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Isolation, identification of a laccase-producing bacterial
strain and enzymatic properties of the laccase
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Abstract: [Objective] The aim of this study was to screen laccase-producing bacterial strains
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and to investigate the enzymatic properties as well as decolorization ability of the laccase.
[Methods] Enrichment medium supplemented with copper ions was used to isolate bacterial
strains exhibiting laccase activity. The isolated strain was identified by morphology observa-
tion, physiological and biochemical tests and 16S rDNA sequence analysis. The enzymatic
properties of laccase were investigated with syringaldazine as substrate. Dye decolorization
ability of the laccase was tested by determining the change at maximum wavelength of syn-
thetic dyes. [Results] A bacterial strain LS05 with high laccase activity was isolated from for-
est soil, and was identified as Bacillus amyloliquefaciens. The spore laccase of strain LS05
demonstrated optimum pH and temperature at pH 6.6 and 70 °C, respectively. It also showed
high stability, retaining its activity after incubation at 70 °C for 10 h or at pH 9.0 for 10 d. Re-
sistance towards SDS and EDTA was found for the spore laccase. The enzyme could efficiently
decolorize different synthetic dyes at alkaline conditions. More than 93% of remazol brilliant
blue R, reactive black 5 and indigo carmine were decolorized within 1 h. [Conclusion] The
spore laccase of Bacillus amyloliquefaciens LS05 was highly stable at high temperature and
alkaline pH, which was more advantageous in industrial application than fungal laccase. It
showed high potential in treatment of industrial dye effluents.

Keywords: Laccase, Bacillus amyloliquefaciens, Identification, Enzymatic properties, Dye decol-

orization
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e ZAEm A LMY T B R AR
T3z, HIRTEEAR . &5, SRYIRER . 4
ARG I 5 A ELAT Bt I RG22 Bl AE
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FH 5 ) v B B 7 e A ARAR 1 v 8 31— bk R
A B BRSO A0 R LS05, 248 % Nl
TEM ZE AT B (B. amyloliquefaciens), il i ifF 9% 1%
PRR 2R T M o S G RHBE EURE ), A HEsh At
DRI 28 T A

1 MEElE
1.1 EFEiRKFA

T /IR (SGZ), 2,2 A - (3-ZHAI
BEWE-6-fifiR) (ABTS), RB =ik, TGPEMR, fea,
SR T AR Sigma 23 w7 ;40 TR R 4 B
R G, R AR IR R G RN R ] s R
Omega 2\ 1) 77 if; Escherichia coli IM109 &7 2%
4. 514 . Taq B . ANTP ., pMD18-T {4k | IPTG
il X-Gal &y TaKaRa 2> a7 i Hoe # Rk
oy HTal
1.2 PREEERATTGIE

AR HERE SOk B PR IEVT AR UK E AR A 4R
PRIIX, K 10 g HEEMRESIIAE 0.2 mmol/L
CuSO, 1Y) LB #55adkrh, sumiEAE T 37 °C.
200 r/min YRZ S 2448 h, PR IR0 SR
JE VA T-& 0.2 mmol/L CuSO, ) LB [l {45 55 3t
I, 37 °C fElEHF 3-5 d. 7E VKA N
1 mmol/L 1) SGZ 5% ABTS, #7Ei & X 55t Hiky
A Elsk(h, oA ERBRG A . PRIEEE L)
PIFP YA @ 0 RVE P T LB AR5 I,
=B UL R
13 NBEWESREEEVETE

3 B MR ) A B A AR S0 50 2 IR OSCHAR[11]
PRELPRIZHR 40T DNA $2BGRH 42, I
NS DM T PCR U3, P14 1%
LR MRE IS FELUK S B e, P IS ) & Imlfic
MR BEIE S pMDI18-T #hikiEH:, 1k E. coli
IM109 JEAZ A5 A, 285 BRI e 1S 21 PR ek,
PEFT PCR % JFik fE i S iR A= Wy H AR A wIl
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o B PSS A NCBI FiEfT BLAST [alJ5 1t
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16 2] 14 7 R Tl A O 2 AR I, B R
TR AL T 2R A EE |, R, i R
() ZEFL R R R B o 4 PRI S A T 4 =
fudgRdk |, 37 °C B E % 4 d, #%1 Goldman
1 Tipper $38 (75 12 1 4 2 Ao B .

