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Mutagenesis of Bacillus subtilis isolated from green waste compost
by atmospheric and room temperature plasma treatment and its
fermentation conditions
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Abstract: [Background] High-efficiency composting agents, especially fungi, have become a research
hotspot for improving the efficiency of green waste compost. Due to the disadvantaged of fungi application
such as its sensitivity to oxygen and substrate, the role of bacteria in composting process has gradually been
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studied. Bacillus subtilis (B. subtilis) BL0O3 was screened from the composting process of green waste using
CMC-Na as substrate in our laboratory. The BLO03 strain with good cellulose decomposition ability could
improve the speed of cellulose degradation and humus synthesis in the green waste composting. [Objective]
To further improve the cellulase activity of BL0O3. [Methods] The atmospheric pressure room temperature
plasma (ARTP) was used to mutate the bacteria. Three rounds of screening were carried out via measuring
the diameter of the hydrolyzed transparent circle on CMC-Congo red solid medium and detecting the activity
of cellulase after liquid fermentation. The genetic stability of the mutant was measured after 10-generations
culturing. The optimum growth temperature and initial pH of medium for mutant fermentation were
determined by setting gradient temperature and pH culture. Orthogonal design was adopted to determine the
industrial raw materials for the fermentation of the mutants. [Results] Two mutant strains, of which the
enzyme activity increased by 69% and 72% respectively, were obtained. Also, the cellulase activity of the
two mutants were stable after 10 generations culturing. The optimum culture temperature for the highest
cellulase activity mutant, BLA3890, was 37 °C, and the initial pH of the medium was 5.0-6.5. An
economical fermentation medium was obtained from this study. [Conclusion] BLA1973 and BLA3890,
which obtained from Bacillus subtilis BLO3 mutated by ARTP, are valuable in composting process of green
waste or other cellulose degradation applications and need further research.

Keywords: Green waste composting, Atmospheric and room temperature plasmas (ARTP), Bacillus
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PABETE RO rB IR, o] DR % A B A /)
HHNWTETF e Z R YE RN, PoB R i, B
BB, 5@ ARTP X HENE v i 2615 3]
(%) B. subtilis BLO3 5% 5, Zead WISRET [ {55 5%
FHITHERAF 5 700 BRI . 20t 2 SARRAE T, i
VEARTS 2 MR P itk BLA1973, BLA3890, H.k
i UL 1 WIRRBE 20501 FL B 2 TR BLO3 #2155 T 69%
M 72%.

Lethal rate (%)
D
[

0 20 40 60 80 100 120
Exposure time (s)

1 AERIEEHERXS B. subtilis BLO3 FIZFE % (n=3)
Figure 1 The lethal rate of B. subtilis BL03 at different
exposure time (n=3)

2.3 IEREREMSH

N T SR TS B S A BRI AL R T
Xf BLA1973 #1 BLA3890 #F4T T[4 72 BLAL 4L,
FACHIAE 250 mL — AR TR IR R R SR, IF
R & R A A R RS 0, BRI 2 PR,
ARTP 548 J5 2751k BLA1973 A1 BLA3890 F=4f
AR EHE ARSI mE e vk, @ R, e
BLA3890 14 H A ikl — 25 AR DG A8 b, 3
TE CMC-WIISR 235770 b= A= i B R DL 2.
24 HKHEZENE

B H & AR B. subtilis BLO3 1575 Fk BLA3890
TEFRESME FRESE 24 h, AR 2 h BUREASI ODgoo
B, 55 3 s, 287480k BLA389O (AR KR
WA ZBIHZR R, 5 AEKRILF—3. Pitk

*1 FREMRSHRTHRAENIRLEFE LHERABERM CMC B§/E S

Table 1 The transparent circle diameter and CMCase activity of mutant strains obtained from two rounds of screening

Bt BIVE G EHIE R CMC G 7
Strain Code Diameter of the transparent circle (mm) CMCase activity (U/mL)
Wild strain BLO03 6.5 106
Mutant strain 1 BLA1973 7.2 179
Mutant strain 2 BLA3890 7.8 182

T2 FEKRMRTHIES 10 RIEFEFWTHZEEH(U/mL, n=3, FHEAREE)

Table 2 The CMCase activity of the wild and mutant strains during generations (U/mL, n=3, mean+SD)

Generation
Strain
1 2 3 4 5 6 7 8 9 10
BLO03 104+4.3 106+4.0  112+10.1 102+3.6 108+4.4 113+5.7 114+8.7 104+3.5 105+£3.3 107+4.3
BLA1973 178+4.6 184+3.1  17943.6 176+5.3 182+3.5 182+4.0 176+3.2 174£2.5 182+2.1 176+1.5
BLA3890 182+2.1 182432  184+3.2 183+2.1 184+3.2 188+1.5 184+2.1 185+5.3 180+1.5 186+3.8
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2 BEHRTE CMC-RIRIEFE ER)ERARE

