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Decoloration of Polycyclic Aromatic Dyes by Mushroom Fungi
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ABSTRACT: As waste-water disposal plants and oxidative biodegradation for the removal of waste polyaromatic
dyes are proved to be ineffective due to the chemical stability of dyes, we studied various strains of mushroom
fungi for the removal of these dyes. 100 fungi were isolated from the mushroom samples of 230 species collected
in Korea. The growth medium containing a dye (Bromophenol Blue, Congo Red, or Methylene Blue) was inoculated
to 10% and incubated for 7 days without shaking. The six strains which removed dyes effectively were selected
for further studies with respect to removal of polycyclic aromatic dyes. For all strains, the rate of decoloration
of dyes was increasing with Methylene Blue, Bromophenol Blue and Congo Red. The rate of decoloration was
higher with stationary culture than with shaking culture. Adsorption of the dyes was the highest with Congo Red.
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A8E AH(Gupta er al, 1992), 7152 (Kabadasil
et al., 1999), AAAHA (Ivanov ef al., 1996), F(lightyt
1 (Wagenr and Lindsey, 1996), =32 (Scarpi et al.,
1998) & e 2ofell AH-HEH, AL 988 SA sk
81(Morgan-Sagastume et al.,, 1997 H A2 A]A
(Hsu and Chiang, 1997)2] &2 ZAlSH7| = St}

FAHEE setH o ofF tiefsi, AYPH o R A}

He 8= ok, dEE, &, v, E¥Er
€ (triphenylemthyl), XZ®ZA]o}d (phthalocyanine) %=

A Tol dom o]Fd otk AR}t /MF &3] ARSHT
(Forgacs et al., 2004).

A AR AAtEE i AEs 2 dEHAA
SFUARE A7F 10,0002 o) doletal A= AL Ut o]
A5 FollA 34 £o2 WUEHE 59 &l Ui A
3k HlolEE QUIAITF AYAF Aol 1-2%, AR A 1-10%7}
SAEE Aoz ke 9tk (Forgacs et al., 2004).

e AL Al o] & Ao FEEE SILHS op]
skar Azhet A7F 1ol Har Qo ol FAE HAA
7171 91t $Ez1s14Q1 7S st dE5E AA
st 8ol Al&E Al th(Desphande, 2001). 2121
AFAQ AFAAI LS dE5e] Hdl ol vl & &3 o]
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o, o2 7 Aol £l 7t HA & AT
7} o} R EcH(Shaul e al., 1991).

HES AAS] s IS FF, Ry skE
& 2, vAlEolY 345 o8F E8l7t lk(Hao
et al., 2000). S H = gA7|REe] EI|XA A 1
9] & FINARAAE A& Z-9-2HRoy ef al., 1993)
AAH 7 =Y AR T RIAAIAE ol8dte
73%-7F th(Namasivayam and Yamunda, 1992). gl
AgEgolu Abshk-gol A= ksl A(Kuo, 1992), &
Z(Tang and An, 1995), TiO,(Reutergardh and Tangpashuk,
1997) 5= ©l&sl] dRE AT =3 vfe =S
ol-&sle] AEE Fallste WHo] of sk A7
ATKStolz, 2001). o] AESH AFAA W= oz v
AES &3] o83l 714 (Delee et al., 1998) S
3714 (An et al., 1996) 2.2 HEE &)= ol A
ov), el HeE BARFES Al Folshs
797} A TH(Young and Yu, 1997).

EAE 724 Ale MRS aRe BAY FEEY
At ligning &3l & F o5 o8k THe 7k
T} WAES T O [accase, 2] 1H H2A|H 0] =, HE2A]
tlo]=, W7k &F F-2 H|9E HEAHo|= 5o thdeH
M EL] A4S FH]sle](Young and Yu, 1997) #]2d, 3
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S5 o]&ste] ol tddt FEEAS Wlshe At
stA =S JTH(Cripps et al., 1990). 21
Phenylpropane®] random polymer7-Z2 ©]Fo]H oW
WA RGO o] F Fallehs SAwtS FHlste] Wk AE
(aromatic ring) T35 F3AIZITHOrth er al., 1993). &
ad Fejgle gadiEnt opet tE Wk skES
& 4= Q=8 1980l Phanerochaete crysosporiums:
ol g3sty] glad Y &3E(Kirk er al., 1983) ¥ &=
318 (phenolic compound)®] -3l tigh Ha17} QUL
(Leathan et al, 1983), thasle]d|'ds}3E (polychlorinated
biphenyl), Th3F 3= (polycyclic aromatic carbon), ©}3%
HHE(azo dye), ©]FE2 AE(heterocyclic dye), L
AL E (polymeric dye) 52 75 R EZo £l
o that B 7} AATHOllikka er al., 1993). BA7HA] P
chrysosporium (Cripps et al,. 1990y Trametes versicolor
(Wang and Yu, 1998), Pycnoporus cinnabarinus(Schliephaje
and Lonergan, 1996), Trametes hirsuta (Abaldulla et al., 2000)
& Eg oo} WA FFo] YRES AT .
B RN S oAUl Aol Ra) Wk Al

