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73— LI 5% O 22 2 KA B iE B UR . TR B AL (C/ND) | AR IR -, 33 U 8 A 38 p AR ) AS Rk B Cu™
(CuSO,) MIES, TEIT AR L B S5 0F T 6 I A0 A W = e A R 5 38 e 1) 22 0P I A 3B G et (R Sl L R
P BT ), WF 50 TR AR T Y R B SO 25 SR 3R B, R S B (Trametes hirsuta) BRI R, 100%,
WAL B0, B EBUA-OVE MR ER (Trametes) B, WA K S GE BRIE M FERS, Tl RN & TR BE R
BH, Bl C/N{E 40/ 111071, Feili ik B 37 C, feilipH6.0-7.0, Bl A B Fx1 18 22 A K T8 2 R FVER. 0.25
mmol/LE)Cu® X g M4 il = A i 35 AR B VR, 7696 hik, 2 T i A4 3% 1k 3k B e, M1081.33 + 6.3 U/mL, &
X HBZ 2645, BUA- 01T A 6 0 Yu o b5 A s 5 2, 12 hobP 4 SC TVl PR R R R 4% ST A9 B8 £ 2243 7190 93.31% +
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Isolation, identification, culture conditions, and laccase production of white rot
fungus”®

HU Boyang', WANG Shounan', CHEN Qingjun’, ZHANG Guoging'~, YANG Jiayue', XU Xin', HAN Peng',
ZHANG Yuxuan' & LI Bing'
! College of Biological Science and Engineering, Beijing University of Agriculture, Key Laboratory of Urban Agriculture (North China) of Ministry of

Agriculture, Beijing 102206, China
? Plant Science and Technology College, Beijing University of Agriculture, Beijing 102206, China

Al The white rot fungi are members of Basidiomycota, which can degrade lignin and form white rot. They are high
producers of extracellular laccases. In the present study, pure culture strain of high-temperature and high-laccase production
types (numbered as BUA-01) was isolated from the fruiting bodies of a white rot fungus collected in the campus of Beijing
University of Agriculture. The taxonomic characteristic was determined based on morphological and ITS sequence analysis.
Furthermore, the optimal culture conditions for the mycelia were determined, including carbon source, nitrogen source, C/
N ratio, growth factors, temperature, and pH. Extracellular laccase production was investigated in liquid fermentation with
different concentrations of Cu®” (CuSO,) as inducer. Decolorizing activity of the fermentation broth was assayed using
three azo dyes: Evans blue, methyl orange, and eriochrome black T. The results showed that the strain possessed the highest
homology toward Trametes hirsuta, with the homology ratio of 100% and the genetic distance of 0, suggesting that the strain
BUA-01 belonged to the genus Trametes. The culture condition investigated revealed that the optimal condition for mycelia
growth included the following: carbon source, starch; nitrogen source, soybean powder and yeast extract; C/N ratio, 40/1
and 10/1; temperature, 37 °C; and pH, 6.0-7.0. The assayed growth factors had no significant effect on mycelial growth. It
demonstrated high laccase activity in liquid fermentation. The highest extracellular laccase activity of 1 081.33 + 6.3 U/mL

was observed in the broth with a Cu*" adjunction concentration of 0.25 mmol/L after a 96-h culture period. It was about 26-fold
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higher than that of the control group. The isolated strain exhibited significant decolorizing activity toward the azo dyes Evans
blue, methyl orange, and eriochrome black T, with the decolorization rate at 12 h of 93.31% =+ 0.16%, 92.37% =+ 0.42%, 79.25%
+ 0.64%, respectively. This suggests that the strain possesses potential applications in laccase production and dye degradation.
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M85 H 1 (White rot fungi) 52 A4 AE 22 i i 4 104 451
b NI 3 0 N 0 e X2 3 N e N1 3 N = R
YRR R ) — 2 TR F WA B A R

(Trametes) . FfLi @ (Inonotus) . ZFLIF & ( Phellinus) .
KHEJE (Auricularia) . M EHJ& ( Pleurotus) . 5 H &
(Coriolus) FENMLEJE (Poria) 5. {15 FL R E i 40 W 41

K Ak il SR S X AR B AR I AR R i, R R R AR R G R
PEER A TR Y. o) — i, AR R e mE M A A
IR, AN TR E A A MOR A T (Ml 4 ) 7 T 1442
t, U TR R B W E DTG R &S FREW, —
BB 15 20 A S m AR 74k £ BE VR H 7 1B = 04 Bk
WAL T, AR I B R A o BRI T, o 2 i B (9
T Z—.

