enzyme activity of refloding increased when the chitinase sample with lower
concentration was loaded to the column under lower temperture at the optimal elution rate of 0.4 mL-min~". The
chitinase from the affinity chromatography refolding possessed higher activities to degrade fluorescent substrate.
The optimal temperature was 37 °C and the optimal pH value was 3.8.
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W HIRIE T SRR, T amie s A st
TSP R () ik e, E TSR T 3R 22 1 SR T VA A
RSN EMT SN A AR PRSI HEAES, ARSI
FH KW FF B 3R 0K 3. 48, R 1K Lactococus  lactis ssp.
lactis 111403 BB 0 10 JL T o il 32 81, DAk =R 08 1 5
RS . SR E T S R0 S5 R M AT A3 P b
VAR AR T I H AR AT M, IR LRSS H
BRI R LE s R g, IR IE T T LT
Pt P14 Tt 2 P i
1 MRlER*®
1.1 MEEEE

4 Lactococus lactis ssp. lactis L1403 B BRJL T
J5 W B TR 41 )% kB pETM11 —LIChi18A  th hn 5= K
Alberta X 2 £ W U ZE W SE 56 == 32 1L s E. coli BL21
(DE3)  Invitrogen 2 7 ; % 1 [G 5% W G-250 Fl4MU -
(GleNAc);  Sigma a] K7 FEARNEE ] Takara
I FE P EL coli BL21 (DE3)  Invitrogen 2 ) 5 Ni—
NTAXE 3 emx5 em) AT A TREARAE .

YO2- 11 BB AP AN OKENL T3 = AR
FiRAO AT IR 7 s B VKA dE oS — XA s LS—
45/55845¢ 565 66T S€E Perkin Elme A H] o
1.2 LBHE
1.2.1 FTAULT RlEEESRIA \BAApETM1-
LIChi18A K FH Ak 24 VL Fe AL B R IR AR E. coli B1.21
DE3 R0l ERh g 55 IE I E. coli 3150 mL Luria—
Bertanii5 733& (5750 pg-mL ' RIILEE 2 , Bl i b5 57
FITEZHE. colity 1% 3R 32 AN 50 mL Luria—Bertani
B 7RI (550 wgeml R HBEE F) , 437 CHI250 r/min
N HF IR E 0Dl B 0.6 ), 75 N 5 P9 2R /X -B-D -~
FLBE H APTG) dm 9 £ 25 0.05 mmol » L7, 737 °C4k
LEREFE6 h, JXT I S M L 355 IR U AN I R IR ()
AT
122 RfFREMAE FEFFRW4 CZ50 10 min (8,000
v/min) WCHZ B A4, T PBSZZ MR (pH7.5) Ve B A<
L5 AR B e 45 in APBS, BEAT S Bk E . D%
40 W, #7554 s, [AJER6 s, B[R] 15 min. A IE S5 Y
B T4 °CES 0210 min (10,000 r/min) , 18 A0 388 44 5T
VES R PEER 48, AR DT S _ETEW.
1.2.3  HE4E A aife LA o i A
Ni—NTAAEHEAT )2 Hr atifb, WAL S A7 LT RN 11
W FH Amicon® Ultra—15 10 ku 850 ik 9 28 25 (4
WAL B R H 14 WD A = 94 4 1 94, A B 24k S5 1 JL T it
i AT s P B 1 B 2l A M IE AT SDS—PAGE HL UK 73T -
P4 IR B DTTE N N2 mLASPE %% % (20 mmol = L~
Tris—HCI, pH=8.0, 500 mmol*L" NaCl, I mmol-L™" 38—
AL 2, 6 mol*L7'FR 25,20 mmol s L'BK ML , 7877 P&
D R 4 CCI AT IR ARV i R
1.2.4 QR PENT M Koy MBI 52 PR
(50 mmol*L" KH,PO,, 1 mmol*L.”" EDTA, 50 mmol L
NaCl, 2 mmol* L4 ALBI BEH K 1 mmol « 1A Jii 7Y
25 W H BK, pH10.7) 0 N A 3R AR 35 ff W, = i e
30 min, JHKOHHpHZ10.7; JHHCIH pH % 8.0 % ¥i5L i
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B30 min, 25015 min (8 000 r/min) , B 3% FH & #r
W (0.8 mol*L 'R 25,50 mmol+L"' KH,PO,, 50 mmol-L"
NaCD BEATEHT, 3BT FH 28 67 M B -

