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To enhance the reductive dechlorination of polychlorinated biphenyls (PCBs) under anaerobic condi-
tions, we examined the adjunctive effects of cobalt (Co) and nickel (Ni), which are the central metals
of transition-metal cofactors of coenzyme F, and vitamin B,,, respectively, on the dechlorination of
Aroclor 1248. After 32 weeks of incubation, the average numbers of chlorines per biphenyl in culture
vials supplemented with 0.2, 0.5, and 1.0 mM of Co reduced from 3.88 to 3.39, 2.92, and 3.28, respec-
tively. However, the numbers of chlorine after supplementing with Ni decreased from 3.88 to 3.43,
regardless of the Ni concentrations. The observed congener distribution patterns of all vials with dif-
ferent conditions were similar to the pattern produced by the dechlorination process of H' after
21 weeks of incubation, and these patterns were unchanged up to week 32, except for vials supple-
mented with 0.5 and 1.0 mM of Co. In vials containing 0.5 mM of Canetarich congeners, such as 25/
25-, 24/25-, and 25/23-chlorobiphenyls (CBPs), which were found as accumulated products of dechlo-
rination in other conditions, were further dechlorinated, and 25/2-, 24/2-, and 2/2-CBPs were concom-
itantly increased after 32 weeks of incubation. In this case, the congener distribution was similar to the
dechlorination pattern of process M. From these results, we suggested that the enrichment of cultures
with Co might stimulate the growth of specific populations ofmetadechlorinators, and that popula-
tions might promote a change in the dechlorination process from H' to M, which is known to be less
effective on the dechlorination of the more highly chlorinated congeners of PCBs.
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The microbial dechlorination of polychlorinated biphenyls rination of PCBs by stimulating the growths of dechlori-
(PCBs) has been observed in many river, lake, and estunators (Bedarat al, 1996; Deweerd and Bedard, 1999;
arine sediments (see references in Bedard and Quense@ho et al, 2002).
1995). Although this process is the only biological pro- Anaerobic bacteria are rich in the metallo-organic
cess known to degrade highly chlorinated PCB congenersgofactors and methanogens are especially rich in cor-
a small number of studies have reported the isolation ofrinoids (Dangekt al, 1987). Vitamin B, is representative
anaerobic microorganisms capable of dechlorinatingof these corrinoids, and is found in various microorgan-
PCBs (Mayet al, 1992; Cuttert al, 2001), though the isms. Coenzyme E is a nickel(ll) porphinoid, which is
mechanism of this reductive dechlorination is still not uniquely present in all methanogens, and functions as the
fully known. Many have investigated the effects of envi- prosthetic group of methyl coenzyme reductase that medi-
ronmental parameters on the reductive dechlorination ofates the final step in methanogenesis. It has been sug-
PCBs, and the enhancement of the microbial dechlorinagested that cobalt-containing cobalamins and coenzyme
tion of PCBs by adding various carbon and energyF,,, are involved in the catalysis of the reductive dehalo-
sources and surfactants to sediments (see references genation of various chlorinated hydrocarbons by anaero-
Bedard and Quensen, 1995), however, their addition habic bacteria (Gantzer and Wackett, 1991; Smith and
generally failed to enhance the dechlorination of PCBs.Woods, 1994). Yest al. (1995) suggested that methano-
Recently, some investigators found that the addition ofgens may be responsible for the dechlorination of PCBs
halogenated aromatic compounds can enhance the dechlonder culture conditions selected for methanogenic bac-
teria. The finding of Mat al (1992) was also consistent
8 present address: Chung-Eui Middle School, Euijeongbu 480-090, Wwith Ye's hypothesis that methanogens are responsible for
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the addition of 2-bromoethane sulfonate, an inhibitor of the redox indicator resazurine at a final concentration of
methane production, did not affect dechlorination (Ritee 0.0001%. To ensure the homogeneous distribution of
al., 1993a) PCBs, the sediment slurry was stirred overnight with a