Figure 2 The transparent circle of strain on CMC-Congo

red medium
6.0
5.0t
4.0 1

§30
QYT
Q

2.0 —e— Mutant strain BLA3890

Lol - -—-Wild strain BLO3

0.0

0 5 llO 1I5 2l0 2IS
Fermentation time (h)
3 EF4#k BLO3 FAFN5E e Hk BLA3890 4 KithZk(n=3)

Figure 3 The growth curves of wild strain BL03 and
mutant BLA3890 (n=3)

FHRTE 5 h Je b AXTEOAE K, 78 15-20 hik
AREBAEK,
2.5 BLA3890 &XEXSZHIL
2.5.1 BLA3890 &i&2E

TER R FRIE PR I, FRIK LI AN
IREERETE 24 h, K ODgoo WOCAERYES R UL 4.
M 4 rha] Il BLA3890 () 5 i 1% 55 I ¥ iF S
37°C, 5 BLO3 —3, WAKA BUBL A 1Y ik 1y
2.5.2 1EFFEALE pH % BLA3890 F= 414 REGHY
A

W R TSR LR AR pH, H2F BLA3890
A BLO3 Rl FRUG R 9% 24 h, LR FET pH AR,

RIS G RN ODgoo, WEE BLA3890 fiwidi K 1
Witk pHAE, 25 nE 5 Fi7R, BLA3890 £ pH
5.0-6.5 MR FAHIE , i W H RIS pH JEFI5E,
R B SE. W S Wl LIES], AR pH
h 7.0 REFRRCP R R B T AR RE S, T
BLA3890 7EILAIF N A K RE I &I IR TR, W]
RESEAZ 8 T UMM, LA DR AN IR
2.53 BLA3890 % EZFREZHML

S TAREAY 2 BLA3890 A= HENE ], Bt
NS BN B MR, R TR EEE
WAE R R IR A TR SR I . EF 76 B iR 1) JE A
Hi(g/L): HZEBE 6.0, FEZEMEE 10.0, FAREKT
¥ 20.0, BEGPREY 20.0, FARSE AR ARSI A5 R,
i ) k' e D UM RS e 1= STi Y L

6.0 1 oMutant strain BLA3890 =Wild strain BL03
5.0
4.0
3.0
2.0

1.0 ﬂ'
0.0
28

ODSOO

30 35 37 39
Temperature (°C)

4 ZREHk BLA3890 FIEF 4% BLO3 ZENELRE T
75 24 h # ODg 1B 0=3)

Figure 4 The 0Dy, of mutant strain BLA3890 and wild
strain BL03 cultured at different temperatures for 24 h
(n=3)

6.0 oMutant strain BLA3890 = Wild strain BLO3

40 45 50 55 60 65 7.0 75
pH

B 5 3¥3kk BLA3890 FEF&#k BLO3 ZERE#]% pH
Mt tE F E 1R 5 24 h B ODgy WILEM=3)

Figure 5 The 0Dy, of mutant strain BLA3890 and wild
strain BL03 were cultured at different initial pH liquid
medium for 24 h (n=3)
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MG 6 Frs, sl iz . fHsenis
FRE TRy # G & i 9.0, 15.0.20.0.20.0 g/L
b BdE, O TEsgiE, TEILE 3, AL RE
AR 4,

T IEACIEE, Al WL EKIK T % B. subtilis
BLA3890 [ & A2 i K, AT e S FOKRF K
bR TP RIEZ Ah, A T HH R A A ) 2 A A,
AHFEA KR, BARFERATRRARITE . %5
LR R BRI IR (/L) HIAIRE 9.0, FHSEME
150, TR 20,0, TEEHH 20.0,

3 Wik54R
N T AL A HUE SRR, o

A
5.0
—
4.0
£ 3.0
Q
< 2.0
1.0
0.0
3.0 6.0 9.0 12.0
C Glucose (g/L)
5.0
4.0
Qé 3.0
© 20
0 ﬁ
0.0
10.0 15.0 20.0 25.0
Corn steep powder (g/L)

B 6 ARIEFEEERKERIL®0=3)

Figure 6 The single factor level test of different media (n=3)

