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Synthetic aromatic dye degradation by white rot fungus,

Pleurotus eryngii
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ABSTRACT: Pleurotus eryngii, a white rot fungus, produces two extracellular lignin-degrading enzymes, laccase and manganese
peroxidase (MnP). Owing to these enzymes, P eryngii efficiently degrades synthetic chemicals such as azo, phthalocyanine, and
triphenyl methane dyes. In this study, we investigated the degradation processes of four aromatic dyes, congo red (CR),
methylene blue (MB), crystal violet (CV), and malachite green (MG), by P eryngii under solid and liquid culture conditions. CR
and MG were the most quickly degraded under solid and liquid culture conditions, respectively. However, compared to CR, CV,
and MG, MB was not degraded well under both culture conditions. The activities of ligninolytic enzymes (laccase and MnP) were
also investigated. Laccase was identified to be the major enzyme for dye degradation. A positive relationship between
decolorization and enzyme activity was observed for CR, MB, and CV degradation. In contrast, decolorization of MG ensued after
high enzyme activity. These results indicate that the degradation process differs between MG and the other aromatic dyes.
Therefore, P eryngii could be a potential tool for the bioremediation of synthetic aromatic dye effluent.
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Aol FEohe EESREE:
AN tFe] HFE WRAT| L 54 % XMI’— o] Al
ALt AAe] Y J3e wXIth(Jarosz-Wilkotazka et
al., 2002; Jin et al., 2007; Mathur et al., 2012; Rahman
et al., 2017). A 50l 93¢t = o3, HA, o]
B, 02N} WY SO2 AYsAY FHAS B3
Agstal vk, spAIRE o]of e #H A2 WRHES 2
£80] W3 23 09 WAolPRE & e BAE A

ATk, w3l 27/, Al 5o e Ol%fﬂ %!
Azjol . AR AR A% Ae) 714l B
T7F 53] Y=ol 23 At (Cho and Ryu, 2015;
Lee, 2021; Sung et al., 2021).

PR Rel ok WANFES 2ANFET W =

A Beshs Fo wHZolth WARFFE ATL
2¢l lignin peroxidase (LiP), manganese peroxidase

(MnP), laccaseS TH|st] HA1¢] 2] (lignin)S 23l
g}, o] SRl weE Bilske a0 SRk S0 g
A=) FA A oA (Phanerochaete chrysosporium)
< LiP, MnPE 2Hlste] 2lads Zafsie, 7534

(Trametes versicolor)S F2 laccase® #H|3}2L LiP+=



)R] =t (Leonowicz et al, 2001). 3+ =gl
(Pleurotus ostreatus), Z=E}2] (P. eryngii) 9 *] LiPE &
HghA] =ty dEA Ut (Cohen et al., 2001;
Goudopoulou et al., 2010).

ARG o] TH|Sh= H| 50| H]] G4e glad  of
Yzt gld s faksH Al 25 7R ohedsk 4
%A, polyaromatic hydrocarbons (PAHs), polychlorinated
biphenyls (PCBs), trinitrotoluene (TNT), chlorophenols
(PCP), cyanides, azide, carbon tetrachloride®} 722 &3
2 =& el el 27 sl ¢ Aok A
EHAUT. versicolorye A& w3llsk= 580l HoAY

, B2 59 PCBsS #al@ 4+ Utk (Bending ef al.,
2002; Ruiz-Aguilar er al., 2002). g2 A (P
laevis)S PAHSE, A LA (P sordida)S TNTE #
&gt} (Donnelly et al., 1997; Gao et al., 2010). ©] <]
= el (P, ostreatus)E ©]&3}4] olive oil mill waste
waterE E3ltAY, ZEIRI(P ostreatus), DT HA(T
hirsuta), TEWMA(T.  versicolor), F/3-FAZLFHA (P
chrysosporium), 275X (Stereum hirsutum), HEL 7}
B A (Heterobasidium insulare)S ©]-83}%] bisphenol

£ Wallshe & WANSS o]&ate] ks S
F=Z AE A A7 A A=A Ak(Lee et al,
2005; Goudopoulou et al., 2010; Im et al., 2019; Grelska
and Noszczynska, 2020). =8+ WAV E 7R & W=
PIARE AT o) ofs) et A A SLeFH AL
(P. chrysosporium)<- crystal violet, reactive red 22, acid
black 24, methylene blue 5 THSsH T/72] A5E wallsh
H, E7EEHNA(T trogi) TS (T versicolor) <
Al AR EE 200 wEl 100% Hai ek, L 9o =g}
2| (P. ostreatus), D5 (T hirsuta), 71715 M (Irpex
lacteus), WA (Bjerkandera adusta) 5 TFeE WA H o
o] 7KL = FAEE #all sHo] ML Urh(Fu
and Viraraghavan, 2001; Cho and Ryu, 2015; Im et al,
2019; Yesilada et al., 2018)