1.5 FREGEMENE

Ay IR ABTS H1 SGZ y Jis Wy a2 B
PO, SR ABTS AR, 3 mL JBIA R 5 —
TEVRFRAY 2E AR BT, 0.1 mol/L A5 R -BiE AR 16
2% (pH 3.0)F1 1 mmol/L 11 ABTS, 30 °C K
3 min J57E 420 nm AbIERSEE . SR SGZ
JIEWIRT, 3 mL SR 58 15— SRR 2 7 s Tl sk
W, 0.1 mol/L #7458 -1 iR £k 2% v i (pH 7.0),
0.1 mmol/L f% SGZ, 30 °C JZ ij 3 min J57E 525 nm
AN E W GAE . DL 1 min PR AEAE 1 umol JEY)
JIrs BB 1A EETE AL (U)o T e Y E A
3 KHCEHIME,

1.6 REGEEFMRMAR

1.6.1 pH EREEFMERIEEMEEM: RAAR
pH 1% 0.1 mol/L #ri5MR- IR EL 22 il (pH 2.2-7.0),
0.1 mol/L Tris-HCI ZZ i (pH 7.0-8.0), LA SGZ i
ABTS 1ERIEYINE . pH FE Mot it 18
30 °C HP¥HA S pH 3.0, 7.0 MR ERR- B RR h 2%
M K pH 9.0 BY Tris-HCI 2% M hiR Sk E
1-10 d J&5, M FAREEENE . A e HEE
3 KHCFHIME

1.6.2 BEMFEEMREEHENEIN: FiE
pH ~, UL SGZ My, MIHRREFAE 30 °C-90 °C
PR o [RPEFZSBEAE 50 °C—70 °C {44 0-10 h
Je DU TR A 1 o I AT I s P4 AR 3 RO
1.6.3 &EBFRETHERFM: EICE LAY
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4 A B T IR L 5 10 mmol/L, 7 30 °C At
A SGZ [ 3 min I 52 B o WIS LA I
LB E TR MNARRIZE A, FrfAlEHESE 3
PP {E.
1.6.4 MHEIFIXREEE RIS BEH WA BT
T 5 2R AR R A3 515 7E 30 °C 4% F LA
SGZ MR e BB AT o 25 FOW IR B
IR, praE B EE 3 IRICEHIME,
1.65 FMAFEHAME: 7Efad pH. 30 °C 4
#F, 43LL ABTS (20-1000 pmol/L)FlI SGZ
(10-100 pmol/L)KJEEHy, W ZF AR Bl A AN R) S
Y FE T OGS, AU Lineweaver-Burk X2
BRI, SR Kn R Vi, FEATESREZ 3
HCERIE.
1.7 R EBHRE
PRI RIS YR (RB 22k . TG PEE . b
1), MR EN IR OB T FE S 5 %X
e YL I (6 R0 6 mL i (R R &4 0.1 mol/L
Tris-HCI ZZ Wi (pH 9.0), YRk (ki S R
WK ILE% 1), 0.1 mmol/L ZFk T &, %%
(AU E A 25.2 UL, SGZ MIik#), RIS LAAS N
AR ZR A2 (AR B AR7E 40 °C HF
7, ERTHURE, 12 000 r/min., 2.0 2 min 54 4y
BRI T ARG . G (a2 T
NN (A—A)Ax100%, Hor Ag A UH YLkl ik

R1 PFRERERESEKREK K

Table 1 Final concentration and maximum absorb-
ance wavelengths of the tested dyes

=) N |~
. IR iF SN LISIES
Bt ATk Fi I/‘ — t Maximum ab-
Dye Ir:iaonc?rr:]ujrll)ra- sorbance wave-
g length (nm)
RB Sl
Remazol brilliant 100 591
blue R
T
1 ﬁ 40 597
Reactive black 5
4
fiE2L 25 610

