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Characterization of Laccase from Neobacillus cucumis and Its Application in
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Abstract: Laccase is widely used in the textile industry for dye decolorization, fabric surface modification, and
textile bleaching. Screening for a laccase that is alkaline stable and suitable for textile dye decolorization is challenging.
A novel alkaline laccase (LacNC) was obtained from Neobacillus cucumis and expressed in Escherichia coli. LacNC is
a monomeric protein with a molecular weight of 58 ku. The optimum pH values for LacNC were 6.0, 7.0, and 8.0 when
2,6-dimethoxyphenol, syringaldazine (SGZ), and guaiacol, respectively, were used as substrates. The optimal temperature for
LacNC was 55 “C for the guaiacol substrate. The activity of LacNC remained more than 85% in the pH range of 5.0~11.0.
After incubation at 40 ‘C for 1 h, the activity of LacNC was still higher than 80%. In addition, the decolorization rates of
indigo carmine and malachite green by LacNC were more than 90% and 80% in 3 h, respectively, and the decolorization rate
of reactive black B by LacNC reached 85% in 24 h. In this study, a new alkaline laccase demonstrating high decolorization
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efficiency for synthetic dyes under alkaline conditions was obtained. Hence, this laccase is an environmentally friendly

candidate for treating wastewater in the textile industry.

Key words: gene mining; alkaline laccase; alkali stability; textile industry; dye decolorization

Bl (EC 1.103.2) BT Z WA MR G, &
WA VAN, DA TR = A R 3
T1. T2 f1 T3, Z [N 865 A Ak 2 Ry 25 A1 ey
KRG EBHNAED, (E ISR AL A 7K A e —
RPN SR i A 75 >

Bl EORIE T EHE. . s,
RV T FCBE M EREGIE A TR 1 HAR B IR B B 3
135, IR PR T B SRR N . A
N SO R AT, T A2 R B S A A 4 R
T XEREMER] TG R TR RN
TUBE B Tl SO, H AN R 5 T K
FFER A R o 22 i M H T2 P A R A i R IR T
Wg A W (Thermus thermophilus HB27)  #f #i #F
(Bacillus). ¥ ME (Pseudomonas) FVik2E 4

(Streptomyces)'"™ ™,

BREG R EA T Z YT, AT T
BTN A A BRI, a0 AE 5 Tk v ik
HR KGR U s TR B AT AEE A
VB DA By 2 75 G ) A A s . B AR I
W ARRESE . HAl, WEYR. B
BEA K =R Wbt S gepb gl ) iz T 91 1. B2 &
SARE L At SR S T A U gy ekl R
K pH B B, & A EIR B & 8 & T AL
WP BT R, WRE R T
BRRE T Z®E R Bk, MR EHE G
Fm T 3RS R T 95 2R K Gk £ Ak B TR
BN . RIET Thermus thermophilus 1% i
LacTT #¢i& pH {2 6.0, GE08—EREE LIFRE
J G B SRR 1 AR 2 AT 1R 6 S rLAC /E
IS MAY 53R S5 A TR 0 45 4 AS [ 1 Gk} a3k 47 i €7,
it 4 26 1 50%~100% A%, SR, H AT Ak B8
FERI I Bk 8 B TS A T B A
TG B R RO A R, HME LA 2 47 23 Tl 0 B
FaoRe Bk, @ 5 24 5 S 3R A5 1E F T ik
AT EREE, ¥ R T 97 LG RE R B fad RE
A U — n] R A RO 1T

2SI B A2 R B SRR, B TCHT AT
(Neobacillus cucumis) 4G | —ANHl P 8 g 22 1A

108

LacNC, fERMT I rfEFRIL, X LacNC #4171
AN EAPE T T . IAMEK LacNC K& gkt
(0I5t e 2R AT T I IR ST, IE W ERME LacNC B
325 R GBI i AT 474

1 MR5EREE

1.1 HA. R

K FF B Topl0 A T B Al o FE 1 B PR, K
% ¥ B BL21 (DE3) H T & @ & & & . L
pET-28a N #& &, % i3 % 1§ LacNC (GenBank :
MBI0579807.1) [ A & M\ NCBI £ 5 &= = 3K HY,
THEI N SR B A TR A B A K
1.2 fF &EFRA

BAIKE, ABTS W HZEME Sigma An]; TH&
FEESR (SGZ)+ 2,6-DMP. iEVEEE B, feiiWAE4L .
LA E R ER T AR T
S N o B k) .