Agol2 LH Sl (P eryngis FH LA 3
3] 2HlEE WA F SR 2020 ALl 46,817
Eoz =R WAl Ak 30.6%E AR g, FElE
+ laccase®t MnPE FH|et= Aoz A glon
reactive violet 5, reactive black 5 5 azo7l, phthalocyanine
A AEE YAt (Heinfling ef al., 1998; Cohen et
al., 2002; Stajic et al., 2009; Hadibarata et al., 2013). &=
Sl malachite green, safranine T, methylene blueE 93%
o]k AARTHWu er al., 2019). E]7]9] Thaksk x]odofA]
AN-E Z=ElE (P eryngii)®l crystal violet, malachite
green &350 et A% HP=ACh(Yildirim ef al.,
2010). AN 24 &8 7IXE thdstelr] fls] =
oA FrElg]e] dE #3lleol thall A+E virt gl

wEba ol AFM e A<l ASHARl S=Ee

w40 S dotR A} sQit. o]l azorl A
E2l congo red (CR), heterocyclicZl 95S! methylene
blue (MB), tryphenyl methaneZl $9E<! crystal violet
(CV)3} malachite green (MG) %3l 7V} o] & Hall s}
7] S8l Aabele Blad E8l 840 B8 S s

2 AYoA ARG WS FEg] (Pleurotus
eryngii, IUM1577)= QA HAlFF2aP oA 4
woron, WEE AEEE 4TRE azodl EEQ
congo red (CR; Junsei Chemical Co., Japan), heterocyclicZl
A5l methylene blue (MB; DC Chemical Co., Korea),
22]3 triphenyl methaneZll HE<1 crystal violet (CV;
Junsei Chemical Co., Japan)¥} malachite green (MG;
Shinyo Chemical Co., Japan)©]t}. CR- 200 mg/L, MB,
CV, MGE 717} 50 mg/Le] F%2 PDA 2< potato
dextrose broth (PDB)ell % 7}8Fe] A18-315

A ZEfet AAe] AR el F == Baek 5(2015)9
o R SASATE. A mjR oA FAE e 27
(Mycelia diameter, MD)3?} 987} Eajd F&o| A
(Decolorizing diameter, DD)S =743l Edl T8
DDAl MDE e %91 Decolorization index (DDE L
ERAATE. HA] FEjolM e HE e dARE wiSe
HA WAl HEE FUFE F 14, 24, 3¢, 59, 74, 9
o, 114, 139 ol &S FHslo] A7 Eoll=e= A=
£ skl 2t 959 HAST (€, A)OAM 53
TE Ao, the] A& olgste] A Aol
o
=

=
=7} $old s s,

Bradford(1976)2] ¥l w2} 1 mg/ml®] bovine serum
albumin (BSA; Sigma Chemical Co., USA)C.2 ¥F=AS
a3l o]F Ve R AlEe] Wl ks SAsin
Laccase®] &4 2798 2,2-azino-bis-(3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS; €420 = 36,000 (M cm) '])—ET 7]
A7 ALg-sle] =433}, Lactate buffer (0.2 M, pH
4.5) 850 ul¢k ABTS 50 plE &3t A1Z 100 pl F7h
sttt 387F A WAL 420 nmellA FREE
=45t 1 unit 13 &<t Atk ABTS2] Y (umol)
o2 Ao}, ot 2ol tiYgate] ALtstsit.

Laccase activity (unit/mg) =
[AAbsorbance x 10°x Total volume(L)] /
[ATime(min) X €, X Sample weight(mg)]
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Table 1. Mycelial diameter on the solid medium including aromatic dyes by Pleurotus eryngii

Days of culture on the solid media

Dye
0 3 6 9 12 15 18 21 24 27 30 54 78 102 126
C 5 18 35 65 85 88
CR 5 14 31 55 77 86 88 88
MB 5 11 21 44 51 47 54 63 68 73 75 87 88 88 88
Ccv 5 10 17 12 12 15 18 21 24 30 33 73 88
MG 5 5 5 6 6 6 6 7 7 8 8 16 38 70 88

C; Control, CR; Congo red, MG; Methylene blue, CV; Crystal violet, MG; Malachite green. The mycelial diameter was measured for 126 days

(mm, n=4).

