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Screening and Optimizing Conditions of Chitinase Production
for Bradyrhizobiaceae blastobacter SYBC-H2

HAO Zhikui', YANG Meiling', ZHANG Ziying', WU Hangui', LIAO Xiangru®
(1. Institute of Applied Biotechnology , Taizhou Vocational & Technical College, Taizhou 318000, China;2. Key
Laboratory of Industrial Biotechnology , Ministry of Education , Jiangnan University , Wuxi 214122, China)

Abstract. Five strains of bacteria producing chitinase were separated from Jianmen harbour seafloor
mud in Taizhou of Zhejiang Province, China. One of strains with higher enzyme activity was further
identified by morphology,physiology and biochemistry,composition and content of fatty acid,
content of (G+C) mol% ,types of quinones,and molecular biological characteristics. The results
showed that this strain belonged to the genus Blastobacter ,named as Bradyrhizobiaceae blastobacter
SYBC-H2. Moreover,the results of the Plackett-Burman Deisign experiments showed that chitin,
glucose and corn steep powder were the key nutritional factors to produce chitinase. Composite
Design Contral was applied to optimize the fermentative production of chitinase. As a result,the

maximum chitinase activity was up to 5.70 U/mL when the culture medium was composed of 2.7 g/L
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chitin, 0.85 g/L glucose and 2.64 g/L corn steep powder.

Keywords: SYBC-H2, chitinase, isolation , identification, optimization of fermentation
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1.3 ik H

T A gl W F I 24 4R AL A R A
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14 EFHE
141 % %35k (o/L) MgSO,-7H,0 0.5, KH,PO,
0.7, K,HPO, 0.3, FeS0,+ 7H,0 0.01, ¥k JLT & 4,
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HCI 100 mL, 5840 $ 2= WPIR 4575k 3 h, A
FEA 1000 mL B 7K B BepR ) 320m 32 el 204 4
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WA ILT WL, B LB F oK vp P e iR LT i, 48
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% 0.1 mL, Z3 30 A 2 e 55 IR B A L, 30 CHE
7% 120 h J5 L% PR AE 77 A= 3% W] P8 (% TR bk, 78 8T
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1.11 BERHBESENE
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P E GH+C Fa
1.13 ERZENE

FE 3% T M A P 5 T A
1.14 BEHHD FEWERSR
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mi) o
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A 41 A 55 (Central Composite Design, CCD) /5
%, A Dsign—Expert #E17 5256 0 5 4307
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Table 1 Comparison of chitinase production from the five bacterium

L 7 [ SO S
NO.1 0.37 Uk SN G195 i Uit Ve
NO.2 0.52 ++ A s FL A B M-£ 55K R —ﬂ{i
NO.3 0.64 e FiEN] EE A G171 5 1 I U Ve B
NO.4 0.36 ++ R o KGR ST i Uit T
NO.5 0.49 . i HE A S 1] v U IV i U 18
A BB RN (4N + P+ + + R
213 HAUTRBE ARG RIS Rk AR AL, R B A

PR, BRI R Y 5 MR A A R B9 RE S, NO.2 AHXY
HoAth JURR 5 B v, i V& BB B, FL A KB, R
Syl JNO.4 B RA AR R (H BTG AL
NO.5 W 7% #i , £ K42 NO.T B s 8I8, A K Rg W
AU B RK ARG Pl 5675 8 AE
W E LL NO3 AR N B — L IS bR,
Bradyrhizobiaceae blastobacter SYBC-H2,
2.2 B ¥ Bradyrhizobiaceae blastobacter SYBC —
H2 WEE
2.2.1 B. blastobacter SYBC-H2 &7 &S VL& & 4 52
A4S B, blastobacter SYBC-H2 i 7% & R ,
FIOCH 2 EW DGR WIRA A 5 Pk
FEEFERE SR AL L= AR E R (1A AR K
25 0.5~2 pm, FLAEZ 0.5~0.9 wm; FHIK (1 B/C),
e B A A S 25 IR 2R BH B, bacterium SYBC -
H2 J 8 22 [R I PE T 5 78 10~42 G N AR RE A
25~35 CifH A&, Foil i 2 30 °C;pH b 6~8 B
HRREAE I, B AR K pH R 7.0 7 RS U S V-P 5K

Bl HEME N- OB AL A 0 72 0 CEILRE A4
B CRBE EFHER Ak A2 SRR TR AR |
HE, e WBEIN T i A AL S LT B | E
FLVERG B0 45 WH 1 i PR IE R VNG R A
ZEWERG A G VSR i S R T A L AN TE
AOBEAT %) BB AL B TR BT

