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Abstract

Ten bacterial strains were isolated from alkylpyridine polluted sediments 7.6 m below the surface. These strains
were able to degrade 11 different alkylpyridine isomers. Degradation rates depended on number and position of
the alkyl group. Isomers with an alkyl group at position 3 were more resistant to microbial attack. Of the 10
strains, 6 isolates were selected for detailed study. These isolates mineralized the isomers to CO2, NH4

+, and
biomass. All strains were gram-negative rods with a strict aerobic metabolism. Characterization of physiological
and biochemical properties revealed similarity between strains. Eeach strain however, had a limited substrate range
which enabled it to degrade no more than 2 to 3 compounds of the 14 alkylpyridine isomers tested. Examination
of the genetic variability among cultures with the randomly amplified polymorphic DNA technique revealed high
levels of genomic DNA polymorphism. The highest similarity between 2 strains (0.653) was observed between
2-picoline and 3-picoline degrading cultures. The molecular basis of the differences in substrate specificity is under
investigation.

Introduction

Contamination of groundwater by pyridine and pyri-
dine derivatives has been documented at numerous
sites (Sims and O’Loughlin 1989, Ronen and Bol-
lag 1995). The release of pyridine and its derivatives
into the environment is the result of processes that
take place during the production of fuel from coal
and oil-shale, the extraction of creosote from coal-
tar, the utilization of creosote in the wood-preservation
industry and the extraction of chemicals from coal-
tar (Ronen and Bollag 1995). Pyridines can migrate
quickly through the soil as observed by Leenheer and
Stuber (1981) and any inappropriate disposal of these
compounds on the soil surface will eventually result in
rapid leaching of the pollutants into the subsurface and
groundwater.

Degradation of alkylpyridines by soil microorgan-
isms has been reported (Kost et al. 1978, Shukla 1984,
Sims and O’Loughlin 1989, and Ronen and Bollag

1995). In addition to surface soil microorganisms,
the potential of subsurface microorganisms to degrade
alkylpyridines was demonstrated under aerobic and
anaerobic conditions (Rogers et al. 1985, Kaiser and
Bollag 1992, Ronen et al. 1996). However, axenic
cultures that degrade these chemicals were not isolat-
ed from the subsurface. The objective of this study
therfore, was to isolate and characterize alkylpyridine-
degrading bacteria from a contaminated subsurface
soil.

Materials and methods

Isolation of pure cultures

Enrichment cultures for alkylpyridine-degrading bac-
teria were initiated by inoculating 100ml of mineral salt
medium (Kaiser and Bollag 1992) with 5 g of conta-
minated sediment 7.6 m below the soil surface (Ronen
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Figure 1. Biodegradation of 2-,3-, and 4-Picoline and 2,4-, 2,6-, and 3,5-Lutidine by pure cultures isolated from polluted subsurface.

et al. 1996). Enrichment was achieved by successive
transfers of cultures into fresh medium containing the
appropriate alkylpyridine isomer every 2 weeks. These
cultures were used to inoculate agar plates containing
mineral medium and a single alkylpyridine (200 mg/l).

Single colonies were selected from the plates and fur-
ther purified by repetitive streaking on the agar plates.
Cultures were maintained on agar slants with the appro-
priate substrate and stored at 4�C. Isolated strains were
examined for morphological and biochemical proper-
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Table 1. Mineralization of alkylpyridines by pure cultures to CO2 and NH4
+. Cultures were

incubated for 8 days with the respective alkylpyridine isomer. Residual ammonium, DOC and
the substrate were measured at the end of the incubation

Isolate Dissolved organic carbon (mg/l) Alkylpyridine (mM) NH4
+ (mM)

Day 0 Day 8 % Mineralized Day 0 Day 8

2-Picoline 105.2 6.9 93.5 1.13 0.61

3-Picoline 77.0 6.2 92.0 0.83 0.50

4-Picoline 77.8 3.9 95.0 0.84 0.33

2,4-Lutidine 88.9 18.8 77.6 0.78 0.52

2,6-Lutidine 78.4 12.6 84.0 0.73 0.39

3,5-Lutidine 79.9 8.7 89.1 0.74 0.33

ties by the API 20NE kit (BioḾerieux, Lyon France).
All alkylpyridine isomers were obtained from Aldrich
Chemicals (Milwaukee, Wisconsin).

Analytical methods

High performance liquid chromatography, HPLC, was
used for analysis of the various compounds as pre-
viously reported (Ronen et al. 1996). Ammonium in
the culture medium was analyzed with Nessler reagent
(Clesceri et al. 1989). Dissolved organiccarbon (DOC)
was determined using a Dohrmann DC-190 TOC
analyzer (Rosemount Analytical Inc., Santa Clara,
CA). Analysis of randomly amplified polymorphic
DNA (RAPD) was performed as previously described
(Khandka et al. 1996). Similarity between strains was
estimated as described by Wang and Tanksley (1989).

Results and discussion

Isolation and characterization of pure cultures

Thirteen different enrichment cultures were estab-
lished from the subsurface contaminated sediment and
ten strains of alkylpyridine-degrading bacteria were
isolated. Attempts to isolate pure cultures that degrade
2,3-lutidine, 2,5-lutidine, 3,4-lutidine and 2-methyl-5-
ethylpyridine were unsuccessful. All the tested isolates
were able to use the respective alkylpyridine as the sole
carbon and nitrogen sources (Figure 1). This study is
the first to describe the isolation of pure alkylpyridine
degrading cultures from the subsurface.Our inability to
isolate pure cultures that degrade 2,3-lutidine and 3,4-
lutidine may suggest that the degradationof these com-
pounds requires the activity of more than one organism.

