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INTRODUCTION

Microbial chlorate (ClO,) and perchlorate (CIO,) reduction has recently been
recognized as an important form of microbial metabolism for the removal of chlorine
oxyanion contamination in the environment." Chlorine oxyanions have many industrial
applications including use as bleaching agents by the paper and pulp industry,” as
disinfectants and defoliants by the agricultural industry,’ and as components of explosives
and rocket propellants by the aerospace and defense industries.’” Chlorates can also be
formed as a result of ozonation of drinking waters which have been treated with chlorine’
or photodecomposition of chlorite or chlorine dioxide’ which are used in addition to
chlorine for water disinfection.

Perchlorate has been shown to affect iodide accumulation in the thyroid gland® and at
concentrations greater than 6 mg kg' body weight.day ' perchlorate can cause fatal bone
marrow disease.' In addition, acute haemolysis in animals™"’ and enzyme damage to
human erythrocytes' has been associated with both chlorate and chlorite (C10,). These
pollutants also have an effect on aquatic plants and invertebrates,”" and are assumed to
be tEe cause of the disappearance of the brown algae, Fucus vesiculosus, from the Baltic
sea.

It was originally assumed that (per)chlorate reduction in the environment was the
result of the activity of nitrate-respirers which coincidentally used chlorine oxyanions in
place of nitrate. In support of this, many nitrate respiring bacteria have been shown to be
capable of the reduction of chlorate to chlorite, including Proteus mirabilis,” Rhodobacter
capsulatus and Rhodobacter sphaeroides,” however growth was not associated with this
metabolism and the chlorite formed as the endproduct was toxic to these organisms.

® This work was presented at the 218th national meeting of the American Chemical Society as part of the
Environmental Division symposium Perchlorate in the Environment, held August 22-24. 1999, in New
Orleans, Louisiana.
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The first organism which was shown to couple growth to the reduction of chlorate or

perchlorate was recovered as part of an investigation into the biological attenuation of
(per)chlorate contamination in the environment."” Chloride was produced as the innocuous
endproduct of this reductive metabolism. This organism was putatively identified as a
Vibrio species based on physiology and morphology and was named Vibrio
dechloraticans. In the last decade, four more dissimilatory (per)chlorate-reducing strains
including Ideonella dechloratans, Wolinella succinogenes strain HAP-1, Acinetobacter
thermotoleranticus, and strain GR-1 have been isolated from contaminated sediments or
wastewater treatment sludge.” Of these (per)chlorate-reducing isolates, only two,
Ideonella dechloratans and Wolinella succinogenes strain HAP-1, have been characterized
both phenotypically and genotypically.”™” More recently Dechlorimonas agitatus strain
CKB was isolated from a paper mill waste sludge as part of a study on the bioremediative
potential of (per)chlorate-reducing bacteria.”” Similarly to most of the other known
(per)chlorate-reducing isolates, this organism was a facultative anaerobe which coupled
chlorate or perchlorate reduction to the oxidation of simple organic acids or alcohols.”*
In contrast to the other known isolates, this organism could not grow by nitrate reduction.
This further supports the assumption that chlorate reduction and nitrate reduction are two
unrelated pathways as suggested recently "**' and is in contrast to the suggestions of earlier
studies.””'
As part of a study of the ubiquity and diversity of organisms involved in microbial
(per)chlorate reduction”*** we isolated several novel (per)chlorate-reducing organisms
from a broad diversity of environments. Here we report on the phenotypic and genotypic
characteristics of two of these isolates, Dechlorisoma suillus strain PS and
Dechlorospirillum anomalous strain WD. Both of these organisms were isolated from
samples collected from animal waste lagoons on the Southern Illinois University campus
Agricultural Research Center.