4E FolA drgAd) 7Pg 53 FFE Awsly o]
Eoll o3 dEe] DA 2T

Mz o EHY

Mol

WAL 2 19979 795E 1998 10€7H4] S HE
o] ofe] A, A= AFEH A AatellA o 2t
Aol AHA 230 F= ARstach. WAL AR F wh
2 27 AT oy ZARoA ARIEGS s HAY
5L 71 § 45°ColA AxAATY AxRx S FA
284 F Ao B ¥ A0 Az BHs

WA (PDA, potato dextrose agar, A& 2%)oll ©]2]
Ao A sttt sl EElE AoR A o
F= PDA HiA oA wiget & FTAES 15%= H7t
g 5 -90C oA ¥FrA st

BlueE o3A(filtraton size, 0.22 um)E AR&-3t] o3d
#3 & HFEFEE 50 mM=E 3T}

KXol 53

MRS SE Al St die) B, el B
gkl o] f5 52 = S}of (Pacioni, 1981) UAHH S
= gAsdor Aeshe gy A7) ddR
ke 2ste] HFA o2 S

oq=zo| B3l At

AMFE 23052 HA FollA A WA GH(PDA)
A WAL ol Aozl 10070e] WAl 42 7=} Bl <] (PDB,
1ml), 9lolA A3t 98 45mM), WA #(0.1 ml)y&
7}zF Aol ¥ & AR PSS ste] Sto R HE9
S ALt 12ER 40709 A g ARt o]
2A ALE 4070 A 7S IO R ohA] gk A Xul
& sle] A5e] g HAEE ARl HEFTHOE 6359
HA & st dRe 2] wsts ARSI
A5 A= kel 650 MA 7S e R
gk 7HA 02 ANEH RS 7] dilEEs = 4
o FREE EHEAE o8t 7} set=Ee] 3
T3] Wl Congo Red= 490 nmoA] Methylene
Blue= 660 nml|*4] Bromophenol Blue= 590 nmellA] 2}
7} 2245 tH(Windholz ef al, 1983).
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| ®E2F TA
Aol ofst A5l AA7F 5ol Eaflol <st F9-<f
Aol F2tE]o] AAEE 497 oA A F2H=
FEFS AR SlaA, s AAlEe] 313000 g,
10%) 58S AASH & FolQlE HAE] 0.IN NaOH
3mlE Al sl 1 E7F vortexdt T AA1EE
(18,700 g, 5 w7Hdt 5ol FHEE S48t

z

=
2 AdelM = Bh=re] ool AHEE 230 Fof wKlo =
B 2232 §o] 100 T2 #AEE o] ol ik
Z A8 AATe] 3 #FE Adadlt. d8s o
1 & 4SS A g AR g
Aol A7) 2477F HA S 2 S S AFs)
o 2 A AR gARG A 2]
WEA AP orn] RGN w2 dHEE w5
AFoll= 4827 FRE LS 24 4 d9dTh 4
A FE 2 7L B} A Do) A= 40 F
o & 1AHoR Akt o WAl we dideR
o @ O A FsEA SAHES ALt HF
Aoz 6359 WAl g AWSIAT(Table 1).
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Table 1. Fungi used in this experiment

Scientific name Korean name Collected date Collected site

Amanita phalloides (Fr.) Link A=Al July, 1998 Jiri Mt., Jeonnam
Agaricus sp. FEuAlSE July, 1998 Gyeorong Mt., Chungnam
Boletellus russellii (Frost) Gilb. gl sl July, 1998 Gyeorong Mt., Chungnam
Amanita rubescens Pers. : Fr. FEodutol oAl July, 1998 Gyeorong Mt., Chungnam
Boletellus sp. HaEwAlS July, 1998 Gyeorong Mt., Chungnam
Russula delica Fr. FEFS DT July, 1998 Gyeorong Mt., Chungnam

HH QO] (2 BAM=ZZo| Big)

