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Lignin-degrading enzymatic activities, tolerance, and removal ability of
Trametes lactinea under the addition of Cu** and Mn*

LIU Haiyu, SHEN Lu, LIANG Shenghuan & CHENG Fei""
College of Forestry, Guangxi University, Nanning 530004, China

Abstract Laccase (Lac) and manganese peroxidase (MnP) are the two major lignin-degrading enzymes. Under
different concentrations of Cu?* and Mn?, the Lac and MnP activities, metal tolerance, and removal capability
of specific fungal strains need further exploration. In this study, a strain of Trametes lactinea was used as a
research model to observe the effects of Cu®* and Mn** on Lac and MnP activity, mycelial growth, melanin
production, and final ion concentration by controlling the initial concentrations of Cu* and Mn*" in the liquid
culture medium. The results showed that the Lac activity of each treatment supplemented with Cu** was greater
than that of the control and was higher in the last 20 days than in the first 20 days. In the first 20 days, 0.5 and 1.0
mmol/L Cu®* had better induction effects. Lac activity at 10.0 mmol/L was the highest during the last 20 days.
Cu* (2.0, 3.0, and 10.0 mmol/L) induced Lac activity and inhibited mycelia growth; however, the strain reduced
the Cu®* concentration. For Mn?, the induction effects of 0.5, 0.7, and 1.0 mmol/L on Lac activity were relatively
stable. However, the activities of 2.0, 5.0, and 10.0 mmol/L showed evident fluctuations, and only 10.0 mmol/
L weakly inhibited the mycelia growth. Both Cu®* and Mn*" induced MnP activity; however, the MnP activity was
low. This strain produced more melanin under Cu®* stress and exhibited strong tolerance to Mn**. The Cu*"
removal capacity of the strain increased as the concentration increased from 0.5 to 10.0 mmol/L. In summary,
both Cu** and Mn** were powerful inducers of Lac and MnP activities in the strain, which could remove Cu*
and was more tolerant to Mn*"than to Cu®". This study provides a reference for the induction of lignin-degrading
enzyme activity, the identification of laccase-producing strains, and the bioremediation of heavy metal pollution.
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%M (laccase, Lac) /& —J &M 2 W &S Llg, T2
BHFLEHRY, TEH R BT R BT, EN A g
B R AR Y W5, KE R B AL S W A e — 2, B
TEAEW 37 . YRl B € . PR B AE S R0 T oMl 1 K A B OV A0
53— N . ML HAb R IELac, —YS I LacE AL it JH H
Wi, B EARRA YR A, fEIbae /. A ALl

(manganese peroxidase, MnP) & & Il 41 & IHE B 1, BE%
A Z B 2SI, TEA BN R T B AR AR T 2K ¥, FLaclHl
NS 2 I Al R R R RO

i % Lackh BRI Th BB B A B I 4 4y, Lackii L K2
FANE CuP R E AT Bk WA (Coprinus comatus) -
= Z ¥ 1LE (Trametes versicolor) . T L #:fLE (Trametes
trogii) B AL (Trametes hirsuta) Lacig P, i 4 H.

(Panus rudi) Lacii "% MnP a4 1 8 M 45 417 14,
MR IFMZAE H AT ' Mn® 355 5 B Sk A, w1l
JRE 4 (Phanerochaete chrysosporium) Laciftt!" ",
0.5 mmol/L Mn**{i # )il & L1 ( Bjerkandera adusta) MnP
Wk, 0.5 mmol/L Cu® Ul 4 4 F U™ 4 Fdd 2 B0 A
KRBEMIGEIEHRLTFAIME LR, ANEESE, T8
FEAEE, BRI  CATH — E R 52 B 5
fE /17772 CuSO,MMNSO & VF £ H i # F i LacFIMnPi%
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M ENTEARRIE FRE S BOEF TR LUK 228 % Cu® .
Mn®"iiif 52 04 A0 ¥ [ 66 1, AS R BB 0 R 28 T R AT RE 2% S B
RO TSI R LA a0 R A 0 B R T TR AR SRR