In this study, we examined the influence of two transi- magnetic stirrer. Batch incubations were prepared by dis-
tion metals, nickel and cobalt, upon the reductive dechlo-pensing 50 ml of the sediment slurry into serum vials
rination of PCBs, using Aroclor 1248 as a substrate for a(120 ml) and sealing them with a Teflon-lined stopper and

dechlorinating anaerobic microbial consortium. aluminum crimp seals in an anaerobic chamber. The vials
were autoclaved and, except for the control, inoculated
Materials and Methods with 2 ml of supernatant of the PCBs-acclimatized sedi-
ment slurry, prepared as described in a previous study
Analysis of Ni and Co in culture sediments (Kwon et al, 2001). All culture vials were set up in dupli-

The concentrations of Ni and Co in Owasco Lake sedi-cate.
ments used in this study were analyzed by the method of To investigate the influence of Ni and Co on the dechlo-
Tessieret al (1979). 10 ml of sodium acetate solution rination pattern of PCBs, solutions of Co (Co@H,0)
(0.5M, pH 8.0) was added to 200 mg of air-dried sedi- and Ni (NiCl,- 6H,0) (Fluka, Swiss) were added to vials
ment in a 50 centrifuge tube, mixed for 1 h, and centri- containing Aroclor 1248 at a final concentration of 0.2,
fuged for 10 min at 3,000 rpm. The supernatants obtained.5, and 1.0 mM using a syringe filter (0422, 25 mm;
were used for the analysis of the exchangeable fraction€orning, USA) in an anaerobic chamber. All vials were
of metals. To the remaining sediments, 10 ml of sodiumincubated at room temperature and 2 ml portions of the
acetate solution (1.0 M, pH 5.0) were added and mixedsediment slurry were removed at predetermined time
for 5 h. The slurries were centrifuged for 10 min at 3,000 intervals for PCB analysis in an anaerobic chamber. Sam-
rpm, and the supernatants were analyzed for carbonate qrles were collected using a Pasteur pipette while slurries
easily reducible fractions. After these extraction steps,were continuously mixed on a magnetic stirrer.
10ml of hydroxylamine hydrochloric acid solution
(0.04 M) was added to the sediments, which were thenPCB extraction and analysis
heated for 12 h at 9GQ, and centrifuged. The supernatants The collected samples were extracted with acetone and
were analyzed for reducible fractions. After the treatmenthexane by ultrasonication, treated with tetrabutylammo-
of previous steps, 5ml of hydrogen peroxide (33%, nium hydrogen sulfate and sodium sulfite to remove ele-
pH 2.0) and 5 ml of nitric acid (0.02 M) were added to the mental sulfur, and cleaned up on a 4% deactivated Florisil
sediments and mixed at “8D until bubbles no longer column (Rheet al, 1993a). PCB analysis was performed
appeared from the solution. 5 ml of ammonium acetateusing a gas chromatograph (Hewlett-Packard 5890Il)
solution (3.2 M) was added, mixed for 1 h, and centri- equipped with &Ni electron capture detector, a HP Ultra
fuged. The supernatants obtained were analyzed for theill fused silica capillary column (25 g0.2 mm, 0.13um
organic fractions. After the previous extractions, the sed-thickness), a HP 7673 autosampler, and a HP 3396 inte-
iments were added to the 50 ml serum vials. 5 ml of acidgrator. The gas chromatography conditions used have
mixture (nitric acid: fluoric acid: perchloric acid=4:4:1, been described elsewhere (Rkeal, 1993a). PCBs were
viv) was added and heated at ZDGo dryness. After quantitated on a HP Ultra Il column using a calibration
cooling, 10 ml of 1% nitric acid solution was added and standard containing equal amounts of Aroclors 1221,
centrifuged, and the supernatants were analyzed for thd016, 1254, and 1260 (0.8/ml of each in hexane)
lattice fractions of Ni and Co. The supernatants extractedRheeet al., 1993a). All of the chromatographic data were
by each step were analyzed using an atomic adsorptiorollected and processed on a microcomputer by using a
spectrophotometer (Perkin-Elmer 3100, USA). HP 3365 Series Il ChemStation chromatography data sys-
tem. The mole percentage of PCB congeners and the aver-
Preparation of PCBs-dechlorinating cultures and the experi- age number of chlorines per biphenyl were calculated
mental set-up based on the concentration of each congener. Coeluting
PCB-free, air-dried, sieved sediments from Owasco Lake congeners were assumed to be present in equal propor-
NY, USA, were spiked with Aroclor 1248 (AccuStandard, tions for the calculations.
USA) in hexane to yield a total PCB concentration of
300ug/g on a sediment dry-weight basis. After the hex- Results and Discussion
ane have been evaporated, the PCB-spiked sediments
were made into slurries containing 10% sediment (w/v onTo determine the amounts of Ni and Co required to
a dry-weight basis) with reduced synthetic minimal enhance the dechlorination of PCBs without inhibiting
medium (Balchet al, 1979) in an anaerobic chamber microbial growth and activity, we analyzed the concen-
(Coy Laboratory Products, USA) with an,/8O,/H, trations of these transition-metals in sediments. The total
atmosphere (85:5:10). The minimal medium containedconcentrations of Ni and Co, analyzed by the method of
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Table 1. Concentrations of the various forms of nickel and cobalt in the sediments used in thigstudy (