Z 5 [ R BT A 00 M S B A AR

(Laccase, p-benzenediol : oxygen oxidoreductase, Lac, 7 .

Wi S0 IR, EC 1.10.3.2) |, R ZE b &b i (Lignin
peroxidase, LiP) fll4# i 4L W filf (Manganese peroxidase,
MnP) , H S DLEREEAF 5 e MR AL B — K A &
1y LT, A ) B R I PR AU Akl L T 2L B 1 o e )
FEA—HFE, TR 20 AR . B B R A 18834
HASER (Rhus vernicifera) )53 WP & I, J5 kW58 £
BRI IZAAAE T HAR A, ARG BT | H T | A S R
Hob LR B B 9T O, B KRR S A
SR, SRR R AW, a1 E ., 5
T B T 2, P DR R T RR TG PG B A L R
ANFEZER IS ST B T Ak, IR S T, B 2N 1R
RS R EGR SR K, BTN R — R gk Ak
U LR Y)Z, BRARTR R Z AN | SR
FAL G WS, Infb T YLkl A 25 5% FE A5, TR T 4 i £ 1 4K
B2 B TS QIR BRAE 5 1 B AT ELR R AT R T
Yy set.
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TUEE PR ER RS E AT, A R AR A R A AL
Xof PR TC 00 7 1, e R R R AR Il A W R A
SR N A 22— AR S R LS 56 H B Y 26
TP AR DA R TR, 5 1 7 VA R v A O A e e Bk
BUA-O1FE 4, i — 20 F B A2 45 0 SITS 40 1) T Beiff
HOor e s, BRI . AR Bk (L (C/N) LR EE . pHIE I
AR R T 9T B 2R Bl 5 95 Ak 1R, R Cu™ i 5T
TR T e A2 77 R T A AP DA R R T R T e o i R 2k, S L
& FH B8 5 BRAE RN S0 56 FE A
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1 GRS

L1 # #

BUA-O1R #f TR 45 A b 5 £ B B (145 (Populus
tomentosa) JEARRBE b, AL EUR S B LW Bl 2 5 TR 24
53 B 5 R
12 EZxE

PDARE 7R3 EEH TR B S, By D4%E
200 g, FFHE20 g, HHE20 g, pH 7.0-7.2, MK EREL L.

WAk B b IR0k . EBM TR R R 9%, Bl D
200 g, HEME20 g, pH 7.0-7.2, ZZIB/KERE] L.

FEmlEE IR H T B B R AR 0. iy w420
g, BiMREE0.5 g, WEIR %41 ¢, MEERFING2 g, 4EAE#B, 10
mg, BEJI§20 g, pH 7.0-7.2, ZEWKERZEL L.

13 BN E. EF5RE

T PR 4 5 1Y 3 A5 R AR 0 80k s i bk T-25
ClEGHEFE, T4 CIU.

1.4 ERHIESEE

P 22 4G 35 37 22 PDA- A 4K I DL EAR 5 mm ) e 9 122
FI 3 i A PDAS- Fierp e, 78 B 28 B U 1. Sem A2 A7 /Y DY S A
30°ZE A AHE A K R TS BE B, B 125 °CHE R 77 4 b bt ot
KE g%, FREA 22 2 W NI &2 4 25 S5 3% 5 i, BOE 3535 B 647
2t G ST A TE.

