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Due to the low biodegradability of dyes, conventional biological wastewater treatment systems are inefficient in treating dye
wastewater. Various white-rot fungi were investigated for the decolorization of six industrial dyes (reactive blue 5, reactive
blue 16, reactive black 5, acid black 52, reactive orange 16, and acid violet 43). Among ten fungi, T. versicolor KCTC
16781 was selected as a testing strain because this had the best performance of decolorization for six dyes from the results
of the solid culture experiments. In liquid culture medium, T. versicolor KCTC 16781 decolorized over 96% of six dyes for
48 hrs. Laccase started to produce in the early stage of the culture, and showed the highest peak value of 2.3 U/mL in 24
hrs. Enzyme activity remained constant until the end of culture. Fungal decolorization is a promising alternative to replace or
supplement present treatment process.
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versicolor, Funalia trogii, Aspergillus niger, Pleuteous ostrea
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(LiP; E.C.1.11.1.14), Mn(T)-dependent peroxidase (MnP;
E.C.1.11.1.13), laccase (p-diphenol oxdase; E.C.1.10.3) %o]
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crassa KCCM 60456, T. versicolor ATCC 12679, P.
ostreatus ATCC 34675, P. ostreatus ATCC 9427, Sclerotium
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Aut A8AS AAHA] (PDB, potato dextrose broth)o]]
A 4d7r wiksla, gAstE Fugs dE7] (Nissei
AM-8 homogenizer, Japan)E ©]8-&¢] 2000 rpmojl A 15%7
AT F, 10%E FF3te] 28°C, 100 rpmol A ZI&h)
o3ttt AMEE WAL 5 g/l glucose, 022 g/L
ammonium tartarate, 0.2 gfL KH,PO; 0.05 g/L MgSO, -
TH20, 001 g/L CaCl,, 1 mg/L thiamine¥} 10 mL trace
elements$ 2™, A ¢] pHE 2,2-dimethyl succinic acidZ ©]
231 452 Z43FrH20). Trace elements®] AFE-2 0.08
g/L CuSOs 005 gL HMoO. 007 gL MnSO, - 4H,0,
0.043 g/L ZnSO, - TH,0¢} 0.05 g/L Fex(SO.): %At
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Figure 1. Chemical structure of six dyes: (A) reactive blue 19, (B)
reactive blue 49, (C) reactive black 5, (D) acid black 52, (E)
reactive orange 16, and (F) acid violet 43.
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& RE 989 4ng REHoZ AAGLen, 59, P
chrysosporium KCCM 60256 reactive blue 499} reactive
black 59} A& $#A3 AAAAG N. crassa KCTC 6124
3} N. crassa KCCM 60456< redctive blue 49, reactive black
59} acid black 52 989 MxE FEAoZ AA}H T
versicolor KCTC 16781& 671#]9} 982 t}2 9% TF
o Mwdle Mx2 o afFo AASGLY, Y 10Y
o] Ad FolE BE @R AEE #HF AAAMNFL T
versicolor 126792 79, reactive black 58 A3l thE
gzel AEg BEH E AAHeE AANIT Le,
P. ostreatus ATCC 94273} S. rolfsill ATCC 200224+= UjH
Fo dgd izt dzAALe] Wttt 1059 #F &, 2
E dgg agRozm B udEA oF T versicolor
KCTC 167815 At &0 Ogdt BaAFTHR F484
s2 2SR AN AP s

Table 1. Dye decolorization by ten fungi by the solid culture
experiments

Decolorization
Acid Reactive Acid

Strains Reactive Reactive Reactive )
blue 19 bluc 49 black 5 Pisk omnge Vil

N. crassa KCTC 6124 + + + + R _
P. chrysosporium
KCTC 6147 * * st *
T. versicolor
KCTC 16781 +++ + +++ o+ 4t +++
P. chrysosporium
KCCM 60256 + +4+ +4+4 + + +
A. niger KCCM 60317 - - - - - -
N. crassa
KCCM 60456 * * + - -
T. versicolor
ATCC 12679 * * - FF A
P. ostreatus
ATCC 34675 * * - * ++
P. ostreatus ) } )
ATCC 9427
S. rolfsii } A i i i i
ATCC 200224

“"Complete decolorization within 10 days, ““Complete decolorization
within 15 days, "Partial decolorization, and No decolorization

Table 2. Decolorization rate with and without homogenizing
pretreatment

Pellet type Homogenizing type
arameters — —
Dyes Decol(o;)zatlon Final pH Decol(c:;)zatlon Final pH
Reactive yellow 60.2 4.04 88.3 4.30
Reactive red 77.1 355 99.1 4.03
Dispersed yellow 86.4 4.12 90.1 4.19

