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M %4 Chttps://www. takarabio. com/learning - cen-
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Table 1 Primer sequences used to amplify the chitinase gene

£ BRI NI B Nde T iR5F 5 (CATATG) Fil Not
TR 5 F 3 (GCGGCCGC) 1y 31 ¥ Chi2375 -F Hi
Chi2375-R(Z 1),

Tos% s bED 1Y) ST 55 3
Infusion cloning primers Primer sequence 5" to 3’
Chi2375-F AAGGAGATATACATATGGTGGACTGCAGAAGTCTGCCC
Chi2375-R TGCTCGAGTGCGGCCGCGGGCAGATTGTGTACATGGCTGC

PCR )7 :98 C 3 min;98 C 15 5,65 C 15 s,
72 °C 20 5,36 MEH ;72 °C 10 min, % PCR §"##
# A DNA F Beab A7 e Inli ik , 54 Nde | F1 Not
1 SUEG YA B )5 464k 1) pET30a kL, 7E In-Fusion
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dtu. dk/services /SignalP-6. 0/) #4715 5 Ik /¥ 3] 4>
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* H ExPASy 1y ProtParam 1. H Chttp://web. ex-
pasy. org/protparam/) JE47 B 73 - 5 F1 A%
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B4y i (Superdex 75 Increase 10/300 GL) #ifk B
A1 Chi2375, I X 4l fb J5 i = 41 il 28 17 28 1 3R TN 0
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J5.12 000 r » min ' Z.0> 5 min, £ 540 nm AL E
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RS AR AL SRR E 3 A AT &1 A
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TFEEEIE 1. BTG 1L (U a2 S AR E I e A1
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{ELRY 22 v i T 2 - 6 PR 4 22 v : pHL(EL ol 4.0 —
6. 0 BEMR A —AN-WE R — S 4N il . pH fH R 6. 0—
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NaOH ZZ Wi . pH {H M 9. 0—10. 0) X} & 4 i 75 1
FAY 52 W) A 3] o 2 il 1Y) il pH (B, K R 2 R OR A AE
ANIF pH A W22 W CH & R4 . pH {E R 2. 5—
3.5 MR -BRIR AN ZE vl : pH {H R 3. 5—6. 05 B IR £
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12.0), T 4 CUKFEHCE 24 h; SR AR 4R BE % 700 58
T3k K AN TR pH (B 28 g A 35 1) T I A S
RPN EEHN pH FaE T, 4 3 4 F47,



I AER%,2024 £,31 %, 5 4 Bl Guangxi Sciences,2024,Vol.31 No. 4

TR pH A 5 415§ i B TS T

(2) 78 B o 2 21 il 1) 52 i)

eSS pH AT I AN [ B2 0 i (35—
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100 % , B2 3 A FAT T8 AS R B2 2500 T 1 20 il 1)
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G EL 1% (W /V) B AR LT J5E L HR 5 248 L
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M, A5 H EARN K, V.
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KB BE 43 59 R 0.5 % Fl 1. 0% B9 A HLI I [ Triton
X-100 ., Z B 5 P EE . — 3 AR (DMSO) L it i -20
HR-80, 2 Y £ R (EDTA) L+ = o 3 5 B2 40
(SDS) , - F B (DTT) IR AR TE 4 CHFH 24 h,
FE il S5 1F R DU 2 AR 3 4 I S D RS2 e . DA
AN I ) PR - B NS g R 100 Y6, 1B A& A i R A
FH T 55 20 il 1) B AR G T

(5) 3 B 1 He J3 XoF . 28] il 114 5% i)
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mol « L " By NaCl IR IE S G 1E 4 CHEH 24 h,7¢
I3 2 SR AR I AE AT i A S T R 5
ARSI NaCl ¥ W1 B35 7 2 100 %6, 358048 ) ¥

J& NaCl ¥ W/EH T 5 41 EE 00 5% AR RS ) .