A o7l o] Al ol 2§ Congo Red®] B4 A%
= 2T 3 59 WAl S O 89l F9t A
o galom Ak A% AR Rt AR o
=9 ao] o Wz AFATHFig. 1). 8 F B
Ame| FE FARE A3t FAWYF AlE 4-16%7F
kAL Wk Aloll= 40-50% oIttt FFEE FA
St ZIR A BT GAEIFA] 3-10 vl DA =T}
adels et A BAR GgE BRI s Fdst
A AGA R GAuF A T &ajo] 2 wglom, t&
L= FAsA AAuNE Aol ARl Al B
o AEe] E&li7h wEA YAk A-BAE A E
the A Al o8 3kt el 4°1°]~— S
(Manganese peroxidase, Lignin peroxidase 3 laccase)-J
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Fig. 1. Comparative decoloration of Congo Red by static and
shaking cultures Absorbance of the supernatants was
measured at various time intervals after centrifuging the
cultures at 18,700 g for 5 min. Each experiment was done
in triplicates. Static culture 4 Amanita phalloides, B
Agaricus sp., A Boletellus russellii, Shaking culture <
Amanita  phalloides, [1 Agaricus sp., /N Boletellus
russelli.
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ZAVeE Ax) Methylene Blue, Bromophenol
Blue, Congo Red ¢l2 &2 HZ%L* R AHFig. 2).
Methylene Blue®] 73-9-, 7 wjg717F &<t F2o] 2hitalA|
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Fig. 2. Removal of dyes by Adsorption. Cells (Boletellus resellii)
collected at various time intervals after centrigation (18,700 g
for 5 min.) were disrupted by NaOH. After cell debris was
removed by centrifugation using same conditions, absorbance
of dyes was measured. Each experiment was done in
triplicates. 4 Congo Red, M Bromophenol Blue, A
Methylene Blue.
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Blue= #1357 Y7HA= §2ko] vu|stRAT 1 5 wEA
Z718k9 3L, Congo Red?] 7% 2-39 3o WA =
7hete] 1 o= &siAl SUtekTh Sl s 4
B AAAEE 15¢ F 543+ A3 Congo Red 3-5-9&
F93F2] 10%, Bromophenol Blue -l 6%, Methylene
Blue -l 1% ©lsl2 AAHAL. g wxladx &

e WA HT Fe Bl

SHHAM HA ol 2let PHEol B

HFH o7 s o)e] WAl - TR Al 714 dEell
sl A7 TR HEe] BAle 2Akel] AREA RS Fig. 3
A Fie. 8ol FABIATE ZAM BE oA FEHoE
Bromophenol Blue®] 317} 78 %1348] Z22]aL 2A] dojyt
A%k, Congo Red £} Methylene Blue -8l ] dojyit}.

WAL o ZH7e] dEial s vlashd, dkaaEml
(Boletellus russelliiy> Methylene BlueollX] 2¥ 7[A|&
w2 A F3 AL 2 Folli= ol 8] g E]o] 168 Fol
= 16%7} 753159tk Bromophenol Blue®] 73-%-, 64714
WEA] Tl 7F Y E L 2 Folli= ofF A3 welf 7t X
&Eo] 162 Fol| = F= o) 15%0]/30]AT}. Congo Red2
735ell, 287 27 wEA JPEAL 2 Tl
TEHA A7 ASH R Aot 12¢ Foll= A9 2t
=] 1% ol s th(Fig 3).

LB (dmanita phalloides)NAE A D72 Hal7}
6 7= a7t wEA dofut 2E7o] Congo Red= 5%
©|%13L Methylene Blue®] 73--0ll= 25%°]1 3. Bromophenol
Blue®] ZA$-olE 12%0]193 1 3ox Ea)j7} 361

351

day

Fig. 3. Removal of three dyes in supernatants by strain
Boletellus nussellii.
Absorbance of the supernatants was measured at various
time intervals after centrifugation. Each experiment was
done in triplicates. 4 Bromophenol Blue, Il Congo
Red, A Methylene Blue.

Al4=o] Congo Red= 8o Aol &all7F SE= UL
Bromophenol Bluex= 139l E3ll7} &E 512 Mehthylen
bluex 16 o) 1.5%7} Z=31THFig 4).