1.5 ITSEE

Bk %% FMITS (Internal Transcribed
Spacer) S k. A AB B M W DNA$E PO 7 & (K
M) R LB B 22K A DNA. B9 % A & E1TS#
SIHITS1I (STCCGTAGGTGAACCTGCGG 3') filITS4

(5'TCCTCCGCTTATTGATATGC 3') , 514 )% 551 5 R | ¥
A T AR T AR AT PR WA ORI Y. AR 51 28 HINCBIZE
ZEBLASTEH X434 (http:/blast.ncbi.nlm.nih.gov/Blast.cgi) ,
FFFIFHMEGA 7.0 17 Clustal XZ£ 551 [ %} . Neighbor-Joining
(NN RS AT, o FEE R, #ir s desp,

1.6 A [ER IR R A

DLAH 7] B i 2 0 A () e R A itk 55 3R SE v 20 o 44
T, I 52 BUA-OVER X AS [ s 5 14 1A% 7. AR 4% A
JBE R EAR NS mm ) B A DE bR, 25 SCTE IR I AR Dk
Nk IR, REAE—Ab BRI 2R S e K B G 7514 A, 151k
FE. WD IR A, Wi B T8 B, T 2R H 3 AR
o 22 A 8 = V% P AR B K B /s R R (B : mm/
d) . PR UE 3 500 A o A 0 L RERE L 22 2R FLBE L JE . 1L
T T R P L 21 4 2N, X R B Al 1% SR S AN e i, 4>
AEERRE3R E R T [

17 AERIBRIEFENFABR

DUAH R 7 B AN TR 00 B A Ll 1 75 3k vh 2 g



W, AU BRI R E I R R R AR E L
MR . TR BRI R IE, HF R At 5% 5 i TP oA i 42U
1.8 AEIC/NEFEHF HER

DIBEIR LAt 1 75 5L R Ak, 30 5 I8 A ) o i K 57 4
PR, T /N 43 5510/, 2071, 30/1, 40/1, 50/1F160/1
B ) 1 2 2
1.9 REEKEFIEFENFRAER

DI ] By A PR 4R B il 45 32 3 v 10 mg 4 2F 2B, 2k
KIHFor i g2 B, 4iE KB, A EB,., 44 EC, L
Tt () 55 3 5L, X IR g BE Rl % 3 B b e AR K IR 7
110 REpHE FHBE£E4EKER

e I PDAKS 5 3, K& )5 P8 pHAE 23 % 4 5.0, 5.5, 6.0,
6.5.7.0.75. 8.0, 8.519.0.
L1l AREE THELEEKER

BC I PDARE 37 3. H:Rh)E 20 5 7£ 20, 24, 26, 28, 30, 32F1
37 CHR LSS T4 Pl B R 5.
112 Cu”'3it il % B % B 7= 2 A 221

PIHT £ BUA-O 1R 42 FF FPDAY-ML (9 em) L+, 28 Cht
JeEE R E NI (A5 d) . O &R RIS & e, &
FREAR D, I KGE R, 055, A HE
K (e 222450 mL/I0L ) & SRR . #25% (VIV) H2 /b &
BRI INAE S A0, 0.25, 0.50, 1.0012.00 mmol/L CuSO,
W% ek Fe 3L, 28 °C | 180 r/mindR ¥ 1E 75, 4 WITE AP 1
524 48,72, 96, 120, 144F1168 hitf Wi £ & Wi, 2 HLig
FE 6 P L A TG M I SR FHABTSIL ™. K S pLE B e
195 uL ABTSYETRIR A, 37 “C/KIB RIS minji, LA200 uL 5%
TCAZ Il R, 16 K420 nmAb e W 68, DAZEIE KIS B
T AR A7 B AR SR oot R R B (U)o S B4y iR
pmol ABTSAH: i 7= 4 ir 75 I £ ( Az o b ABTSEEE IR
ZErHM3.6 x 10°L mol" em™) P,
1.13 BUA-O 17 #k X3 8 & #1 5 PE R 1E R

