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Biodegradation of Aroclor by Mixed Cultivation of Bacteria
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The biodegradation of Aroclor 1242 was investigated by the mixed cultivation of the natural bae-
terial isolates and a genetically engineered microorganism (GEM). The natural strain of MS-1003 degrad-
ed the Aroclor 1242 through the ortho-cleavage pathway, while the other strains through the
meta-cleavage pathway. When the MS-1003 strain was additionally inoculated into the 1 day culture
of the DJ-26 strain and then cultivated for 2 days, the Aroclor was degraded up to 86% and resulted
in increase of the meta-cleavage product. But in the MS-1003 culture inoculated with the DJ-26, degra-
dation of the Aroclor was limited to the level of each pure culture. By the mixed cultivation of the
DJ-26 strain together with the DJ-12 or its GEM strain of DF-10, which degrades the Aroclor through
the meta-cleavage pathway, degradation of the Aroclor as well as production of the meta-cleavage com-
pound were lower than those of each pure culture. The degradation of Areclor 1242 by the GEM strain
was not improved over the parental strain. Therefore, a form of cometabolism of Aroclor 1242 was
found in the mixed culture of the DJ-26 and MS-1003 strains which degrade the Aroclor through the
different metabolic pathway, but in the mixed culture of the DJ-26 and DJ-12 strains degrading Aroclor
1242 through the same pathway, a kind of competetion for the substrate was cbserved.
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Table 1. Bacterial strains used in this study
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Strains Phenotypes Identified species
DJ-12 Aroclor 1242+, 4CB+, 4CBA+ Pseudomonas sp.
DJ-26 Aroclor 1242+, 4CB+, 4CBA+ Pseudomonas sp.
HK-100 Aroclor 1242+, 4CB+, Achromobacter sp.
HK-123 Aroclor 1242+, 4CB+, Aroclor 1254+ Pseudomonas sp.
MS-1003 Aroclor 1242+, 4CB+, 4CBA+ Alcaligenes sp.
DF-102 Aroclor 1242+, 4CB+, 4ACBA+ Cloned strain

“Obtained by transformation of the recombinant plasmid of pDK450 into P. putide KT2440. The pDK450 was constructed
by ligation of E'coRI fragments of the vector, pT’ K230, and pDJ121 isolated from the strain of DJ-12 (18).
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Table 2. Degradation of Aroclor 1242 by the pure or

mixed cultivation of the bacterial strains in MM2 liguid
culture.

b

Agsr of the culture during

Strains incubation for (d):

0 1 2 3 4 5
DJ-26 3.76 3.70 1.14 0.54 0.53 0.51
MS-1003 3.75 2.97 0.88 0.84 0.80 0.69
DJ-12 3.70 3.60 0.71 0.59 0.58 0.58
DF-10 3.70 3.68 1.00 0.80 0.69 0.65
HK-100 3.75 3.71 1.50 062 -¢ -
HK-123 3.75 3.71 1.72 070 - -

DJ-26 + MS-1003¢ 3.76 3.70 0.81 0.52 0.42 0.39
MS-1003 + DJ-26 376 297 1.32 0.88 0.72 0.51
DJ-26 + DJ-12 3.75 3.68 1.15 0.58 0.56 0.54
DJ-26 + DF-10 3.75 3.59 1.04 0.64 0.63 0.60

2MS-1003 strain was inoculated to the culture of DJ-26 1
day after the begining of incubation.

81)J-26 strain was inoculated to the culture of MS-1003 1
day after the begining of incubation.

‘Not determined.
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Fig. 1. UV-scanning spectra of Aroclor 1242 and its

MS-1003(1I), and DF-10(11I) during 3 days of incubation.
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Table 3. Production of meta-cleavage compound by the
pure or mixed cultivation of the bacterial strains in MM2
liguid culture

Ao of the culture during

Strains incubation for (d):

0 1 2 3 4 )
DJ-26 0 0 0.78 0.90 0.93 0.91
MS-1003 0 0 0 0 0 0
DJ-12 0 0 0.30 0.50 0.51 0.51
DF-10 0 0 0.35 056 0.54 055
HK-100 0 0 037 084 -c¢ -
HK-123 0 0 042 089 - -
DJ-26 + MS-1003¢ 0 0 0.22 0.25 0.27 1.04
MS-1003 + DJ-260 0 0 0.15 0.23 0.31 0.56
DJ-26 + DJ-12 0 0 0.38 0.44 045 0.48
DJ-26 + DF-10 ¢ 0 0.29 0.36 0.36 0.36

eMS-1003 strain was inoculated to the culture of D.J-26 1
day after the begining of incubation.

PDJ-26 strain was inoculated to the culture of MS-1003 1
day after the begining of incubation.

¢Not determined.
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Fig. 2. UV-szcanning spetra of Aroclor 1242 and its
catabolites in the mixed culture of DJ-26 and MS-1003
during 5 days of incubation.
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Fig. 3. UV-scanning spectra of Aroclor 1242 and its
catabolites in the mixed culture of DJ-26 and DF-10 dur-
ing 4 days of incubation.

a, 0 time; b, 1 day; ¢, 2 day; d, 3 day; e, 4 day culture
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Fig. 4. Degradation of Aroclor 1242 and growth of the
bacteria by pure or mixed cultivation in the MM2 liquid
medium containing Aroclor 1242.
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Fig. 5. Degradation of Aroclor 1242 and growth of the
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medium containing Aroclor 1242,

DJ-26 (©); DF-10 (0); DJ-26 and DF-10 (&)

EAUA ol&sh7] wifeletr ZE ofn|sh Aolr},

Kohler 5 (17)0] Acinetobacter &% Athrobacter & &

gru ool 213k Aroclor 1254 8] sl A &ollA] 32 Al
Aoabeloll whel Aroclor ¢ F-sll7t A2A weld o A A
gk kel o], o Agold] Agst 1 Y7k HEF A7)

Ror. J. Appl. Microbiol. Biotech.