1.3 R %

13.1 RBEIEEE 53] 547

Sk @ Caldalkalibacillus thermarum TA2. Al [
B P B B CtLac (AVD69558.1) N &F ¥ 51, 1
NCBI $ 4} J2E 7 3£ 47 blastp, {7 B & FEFR AL N
45%~80% I /7 51, Fl MAFFT X 5% /7 51, 4R 4% 5
KALIR % H Fasttree KA RS K M, H CD-
search T. H (https://www.ncbi.nlm.nih.gov/Structure/
cdd/wrpsb.cgi) TR OR 7451435, FH NovoPro Chttps:
//www.novopro.cn/tools/signalp) Tl Il {5 5 JIk. ExPASy
(http://web.Expasy.org/protparam/) Tl 2 [ 4 i
. M Espript ¥ ¥4 Chttps://espript.ibcp.fr/ESPript/
cgi-bin/ESPript.cgi) HEAT /7 HILLXT o
132 #EReRZLE AL

4 HH IR R RN E) 10 mL 1) LB MR 57
Heh, 37 °C, 200 v/min B KRR, Kl w B
7% B 1:100 570 2] TB M R = B, 37 C,
220 r/min fE 3% K 7% 4 ODgo 18 # 0.6, JI N 283K




MR B R

Modern Food Science and Technology

2025, Vol.41, No.3

F£ 0.1 mmol/L )% 55 IPTG, 16 ‘C, 180 r/min i
W5 TR« R4 G 1 55 57 MRS 0 B4R B A
(6 000 r/min, 5 min), FFH 50 mL &5& 2Pl &
B, [N 296 BE 2 0.4 mmol/L CuSO,. 8 75 i
WERER GBS 3s, [HB8 3s, 40 min). - 10 000 r/min
B5030 mine B EIE WA H E ST AR RUZ M alifb .
F pH 1 8.0 )45 & 22 P (500 mmol/L Y] NaCl,
20 mmol/L [ Tris-HCD #4744k, H pH {H 8.0 1)
e Bt 2% R (500 mmol/L f¥] NaCl, 20 mmol/L [
Tris-HCI, 300 mmol/L ) 5K M) 3F 47 856 FE e i
WS A BB 4y, 9F A 50 mmol/L (1) 18 R
2% PR AR AT I R 2 R I 2H 43 v AR 1D IOK P R S
R4 .
1.3.3 LacNC%& @ R E el iE N

R = e i R BN - 5K TR M T e B kS R Uk
(SDS-PAGE) * 4k i) LacNC #4744 it. 4tk )5
[ AR E DV E B E (BSA) AtsidEs, K
H Bradford £ %€ . £ 4 50 mmol/L [ Tris-HCI
ZZ R, IS INZIKR 9 100 pmol/L 1) CuSO, K,
DL QA By 9 e P 0 g R g vt e o S SN T] 5 min,
SN EE SR 1 30 s 20l [N . RS 1 1) 5
K58 SUNEES AL 1 pmol YT 75 B . 8
KIS I EALAE 465 nm(e=12 100 M~ cm™) BEATKGI
1.3.4  LacNCE3 P f &
1341 f&EEE

7 pH {H 8.0 [ 214, Wl & LacNC 7£ 30~70 C
Y A HENE, AR REIRE .
1.3.4.2 fidpHIE

T 5O R B 25N, #5 4 pH E 3.0~11.0 Ji [#
Pl E LacNC g e, e st pHE. XA
50 mmol/L 745 R 2% i i (pH {H 3.0~6.0)+ 50 mmol/L
Tris-HCI 2% ¥ i (pH 18 6.0~9.0) A1 50 mmol/L H
AR AN NE M (pH H 9.0~11.0).
1343 REREH

N T i€ LacNC [ #vER e M, R0 pH (5%
R, BEAE 40 CHI 50 C FHUEE 10~60 min, &
S W) 5 T A T R
1.3.44 pHIEAEEN

N T 52 LacNC [ pH E fa e 4, B2l
filf 76 4 °C, pH 14 5.0~11.0 & [ W & 24 h, I &
LacNC 5% 836 . K H 50 mmol/L ¥ B 2+l
(pH 1l 5.0~6.0). 50 mmol/L Tris-HCI £% i i (pH