1.2.5 BIRAISFERZNTHAE &P L b i A2
PE_ERESE M (20 mmol L' Tris—HCI1, 500 mmol L'
NaCl, 8 mol* L7 JR 2%, pH=8.0) V- #iiNi—-NTA K, ¥t Ay
0.5 mLemin™o 42 mLALIRAREE AR £20.45 pmPE
oyE )T, AR, i 0.5 mLemin'e PLE520 mmoleL!
K A 5 I8 2 P R P AT, L 2R ODogo IS PR A8 AL, W I
0.5 mLemin™'c KIRLLAEH5.4.3.2.1.0 mol-L "R &
2 P22 P (20 mmol « 17! Tris—HCI1, 500 mmol =17}
NaCl, 0.1 mmol* L4 AL S B H K, 1 mmol <L 348 J5L
2 B H K, pHS.0) P AT, 45 A4 10 mL, Jid A
0.2 mLemin~'s FLLE 45100 mmol « LUK M 1] 53 P 22
PR VR, Fi34 0.5 mLemin™', 5P FE TP OD AR [E
IS 18] (R AR Ak, ISR 25 B BE PR 38, 4 °C 2540210 min
(10 000 r/min) , B 35 #3417 SDS-PAGE HL UK 53 17 -
P ANE PR 25 D0 e T 5 6725 T

1.2.5.1 &= BRI MRS 2-50K50. 100
150200 mL35FEUE , 76 [RRE 45 A0 T i 0 125000 s BT
V€, M5 FH 100 mmol « LK W4 ) 2 b i BEA T 16 e
JH Bradford 20 52 52 VR 5 1) 35 11 b B 1 TR I ik
FE, R e 22 Y MBS« LA AN TR BB ) 7
PR VR 1) 22 5o — 2 ~PAT, 309 7 25 3 1 SPSS A
T

1.2.5.2  WEEXTE MR g DR ENTAE EE
JEHI T E A, 290 9 AE4.25.35.45.55.65 C&1EF
LRIFZ30 min, FH 2GR MBS , Lh i ILER (1 LU i ¥E 11
FES . TSPAT, B Uy 25 B i SPSSER T .
1.2.5.3  JREBBREERITLE 2w R M A
W E A AR U 5 5 28 0.6.0.4.0.2
0.1 mLemin~'s #F &M )5 100 mmol « LK M (1 2%
P TEAT e , FH Bradford v22 W 52 551 5 168 11
HHER IR IR, AR FH 2 GV I « LR PR =
4 S o 2 M R B R . = AL SPA T, By 22 i SPSS
WA

1.2.6  FALJLT vl % E B o1

1.2.6.1 pHXEEWG RN VAR FR 200 pmol =L~
4-MU - (GleNAc¢) 3,2.0 nmol = L-"EE 4 JL 1 )5t iy,
2.0 mgemL" I3 1 8 A [7) pH (3.0.3.4.3.8,
4.2.4.6.5.0.6.0.7.0.8.0) 150 mmol « L-F7 k5 ¥ —fidki i
LEMW . 37 °C R V20 min)5 % M11.95 mL Na,CO,
(0.2 mol s LD k5545 1| 52 3 o 38 3L 9% 5643 56 56 158 T
REDEICHRSE , = AP AT , 25 S N ) %36 2 W pH,
Fo 77 Z2 30 1k SPSSHAE V5

