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Biodegradation of 4,5,6-Trichloroguaiacol by White Rot
Fungi, Phanerochaete chrysosporium, Trametes versicolor,
and Inonotus cuticularis™

Sye-Hee Ahn + In-Gyu Choi

ABSTRACT

In order to evaluate the biodegradability and mechanism of 4,5,6-trichloroguaiacol (TCG) produced
from bleaching process in pulp mill by Phanerochaete chrysosporium, Trametes versicolor, and
Inonotus cuticularis, changes in TCG and its metabolites during biodegradation were analyzed by
HPLC, and GC/MS spectrometry.

By three fungi, the maximum biodegradability against TCG werc very quickly reached, compared
with other chlorinated aromatic compounds such as PCP. Within 24 hrs, T. versicolor indicated up to
95% of TCG removal rate, and P. chrysosporium and I cuticularis also showed more than 80%, and
90%, respectively. Particularly, in case of 7. versicolor, the removal rate of TCG after 1 hr.
incubation was reached to approximately 90%, implying very rapid metabolization of TCG. However,
by analyzing the filtrates extracted from TCG containing culture by GC/MS, the major metabolites at
initial stage of biodegradation were dimers, indicating that the added TCG monomers were quickly
polymerized. The others were trichloroveratrole, dichloroguaiacol, and trichlorobenzoic acid, suggesting
that TCG may be biodegraded by several sequential reactions such as polymerization, oxidation,
methylation, dechlorination, and hydroxylation.

In other experiments, the extracellular fluid which did not contain any fungal mycelia was used to
evaluate the effect of mycelia on TCG biodegradation. The extracellular fluid of 7. versicolor also
biodegraded TCG up to 90% within 24hrs, but those of P. chrysosporium and I cuticularis did not
show any good biodegradability. 7. versicolor showed the highest value of laccase, and other two
fungi indicated a little activity of lignin peroxidase (LiP) and manganese peroxidase (MnP). In
addition, the laccase activity of 7. versicolor was very linearly proportional to the removal rate of
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TCG during incubation, in other words, showing the induction effect against TCG. Consequently, the
biodegradation of TCG was very dependent upon the activity of laccase.
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4,5,6-trichloroguaiacol, biodegradation, wood rot fungi, Phanerochaete chrysosporium,

Trametes versicolor, Inonotus cuticularis
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Fig. 1. Changes in the concentration of TCG analyzed by HPLC during biodegradation by T. versicolor
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Fig. 2. TCG biodegradation by T. versicolor (CO),
I cuticularis (IN) and P. chrysosporium
(PH) in the nitrogen-limited culture medium
depending on incubation hours
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o Aeod e TCG Rl AAHQU #A e A
By Efige] 43 "oPE BAY 53I P
chrysosporium® 7%y AP EA3HE AbElol A
= ol 24717 o]ulel 80% oY EH&E HY
oy o AN RE 20% AEwd FHHS
Holz| ggtrh olejst AAZEE 3FF Fo T
versicolor$t I cuticularis®) 2% TCG Ba|¢ie
A g gAEE #AYEAY gl A
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Fig. 8. TCG biodegradation by the extracellular
filtrates of 7. wversicolor (CO), I cuti-
cularis (IN) and P. chrysosporium (PH) in
the nitrogen-limited culture medium depen-
ding on incubation hours
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Fig. 4. Change in ligninase activity by the addition
of TCG (50u¢ of 20mM) to the culture
medium of T. versicolor
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Fig. 5. Change in ligninase activity by the addi-
tion of TCG (50u{ of 20mM) to the
culture medium of I cuticularis
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Fig. 6. Change in ligninase activity by the addition
of TCG (50uf of 20mM) to the culture
medium of P. chrysosporium
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dololE TCGY A& ¢l ohA] A& A9
Aol olFAE FEY 4 Utk zY EojF A
& & 9719 LiPY MnPE A 4o vehd
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9] laccased) 4972 Bgoy TCGE Hslsd
A A el gsted(ay 5), AFfdE ALE
g TCGE3ol QoA ofF ¥& E3&E B P
chrysosporium< laccase®] W& #AYG7I= AF
gdxon, g4l LiPY4 MnP7} TCGE H7Hg 1A%
FRE Jelddrl 3 Zase 4%e 290 (a2
g 6). ol8id AFZHE TCGY B3 +& laccase?|
F5 2 U3 A9 JAAAE 3 Y Ao
%2238 ¢ 9o o & LiPY MnPE TCG2 3
o oA &l mmE oz FEE F oY
Valli & Gold(1991)¢} Valli 5(1992)2 Z#zt 24-
dichlorophenol®} 2 7-dichlorodibenzo-p-dioxing] ¥
Al LiPY MnP9] 4tsl #ele] o 23 € &
AN E Aintracellular enzyme)d & 738}
Ay WA £ ok