PLS5% (VIV) 3o 52 b 1 ok b 10T T A e T 3% o 2

44

36
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H, 28 °C. 180 r/mindR KT #E3 dJig, 43 Al 15 SR A A T
B R A 249 400 mg/L ., 28 mg/LA120 mg/LI 4% AT, 4K
S L R A 3 YR, DRI A YLl 2SO IR A
0 h. 12 hfI24h4 S EURE, L4 BI7E I £ 4540 nm., 610 nmAl
460 nmAb I i R OGAE , IR R,
114 it Z 04

i 7B B % JH SPSS18.048 34044 1#E A7 4k BLAN 43y

25 RO

21 BELERE

BUA-O1 #k FaLARE UL EITA, FLik B i R
B RRIE, B TS O, B RCIR S A, . B R T, R
B, W B RIR10 emZi £y, T 35 32 1 A i 60, g i B A
Mo E, AW RHRLIHRSCRGE, 5 ChEAEFEE) b
LW [Trametes hirsuta (Wulf. : Fr)) Pilat] 7S5 R FF—
. PDAT ARG 32 55 1F T VA TE A UL 1B, B B3 A,
DA VR 2T S i AR SRR IRl 8. 1R 22 B O S ILEILC, A
FETE 2B W], BER, AR B BUIRER G

e A28 B C

Ell BUA-OIEMRAHFHE. (A) T34k (B) Bk (C) Mk
Fig. 1 Morphological characteristics of the strain BUA-01. (A) Fruiting
bodies; (B) Colony; (C) Mycelia.

22 EFITSHEIINRZEZE ST
Z2PCRYHEFITHI I 5E , RAFBUA-OIGFRITSIF 51 J B,

K EEH605 bp, GenBank® 5i 5 HKX056103. % Blast{E 4 [t

XF, SR ERAE R LB R (E2) . RESPERR

100| BUA-01 (KX056103)
Trametes hirsuta (AY972129.1)

Trametes gibbosa (KC589144.1)

Trametes junipericola (KC017758.1)
Trametes ochracea (EU162063.1)
Trametes elegans (JN164986.1)

Trametes polyzona (KC589125.1)
Trametes sanguinea (F1478098.1)

Trametes cingulata (KC589133.1)

67 Trametes ljubarskii (JQ806418.1)

96

Trametes olivaceopora (KC017754.1)
Trametes africana (KC017757.1)

99 Trametes suaveolens (FJ478094.1)

100" Trametes trogii (EU918696.1)

100

Trametes cystidiata (KC017759.1)

0.02

B2 ETITSFIIHBUA-0IEKSEMREREENRERE .

Trametes globospora (KC017760.1)

Fig. 2 Polymeric analysis of strain BUA-01 and other Trametes strains based on ITS sequences.
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B, BUA-OIE # S BB (AY972129.1) MM UPE Be s,
100%, 1A% 1 B0, B 22 1% B AR A T s Trametes.
23 AEBIEEFENTAER

T SR R R ST B T, B P R I (0 B R RO R
R R TC A E A B2 AE LATE R IR B 3R A AR
KB (8.32 £ 0.35 mm/d) | K IRAE, BBk,
TREAHE | AR RN SRR L AR AU A R IR B R bR
KRt (343 £ 0.63 mm/d) | KRS (RD . ZFAHWZ
HE K TR G T 224K 3 BUA-O1T 224 55 3 e U5 R UE

R1 BRIR X BUA-O1E #R B 22 (A K B2
Table 1 Effect of the carbon sources on mycelial growth of strain BUA-01

B W22 AR R LR
- Mycelial growth rate Mycelial
Carbon source !
(vmmd™) growth

VEF; Starch 8.32+0.35a +++
HEMHE Sucrose 7.61 £0.12b +4++
%7 Glucose 7.53+£0.93b ot
A 25 Maltose 736+ 1.15b +++
1%L Sorbitol 578+1.22¢ ++
PRS2 Y R A
Carboxymethylcellulose sodium 595£113cd e
Xf it CK 5.58+0.16d +
FLA# Lactose 343+0.63 e +

o AR + e AR RKEREUE + o AR RN SRR R 22
SFWE (P<0.05).

+: Mycelial growth weak; + +: Mycelial growth ordinary; + + +: Mycelial
growth strong. Different small letters indicate significant difference (P < 0.05).

