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B A RAERMARFEXMATE F R, FIRBAZSEE FERIFES FHOATE ©RAEMH
(Bacillus atrophic chitosanase, BA-CSN), F+%f BA-CSN #Ri&E8 /% . Ri& pH. R FME. S HF
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gene from Bacillus atrophaeus with a high protease yield from the barren saline-alkali soil and
expressed this gene in Escherichia coli. The expressed chitosanase of B. atrophaeus (BA-CSN)
was purified by nickel-affinity column chromatography. The properties including optimal
temperature, optimal pH, substrate specificity, and kinetic parameters of BA-CSN were
characterized. The results showed that BA-CSN had the molecular weight of 31.13 kDa, the
optimal temperature of 55 °C, the optimal pH 5.5, and good stability at temperatures below 45 °C
and pH 4.0-9.0. BA-CSN also had good stability within 4 h of pH 3.0 and 10.0, be activated by
K', Na", Mn*", Ca*", Mg2+, and Co*", (especially by Mn2+), and be inhibited by Fe**, Cu*’, and
Ag’. BA-CSN showcased the highest relative activity in the hydrolysis of colloidal chitosan, and
it had good hydrolysis ability for colloidal chitin. Under the optimal catalytic conditions,
BA-CSN demonstrated the Michaelis constant K, and maximum reaction rate V. of
9.94 mg/mL and 26.624 pmoL/(mL-min), respectively, for colloidal chitosan. In short, BA-CSN
has strong tolerance to acids and alkali, possessing broad industrial application prospects.

Keywords: Bacillus atrophaeus; chitosanase; expression and purification; enzymatic properties;
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Figure 1 Sequence analysis of chitosanase gene and constructing its prokaryotic expression plasmid. A:

Chitosanase secondary structure (above) and amino acid sequence alignment (under). “” represents the

. . 24 g e q- .
active site, “ll ” represents the Mn”" binding site,***”

is used for counting amino acids, and there are 10 amino

acids between two “¢”. B: Chitosanase homology modeling and tertiary structure prediction. On the left is
BA-CSN, the three glutamate residues near the substrate binding pocket are marked in yellow; on the right is
the reference CSN; the mutant amino acid residues are red. C: Restriction endonuclease analysis of
pET-28a-BA-CSN. M: DNA marker; Lane 1-2: BamH I and Xho I digestion products.
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Figure 2 Inducible expression and purification of
chitosanase. M: Protein ladder. Lane 1: Before
induction; Lane 2: After induction; Lane 3:
Ultrasonic lysis supernatant; Lane 4: Ultrasonic
lysis of the pellet; Lane 5: Flow-through fluid
collected prior to elution; Lane 6—14: Different
concentrations of imidazole solution are eluted (20,
50, 100, 150, 200, 250, 300, 400 and 500 mmol/L).
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Figure 3 Optimum reaction temperature (A) and temperature stability (B) of chitosanase.
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Figure 4 Optimal reaction pH (A) and pH stability (B) of chitosanase.
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BIKE B PR R 135%5 145%, M
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1 Final concentration 1 mmol/L
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B5 EREFHEREEFERNTIE
Figure 5 The influence of metal ions on

chitosanase activity. a, b, and ¢ were the significant
differences in relative enzyme activity between
BA-CSN and blank at the same metal ion
concentration. a: 0.01<P<0.05; b: 0.001<P<0.01; c:
P<0.001.

http://journals.im.ac.cn/cjben

Hofp K*, Ca, Mg™ . Co™ bifi 5 ik i Tt v i
THE§WE, SN 10 mmol/L Co® I i 1 i 1%
FTXFHEL ; Fe’™. Cu®™. Ag %HiZ A W 54 )
YERT, ELBf e B Tt i AE S 5%, 10 mmol/L
A 78 2 il 5 P % S S IR T X B AL

2.6 =EEMEYFFM

BA-CSN JIEWFE ot Rl 6 o,

IR 1% M B AARTEIRpE . R ST RpE . R

100 - —
. 80
§ T
>
z °Or
k3
[
2 r
=
é 20 |- m
0 1 ﬂ
S S S & o O
» P S S
F & &

6 =REBMRYTRME

Figure 6 Substrate specificity of chitosanase.
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Figure 7 Lineweaver-Burk double reciprocal
diagram of chitosanase catalytic kinetics.
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Figure 8 Thin-layer chromatography analysis of
BA-CSN degradation products. Lane 1: Glucosamine
standard; Lane 2: Enzymatic hydrolysate.
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MR E, HAA 1 AR, Y BA-CSN
Wit it R ARk 7 SR 1) e 28 7 W Ry R R A A