1.2.6.2  VRPEEXTEEVE 5 VAR FR: 200 wmol <L
4-MU - (GleNAc¢) 5,2.0 nmol < L-"FE 41 JL T 5t 1,
2.0 mgemL "4 L3 1 85 1 F150 mmol « L7F7 152 iR — Tk
TR 2% M« 53 B #E AN [RIURL S (28.31.34.37.40.43,
46.49.52.55 °C) F Jx W20 min 5 ¥ JI11.95 mL
Na,CO; (0.2 mol « LD il FI45 11 ) WY o 3l ik 22 5643001
JETI 58 D¢ 60 L, 21 PAT , 5 5L I I ) B il S
NIRRT, B0 Ty 25 i SPSSHR A TH A .
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1.2.63 &)@ % X EE W R R N AR R
200 pmol*L™" 4-MU-(GlecNAc) 5, 2.0 nmol L H 41 )L,
TTHE, 2.0 mgemL A LI AL I AIS0 mmol < LT
I PR IR L I o AE JEAS SN AR R P 43 SN TS
10 mmol L' [J CoCl,~ KCl.MgCl,+ CaCl,. LiCl. BaCl,.
NiSO,.MnSO,.ZnCl,. CuSO,.NaCl.EDTA A~ [] 2 14k
GW . 37 °CF V20 minJii %S I11.95 mL Na,CO,
0.2 mol « L) 3R FIEE 11 [ R o 30 35 2% 5 43 60 4 -
SEFEICHRE , SHOTAT, AR N AN F 4R
B0 W RS 0, B Ty 25 0 I SPSSER AT .
1.2.7  WMET7ik

1.2.7.1 SDS-PAGE K HH T # IR vk , SDS -
PAGESZHRUE J7EEEATI,

1.2.7.2  Bradford VM %2 85 (1B AIU FET DL2F I3
1R 1 (BSAD 1E b v il o I 285 1 00 B2 1 b vk
HH £ Y =0.7537X~-0.03812 (R>=0.993 ; X 4y & [ J5i ik
S, Y WG o AR AR AL Hh 2 FTOD sos W ' 52 A
BL T oA 1 £ T o

1.2.7.3  JL T BB PEAE IS L2 a4 ii4— FR 2
= JE (A—MUD A ARAE T, SR 95653 66 RE TS
) bR AE 1 26 Y =0.6398X+2.4484 (R?>=0.991; X A 4-MU
WREE, Y D6 ) o DIANFIR BEF14-MU- (GleNA©) 4
HTEY, N WK IE L E2.0 nmol < L-' JL | vt Jifg ,
2.0 mgemL™" 4= Ly 1 & 1 A1200 wL 50 mmol « LFy
KRR - R 2 vl o 37 °C K N AS[E I 8], LS50 L
FEW INAN1.95 mL Na,CO5 (0.2 mol = L™ {55 1| 5 v, SR
JH % 56 43 6 S BE T QUK 9 1380 nm KU K
460 nm) W5 56 HR EE , AP AR 126 V1 S v R0 L
Bitg 35 5 3URTAT IR 45 SRV 3B o TANBEIE ) Fe vy TR
LE37 °C R, BEEPRE T wmol 9% Y6470 o 1 it &, 1 b
Fitg 5 1 mg )L T 5 lilg T B A I IS ) HA o

2 ZR5TE
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2.1.1 HRFRKREE M MNE LR LUE S, TPTG
SN 283 i 250.01.0.05.0.1.0.5.1 mmol <L F 1% 3%
12 hja, fEAH B AR = A o 1, s H IR B i &
BT WIS G VR I S AT, O mmol e LB

ka M SI S2 S3 54 S5 S6

-
97.2
66.4
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K1 IPTGIREEXIPTG R SR IA I
Fig.1 The effect of concentration of IPTG on expression of
recombinant induced by IPTG
M R RS FHEARE; ST: 0 mmol*L75S2:0.01 mmol 1.
S3:0.05 mmolL";S4:0.1 mmol*L";S5:0.5 mmol-L";
S6: 1 mmol*L",