LB i Lacd 7= 3, R E R AL A 17020
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(R0 20 SRR P20 MR SR 2 F N, W M Lacil Vs T4 de
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WFFEAEL, W98 ARk B M C U FIMn® s Il % Lac fTMn P
PE AR AR BORTE K REETIREREN, i8R
3 35 R P 2244 6T Cu R Mn (R TR 52 1t AN RS [k fig 17, DA
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1.1 #RbRIR

20214E A Wi FLI TSR AT P AT L 3 opk 37 4
TACHERAR S MR, 2B alifh IR AR IR Y. WA PDA
Wk, 2R E I PDA L, £ B 2 148 I 5 T R i S5
5.
1.2 SMNECUTFMIMN? RN T ABS FiE IS S B R
1.21 BLAERREEST SRBEFHINLE HPDIR AR
Fr3:. 5PDAMLL, PDIAINEE i, (HINAN2.0 gi#fEH,
A HSr 5 PDAMH. [ PDJR A 85 97 3 o 43 51 H inCuS 0,3k
MnSO,. CUu* ¥ EERAE 50 (CK, &I « 0.5, 1.0, 2.0, 3.0
F110.0 mmol/L, Mn®" ¥ 1% 0 (CK, RIRID + 0.5, 0.74
1.0, 2.0, 5.0f110.0 mmol/L. EHE& T, HMEAN4NEE
0.5 cmfIE L, FIRERIANEL. RGBS B IEE 1, 1

H EEHEHAEELE, 30 C TR (130 rimin) KB 305 50
5 dfETCH M, A AR TR 3ANE A A 4 il SE I 2.0 mLEE
WAL ZE IR 3N B O, X 3ANEE NI EL0.7 mL
A VAT B2 B RS B0 8 D 12 A 38 T W 5 T ) 2 0
WL 28 o JE e IR K0S, T 504 'CL 13 000 r/mini 025
min, &N A BETR.
1.2.2 BEEMME  Laci& Ml R HABTSIERY. HlgEki10
pL. 0.08 mol/L pH 5.0/ BR8N 2% rh i 95 uLAE10 mmol/
LIJABTS 95 pLiRA1%200 uLix Mk %, 130 “CilllE3 min
PR BEAR R 7EA20 nm kb IF RO . MnPy& PRl 2 SR A 2, 6-—
F¥MW) (2,6-dimethylphenol, 2,6-DMP) %", 300 Lz Fifk
ZH1470.05 mol/LESBR ¥ 22 #tk (pH 4.5) 60 pL. 1 mmol/
L 2,6-DMP#60 uL. 1 mmol/L MnSO, & 60 L. HHEFHK
100 uLF12.0 mmol/L H,0, 20 L, T30 “CillE3 minfy & i
1A ZAEA69 nmAL I OB, 1 UBEIE B9 E %R hiE1b1
MMOlEE A B AE i1 pmolr= 4 T 75 I . 45 Ab 38 2 (0ot B A
3 5K 87 P R A 4809 A T A T
1.3 RIEIEF TCUTFIMN &R E ., BLEEEFR

ERERE
1.3.1 Cu”MMn"R&REME  HIgdint, Brms
CU* M FE F 20 1 3 AR R 4 e e FE VR P21 52, Mn®* 3 i
Y EEL IR £ 5 B0 T S B L P e
1.3.2 BLFEMENE  JEL60 C T EEHEIFKRE,
TE Y8y BT AR R, B 22T R AR e, DA
S5 BT IR AU B 2k ST S i S AT TR AT R M
N R &
1.3.3 ZEZHRIENEMERIE  SHEDullahZE 1 77 iE
FEM s, A1 mol/L NaOH¥4 it 3 5 (B W pHIE & 4
10.0, /&£ K %30 min, 6 000 r/minZs0>10 minZ: R4, b
1WA mol/L HCLK pHIAZE £12.0, 4 CEE 7, 7 500 r/
minZ 0210 min, 60 CHET, FRE. K& A PR B EZ M R
I3IRE], RTG53 606 B v R BL I 21 1ol B A3 VR
BEREAT P B
1.4 BB