species 1 2 3 4 5 sum
Ni 37.3+ 3.0 3.0+ 00 219.4+ 9.0 59.7+ 6.0 371.6+ 10.4 691.0t 13.4
Co 11.3+ 1.6 25.8+ 4.8 82.3+ 4.8 12.9+ 4.8 67.7+£ 8.1 200.0+ 9.7
1. exchangeable fraction including absorbed and cation exchangeable metals.
2. easily reducible fraction including carbonate and weak oxides.
3. reducible fractions mainly Fe-Mn oxides.
4. organic fraction associated with organic matters of sulfur species.
5. lattice fraction included in mineral lattices.
Tessieret al (1979), were 691 and 2QMM, respectively 4.0

(Table 1); however, they were present primarily in the
forms of Fe-Mn oxides or mineral lattices, which have 3.8 1
limited bioavailabilities. Among the various forms of met- |
als, the bioavailable species of metals are exchangeabl.g |
easily reducible, or organic fractions and organisms car= 34 -
use bioavailable species more easily than the other one® :
(Forstner, 1989). The sediments used in this study con. 3.2 A) Cobaltsupplement

henyl

3.6

tained 0.1 and 0.05 mM of bioavailable forms of Ni and é = P
Co, respectively. IG; (inhibitory concentration 50) of Ni 3 301 & osmm
and Co taStreptomyces coelicolevere 0.05 and 5.8 mM, 28 | z k&on;“gved contol

respectively (Abbas and Edwards, 1990). Maximum tol-
erant concentration dlcaligenes eutrophu€H34 to Ni

and Co was 2.0 and 10 mM, respectively (Mergea,,

1985), andA. eutrophusA5 was found to be able to
degrade Aroclor 1242 at a Ni concentration of 1.0 mM
(Springaelket al, 1993). From these results, we decided to 2
add 0.2, 0.5, and 1.0 mM of Ni and Co to culture vials, %
and then investigated the influence of these metals on tha
dechlorination characteristics of Aroclor 1248. 5

The time course of the dechlorination, expressed as tote's

T LA L B B AL L B B B B
0 3 6 9 12 15 18 21 24 27 30 33

321 B

) Nickel supplement
chlorine atom (Cls) numbers per biphenyl, showed thatg | momm
the Aroclor 1248-spiked sediment slurries were dechlori-€ 3, | @ 02mm
nated after a 9-week period (Fig. 1). Up to 21 weeks of Z | O osmu
incubation, Cls numbers per biphenyl were not signifi- 2.8 z Autoclaved control
cantly different among vials supplemented with various S
concentrations of Co, and ranged from 3.42 to 3.49 ol 0 3 6 9 12 15 18 21 24 27 30 33

overall from 9'6_% to 11.4% reductlon f_fc?m the original Fig. 1. Changes of total chlorine per biphenyl of Aroclor 1248 witt
Aroclor 1248 (Fig. 1A). In the vial containing 0.5 MM of  sypplementation of transition metals. Data represent the me.