(6) 7K filé 7= ¥ 53 M

DIJUT SpE JUT 20 LT =8 LT Db R in
HERE I 2 55 40 W 0 K A% 77 0. #E 290 pL % 0.5%
W/V) BARILT Biry R &b, AW EE N 2 mg -
mL ' EHEE 10 oL, F 50 C KA 0.5.2.0.4.0,
8.0.24.0,48.0.72. 0 h,#h/K¥E 10 min & LB, =
B E,12 000 ¢+ min ' B0 10 min J5 B EIE R .
SR FH e 0 AR €35 4SRN 43 - HE B €333 15 (SEC) A6l
2 Chi2375 B BRI T A )i ™ 9 i 7w
ZEYTOCKE I & , 43 B AN 43 F 0 Sperdex Peptide 10/
30 GL(Cytiva, USA) ; it 3l Ay M 4l K, i # 4 0. 3

mL « min AR EIR.
2 HRESW

2.1 NTHREBEYERESH

AR Y T AL T M. thermotolerans YLW106 [
By 50 43 B o AR A5 LT J5 g 1 5 X 31 Chi2375
(NCBI 55 :OR979724) , ZIEHFEFH 5 M. ther-
motolerans HB226069 B ¥k 09 JL T J5i i 3t [ (NCBI
5. CP130317) . M. thermotolerans DAU221
AR A9 LT B R P (NCBI % 3% 5 . CP014864) L )
Microbulbi fer sp. YPW1 T8 ¥k 9 JL T 5t g 5t
(NCBI % 5% 5. CP055157) B JF& %1 — B ¥ 4 5 H
99.54% ,99. 41% F1 78.86% ., Chi2375 iy & 3 MR JF
B 5K IEF Microbulbi fer sp. GX H0434 W JLT i
B (NCBI & 5t 5 . WP_250460025) \M. hydrolyticus
ML T A (NCBI % 5% % . AAT81213. 1 LA J2 M.
pacificus ) JL T JR B (NCBI & 3 5. WP _
233998789. 1) ) — B 431y 80. 93 % . 60. 41 % il
77.89% , ffifl ProtParam T. E.4»#1,Chi2375 £
4K 1521 bp, 4% 507 NEER, HIE D TEN
53.79 kD, %5, 5k 4. 732, i SignallP 6.0 T. E
IS S IKFE S, B s Chi2375 B4 18 Fil 19 fi 28 3t
1R 5% 56 A 5 K 180 A2 5. A InterProScan T.
HAyHr.Chi2375 %A 1 4 Glyco_18 Zi#3 (fii F
196 —507 fi & IR 5k 3 .2 ik KA & W4 A 4540
B (CBM, 43 B0 T 45 19 — 74 o 28 Jk W2 % 2L, o
109—156 {2 HE R 5% 5L , LA I 3% $2 N [R) 45 ¥4 38 2. [1)
B 2 A 22 & R (Ser) % 3 24 W i K 85, i 5T
BLAST #50 #7 . % Hl CLUSTAW # )3 fl MEGA
7.0 FAEXF Chi2375 #E4T 751 Lk ik kg 4 g [ 1A
1(a)],Chi2375 J& T GHI18 KKK B WK K., FIH



BRPHE &% . i S 4858 B Microbulbifer thermotolerans YLW106 JL T J& g i 5 [ 55 B 3% ik & B 32 14 R

AlphaFold2 # %1 4 ¢ Chi2375 ) = 4k 45+, W s FRFAE L 1(b) 1. PRSFI5#7 & B, Chi2375 B
Chi2375 B 1k 45 14 3 ok BL R A (B/ ) TIM 4514, GHI18 K % JL T it i & 57 i JL T J; 45 & )% 91
TER6 5 ab ZEEA 1AW 24D BIrEM LA o« BiE SXGG HEALF % DXXDXDXE[E 1(o) ],

