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Biodegradation Characteristics of Monochlorophenols by Wood Rot Fungi
InGyu Choi, Jae-Won Lee, and Don-Ha Choi (Dept. of Forest Products, Korea Forest Research Institute, Seoul 130-712, Korea)

ABSTRACT : Biodegradation of monochlorophenols by wood rot fungi such as Daldina concentrica, Trametes
versicolor  and  Pleurotus ostreatus was evaluated by determining their resistance or toxic test and
biodegradability. The metabolites of monochlorophenols were also analyzed. Among the three fungi, 7. versicolor
was the most resistant to 200 ppm of 2-, 3- and 4-chlorophenols, and did not show any inhibitory mycellium
growth. But D. concentrica had a little inhibition effect at more than 100 ppm of 3- or 4-chlorophenol. Control
cultures of P. ostreatus took even 14 days for the completion of mycellium growth, but the hyphal growth was
improved when 2- or 3-chlorophenol were added to the culture. In biodegradation analysis, P. ostreatus showed
the highest degradation of 2- or 3-chlorophenol, while 7. versicolor was the most effective in 4-chlorophenol. D.
concentrica and P. ostreatus slowly degraded 4-chlorophenol. However, 7. versicolor had similar degradation
capability in the three monochlorophenols, suggesting that the biode- gradation mode is dependent on the fungi
as well as the type of monochlorophenol. Several metabolites such as 1,3,5-trihydroxyl benzene, 1-ethyl-1-
hydroxyl pentane, 2-propenocicacid, methylmalonic acid and 2-methyl-4-keto-pentan-2-0l were found as products
of primary oxidation of 2-, 3- and 4-chlorophenols by intact fungal cultures. Fatty acids including tetradecanoic,
heptadecanoic and octadecanoic acids were also detected. The order of increase of mycellium weight during
incubation were P. ostreatus ) T. versicolor > D. concentrica. The pH in the culture was not constantly
changed depending on incubation days, but the mycellium weight was slightly increased, indicating that the
biodegradation of monochlorophenol might have low relationship with the mycellium growth. Laccase activities
of T. versicolor and P. ostreatus were continuously increased depending on the incubation days, suggesting that
the ligninolytic enzyme activity play an important role in the biodegradation of monochlorophenol.
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Fig. 1. Comparison of hyphal growth of Daldina concentrica,
Trametes versicolor, and Pleurotus ostreatus in 2% malt extract
agar medium containing various concentrations of 2-, 3, or
4chlorophenol. —, control; 2, 50 mg/L; <, 100 mg/L; [
200 mg/L.
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Fig. 2. Transformation of 2-, 3, and 4-chlorophenol during
the culture of Daldina concentrica, Trametes versicolor, and
Pleurotus ostreatus in a liquid media.
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Table 1. TMS silylated metabolites during the biodegradation of 2-, 3-, and 4-chlorophenols by white rot fungi, Trametes
versicolor and Pleurotus ostreatus.(bp = base peak; mp = molecular peak)

Metabolites Structural formula MW (TMS-MW) Major mass peaks
(i)OOH
lactic acid H— (|3—0H ( 293% 73, 117, 147(bp), 190, 219, 24(mp)
CH,
|
2-propenoic acid H—C—C—C—OH ( 17424) 73, 75, 9, 129(bp), 144(mp)
| |
H H
CH,
methyl malonic acid HOOC—C —COOH 18 73 113, 147,
| (334) 207, 281(bp), 319, 334(mp)
H
COOH
berzoic acid (ﬁ) 105, 135, 179(bp), 194{emp)
CHO
136
4-methoxy benzaldehyde 0 77, 92, 107, 136(bp, mp)
OMe
OH
1,35-trihydroxy benzene (:ﬁ% 73(bp), 147, 268, 281,327, 342(mp)
HO OH

trichlorophenolo] ol © EX4o] Zsltty Rugef?. 2
i} 7o) WA chlorophenole] EHoE #AIQ0] ©
A 5ol Heb 549 AR eeAE AR gt

Monochlorophenol &2aiAHS

5ol 3k T. versicolor} P. ostreatusol] €3} 2-, 3,
% 4chlorophenol £a|08L GO/MS oJste] 2% 23
+ Table 13} 2t}

Monochlorophenol®] 7|2 z716lA wjAEd)] <3t B
AR vt AAEEAE T Be)E7|oE reactant
Qg AN GALs W P AFHow oluzus
2 grgsara geA QP B a7 AE benzoic
acid, 4-methoxy benzaldehyde, 1,3,5-trihydroxyl benzeneo]
Z719A NN ghast whge] g 24tk g o]

HE AEo] AR FREdeA Ee o 2R
A3 gaast 9 A8 Ao RE WAHNEAY oy
AZ 7F A g DgLg) Fof W] e o
sl WAE 4 9l Q) Lethyllhydroxyl pentane,
23-dihydroxyl butane, 2-propenoicacid, lactic acid, methyl-
malonic acid, 2-methyl-4-keto-pentan-2-ol, dicarboxylic ethane
o] =AU a8l 2-chloro4-acetyl phenol, dichloro
23He(unidentified) = FAHAE o]Ae @9ist 113
HA A T2 g9ast § st W] 94t A
d ox F5d0 v N gdast sa
Abebe FEQ catechole E4¥7] Gtk 3 B
of 9% Fajike YA Hol WAHe AT EFRe
tetradecanoic acid, heptadecanoic acid, octadecancic acid %
o gwgion, oleja Aike AR VAT
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Fig. 3. Comparison of the mycellium weight of D. concentrica,
T. wversicolor, and P. ostreatus and the change of pH in culture
medium containing 4-chlorophenol. 2, pH; [ mycellium
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Fig. 4. Induction of ligninases by D. concentrica, T. wversicolor,
and P ostreatus in the nitrogen limited media containing
4-chlorophenol.
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