THEA AAEF AR AL A e S FAs]
A T. versicolor KCTC 167818 4] 2ol A v kat &
TA3E TNGFHE FET B A (pelley) Feo} F
W FEe Ao F /A FHd 0 AxAAS
S Hl@Ete] Table 2o JehAch A #HF pHe
401052 & Aol7t fideH, M=AALY B, TF
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167819 Zzle} Fdsl dAY gL 53 4& A7E &
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EAT SAEHEE 39357) Yot FAEA NN ARA
A 2B a3t} tEFGH= FES) reactive blue 199

reactive blue 499 M A A&y} EAHA-E Fig 29] e
t}. Reactive blue 199} reactive blue 49+ 34 =7
o Hdzgo] Zkzk 594 nme} 586 nm{th. T @8
5 Hfek 8AIZE o] ME7t A3 AR oH, #F9
4771708t laccased] Aito] AFES FAFAY. T,
Reactive blue 199} reactive blue 49% H]%F 8A]7F o]fjd
80% o]t Mm7} AAHUL, 8A)1ZF o]F FolYW FEE
A A8 AAE ] 1643 o]F MEA A& 93% =Zat
S9t}. Reactive blue 199] Ea|Ad A GAEAL 52470
Hd) #<d 25 UmLE eRRIOH, AlZke] FHstodE &
2848 HA3ATt. Reactive blue 49 EajAFoxe
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UmLol =gy, iy FRAAZA £4843¢] F3H
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Figure 2. Decolorization and laccase activity of (A) reactive blue 19 and
(B) reactive blue 49 by T. versicolor KCTC 16781 (@: decolorization,
M laccase activity).
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Figure 3. Decolorization and laccase activity of (A) reactive black 5 and (C) acid black 52, and absorption spectra of (B) reactive black 5 and (D) acid
black 52 by T. versicolor KCTC 16781 (@: decolorization, H: laccase activity).
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Reactive black 5% o}Z 4], acid black 32+ S5344 +
ZE 7HE g30lH, Tzt digty Ajzte] wE AmA
Ag, AzAA 28 2 Z2EHE Fg 3o veEd
T} Reactive blue 192} reactive blue 49¥ Al7to] Ao} o
2 Bl Ao] AlepAiHA dAsiA AA=Ee HHE,
reactive black 59} acid black 32 &o] AolHE AL B
Slch. Reactive black 59] 4% Ago|A], 600 nme] Hojsa
o] wieF 8A17h, 16A17kel} Z2h 556 nmo} 524 nmE ol
Row, Wit 16413 olFfE Holddd gast wEA B
A=EA 3 600 nmol M) FHET} 0o HIeHAr) FH
gl 600 ol e FHE HHERRH ALY QXA
&L F484 BHop, o] pdiAdoz gale A
Al ZaE veretgch ek wieF 2443 o]F o 2
WA A AR HA AxAAE] 10%9) ZESHA
Acid black 52 =3 Hujubge] A7} wid 8AZF ol 568
nmo Al 522 nmZ Fol=Sith o}Hd HujwAe] Hg R
H 4987l & 2DERE EEd A& ¢ F Y9k
Geotrichum sp. CCMIL 10197F )] 2|38k reactive black 52 44
SAANME B A7 AR fAbebA FA9 Ao
o] olFaPer], & A& ue njAY FHEHo] 44
g 7437 Rag 8 dok23).

Reactive black 59 a4 gc)r, MEAAEEL %7 8A
7hgbof ok 80%, 24A17Yell 99%0) Rl WE AALEEE
Bk 52848 FAHLE Fristed 3243 Hulg
(23 UmLyd] 2%k &, 1.8 UmLo)A 2.0 UmL Aloj9] n)
0g AAEARE W¥IE gtk Acid black 5294 RajaH )
Me yhe 27jo) 60%e] HAEAALAM MME] Frleho
4821740 e} A AE 98%o) =Tt Reactive black 59ff
vg) dxAA v AR =3on, ZLAgEE & F
olglo] 32A17F ¥hE- & 2.5 UmLE Jehiigin)

e =42 acid violet 433} o}F A reactive orange 16
9] Akl M2 MTAALEH FAEAHS Fg 4o YERIR
. F d5d 2] 932 dizHA AL HARh
Acid violet 439] 2R = HFEFE AEAA S27} o)
¢ wg. o) FWYoll BB He ¥ B4} acid
violet 438} AEA A Fzezl JYL v E Ty
™, acid violet 438 T}E HZo} vig HL F2BHEEET
B AA ghgo] gl dole AE ¢ & Uk e
reactive orange 16 £7] ¥-3&%7} eln, M3 487}
BHEHE AYE Bk oE dEES AT 1643
ol Al 90% oPFel MrAALE BAFG o], reactive
orange 16& ML A A Fo] 8AIG) 22%, 16417 o) 45%H A,
242 7ko] 90%E el Ak

Yomng# Yu= 7. versicolorZ AMRalel gz MxAgA
of Wt A4E sy, indigo caramine (92.8%),
reactive blue 15 (914%), acid violet 7 (12.4%), reactive
black 5 (11.3%), acid green 27 (0.2%)2) #-% %3t £33
e HoFSu17). Indige caramines} reactive blue 15&
90% olde MzAAL EEsr] A 9do] AREHY
3, 4R dgEs 99 ¢o|FL 20% ity W MTAAE
& Byt E3, reactive black 59 7A$, B dAFME wf
G 39 ohfiof AT A ARl 100%9] =3t ¥, Youngi}
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Figure 4. Decolorization and laccase activity of (A) reactive orange 16
and (B) acid violet 43 by 7. versicolor KCTC 16781 (@: decolorization,
B laccase activity).
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