170 5015z %201

A4 111 ODgyo=5.943,0.01 mmol * L= I} B 44 [ OD o=
6.150,0.05 mmol* LI B AR O Dey=5.886,0.1 mmol L™
IS B8 445 1 O D0 =5.967, 0.5 mmol * L5} T 44 1) ODgoo=
5.466, 1 mmol* LB AR ODgw=5.766. 455 57
R 2 0.05 mmol <L~ (S3) I, T3R5 H I A 1
B HrIk B B ey, HAE AR [R]85 S5 8 18] 0 41 e 2R
KAZIPTGISE M, B A 1 NS —HF o D] 20k B de ik
PTG INZHA 25 0.05mmol < L'

2.1.2 WBRdENME MER2B R LUE Y, RIA 1
A YE SRS AE25 CLL NI B E A el R
IR o X UL TR IR BE T 5 12 4 B 1) el A4
A AR 3RS R TR A A 1 ) 2 A T R A s ARG, A AR
I8 T A AR RS ) AT D AR AR R T . BT LA
25 °C T 4 5 ) e Al R IR B

K2 R EEXTTPTG S 5 &0k 1 50
Fig.2 The effect of temperature on expression of recombinant
induced by IPTG
E:1,3,5,7,9, =R G Fii:2,4,6,8, 10, 12-3 51
i JE e s Jer, 1, 2-R15 53, 4-20 ©C.5,6-25 C.
7,8-30 °C.9,10-35 “C. 11, 12-37 C.

2.1.3 FESEmEMAE MEBHATBLE -, IPTGE
IR FE 2 0.05 mmol <L F£55£3.6.9.12.24 h)7 ,
EAH R B AR S S 0L, BT B S A& e 2 5
FEAIEIR I S o (HBEFE 5 S 0 7] B ZE 1K, ODeoolH i 144
e BRIk, S dE B FERS 0] g 12 h, A e R A #)
e SR O R EEEeR 1 A L S =

ku M S1 82 S3 S4 S5 S6

97.2
66.4
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K13 R ) TPTG I 3 1K 1 5% R
Fig.3 The effect of culture time on expression of recombinant
induced by IPTG
TE: M: BRI 7 REARIE; S1:0 hs S2:3 hs S3:6 hs S4:9 hs
S5:12 h;56:24 h.
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FESE 2 M7 2640 )5 /ESDS—PAGE |- 52 3 — 4% 3% 415, 4l
JER T AR5y TR 2 54 kue MEATIETT LUE
L, FEA KA B 2RI LT 8 41 M )5 » AT
LET BV, AT 380 LA A (1) AP e T
YUUE H, A ERRARTE X LT g AS B AT g% o i i
B WAL 77 Bl 45, ZETPTG R 52 4 0.05 mmol < L7, i
JE25 CCEFFE12h, nIAd By b H i 58 B s 4,
1117 B R AR H 15 A X s 2L S A I AN BE 78 4 Vi BR AL
TR PR ik o

ku M SI S2 S3 54

ChitA: 54 ku

B4 HI5EsEs) B 2IESDS-PAGE]
Fig.4 SDS-PAGE analysis of chitinase purification
T ARG TR AR AL (15T ST 88 P AR S (R0E s S2: 8 P Al
TR ) 13T S3: Ni-NTAFEZEAL IR S4: Amicon® Ulira-15
LOK &30 18 AR Al AL W i