24 ARIRBEEFENFABR

T il IR SCI0 b, T T B A AR SR RO R
AR R E R A L LK T (7.41 £ 0.09 mm/
d) | FERER (7.2 + 0.45 mm/d) ARG IR 0L AR K %
bl KA, W we. 72 CRIERR R EAERK
RS (544 + 0.3 mm/d) | KRS (R2). AR LE
R 38 R TR 22K B, BUA-O118 2214 5 3 RN B8 500 AT 1

F2 RE X BUA-01E R E £ 4 4 K B R0
Table 2 Effect of the nitrogen sources on mycelial growth of stain BUA-01

- P22 KR e
Nitrog?ikrld/iource Mycelial grou_/lth rate Myl%ljszth
(v/mmd™)

#% 5K} Soybean meal 741 +0.09 a +4+

i 132 K Yeast extract 7.20 £ 0.45 ab + 4+

figi 2 1 I Casein tryptone 6.94 +0.24 be +++
4-§E Beef extract 6.87+0.20 ¢ ++

JRZ Urea 6.34+£0.24d ++
(NH,),50, 557047 ¢ +

Xf i CK 544+0.30¢ +

s ARG+ AR+ AREREUE; +++ ARKIEE. AF/NEF
RpFRIR 2R FE (P<0.05).

-: No mycelia growth; +: Mycelial growth weak; + +: Mycelial growth
ordinary; + + +: Mycelial growth strong. Different small letters indicate
significant difference (P < 0.05).

2.5 AEIC/NIEFEMFAER
TE 50 18 C/NSL UG o, B V8 78 N [R] C/NY 1% 57 56 24 m] A
. WEY B AR IR ELG R, AR R T R
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He . B 22 AEC/NEL H40/1 (8.53 +0.16 mm/d) . 10/1 (8.5 = 0 mm/
d) BRI R BRI KB EAE, WEME®RA. &
C/NEL ] 20/ 1 b5 Fe 566 |- A K 8 R 5 18 (6.67 + 0.3 mm/d) | K
B (R3) . AW ERERRFE LK, BUA-OIH 2
A 85 18 C/NR 40/ LRI LO/1.

&3 C/NLE 3T BUA-O1E #R B 2k £ K B9 1E
Table 3 Effect of the C/N ratios on mycelial growth of strain BUA-01

C/NIL B2 KRR WAL
C/N ratio Mycelial growth rate (W/mm d™) Mycelial growth
40/1 8.53+0.16a +++
10/1 8.50+0.00a 4+
50/1 8.12+0.22b 4+
60/1 8.12+£0.22b ++
30/1 8.08+0.37b 4+
20/1 6.67+0.30 ¢ +

o AR+ A RKEECE; + e AR ARG FRER R 2
SR (P<0.05).

+: Mycelial growth weak; + +: Mycelial growth ordinary; + + +: Mycelial
growth strong. Different small letters indicate significant difference (P < 0.05).

26 AEEKEFIEFENFABR

ERE AR E L, BIEEARARKRE PR IR
PRI A B IE R I A IR RO B AR e AR G
R4 W2 ECK, VB, VB AIILEE 35 77 3k I A R
B, K, WEPMERA. £V ##3E L AR SR
B8 (497 +0.82 mm/d) | KIS (F£4) . LA LK
R 2K, VB, VB FIILE X BUA-O1R 22 1A A K 6 i %
M, VB ANV H AR KA 2 M il 7.

R4 ERKEFIHBUA-OIERELEERKIIZNG
Table 4 Effect of growth factors on mycelial growth of strain BUA-01

ERET AR SRS 22 KA
Growth factor Mycelial growth rate (/mm d™) Mycelial growth

Xt CK 717+0.31 a +++

VB, 6.90+£0.38 a +4++

VB, 6.60+0.33a +++
JULEE Inositol 6.33+0.11a +++

VB, 533+0.39b ++

\% 497+0.82¢ +

c

o AR+ AREECE; + s AR ARG TR R R 2
FRE(P<0.05).

+: Mycelial growth weak; + +: Mycelial growth ordinary; + + +: Mycelial
growth strong. Different small letters indicate significant difference (P < 0.05).

