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Biodegradation of aromatic dyes and bisphenol A
by Trametes hirsuta (Wulfen) Pilat

Kyung-Hoan Im, Seung-A Baek, Jae-hyuk Choi, and Tae-Soo Lee*

Division of Life Sciences, Incheon National University, (Songdo-dong) 119 Academy-ro, Yeonsu-gu, Incheon, Korea

ABSTRACT: Trametes hirsuta, a white rot fungus, exhibits the ability to degrade synthetic aromatic dyes such as congo red (CR),
methylene blue (MB), crystal violet (CV), and remazol brilliant blue R (RBBR). The mycelia of T. hirsuta degraded RBBR and CR
more efficiently than CV and MB in the PDB liquid medium (supplemented with 0.01% 4 aromatic dyes). In these mycelia the
activities of three ligninolytic enzymes—Ilaccase, manganese peroxidase (MnP), and lignin peroxidase (LiP)—were observed.
Among these, laccase was identified to be the major enzyme responsible for the degradation of the four aromatic dyes. The
degradation of bisphenol A was also investigated by culturing the mycelia of T. hirsuta in YMG medium supplemented with 100
ppm bisphenol A. The mycelia of T. hirsuta were found to degrade bisphenol A by 71.3, 95.3, and 100 % within incubation
periods of 12, 24, and 36 hr, respectively. These mycelia also showed ligninolytic enzyme-like activities including those similar to
laccase, MnP, and LiP Therefore, these results indicate that T. hirsuta could emerge as a potential tool for the remediation of
environmental contamination by aromatic dyes and bisphenol A.
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TEEQ AEERAF fARel] ol AFsH A4z E
B AEZAT FARE Xﬁ‘%e 2do7]7] wzol W]
A ag=dE S5H0] vk 53] HAdE As 949
A2 75 A2ATIAG OEW-@F Z#fske 54 £AE oF
718 g o] HAEE o8-8l AASkE 71&e] Ade] F
=5 W7 9t} (Vijayalakshmi ef al., 2018).

gade AEZ oA FuAER @ A9} T AEAS
doke AR T 7P B2 HISS ARG e R =
Qo). e AEe] AEHo] Yo EAlsn AR
29} FnAEZ ¢ A 710 HEA AL sl AR 279
sk ATAS fASheE 2 B T ohe] vy
ol 93l o= A GAS 2kl QlojA] AlEo] Ag_%o]___
] 523k A%t} (Monties and Fukushima, 2001).

2 2de el 5] o Zalvt ofEE
el shetEelu A Mdf{ 5 2lad 28 a4
AYrrsle WA Satol] el Eafi7f §ol3k How By

%o} At} (Kirk and Farrell, 1987). WA 53551 (white rot
fungi)o] A= Blad Es] @io= 3A laccase,
lignin-peroxidase (LiP), manganese-peroxidase (MnP) &
o] lom ol upgt Aitsls T TR S &
zZpolE Holal Qltk, AR to] B E FEATE F
Ao AR S o] o] A AdRE VAT YAY =
= BT 2 vl et %1? ol Zpol7}t 7171
ol WAYRI-S of&3] FAHTY HT=ES &
&2 o8 Zafetr] flsixe 1‘: ARG gto] AYrksh=
g #al 840 SR 24 A setalor &
Z ool At} (Bumpus ef al., 1985).

PGS AR} 2wlE AT WARTRo o8] e
7} 7bsd Ae olF Fol AARE Fad Bal Tk
1850 do] Bade B s shalrast Ak
Y= AR} W2wE AS BT 5 97wl
(Field et al., 1993). H]|2=¥= A= 2O 300 ppm7FA] 5

ol gal =t WAjep A zto] A 8] gl7] wfEell &<t
E—E A AFE Flek= Aol oH Y olF gRlsl]
3]4= HPLC, GC-Mass Bz WA oFS o] &3] 3%
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mebs 2 AFolM e HU S ATl BE
U o] WARZF 75 FoA A7 WIS d5
o} HzdHE AS Eaddol ol 8HA B AFEH
A (T hirsuta) 4F5 Adsle] 4572 A59} v
= A9 &al 7FsAdell diall ZAFstaL Bgk o] w57t A
sl glad #all 4] SR ST WIS 98
of H]&Hs A9 afo] oW Xpolet TS YEh=A
o] tair = AT

Mz 3 S8

=3 ¥ Hjt=A

2 A AREE WARSA] SAFEHA (Trametes
hirsuta (Wulfen) Pilat, TUM 5925)¢] #AK| = Atk
o] WAl A ERTh. E -2 5= potato
dextrose agar (PDA) BiX|ol|4] 77F 25°ColA] & w3k
T AE ALE A 7ER] 4°Ce] YA are| BaksliTt.

