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Biodegradation Pathways of Polychlorinated Biphenyls
by Soil Fungus Aspergillus niger
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Abstract As of many organochlorine pesticides, polychlorinated biphenyls are ubiquitous organic
contaminants, which can be found in the most environmental matrices. Their toxic effects include endocrine-
disrupting activity. Most researches with these toxicants performed with mixtures of congeners, namely
Aroclor and related study has been done in complex environmental matrix, rather than single biosystems or
pure congeners. 5 congeners were synthesized and their fates in pure microbial culture (Aspergillus niger)
were determined in this study. Among biphenyl and synthetic congeners, biphenyl, PCB-1 (2-chlorobiphenyl),
and PCB-3 (4-chlorobiphenyl) were rapidly transformed to hydrophilic metabolites, followed by PCB-38
(3,4,5-trichlorobiphenyl), while the degradation of PCB-126 (3,3'.4,4',5-pentachlorobiphenyl) was not observed.
The amounts of transformation for biphenyl, PCB-1, PCB-3, and PCB-38 were 65, 38, 52, and 2% respectively.
The major metabolites of the above congeners were identified as mono- and di-hydroxy biphenyls, which are
known to give adverse endocrinological effects.

Key words Polychlorinated biphenyl, soil, microorganism, biodegradation, Aspergillus niger
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Fig. 1. Chemical synthesis of PCB-1, 3, 38, and 126 by Suzuki-coupling (A) and structures of congeners (B).
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Fig. 2. Degradation kinetics of biphenyl and PCB congeners by

Aspergillus niger.

Table 1. First-order kinetic parameters of degradation of
biphenyl and PCB congeners

Half-life Regression
Congener Rate (day) coofficient
Biphenyl 0.1867 3.7 0.9849
PCB1 0.0856 8.1 0.9700
PCB3 0.0447 15.5 0.9797
PCB38 0.0103 67.3 0.9480
PCB126* 0.0015 462.1 0.3677
“No degradation
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e =49 3= ¥
7129 EalEre] 8
and Nakagawa 2014).

PCBY| ML Tkl A At o Al o
07 AANENOH, Pseudomonas L Alicaligenes <5 VA
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TS RS 18] 8 F TallolA ki ow A
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Fig. 3. GC-MS total ion chromatograms of mycelia (A) and culture medium (B) of Aspergillus niger, treated with PCB126 after 7

days of culture. Asterisk (*) for PCB126.
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Fig. 4. Total ion chromatograms (A) and multiple ion chromatograms (B) of culture medium of Aspergillus niger, treated with
biphenyl after 5 days of incubation. m/z 242 (top), 330 (middle), and 418 (bottom) for mono-, di-, and tri-hydroxybiphenyl TMS

derivatives.
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(Koc)e}t daatA 17} s, F2AG7E AUAA 2o 24
o] 7%, nAEe Bajoll A & e & F B
7h wlg- srow | mEba] AEs] A A A E TH(Weissenfels
et al. 1991). ]9} -2 AE F8 % (bioavailability)} &
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Fig. 5. Total ion chromatograms (A) and multiple ion chromatograms (B) of culture medium of Aspergillus niger, treated with PCB3
after 7 days of incubation. m/z 276 (top), 364 (middle), and 452 (bottom) for mono-, di-, and tri-hydroxy PCB3 TMS derivatives.

Table 2. GC-MS profiles of hydroxylated metabolites of biphenyl and PCB congeners by Aspergillus niger

Retention

Parent ID time (min) # of Hydroxy MS fragment (m/z, relative abundance)
1 33.750 Monohydroxy 242(M*,89),227(81),211(49)
Biohenvl 2 38.150 Dihydroxy 330(M",49),315(2),242(9)
pheny 3 41.240 Dihydroxy 330(M",100),315(32),242(1)
4 44.560 Trihydroxy 418(M",73),315(23)
5 35.565 Monohydroxy 276(M",85),278(M*+2,48),261(93)
PCBI 6 35.905 Monohydroxy 276(M*,93),278(M'+2,51),261(100)
7 38.871 Dihydroxy 364(M",21),366(M"+2,10),349(15)
8 37.870 Monohydroxy 276(M*,100),278(M*+2,42),261(89)
PCR3 9 41.820 Dihydroxy 364(M*,30),366(M*+2,14),349(7)
10 43.025 Trihydroxy 452(M",18),456(M*+2,6),437(11)
11 44.345 Trihydroxy 452(M",40),366(M*+2,21),437(5)
PCB38 12 44815 Monohydroxy 344(M",75),346(M"+2,52),331(100)
13 47.705 Dihydroxy 432(M',25),434(M*+2,17),417(6)
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o] BelghEe] 84 thrEE A=A o, PCB-389] 75, S4e] tirteo]l A EHAL(2%), PCB-1262 &
33HES] At AE #AER] oit) HA d4 X3717} ortho-$IX]ol| EAIS= PCB-13} para-$lX]oll EA51=
PCB-39] tiARS=E V|aLdh A3, PCB-39] thAt &7} @Afs] 2 3he B30, o] biphenyl ring®] 32+ &)
o A¥E Ao AT uAE vk 2 PP F2 thAFE-S mono- 2 di-hydroxy PCBE A129H, 3|F &
Ao 543}8H QS AEH A 2T A0 E AlRHI

A010{  Polychlorinated biphenyl, soil, microorganism, biodegradation, Aspergillus niger




	Polychlorinated Biphenyl의 토양 미생물 Aspergillus niger에 의한 생분해 경로
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	결론
	Literature cited
	요약