£ z719 wWE RE#EL laccased) ExH 5
A4 TCGY polymerizationel 2§ #e] obdr} %
25 9lov HPLCAlA broad?t peak (retention

time = 25min./30min. run)9] EA¢t YHEo] i
PHsHe AL oF FHE + JdA4 zU
trichlophenololt} dichlorophenol& ¥H&-Ao] Hoji}
(Joshi & Gold, 1993) <Fztel FA YA 49 ZA
ME #EA Edutgo] AYPE F glorvz
GC/MSE o]&3td EHUES wIAzIEzE F3
st 93k

3.2 TCGe Zaluizt{E

EA8sF o TCG 2alA GC/MS AbelA]
Fre dHoles ¥ 79 Zow, Edd % Fa
HAE 4 MS AHEY S 19 83 gl

Z719] (1A1ZF oluiel)) wE 23 P4 BoFe
RAAY BAY T versicolordl & TCG e
GC/MS9 #4 A3 E3f7F obd Fitol dojue
Ao 2 BHHAY. GC/MS2] TIC AolAl retention
time 356844 LAHE Z peaks FE 2749
trichloroguaiacol®] esterstdo] Fg=old Aoz
AARE  ExF 5469  4,56-trichloro-3-(2,3-
dichloro-4,5-dimethoxybenzoicguaiacol®] %< %
o2 2yl HAHHADL o el dimer2HE o
gstel gdasizt doludA dichloro HEE0]

Table 1. TMS-silylated metabolites during the biodegradation of TCG by white rot fungi, P. chrysosporium,
T. versicolor, and I cuticularis (bp = base peak; mp = molecular peak).

Metabolites Formula Major mass peaks

3,4,5-trichloroveratrole CsH/0,Cl; 84, 133, 147, 162, 199, 225, 227, 229, 240(bp, mp), 242, 244
3 4,5-trichlorocatechol CH;0:Cls gz;) 115, 147, 207, 238, 253, 268, 270, 307, 356(mp), 358(bp),
5,6-dichloroguaiacol C/HsO:.Cla 73, 105, 149, 151, 219, 234(bp), 236, 264(mp), 266
4-hydroxy-5,6-dichloro-guaiacol  CHeOsCl; 93, 95, 117, 186, 207, 229, 271, 272, 274, 302, 304, 322(bp),

1,2-dichloro-4-(1,2-dichloro

04Cl
veratrole)veratrole CisH1404Cls
4,5,6-trichloro-3-(2,3-dichloro-

C 06Cl
4,5-dimethoxybenzoic)guaiacol 16H1006Cls
3,4-.d1hydroxy-5,6-dlchloro CHOCh
guaiacol
dimer(unknown) Cls
dimer(unknown) Cls
dimer(unknown) Cls

324, 352(mp), 354
73(bp), 95, 133, 193, 207, 252, 272, 307, 309, 355, 410(mp),
412, 414

73(bp), 133, 207, 249, 281, 309, 355, 388, 390, 410, 458,
460, 462, 475, 530, 532, 534, 546(mp), 548, 550

75(bp), 117, 132, 207, 281, 309, 354, 395, 425, 427, 440(mp),
442

73, 133, 177, 191, 207, 249, 281, 309, 355, 388, 390, 392,
410, 458, 460, 462, 474(mp), 476(bp), 478

81, 133, 137, 191, 207(bp), 281, 341, 385, 429, 469, 504,
578, 600(mp), 602, 604

73, 133, 193, 207(bp), 267, 281, 354, 355, 429, 453, 497,
534, 561, 596(mp), 598, 600
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Fig. 7. Change in the concentration of TCG analyzed by GC/MS during biodegradation by T. versicolor
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Fig. 8. Mass spectra of major TCG metabolites during biodegradation by T. versicolor

IHAY. £F e FH9 dimerZ2AME E1AA
o} o] ¥z} 410, 474, 59, 600% 7FAln YA 2
F7F 494 A 577} B2 dimerg QAR E 3§
5] BAHAY Sol# H& #airt Ay
2} monomers] M2 WHH e §E] A
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