27 AEIpHE THELEEKER

fE I G pHAE SC 56 h, B 7EpH 5.0-9.01) 5% 14 T 4RI A4
K. BES BB B ARSI O, AR R R
. B2 7EpH 6.0-7.009 15 IR 3 AR K R K,
WP, 7EpH 9.0091 3 [ AK H R 51 (4.83 +
0.17 mm/d) . K3#E55 (F5) . EEWLEKBE R HLE
B, BUA-O1p 2214 & 1 pHAH 75 6.0-7.02 [A].
2.8 AEIRE THELEEKER

T B 3 R B SE g vh, TR TS TE20-37 C RIS AEK. VR
HUEL I S SR L B, AR R R R A LA
DU BE R37 CRYEE 373 AR K A P (7.8 +0.14 mm/d) |
Khdpell:, WM B WA, 1R E 20 CRyss Rk b AR K
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Table 5 Effect of pH values on mycelial growth of strain BUA-01

pH AR A ; PSS
Mycelial growth rate (/mmd™) Myecelial growth

7.0 7.18+0.28 a +++
6.0 714+0.19 a +++
6.5 7.01+0.51a +++
7.5 6.72+0.21b ++
8.0 6.54 +0.44 be ++
5.5 6.54+0.17 be ++
5.0 6.51 +£0.12 be +

8.5 6.29+0.33 ¢ +

9.0 483+0.17d +

S R e KRB + o BB + o+ R KRR, RIR/NG
B R 225 3 (P<0.05).

-2 No mycelia growth; +: Mycelial growth weak; + +: Mycelial growth
ordinary; + + +: Mycelial growth strong. Different small letters indicate
significant difference (P < 0.05).

Hh g (3£ 013 mm/d) | KRFEE (R6) . LR R R
AR 22K H, BUA-OE 22 (4 fi i i 237 °C.

%6 BEITBUA-OIEHRE £ £ KA
Table 6 Effect of temperature on mycelial growth of strain BUA-01

i i 2411 B KA
Temperature (§/°C) Mycelial growth rate W/mmd™)  Mycelial growth

37 7.80+£0.14a +++

30 7.00+0.21b 4+

32 6.60+0.54 b A+

28 6.50+0.27 ¢ +++

24 5.17+£0.28d ++

26 4.83+0.30d e

20 3.00+0.13 ¢ +

AR + e AEREREBUR; + b RIS RN TR R 2
S (P<0.05).

+: Mycelial growth weak; + +: Mycelial growth ordinary; + + +: Mycelial
growth strong. Different small letters indicate significant difference (P < 0.05).

2.9 Cu’'FBUA-01 L BE K 7= BE 2RI

AR T 351 A Cu® S 6 4 SR A PRI 3 k. 3 e A Cu®
St BUA-O19% il #5 EL A 2 EE R, Hivbr, 0.25 mmol/L Cu®'Xf
BUA-017= g 428 filk H A5 B g A A2 EVE T, 7E96 hi, IRk
P4 35 1 ik B B i, A1081.33 + 6.30 U/mL, S X R 2H i 264,
SR, 0.25 mmol/L Cu™ % BUA-OLV 14 % M v ity B A5 i
FHE HEVEFE, AR N2.00 mmol/L Cu® Y %z e 1 4T T 224K A
CERTA R EAR(IAER

1200
| B0 mmol/L =
1000+ E0.25 mmol/L »
- @0.50 mmol/L
8001 m=1.00 mmol/L
[ @2.00 mmol/L

600+ " %
4004

2004

ABHGME Laccase activity (A/U mL™)

[}
}
T

24 48 72 96 120 144 168

B3 Cu™iREIBUA-0LR B = EE R AR 10.
Fig. 3 Effect of Cu’* concentrations on laccase production in BUA-01
fermentation broth.

24 MR A 371

2.10 BUA-O13HB & 2R P& R

BUA-O1 % T ¥ % 18 %0 G e 1) [ i 3 2R DL 32 7. BUA-OTR
Tk 2 T 0 3 A1) 4 e ek % i 50 SR %, 12 hip, XK SR
WA A A T B (5 2R 4331 24 93.31% + 0.16% ., 92.37%
+ 0.42%F179.25% + 0.64%; 24 h B, i€ 2554 98.64% +
0.28%. 93.36% % 0.15%%1190.25% =+ 0.47%.

