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Isolation, Identification and Enzymological Characterization of a New Fungal

with High Laccase Production from Agricultural Waste Composting

REN Xiu-juan'?, FAN Chang-zheng'?, LU Lun-hui'*, WANG Cong'?, ZENG Guang-ming'”

(1. College of Environmental Science and Engineering, Hunan University, Changsha 410082, China; 2. Key Laboratory of
Environmental Biology and Pollution Control ( Hunan University ) , Ministry of Education, Changsha 410082, China)

Abstract: A new fungal strain with high laccase production was isolated from the agricultural waste composting. It was identified as
Hypocrea lixii based on morphological analysis and ITS sequence. The partial laccase gene of the new strain was successfully amplified
using the primer pair Cul AF and Cu2R. After purification and cloning of the PCR product, a 148 bp fragment of laccase gene was

obtained. The laccase activity of the strain reached a peak value of 67.5 U-mL~

" in liquid medium. The molecular mass of the purified

laccase was determined to be about 60 x 10°. The optimum temperature and pH for enzyme activity were 35°C and 4. 0, respectively.

The half-time of the enzyme was more than 1 h at 60°C. Under standard assay conditions, K _ values was 1.00 mmol-L ™"

ABTS. Laccase activity was inhibited by several metal ions, such as Na®

towards

Fe’*, Fe’* | Pb’* and Zn’*. This strain has a good

El

potential for application as a bioaugmentation strain in the agricultural waste composting system.

Key words : composting; laccase; Trichoderma; laccase gene; enzymological characterization
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1 #MBEFZE

1.1 k¥

PDA S5 373E1) 25 J THAA 200 o, AT 20 ¢,
KH,PO, 3 g,MgSO, -7H,0 2 g, Bl 18 g, Nz ik
%1000 mL,pH A4X.

i 16 1 7% £ PDA BF SR 30 0.019% 4
NS

TR BE 37 3. H A B 20 ¢, KH,PO, 3 ¢,
MgSO, -7H,0 2 g, WA R 2. 21 ¢, ME TG R IR AW
10mL(fEITREAGWE 1 L &HARO.S5 g,
FeSO,-7H,0 0.5 g, ZnS0, -7H,0 0.1 g, CuSO, 0. 1
g,CoCl, -7H,0 0. 18 g, MnSO, - H,0 0.01 g, H,BO,
0.01 g) , MZ&ME/K 21000 mL,pH H4K.
1.2 AR S B 5 R

S5 SCHR 9 ] Rl & AV P HERE , 43R 2 d B
— UHEREAE . W R AT (SR FHAR A B U A T 0
VeI 110 #E 30°C T RN IR WK T vk
BRI 0. KA 2148 € 1R P B TR
Pty 7EGR eSS 77 2 E IR IE , 7F PDA K94
R4y B Ak 2 TR
1.3 JRERBG R AR S
1.3.1 JERFRELE

W51 S E MR AN E PDA B3R 3E |, 30°C 1 A
B P58 3 d G R, FHEAR IS 3 BX61 St ffu e R
1.3.2 ITS #4550 #r

SR CTAB 35 $EICECE DNA R 5149 1TS1
(5'-TCC GTA GGT GAA CCT GCG G-3") FI ITS4(5'-
TCC TCC GCT TAT TGA TAT GC-3") #£47T PCR 9"
im:. Pk & 50 va,éﬂbjzﬁ\] 2 x PCR master mix
25 pL, FUESI YA T UE5149 (10 pmol - L") 45 1
pL, B4R DNA 2 pL, /5 ALZE K %2 50 pl. PCR
SN ZE A 42 94°C T AE P 4 ming 94°C ZF Pk 1 min,
55°CiE K 40 s,72°C ZE{H 90 s, 3L 35 AMEIL; 72°C 4E
fiff 10 min. PCR =¥k FH Z D fig 2l Ak i) & (KRR,
bt i alifb 5, Z 46 1 5535 A WA BR A =10
¥, B0 5 1) )7 51 32 22 3] GenBank U4 1 (http . //
www. ncbi. nlm. nih. gov/) I 5% 2 E FNHIAH
KIFH#E4T BLAST, I T 2k [R] U8 Pk =5 09 5 51 >k
MEGA 4.0 RS L EFH.
1.4 BEELHE A BT