Co, however, dechlorination continued until 32 weeks of duplicate cultures.

incubation, and the Cls number per biphenyl was reduceu

to 2.89 equivalent to an overall reduction of 25.1%. Thethat with no addition of Ni was 2.XA10® mol-Cl/g-sedi-
dechlorination rate under this condition was %&485% ment/week.

mol-Cl/g-sediment/week, which was twice than those of The optimization of environmental parameters, such as
the vials supplemented with 0 or 0.2 mM of Co. Dechlo- PCB concentration, moisture content, and some haloaro-
rination also continued in the vial containing 1.0 mM of matic compounds, increased the population of PCB-
Co, but the reaction rate was less than that of 0.5 mM ofdechlorinators and enhanced the dechlorination rates (Kim
Co. Unlike Co, Ni did not enhance the dechlorination of and Rhee, 1999; Rheg al, 2001; Cheet al, 2002). The
Aroclor 1248 (Fig. 1B). After 21 weeks of incubation, omission of trace metals resulted in a slight negative
total Cls per biphenyl in vials supplemented with 0, 0.2, impact on the rate and the extent of Aroclor 1242 dechlo-
0.5, or 1.0 mM of Ni ranged from 3.46 to 3.50, and from rination by Hudson River microorganisms (Abramovetz
3.42 to 3.44 or an overall reduction of 11.1% as comparedl., 1993). The sediments used in this study contained only
with the original Aroclor 1248 after 32 weeks. The aver- 0.05 mM of bioavailable Co (Table 1) and the synthetic
age rate of dechlorination in the vials containing the Ni mineral medium had about 0.005 mM of dissolvable Co
supplement was 2.26.0°mol-Cl/g-sediment/week, and (Balchet al, 1979). Although we did not know the iden-