HIR AL, BB GHIS FIE B 5K K (1 45

(a) 67 Nicotiana sylvestris (XP009803534)
Serratia marcescens (WP004936562)
GH18-SubA
100 Vibrio harveyi (AAK11576)
97 Paenibacillus sp. (WP285076093)
Serratia marcescens (WP094871058)
100 . .
Moritella marina (WP019439662)
. GH18-Sub B
Bacillus cereus (WP048656164)
95
100 . o
Stenotrophomonas acidaminiphila (NCT89322)
Saccharopolyspora erythraea (WP009946603)
94
Streptomyces (WP011030596) GH18-SubC
73 Ewingella americana (CAA62151)
A
2 3
0.20 Chi2375 TT B—» TT L“_B’ Ls:
. H o 50
Cchi2375 . . MEWTGHTROCHCAR FENA IRATINFA Y T AR
WP_250460025.1 IQH L{SNA Y T AIN|
(c) WP_233998789.1 . .. ..ffe|efefe ofefole ofefele oo afe o ofolefefe oo ofe v aaa]ofe ofe]e o]
AAT81213.1 QH LIGIN.
Chi2375
Chi2375
WP_250460025.1
WP_233998789.1
AAT81213.1
86 B7 al
Chi2375 PP w—-p Pe—
HY)
Chi2375 VQNVGEFC T
WP_250460025.1 IVONVGME FIC
WP_233998789.1 [VONVGMEFSIC
AAT81213.1 MV ONVGHME FRICUMEIGWC
B n
Chi2375 — 200
170 ) Z00 210
Chi2375 GNSGL ALVGYWHNFNINGSGLYRIEEV]
(b) WP_250460025.1 GNSGL ALVGYWHNFRNGSGLYRIBEY|
WP_233998789.1 [GGNSGL! ALVGYWHNFNINGSGLYRIGE'
AAT81213.1 (GGNSGLLPIHALVGYWHNFBINGSGLYRIBE
B10 pIL a3 p12
Chi2375 TY A —— e TT 0000000000000 —
2 o %40 250 Teo 270
Chi2375 iGLiKQQFIED1AAxnaisxxvvisrGGQNGTVTL
WP_250460025.1 DAGN FNLDEGLEKOOF IMDMAAKRAKGK IVVIISHGGINIGTVTL)
WP_233998789.1 DAGNGEMAFNLDGLExooF IDaakrAMGK IvvislG G G TV TL|
- AAT81213.1 DAGNGRMAFNLDEGLEKOOF IMDMAAKRAMGK IvVEIsHGGRG TV T L
el w
rd a4 p13 n3 as
/ Chi2375 — 000 -
290 300 3o 320 330
Chi2375 DGIDIDLE TVSRVKQLKARTFNMY
\ We_250460025.1 DDQDE
WP_233998789.1 MVIKIAVKQLKQL(Y)4GMY
\ AAT81213.1 YGEICGQAVERAALIJGHEV
Chi2375
WP_250460025.1
WP_233998789.1 AAG
AAT81213.1 PTCPMSWICCMCSSTTMAARPRHTKIGRHMQQ
B19 7 B0 a8
Chi2375 - 20 Que—  TT 200000000
[ED) aig 450
Chi2375 |AGHFEGLEPEQVIILELP SGP S| GJAINT ABIT NRA LD
WP_233998789.1 AGRFRIGLEPBOVELIILP SGP S| GIJANTARNINRALD)
AAT81213.1 IAGIEIFBIG LEIPBlO V[ELIALP SGP S| GIJAMTABIINRALD
p21 a9 «l0
Chi2375 2000 TT =P 000000 200000000
10 470 4so 150 So0

gL Je[JFNGVMTWS INWDMEDGGIFSGPVGSHVHNLP|
8L GGIFSGPVGSHVHNLP
LT PRFNGVMTWS INWDMYDGGIFSGPVGSHVHNLP|
WL TPBOANPIFNGVMTWS INWDMNDGGIFSGPVGSHVENLP

B BUE
(a) Molecular phylogenetic tree of chitinase Chi2375; (b) Protein structure of Chi2375;red indicates a-helix,blue indicates -
fold; (¢) Alignment of putative chitinase sequences from Microbulbifer sp. GX H0434 (WP _250460025), M. hydrolyticus
(AAT81213.1) M. pacificus (WP_233998789. 1) and Chi2375
Bl 1 JUT BiEsA Y5 B 2= a0t

