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Screening of a high-level chitinase producing strain,
Paenibacillus barengoltzii and optimization of its fermentation
conditions
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Abstract: [Objective] To identify a chitinase producing marine bacterium CAU904 isolated from
China Nan Hai and optimize the fermentation conditions for chitinase production. [Methods] Strain
CAU904 was identified based on its morphological characters and 16S rDNA sequence. The
fermentation conditions for chitinase production by strain CAU94 were optimized using the
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one-factor-at-a-time method. [Results] The strain CAU904 was identified as Paenibacillus
barengoltzii, and the optimal fermentation conditions were obtained as follows: 0.5% colloidal chitin,
0.2% yeast extract, 0.1% Tween 80 (medium pH 7.0) 45 °C for 72 h. Under the optimized fermentation
conditions, the highest chitinase activity of 8.2 U/mL was achieved, which was 5.4 folds higher than
that obtained before. The chitinase zymogram analysis showed that at least 11 chitinases were secreted
into the fermentation broth, and three major bands had molecular masses of 54, 47 and 38 kD,
respectively. [Conclusion] The results can be helpful for further study on the purification and
application of the chitinases from Paenibacillus barengoltzi.
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1 {K4& 16S rDNA FFHIHE M ETR CAUIY RF L EH
Figure 1 Phylogenetic tree of strain CAU904 based on 16S rDNA sequences
E: 55 P B SAARERAY GenBank B5r'5 ;5 7030 m ERECAERITTA 1 000 REZEB—RAYLE; FRRZIEENFE 0.5%H) 751

FESE.

Note: Numbers in parentheses represent the sequence’s accession number in GenBank. The number at each branch point is the percentage

supported by bootstrap. Bar: 0.5% sequence divergence.
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Table 1 Physiological and biochemical characteristics

of strain CAU904
% Index  CAU%4
YA Morphology ek
22 YL s, Gram-categorization [
72246l Spore -
5 SR UK _

Arginine double enzyme hydrolysis
‘H#EF¥ Mannose =

‘H#& i D-Vmannose =
Z L Maltose +
FATFiAfI4E  Arabinose -
#i%iF% Glucose _
JEREFSER Sugar acids -
FZ=HE =2 Rhamnose acid -
AL A Catalase

ZZ2FF% Maltose

FALAE Oxidase

AT E HaS _
M3[kr= 4 Benzpyrole _
&Ry~ Tryptophan _
flBR Eh iR /L Nitrate reduction +
Bk Gelatin liquefaction _

e o+ PAMESCRE R — BIPESCREEFRIA.

Note: +: Positive or can be used; —: Negative or can not be used.

%R 2 AEHEENBAREZLESFHITE CAUIY % E
FEILT FRESHI NG

Table 2 Effect of different carbon sources on chitinase
production by P. barengoltzii CAU904

Tl fiti 1 7
Carbon source Enzyme activity (U/mL)
MAJLT B Chitin powder 1.50+0.05
JEMILT B Colloidal chitin 2.80+0.07
WFE5CH; Shrimp and crab powder 1.30+0.06
MASCEPE Chitosan powder 0.90+0.05
HEME Sucrose 0.20+0.01
ATEHESER Soluble starch 0.10+0.01
RHBELTER N CMC 0.40+0.02
%% Glucose 0.20+0.01

e WIREER AR 0.5% (AR LT BT, 0.2% (5
AR HAEEREE . pH H4K(6.0), 45°C K% 3 d.

Note: Culture conditions: 0.5% (W/V) colloidal chitin, 0.2% (W/V)
ammonium sulfate, natural pH (6.0), 45 °C for 3 days.

#3 FRREN BB EEFMITE CAUY K
LT RESHI S

Table 3 Effect of different nitrogen sources on
chitinase production by P. barengoltzii CAU904

R (35
Nitrogen source Enzyme activity (U/mL)
A5 Peptone 3.50+0.12
4-A'B Beef extract 2.70+0.11
B R Y Yeast extract 4.90+0.16
HifR%Z Ammonium sulfate 2.80+0.07
TEI&E M Ammonium nitrate 1.90+0.07
PRZ Urea 3.10£0.13

e WHRREFREMN 0.5% (AR EDBRMAILT BT, 0.2% (5
AU BRERE: . pH HSK(6.0), 45°C K% 3 d.

Note: Culture conditions: 0.5% (W/V) colloidal chitin, 0.2% (W/V)
ammonium sulfate, natural pH (6.0), 45 °C for 3 days.