Indigo carmine

JEAE, A 7 BRI A OB (EL . BT I s e A2
3 WA E

2 HZRAH5SM

2.1 FREERBFEEE

SRR R, WAt 1) AR T
IR S N ER B IC A SGZ Fll ABTS 71k,
A SR i v A — o LA e R R 1Y
AR LSO5. X WHRTE 3 min A4 {k SGZ
1 ABTS 703 I LT gk (o, % B REI1 R Bl
TG VERAE B IR0 (R A R B T R, FESR 6 R
BETEYEN 79.6 Ulg (K1 1), Btk LSO5 S22 [G
Yeta M, PP, 6 LB ARSI SN
s, mVREDE, WiERD TR, B,
ER B —3 ., Btk LS05 ZE4 i34t i s e
UL 2, MBI 2 Rl LR AR, K
241°4 0.8 pmx(1.2—-1.6) um,

PRIAR LS05 1144 BEA fLARRAIE DL 2% 2 A A= 28
LSRR AR, SRR, 2% (AR
AL E T ) M, W S e R 25 LR
TEHRAT BT . KRR LS05 Y 16S
rDNA 7515 GenBank H[a] 45 = 19 2F AT 1
J& HAhFrAY 16S rDNA 7414 Clustal HL XS, %
JH MEGA 4.0 3 ERGEKFW, HARE
(Bootstrap)ku i R4t L BB ATEEME, HE 1 000

100

80 r

(U/g spore)
&
S S

[\
S

Laccase activity

(e

1(d)

1 HI#k LS05 M=k eh 4k
Fig. 1 Time course of laccase activity of strain LS05
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o 45K LS0S WHRERGZ LK EW LS50
18 1Y ff 78 Ry 2F fAT 18 (B. amyloliquefaciens) 3 2%
KRBT, [FIJEES 98%L) F (K 3), L5/ A
FIVAE AR AR RRAE B 2 2 e L 2 AT T i 1) fi
TERY ZEAAT A B. amyloliquefaciens LS05.,
2.2 pH MREEIE M RIZE RS0

PPk LSO5 1Y 2R {1k SGZ F1 ABTS P
PRI i pH A B AN ] . DL SGZ A IRIE, 78
5.8-7.8 Z [aMEfbiIG MER =, il pH A 6.6; T LA
ABTS MIRYIT, TERRYESFAF T IR S, ik
pH 47 3.0 (& 4A). Bk LS05 2RI pH Fa
EMLERAE 4B PR, RS T (pH 3.0),
B R E R 2, 1 d F RN 50%L) b HiE T
FEHPEFIBRIE S5 T, SRR IR T 808
MIFRETE, 10 d Z S50 B 80% - A5 TS
2.3 REXNREIEMERIEESREIN

FE—E BN, AR TS, 2EAR

ML RE I bl FHs, - HAE 50 °C-80 °C
TR, fad OV IREE A 70 °C, Hisd 80 °C i
T 2 BRI (& BA),

Mag |Spot| WD | HV |Pressure Det| —2.0 um—
10 000%| 4.0 9.6 mm|15.0kV — ETD test
Bl 2 F#k LS05 RSB ERA

Fig. 2 Scanning electron micrograph of spores from
strain LS05

F 2 EHK LS05 BER O IR LHFAE

Table 2 Partial physiological and biochemical characteristics of strain LS05

EME Characteristics 25 Results EAE Characteristics ZE L Results
Aerobic + Citrate utilization +
Growth at: Malonate utilization -
50 °C + Propionate untilization -
pH 5.0 + Fermentation of :
pH 9.0 + Maltose -
9% NaCl + Rhamnose -
Catalase + Mannose -
Oxidase + Glucose +
Starch hydrolysis + Arabinose -
Gelatin hyrolysis + Lactose +
Indole test + Fructose +
Nitrate reduction + Mannitol +
Voges proskauer test + Inositol +
Methyl red test = Sorbitol +

W+ BHMESER, - B
Note: +: Positive; —: Negative.
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98| LS05
92 _| Bacillus amyloliquefaciens (GQ199588)
— Bacillus subtilis (AB480760)
Bacillus licheniformis (EU344793)
Bacillus pumilus (AY167879)
Bacillus cereus (GQ199591)
100 Bacillus thuringiensis (AY 138290)
97! Bacillus anthracis (AY 138383)

Bacillus megaterium (AY 167865)
63 Bacillus firmus (AF526919)

95

96

3 ET 16S rDNA FHIFSHEEMERN R E R ER
Fig. 3 Phylogenetic tree based on 16S rDNA sequences and Neighbor-Joining analysis
T 55 NS GenBank %55 23 3 miBUT IR KAE, AR RURERFPS1 ] 235
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at each branch points indicate the
bootstrap values on Neighbor-Joining analysis of 1 000 resampled data sets. Bar 0.01 represents sequence divergence.