EXPERIMENTAL

Source of Organisms and Sediments

Dechlorisoma suillus strain PS and Dechlorospirillum anomolous strain WD were
both isolated from sediment samples freshly collected from the swine waste primary
lagoons on the Southern Illinois University campus Agricultural Research Center.
Samples were collected in small glass jars (100 mL) which were filled to capacity to
reduce exposure to atmospheric O, to a minimum. Samples were immediately transported
back to the laboratory where they were used within two hours. Enrichment cultures were
established by inoculating 1.0 g sediment subsamples into 9 mL of anoxic, defined
freshwater medium described below with acetate (10 mM) as the sole electron donor and
chlorate (10 mM) as the sole electron acceptor.

Dechlorimonas agitatus was previously isolated in our laboratory” and stored as a
frozen stock culture. Rhodocyclus tenuis was kindly provided from the laboratory culture
collection of Dr. Michael T. Madigan. R. tenuis was grown phototrophically on a
modification of the RCVB medium as described previously.” Duganella zoogloeoides
was purchased from the American Type Culture Collection, Manassas, VA, ATCC# 19544
and was grown aerobically on the recommended yeast-peptone medium (ATCC#1858),
unless otherwise noted. The two magnetotactic bacteria, Magnetospirillum
magnetotacticum strain MS-1, and Magnetospirillum species strain AMB-1 were provided
by the laboratory of Dr. Dennis Bazylinski. Both strains were grown under microaerobic
conditions (1 kPa O,) in basal media outlined below with acetate as the electron donor and
nitrate as the electron acceptor unless otherwise noted.
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Media and Culturing Techniques

Standard anaerobic culturing techniques were used throughout™ unless otherwise
specified. Anoxic medium was prepared by boiling under N,/CO, (80/20, vol/vol) to
remove dissolved O, and dispensed under N,/CO, into anaerobic pressure tubes or serum
bottles which were then capped with thick butyl stoppers. The freshwater medium
contained (in grams per liter): NH,Cl (0.25); NaClO, (1.03); CH,COONa (1.36); NaH PO,
(0.60); KC1 (0.1); NaHCO, (2.5). Vitamins and trace metals were added (10 mL L'
respectively) from stock solutions. The vitamin stock contained (mg/L): biotin (2), folic
acid (2), pyridoxine HCI (10), riboflavin (5), thiamin (5), nicotinic acid (5), pantothenic
acid (5), vitamin B,, (0.1), p-aminobenzoic acid (5), thioctic acid (5). The trace metal
stock contained (gL"): nitrilotriacetic acid (1.5), MgSO, (3.0), MnSO,eH,O (0.5), NaCl
(1.0), FeSO,#7H,O (0.1), CaCLe2H,0O (0.1), CoCLe6H,O (0.1), ZnCl (0.13), CuSO,
(0.01), AIK(SO,),»12H,0 (0.01), HBO, (0.01), Na,MoO, (0.025), NiCl,e6H,O (0.024),
Na,WO,2H,0 (0.025). The pH of the final medium was 6.8-7.0. Electron donors and
acceptors were added to the sterile medium from sterile anoxic stocks of the sodium salts.
Incubation was done at 30 "C unless otherwise stated.

Solidified media was prepared using the same media components and amending with
2% w/v noble agar (Difco) as previously outlined.” The bicarbonate buffer was replaced
with 10 mM TES (N-Tris[Hydroxymethyl]methyl-2-aminoethanesulfonic acid) buffer, pH
7.0 and the agar plates were poured, streaked and incubated in an anaerobic glove bag with
a gas phase of N./H, (95/5, v/v).

Cell Suspension Preparation

Cells of the various respiratory organisms used in this study were grown in 500 ml
volumes anaerobically with acetate as the electron donor and chlorate or nitrate as the
electron acceptor as necessary. In the case of Rhodocyclus tenuis, cells were grown on
RCVB medium phototrophically in the presence of 10 mM sodium chlorate.

After dense growth of all cultures, cells were harvested by centrifugation. Cell pellets
were washed twice and resuspended in 1 mL volumes of anoxic bicarbonate buffer (2.5 g
L") under a headspace of N,/CO, or, in the case of R. tenuis, anoxic phosphate buffer (10

mM) under a headspace of N,.