SKHIBI# Cul AF(5'-ACM WCB GTY CAY TGG
CAY GG-3') fil Cu2R (5'-G RCT GTG GTA CCA

GAA NGT NCC-3") #17F PCR #7351 P #tik 2Ny
2 x PCR master mix 25 wL, FUFS 1A TS 149 (10
wmol - L") 4% 1 L, B DNA 2 wlL, )5 inazE K
%50 pl. PCR I 5% 44 :94°C Fil 2 4 3 min;
94°C7AEM: 30 s,48°CiE k 30 s,72°C #EAH1 120 s, 3L 35
AMEFR; 72°C 1 10 min. PCR = H1% I £ W fig 4l
k& (R, b mt) il alifb fe , 46 LifE 36+
A=A BN ] S B Y

1.5 SRS e

W S50 TR AR 4 b 2 R 3R 3P, 30°C 120
remin T PRGIEFR 10 d. R EIR S 8 JRS TR
2R 2244 ;10 000 remin ™' . 4°CE 0> 5 min 153 |
THVR, BRI R R TV, 448 T A5 KL Il 98 a2 1 7 8 ity 1 0% 1)
7 .

VREBETG I RE DL 2,2 - B RO (3- 2 FE 2R I ek
Wk-6-ff iR ) — 4k (ABTS) MKW 3 mL SR FR
7.0. 1 mol - L™ FFIERR-Fr B IR AN 28 M W ( pH. =
5.0)2 mL,1 mmol-L™" ABTS 0.5 mL, ¥ 0. 5 mL.
T A =420 nm AL SEREE AR Ak, 1 A Bl ) B
(U) % SCMEE min %846 1 wmol 1Y ABTS Fr 5 i il i
[EALP=IRITH R E e M 3.6 x10* (mol - L7") 7'
em ™! ] [

1.6 PR R 8 A s

FEMR AR B SR R v, B R 10 mL B5 3R,
5000 r-min "0 5 min WA, 25 B FoKBER
2 K,65CHET ZH  JE AR . AR 0T 7 o A I R
H Bradford #kt" , DL I3 35 PR .

1.7 BREG BE T
1.7.1 B2

FEAL R R 1710 HANA 100% —H LR,
4%?}1%:@&,40(: 10000 r-min ' =0 30 min {5
W EW, AR TR, IR A RO,
A5 mL 80% YR (5 0.07% B-3rdk B, -20°C
WYy ), it E - 20°C vK4 T 5 h J5,4C 10000
remin B0 30 mln,ﬁiﬁ%,q&%{ﬁﬁ,ﬁﬁ 20 mL 20
mmol - L™ (B AR Eh 5% I ( pH =6.0) ¥ UUE , 7E
WEIRER 2% M P B i . KB AT R I RE 10 000
remin "' B0 20 min, B L. DEGE-52 448 E &
T2 H A 20 mmol - L' ()l 2 £h 2% v i (pH =
6. 0) -1 e 2015 B0 AR, 3% NaCl ¥ B8
0 ~1 mol«L™" (1 R £k 5% i IR A 706 B2 PR , Uik
4 1.0 mL-min~". $7F 280 nm AbA W IS4 1945
TSR R I L A A IR B BB, 38 BTV
g5l K alifl 5 B B (1 JEFT SDS-PAGE HL YK,



3222 EZ

B % 33 %

o Sy B T 12% | He i IS He K 5%
2% S s2 i R-250 et ik B e 051k S IS
Bk 16].
1.7.2 g s pH

TE30C T, W4l & T A M pH(3.0, 4.0,
5.0,6.0,7.0) Gy, 4 1.5 1977 TR R g
it %, A 5 e B R 100%
1.7.3 g0 Y fed et B

TEARIREE (20, 25,30, 35,40, 45, 50°C ) &
il pH A5 T4 1.5 19 19 05 100 5 44k 5 1 8 ity
it %, A 5 e B R 100%
1.7.4 [t

FHAEBERAE 30, 40, 50, 60, 70°C 450 T 1%
TRATRIETE] (1 ~24 h) J5, fEHGE pH &84 FH# 1.5
I T3k 0 R R I B D, DA AR R S R
100% .
1.7.5 &8 B X RS P A 5

TEAGEER R A RN K, Ca®" | Na® | Mg™" |
Cu’*  Mn’*" Fe’*  Fe’*  Pb*" ., Zn*" (i &ue &
71 mmol-L™" | 5 mmol-L™" {1 5 min 5 7F &
A I RS, LA N4 8 S Y R
fiti 1% A 100% .