{H 6.0~9.0) A1 50 mmol/L H & R & A b B 2% v il
(pH 1A 9.0~11.0).
1.3.4.5 &8 BRI [R5 94 B 5o TG 1 52

£ Tris-HC1 2% #¥ H in A 0.1 mmol/L ¥ JE 1
ARG 4B E T (L' Mn™. Co™. K'. Ca™\
Na's Mg\ Zn™), VAYPAEASH 48 574 LacNC i
TG IR . 7E Tris-HC 2% #h ¥ i\ 0~100 mmol/L
(IBRERER, LLYPAL Cu™ Xt LacNC BgiE M i 52 o
1.3.5 LacNCHfg R E & m 4t

FKHEEE B (RBB, 4, =595 nm). &t ¥ W g
2L (Ae=612 nm) MFLE A LR (4,,,=620 nm) KL
1IE LacNC XA B BHI I B 80k . kR 2 mL,
£ 45 100 umol/L fJ CuSO,, 50 mmol/L ] Tris-HCI
22 (pH 1E 8.0). 50 mg/L K 44 Rl F1 40 U/L 4l
L) LacNC, fE 40 C NI B 24 he 7EREFhp Gy
I F R R e K T s e e AR
1.3.6 #4ENHT

Fr A S 56 ¥ Wit = A F 47, A H Microsoft
Excel 2010 4b¥E S50 4%, FIH Origin 1F 5~V #1{E
AR ZE 2 B, LR ZELR R R rHE w2 .

2 HR5WHE

21 HEZEG 77 40

>k Bt M 5 Caldalkalibacillus thermarum TA2. Al
IR S CtLac BA BRI E 1, A T3R5
— T R M VR B, HL CtLac NAE NIREN T 1,
% B TR BT B B R 7 41 AR BN 45%~80% 1) 859
XTI, MIERFEKEN. GRKH, XLEFH|A]
IINRFRGKE L. WRETEE Ctlac A T4 {1
Iy R, R T — AN R R TE R T A A 4
LacNC (GenBank : MBI0579807.1), LacNC 3K H #%
JNHT AT (Neobacillus cucumis), I35 H AL T 45
X% (K 1a), 5 Ctlac [FAJE N 48.50%. LacNC
IR EAN 56.7 ku, FH 479 MR, PN
TN NI 15 N AR . a5 Y Er gt koE
A R R IEAT P AU LT, &I LacNC H A Bl
B[R IU Ao 57 5 Ky ek L1~L4 (& 1b), W] LacNC
g b HA B .

22 HHAEHHERE LAt

AR R B FE K] LacNC BT 750N 4 ME R A PRl
IR a] 34T 3 K & R IF IE H: 2 FUk pET-28a. %

109




MR B

Modern Food Science and Technology

2025, Vol.41, No.3

2 TR EE N K i AT B BL21 (DE3), 37 C 85 39%
1.5~2h, fE16 CHESFRE 12h )5, XEAFITH
1t LacNC BEAE KW 1 Hh e Y08 I s D 264K,
SDS-PAGE {7~ LacNC £ [ K/ A 58 ku (K] 2a),

b

alkaline

WP_059104881.1
WP_035347228.1

CtLac
MBI0579807.1
LacTT

TT

alkaline

WP_059104881.1
WP_035347228.1

CtLac
MBI0579807.1
LacTT

TT

alkaline

WP_059104881.1
WP_035347228.1

CtLac
MBI0579807.1
LacTT

TT

alkaline

WP_059104881.1
WP_035347228.1

CtLac
MBI0579807.1
LacTT

TT

alkaline

WP_059104881.1
WP_035347228.1

CtLac
MBI0579807.1
LacTT

TT

alkaline

WP_059104881.1
WP_035347228.1

CtLac
MBI0579807.1
LacTT

TT

7E: (a) vA CtlLac A4RA4T64

110

HRRHERpRR

91
101

175
199
191
190
181
167
170

270
294
290
279
271
238
241

366
390
386
375
366
336
335

456
480
476
472
456
435
433

. .CSSDDHSEMD|HGNNQ|
CSDEGVDHSEMEMGSSP
CSNDRVDHSPMGHGEPQ
CSTSPVDHSKMVHGEDD
CSNNQNVVKANK[K[VSSK|
...SFPEPPVLKS
QGPSFPEPEK|VVRS

OPEQNEG. ....... TFED
SIESQQEEPDQEGQNMTNED|GQK I FNHAD

OEQIQEMTS........

