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Abstract: The present study employed homologous cloning to obtain the chitosanase (CsnBh46)
gene from Bacillus halotolerans R1, and prepared recombinant Bacillus halotolerans R1 chitosanase
through heterologous expression. The recombinant CsnBh46 enzyme was characterized to determine
its enzymatic properties. The full-length recombinant CsnBh46 consists of 278 amino acids, and its
three-dimensional structure reveals it is divided into upper and lower domains, each containing nine
a-helices and two B-sheets. The maximum enzymatic activity of recombinant CsnBh46 expressed in
recombinant strain bh-5 was 6 375 U/mL, with a total protein mass concentration of 4.3 g/L. The
optimal reaction pH and temperature for purified recombinant CsnBh46 were 6.0 and 60 C ,
respectively. Meanwhile, recombinant CsnBh46 was activated by Mn*, Ca*" and Mg”". The favorite
substrate for recombinant CsnBh46 was colloidal chitosan with 95% degree of deacetylation.
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Furthermore, recombinant CsnBh46 efficiently hydrolyzed colloidal chitosan and allowed for the

targeted preparation of chitosan oligosaccharides with different degrees of polymerization based on

reaction time. This study provides a reference for the industrial application of CsnBh46.

Keywords: Bacillus halotolerans R1, chitosanase, Pichia pastoris, heterologous expression, chitosan

oligosaccharides
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Fig. 2 Structure analysis of chitosanase CsnBh46
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ANTH) 4 )@ B F X E 4] CsnBh46 £ 5 o 52 i n
2 iR, Mn® Mg Ml Ca> % # 20 CsnBh46 H A i
WEAH, Hrh MU 4, 7F 1 mmol/L 24T,
Mn?* Mg Fl Ca® &b 3 21 T 43 il 1 7743 97 4 145.2% |
111.5%F1 115.5% ; £ 5 mmol/L £/4F ,Mn* Mgl
Ca?* 4tb 3 241 ) 4% 1 3% 77 53 59 2 164.8% (118.6% il
1232% ., &JEE T Cu® Fe**FCo Xt # 4 CsnBh46
HATMEIER b Fe 52 m i R, Y BTl
1 mmol/L F1 5 mmol/L i, Fe* b B 25 11 8 4% i 15 71
Iy AL 26.6% 1 8.5% .,

x2 AEEREBETFWES CsnBhd6 F2E M
Table 2 Effects of different metal ions on the stability of
recombinant CsnBh46

e A EEG 1/%

X e 100.0 100.0
Co* 76.3£2.5 65.23.2
Cu* 85.6+4.1 45.2+1.2
Fe* 26.6+1.1 8.5+0.8
Na* 98.6+3.1 96.3+4.2
Ca® 115.5£3.5 123.2+4.5
K* 99.7+3.6 95.2+2.3
Mn?* 145.2+4.8 164.8+5.1
Mg 111.5+2.1 118.6x1.9
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2 CsnBh46 JRWFF S PEUNER 3 frw, HA
CsnBh46 FUF R 5e SEE BAT K A T, Hvb Xl e
LR FE 959 1 1A 7 TR WH 2 B A0 e i /K Fff G vk 2
CsnBh46 Xy AR LT T JBARIL T BT R L EF 4R
DL AR B A T

%3 =? CsnBhd6 K44
Table 3 Substrate specificity of recombinant CsnBh46

i st ARXT S /%

Jt 25t 8596l M R 91.3+2.6

JIE 2 BERE 9090 Je A5 e S

JI ZEE 9590l A E SR A 100+3.5
WA ILT 5 —
JEAATLT —
KRB —
RIS R N —

2.9 KRS

H 4 CsnBh46 7K fif A [ 3R A B 76 55 0 52 45 45
RUE 7 s, B4 CsnBh46 XF 78 M Fl5E = B
ARG YE R 2 h 5, 58 ST OB Bk
Oy E NS . B 2H CsnBh46 3% IURH /K A % P
BE5, RN 2 h 5, D vd PO A D e TopE
2 CsnBh46 Xt 5¢ 0 ME F1 7 75 W B A K4 19 K fff T
P, B 1 h R, S B AE AL sT RE A GE =
B, 5T /S BN 4 B 56 Ak Sy 52 0 e =R U .
FETA (RN Ad B v ¥ A B, R E
CsnBh46 & —Ff Py U] 72 M It Ah , 76 B A 19 S

95.6+2.3
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Table 4 Chitosan oligosaccharides prepared by enzymatic methods

) | R R | SRR —_— B3
. | TUERTRL A u FEIVA:D K2 % PR AE 5
it BEAS I /(L) B2 (DA /% Jo; 5t &) /h IKFFE 1% SCHMER G Sk

HE4 CsnBh46 10 U/ml 3 95 0.25 92.5 2~6 A5
B R AT
- 5 Ul 5 85 4 79.3 2~4 [20]
FRVEN 2 FAT I
i 3 U/mlL 3 95 3 86.9 2~6 [15]
FEYR AT
-, 20 U/ml 4 85 0.67 80.6 2-6 [18]
TV SR 10 g/dL 1 88 24 17.0 6~11 [21]
Tl g i T 0.5 g/dL 0.5 83 6 58.2 1~6 [22]
FOUAREARE 0.3 g/dl 1 87 24 11.1 3~7 [23]
FLLF4ERAE  0.25 gdL 0.5 87 24 40.0 2~6 [24]

bh—5 5 F EHE S0 6 375 U/mL, it Ah i ad 2 1 R 4l FEPER I HIE —Fp N DI5c R BERE . TE41 CsnBh46 B
b L K il 31 77 2 2 800 5 & L 4 CsnBh46 K [T i R BOK I 3 o/dL IEARSERBE, BEE N 10 U/mL
HHCK, A 0.75 mg/ml, fie K 0, A 2 513 AT, RN 15 min 5ERMEK R EILF] 92.5%,
pmol/(L-min-mg), FHIHE 4 CsnBhd6 X} 52 F b H 2 B 5 4 CsnBh46 i FH 7 28 08 09 B % o &, R
A R UF B SR ARGV 2 CsnBh46 1E 45 ~ CsnBh46 & — 25 P b Ak i H 255 BL il
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