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A PCB degrader, Ralstonia eutrophaH850 was shown to inducdphC gene encoding 2,3-dihydroxy-
biphenyl-1,2-dioxygenase in a carvone-amended pure culture in our previous study (Pagkal, 1999).
The present study was carried out to examine how plant terpenes, as natural substrates, would cause
an expression of a PCB degradative gene in soil that was amended with terpenes. The population of
Ralstonia eutrophaH850 was maintained at least around FQCFU/g fresh soil) in the soil amended with
carvone or limonene in the presence of succinate as a growth substrate at 50 th day. The gene expres-
sion was monitored by RT-PCR using total RNA directly extracted from each soil anbphCgene prim-

ers. The bphC gene expression of the seeded strain H850 was observed in the soil amended with
biphenyl (4 days) but not with succinate, carvone and limonene. These results indicate that terpenes
widely distributed in nature could be a potential inducing substrate for effective PCB biodegration in
the soil but their bioavailability and specific induction behavior should be taken into account before
PCB bioremediation implementation.
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Polychlorinated biphenyls (PCBs) have been synthesizedoccussp. T104, has been shown to induce the degrada-
and used for a long time as solvent extenders, plasticizergjon pathway by utilizing limonene, cymene, carvone, and
and flame retardants (Abramowicz, 199he compounds, pinene as a sole carbon source which are available in the
however, have such physical and chemical natures as liporatural environment (Juref al, 2001). Limonene is listed
philicity, heat resistance, and relative inertness (stability).as one of the most abundant terpenes found in soil and is
This has led to their persistence and bioaccumulation inproduced by more than 300 plants (Burdock, 1995). Car-
biota and has caused health and toxjgityblems (Boyle  vone as a non-growth substrate could also induzgh&
et al, 1992; Johnsoat al, 1996). Reductive dechlorina- gene expression iRalstonia eutropha850 (previously
tion of highly chlorinated PCB congeners occurs in an Alcaligenes eutrophud850; a Gram-negative bacterium)
anaerobic condition (Bedaed al, 1998; Kworet al, 2001).  that was confirmed through RT-PCR (Patkal, 1999).
The dechlorination process is, however, slow and does no€oinoculation ofArthrobacter sp. B1B andRalstonia
lead to the ring cleavage of the congeners, rendering thereutrophaH850 enhances Aroclor 1242 degradation up to
persistent in the environment. Recent studies have showb9% when induced by carvone that was not used as a car-
that some of the aerobic PCB-degraders are able to cleavieon source for the degraders (Singeal, 2000). In this
the ring structure of PCB congeners effectively in the study we attempted to elucidate h&alstonia eutropha
presence of monoterpenesy, limonene, cymene, carvone, HB850 could induce the PCB-degradative pathway in some
pinene and isoprene) known as an inducer for the PCBsoil conditions amended with carvone and limonene.
degradation pathway (Gilbert and Crowley, 1997; Rark Carvone and §-(-)-limonene were purchased from
al., 1999; Junget al, 2001). The PCB degradé&hodo-  Aldrich Chemical Co. (Milwaukee, WI.). Biphenyl was
purchased from Junsei Chemical Co. (Tokyo, Japan). All
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of carvone as an inducer (Pa&kal, 1999). The degrader 100

was routinely maintained on mineral salts medium (MSM) O Biohent 600 rom)

(McCullar et al, 1994). Soil culture system were set up 9.5 § | —8— Carvone (100 ppm) = Succinate (0.1%)
using Erlenmeyer flasks (250ml) carrying grassland soil 07 - monene (190 o)+ o
from Korea Maritime University (Busan, Korea) amended 9.0