SITDNKQQEE . .TQQIETSEGKVVINME
SNTIS......eveuvuenesfo.. .FNME
RE . ottt i e e e e e e

G

VIPNEMBIGVP GV T QN[A|[T|M|
VIPNEMIGVP GV T QN|A|IT|M|
VIPNEMIGVP GV T QN[A|T|M|
VIPNEMRIGVP GV TQN[A|ITM|
LIDNKMBIGVPD I SQQP|IR|
I|S|PIK[Vis]. .DPFLEIPPR|
I|SP|KVis]. . DPFLE I|PPG|

PGEEF
PGEEF
PGETF
PGETF
IPGENF]
ETWSY

P
e ]

EFroxa<< <]

[EESACASASI==

ESWTY|E|

DHSTMDHGDMEHD. .. .
DTGDMDHAEMENG. . . .
NHGNMGEEEIDHGGMSS
.......... DHGNMGD
GNMNMGSKDQSHDN. . .

H
]
g
]
2]
B
=
o
<
OO EE<SEE
A I=R=N=N=1]
20 0 1 O

EFrrEr=x=

.KFPNHE
.QFP[DHE|
.. . LFP[DHE]|
MTTKGFESHEDHE
....... KMPNPE
GRFFINGKTFDHR|
ARFFINGQVFDHR|

MGVILEV|G. . . v v v vt

CtLa

e

L
G TMW|
G TWH4HEIH|
G TMWR4HEIH|
G T MWHHEIH|
G TMWIAHNH|

G T)AWhHIZH|
G TIAWN4HIZH|

mmzZoooug
| P XN =EoRoNoNn|
Erossss

GNDDMS[H|
DMDGMSH|
DNNEVS|H
NSDQPPH

P |

>
=
@
<
[e}
—
=
>
=
=
=
oY)

B 1 R RERR R

IEMMNEMYDTMV I
EMMNEMYDTMV I
EMMNEMFDTMII

IDMMMNMYDTPII
WINGKEGNLLLV]|

TERHWMENDEVMMDA WeskqN G T L0
TERHWMYDDETMTERWERYN E T V)AelE
TERNHWMEFNDE IMDDAWESNYN G S LiHel O
KVEYHWMENND LME D|T WesqN G S LjelO!
KKRKIKYINNNLEE T|AME4N G S ViHel O
APRYPVITVAG . REAR|L WEl4G G S FgelP
TPEYPILALIAG . QRAT|L LEYG G S Fife]P

FIINgJPVDPES YD TD|
FIIN@YPEDQESYDVD,
FIINgAPKDGE S YD LD|
LIVA\ZJHKDQPDY|D LD

IVNg4SPVDGIPELR|
LIVN#3SSLDAIPELR|

M E X0 W E<

ENAV|
ENAV|
SNYL|
H\YV|
KN4T|
T\YR|
TAUR|

SMG|
S|TE
SMG|
SMG
SMG]
KDL,

PR R RO R .
[SRENEN=N =
W LnHnO

S
T
A
AEMMNMMYDTLIV|
S
D
D

WMNGKEGDLVL V]

RILIQAL I P L|V|Y|

D E E[L]Q[T]V| IPKE[LD
DE E|L|Q|TK]| EAQD|I|N
DYD[LQT|S EAID|VN
D E E|L{Q|T[A] S P MN[V|N
INQK|V[K|T|D| ESSKKE
GMAMG|T|S RPKP[L[P

6l [.Ip NPKP|LP

[HaMP O

GDVVKFTI|IRDTD
GDVVKVTIERDTD
GDVVKFTIVRIDTD
GDVVKVNI|VRIDTD
GDVVRFTIKRETN
GDLEVWELERIQGD
QTVEVWEVERIQGD

RG]

E S[IN[V]V E G NRVKEIRF VIJA[G] \Y
E S|I|D|V[E E GN K[V KIASIF VIIA(G] \Y
ES|I|QV[EE G TKMKMRF LNT|G] \Y
EA|I|GV|SEDD T|T KIIIF VINIT|G] v
O P|I|V|[V[KKGD N[V KiBIF VIIT(G] N
R KIAT . ... LRMALLIYAIS R
v AlQKA| R

IAIIQIGSP[VLIAD T LV RP|
PITQ|GS|S|[VLID TLIYVRP
P|IS|GS|P|T LD TLRYVRP
PIVK|GS|P|T LIJE TLRYVRP
P|E T|G S|E[VMISD T LYV KP
AFP|. YRALIAD VVIIL KA
P/FPl. YRAWIAD VVIYT KA

R RO HE R .