FHIBM SPSS Statistics 25.0 34T 5. [K 25 2 S0 07, 2ok
I A ) RCHR 1) 77 22 55 1, %5 Levenef&3& P > 0.05, Nj#E4T 5
K27 % /- Hr fllWaller-Duncan# & L, 75 347 Kruskal-
Wallis#k flHE S 30k 56 . WK R AE S B e HR4.1.10)
ARTool L [ artflanovaif £ it 175, % T 2 5407, 5P <
0.05M A Jy b ¥R 22 S 52, P < 0.0\ Ay 4k B 7] 22 57 4%
3. Pearsontf o0 # Fl THR T BEvG M. B4k EM B
CU FIMN> ¥R JE 8] 1) 96 2. RAAZE B2 ] B 2.

2 BRGS0

2.1 CU™iRE Xt hmizFLEEEERIR NN

211 LaciEM  HFHRRHAHFECU WK E A F LaciF M 2 57
B2 (E1, P <0.05) . gk k752 R A8 N 289 2 ks, 1
Mk b, #25-40°K (d 25-40) [{lEEPEE T d 5-20, Ad 5
f10-27.8 U/L_EF+4d 40(1164.0-920.0 U/L. %JELECu* 4%
AXTIE, d 5, FAbH 53R L EE 2R d 10, 1.0 mmol/
L Cu® kb & 2 (2 53 W% d 15, 0.5 mmol/L & 2 {2 i3 g
d 20, 0.5f110.0 mmol/L &3 {2 #EEFiG; d 25, 0.5, 2.08110.0
mmol/L % 2 i HEiE; d 30, 1.05110.0 mmol/L & 2 {2 it il
7 d 35-40, 5K A B Y W R BEREE. W EARE, Cu™
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WRBE B IR KRB A S P o 152 TLAT T AR S22 R i Laci 1k
(&1, P<0.0D.

F1 Cu™IREMEFRE X Pd L EREE NN E RIS HR0
Table 1 Two-factor nonparametric test for the effects of Cu®*
concentration and culture days on laccase activity of Trametes lactinea

H % H HIE FIE REME
Factor Degree of freedom F value Significance
¥ % Concentration 5 121.513 **
K¥ Days 7 98.155 *
REExRE 35 14.441 =

Concentration x days

“Ren dEonom g B (P < 0.01) .
“**" represents extremely significant differences (P < 0.01).

21.2 MnP3EM B3R RECHFICU™ WK E AR FIMnPF 1 2 5
B3 (K2, P<0.05) . 7R REIG N, B4 H RS, A
4 F, d 25-40f35 P& T-d 5-20, Ad 5/190.6-1.5 U/L EF+&
d 40(#1.5-12.0 U/L. 5xtH#EAILE, d 5, 3.0 mmol/L Cu* 4k

1200
[J 0.0 mmol/L
[ 0.5 mmol/L
[ 1.0 mmol/L
5 [ 3.0 mmol/L
S [ 10.0 mmol/L
2
=
8 600
(s}
©
)
g
% 300
0

concentrations of Cu®* on the same day (P < 0.05). The same as below.

[ 0.0 mmol/L
3 0.5 mmol/L
& 1.0 mmol/L
Il 2.0 mmol/L
121 [ 3.0 mmol/L
= 10.0 mmol/L

B E AL YIRS 1 MnP activity (A/U L)

B AREE; d 10, ZAAF SR EE %5 d 15, 0.5%1
3.0 mmol/L &2 #EFEIE; d 20, 10.0 mmol/L & {8 i3k B s
d 25, %AbH 5% O R 3% 2% R d 30, 10.0 mmol/L 3
S d 35, 0.57110.0 mmol/L &% i€ 3k /v d 40, 0.57
10.0 mmol/L &3 (2 G, WIEIATF, Cu™ IR, B35 R ¥
CATHIAE EAR F#R B E 2mMnPiE 4 (%2, P<0.01).