3 WAREER

ST BH BB 5 Tl & AR T A 28 ER
R AT W T R AR A O R L R R
CSN. A5 A F0# Eh il + 18 = = 2 i 25 4
ZEHUFFIE TP 345 CNS LR, 3 HAE R i b
FR AL I ST LRI, DU R e PR |
AT T AEF=B9 CSN. 45 5 o s i i 1 ek
SR IRE N 55 °C, FE 3045 °Cha &tk 5 (K
3), dpeid S kRN B AR 1 S i Y 2
TFF R H R ONS IR A D+, TR R
FEVER Y CNS AT AR ST B R Tlk AR ™ A
TR EE RBEAE WAk, S5 BB Tolk v A i ¢
2 — CSN fiidi e v pH 3 % 7E 4.0-8.0 Z [1],
4n%% 75 14 (Sreptomyces lydicus) S11M. KA
(Aquabacterium sp.)!"E CSN H¢ii 52 pH 4371
ﬁ6oﬂ5m@mﬁcnw%&ﬂ¢ﬂgf%
P f 18— 26 CSN FERRIE A1 T BeAa e, ke
ZF 1t ¥F % (Bacillus cereus)*! il ¥ R ¥ &
(Penicillium oxalicum) M2 CSN 7& pH
4.5-7.5 Z[AVEHasE , SR F FE s PR vh il
T FERRAIG o 3 W0 B 95 R 8 & 4 2R AAT
i (Bacillus thuringiensis)ii CSN 2 fisi i ) i3 Fl
T, pHAE 5.0-10.5 2 [A] ¥4 B4 42 A g5 ).
AWFFE HH BA-CSN i v pH N 5.5, fEH
155 R T A5 1 T TS P I A, A R
ST HA R NREM, RIMEE pH A 3.0
A1 10.0 AY 3R FR SR ARALFE 1 h A5 4RE 70%L) ok
WG (E 3), AR EIRIER CSN H R
PR, FE7E TME Tl Az = v AT Ve b A 5

ARG R Z R 68 21 Al G i BA-CSN
BTG, HoP IRl Mo® e 2%, 5 mmol/L Al
10 mmol/L Mn*"# g 4= T HEG ; JRA L
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Tl 4 J8 B 7 al i 6, P 10 mmol/L Co™" .
Fe’'. Cu™. Ag'AbFLJE 58 Ax G $5 4% i 2 %
FXFHRAL(E 5), DA &5 4R /R 1 Bl 7 52 B g
H RT3 A R R S VR S T L R L R B 1 il
o &8 &l 2Ry X CSN g,
Wl 5 CSN #5245 44 B VR 52 i g 1
Tottey %P HFoE & B Mn* @14 5 3 AN2H &R A
125 AR FIT T L 45 ) 1 5 8 45 (R 0 Tl 0
H Cu” 5iZE5 M A5 A T AR 0 I g G, AR
HEFFE5 501 2 B BA-CSN H a4 2R 45 # 358,
Mn*" 5% 30 i KA B masG, Halge
Mn**fit i BA-CSN BTG Al Cu 25 410 il il 1% 14 =
BEHLH . 34, CSN ZRATIE ot 4 CSN H gL
i 4341 DL S B R I 456 TS S, Ag”
M Fe’ Br7AE CSN G B am ad x fhoy 2010, A
5 v X PR S [ AR T BA-CSN i .

A LR T 515381, BA-CSN 5 EL4E 1
ZU AT R CSN (NCBI reference sequence:
WP_106271432. DAL &4 T 206 fii S—A %
B 193 i E—K BE#, AR AR
BA-CSN [ 1 B4t (18 1B), {H 206 {7 7ENE
WA TASIEIT, 193 7 i IR T & 3 R R 4 hy
Bl PE SRR, X 2 AN SR R e AT fE R
BA-CSN & Bl i 32 11k R 4 Ja 25— 14 i 7 55 it
SRV, (BT REE— D BT UESE

BT, 2R R IE 5T R G 2 i b)
B, U Jiang ZEOUHRTE A0 A 2E AR 1R R IR A
FE R M . Wang 2538 (1) Rl 2F 2F A4 51 >F 5
(1450 SR it 5 4R 801 S PR T (1% e R 2R AR R
RS R RGN R T N D) B ST SR, K™
Yook i BLERE, MASHESE R BA-CSN KA 4)
RAILEENE, 5RO 7R
WEBE K ISP 0 )5 AN E] 5T R K )
() 5 SRR A 77 40 1 SR B X T 5% 5 SR i 1)
REZ T E ) 2R E T BLHL ] i fp itk —

http://journals.im.ac.cn/cjben

BT

BZ, ABIETE T A T 4 S 1 2% 4 2 4
H RT3 BA-CSN, FHE R b Rib 4
b, G R HA B R A RN 52 1, H.
Z M a)E e T B S, HA AT
b i A B T
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