0 ZZ 2000

=18

Fig.1 Genetic mining of novel laccase

B A 4ot 475 (b) LacNC 495 7 bbxt o547 .

KD L

P =]

B 0 =
R0 0 Y g

Eroansnn

GIA T
GJAT
G T
NjAA
NI4T
INE\Y
[EE\Y

AT oL
Hoz=zz=2)

EE W FEM K. LW REY, LacNC fe
¥ @l m S MR, HA 0B R3S
(B 2b), fElE N 0.41 U/mg.
fifiE— P B 2E A AR 7K

I, *F LacNC

LacNC |

G 70 3 0 0 U 0].

GMG......ovvuen..M
DMGDMNGMDHEGMDMGMD
EDMDHGNMDHGSMNHDDM
ADMDHSGMDHG.......
MDGMGDMSNMNNMDMSNM
LASGRPAAHTP.......
LQGGRPAPHTP.......

FR
FR
FR
IR
I0
LL
LL




MK EBBHT

Modern Food Science and Technology

2025, Vol.41, No.3

A M 1 b

100)
70 -

C——
55 -
40

35
25

B 2 REBHI AN SEEE R
Fig.2 Purification and enzyme activation reactions of laccase
Z: (a) #8449 SDS-PAGE 447, M A% & Marker, 1
A 45 i) LacNC & A ;5 (b) 585 8RB S A /& 4 1L

2.3 LacNCHy g 5 M i

23.1 wiEpHIE

7€ 50 mmol/L (1] pH {8 3.0~11.0 Z i+, LA
2,6-DMP. SGZ Fl &AM NJEY), LacNC ) ik
pH 1H 7 52 6.0.7.0 F1 8.0C ] 3) ., % pH {E T+,
LacNC A XS B 1 RIS BT E RRERES, X
FhAR AT R T LacNC fEA A pH 214 T B S
PERE A PRARIE, SR E BE 5 1 10 B BRI R I B
PERE, HAE pH AT 9.0~10.0%; MIELZ R, K
& g HE BT B R B0E pH BN 8.07Y, T
Sk H A 2 AT 1 ) B S S pH {E A 7.0~8.0%7
53k e AN [] SR AR it EL 852, LacNC £E pH A 7.0~8.0
)71 Bl PN i B0 A v R TG 1, X SR BB —
R VAR . A EE T H B R, LacNC T34
WY R AV IR R 5, AT REE T BRI
GEA AL S B AR 2 P, LacNC R BESE AL ABTS,
A fesE HT ABTS WUFEMy )i Btoh, BEEEAT
ZRYR R, I HAEA R H bR R AR R
SRIFASE A F P

1201 s 2,6-DMP
100 - —=—SGZ
_ e IR
S ogof
R
I 60
&
E 40t
\
20} \‘
0 * I
2 0 11 12

pH{E
& 3 pH EXIEE R R NT
Fig.3 Effect of pH on enzyme activity

232 ﬁﬁﬁﬁ

TERGE pHAE M T, DL@AIKREY REY, 16
30~70 “CiREVu P IlE LacNC GG, K
TR BT € LN 100%, LacNC [ i R & 2 55 C
(B 4. WRIECHCERRE, HiToSHE —LLmmt
BB I, AR R 22 Bl 1 2 g 1) s A i
0 Bl E 30~40 T, SiXSLEEEMILL, LacNC
1 50~55 ‘CYGH A R I H T 85% HIMgEME, X%
B LacNC 7E S ok TR R EE . X —Fetk
8775 LacNC 7 B P 5 28 5% o L A 40 8 1 52 FH 7%
71, X IE R VFZ TV F RS AT 5 2

120 -
100 F 3
S g0} -
R
560}
&
?E 40 - I/ .\.\
20+ ©
0 1 1 1 1 1
30 40 50 60 70
R/ C

B 4 5 B X s MR 200

Fig.4 Effect of temperature on enzyme activity
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Fig.5 The temperature stability of recombinant laccase
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Fig.7 Effect of metal ions on enzyme activity
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