7 BUA-0134 {8 & e 13 B P i S50 3R
Table 7 Decolorization activity of BUA-01 towards azo dyes.

; e g ot 6 3%

ekt max  Concentration Decolorization rate (/%)
Dyes /nm N
(p/mg L") 12h 24h
3% Evans blue 610 28 93.31+0.16 98.64+0.28
FHJL 4% Methyl orange 460 20 92.37+0.42 93.36+0.15
44T Eriochrome black T 540 400 79.25+0.64 90.25+0.47

8 TR

P IE, TRENHRTRILE, ZAETH. M. 4. .
FE L HE L BABKSE B R B L AR ST L RO | AR B ST A
b T AT E A P BUA-OLR B 7 324R 0 B H i i
BBy EAY, oy imEg, Hiokad, @
W, B R R AR RO, WA R AT, A
LD FRECRIR, 5 ChEAFE) PR —8 AfX TS
BT B P T SCAFR AR AL, TR A BAR T (T hirsuta)
FE AR (T trogii) W SCRIRL T SCHH EIR OB S,
OIS ChE R B ) KT, trogiich BRH Y, M
MNAEFRT. hirsuta WL B H . AR 408 46 50 56 A4 P E AL
&), T ohirsuta T SLAK BT B RLOIRGEE R, W T trogiilll]
NEAEMBEER. BN, FETITSHALS X B WX, BUA-
OIFEHRS T hirsuta (AY972129.1) BYAR M H100%, 554 i B
MO, M 5T trogiiit 5 B 363, 470143, AR SCAR 41 X 4k 4
A (P EER ) IF45 A 1TS K 2 T S HEE, i % BUA-OLE
MNTAeH (T hirsuta) .

B TR — B0 E L B LB, 1 RS TR B e T A R 8
FREAFIEAT T T IZMRST, 35 IR SR M A= R I A% A S R
YL RIA 2 25 [ A AF 5 B4 ASBIE 9 IO 0 1 R A AN
Ji FIBUA-OLB MR, TR T R 22 doe il 15 5% 45 A 9 . X bk
28 MK BB T SRR ) R B SE R TR T R | B AR R T
FEE BRI R . G C/N{E40/1F110/1, J3E I 537 ¢, i pH
6.0-7.0. T B M ZIRE TR 4R B /D, B8 ik &
BLITFIRT trogiitF 555, B AR T B BILZET trogiils 37 Y
R T B TR R LRl R R S A R B L T N BB,
Hrp JE DL b i B R IR R £ s il AR TR
A5 GORSCAE R AR — BP0 — i T Bl T AR 25-28
°C, BUA-OLRA P fe 3l 35 SR IR BB )37 °C, J&@F iR B A B,
A R TR BT RO 255 57 5 R R,

B TR e B G A I TR AR AN [ M AS TR B AR
LR BRE, fEATE B A0 il 7 R B AN [F] A R . BUATRR
R A7 010 1 3 R P 2 TR M G A A 7 T . SRR e BRI 5
WIR, 72 h, LLABTSHJECY), M /MG B G PR Rk B,
185.78 U/mL, 3% H7£0.25 mmol/L Cu* i § 41 F, M oMA i
1£96 hith ik £ 555, i71081.33 U/mL, Sz [R] i 21 25 11 X6 BR AL (1)
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— LB RS ST IR R AR 20

2645, IO T A1 T B m G 09 5.8, 3 = TR N RGA.
DhakarfllPandey#Ri&, 7. hirsuta (MTCC 11397) ¥55#12d., DA
ABTSHIEY), 5% lfi%394.5 U/L Y. RodriguezZ5 41 18 B #
A R T AR AR R 9 P E B 26K 38 B B i, LA ABTS R IS 4 it
419.4 U/mL P Lin%E4 18, BRI K B8 difg SNE B
Pk Bl i, PA2,6-—H AR SR (DMP) MY, Biig M1l
U/mL Y. BUA-O1# 22 & — A~ fiali 55 37 18 837 °C 19 i 0
B, FTRE N R AL T 0 Ak (K T £ 4 R R R, T
FHL T 1) B AR T O