FEIL T TREGZE RN 2 PR . MR BERE R 45 °C
R R = Wi R, 1A% 4.9 UmL, M4E5SRIR R
i3] 35 °C Bf, WIS SR TR, NG 71
— A, MR REARE] 30 °C LU BT
F| 55 °C LA bERY, PRI T WAL, PR
AL 350 g 5t s G F1 14 40.8% 1 8.1% ., 1% R ARBELE
BRI A LT RS, AR T b R R
R 2R ETG L

5t

——

HH

HH

Enzyme activity (U/mL)
(98]

0 " " " " " "
30 35 40 45 50 55
Temperature (°C)

2 AREIBEMNERBIELFMITE CAUINS L~
JUT FREGHYSZ MR

Figure 2 Effect of temperatures on chitinase production
by P. barengoltzi CAU904

TE: WIIRREFRAT N 0.5% (REERBIBAILT R, 02% (i
AT ORI . pH H4K(6.0), 45°C K1H 3 d.

Note: Culture conditions: 0.5% (W/V) colloidal chitin, 0.2% (W/V)
yeast extract, natural pH (6.0), 45 °C for 3 days.
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2.5 IEFE pH MEREZEIZFAIE CAU4
FILT REBRYSZ M

WA R s SR LT 2ANIR] pH HE1 T AT,
PIEELYIG pH X R B2 . 25 R anE 3 pF
R, 4G pH A 7.0 BE, R RS, A5
5.6 U/mL, 553539085 pH 78 6.0-8.0 Z [a] 28 5,
pH XJ & ®E™ LT A sZm AN, AR RS =
T35 R e =R Y 89.1%F1 98.1%, 1M 441 4h pH
ARZFHEET, BREIRER R, 2 pH &R 9.0
B, B A 5 %% 25 2F FAT 0 ™ I o Ok B e A
1 20%.
26 REGEHEFNNBREZAFANE
CAU904 /=)L T [RESRYE N

ARG IR FERE 2 b, IS ] & ik
TEVERN(0.1%)™ LT g scss, 45 R W%E 4. Wi
I S AT TG0 7 A B SR A R VE T,
IR -80 (WVE R, e id 71355 8.2 U/mL,
M8 X-100 & w]4%-80 M= EidL A — & B HEAE
FH, s SDS W™ s LT B mE A

(o

HH

Enzyme activity (U/mL)

o]

40 50 60 70 80 90
pH

3 EFE pH M BEREEAKFMITE CAUIY KB~
JUT BREgHIFZAR

Figure 3  Effect of initial medium pH on chitinase
production by P. barengoltzii CAU904

TE: PIHREEFRAAT R 0.5% (BUheABUBARILT BT, 0.2% (5
AR )BERHE Y . pH A8R(6.0), 45°C &% 3 d.

Note: Culture conditions: 0.5% (W/V) colloidal chitin, 0.2% (W/V)
yeast extract, natural pH (6.0), 45 °C for 3 days.
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Table 4 Effect of different surfactants on chitinase
production by P. barengoltzii CAU904

T 5 5365
Surfactants Enzyme activity (U/mL)
Z5 1 Control 5.60+0.16
#4738 X-100 Triton X-100 7.60+0.26
i 7:-20 Tween-20 6.90+0.24
175 -80 Tween-80 8.20+0.34
TR RERR BN SDS 1.20+0.03
) #%-80 Emulsifier-80 5.90+0.16

TE: WHIRREIR AN 0.5% (BEARIEAILT B, 0.2% (5
ERTHO)BEEHZ IS . pH 7.0, 45°C &3 d, ATIUEfTE
[[RERESD

Note: Culture conditions: 0.5% (W/V) colloidal chitin, 0.2% (W/V)
yeast extract, pH 7.0, 45 °C for 3 days, containing no surfactants.

2.7 ABEFEXNEBREZLFBEITE CAUIS
FEIUT FREBRY S

TERAES IR I, 8K TR [l % B ik &
TP WS, S5 RN 4 Fis . RRTEALAL)E Y
KRBT, 55 1 KRRV KRB0, HEH 3K
RS =W G, UG 735 8.2 U/mL. IZRRE

[—a—Protein concentration 125
| —=—Enzyme activity

11.0

Enzyme activity (U/mL)
—_— N W ks N 0O

10.5

Protein concentration (g/L)

0.0

1 2 3 4 5
Incubation time (d)

Bl 4 REEREIXNEREZLFEITE CAUIS K~

JUT FREBHISZ R

Figure 4  Effect of fermentation time on chitinase

production by P. barengoltzii CAU904

TE: WIREEIR AR 0.5% (BRI AL T BT, 0.2% (5

AR HOBEER Y . 0.1% (Fat iR )it JR-80, pH 7.0,

45 °C K 3 d.