ALE gE2t HIAHE A

B A= azoAl YE2! congo red (CR), heterocyclicAl
Y52l methylene blue (MB), triphenylmethane”] HE<!
crystal violet (CV), anthraquinoneZl @E<%1 remazol
brilliant blue R (RBBR) 5 4%2] &sl4uA] ek o
o} v&ds ASARESIlT o] HES H&HE A
= &5 Sigma-Aldrich (St. Louis, MO, USA)AFellA] -
ekt

A HiX|ofl M2 Pzl EMY

A wiRA FFEHA o3t dEe] gAle
Jayasinghe et al. (2008)2] WHe| we} s siqlct. 3+
WA #AFE PDA iR ellA] 7U7F 25°CE vl kst
A7 5mm2] cork borerE AREsh] Hdsia #Z}
0.01%°] ¥E7F 71E PDA wiA¢] 4 Y
25°CollA 10€7E wiekshax v 29 ZHAC R FAMA|7}
738k 217 (mycelia diameter, MD)3} Q&7 €41 2]
73 (decolorizing diameter, DD)2 mm T E A3
o} 9859 & 582 decolorization index (DD)ZE e}
Y213 DI= DDE DMO. 2 e 3t (DI = DD/DM)S.&
FAIBHATE ZHhe] A2 43St

oA HHX|GIM 2| P =2l Falf

Z}2} 4350 HE7F e AR oA JLEHA FA
Aol 28k A7 2] Eal= Jayasinghe er al (2008)2] HIH-S
TSt Y319t SO0mL 832 conical tubedll PDB
20 mLE %2 5 PDACIA 7L7F vkt Z42ko] #AAIE
cork borerZ A3t F 4712 #AA discE PDB 2A|uiX]
oA 1047 A vt & 24z} 20 mLe] 0.02% HE7FE



¥ 20 mLe] PDB HIA| & 7}l SEE 0.01%= =4
Sk & 1047k vieFstT). w29 7FH S =2 conical tubel] €]
it Herd IS o] &5l 2 mLA 7 F 94
715 o]&all 4,000 ppmOE 4°ColA] 387F 94 Bt
S Fotd 7t A9 HNFTTI (e A)ONA T2
S5 4HEsle] 254319t CR, MB, CV, RBBR & 9%
7}z} ol AR HFTupdl 497
, = o]&3litt. 7] 95
el &2 thao] 25 o]-&al it

AR Bl (%) = (A, — A)YA, x 100

A, A0 HUFFIgA o] FHE
ISR ERELESS R RS
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2|ad 2| &y &3

4%0] A5} v 2uE A7F Z42F ShrE AR oA 2
TN A7 AR Blad BelEae] E4S =
A3sl7] $180 50 mL &3<€] conical tubeol] ZFZF 20 mLe]
PDB®} YMG HIXE 92 < 5 mm 2739 S+EHA o+
AR disc 4715 HET 5 10278 25°ColA] o mjs &
727} 0.02%°] 4%FF F571 ¥ 20mLe] PDB i &}
200 ppm®] H|2HE A7F $HE YMG ¥iA] 20 mLE F7}
2 H7tete] vttt 459 955 3E3 PDB wiA=
HF 0, 0.5Y, 19, 34, 4%, 6, 8, 104 & ujgH 2
mLE E+vd FBOo=E Hala U4l FEste] el &
I w S 2451300} (Jayasinghe ef al., 2008).

gad Eslaie] €4x JEe vRsb] flgh
standard curveE 12]7] 93 Bradford WHE o] &35k o
WA 7S S8Y3tt (Bradford, 1976). 1 mg/mL2]
bovine serum albumin (BSA; Sigma-Aldrich, St. Louis,
MO, USA)S o]&35te] AZof shfd o d s mg &
= SA3HA ol ah o] A ARESIAT
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Laccase®] &49] =42 Hong (2010)2] WS we}
Y313t} 2,2 -azino-bis-(3-ethylbenzothiazoline-6-sulfonic
acid) (ABTS; g, = 36,000 M'cm)Z 7|2 & ARR-31
0.2 M lactate buffer (pH 4.5) 850 pLell ABTSE 50 pL
HAA WYAE 100 pL H7HE & AFolA 387 kg
A7l & 420 nmoA] EFEE =AU 1 unite 18
FoF 2katE ABTSS] % (umol)o 2 A &3kt