Bolletus sp.olX1= Congo Rede 4U7HA] wlZ2A 3|
HAAL 8Y Foll= zESo] A9l §l1t). Bromophenol
Blue®} Methylene Blue= 39474 = WEA £3)]7} 218
AN FESA ASAH SR Fal7F dojuh 169 Foll=
ZEETFO] 2% o]l THFig. 5). ©l9]e] WAl 2 Fig. 60114
Fig. 871A1¢] Zsfjsidlo] B3t

2 AN AFE o FollA WA (dmanita
phalloides)?} FE255F U (Russulla delica)°] Al
F5 164 Foll= A tHAIAE = AATKFig. 4, 8). o1& WA
S AR AAN ARES A, v 22 AES 2
UATE A7l Ao wEt Agoll= wEA 2 Folle =
ZA] g2ak-g-o] 18 =|IT}. Congo Red®} Methylene Blue”}
Bromophenol BlueR.T} ] -5 o4 o] gaink-g-o] wi
2| oA = A G T UATE 2L A Awd
A3} 7o) FAIAL] S2tell 2JeA Congo Red, Bromophenol
Blue, Methylene Bluest 2 Azo FE7} o|Fale]2] W=
= (Heterocyclic aromatic dye)l 2t} o 2 S2=[Qc), Egk
2ol o AE7F AAHEE e HUE 10%C]8t=
o AE7F 8l == Aol vlste] 2ol Att

E
ol 2st =2l MA
= AFAR1 HeA A el oA &A= A

13 5 7 9 11 13 15

day

Fig. 4. Removal of three dyes in supernatants by strain
Amanita phalloides.
Absorbance of the supernatants was measured at various
time intervals after centrifugation. Each experiment was
done in triplicates. 4 Bromophenol Blue, Il Congo
Red, A Methylene Blue.
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Fig. 5. Removal of three dyes in supernatants by strain
Boletellus sp.
Absorbance of the supernatants was measured at various
time intervals after centrifugation. Each experiment was
done in triplicates. 4 Bromophenol Blue, ll Congo
Red, A Methylene Blue.
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Fig. 6. Removal of three dyes in supernatants by strain
Agaricus sp.
Absorbance of the supernatants was measured at various
time intervals after centrifugation. Each experiment was
done in triplicates. 4 Bromophenol Blue, Il Congo
Red, A Methylene Blue.

AR gotr, dEE IR TEAY] 2A AAA 0l
j‘ﬂ"\]ﬁ AAsE ol o] &=L Utk w9 vt
71 2 7] AAA 9 EX“E—*JO] AL AL A8 AA
sol FAEAT 771 AAA = dAA = 7IAIH |3
ePgido] -3 H]ﬁ_‘:’qﬂ (specific surface
area)ol SRR «] Hyg e AgHgdo] 7Fslr] Wit
of de] AREE Utk 3 AEAE AAAR ARG

w Aol ol ARe] 2 77

0 L L L L
1234567 8910111213141516
day

Fig. 7. Removal of three dyes in supernatants by strain
Amanita rubesens.
Absorbance of the supernatants was measured at various
time intervals after centrifugation. Each experiment was
done in triplicates. 4 Bromophenol Blue, Il Congo
Red, A Methylene Blue.
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Fig. 8. Removal of three dyes in supernatants by strain
Russula delica
Absorbance of the supernatants was measured at various
time intervals after centrifugaton. Each experiment was
done in triplicates. 4 Bromophenol Blue, Il Congo
Red, A Methylene Blue.
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25e] d &2 olgAl ok AAAE A ste] ARESf ok

] ]xﬂ"ﬂ lr‘l‘L T2 JAE 9458 AAS=
AA A FHAA ] A5o] F3)
7} %1011/]'7‘] %‘?O}H o] Ho“%ﬂ% 2 FEE AL B
Aol Ath(Forgacs et al., 2004). ¥ Aol =
AHE WAL oA FE& ogk dEe] AA= Esfel ¢
gk AR5 AA Bls| wnEATHETAES 10%C]3}).
o]9]ol| = MAFARAI= A e A NA = =
7HEEN7F ot whEA el 7F Yottt Bk MAIHAL
© AAARA = 71AF AL 3FeFAQl Qb o] wal e
mA ] o a7 A dojut WAHES FEAAA
22X 28-S @S AoE Asdr

fo

Hx[Hin F==8H

2 AFoA = B FA ETE XAl
AA &Sx7F it o] d/d-2 thE AgAto| -4@ A
TANE FLsHA AFEHJ oM T AL offet o]
AT T AL Aolth. HAlFS FARE Aol 1)
& A= peroxidaseE Z AYARSEA] Eshoh HERRS
peroxidase®] AAHETE ojug} PN E & FFS U]
X (Venkatadri and Irvine, 1990; Jger ef al., 1985), X
g2 gad HSAHA (lignin  peroxidase)¥ETt O}L]FJr
Oqa o|ZFAHE 2] AYsbol = PRS- WXt} (Shimada et