Note: Culture conditions: 0.5% (W/V) colloidal chitin, 0.2% (W/V)
yeast extract, 0.1% (W/V) Tween-80, pH 7.0, 45 °C for 3 days.
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2.8 BRBEZLFEHE CAU4 /LT HEE
9 SDS-PAGE KB 547
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B B 11 A EAT LT RS TG Pk A0 [ T 2%
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3 e
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Figure 5 SDS-PAGE and chitinase zymogram analysis of
the crude proteins from P. barengoltzii CAU904

(jf M: {&ﬁ%i)ﬁﬁﬁﬁa, 1: 7@%/&, 2: ILTBE%%I%
Note: M: Low molecular weight marker; 1: Crude enzyme;
2: Zymogram.
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YRGS AS R, RERE . ALAETER . CMC Al
AN S BEE R, MR AL T B R
fetE, 5 Andronopoulou 2 H4RE AR, Singh
I T 25 2 AT TR U A B 540 oA A B U
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P EME B 2 E AT L T, WL T 2k
Yy IR AE T B IL T R A R A A S R A
@l R PR AR 2, A LR IR G
HLEE A A TS AR 0 BHG F1, HrhEeaRg
EMIOR e, HUORE M. Meena 2114
WA LT R .

R IR X T B S R I, AR B 25
AR RBL TR P B VE I (30-55 °0),
I FLR A 1 R 0= BiS Srmdim . Hom AR B
FRISE N 45 °C, IREELE 50, 55 °C IHEHAT —2E 1K)
FEBERE ST o KM AN (1 Bl 7 B FE7E 30-37 °C
Z 0], Kavitha 25U 3 F5 f4 55 14 (Sreptomyces
tendae) i & BERIE N 37 °C. HABTRHAN B ) B
HHE SN EBREE . W Kudan ZPYRE AT
(Enterobacter sp.)f i A H 45 °C, Meena 251
A T — BRI AT, Ll A IR A
45°C. PR B 36 F AR I A it A I T A
R EA RIFpmt e, B3Rt mwiin pH (BN
A=W & e Rt 25 B AOME T, R 8y 4m
B ILT R EOE pH A8k sl ms e 2.
B 5 22 25 ZF AT B 9 7 Bl pH oA 7.0, 7E pH
5.0-8.0 Z [AI TS REAR R4 i A P ERE 7 o 245 953
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TreHE pH LA 7.0 78 & i 1) %o 7 il A e 5 g v
RIS B 2GS E AT AR R BESS | REFEIA LT
G, 1E5S 3 REhkRI = Him e, RS TEg
WA . 5 LA R R b A R 2R AT I (4 )
KA HIFFTE BISR-047 (6 d)!'HHHL, DSBS
TR BRI 7 B3 o 1, 5 1) R e P 0 R A
PR RS A

H B AT R L T R R s
B b G F 2R AT i m B 7 LT g A 7K
VR ZHAE 0.10-1.55 U/mLEM 28], ek
Meena 25”143 B4 1) 25 2E 1 4T 7 (Paenibacillus sp.)
BISR-047, 2K BEOLALILT REHE J17E265 6 KAtk
#] 11.86 U/mL, #&%5 1 3 {5, MiEASE 2R ZFAMAT
B CAU904 17K 2 (A5 155 8.2 U/mL,
FEEEK ALK F Meena 25 diaE "), 6 Frg it
Y= LT R IR AT D, M U
— ¥k 5 L %5 5% 75 i (Sreptomyces  thermovol aceus)
Z16, 3k = WA e L T K OF ik #)
5.5 U/mL. ASHFST o AR 55 26 S 294 R R e 2 1
ZARALE B PR TR Ko EAh, HRERE
AR MR RERI B S35k 11 FPANL T o,
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LRI (B. circulans)n] ;=4 6 FhL T A, HiAK
SEMUAT B (B. licheniformis)nl 7= 5 FiUL T R
X SEEE NI VE R, RERSHE R R LT,
FEA A T LR L T B SRR, i
PFAE TP, ARBETEN AT AR 5 252 AT
PR LT R, A AR Tl Ak 4l b i)
I FHER AL T It
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