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ARTP Mutagenesis Improves the Production of Chitosanase in
Bacillus cereus

ZHANG Chaozheng, LIYi, ZHAO Hua’

(College of Biotechnology, Tianjin University of Science & Technology, Tianjin 300457, China)

Abstract: Atmospheric and room temperature plasma(ARTP) Bacillus cereus was used to screen the strains with increased
enzyme activity. The results showed that culturing Bacillus cereus in the seed solution for 6 hours could reach the middle
and late logarithmic phase. When the mutagenesis time of normal temperature and atmospheric pressure plasma was 60 s,
the lethality of Bacillus cereus reached 85%. A mutant strain with a 13.19% increase in chitosanase activity was screened.
Then the stability of the enzyme activity was verified. The average enzyme activity after six generations of culture was
9.643367 U/mL, and the fluctuation was within 5%, indicating that its enzyme production was high and the stability was
strong, and it could be used for subsequent starting strains. After the mutagenesis, the strain was observed by electron
microscope, and it was found that the morphology of the colony did not change significantly, but the individual morphology
of the strain had changed, and it was slenderer than the original strain, which proved that the increase in enzyme activity
was the effect of ARTP mutagenesis.

Key words: chitooligosaccharides; chitosanase; atmospheric and room temperature plasma; enzyme activity; Bacillus
cereus
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Temperature Plasma, ARTP)J&—FERSIESMAT,
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BEARFERAIRAAL BRI . PRI, e o A8 vh iy (il
JHBRSR Tz 2200

AR ARTP 5528 87 2R U PR R IR 2R AT B

P R0 7 SRR B A, BEIE R T AR R AT B ERI (8

AR A G A LA R il 28 5 A a IR 2R TRAT B
XTHOU S WGBSR, TR 5E ARTP B AE300E R
Ak ], Xeb et DR ZFAAT BRIEA TS5, 07 156 I 0 H2 g A9 B
ko AfaPERub)S, Fam i BT SR AR I ITE
AR, R LAJE SRR RS2

1 MRERZE

1.1 MRIEEE

BRI A AR S kel AN o bral, SRR
KU A=A B A BR A H] 5 i —80 43 #r4li, K
TR Bl AR, 2 4E
HIAL 43850 A RS 7 B &80 . BREE ST
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FERIA R Al ZWYR-D2401 fHIRFEAR R
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1.2 BEFEMBER

Fh 55383 HEWE 10 g/L, BEEEIR B 5 /L,
NaCl5 g/L, #7585 10 g/L,pH "~ 6.5,121 °C K& 20min.

KPR FR L. BERHZHY 16 g/L, Mi%EME 11.5 g/L,
it J& —80 1.2 g/L, K,HPO, 1.4 g/L, MgSO, 7H,0

1.2 g/, KH,PO, 0.6 g/L, NaCl 5 g/L, pH & 6.5,
121 °C K 20 min,

1% WBARSEIRNEGW: HHL 1 g SRR (B2,
WEEE = 90%) THeAf v, BL 20 mL ZE1E /KB A BERR,
FEIRFE 2 min (HHIEK, S8/5EA 30 mL 0.2 mol/L
PSP, PPk E B, FIIA0.2 mol/L AR
FREMAT VR, V17 pH 2 5.5, FFHZRIBKEZR 2 100 mL,

3,5- ALK AR (DNS ). F i FREL 6.9 ¢
ZE SRR AR T 15.2 mL 10% [ NaOH ¥, 7
BEE 69 mL, TEMLHEW PN 6.9 g WARIZEN . &
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CFU/mL, FI AR TR0 R TR
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W ), FIHICH S TR BT ARTP &
e VE = WS & L BT Y FLA, I8 3% RE ) BE 2
2 mm, K J i 10 L/min, #yH IR 100 W, 475
AR, AFHIALER 0. 10, 20, 30, 40, 50, 60 F1 70 s, 5748
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F25 FH AN B R TR A S Z iR 20 8000 r/min
5 min, B 2 mL B0 5 2 mL DNS 25 s bz, w7k
S min, SRS, BB R 25 mL, UZS 4l
X BE, IS ZH OD 490 o
1.3.6 MEEARHERIZR 2t BERZEAIAT o & R
L) 8000 r/min B5.0» 5 min =R EAA, B ISR RN &
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1.3.7 FRoEPEIOUESCE RGeS 2 0 T R AR E
SAGACER TR 6 A8, XX AR R T AL AR e A BT,
TR BA A TARR O T 15 350 K ks 2%, dlad oA
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Fig.1 The standard curve of enzyme activity
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M), BUAS S0 HE o 58 FH B E R A 70%~85% PEFF R it
BEPRFP . HAEMLSEAR SRR [l 2R R /NCO, BT L s
60 s fE5 ARTP B4 HRETAE]
24 FTEIRAITFE

PRI 2 o RMB I %) 7= B S PRAR PO MR AT 25 %%
YR, B bAeE— AR AN s, AR = 3R
JIAR-0 ODggp pm TH, EFFE T ODgg o F4MIMEZEZ K Y
30 ML, W HL 100 nL & PRl e e , 3133 HR 1its/
ODy0 s IARIERFG/OD o oy HIF/INEEFHES, AN
2% 1 .