, 1981). F& Alell g2 HSAIOAZ 848 Se

7)4\3 28 Al A7 dede] glad HIEA A E 3t
H5}7] wjEo]tk( Podgronik et al., 2001). AEEE7T =
oW glad FHSAITAZE WA Ee] o] B4V ES &
=CtH(Venkatadri and Irvine 1990). 3k X8 A] k2=
o] A7} AXH o] AXAM 847 H Ao Ee
%3 =Th(Venkatadri and Irvine 1990). X% A] =4 7
SAAZE #4E SBe E e olfs 7t 571
gto] o] FAESMAIE &4 Het opute EA4o] A%
AbA A7 o] EAE AW 7| AL 7R AL B
A3} grstE Ad 2 HLhs WA A)717] o
THWolff et al., 1986). Lelsola 5 (1984)y —8— 5
A= _LEI:L_/] Tt w Hﬂoﬂ T4ELE A 2.5

TEe] FETF =5 Eﬁoﬂt‘ TFA] eFThAL ELO}'(EE]‘-

o o g

o
O
Eo

A]

Z|a

-

F

’g'%iﬂoﬂ 9-I3F A=o| MAH

L 7“?1'?5} t'”j“’]‘jr 1"4‘/]‘ "ggﬂz 717k B4
HES] g el o B o] XA
AANE o] dE= 3o R ofF QHgste] mA
o] 34& kA Zr=th(Forgacs et al., 2004) M2 8-
T4TE AU olF e #& ASAA 58 95
Tillss THES ol A7t st W= ot
A5 Eafol vABES ARSI Fhol AL 29
7Z¥7F AEsta kst BallabEe E4d0] glojA] AE

0
o

A

SHA] A A 2] theFst AEo] Bol A= ATHStolz, 2001). &
A A=A Tlewd ohdE AESER] ARAA
WA e A2 s AEEE g8 =9 84
A ZRAZ7E EE] o] 9'E A7ske A
7} A =% At (Kanekar and Sarnaik, 1991). <8l 957}
Hlo] @ FEo| 4 2 Bel| ¥ tH(Zhang ef al., 1995).

A 2 S E HARS GAERE o83 I
shgre] Ral7t Awslel 49 A3g ALk B 4
ol AuE wA#S ol8F drel Balol U o
o o] MAFE] ERH O YRE AAGE 2L
Y UA GREANE U G5 ke wA, )
27, $2250 Ug A7k Aol FalE Az
3 B ME SE2 GRS BT & 9L Rolth 9
759 Hajo ﬂoqﬂ Ao 7 AFEHE laccase, 2]1d ¥
S AHjo| =, FAESA o], W7k o E & HelE HE

AlElo) = 5o] thekst Al Z9] g4 WS X3k u)

A5k wjgel v A5e) ATE Fali dRE &
Ao PAND & Yt 2AL B 5 UL R0 A
EHT 3 o]E dES ol&ste] AN & &
s=A] 22  polychlorinated biphenyl, polycyclic
aromatic carbon, azo dye, heterocyclic dye, polymeric
dye 5] o2l 74 &4¢] FE AFshe A= on7t
de AL= AtEE.

¢

l.‘lor‘ir-ﬂ%i

Fll‘

shepH 0w QPge e MBS YRS AFAA e
o
[e)

U HAZR1 el Al AAA = Aol HlEEHQl
ZAoE dHA ot oEt WIS AEE AAE S5k
TEe o8 WHAREFe AT ghe] ofttell A A
FE 230%2 WA RRE ZARYE Fato] 1007] ¥
A4S HEs9th. 95 (Bromophenol Blue, Congo

Red, &2 Methylene Blue)E SHA-3k wlj ] o] 5—11]51 WA

L 10%= H=E3 & 701 ot A ;qHHOk ELHHOI:
sl AEAATO] 5
ogA A WA I—i'*‘ EH”'_E ‘:‘rau = 05.‘?1% Al
Ashk=s 588 AT BE WA &o] Ze
o AAEF Al B 3 AEAA TS BT 1:!—1-'—°ﬂ

2 d4EAATE UFE] 7d9olr Methylene Blue,
Bromophenol Blue, Congo Red 522 S71815 T ¢ Al
AF FollA Congo Red7} 78 ®o] S2E At
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