2.2.2 B. blastobacter SYBC-H2 &) ig By B2 41 5 5
= 4 BB Wi IR K O 25 R 3K B, B. blastobacter
SYBC -H2 = I%ﬂaﬂﬁﬁam C12030H (5 87%) C140
(3.65% ) ,Cig: 20 (2.15% ) ,Cie0 (28.16 % ),Cig:1 e
(20.48% ) H Summed Feature 3 (i1 wients o 20Hs
34.12%) , Mt oy 80 A e Bl oy 7OK-F L s
T BoseaB™,

2.2.3 B. blastobacter SYBC-H2 5 (G+C) & /R 5%k
BB K, B. Blastobacter SYBC-H2 B [ i
A Q0-8,5 Bosea JEIRE—%, DNA( G+C)EI/R 53
$h 67.3624%, )& T Bosea J& DNA 1 (G+C) BE IR 43
O FIN (66%~T5%)™M, a4 K SCHRH T, AN [A] & 1%
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1 B. bacterium SYBC-H2 B F4R E=£RERE (A)XREBRE R (B/C)
Fig. 1 Transparent circle generated on the plate(A) and micrograph of B.bacterium SYBC-H2(B/C)

PEW (G+C) BE IR 43 BURH 22 10% A 1M BIFLL G+C &
IR 3B 22 10% LA E B9 3 A= 20l Ak s R s 1Y
] I#AIA B. Blastobacter SYBC-H2 J& T Bosea J& .

2.24 W # B. Blastobacter SYBC-H2 #5 16S rRNA
AR M ZARESH BT EYE TR
4% B. Blastobacter SYBC—H2 1) 16S rRNA F:[H |
DY Fr B A 1479 bp, f81% )7 51 #2232 3 GenBank,

77

FT A% 1 M5 S HM136777, % 5% http ://blast.ncbi.
nlm.nih.gov/Blast. #] H] blast i#f 17 [F] J§ ¥ 73 #r , 45
7R, 5 Bosea sp. BIWAKO-01(AB425327.1) fiw ¥
T, Max Ident iK% 99% ., #4E blast 4558, P HA 1L
Mk BRI B Mega3.1 A A I £ ¥
(Neighbor—Joinning ) ¥4 & & 4t & & # , W1l 2, [5] i)
PR B RARN I AT BRI

Afipia genosp.9 G8990(U87779.1)

97 Afipia genosp.9 G8989(U87777.1)

Afipia genosp.9 strain G8994(U87775.1)
Afipia sp.J44(AJ864853.1)

Bosea sp.R-38307(FR691406.1)

22 78| \Afipia sp.BAC307(EU130949.1)

Bosea sp.R-46060(FR774993.1)

[ Bosea minatitlanensis AMXS51(NR 028787.1)

100 Starkeya sp.SL25(JX219400.1)

64 65 'Bradyrhizobium sp.CCBAU 85055(EU256462.1)
Bradyrhizobiaceae blastobacter SYBC-H2(HM13777.1)
98" Bosea sp.BIWAKO-01(AB425327.1)
Bosea sp.FF6(JQ435725.1)
99 _|Bosea thiooxidans RpP13-VS(AJ250798.1)
00T 59 ' Bradyrhizobiaceae bacterium NR111(DQ5208)

B 2

Z T 16S rRNA EEFIHER NJ RELER

Fig. 2 Neighbor—joining tree resulting from analysis of the 16Sr RNA gene sequences
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& (Blastobacter) Y —F . X TIZJBAEMS LT
o it TR e 0 A 5 DL 3 SRR T L A TR R AR T
Y AR W R L (RS :CCTCC NO:
M2013582),

23 FEHEUHHRALIBER

LB DR 2 S 0 50 D AR AR, X 7 LT B AT T
[ESZ I 1) BRI CHBRY R SORAE 10 FhE % L
I3 EAT E— 20 B TR PR 3, P-B J2 58 & R LK

S N s 75 W L3 2-3 0 Plackett—Burman J7 2270 81
W 4 AR (ANOVA) Zr BT i1, 95% i HE FE 7K 1 T A
R M 25 9 (P=0.015 7<0.05) , i & 1 & A B 2%
(P=0.247 6>0.05) 15 W B 1 57 A A5 R0 A 2%, 52 0 45
WA 4R Plackett—=Burman 31 K LT 8BS [B1 15 43
Brile 5. H8mIE ST 45 0, B RS LT &
AR p (4> B 0.001 8.0.024 0 F1 0.014 9,
Wi I = 2 ok LT B A A S 2
JUT T2 il G 52 11 S B s ) |8 -, L #2330k 2 i UL
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% 2 Plackett-Burman i it & B &k F

