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degradation in garden waste composting. [Objective] To acclimatize a lignin-degrading
strain—~Bacillus sp. NO.2, improve its activity at high temperature, and observe its growth
status and enzymatic properties. [Methods] The temperature gradient method was used to
domesticate the strain, and the growth curve, enzyme activity, and lignin degradation rate were
compared before and after the domestication. Moreover, the temperature range and pH range for
the enzymatic reaction of lignin-degrading enzymes generated by the strain were determined.
[Results] The maximum biomass was insignificantly different between the original strain and
the domesticated strain at 60 ‘C. However, the activity of laccase (Lac), manganese peroxidase
(MnP), and lignin peroxidase (LiP) was 30.75%, 35.98%, and 29.62% higher, and the lignin
degradation rate was 60.52% higher than those of the original strain, respectively. The Lac,
MnP and LiP produced by the domesticated strain showed high activity at 20-60 C and pH
3.0-9.0, and were stable, with the stability following the order of Lac>LiP>MnP. [Conclusion]
The temperature gradient method can improve the activity of Bacillus at high temperature and
widen the temperature and pH ranges for enzymatic reaction of lignin-degrading enzymes.
Furthermore, it has potential for developing a special microbial agent for degrading garden waste.

Keywords: Bacillus sp. NO.2; acclimation by temperature gradient; enzymatic properties
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Table 1

Growth condition of stains at different temperatures

[EsE /S EZ I H B IR IR Temperature (C)

Strain Observation items 30 40 45 50 55 60

NO.2 BT 154 307 288 227 8 0
Number of bacteria colonies
H T B[] 23 18 18 10 9
Outbacterial time (h)

NO.5 BT R 138 280 225 208 7 0
Number of bacteria colonies
HH A st i) 18 18 18 10 20

Outbacterial time (h)
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NO.2 2 HAR RS TR B B UL, i — 2P 42
o T R T A T 7, (5 E i 3R S A
AR HEAE T R

22 HMLETREMRAEKREZ%

1 aTA, YIRS HE Rk TANO.2 556
PR NO.2 TESRIE L 40 CHEFRM LU, XT4K
WIFFEem K, i ARRE R e R AR i
Fm TYMERT. 16 60 CTHRAFTEFR, YIMbHETE
BRI RR 2R K Ao B2, 5537 30 h 5 iE AR
BUERM, kAR ZETTEEZER, HEY
AR B 50 TRARTE X ESO A= i b s R
PERT 3 h E ARREM . Z5 Brik, XFEkE NO.2
PEAT I IR AT AR v TR A T R I 3 3 1
M AR P T
2.3 YlkeIEEMREERE . RRREMER
BN RS

SR AR TR NO.2 FIAL ) 7Pk TANO.2 T

T 60 “C 45 57 Bl B s AR 5T 28 B R an 3k 2
No YHLIS HFRAY Lac, MnP Ml LiP EEHG S48
TR R B3R 30.75% . 35.98%F1 29.62%,
KT R i R 60.52%, LA %08, BRI
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Figure 1 The growth curves of the domesticated
and original strains. Different lowercase letters

indicate significant differences between maximum
biomass (P<0.05)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



168 WA

IR R Microbiol. China

x2 YHLRIEEMREEEE S RREEBRRCTESRES)

Table 2 Enzyme activity and lignin degradation rate of strains before and after domestication (mean+SD)

k7S % ity had A ALY AR S5 A A VNIENCiES

Strain Lac (U/L) MnP (U/L) LiP (U/L) Lignin degradation rate (%)
NO.2 37.92+4.98 21.79+£3.69 13.03+£3.07 15.07£2.94

TANO.2 49.58+4.12 29.63+2.46 16.89+2.76 24.19+3.30

24 YMLETEERIEEE SRR
241 mERMEERBREMN

W% 3 Al A, YIMLHETS AR ET ™ 3 FriTE
20-60 CXZIEJSAA RS, ME RIS, Y
o35 A ROREE 2RO, B S, (B
TSN U R G A e, HE— 2D B RO IR
DS T R, BIMEHT Lac F1 LiP Hoid 520 i
FEI4 R 30 C, BTG S 2000 (37.92+44.98) U/L
F1(13.03£3.07) U/L; MnP 5% i f I i BN
50 'C, MF15i5(23.33+1.06) U/L., MMidl{k)5 Lac
M LiP s R IR FEY Sy 50 °C, B 35k
(50.90+3.50) U/L #1(24.13+2.76) U/L; MnP 1EJZ
N REE R 60 “CHY, T s oM (31.37+1.97) U/L,
R AZR Y il ROV R . 25 BT, 55k
FIAH LG, Lac., LiP F1 MnP 3% 3 F i A8 5038 K2
T B YA b sy, T L R e B A B T

34.23%. 85.19%7F1 60.18%.