192 Kwon et al. J. Microbiol.

tities of the dechlorinating microorganisms present and noiof Co relatively little changed. In vials supplemented with
determine the influence of Co on the sediment microbial0.2, 0.5, and 0.5 mM of Ni, no difference in the PCB
populations in this study, the reduced level of dechlorina-homolog distribution was observed (data not shown).
tion occurred in the vial supplemented with 1.0 mM of Co Mono-CBPs were not detected under any condition.
than in the vial with 0.5 mM of Co (Fig. 1) was probably = The mole percentages of Aroclor 1248 congeners after
due to the toxic effect of the Co upon the sediment micro-32 weeks of incubation are presented in Fig. 3, which
organisms. The growth &. eutrophusIMP134 andse- compares the dechlorinating patterns in the presence of
domonas putid®RS2015, which are able to degrade 2,4- different metal levels. After 32 weeks of incubation, the
D and 3-chlorobenzoate, respectively, was found to bechromatographic pattern obtained from an Aroclor 1248-
inhibited at a Co concentration of 0.1 mM (Chattegee spiked sediment slurry without Co or Ni addition showed
al., 1981; Dornet al, 1985), although other bacteria were that decreases involved 234/245- +245/34-, 34/34-+ 236/
found to be able to tolerate a Co concentration of more34-, 234/24-, 245/24-, 245/25-, 24/34-, 25/34-, and 2,4,5/4-
than 1.0 mM (Mergeagt al, 1985; Abbas and Edwards, CBPs with concomitant increases in 24/25-, 25/25-, 25/4-
1990). + 24/4-, 24/3-, 25/3-, 236-+26/3-, and 2/3-CBPs (Fig.
Analysis of the PCB homolog distribution over incuba- 3B). The chromatographic pattern obtained from culture
tion time also showed that the extents and patterns oWials supplemented with 0.5 mM of Ni (Fig. 3C) was very
dechlorination were different according to the amounts ofsimilar to the that obtained with no addition, which dem-
cobalt supplemented (Fig. 2). After 9 weeks of incubation, onstrated that Ni has no effect (Fig. 1) on the pattern of
all vials showed a similar decrease in the amounts ofdechlorination. The observed congener distribution pat-
penta- and tetra-chlorobiphenyls (CBPs) and a dramatiderns, obtained from vials without Co or Ni addition and
increase in tri-CBPs. Clearest differences were observedvith 0.5 mM of Ni, were similar to the pattern produced
in terms of the accumulation of di-CBPs and the diminu- by the dechlorination process known as(Bedard and
tion of tetra-CBPs after 21 weeks of incubation; in the vial Quensen, 1995), in which oniyieta andpara-Cls adja-
supplemented with 1.0 mM of Co, di-CBPs increased andcent to others are removed, but not isolated chlorines. In
tetra-CBPs decreased, while in vials with 0.2 and 1.0 mMthe vial supplemented with 0.5 mM of Co, 6 congeners of
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Fig. 2. Changes in the homolog distribution of Aroclor 1248 with the Fig. 3. Mole percentages of Aroclor 1248 congeners in sediment:
supplementation of cobalt over a 32-week incubation period. Data rep-fies supplemented with cobalt or nickel after 32 weeks of incub
resent the means of duplicate culturés, 0 mM Co; ®, 0.2 mM Co; (A, Autoclaved control; B, No addition; C, 0.5 mM Ni; D, 0.5 mM
7, 0.5 mM Co;H, 1.0 mM Co; &, Autoclaved control) E, 0.5 mM Co and 0.5 mM Ni)
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tetra-CBPs (236/4-, 236/3- + 23/24-, 23/25-, 24/24- + 245/42.0% (from 1.19 to 0.69) anplara-Cls by only 8.5%
2-, 24/25-, and 25/25-CBPs) were additionally decreasedfrom 0.82 to 0.75) after 21 and 32 weeks of incubation.
with concomitant increases in tri- and di-CBPs such as 4Metadechlorination also occurred during this period in
4- + 24/2-, 26/2-, 2/4- + 23-, 2/3-, 24- + 25-, and 2/2- + vials containing 1.0 mM of Co and in those containing
26-CBPs (Fig. 3D). In particular, majaretarich conge- 0.5 mM of Co and 0.5 mM of Ni, but the extentméta-
ners, such as 25/25-, 24/25-, and 23/25-CBPs, which wereechlorination was greater in the presence of 0.5 mM of
found as accumulated products of the dechlorinationCo. In vials containing the other supplementgta-and
when Co or Ni were not added or in the presence of 0.5ara-Cls were hardly reduced during this period.
mM of Ni (Fig. 3B and 3C), were further dechlorinated, Although little is known about the environmental factors
and products, such as 25/2-, 24/2-, and 2/2-CBPs, wereequired for the dechlorination of PCBs, some investigators
concomitantly increased. The congener distribution pat-have identified factors that enhance or inhibit dechlorina-
tern of supplementation with 0.5 mM of Co was similar to tion. In a biphenyl enrichment experiment using Aroclor
that of the dechlorination process known as M, in which 1254 (Rheeet al, 1993b), dechlorination rates were found
flanked and unflankethetaCls are removed and this pro- to be no different in biphenyl-enriched and non-enriched
cess is less effective on the more highly chlorinated PCBsultures for up to 13 months of incubation. After this
(Bedard and Quensen, 1995). Supplementation withperiod, however, one of the principal dechlorinated prod-
0.5 mM of Co and 0.5 mM of Ni showed the same reduc- ucts of Aroclor 1254, 24/4-CBP, was dechlorinated to 2/4-
tion in tetra-CBPs and accumulation of tri- and di-CBPs CBP in a non-enriched vial, whereas biphenyl- enrichment
(Fig. 3E); however, the extent of these changes was lesselectively inhibited thepara-dechlorination of 24/4-CBP
than observed for 0.5 mM of Co only. for up to 24 months. Bedast al, (1996) found that addi-
Dechlorination of PCBs occurred mainly via the tion of 25/34-CBP to slurries of Aroclor 1260 stimulated
removal ofmeta-andpara-Cls. After an incubation time  selective para-dechlorination and suggested that 25/34-
of 21 weeks, dechlorination of Aroclor 1248 occurred to CBP enriched a population of PCB-dechlorinating micro-
similar extents regardless of added metal levels, thouglorganisms that could use it as an electron accepter. The
para-dechlorination was somewhat faster thareta enrichment of sediment microorganisms with some haloar-
dechlorination (Fig. 4). The inoculating sediments used inomatic compounds (HACs) enhanced only tmeta
our previous study showed the same preferential removatlechlorination of Aroclor 1248 and other HACs increased
of para-Cls in Aroclor 1248, especially in slurry condition both meta and para-dechlorination (Choet al, 2002).
(Kwon et al, 2001). After 32 weeks, however, dechlori- Some investigators have also shown that inhibitors, temper-
nation occurred predominantly from theetaposition in ature, PCB concentration, and other factors favor different
vials supplemented with 0.5 or 1.0 mM of Co (Fig. 4). In dechlorinating microorganisms (Bedard and Quensen,
vials containing 0.5 mM of CanetaCls were reduced by  1995). The results of these studies clearly demonstrate that