Laccase activity (unit/mg) =

[AAbsorbance x 10°x Total volume (L)]
/ [ATime (Min) x g,,,x Sample weight (mg)]
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Manganese peroxidase (MnP)<] €352 Hong (2010)]
WS wet 7)dE 2,2¢azino-bis-(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS; &, = 36,000 M'cm)Z AH-3}5]
T} [23]. 0.2 M lactate buffer (pH 4.5) 800uLel ABTS
50 pLet 6 mM MnSO, 33 pL, HiFd 100 uLE ¥
0.1 mM2] H,0,5 17 uL 7t 2ol 3087 vt
SAIZ F, 420 nmolA FFEE SASATE 1 unit 1
T 5} ARskE ABTSS] % (umol)o.2 4] sttt

MnP activity (unit/mg) =
AAbsorbancex10°xTotal volume (L)
/ [ATime (Min)*gg,*Sample weight (mg)]

Lignin peroxidase (LiP)2] €4 =42 DeSouza-Ticlo
(2008)2] ol wel Tk 71Fel veratryl
alcohol®] H,0,°l ]3] 4F3}=] o] veratrylaldehyde (g5, =
9,300 M'em)7t He A=ES 2434t 125 mM d-
tartaric acid buffer (pH 2.5) 400 pL2} 40 mM veratryl
alcohol 50 pL, H,0, 50 uLE 43S o} w500 uL
£ 92 A5 AdeolA 107 ¥HAI $2] 310 nmoll
Aol T3 xpolE H|wEATE 1 unit 1527F AAE
AekE (umol)e] Fo= Aosiitt.

LiP activity (unit/mg) =
[AAbsorbance x 10°x Total volume (L)]
/ [ATime (Min) X &;,, % Sample weight (mg)]

HIAHE A &7/ IOX siX|0lIM2] ZAMN| 4

H|2dE AE PDA #iA|el 2k} 0, 25, 50, 100, 200
ppme] =2 H7FSIAL Eaidt § PDACIM 7Y A%
S mm A7 FAK discE A2 U4E FEO| H|AHE
A7} SRR platee] A S HESIL 25°CAA 10¢
7¢ wjeFshE A A gAR AAS ) 2 7HEHow
mm T E Sg3te] H|2HE AL FE zpold] mE 7}
7ko] AL S ARSI oW A2 49HESH T

X HHX[Ol M| HIAHIE A2 28l

HlAwE AZF S8 AR A SFFH ALY AL
A7t v &HE AE Follshs A3 yeast extract-malt
extract-glucose (YMG) 8IX|& o]&3l 33Tt 50
mL £32] conical tubed] YMGE 20 mLE ¥ 7¢7¢
YMG agar HiR]ol| A wjk3t 5 mm 273 2] STFEAl &
A NS FESte] 10497 A kst & vizsE AV}
200 ppm -FE 20 mLe] YMG A S H7}5te] ujj
o] FEE 100 ppm o2 23 5 447k vt )
29&E AE 718 0 hr, 12 hr, 24 hr, 36 hr 48 hr $ 2
mL2] v FHale] YRE7I=Z 4°CollA 4,000 rpm S
2 387 A4 2Es & A4S sl EANER AR
SIATh Al ShHrEo = B2wlE Al e e
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Fig. 1. Standard curve of bisphenol A based on the
spectrophotometric determination.

160 uLoll 2201 1% FeCly,-6H,09F 1% K. Fe(CN), 5%
S-S 40 pL (4:1) B3 30°ColA SEZF wheA 7 &
50 mM®] HCIE 10 pL 71l ¥H-8-& AR & 233
%A (Optizen 2120 UV, Daejeon, Korea)S ©]&3}]
750 nmol|A SBEE S5 on Zh7te] AE-e 4k
SHATH (Kum et al., 2007). Al5o) g8 v 25E A9
A BRYLAZE 750 nm SFEolM A 3sle] 24
gk v v A RS o] &8l AT (Fig, 1).
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TH| BHX|OflM iz 0| By