with biphenyl and terpenes [carvone afgH{)-limonene].
Ralstonia eutrophdi850 was then inoculated (Table 1).
The systems were incubated at room temperature in thi
dark. Five grams of soil were taken periodically for anal-
ysis of each degrader population density using the viable
count technique. To enumerate the H850 population, 1 ¢
of the soil was serially diluted in phosphate buffer (final
concentration of 10 mM KIPO, and 3 mM NaHP(Q), 70 4
and two appropriate dilutions of each sample were platec
out onto MSM plates carrying biphenyl crystals. All of
the plates were incubated aP@8or at least 1 week until
identification. Total RNA was extracted by the method of 0 . . ‘ . . '
Ogram and Ausubel (Ausubel, 1989; Ogram, 1999). Here 0 10 20 30 40 50 60
soil samples were subjected to the two combined proce Time (day)
dures: bead m_'” homogenization (Ogram, 1999) an(_j hOtFig. 1. Population dynamics of the viabRalstonia eutrophad850 in
phenol extraction (Ausubel, 1989) for RNA extraction. ils amended with biphenyl, succinate, carvone + succinate and lin
Duplicates of each soil system (0.5 g) were taken into 2+ succinate (See Table 1 for detail). Medium used for the viable ¢
ml screw-cap plastic vials containing 0.1 mm diametering was mineral salts agar plates with biphenyl crystals.
zirconium/silica beads (BioSpec Product, Bartlesville, OK).
Primers for RT-PCR were designed from the conserved
regions ofbphC gene ofArthrobactersp. M5 (P’eloquin  strain H850 but they turned out to be an effective inducer
and Greer, 1993) as described in our previous paper (Parfor the degradative pathway of PCB (e.g., 4.4'-DCBp)
et al, 1999). The primers welgphC2(forward) 5-CTG-  (Parket al, 1999; unpublished data from the correspond-
CACTGCAACGAACGCCAC-3" andphC3(reverse) 5'-  ing author). On the other hand, terpenes seemed to be
GACACCATGTGGTGGTGGGT-3'. All primers were rather toxic to Gram-negative bacteria suctRafstonia
custom-synthesized by GenoTec, Inc. (Taejon, Korea). RT-eutrophaH850. H850 was not able to grow pitymene,
PCR was performed according to the method previouslyisoprene, terpinene, pinene or abietic acid (each 100 ppm)
described (Parkt al, 1999). One to 3.3 of the total RNA as a sole carbon source (corresponding authors unpub-
was used as a template. lished data). Gram-positive organisms, however, seemed
We showed in a previous report (Patkal, 1999) that  to be rather tolerant to terpenes, enabling the organisms to
a successful amplification (182bp) of mRNA transcribed utilize them as a carbon source or an inducer for a certain
from bphC gene was made iRalstonia eutrophai850 metabolic activity in higher concentrations of terpenes
cells, which were grown on biphenyl or induced by car- (Hernandezt al, 1997; Van der Werf and Bont, 1999).
vone. Here in this study soil systems were set up to verifyMoreover, the degree of their tolerances appeared to be
the bphC gene expression induced by terpenes (e.g., carstrain-specific in some species of Gram-positive organ-
vone and limonene) in a sterilized soil system. isms such ag\rthrobacter sp. B1B whose growth was
The population of strain H850 was maintained at atinhibited at the concentration of 100 to 450 mg/1 of car-
least 10 (CFU/g fresh soil) in all treating conditions even vone (Gilbert and Crowley, 1997). In contrd@hodococ-
after 50 days (Fig. 1). Since these terpenes were not utieussp. T104 was able to utilize limonene (300 mg/l) as a
lized as the sole carbon source by H850, succinate wasole carbon source (Jueg al, 2001).
provided as a non-inducing growth substrate. After 50 The bphC gene expression was observed in the soil
days the amendment of limonene and succinate appearaamended with biphenyl from 4 days after inoculation but
to give the highest population density (more thaf 10 was not observed at the 25th day (Fig. 2). This indicates
CFU/g fresh soil). The soil amended with carvone andthebphCgene could be induced by biphenyl, but the gene
succinate seemed to show a lower population densityexpression was not maintained in the soil environment
(about 16 CFU/g fresh sail). Except for the soil amended after 25 days. ThephCgene expression was not observed in
with biphenyl, the growth of strain H850 population in the soil system amended with carvone or limonene even
other soils appeared to be dependent upon the succinatdter 4 days. The reason was not clear but it was assumed
(0.1% wiw) that was readily available in a soluble form. that the bioavailability (hence induction effect) of carvone
Carvone and limonene were not growth substrates forand limonene was lower than that of biphenyl due to a
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Fig. 2. Pattern of total RNA directly extracted from soils amended with terpenes and inoculafeédlstithia eutroph#850 (A) and the results of RT-
PCR in time series (B, 4days: C, 25days; D, 50days). Lanes: 1, biphenyl; 2, succinate; 3, carvone + succinate; 4, limonates Ms¥ih 1kb
ladder; N, DNA 50bp ladder.

Table 1.Scheme of soil systems for the test of PCB-degradative gene expresBialstofiia eutrophad850 induced by plant terpenes

Soil systerh Soil amount Growth substrate Inducer Inoculum
1 200¢g biphenyl (500 ppm) - 20ml
2 200¢g succinate (0.1% wi/w) - 20ml
3 200¢g succinate (0.1% wi/w) carvone (100 ppm) 20ml
4 200¢g succinate (0.1% wi/w) limonene (100 ppm) 20ml

Prepared in duplicate. The final moisture content of each soil was adjusted to 25%
“Stationary phase culture Balstonia eutroph&850 grown on biphenyl (2€CFU/ml). The biphenyl in the culture was depleted at the time of inoculation.

potential interaction of these terpenes with the soil matrixbioremediation in soil system contaminated with PCBs.
(e.g., soil organic matter) or their greater volatility com-

pared with in liquid system. The repeated amendment of This work was supported by a grant (KRF-1999-015-
a growth substrate and actively induced cells would makeDP0321) from the Korea Research Foundation.

a difference in maintaining the PCB degradation activity.
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