para-Cl/biphenyl

Fig. 4. Average number afmetaCl versuspara-Cl in samples supple-
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there are many dechlorinating microorganisms and that
they have different abilities.

Supplementation of 0.5 mM of Co to the culture vial
enhanced thenetadechlorination of Aroclor 1248 (Fig.
4) and the dechlorination pattern changed from a process
H' type to a process M type (Fig. 3). According to these
results and the results of other investigatove propose
that the enrichment of cultures with Co may stimulate the
growth of a specific population ahetadechlorinators
after a long incubation time, and that subsequentya
rich dechlorinated products of Aroclor 1248, such as 25/
25-, 25/23-, and 25/24-CBPs, are further dechlorinated to
2/2-, 25/2-, and 24/2-CBPs. Cobalt acts as a cofactor of
vitamin B, which can catalyze the reductive dechlorina-
tion of chlorophenols at theara and meta positions
(Gantzer and Wackett, 1991; Smith and Woods, 1994).
Methanogens are rich in corrinoids such as vitamin B
and believed to be one of the physiological groups capa-
ble of PCB dechlorination (Yet al, 1995). When meth-
anogens were inhibited with 2-bromoethanesulfonate in

mented with cobalt (circle) or nickel (triangle) after 21 (black color) S_Ed'ments containing Aroclor 1248, the extent of dechlo-
and 32 (white color) weeks of incubation. The dashed line representdination was reduced due to the absence of the further
the proportional removal aheta andpara-Cl from Aroclor 1248.

dechlorination of somenetarich products of the initial
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dechlorination (Kim and Rhee, 1999). Two populations  dechlorination of polychlorinated biphenyls, p. 127-216.
involved in the further dechlorination of thmetarich L.Y. Young and C.E. Cerniglia (eds.), Microbial transformation
congeners of Aroclor 1248 differed by two orders of mag- and degradation of toxic organic chemicals. Wiley-Liss, New
nitude (Choet al, 2000). We enriched methanogens in _ York. o
serum vials containing short chain fatty acids and yeas€dd: D-L., S.C. Bunnell, and L.A. Smullen. 1996. Stimulation of
extract, and the existence of methanogens was confirmed microbialpara-dechlorination of polychlorinated biphenyls that

. . . have persisted in Housatonic River sediment for dec&aes.
by methane analysis (Kwoet al, 2001). This enriched ron. Sci. Technol30, 687-694.

culture of methanogens was supplemented to the new%hatterjee, DK. ST Kellogg, S. Hamadam, and A.M. Chakra-

prepared culture vials conta_lining Aroclor 1248 and_ CO  party. 1981. Plasmid specifying total degradation of 3-chlo-
was added at a concentration of 0.5 mM to investigate  robenzoate by a modifiedrtho pathway.J. Bacteriol. 146,

their combined effect on the dechlorination of Aroclor 639-646.