AE7F e PDA AR A ATENA FAR
o) A4 Yrel @A A7E Table 19] HAISIS
BE FfolA % PDA wiAclxe] #AH A HE

vy
juics

8d ¥ petri dish o] BiX]E 2F A& 89 mm= L}E}
WOl CR H7F iRl HE 22U S Al #kst
o] HE 10¥ Fole 88.3 mm 714 A 4FHE g
kA &2 vl M3 ARAIL] Aol A& = ATt
CR #H7}F vix]e] &2 HF 4 o|FHE HEF|of H
< 10 o= wjAe] ¥ CRe] €€ 27 (DD)
o] 81.5 mm=z DI #o] 0.928 Jeh} FAM7F A3
27 E d5Ut gAaERE Bihe AoE YRt
MB #7} #iA]oA FARE HE 4U F FHo] 16.8
mmE 2o o] =g ow vig 104 Fol= A
Z]730] 68.3 mm= YERY} viR|el] Hi-E MBO| H4J0]
AR ] AFS Aget B o= Wtk 53] viF 10
$ MBO] g2 AR ] A (68.3 mm)ol HIS| A|3)
237 B 3A YeRY @AE A70] 37.3 mm=E SH 5
o] D7} 0.542 FAIS 4579 95 & @& 7MY
worth CV7E 8 iRl SrEHAL FAAIE
AZE 109 F FAo] 65.5 mmE A HYL SAE FA
% 65.5 mm=E AR S] RS A A 2 GAlE 2ol o
28l DI el 1.022 Yepstl. webx cvzE 7k o
Ao BFguAle] FA A MBE T3 HijA|
of vlal 27 AZ3IA T G- 1.0 YERY MBol
Hlg] CVE a8&402 ZAANYE Zo=z el
RBBR 957} 71 PDA viA|olA] wjek 2 SRE #
AR 2] AJ7go] AlEbElo] Wik 6, 8, 10Y T AR 2
7ol Z}7t 71.5 mm, 88.3 mm, 89 mmo] =2a] A&
AR 4F72] 9B iR FoA AR St P wE
A vebten, 57 GaE A4 712 74.5 mm, 89
mm, 89 mmZ EA&0] 717} 1.04, 1.01, 1.022 7HF
ZolA FAIS 4579 98 T gEo] 7P =94t

Table 1. Decolorization of aromatic dyes on the solid medium by Trametes hirsuta

Days of culture on solid medium

Dye
0 2 4 6 8 10

MD 5 6.9 345 68 78.5 88.3

CR DD 0 0 28.8 59.5 70.5 81.5

DI 0 0 0.84 0.88 0.9 0.92

MD 5 5.5 16.8 40.5 53.5 68.3

MB DD 0 0 6.8 17.5 28.5 37.3

DI 0 0 0.41 0.43 0.45 0.54

MD 5 5.8 14.8 37.3 50.8 65.5

Ccv DD 0 0 12.8 36.8 50.5 65.5
DI 0 0 0.86 0.99 0.99 1

MD 5 7 37.5 71.5 88.3 89.0

RBBR DD 0 0 36.3 74.5 89.0 89.0
DI 0 0 0.97 1.04 1.01 1

MD; Mycelial diameter, DD; Decolorization diameter, DI; Decolorization index = DD/MD. The mycelial diameter and decolorization diameter

were measured for 10 days (mm, n=4)



wEhA] 2 A AFEHAY] dARIE FAIE 4
Fo] 9% % RBBR 98E 7F¢ §87o= 2N
592 CR, CV, MB 54| 02 9485 SA7|=
° 2 Ueht. 53] MB uiR|oA FARS] B2 CV
Hix]e] vl g wskou gl (D)2 CVe 190 vl
0.54% B2 2 AFEHA A7 MB H 71 uiA ol A
Hj2] Wlel] Zolgle MB 54< F8) =2 ulijA] HA
AFeaA wjA] Lo 7 JAR 9L Blad Eeljaae] IF
7F A= o] MBS g0 Aajd Ao g AtEET