A 120 B 140 OpH3.0 @mpH7.0 mpH9.0
£ 100 £ 120 f
> L
2 80 t g 100
= s 80
S 60 f s
g TTS 60 I
£ 40 é 40
E 20 t —— ABTS —=-SGZ g 20t
0 1 1 1 1 1 1 0 1 1 1 1
2 3 4 5 6 7 8 0 1 3 5 10

pH 1(d)

4 pH REGEIE(A) RIZEE(B)BIFNT
Fig. 4 Effect of pH on activity (A) and stability (B) of the spore laccase

A 120

. B < 120 050°C @60°C m70°C
S 100 < L= N -
< z 100
g 60 8 0 L
2 g
Z 40 | S 40 f
S 20 t £ 20 |
0 1 1 1 1 1 1 1 1 O 1 1 1 1
20 30 40 50 60 70 80 90 100 0 1 2 4 10
Temperature (°C) t(h)

Bl 5 RENFEEEA) &R ETREE(B)RIFNE
Fig. 5 Effect of temperature on activity (A) and stability (B) of the spore laccase
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ZETRLVAR Tl Y SRR E PRI E 7E 50 °C—-70 °C i
B 0-10 h 5 E Rl id vk . ZF AR EEAE 50 °C Al
60 °C T RILHHARLFEREME, 7E 50 °C R 2 h
J&, BEEEILTIECA R, 7 60 °C fRili#i 4 h 5
(B A PT A3 50%LL I, TifE 70 °C il At
5 10 h 55 EA 20% L i TE 2 (E 5B).
24 EEBEFIZREEEMHHZID

25 A B X R TR T ) 25 SR AR,
Li*. K", Mg®. Ca®. Ba® X} ZffiUiz My i 1t B
A WAL HEVER, B AR S P O — e
AU, DA 2 A A AT BE A X
it (A 6 1 P A R PR AgT . MIn®* (Hg?* . Co?"
Cu*. zn*. Fe* XA MHIER, H Ag'.

Mn 1 Hg? i il /i B A A e (3% 3).
2.5  HPHIFIRREE TR TERI S M

AR AR I 2R R A o 7R X R T
PRI o B &, 7E 0.1 mmol/L BRI AT
AR BT, HE4h 0.1 mmol/L Y NaN; t ]
TG T2 2K 30% 7645 (3% 4). MRk 25-50 mmol/L
i) EDTA XS A BRSO Xy fgG 2
A e, HE| EDTA R EEHS %] 100 mmol/L
B, AR 25% 454, XU #R LS05
MY 2R EEXT EDTA HA RAFHIm 2 PE
26 FMAFEL

RO EHELIEY) ABTS Fl SGZ (1 Viex 7
51| 27.66+0.45 nmol/min F1 19.58+0.22 nmol/min,

T3 EBBTFXMEK LS05 iR RIS

Table 3 Effect of metal ions on spore laccase activity of strain LS05

4 JREF Metal ions FRAHET Residual activity (%)

FRARMHE Residual activity (%)

Control 100
Li* 112.83+7.36
Na* 103.00+3.35
K* 117.56+3.10
Ag' 3.21+0.95

Mg?* 118.61+1.56
Ca 102.29+1.45
zn?* 92.98+2.34

4JRET Metal ions

cu® 84.38+1.78
Co* 40.14%7.25
Mn?* 0.00

Ba*" 108.36+1.38
Hg? 5.91+1.45
Fe®" 76.89+3.46
Al 93.85+0.67

R4 HIHIFIRSE R LS05 iREEE RIS

Table 4 Effect of inhibitors on spore

laccase activity of strain LS05

5 17353 BARTEME k) 17353 FRAIGVE
Inhibitors  Concentration (mmol/L)  Residual activity (%) Inhibitors Concentration (mmol/L) Residual activity (%)
SDS 0.1 105.35+3.86 . 10.0 0
1.0 93.75+3.30 Dithiothreitol 0.1 10.9240.53
10.0 51.86+1.49 : 1.0 0
NaN; 0.1 71.46%3.09 10.0 0
1.0 33.73+1.96 EDTA 25.0 102.71+3.84
10.0 3.69+£0.43 50.0 116.04+2.45
Cysteine 0.1 7.23£1.49 100.0 73.64+3.62
1.0 0