1248. The extent and the pattern of dechlorination, how-Cho, Y.C., J. Kim, R.C. Sokol, and G-Y. Rhee. 2000. Biotransfor-
ever, was similar to that of 0.5 mM of Co alone (data not mation of polychlorinated biphenyls in St. Lawrence River sed-
shown). Since we did not add PCBs to the methanogen iments reductive dechlorination and dechlorinating microbial
enrichment medium, the enriched cultures might not have  PopulationsCan. J. Fish. Aquat. Sca7, 95-100.

had the activity of PCBs dechlorination and, thus, the € Y-C., E.B. Ostrofsky, R.C. Sokol, R.C. Frohnhoefer, and G.-
addition of methanogens had no effect on the dechlorina- Y. Rhee. 2002. Enhancement of microbial PCB dechlorination

! . .. . . by chlorobenzoates, chlorophenols, and chlorobenzEE®4S
tion of Aroclor 1248. Acclimation is very important in the Microbiol. Ecol. 42, 51-58.

biodegradation of many recalcitrant compounds (AleX- cer, A, J.E. Watts, K.R. Sowers, and H.D. May. 2001. Iden-

ander, 1994). _ _ tification of a microorganism that links its growth to the reduc-
The more highly chlorinated PCB congeners were  tive dechlorination of 2,3,5,6-chlorobiphenyl Environ.

described as being the most carcinogenic (Safe, 1993). Microbiol. 3, 699-709.

Among the 209 congeners of PCBs, 11 congeners subbangel, W., H. Schulz, G. Diekert, H. Konig, and G. Fuchs. 1987.
stituted with chlorine in botlpara-positions, in at least Occurrence of corrinoid-containing membrane  proteins in
two metapositions, and/or the morwtho-position are anaerobic bacteriarch. Microbiol. 148, 52-56.

classified as coplanar PCBs. These congeners are confeweerd, KA. and D.L. Bedard, 1999. Use of halogenated ben-
monly referred to as dioxin-like and bind with great affin- zonates and other halogenated aromatic compounds to stimu-
ity to the aryl hydrocarbon receptor (Safe, 1993). The late the microbial dechlorination of PCBE&nviron. Sci.

. . Technol.33, 2057-2063.
present results show that supplementation with adequatg,, ry A j Weightman, H.J. Knackmuss, and K.N. Timmis

amounts of cobalt promotes tineetadechlorination of - 1985. Transposon mutagenesis and cloning analysis of the
PCBs, and reflects enrichment of microorganisms with  pathways for degradation of 2,4-dichlorophenoxyacetic acid
metadechlorinating ability. Therefore, if we can selec- and 3-chlorobenzoate ilcaligenes eutrophuiMP134 (pJP4).

tively enrich appropriate dechlorinating microorganisms, J. Bacteriol. 161, 85-90.

it may be possible to degrade recalcitrant congeners, sucForstner, U. 1989. Contaminated sediments: Lectures on environ-

as coplanar PCBs. mental aspects of particle-associated chemicals in aquatic sys-
tems. Springer-Verlag, New York.

Gantzer, C.J. and L.P. Wackett. 1991. Reductive dechlorination cat-
alyzed by bacterial transition-metal coenzyriviron. Sci.
Technol 25, 715-722.

Kim, J. and G-Y. Rhee. 1999. Interactions of polychlorinated biphe-
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