Manganese peroxidase (MnP) &4 $A] ABTSE 713
Z X831 ). Lactate buffer (0.2 M, pH 4.5) 800 pul,
ABTS 50 pl, 6 mM MnSO, 33 ul el A= 100 pl
= v 0.1 mM H,0, 17 plE vpR|Eto g 533}
&2l 3027 WESAIZL -, 420 nmellM FE3EE
A3tk 1 unitS laccasest U}{W]'X]i 13 &< Aks}
ABTS®] & (umol)o.Z Ao|sllomn olge] 21& o]
stod ALkt

MnP activity (unit/mg) =

o
oo rkﬂ _\IN'

[AAbsorbance x 10°x Total volume(L)] /
[ATime(min) X €,,, x Sample weight(mg)]

CRo| #7Fe A wjA| oA Sxelg]e] #AR HE
SHE 7P wE AR £ 2 HoFTh HE 18Yw
ol WiXE BF A3, A87} H7EEA 2 vR| oA
o] A} Zpo|7F AL] giAth(Table 1). CR &=7F S
] RS A sy 2 H=rt 34 fvke Ae
o o Ao} CRE Halle HE F 645 Yepdom o
APE AR F7ko] R1o171 18U 7HA] AR Aol U st
HIEZ oA UZtth(Fig. 1). 2L o] % dx59] 3l "Ly
HolAHA HE F 219 ) D7} 10] Ided A
2 99 e FEO] wixo] XFH JFYAE ol &3
FE7} o] EalEE Aoz At

MB7} A71E Rl A] FAFe] B2 JE $ 3YHE
AZE =0 CRo| H7FE wiR|oA 2] AR =2A
YA RE e AFS AL, AR HE2] 23
= A3 M= HE 18Y olF F43M 958 &
get7] A2 SRR #AL BjAE BF €2 ol%
A7) Fel SE7F =ojAHA DI 77 YAl dojyt
<=, CRET MBE #3llete 58] Yol MB7F :%13]
s E o2 Bl

CV7}F Z7He wj=] vu Oﬂ*] HE 3Y5H #APH A
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A FFEE o AR A F7ke] glojHel met DI
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Fig. 1. Decolorization of aromatic dyes on solid phase by
Pleurotus eryngii. CR: congo red, MG: Methylene blue, CV:
Crystal violet, MG: Malachite green. Results are means
(n=4).
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WAEE wiz)e] "7bE Cvel EE CRY 142 CRE
CVETH o E&40= GarFIth= AS ofn|gitt. CR,
MB, CVe stARe] Aol A dojual o1 F d=
371 dojutk Ao 2 Hol dextrose 5 HiA|o E3FE 9
S WA o] g3l FARE A F AEE olgste
Ao g ROt} Yildiim 5(2010)9] HFX= MBS}
CV7} EEl] At S AslstA Rt Akl Azt

Hlg|sle] F A8E Halehes o2 Yelgth

MG7} 71 wiRleA FARE A3 st HE

o2 M ;

r

39 ol F7H AR Fel7t AEEAG. 1 ol% A
E’7} Toﬁﬂ— H7E AR AFEY wA AR E A
HE 549 $9H DL 12 9k MG7F B Al 98

Hrh E**ol date] 7] dAF S JASA T FAT
A 8] wiR|e] GAES AFESH] AlZFeFEA] AL
o] A HoHh §e M) AAE I Elske A
o7 FoEt}. wEbA CR, MB, CVel= T & B3a) 7127+
02 YEE o|&sl= AoE AzEL

A g dElA ExelEle 95 #H7F & CRA
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Fig. 2. Decolorization of aromatic dyes on liquid phase by
Pleurotus eryngii. CR; Congo red, MG; Methylene blue, CV;
Crystal violet, MG; Malachite green. Results are means
(n=4).

30% 3l 7F o] FF AL 3Y Fof 50%7F -3l = SATh(Fig.
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Fel2](Pleurotus eryngii)®] Wi FHER

7F BEE 7] Azfete] Ealo] mhEA ==, ol=
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of &L Bl THo] FAsH U= Ae & & 3
CRE H7Vst wlA| oA laccase®] €42 H98 H7F &

Z71sith 3Y o] % Al HAEISI ). AR 9 o] T}

Al F7Fsted 13940l ) &4 (0.11 U/ml)= HeRAA
k. MnPE 98 H7F ¥ 0.02 Uml A= 939 &4
< Holt}h 1A Hu F4%(0.025 UmhE EAT
(Fig 3.). MBE #7Fst wllx] 2] wljeFH oA laccase] €43

AA] 3Y7HA] F7telth HAas & v Frkeke AES
Holr 11449 Hdf €49S YeERATH0.13 U/ml). MnP
2] XL laccase?] B9 1/10 =o)X qt 1153] Z7}
ato] 13l H 242 YEbRTH0.013 U/ml). CVE
ZH7Veh viA] ] vk E laccasee] EAdo] 3] Al
& ket 13949 ol €451 0.11 UmlE BS]
ou:] ol A7 =P Ao mE TSHE]O"U]-(QS%) MnP
2 =g 95 JUF & FES] St 13YA el Ay
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Fig. 3. Activities of ligninolytic enzymes in P. eryngii in decolorizing congo red (CR), methylene blue (MB), crystal violet (CV)
and malachite green (MG). MnP: Manganese peroxidase. Results are means + SD (n=4).
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CR, MB, CV Z&ll¢] A9, AAuF 27004 d59]
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MGE #3ll3h= 7]14o] CR, MB ¥ CR 59| 9455
gt 712 zfolE Btk 2S¢ 5 AT &
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