Fig. 1 Bioinformatics analysis of chitinase
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2.2 EABHESRESH4L

¥ H MR 5 %Rk K & 5 @ pET30a-
Chi2375 BEAFIKFIRL, IF R A KRIGITH K IL, L8
4t )5 . SDS-PAGE MLk 25 R F W EA E A N
— 5 AT K/NY 53 kDa, 5 RIS 4> T — 3
AT LAY T — 25 i T A 55 o B (L 2)

2.3 EHEEBHEBFERS W
2.3.1 pH a4 B xF & 208 Chi2375 887 /) 4
EAC)

MK 3Ca) fif s T4 B Chi2375 Byl pH (H N
8.0;7E pH {5 A 6.5 — 9.0 I, A X B 1% J1 4% £ 16
80% LA 524 pH {H/NT 6.0 B KT 9.0 I, 4 X} il
WHTREZR 410% LT, R EMAR Chi2375 & —f
B E . 78 pH{E AN 3.5—12.0 &M TF .4 CH
IR 24 h 5 EYLEF Chi2375 BIARXS B I J AR50 85 %
DL, F B B 4L Chi2375 ELA W E i pH it 521 .

i 3(h) iR, BB Chi2375 Bl I N
55 °C s ££ 45— 60 CHE, AHXF B & J1 7 80 %0 LA b s F A
fitf Chi2375 7€ 35—55 CIREEFMFH 30 min J5 , 4
Xl IE I AE 8026 LA I s {H IR FE Ry 60 C B, AH X il
WA TREZE 106 LIT, E 3¢ fE 3
JE R . H 40 Chi23757E50.55°C A g Wr, . 18

1004

pH stability
—=— Gly-HCl
—s— Acetate
—s— Phosphate
== Tris-HClI
—=— Gly-NaOH
Optimum pH value
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Gene Cloning, Expression and Characterization of Chitinase
from Microbulbifer thermotolerans YLW106

OUYANG Yuying',LIN Mei’, WANG Qiaozhen®, LU Bo®,LU Xinyue', HUANG Jun®,
ZHOU Rong’, LIANG Shijie*, QIN Qiurong”, WANG Qingyan”, HUANG Shushi®,
LIAO Siming'”""

(1. School of Chemistry and Chemical Engineering.Guangxi University, Nanning , Guangxi,530005,China; 2. National Key Labora-
tory of Non-food Biomass Energy Technology. National Engineering Research Center for Non-Food Biorefinery., Institute of Biolog-
ical Sciences and Technology,Guangxi Academy of Sciences,Nanning,Guangxi,530007,China;3. College of Food and Quality En-
gineering, Nanning University, Nanning, Guangxi,541699,China)

Abstract: To promote value-added utilization of chitin wastes,the chitinase gene was cloned from Microbulb-
ifer thermotolerans YLW106 and expressed, and then the enzymatic properties of the recombinant enzyme
were characterized. The results showed that the chitinase gene Chi2375 was cloned from M. thermotolerans
YLWI106,and the recombinant enzyme Chi2375 was expressed in Escherichia coli. Chi2375 showed the opti-
mum temperature of 55. 0 ‘C and the half-life (¢,,,) of 60 h and 2 h at 50 “C and 55 °C ,respectively. The opti-
mum pH value was 8.0 and the relative activity of the recombinant enzyme Chi2375 remained stably above
85% after incubation at 4 “C and pH value 3.5—12.0 for 24 h. In addition,5 mmol « L' Cu’" ,1% Triton
X-100 and 1% DTT improved the activity of Chi2375,with the relative activities of 140% ,130% and 180% ,
respectively. The most suitable substrate was B-chitin. With colloidal chitin as the substrate,the V ,, and K,
of Chi2375 were (7.492£0.25) U+ mg 'and (33.7541.24) mg « mL ™' ,respectively. The product of the re-
action of Chi2375 with colloidal chitosan was chitobiose with the purity above 90% ,demonstrating application
potential in medicine and food.

Key words: Microbulbi fer thermotolerans ;chitinase;cloning and expression;purification;enzymatic properties
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