1.7.6 W) 15058

LI ABTS HEH, BUB R E (176, 173, 2/
3.1.4/3.5/3, 2 mmol-L™") | 7F 5t ik i BE ¢ i
pH BT 05 40 Ak IS 10 38 il 76 S [0 i 40 e 3
O] UAEN

2 HR5ITR

2.1 RIS
2.1.1 EHRAIEEFRHE

W HE A b A i e 3 55 5 L AT R 2o 5,k
TR VR I alife. AR B PR AR b, C2 T
MRAETR R S 48 AR KAk, 3 d J5 B VK T 8 a6 L
128 em WA, 1M HL 75 Ja ™ A 2148 (A8 ( JE
FEE, ERK, Wtk sE c2 fE it — LR
g

Rk C2 75 PDA 5383 A K, VR W2 A
R J5 R AT VR e = A gt gi - v g R g
0 B A TRV BB AR AR 0, ROER B . 7Rt
W MR, C2 TR TR 22 0 B, B
o AR AR B 1(a) ] C2 EHR
AT T2 BROE 5 M6 Y | 967 320 2 [ 1 JC fl 58
[ 1(b)].

(a) C2R 224 (X 100)

(b) C28943 AT BT (X1 000)

1 B Q2 AZBMETES
Fig. 1 Morphological characteristics of strain C2

2.1.2 Wtk C2 TS RGL B A
WAk C2 ITS £l Jy H K B 2l 686 bp, 7F
GenBank H1 (1) 3 51 % 5% 5 HQ699075. I H A 75
TR TR A W] O 1 LA 46 R W bR €2 Sk 1
K& ( Trichoderma) ¢ il , 54 F R & I AH
RUEYIFE 95% UL L. LIF#E C2 . NEJE & Fh ok
ARG R EWN (E 2), 7T R C2 78
ITS ¢ %1 " Y5 Hypocrea lixii ( GenBank % 3¢ 5.
JF304317) (i TRl —4r 3, SR R R, —H A
UBEIRF] 98% . ARHESCHR[ 18 1, I AR 43 A A 1

BB ( Trichoderma harzianum ) F1JCYERY Bt ( Hypocrea
lixii) , B W 2235 W, fil 7 2EEROE | X 5 K C2
FITE A R AE AR AT, DR s C2 TR PR 2K 28 WA IR B
(Hypocrea lixii ) , 7% H: Ay 24 4 Hypocrea lixii sp.
C2.

UTAER el 7 B W ) vk AT 2L, M
FEMEL | B B A R B R SR R
FEEEIRGE IR AN 2. BT, B R A 3
AHmFEEZRRAR, B AE, 0 K%E
A0 R MG PR R A M OCHGE
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100 | Trichoderma atroviride (HQ596952)
55 Trichoderma harzianum (AJ224008)
86 Trichoderma gamsii (JN620537)
100 Hypocrea koningii (HQ637343)

Trichoderma asperellum (JN108927)
77 Trichoderma viride (GU176450)
44 C2 (HQ699075)
97

Hypocrea lixii (JF304317)
Trichoderma aureoviride (HQ596956)

0.02 richoderma longibrachiatum (HQ83355)
—_— 99 Hypocrea jecorina (JIN565089)
791 Trichoderma citrinoviride (HQ596954)
SR S EUME R R bootstrap (1 000 YRAMFE) B B 0%

B2 E#C2MEERXEAKRET ITS FIINRAZREH
Fig. 2 Phylogenetic tree of C2 and its related strains

based on the ITS sequence

2.2 M A BerprsE

BRI — WA 4 A B . BRI R
e 9 [ 28 S AR O EZ 15 4 A4 15 1~ O oL 3
1 A2 B & R (eysteine, C) Fl 10 4~ 41 & R
(histidine , H) K J&] il (4 20 68 PP 1) AR 6 FRsp .
T3 4 AV T2 A1, B T I (cbr 1) L 411 1K
(cbr ) HAILIX (cbr I) | HIVIX (cbr IV) C 8
SEAE N B R R IE 51,