F£2 Cu™REMIZEFRRE Imie LT S S EEE IR W E =
ES R

Table 2 Two-factor nonparametric test for the effects of Cu®"
concentration and culture days on manganese peroxidase
activity of Trametes lactinea

ESES B FIE wEM
Factor Degree of freedom  Fvalue Significance
¥ JE Concentrations 5 32.242 **
K# Days 7 20.234 **
TR PEXRHL 35 7.316 *

Concentrations x days

wrRr SonIE R B (P <0.01).
“**" represents extremely significant differences (P < 0.01).

o

40

K ¥ Days
E1 FEERECU™ IR T Imd L E i 7 id IR REE M T, SR LUFME iR (N = 3) BRER: RE/NS 7R R F — REA K
JECU hh B 0] 2 5 3% (P < 0.05) ; FIA.
Fig. 1 Variations in laccase activities of Trametes lactinea in liquid culture treated with different concentrations of Cu*. Data are
expressed as means = standard error (N = 3). Different lowercase letters indicate that significant differences exist between treatments with different
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Fig. 2 Variations in manganese peroxidase activities of Trametes lactinea in liquid culture treated with different concentrations of Cu®".
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2.2 CU*iREE XF1hsmid FLE B S HY 200

221 LaciEtt R REMEFMN W E A FLacis M % 7
&% (K3, P<0.05 . EifiHLaciitt KikZEd 1008 _LF+d
1500178, 2 5 M P AR SR Rl T R %, 3 HIEMn® a8 (A Ak
H, d 5, &Ab#B R (LR d 10, B5.0 mmol/L, H&
AL T A5 5 2 AR BB d 15, 0.5811.0 mmol/L & 2 {2 BT
d 20, F%2.0 mmol/L, HA4x4h 5 2L B8 d 25, 0.5,
0.7, 1.0#15.0 mmol/L{Z 2 {2 3 35 d 30, 0.5415.0 mmol/L
BFERHEREE, d 35, 0.5, 0.7415.0 mmol/L & 318 i3t i,
d 40, 0.5, 0.7. 2.0f15.0 mmol/L & E /L3t iG. MHEIAF,
MnZ" ¥ B 55 97 R EORIE AT AS AR P # AR S5 3% 5 i Lac T
(%3, P<0.01.

2.2.2 MnPEM B3R K EOH FIMn 9K BE AN R Mn P 22
FRE (K4, P <0.05 . HEHMPHEE KR 10808
Fr d AB KR I, 2 J5 AP e BSOS A [ TR & 3. X TG
Mn**ZS AL R, d 5, 2.0H15.0 mmol/L & Z L # &% d 10,
0.5. 0.7. 1.0F110.0 mmol/L .24 {& #EiE: d 15, 1.0 mmol/L

800 4

(o]
o
o

400

BEMHE T Lac activity (AU L)

200

£3 Mn™REMEFRE S T aRFLERE R MONEZESH
Lt

Table 3 Two-factor nonparametric test for the effects of Mn**
concentration and culture days on laccase activity of Trametes lactinea

ISES H Fia REM
Factor Degree of freedom Fvalue  Significance
)% Concentration 6 25.245 =
R Days 7 26.858 **
WX R x
Concentration x days 42 3.003

R ZEon L B (P < 0.01) .
“**" represents extremely significant differences (P < 0.01).

SR HEBEE; d 20, 1.0 mmol/L & E (2 #EEEE, d 25, 3571
40, #4bHE 5T IR G 3% 2 55 d 30, 0.5, 0.7411.0 mmol/L &
FAL BT, WEERE, MWK E. B3R R BRI EA 102 AR
F#R AR 535 52 I MnPiE 1 (24, P <0.01).
2.3 miREE

MIELTECu X I8, 54N Cu e FE Ab 8 ) 1 i S B &5 %
B, HLSEAE R FE R Cu vk FE N B B AR IR (B5A) . 4R, 6

[ 0.0 mmol/L
3 0.5 mmol/L
[ 0.7 mmol/L
Il 1.0 mmol/L
[ 2.0 mmol/L
& 5.0 mmol/L
I 10.0 mmol/L

KA Days

B3 TREEREMn™ IR T FLE R 1S R A2 R BESE M2 1L B LIPSO H AR 22 (N = 3) AR R AR S FREF R [A - R K

JEMN? b B ) 25 R B 3% (P < 0.05) ; .