Table 2 Variables representing medium components used in Plackett—Burman design

IR 9 s KF—1/(g/) K 0/(g/L) KF+1/(g/L)
Xy

T ORI K 0.40(-) 2.40(0) 4.40(+)
e FEH 0.40(-) 2.40(0) 4.40(+)
e KTTH 0.40(-) 2.40(0) 4.40(+)
X, R 0.40(-) 2.40(0) 4.40(+)
e IR 1.20(-) 2.40(0) 3.60(+)
i JLT B 0.20(-) 1.00(0) 1.80(+)
e B 0.20(-) 1.00(0) 1.80(+)
T VERY 0.20(-) 1.00(0) 1.80(+)
s +E¥R 0.20(-) 1.00(0) 1.80(+)
K 4 0.20 (-) 0.60(0) 1.00(+)

%* 3 Plackett-Burman X SRI &R

Table 3 Plackett—Burman experimental design matrix with the observed response

JUT 5 g v /

(U/mL)
1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 1.66
2 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 2.62
3 +1 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 1.58
4 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 1.52
5 +1 -1 -1 -1 +1 -1 +1 +1 -1 +1 +1 1.81
6 -1 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 1.08
7 -1 +1 +1 -1 +1 +1 +1 -1 -1 -1 +1 1.22
8 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 1.51
9 0 0 0 0 0 0 0 0 0 0 0 1.12
10 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 0.75
11 -1 +1 -1 +1 +1 -1 +1 +1 +1 -1 -1 0.85
12 0 0 0 0 0 0 0 0 0 0 0 0.99
13 -1 +1 +1 +1 -1 -1 -1 +1 -1 +1 +1 1.19
14 0 0 0 0 0 0 0 0 0 0 0 1.17
15 =l =Il =l +1 =Il +1 +1 =il +1 +1 +1 1.39

% 4 Plackett—-Burman %t 77 =2
Table 4 Results analysis of the P-B ANOVA

7 A
R 10 2.65 0.27 19.99 0.015 7
KA 1 0.023 0.023 261 0.247 6
4l % 1 0.017 0.008 633
it 14 2.97
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& 5 Plackett-Burman %+ % JL T B EEiE B3 24

Table 5 Statistical analysis of medium components for chitinase production by Plackett—Burman design

X, FRIH 1.48 0.35 1.48 0.07 50.02 111.86 0.001 8
X, FEH 0.071 0.077 0.071 0.15 2.38 5.32 0.104 4
X; KM 0.08 -0.082 0.08 -0.16 2.70 6.03 0.091 2
Xy A=) 0.01 0.093 0.1 0.19 3.52 7.88 0.067 5
Xs JRZ 0.11 0.095 0.11 0.03 3.65 8.16 0.064 7
Xs JLT B 0.27 0.15 0.27 -0.097 9.10 20.35 0.020 4
X, 3 by 0.028 -0.048 0.028 -0.016 0.94 2.11 0.242 0
Xs TE K 0.077 -0.08 0.077 -0.017 2.59 5.79 0.095 4
Xy + e 0.09 -0.087 0.09 0.34 3.04 6.79 0.079 9
X Gk 0.34 0.17 0.34 0.087 11.46 25.63 0.014 9

JLT Jo Bl 7 e 19 0 A6 66 AP0 45 Bk
(CCD), 45 P-B 5 56 25 5 b i 9140 46 JE Alt | 6 %
SR LT B S A LT B A A W R RO R —
WA CCD BFTER RIFf e HKP- A2 K ol

FAFTRBEMN, MEBEANEE (p=0.075 2>
0.05) , PR B A vh JE T FE5 | A HALR 2 . —0Or &
B o> ) —0.45,-0.78 F1-0.77, i il 4 £k T
C R, R R (X EE S TRk S 454

AT Hfidh B a2 A 3% 6, A&
(I € AT Wik E Wil

Y =5.17 +1.07X, -0.22X, —-0.24X; —0.24X X, —
0.44X X; —0.067X.X; —0.45X> —0.78X,> -0.78X; +
0.54X X X

HO A SR T 25 R IS LR 7, AT
AL p=0.002 2<0.05, Bt BHIZ B AL LE 99.5% 11 4%

Kl 2-4 1 = dmm B 1T, SRASFIZAR R ) B R AE X \=—
0.32,X,=-0.35, X,=—-0.24 , X} i 69 JL T i 4 25 1 il
FORHR B SEBRAE 5 3R 2.7 .0.825 .2.64 ¢/L, ILAR
AU 5 KM WA A 5.7 U/l