23 BEMEMSFEMEMELSMN

THL 3328 By B2 5 2 AN E BT A S A R A B
AT ALB A , 49 B HAT N LT B . S,
A LU HE AT S HR S e LR SR A E T
EAE R A 2ERE b, SEFZ M LI A e %, itk
R s v LA Y 25 A Z AL _E =R L

ku
97.2 —.
66.4 -
443 %
5 A
29.0—sm-

20.1

IS ENTEESORRZNTAE L SDS-PAGE LA
Fig.5 Compared with two kinds of refolding method by
SDS-PAGE
TE: AJNI-NTAFERLVE, BB
Rl BTN SR Z AT b SRR LU RS A R R
FLAL
Table 1 ~ Compared with two kinds of refolding methods by

specific activity and content of protein

Bk SVEERIHLERE (Umg)  HE S (mg)
TR 473.6£38.0 1.51+0.02
SERZHTRE B R 1347.7+14.5 0.7120.01
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2.4.1 WEEXTEEMIREm Kolith S EE A,
Sy MIAE4.25.35.45.55.65 CLAF T %1% 30 min,
PGV H s . e nT LA, ETEEmJL T
JR P AEA~35 CiaL 58y [ P9 3% PR e o Faoe , i s
35 °CJi, HoAasz PEITUf U8 B, W68 8 65 CHY I
WLT-BE 0, RIE LT Bl e AR TE4 °CTF = 1k 4k
B A

o .
1200 s
1000
800 |

600 [

400

200 F

]

LA (U/mg)

0 10 20 30 40 50 60 70
i FE (O
Ko  SIEJLT Bl AEUETE (p<0.05)
Fig.6  Thermal stability of refolded chitinase (p<0.05)

242 HHAEFEXIEIERREEmE TR R PLE
L B BN, JEA R RCR S IE WA 1Y
N _EAE S S AAS BESR i R R 1 1 TR B AN
ST HE N2 B RMRBE o 3 2 g DRI O W B HE A AT
ERE A, ARV R R 7 S TR R A, LB
A H AR BRI, TOB SR AR I HL 2 3G K, PRtk
SRR S FRAK th e vl R, SR AR AT AL B L RE
HEAT /NG S 06: 53 BT o

1400 -
1200
1000 -
800
600 -
400 -
200 -

0

LR (U/mg)

0 50 100 150 200

A LR ml)
K7 R ERER LTS L RS (1520 (p<0.05)
Fig.7 The effect of loading amount of protein on the specific
activity of refolded chitinase (p<0.05)

2.4.3  PRE|I GRS R W N8 T L
Y, PR ER SRR L R B ST I (1) W i T
SVEBEG B2 o 24 Hd% 25 0.1~0.4 mLemin™'IN, &
P PR T S P 3 0 A 00 M 3 < Py 9 oo 3 v, (2
PENE R B N $]0.6 mLemin B, BERG FRE. TR
I ERNEARA T — 5E 11, DR e, J% 21 1R I
T R o PR FE o HE AR, G BRI e, R
HEPEE RS, ol S AT B AR, AR
1o A PRESIBE ISR PR, B AR AEEAT S B A &,
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K8 R bR Ao AL LT il LE MRS R 520 (p<0.05)
Fig.8 The effect of urea elution rate on the specific activity of

refolded chitinase (p<0.05)

HL A% (U/meg)

25 EAJLTREBEFEERWR

2.5.1  pH A3 FE X T4 8 (BT s I 3o
JEM)4-MU— (GleNAe S 22 4 LT Bl AEAS Al pH
IR PPIBAAR R T IR G F7, 45 a9 CAD FIToR , 1 B
JU T o B AE pH3.0~3.8 I, % S 5 J5E 348 31 B8 5 138 W
it 55 fgt IS )RR i HE B 22 1K) (GleNAe) ,, W A5 pH T 4k 452
AN, 2EGHREE B HT N B, U W B S pHITBE 0, B 17
WP B, MpH N SIS T LT oA 2. Wi
PG M 4 -MU — (GleNAe) ;M 52 B8 26 JL 1 J5 i
LIChi18A TEAS R )5 F I Mg v 0, 25 R 1519 (B BT
e MR N BEYE28~37 C2|H], WigiE J1 B F TR
B, 37 CM TGS WY AL S, 1X ] B8 A2 T i I SR IR
F-Lactococcus lactis ssp. lactis 111403, F 53 2B K3l
FEN37 Co MR N EEAEST CCLL LB, B ) & i
TR HRLEE R T R O AR T I 2 ) A R DL AR T R