Fig. 3 Variations in laccase activities of Trametes lactinea in liquid culture treated with different concentrations of Mn*". Data are
expressed as means + standard error (N = 3). Different lowercase letters indicate that significant differences exist between treatments with

different concentrations of Mn* on the same day (P < 0.05). The same as below.

12.5

10.0

75

5.0

25

Ffid E AL YIRS PE MnP activity (A/U L)

0.0

[ 0.0 mmol/L
3 0.5 mmol/L
& 0.7 mmol/L
Il 1.0 mmol/L
[ 2.0 mmol/L
[ 5.0 mmol/L
B 10.0 mmol/L

K#( Days
El4 REREMn?IE T Ihmie FLER RS 73 2R a0 SIS 1L

Fig. 4 Variations in manganese peroxidase activities in liquid culture of Trametes lactinea treated with different concentrations of Mn?".
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F4 Mn? KBS 55 R Ho i hi FLEE O S BSR4 82 I A0 XUE
FESHKR

Table 4 Two-factor nonparametric test for the effects of Mn*"
concentration and culture days on manganese peroxidase
activity of Trametes lactinea

3k H FAi RENE
Factor Degree of freedom Fvalue Significance
¥ JZ Concentration 6 7.225 **
K¥ Days 7 19.365 **
TR PEXRHL 42 3.612 -

Concentration x days

“rr RONERWNEE (P<0.01).
“**” represents extremely significant differences (P < 0.01).

MR K R B € 5 TEMIn® o R LG G P S 22 5+
Pt R W Rk 8 (E(5B) .

Bl5 140K BEIRAE. A, B: Cu® L HfIMn I 2.
Fig. 5 Colour of liquid medium with mycelia after 40 d culture. A, B:
Cu®* treatment and Mn?* treatment.

24 BeREReEREEMRIE

W 421K 9740 dJE, ASFICU IR 3 AL BE I BB 0 20R1 A
BEREE (K6, P <0.05 . BEIMNEEKMEBECU K
JE 3 i R RN, 5 CuP R, MIELXHHE, 1210.0 mmol/L
Mn?* Kb F ) €0 R 0 B I R A

0.20
0.06

0.15
0.04

0.10

0.02

{52 Melanin (o/g L)

Cu2+
¥ Concentration (¢/mmol L)

El6 FRERECU™FMMn* LB THHRIEFRLATEaRERTE.
ARSI ARk iR 7 (N = 3) TR R AE/NG FRER R A A3
#5EE (P<0.05).
Fig. 6 Amount of coarse melanin produced by Trametes lactinea
treated with different concentrations of Cu®** or Mn?**. Data are
expressed as means + standard error (N = 3). Different lowercase
letters indicate that significant differences exist between different
treatments (P < 0.05).

WIET7A, B0 ZH 72230 nmibh AT i K g, 2 s
T A, Oy TR 1 B R R O

WE7B, iZHE I EAZ A ES 403, 3 2844 [FIFEF1E
W U RN #E 3 300-3 5007 R i 8 R Ui 5 O —HAIN—Hf fit
AERBNA K, 2 92240 [FIRFAiE PRV T 55 C—HIF 4R Bh A7 9%, 1

6494 [HEfEIE 5C=C. COO—. C=O0M#RZNH %, 1 077
A PR R T U 5 T 2 1 C— OB R AR 5 A3 0. i bk Bt
FOM SN LL AN GRERIE 5 R H (Auricularia auricula) TN
ARAAEEL,

Q
020 g0
2 S40
815 £
5 230
<10 F 20
Fon| M 1077.97
05 210 2922 53
= o0 0]3403.403284.80  7p49.52
20 40 600 800 4000 3000 2000 1000

K Wavelength (A/nm) % Wavelength (a/cm?)
E7 PhitflEEERERAERFME. A: R -0 B: R
HeLL AT,
Fig. 7 Spectroscopic characterization of coarse melanin of
Trametes lactinea. A: Ultraviolet-visible spectrum; B: Fourier-
transform infrared spectroscopy spectrum.