FEfGE RN IRE T, ¥ 3 RS 2% st
[ /E I 20-100 min, DA I A0 HE 6 0 6 015 7
R 100%, THEARXTEGRE 7. WK 2 s, e
T8 SV IR E AR IR AL B 20 min J5, 3 R
TGS, BEE SO (R A, T2 T
R, PRI 100 min J5, YIMLJEEARET ™ Lac 1/}
PREE 60%LL FIE M, HA RAFr g e i
B TYMERT; MnP #l LiP iG KT 40%, £
EMER 2, (AT YIMERT, Bl 0T a] Y 1T
K, LiP FiE M T RS RL%1%, 100 min J54H
XS 778 F MnP. £ Bk, Bk 5 wipk
773 FhGAE A5 B el RN T R A B
100 min J& , FEFRIAAHNTEENE T K/, EaE T
KM Lac>LiP>MnP, HAHE T YIMLRT, itk
Ji I AR P

£33 YHkEIE 3 MBI RIER NG E LR (P EHREE)

Table 3 Optimal reaction temperature of the enzyme (mean+SD)

IR Ml Lac (U/L) Hif i E ALY MnP (U/L) AR ot ALY LiP (U/L)
Temperature  J5 45 15 bk Y1k J5 i bk JUU6 T YL S5 Btk JEUI6 TR YL J5 bk
(©) The original The domesticated  The original The The original The

strain strain strain domesticated strain domesticated

strain strain

20 25.27+1.51Aa 9.26+1.17Aa 15.75€1.65Aa 8.71£2.46Aa 9.77+1.54Aa 19.91+1.47Aa
30 37.92+4.98Ba  49.58+4.12Bb 21.79+3.69Aa 29.63+2.46Ba 13.03+3.07Ba  16.89+2.76Aa
40 18.59+1.00Ca  37.63+2.06Ab 21.00+1.17Aa 22.66+3.75Ba 11.95+1.35Aa 22.63+3.83Ba
50 13.07+1.23Da  50.90+3.50Bb 23.33+1.06Ba  20.91+1.48Ba 5.43+0.54Ca 24.13+2.76Bb
60 8.28+3.08Ea 21.73+2.20Aa 20.71+4.53Aa 31.37+1.97Ba 5.43+0.36Ca 10.86+1.81Cb

AR RS T 8 3R R — B AR AR A [R) 15 S 3l B8 O S ) 22 5 102 s AN[R)/IN'G "7 Bl []— B 3 il BE T S () 08 0 ] il 16 22
5, P<0.05

Different capital letters indicate significant differences in enzyme activity of the same strain at different culture temperatures;
Different lowercase letters indicate significant differences in enzyme activities among different strains at the same culture
temperature, P<0.05.
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77 The original strain of Lac

[__] The domesticated strain of Lac

The original strain of MnP

I The domesticated strain of MnP
The original strain of LiP

100 Aa- The domesticated strain of LiP

Relative enzyme activity (%)

Time (min)

B 2 BTN AFRXEFERRE-—
Tt A AN [ R 1) P9 X PG ) 1) 22 5 25 AN TR)/)
5 BRI (R — WA DA I AR X il g 1) 22
5 5. (P<0.05)

Figure 2 Thermal stability of the three enzymes.
Different capital letters indicate significant
differences between the relative enzyme activities
of the same enzyme at different times; Different
lowercase letters indicate significant differences

between the relative enzyme activities of the same
enzyme before and after domestication (P<0.05).

x4 YlkEiE

2.4.2 ?i_}ir\“ W pH % pH 72 E 4%

235 e B il 2 1 454 S5 R i A A
ﬁEjJ, Mﬁﬁﬂﬂz&a@@(ﬂij} ROt 4 WA, 7E pH
4.5-9.0 Z[8] 3 Pl A 8 m S, (BAS[F Y