ORI

HHEHX| G =2 2ol

FE7F $HTE PDB A iAol A SFFHAS] A
7 1097 4572 95E st A& Fig 29 EAIs)
AT G871 g% PDB HiA|oA S FEMAL] dARAIE
HE 2 HAole 489 ®3lE A A Lpet HE 2
& Zofl= CRO] 41.5%, MB7} 15.5%, CV7} 35.5%, RBBR
o] 46% F3N=EAL HE 44 Fol= CR] 63.3%, MB7}
21.3%, CV©] 45.3%, RBBR®| 96.3%7}#] #aj=o] 315
WA FARS] 98 Ealleo] Z2 vl = vig- weE
Aoz YePdth 28y HE 4U FHE= ZE 989 &
&t A2 Faslr] ARkl JE 10€ Fol= CRO|
81.3%, MB7} 35.3%, CV7} 69.5%, RBBR®] 100% &} =]
o] CRZ} RBBRS A|9|5la+= H59] H3ll&o] Jiaoz
srorth. ARl SFEHAS] AR5 e A
AoMe] A5 Bal&3} viR7A|2 RBBRE] H3&o] 7t
A wsly §8%o|lom o2 CR, CV, MB 59 94

-

Activity (U/mg)

Time (day)
|1 —e~Laccase
0.25 4
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0.15 4

Activity (U/mg)

0.10 4
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Fig. 2. Decolorization of aromatic dyes in PDB medium
containing 0.01% aromatic dyes by Trametes hirsuta. CR
(congo red), MB (methylene blue), CV (crystal violet), RBBR
(remazol brilliant blue R). Results are means +SD (n=4).

B o7 yiglt}, o]9} 7to] RBBR¥ CR 52] Ea)&0]
CVY MBOl Hl&l] 2 AL o8 d8E 35402 BF
WAl 72 E Zky Qe eHEdo|A|nt 31ekH ol o) Wl
Aarg]e] 522} Foll 2]zt o] AEA] tlgt 54 53]
A& gk EAdo) & ztelE Yehdithe Harel fAalst
A= VeI (Gu ef al, 2012). WA wjAEd]] T3t
E7d0] 73St MB HiA oA SITEMAL FARA L] Age] A
=3 Bl = Wolk = At vehd A o= AlEHT

o2
L

2 7 HAuixofM 21O Balss 2

ATENAS RS 43R 98 47 A
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w
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Fig. 3. Ligninolytic enzyme activities of Trametes hirsuta in PDB medium containing 0.01% aromatic dyes. MnP; manganese
peroxidase, LiP; lignin peroxidase. A; CR (congo red), B; MB (methylene blue), C; CV (crystal violet), D; RBBR (remazol

brilliant blue R). Results are means + SD (n=4).
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PDB A wlj=]ol| A ujeFste] vizlel AdE 2l2d
'8 4L Fig. 3¢ FAI8HATH CRo] H7H wjA]ol
A FARI7E AR laccased] BAEE MY TdoE=
0.03 U/mgo 2 Woou} v 2 7Y A&H0R F
71ste] wieF 1099lE 0.27 Umgl 2 Z713819th. LiPE
AE FhollE 24571 0.02 Umgl 2 Wgkon} ik |
o A= 0.03 U/mgelAaL wiYF 10¥€ Aol= 0.12 U/mg
o7 Z7FsIdth 28y MnPe FAEE wlY 102 A
o= 0.09 Umge YERN laccase2] & =0l Bls| zhzt
33.3%0° A4 w9 wokth. MBrE H7EE wfR]olA
laccase®] SAE= HE 2710l 0.03 Umge = SHekA| vk
wjek 717kl vlgisl S7ksked 109 Aole SAE7} 0.23
U/mgl 2 =olMt}. LiP2} MnP: W Z7]o= 22}
0.01 U/mg3 0.02 UmgS 2 AT} uf-¢- kx| v vl
& 104 Aol 0.08 Umg 0.12 Umgl 2 7= o]
Hj<F 717ko] S me} ol5 &Ae] AEE FUtst
= FAIE EAth. CV7E FA71HE v oA laccase] €43
T 10d Aol 0.24 Umgo 2 == Stt. LiP2t MnP
gae] == Y 102 A 0.11 Umga 0.12 U/mg
< YERN wieF 2719 v E=rF Zhz 22009 6l
7}8l Tk, RBBRo] A 7FE HiA| oA laccased] BAE
e 2719 & 959 FAFSE 0.03 Umge = 5%
A1E w717k Al&GEEA 109 Al EdEE=
/mgl 2 Folxth. LiP9t MnPE vl 27]¢] &
FzF 0.02 U/mg# 0.04 U/mgO & Sokon} ujek
1= 0.14 U/mg 0.12 Umge = Yeh} ujek
o} ol wie} S wrt F7tshes A4S EAth.