A
20t

o

£ 15t

[=}

g

g

2 10f

e

-

5 St

2
0 1 L}

3 4 5 6 7 8
pH

- B
20

A L

£ 15

[=]

g

E o] =

>

<

5 5[

2 .
0 . s s s A
25 30 35 40 45 50 55

T

K19 pH A FIELE B 5xFAL T BRI I 52m (p<0.05)
Fig.9 The Effect of pH(A) and temperature (B) on the activity
of recombinant chitinase (p<0.05)
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252 A TSR AR R LU
ﬁ)ﬁ%?Coz*\KJ\Mgz*\CaZ*\Li*\BaZKNiZ*\an*\anJ\
Cu* \Na"MEDTA, 475 W AIR W IR e 25 1.5
8610 mmol s LN, <5 125 7~ B4 LT ot Mg 14t vif 1)
R, MIRFE 10 mmol < LW, 48 2 1 Zn* . Cu>.
Co*FIMn> 58 ZUA LT Wl i3S Pk o [J]I, Cu? Ni%
PR BEFES T 10 mmol « LB 58 ZU 0 I JL T ot I 11 4
PEo A B h0, EDTAXS JU T 5Tl 10 375 P 52 1704
J¥; 1 mmol-L™!' Na*\Mg*f15 mmol=L™" Ba*.Li*%} JL'T
VI e P R A E T o A8 29 T (Ca® W KD X
T3 1 PR S5 T 3 55

K2 NIF A B T AE AN R BT % o 2 AR Pl ) 5%
i) (p<0.05)
Table 2 The effect of various metal ions on the relative activity

of recombinant chitinase (p<0.05)

S _ FEX B (%_;) _
10 mmol =L 5 mmol-L.! 1 mmol-L"
Control 100£2.3 100+4.9 100+3.2
Co* 21+1.0 35+4.3 71+1.1
K* 100+7.8 85+1.3 93+3.0
Mg* 60+4.4 88+1.3 101+0.2
Ca* 92+3.8 99+3.9 89+0.7
Lit 75+4.8 114+1.9 86+0.8
Ba* 73+4.2 103+2.4 96+1.3
Ni** 13+0.2 35+0.5 91+0.7
Mn* 16+0.6 36+0.4 81+4.6
Zn* 19+0.1 39+0.1 84+0.5
Cu* 11+0.1 25+0.1 84+1.2
Na* 86+9.4 91+2.1 102+0.5
EDTA 83+2.8 109+0.4 120+5.6
3 it

JLT B KT BRI R g, mrg s A
TR XL . 225 48 mol - L7 R H= MR 2%
PR AL IR )5, AL IR AR AR PR R o JE i LR AT 52 kv
T 16 TR AT 1 5 P V2 60 A 3R AR B2 P = S5 IR 2 i
S5 BRI, SE A EMTRE B VRS W B T
W5 ME, AR = 28 133 B 52 P 2 W 8 v T e RN E AT A
Y JEIE AR ZE TR R A, Sh AR
B, AR 5 1 A 1 B R MR AR 0.4 mL e min ™' I 13 35
T B Rt R AR PR SR U S, B AT e i A2 M RK
o SRMENTAE A AR B s gl S AT I A LT
JHHl AR A Bt pH o 3.8, I ddi i 37 °Co IR E
2410 mmol* LU, 48 2 FZn>. Cu®. Co* FIMn? 55 51
AR LT R B B 3E PE . TR EE, N2 iR R AE S
10 mmol « LIS 5 ZU A1 LT 0T 10 v 2 5 Bl AR 5 1)
B8, EDTAXT JL T R BRI P 5 5% 5 1 mmol = L
Na* Mg F15 mmol = L' Ba? Li*J JL T J0E g (14 0% G
fEBEVER . HAB 42 Jm 2 7 (Ca? KO X BlEnT T 1 52 i
MRS . SEEG &5 Wk — D WS R IT &L T ) N 1

(T3 %178W)
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