H Z50F T WG AAS [R] () i 285 8 A7, A —Fp
REEES . SYMLATAHLE, Y4k Lac T4
Wi pH MFHm s, 76 pH (N 9.0 B )77 i
BE iy, DUETERTS R (85.75+7.66) U/L, itk
Jo B P T B ad SN pH Yl ; MnP 1 LiP £

E A pH {Eﬁﬁa 6.0, X 2 FHEELERRIEAAT T
VA fi 18 B R S AT AR, BB o A dR s

(24.40+ 2.46) U/L F1(16.89+1.17) U/L, Hid 2 i
pH RS2 W 425, (AR & T 91k HET, 4
BIEE T 23.23%7F1 139.24%.,

FEfE RV, pH 54T, % 3 Rl 522 o
WAEFT 20-100 min, DL AR FH B4 R A0S )
9 100%, THEARXTEGRE S, & 3 ATAL, 3 Fh
it 5 2% MRV E F 20 min JETEPEAECET, SIMRRRTE
60%LA I, SR ERR A, BETEET
FEfa#t, YEF 100 min J5, YMb/EHEERFTT™ Lac
fE pH 9.0 WYBRIEFREE P EHE T IREF 64.76%,

3 MRy SIS R M pH (FIEHREE)

Table 4 Optimal reaction pH of the three enzymes (mean+SD)

pH & Lac (U/L) B ik AL YT MnP (U/L) AP A ALY LiP (U/L)

J 0 TR Ak YAk = Rk JEUAR T B Y Tk JEL AR T R YAl T Pk

The original The domesticated the original The domesticated the original The domesticated

strain strain strain strain strain strain
3.0 18.67+0.82Aa 19.83+6.60Aa 16.13+£1.47Aa  21.48+0.80Aa 2.72+0.77Aa 4.53+2.39Aa
4.5 31.21 £1.12Ba 53.67+1.87Bb 12.47+1.27Aa  22.35+0.43Ab 3.26+£0.10Aa 15.98+1.16Bb
6.0 15.17£1.75Ca  62.64+1.76Bb 19.80+1.24Aa  24.40+2.46Ba 3.80+0.76Aa 16.89+1.17Bb
7.5 21.5840.85Da  65.24+1.69Bb 7.26+ 0.53Ba 14.8143.70Ca 7.06+2.30Ba 14.48+1.36Ba
9.0 4.47 +0.89Ea 85.75 £7.66Cb 5.23+1.74Ba 7.19+ 0.03Da 3.80+0.77Aa 16.29+0.88Bb

ARG b F R [A]— AR TE AN [R] pH(ELA BB ) 22 53 12 % 5

(P<0.05)

ARING TR R IR A — pH B AN [7] T bk 18] S 22 57

Different capital letters indicate significant differences in enzyme activity of the same strain at different pH values; Different
lowercase letters indicate significant differences in enzyme activities between different strains at the same pH value (P<0.05).
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TE = T YIMERT(19.44%), UiB Lac XFFHftE3f
BA RSV BE T, 8 T PERS; MnoP I
LiP 1% 7753 9467 45.6%F1 48.9%, H Ik i
Ay AR ER 113.78%F1 217.95%, TERRPEFRES b H
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pH F 522 s AE ] 100 min J& , M3 BT 0 AF X T
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3 WwhEE®

FURT, B el bk Ak 2k 54 v i A S 34 AT
FEAE B AR ST 2T 4 3% 45 46 52 25 X 3 figp A0 e i ol 30
()AL, DA il R A5 FP 7 P 07 12 T 0 0 AR Jo

The original strain of Lac
[ ]The domesticated strain of Lac
The original strain of MnP

100 [ The domesticated strain of MnP

B The original strain of LiP

Il The domesticated strain of LiP

S 80
2
Z
3 60
(0]
g
g 40
o
2
= 20
Q
&~
0 4
20 40 60 80 100
Time (min)

B3 BEgpHIEEM  ARKETFHRRFE
FEAS R[] 9 AF X BTG 7 18] 28 53 35 A [Rl/Ds
B RE 7 (] — WA B I AR X Tl 0 T [ 22
541 2% (P<0.05)

Figure 3  pH stability of the three enzymes.
Different capital letters indicate significant
differences between the relative enzyme activities
of the same enzyme at different times; Different
lowercase letters indicate significant differences

between the relative enzyme activities of the same
enzyme before and after domestication (P<0.05)
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