SRR R, Co™ BT ST, MO ANE P A B AE
Jo, M HRZH 1972 hiE 5 220.25 mmol/L Cu® & (196 h. [F]
i il 5 Cu® e BE 1) 85 41 1E S50 2 A1, 9 HLCu® Mk i 3k
#]2.00 mmol/L i, & BV i 22 R FE AR T AR K, RS P
JLT-R0. 2550 %0, Cu™ BARBENS B 2% 15 F BUA-OLE R i 41
PTG 2 W0, (LR g v B Ieh 2 S R B 22 AR K. TR
B 1 Z By SE AL, Cu® S S A A S 1 T KR A AT T
DhakarFlPandeyfit i, T. hirsuta MTCC 11397 #R7E VR 104
mmo/L Cu® i 8 B 1 35 2 e 55 (394.5 U/L) , 29 0% e 4 il
I A% Y. Ling5 42 36 2.0 mmol/L Cu” X Trametes sanguinea
g S il 2 A W AR E AR, 7672 hik3243.7 U/mL,
HAE96-144 h4EF57E 250 UmLL) |-, %22 23 G IR2H192 hig
B 122.8 U/mL, I [E]4655.62.5% W PR &5 1798.5% 7. ]
TR IE , 0] Trametes orientalis}s 35 3L TP IS N e J5 420
mmol/L Cu® EL RIS 53RN, BEHA S B fem, ~17.628
U/mL ®¥. 1.0-2.0 mmol/Li¥ Cu” %] Lepista nudaflfl 517 1 53w
AW DR, HTE T A B 0k RE 2H 4 149.2%-196.4% 1Y
V% it 58 A — R A R B A A, R Cut R A
fEA SR B ARIEER. B85 —hm, #fifENESEITE,
o L T 22 A KA IRV, AR BE 5T BUA-O1 A #f 7 B I
e FECu™ (0.25 mmol/L) B ik 2 & i 77 Bl 1 M, BERRAE T &
WA, [RIET ke 6e 1 T 4 )R Jn AT IR 0I5 Y. S 4h, Tapia-
Tussell 34218, 4325 B 227G AF () B 12 B Bm-2 5 HR7E LL10% (V7
V) WREA S, MANE RIS Pk F)2 543.7 U/mL P9, g5 5k
M, NEIE . RIFP=wE A, RIS A Em K22 R
DRI, AN W O e e 7 T i L A L R B 3

TR A 2 0H, 203 3 W X Ak T g k) 4 1 2 18 4 2 e
P ELA R B B A% R Y. AR 9T, BUA-OLE R XK SC 8
WA L PP AT R AR SR TR B A R0 SR 3, 68 2R 43 331 4 98.64%
93.36%741190.25%. CoutoZE AR IE, T hirsutafr24 hist X &
YLkl (SSB 4GLAIDC NBS) AL A ZAE80%LA R, 5572 hitf X}
R YLk (Methyl Orange) 4 (5,22 81.4% ) LevinZs
i, T trogii B 7E 24 h¥HH & YL Bl Methyl Orange#il Xylidine
T R i 2243 IR 75%196% BT 46, Pleurotus sajor-cajui
i o 28 Y4 Bl Reactive Black 57536 hilsf % i (5, 22 84.4% BF.
A I HEH, BUA-OLE & L AN A i A e T B A R 4 i ekt
Wt R, FLAl Ak YA T ok 5 B A R U, X PR Gk}
VoYL R i, B B I B 3 SORI Y, FH AN (A

Zf b, ARHF G T O e e A IR AR, RN E
WeTd (T hirsuta) , JEREAT TR IR AT . CuP SR AN =B RE 1Y
SO, A R % T OGT A R e e o Sk SRR 5, S BUA-OLE
IR SR HBEE T 3L
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