2 AN AFEHAY] FARIZE CR, CV, MB,
RBBR ¢ 98 A o)A AAket laccase, LiP,
MnP 5 3579 #lad Eajaite] S laccase”}
= SA SRS w77 Sotgel mEF a4
o] GHEE AEHH O Z Frtshe FAIE YERN AT vl
%717+ & 249 LiPY A EE laccasedl] B3] AThZ
o2 YT MnP2| Aol BlsiME AiHoR =
Tk, Baek e al. (2015) o <8t SFEHAR} 12
& &dl= FEHA (Trametes versicolor) dA S
anthracene= 713 PDB vl X ol| A v &35t3S wf LiPe]
o] SRIER] Zobx| FEMA L] 9 laccase$t MnP
e o] &3l A5 Esl7t 7Fedtial Bkl 2
Ao e el 35/ Blad Balaas =
T ALshs 2102 Hol LA Hobe 98 #3550l
T Ao R AR E
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Fig. 4. Mycelial growth of Trametes hirsuta on PDA medium
containing different concentrations of bisphenol A. Results are
means = SD (n=4).

HIAHE A &% OHEIX| oA ZAR] ME

H|2HE A F57F 0, 25, 50, 100, 200 ppm SH+-%
PDA petri dishollA] SLEHA L] F#AAIE HE3t 10
FujekslHA] vl 2 7HH o2 A AR 9] A
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Fig. 5. Degradation of 100 ppm bisphenol A by Trametes
hirsuta in YMG medium. Results are means + SD (n=4).

H YMG HA| viA]of] HEste] 24417 vl ¥
ZAFSE A3, 247F 100%, 11.8% w8ll=e Ae
o 71AZFHAE laccase, MnP, LiP 5 39
B5 A o Ajdo]= laccase®} MnP &4
st ot LiPe] €442 AL YehA] %o} ol
laccase®} MnP7} H]|2=3& Al Ealo] T3 IS
= 849 Ao F RIS et v AuE Al E
o= laccase®] ¥t o] T8 JTE slaL o]9d
MnP7} BZ2AQl 95 sh= AS=E HIE}It. Kang
et al. (2008)> FEHA FAE 50 ppm] H|=FE A
7F BHFE YMG A s el A v Fste] HlAdE A9
alEs A A, ml 12417F F 100% H3llst e
™ laccase®} MnP2| &2 =4 YEl oY Lipe] €4
2 AR Utk Bsiith. 2 AN E STE
HAlo] wE AJ7F Yol Hl2dE AS g3Fo g BaE
I ARH AL o] WAl9] laccase, MnP, LiP 5 3Z7F¢
BAE Ao 2 gladoy o9 fAE HlATE
AE F3lske ol AsadsE d F UE Ao Asd
t} (Hatakka, 1994).

o

ot M

fof O ot

Sx oz B O e

il
L o lo > o 3@ wlo

{
of

HIAHE A &7 HHEiX0AM 2|OY 2ales g

ITEWALY] FAAIE B 2HE A7 100 ppm T
YMG A wijA|el|A] vl eFate] wizle] AdE 2lad &
shaiol &AS Fig. 60l AT, A7 ket
laccase?] S TE W Fdol= 0.03 Umgel Ao uf
& 29 F (0.15 Umg) FEE A&H o2 Z7tsle] e
1020l 0.23 Umgl & Z7FeI3it}. LiPe HE 2=
FAE7} 0.02 Umgelot v 19 4 0.03 U/mg, ®i
% 109 AE 0.13 Umgle 2 Z7Fstitt. 181 MnP<]
S EE w1 102 AolE 0.09 Umgs LFERN laccase?]
Ao vl ZA Wk Lipol HlsiME 27 9odTh

Wb laccase, MnP, LiP &4¢] A& ujekr|7ko)
st wet Hap Frshs FAE vEpier S449
2o Hal §49] % laccase’} 7 =3 THEo®
LiP2} MnP &0 & LeRsiTH

ok ok

Sl o Wk dRst viadlE Al #3253
0.30 -
—e—Laccase
0.25 { —O—MnP
g —&—LP
5 0.20 4
=
B s
z 0.15
-
* 010 A
0.05
0.00 + T T T T T
0 0.5 1 2 3 4 5
Time (day)

Fig. 6. Ligninolytic enzyme activities of Trametes hirsuta in
YMG medium containing 100 ppm bisphenol A. Results are
means *+ SD (n=4).
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