KH51#) Cul AF FI Cu2R %t cbr T XAl cbr 11
XiE4T PCR 44, PCR 74 [l e B T, 5 21
148 bp FEREE B, K D 25 R4 52 B RO 7314
W2 5296 2 B %2 ( The European Molecular Biology
Laboratory, EMBL) I+, F¥ %] 5 & HE605381. ¥
Hypocrea lixii sp. C2 W B FLHR ¥ 5 7E GenBank
HEATEOXT , 5 SR B (£ 1), R Hypocrea lixii sp.
C2 5 Trichoderma sp. C1 LL-2011 B Rk [R5 Fx
195, 0 100% (H 255 H 8 T R 110 1 g () P A 2 AR
=, R 2 5 R AP R K Trichoderma reesei QM6a
( GenBank & 5 5. EGR46193) A b, [A] 1 A
T4% , ] WL, AR FE RSN R] P 91 22 0 L 45
K. Gl Fpg) o a] DL & B, B4R TE Ok AR B
it ) 3T AN 22 DRI Xof A 5 048 il 5 PR 4 7
RK.

RE
L&

10 20

Hypocrea lixii sp. C2 TTVEllEESHEQGLLL
cbrl

........ || 21 STEIIESIEl FETT WIEL :

i3 DNAMAN B 1207 51 5 1 s
R BRI 2 IR 7 91 AT R U PR LU 35, 25 R LI 3.
K3 i 1 AN 255 X (H-X-H) , 3 S
FEEANIA(H) 783 M E R (H) Z s/ BA
JUAS IR 2 58 AR IR Y B anTE 17 | 18 7 & R
BR A IR (aspartic acid, D) FlH & R ( glycine,
G),36 1 & & R (tyrosine, Y ). i F31) HE X
FNZERE S3 AT, AT LA 5 A S 90 AR A5 0 T 91 2 V4% il
Ky 5.
1 Hypocrea lixii sp. C2 SHERKREBRERS T HEIRE
Table 1

Homology of amino acid sequences for laccases from Hypocrea

lixii sp. C2 and its related strains

GenBank &35 UAEYSRIR [RIRYE %
CCC33065 Trichoderma sp. C1 LL-2011 100
ACN22978 Trichoderma hamatum 84
CAF24981 Basidiomycete 83
ACL13638 Calocera viscose 83
ACL13636 Inocybe sp. ST-2008 76
ACL13637 Russula ochroleuca 74
EGR46193 Trichoderma reeset QM6a 74
EFX01412 Grosmannia clavigera kw1407 71

2.3 BRI BT
2.3.1 BFE Hypocrea lixii sp. C2 WIAKEFF

4 Hypocrea lixii sp. C2 %P EIRARKE F5 3|
30°C | 120 remin ~“fEIEIE TR AR IBORE I A 8 WS
T EWIETE, 4558 WK 4 Fros. Wk Hypocrea lixii
sp. C2 TEMRMARERFRA60F T 26 2 d TFAG I, HEE T
IR P Bl G %8 BT 7RSS d BTG A
KAA, M 67.5 U-mL™", LB B4 AE K N FE B0 iE
ANEW; Z )5 BREG  5 F ek, i AT &
TEERS 6 d IK B R AH, B 5 A 2 T FE. B EET )
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Fig. 3 Amino acid sequence alignment of the conserved copper hinding regions one (cbr I ) and two (chr II') in the laccases
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Fig. 6 Effect of temperature and pH on the activity of laccase
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Fig. 7 Effect of temperature on the stability of laccase
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5 117.6
Vi 1 90. 8
5 86.7
Fe? 1 56.9
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), 7F 5l I B Rl pH 1Y A5 181 IBOAS ) ok i
(1) ABTS(S) , 5 B BEAEAS [R) iS00 88 I 1 52 o e
BE(V) , SR B0/ Bl 2 ( Lineweaver-Burk ) |, 2K Hi K
IREE(K,). 4R ILE 8, BB ABTS /) K, {H -~
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