This assumption is supported by the observation that
a stable mixed culture cultivated in the chemostat was
able to metabolize these compounds (data not shown).
The nature of the interaction among microorganisms
in the mixed culture that facilitates the biodegradation
of these compounds was not determined.

All isolates were gram-negative rods and had a
strict aerobic metabolism (data not shown). Although
some of the strains had denitrification capacity, nitrate
could not be used as an alternative electron acceptor for
the biodegradation of alkylpyridines under anaerobic
conditions (i.e. 2-picoline, 4-picoline, and 2,6-lutidine
degraders). Except for the 2,4-lutidine degrader which
was identified asPseudomonas (Burkholderia) capa-
cia , none of the other strains was identified by the use
of the API 20NE kit.

Mineralization of alkylpyridine by pure cultures

Pure cultures were incubated with different
alkylpyridines for 8 days. Residual compound, dis-
solved organic carbon, and ammonium were deter-
mined (Table 1). In all of the cultures the respective
substrate was not detected by HPLC at the end of the
incubation period. The extent of carbon and nitrogen
mineralization varied between 77.6% and 95% for car-
bon and 39.2% and 66.6% for nitrogen. The ability
of these bacteria to mineralize the chemicals makes
them a good tool for the bioremediation of polluted
soil (Table 1). Release of ammonium in alkylpyridine
contaminated soil as a result of microbial activity has
been previously observed (Sims and Sommers 1985).
Thus, it is now clear that mineralization of the com-
pound can also occur in the polluted subsurface soil.
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Table 2. Substrate specificity of different pure cultures of bacteria isolated from the polluted subsurface sediment.
Each isolate was incubated separately with 14 different alkylpyridine isomers as sole carbon and nitrogen source.
Positive marks were given to cultures that in addition to growth on the tested compound released ammonium into
the culture medium

Compound 2-Picoline 3-Picoline 4-Picoline 2,4-Lutidine 2,6-Lutidine 3,5-Lutidine

degrader degrader degrader degrader degrader degrader

Pyridine � � ++ ++ � +++

2-Picoline +++ ++ ++ � � +++

3-Picoline � +++ � � � �

4-Picoline � � +++ ++ � +++

2-Ethylpyridine +++ ++ ++ � � Not determined

3-Ethylpyridine � +++ � � � �

4-Ethylpyridine � � ++ ++ � �

2,3-Lutidine � � � � � �

2,4-Lutidine � � ++ +++ � �

2,5-Lutidine � � ++ ++ � �

2,6-Lutidine � � � � +++ �

3,4-Lutidine � � � � � �

3,5-Lutidine � � � � � +++

2,4,6-Collidine � � � � +++ Not determined

Substrate specificity and genetic similarity of the
different strains

Some similarity in substrate specificity was observed
between the 2-picoline, 3-picoline and 3,5-lutidine-
degrading strains, and between the 4-picoline and 2,4-
lutidine-degrading strains (Table 2). Moreover, pure
cultures isolated on 2, 3, and 4-ethylpyridine had
a substrate range identical to 2, 3, and 4-picoline-
degrading isolates. In addition, the 2,4,6-collidine-
degrading strain had the same substrate range as the
2,6-lutidine degraders and, thus, were considered as
the same isolates. Substrate specificity in biodegrada-
tion of alkylpyridinesby soil bacteria has been reported
(Shukla 1975). In this study the substrate range of the
different isolates was thoroughly examined (Table 2).
In contrast to the biodegradation of pyridine deriva-
tives, reports on the degradation of homocyclic com-
pounds indicated that pure cultures are able to degrade
benzene and most of its alkyl isomers (Haligler et
al. 1992; Oh et al. 1994). The structural differences
between the pyridine and benzene ring may explain
these phenomena. While the benzene ring is sym-
metric, the nitrogen atom of the pyridine ring breaks
this symmetry. For example, while there is only one
monomethyl benzene isomer (toluene) there are three
monomethyl pyridine isomers (2-, 3-, and 4-picoline).

Thus, it is likely that a specific enzyme(s) is used for
the initial degradation step of each alkylpyridine.

The ability to degrade alkylpyridine was lost after
culturing the isolates on non-selective medium. How-
ever, our attempts to isolate plasmids using vari-
ous methods, failed to detect any in all six isolates.
This may indicate that the genes coding for enzymes
involved in alkylpyridine degradation are located in
the genome. Analysis of 164 amplified DNA frag-
ments obtained by 6 random 10-mer primers revealed
low genomic DNA similarity between the genomes of
the six isolates described. Similarity coefficients were
0.24 to 0.653 The only significant similarity (0.653)
obtained was between the isolates that degrade 2- and
3-picoline. The low genomic DNA homology as indi-
cated by the RAPD analysis may imply that the differ-
ent strains have not evolved from one common ances-
tor. These findings are in line with the narrow substrate
specificity observed.

In conclusion, our findings demonstrate that sub-
surface microorganisms are capable of degrading a
class of heterocyclic pollutants and suggest possi-
ble biotreatment of alkylpyridines polluted sites. The
results show that the different isolates have a unique
degradation capacity and therefore, any treatment of a
polluted site should involve the use of a mixed culture
rather than of a single bacterial strain.
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