K3 R 7 LT BT 5 o 4 0 P A 8 R 2 ] Y
KZ,P(0.197 4)>0.05, B BN Z B3 BEAERHA
WEEM, EATREALE &AL AEAR AL 2 7 AR 45

6 HOBAFEKITKE RKBREILHWER

Table 6 Experimental design and results of the central composite design

G i {E /7K -

i it /
(Ual)
S b/ (g/1) il I 1 (e/1) _
1 -1 2.00 -1 0.50 -1 1.50 1.41
2 0 3.00 0 1.00 0 3.00 5.24
3 0 3.00 0 1.00 0 3.00 5.39
4 0 3.00 0 1.00 +1.68 5.52 2.25
5 1 4.00 1 1.50 -1 11.50 447
6 0 3.00 -1.68 0.16 0 3.00 3.85
7 0 3.00 0 1.00 0 3.00 5.28
8 -1 2.00 1 1.50 1 4.50 2.54
9 1 3.00 1 1.50 1 4.50 341
10 +1.68 4.68 0 1.00 0 3.00 5.16
11 1 4.00 -1 0.50 -1 1.50 4.98
12 -1 2.00 -1 0.50 1 4.50 2.37
13 4.00 -1 0.50 1 4.50 3.99
14 0 3.00 0 1.00 -1.68 0.48 3.84
15 0 3.00 +1.68 1.84 0 3.00 2.19
16 -1.68 1.32 0 1.00 0 3.00 2.14
17 -1 2.00 1 1.50 -1 1.50 2.05

AR5 1t £ %10 2015 £ 5% 34 5% 11 139 [EGEN



HAO Zhikui,et al: Screening and Optimizing Conditions of Chiti
RESEARCH ARTICLE S Broduction  for  Bradyrhizobiaceae . blastobacter
SYBC-H2

F®7 HOAEFEWZITHFEREPEAZH
Table 7 Analysis of variance (ANOVA) and regression for chitinnase production

A ¥ )y i
g 10

5.17 29.56 2.96 13.76 0.0022

X-JLT R 1 1.07 15.54 15.54 72.34 0.0001

X~ % Mt 1 -0.22 0.69 0.69 322 0.1231

X K HH 1 -0.24 0.78 0.78 3.65 0.1045

XX, 1 -0.24 0.45 0.45 2.10 0.1974

X X, 1 -0.44 1.53 1.53 7.13 0.0370

e 1 -0.067 0.036 0.036 0.17 0.6947

prez 1 —0.45 226 2.26 10.53 0.0176

X7 1 -0.78 6.8 6.80 31.66 0.0013

hig 1 -0.77 6.65 6.65 30.94 0.0014

e 1 0.05 0.02 0.02 0.093 0.7706
72 6 1.29 0.21

KA 4 1.24 0.31 12.55 0.0752
Al 2% 2 0.049 0.025

Sl 16 30.85

TF T A BEIB B )7 Al K-F o I 4 J1 LT
JBHN T K SR 1 b SR a0 22 T ) 58 AR R

FH) (P=0.037 0<0.05), *JLT Fi#E 1.00~3.00 ¢/L. 3
Z A AS Ak, BT B B R KSR A 1.50~4.50 ¢/L BT 2
Pl P9 24k, FE L T T B R Ry 2.7 g/L(X,=-0.32) %
5 2
B, JL TR A 1 7 B KM, S UL TR O N
9 5.70 U, TS I WA 4548 5 TR S B 7 1% 5
FEAT Z R K F EATZ 858 AR X LT i 1.00
J I S 0 AN S 3 P(0.694 7)), 76 52 10 35 B 1Y) T vk
JFETE LA, 7™ WA 32 31— JE A0 R TR E /2Ly O o UL TR /L)
Al E N / b 4B 0 N — p
Pl 6 AT, S B {55 1L .40 0 A 2 12 B4 ATEREREHRILT REE 00 40
N > N N e N V2N
AL, i — P B WTZ A 5 IR MIAT Y Fig. 4 3D response surface curve for effects of chitin,
corn steep powder and their mutual interaction
4.600
£l E
5 2
= 2
2 =
= =
= =
1.00
iR /Ly O e O LT R e/ BRI/ (/L 0 e O K/ L)
B3 LNTREFEEM/LTRBENEM=4E ES5 BEAREERERHMILT REBENEM=4E
Fig. 3 3D response surface curve for effects of chitin, Fig. 5 3D response surface curve for effects of glucose,
glucose and their mutual interaction corn steep powder and their mutual interaction
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FHEBEIR MR P AE 4 B B JEIIL T I IR, QyBe—F2 /4 il 3 b i JE i B0 A IRl
WAL R LT A A B T ZOR U TR o e g R U R R A R B b T
M9 5 2 e R AR T T PR 2RO LT R R R RIS R R BT
T M EEZ AR RAEY 5952 HAE ] (P=0.037 0<0.05) ., T A4 & — b
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