http://journals.im.ac.cn/wswxtbcn
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LL ABTS NPT Kn B4 57.83+3.84 pmol/L,
Lh SGZ AR Ky {4 37.19+1.16 umol/L,
T Z VRN 2E MR KY) SGZ HA W i
EMST,
27 FRlint
g T DN 20 R A B 2% X ek iy

RES, WEHET 3 A b2RaSH R TR B Tl ekttt
TS G5 R R MR AN R (S E T
Pl ) B4 A5 T PR Y i i AL SE AL RE T, BB DR
SR 3 Figkl, 1 h JEXT RB 255k . 1SR
FIGELT B € R 3k 51 93% L) I (51 6)

O RB+4%:# Remazol brilliant blue R

O %54 22 Reactive black 5

m {j£Z]. Indigo carmine
100

[}
(e}

60 t
40 |
20 |

Decolorization (%)

t (h)
E6 FEMERMEERGTHARERNRE

Fig. 6 Decolorization of different dyes by spore laccase
under alkaline conditions

3 it

DATEXHE M A5 ML, 2 o T PR
VR, A7 A P RIS AR X A, H O
e 7 R T A ] e 2R AR R SR O I A R
JE R R TR WA [ IR R PP 81, A BT A 1) 7 58 il
(AR, R ik e DA o e R 00 7 257 13
— B EUES ., i TR PO B Cut T
I, BEREHOB Cu™ i T T ALY, AR
DBIFFEFR WIS I Cu® AT 75 5 40 1 4 il
(19I5 R i R MO A SOR S 4 1

AR SR EE AR - v o B R ) — RR R A R
B PR TR R LS5, it A= #iA: AR 16S rDNA
FEIVITHT, S5 R TR 2T I

2 R Tl AL X L DR AR T ) L ATE T el
FmPE S T AR e, 52 WERE T RS
pH L FIERR &1 F AR, B, amyloliquefa-
ciens LSO5 2R R ML pH JEH bis
Iz, ATTERRAE S T AR SGZ, [RIETTE
pH 9.0 IS FTAR4S 10 d DA E( 4), ATk
PR K it ACA B R K S 1) pH AH — M E B
N, FLR BRI AR PG PERAR, R T H
TP, AR S5 B Y 2 B B R S5
RIS P AR E PEAR L BRI R Y, AERR
TR A BE - B RN AT 5. BT 3F
6L A By B RF AR 3 A PN 5 2R 90 0% f2E W AT DAAE
W PR A A, PRI 2R AR B AR 0 R
AHARYI ., (2F R R . E5M . TdA
b nyhe 1M 40 B. subtilis 1) 25 f0 8 B 1E
80 °C HYBEE P WI7E 2 h DL MO AR S i 7 vk
1) B. amyloliquefaciens LS05 1% 2f {3 fE{E 90 °C
)i T EA AT, 76 70 °C IWEHE P
Wz 4 h (K 5), miFEIFEmGEAS Streptomyces
psammoticus ZEME1E 55 °C LA_E i PR T A0

PR AR R G 00 R FH AT LA R by KR i )
IEYIE L, AR HEAR 20k AL A ALY B SR AL o,
FEARB G YA B mE RN, Yokl iz A
TR HlZh . felkdh . 97205 L, FERURA:
PR A AR R, R i ek K R AR ER
B, MG YA, T H S A ) AN R e —
KBEUERYIBT, I RORHE /K ) b oA Bz 5]
AATE P fEN R OB T HWN 25T,
B. amyloliquefaciens LS05 F4) 2F f 148 liff il 7 e 4%
P (pH 9.0) A 25 -l fi €20 AN [ 25 4y 1) Tl
R, FIAIZEE MR B Tl ekl K B b #E - 5
A BT N TS o
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