MR BB TE AR, b R 54 2
(BB A AR USSR SRS, R, AR
HENERVE I IR B IR ADFIY . A5G % LA CMC-Na
IR, MERACIE 374 HE NE Hh i e A5 2 A HE 2EH AT
W B. subtilis BLO3, HBEABIFHILTAERTHE T1 .
BLO3 4K W Rt B 400 I 7o W HENE rh B3R = 2F
e R MY R FIE AR A G L, (BX AR FEY)
HENE AR AN . S T F—25 4 BLO3 (1)
YR MR ST, AR AW R RS
(ARTP)i/574E BLO3 [, Pl CMC-NIZRZL AR Al
CMC ZF4EZL WS IR, i 27 2 22 G e 1Y)
RASKR . ARTP 57207 1% SR8 I A LU A

B
5.0
4.0 ] [
g 3.0
Q
S 20
1.0
0.0
4.0 10.0 15.0 20.0
b Beet molasses (g/L)
5.0
4.0 ]
° 3.0
3
2.0
o ﬂ
00l L]
10.0 15.0 20.0 25.0

Soybean cake powder (g/L)

{£: B.subtilis BLA3890 7EA R IR b (AL KA DL . A4IHI(A); THEEREE(B); TR RI(C); BHEDIRI(D).
Note: The growth of B. subtilis BLA3890 in different concentrations of glucose (A); beet molasses (B); corn steep powder (C); soybean cake

powder (D).

*3 EXHEEARKFR
Table 3 The factors level table of orthogonal test

K Gikzi R EAREK Ty R

Level Glucose (g/L) Beet molasses (g/L) Corn steep powder (g/L) Soybean cake powder (g/L)
1 7.0 12.0 17.0 17.0
2 9.0 15.0 20.0 20.0
3 11.0 18.0 23.0 23.0
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x4 BLEEAK 24 h [F ODg EFRIRE ST HT(0=3)
Table 4 The values and range analysis of ODg in the different treatment after fermentation for 24 h (n=3)
K3 M TS EAREK Ty sk iy ODas
Level Glucose (g/L) Beet molasses (g/L)  Corn steep powder (g/L) Soybean cake powder (g/L)
1 7.0 12.0 17.0 17.0 3.257+0.13
2 7.0 15.0 20.0 20.0 4.996+0.17
3 7.0 18.0 23.0 23.0 3.097+0.08
4 9.0 12.0 20.0 23.0 5.184+0.16
5 9.0 15.0 23.0 17.0 3.953+0.09
6 9.0 18.0 17.0 20.0 3.938+0.11
7 11.0 12.0 23.0 20.0 4.120£0.15
8 11.0 15.0 17.0 23.0 3.927+0.13
9 11.0 18.0 20.0 17.0 4.945+0.16
K 3.783 4.187 3.707 4.052
K 4358 4.292 5.042 4351
K; 4.331 3.993 3.723 4.069
R 0.575 0.299 1.335 0.299
T ARG . X ARFIEREE /N, ZEPRBE LR AWFFER ARTP 578X T 1 A= 4 th 4 A7 5%

FHRD R A5 7 TR AT PR AL, R E e
A RO . ARBF5EESE ARTP % BLO3 R iE1T
T 60 s iR, X HBIERL 95%, 8L E A
TR EEIRE] 5 700 BRTA, DL CMC-WIRZLE:FR5E
(i W B AR E bR, WITH 1 50 PREETE 7 iR
MOFHT T 2 50, Pk RA8kk BLA1973 i
BLA3890 HIR A K B CMC 214k R 15 /7 HLBFA: bk
BLO3 #2751 69%F1 72%, it 10 {0, A
MiZ 2 RRGEAE BRI LT i KB S s FasE

X} BLA3890 RASKRI A ISR — LT T
W5, RIS AE R S ARk BLO3 AyA= Kl Zds
T ; BLA3890 feifi K FRiE Hy 37 °C. WIpki At
pH 4 5.0-6.5, fcidifZ M4tk BLO3 —&(, H
FoE W) 4G pH e BLO3 %%, i BLO3 7 pH 7.0 {7354
ARARGS . A T IRBRR AT I RE R, IRATTE L
IR MIEAC IS i hE . BIserie . 1oK3K
THy . SR BLA3890 A KB, IANE
KHT I RHZ A A KSR, AR S oK
B THRMERIRZ AN, IR T HRR AN A ) 3R S HoA
AHFRIA K TR HEWIZ RS T LU R i
Ji(g/L): A 9.0, FEREEE 150, AT
20.0, #E P 20.0

M, {HXT RGP 4h pH A 520, A UL BLA3890 BY%E
AR AR A Y RO SR R AT Y RS ), X R AT Y
KT 1 A HE R T AR TR A R % R rp A R
YR A GG, XA TR RABA
TEHENE SRR R S5 52 0, MENE BRI LA
AR Ry P R ARG AT T 1 97 4 0o B
JIsEm o JE 2R Dhitk— 258 BLA3890 15 BLO3
RIS ARG SR, ORI ST

HEIRHT
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