25 BaikmiEYE
W42k 9740 dJE, AREWKECU™ A3 (A & 2 S R 3%
(48, P<0.05). 0.5 mmol/LAEYE ik, B mT2.0. 3.0
#110.0 mmol/L, 3.0 mmol/LEYE &/, Kk b, KK
Cu®* kb A4 B 5 i, DR B CUP I 8 o v 40 o 2 b A L 7
WA K. 5Cu* AIAl, 40 dfE, MILLXFIE, 110.0 mmol/L
Mn®* kb B (A 1B B35 RIK (B8, P < 0.05) , HAth gty 5%t
PR e

1.25 1.25
gmoo : . 100 B b
g bc ab
8 075 ab 0.75
5
@ 0.50 0.50 { P
ﬂﬂg Z

2 025|F2
5025

000 75 05 1 2 10 000

Cu2+ Mn2+

#JE Concentration (c/mmol L")

8 REIRECU™FMn* LI T4 ilie FL A B Lk M. KO LT 2

HEARHERZE (N = 3) R KR AFRVNG PR R AR AL B 72 7 B 35
(P<0.05 .

Fig. 8 Mycelial biomass of Trametes lactinea treated with

different concentrations of Cu®* or Mn*. Data are expressed as

means + standard error (N = 3). Different lowercase letters indicate that

significant differences exist between different treatments (P < 0.05).

26 RABTFRESVGBKENLE

BB CuT B AR E R BRI L E T REH, &
IR FE NV UE IR FEH)184.58%. 69.69%. 56.29%. 51.66%.
44.99%, 10.0 mmol/LF# 1% K, 0.5 mmol/LFiRE /N, Mg
AR B E B G (9 . 5Cu® AR, #&Mn® kLB (1
IR FE S HARRI IR FE I LE AR AR AR /IS, SRS R % (BE9) .
27 BEEM. BT EYENEFREZ XA

BIRECUT IR, Lac5MnPIE M 24k B2 EM %, 2
B PR 1 S WG R R 4 Cur IR B ML B 2 IF A0 (10, P <
0.0D . EMESCUKEMAREARLEE, SLacKIMnPiF
B0 A

BIRFEMNZ 0 FE R, Lac5MnPiE It S 4% 25 IEAH ¢ (&)
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1.00
0.91 & = Bl B3
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? ? A
= 06l E - £ B
I 050 z RN
’ A L~
Z 2 FF
0.25 031 E 5 N
Z 21
0.00 0.0 e
05 10 05 2 5 10

Cu2+ Mn2+

W% Concentration (¢/mmol L")

B9 FiktEFREPCUT MM R &R ES IR EMLE. FILREL
B IRIE 506 B IR LR LA BRI E £ AR 25 (N = 3) JBR
TR,

Fig. 9 Ratio of final Cu* and Mn*concentrations to the initial
ones of the liquid medium. F/I is the ratio of final ion concentrations
to initial ones. Data are expressed as means +* standard error (N = 3).

10, P < 0.01) , 27l i 11 540 45 AN e A Mn® 1k 5 1) 8 B354
Kt AR SMN IR W B EM% (E10, P<0.0D, 5§
LacHIMnPE P35 76 5 35 AH 2 k.

3 i i

31 EFHARRMCUFIMN %t i 5h 42 FLE LacHn
MnP3E MBI S2 0
Lacif It 5= & (R ik &) | [7 TEGLH R B0 Ik 4 &
Rl Fa g >, TEATSZCou Hm ", AT & kb5
Laci ME 34 T I8, W] WS IR0k R N Cu™ e BELaci® 1. ¥
Tl & BbR AR [, Laci Vi3 S (10 5508 Cu® ik FEAS [ 17171
AHESE, 0.5F11.0 mmol/L Cu® Hd 105 T H 43 45 i W 0 41
HEAE; 710.0 mmol/L d 2074413 AL HEEETE, d 35-40%%
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Fig. 10 Pearson correlation among laccase activity, manganese peroxidase activity, mycelium biomass and Cu®** or Mn** concentration.

IC and FC represent initial and final ion concentrations respectively.
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