IR 1 IR, BFiX 30 DFLAEFNG/ODyoq o TH
B RIS FL, B 202, 129, 115, 221, 113 F1 188
FSATEL, AT TR FER SRR L I%FE, it K
ZE AR I RS B B 224K, 528 s iR A
TENAEH:, 3 J75RP7, 1E53R 6 h )5, ZEMEFR XIS
FLA S AERE RIS RN . SIESFVNAFRI TR, 3
ATHES SOAIESC S, G5 RANZE 2 s, 0 Sk R
ok, A A BTk P58 2 S5 B TRTAR, 1T LLBH#f
FIUNAT 202-1 —FREAMRAIBFIE R AR S o« &8ME,
ARTP 548 Z 1/, AR TR R B B 1S > 8.3581 U/mL,
AR S, WEE R E)] 9.4606 U/mL, 5 RIS H2

BT 13.19%. A58 HEIMBAS bR, 12 ESNE ST
100 s B A= 77 50 SROBE B, bRk 1Y 7 B v D B m
8.92 U/mL; FH DES iEAERARALHE 50 min A= 7= 72
HHETE, PR IRMHG G i ik 5] 8.12 U/mLP¥, mJ LA
KER ARTP 5528 0] LIAA S P A B AR BTN . I8
TR ARTP 7528 B AhER A=~ s I RE 10,
it APTP 42 5 AR ) i A A i iy - 510, Gx b
THFT AT LA B, ARTP 55255 ARGE AT LLA BB EAE AN
[0 4 T
25 KB EMS

LABI7 b S8 AR R AEALA AT T H e 2B TR TR 7 19
0L, B ABF TR AT e e M. X455 202-1 &
R AT AL AR B 3%, FH A 7 35 5% 2L Rl 3% 22 455 5
6 1o WA CTRRREI B T, FeFh 3 R s et
PR B, REFEIR G, SR 4 R, R
ARG )5, W LG 7, A44% 1~6 IR
7% 4 Ak 9.6345, 9.2578, 9.8158, 9.7349, 9.3157
1 10.1015 U/mL, iX 75 Q85 32 09 F ¥4 g 1% M
9.643367 U/mL, IZBNTE 5% =N, BAT LIF HiZ 5
PRAEFSE 7 il o

FHIE 4 1, FERBERGEG ) B N sh i

® 1 RATERAH

Table 1 The mutant strains screening
i ODgg0 um it (U/mL) B /0D 500 il ODg0 AitFi% (U/mL) FEH5/OD g0 o
202 3.509+0.012 3.728676+0.0032 1.0626+0.012 142 3.500+0.011 3.320143+0.0033 0.9486+0.011
129 3.515+0.012 3.716221+0.0031 1.0572+0.012 196 3.514+0.012 3.330107+0.0032 0.9477+0.012
115 3.524+0.013 3.591668+0.0033 1.0192+0.013 189 3.506+0.011 3.311424+0.0030 0.9445+0.011
221 3.509+0.012 3.548074+0.0030 1.0111+0.012 109 3.498+0.012 3.105912+0.0032 0.8879+0.012
113 3.505+0.015 3.535619+0.0031 1.0087+0.015 182 3.558+0.013 3.037408+0.0033 0.8537+0.013
188 3.517+0.011 3.492026+0.0035 0.9929+0.011 116 3.523+0.011 2.975131+0.0032 0.8445+0.011
126 3.515+0.012 3.485798+0.0031 0.9917+0.012 295 3.675+0.012 3.093456+0.0031 0.8418+0.012
121 3.538+0.011 3.485798+0.0032 0.9852+0.011 284 3.516+0.014 2.956448+0.0032 0.8409+0.014
207 3.505+0.015 3.435977+0.0032 0.9803+0.015 275 3.599+0.012 2.975131+0.0031 0.8267+0.012
131 3.505+0.015 3.429749+0.0033 0.9785+0.015 122 3.504+0.015 2.881717+0.0034 0.8224+0.015
242 3.557+0.012 3.454660+0.0031 0.9712+0.012 233 3.547+0.011 2.906627+0.0030 0.8195+0.011
138 3.503+0.013 3.392383+0.0033 0.9684+0.013 246 3.53140.011 2.887944+0.0031 0.8179+0.011
276 3.531+0.012 3.398611+0.0032 0.9625+0.012 245 3.526+0.013 2.869261+0.0033 0.8137+0.013
212 3.500+0.010 3.342562+0.0033 0.9554+0.010 104 3.503+0.012 2.844351+0.0030 0.8120+0.012
117 3.505+0.012 3.342562+0.0031 0.9537+0.012 193 3.510+0.014 2.638838+0.0035 0.7518+0.014
K2 RARIRI A R
Table 2 The mutants strains in shake flask screening
45 ODgy0 um it 1% (U/mL) G5 ODg00 1 1% (U/mL)
0 3.368+0.014 8.3581+0.0031 129-3 3.426+0.013 3.3655+0.0031
113-1 3.356+0.013 5.2745+0.0033 129-4 3.42440.011 4.1878+0.0032
113-2 3.635+0.013 6.6940+0.0032 202-1 3.465+0.010 9.4606+0.0032
113-3 3.914+0.011 4.3249+0.0033 202-2 3.4494+0.012 3.3459+0.0033
113-4 3.976+0.012 7.2521+0.0032 202-3 3.4334+0.011 5.8913+0.0032
113-5 3.708+0.013 5.9011+0.0031 202-4 3.408+0.013 3.2578+0.0033
113-6 3.556+0.011 5.0200+0.0031 188-1 3.506+0.012 6.7626+0.0031
115-1 3.428+0.014 3.0326+0.0030 188-2 3.574+0.010 6.7528+0.0033
115-2 3.438+0.011 4.2368+0.0030 221-1 3.428+0.011 4.0997+0.0031
129-1 3.411+0.012 3.0228+0.0032 221-2 3.847+0.013 2.1417+0.0034
129-2 3.444+0.011 4.3640+0.0032 221-3 3.429+0.014 5.0591+0.0032

TE: AL B AR EGE A—FE, BT LU AL &R T S o 113 LA 7S BB, B013- DR 1I3FLAYER — Dbk, 113-2J2 113 LIS —RRkEbk. ...

113-6J2 113 FLAYEE SRR B o
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