J
o] A -a,-ﬁ'}ci A5 = Ehsd),
v} E7bo]l  peta-cleavage pathway ol 2] 3hod
Aroclor 12425 -F#lsle DJ-26 1592+ GEM T34l
DF-10-2 £3tefekal-g- ujoll=, Fig. 5ollAe} 7o} =il
2 ekl wlol| v]dted Aroclor & Fd 2ol =
Z zfoj 7} %i?ifl‘”} A8 T4l UM Eghvl ke
chedF32] v ool A x ) "o e}, 19}
(e ?é lr 258 Aroclor 8 SR FUG A4
= EghuiokEt wiolle= vlAe] g AHAA antago-
nism ©] Z-3sle] 1 Ll zge] AshE 4 ohz) A

=4 2998442l polychlorinated biphenyls (PCBs)

o Aled A %2l Aroclor 1242 &) Héllof] tisle] AeiA| &
H-&f 2|gh Atat 3 w2lgEhE e s WAzl
55 o| &35l Eahelloka ofdt Fallgals ZAbeba,
chaEa=2] wioke] oldt Hrpe} wlm Aok

meta-cleavage pathway o] &l3ko] Aroclor 1242 -5
sisl= DJ-26 w2 1947k wisksl §- ortho-cleavage
pathway 2] MS-1003 55 Z3hliekslS- o Aroclor
1242 & -Fal= A shibslslen, o A FEAREE
meta-cleavage compound 7} Bol A% AL a8l
Aol abo|gt + EFoll 2|8t cometabolism & &jely
Azrdet, ey b 3Re] HAEFTATE vHRE dlo)
Slie B g B L o“?ﬂ% wf o] ol A
. meta-cleavage pathway 2 Aroclor 1242 & 283}
+ DJ-26 2} DJ-12 75 ®=+= DJ-12 8¢ -ﬁ*?-*]-?—
3t
ul} <

7o WY A7 DF-10 &2 DJ-26 75 &%

Fal-g- o=, Aroclor 1242 9] #sll G}L]E} 2
Azt WA= meta-cleavage compound & ok iy
5 2h2b el okl g wle] el E miR|E R A, o]
| 3k 5 e AR ot A}l Hes
! I‘Jr oe|a B ai—*,Lo;},q A28} G228 7|Ho
4|7 DF-10 #3
Aroclor 1242 ¢] 28l -5

= 7L parental strain o 8| &ked

I ?H As{z] BBk,

LAt 2

F47] 29

1~

oA g apekinie] 1989-1990 W s
Fulol ofste] 4asiglen], olo] pApzalc),



Vol. 18, No. 6

10.

(= Sy

11.
. Ahmed, M. and D.D. Focht: Can. J. Microbiol. 19, 47

(1979).

Bedard, D.L., R. Unterman, L.H. Bopp, M.J. Brennan, 12.

M.L. Haberl and C. Johnson: App!l. Environ. Microbi-

ol. 51, 761 (1986). 13.

Bedard, D.L., R.E. Wagner, M.J. Brennan, M.L. Haberl

and J.F. Brown: Appl. Environ. Microbiol. 83, 1094 14,

(1987).

Brunner, W., F.H. Sutherland and D.D. Focht: J. En- 15,

viron. Qual. 14, 324 (1985).

. Clark, R.R., E.S K. Chian and R.A. Griffin: App!. En- 16.
viron. Microbiol. 37, 680 (1979).
Furukawa, K. and F. Matsumura; J. Agric. Food Chem. 17.

24, 251 (1976).

Furukawa, K. and T. Miyazaki: J. Bacteriol. 166, 392 13.

(1986).

. Furukawa, K., N, Tomizuka and A. Kamibayashi: App/. 19.
Environ. Microbiol. 46, 140 (1983). 20.

Ghosal, D., [.S. You, D.K. Chatterjee and A.M.

Chakrabarty: Science 228, 135 (1985). 21.

Hansen, L..G., G.M. Louis, T. Tuinstra, C.A. Kan, J.T.
Johan, W.A. Strik and J.H. Koeman: J. Agric. Food

619

Chem. 31, 254 (1983).

Haugland, R.A., D.J. Schlemm, R.P. Lyons, 1[I, P.R.
Sferra and A .M. Chakrabarty: Appl. Environ. Microbiol.
56, 1357 (1990).

Horvath, R.S. and M. Alexander: Appl. Microbiol. 20,
254 (1970).

Kilpi, S., K. Hinberg, K. Yrjala and V. Backstrom:
FEMS. Microbiol. Ecol. 53, 19 (1988).

Kim, C.K. and M.S. Kim: Kor. J. Microbiol. 28, 145
(1990).

Kim, M.S., C.K. Kim and J.K. Lee: Genet. Eng. Res.
3, 211 (1989).

Kiyohara, H., N. Kazutaka and Y. Keiji: Appl. Fnvi-
ron. Microbiol. 43, 454 (1982).

Kohler, H., D. Kohler and D.D. Focht: Appl. Environ.
Microbiol. 54, 1940 (1988).

Lee, LK., }.W. Kim and C K. Kim: Kor. J. Microbiol.
28, 41 (1990).

Liu, D.: Bull. Environ. Contam. Toxicol. 27, 695 (1981).
Novick, N. and M. Alexander: Appl. Environ. Microbiol.
49, 737 (1985).

Shields, M.S., S.W. Hooper and G.S. Sayvler: J. Bacteri-
ol. 163, 882 (1985).

(Received September 28, 1990)