Cytochromes

As a preliminary investigation into the cytochrome content of D. suillus and D.
anomalous, dithionite-reduced minus air-oxidized difference spectra were obtained on
washed, whole-cell suspensions in anoxic bicarbonate buffer. 0.1 mL of the washed cell
suspension was diluted into 9.9 mL anoxic bicarbonate buffer and 2 mL aliquots were
dispensed into two 3 mL glass cuvettes. One sample was air oxidized by bubbling air
through the diluted cell suspension in the cuvette for 1 minute. Crystals of sodium
dithionite were added to the second sample. Reduced minus oxidized absorbance spectra
were determined using a Spectronic Genesis 5 spectrophotometer over a range of 400 to
700 nm as previously described.”*”’

Analytical techniques

Acetate concentrations were analyzed by HPLC with UV detection (Shimadzu SPD-
10A, Shimadzu Scientific Instruments, Columbia, MD) using a HL-75H" cation exchange
column (Hamilton #79476, Hamilton Company, Reno, NA). The eluent was 8 mM H,SO,
at a flow rate of 0.4 mL min"'. Chlorate, chloride, nitrate and nitrite concentrations were
analyzed by ion chromatography with conductivity detection (Shimadzu CDD-6A,
Shimadzu Scientific Instruments, Columbia, MD) using a PRP-X100 anion exchange
column (Hamilton #79434, Hamilton Company, Reno, NA). Elution was done at 2.0 mL
min~ with 4 mM p-hydroxybenzoic acid in 2.5% methanol at pH 8.5. Concentrations of N,
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and CO, in headspace samples was followed by gas chromatography (Shimadzu GC-8A,
Shimadzu Scientific Instruments, Columbia, MD), with thermal conductivity detection.
Growth of cultures on soluble electron acceptors was measured by increase in optical
density at 600 nm. Molecular oxygen production from chlorite dismutation was detected
by an O, electrode (YSI, model 5300, Yellow Springs, OH). Concentrations of HCI-
extractable Fe(Il) were determined colorimetrically by the ferrozine assay.

16S rRNA Gene Sequencing and Phylogenetic Analysis

Cells from 1.5 mL of pure cultures of strain PS and WD were harvested and resuspended
in 20 pl sterile water. Chloroform (2 ul) was added and the suspension was boiled for 15
minutes to lyse the cells. Polymerase chain reaction (PCR) was performed to amplify the
16S rDNA sequence with bacterial-specific primers (8F: 5’-
AGAGTTTGATCCTGGCTCAG-3"; 1525R: 5'-AAGGAGGTGATCCAGCC-3").
Reagents consisted of 10 mM Tris-HCI (pH 9.0), 50 mM KCl, 0.1% Triton X-100, 1.2
mM MgCl,, 0.2 mM each dNTP, 75 ng of each primer, 0.5 plTaq polymerase
(Gibco/BRL), and 1 plof lysed cells in a 50 plreaction. Amplification parameters were: 94
°C for 3 min, followed by 30 cycles of 94 °C for 1 min, 55 °C for 1 min, and 72 °C for 2
min with a 2-sec auto-extension. The PCR product was electrophoresed on a 1% agarose
gel to ensure correct amplification. The DNA was gel-purified on DEAE membrane and
extracted as previously described” and cycle sequenced (Thermosequenase, Amersham).
Sequence entry and analysis was performed with the MacVector 6.0 sequence analysis
software program for the Macintosh (Oxford Molecular). Aligned sequences of various
16S rDNAs were downloaded from the Ribosomal Database Project™ into the computer
program SegApp.” Strain PS and strain WD 16S rDNA sequences were manually entered
and properly aligned using secondary structure information. Parsimony and bootstrap
analysis was performed on a Macintosh G3 using PAUP* 4.0.” Bootstrap analysis was
conducted on 100 replicates using a heuristic search strategy to assess the confidence level
of various clades. 16S rDNA sequences are from the following GenBank accession
numbers: Magnetospirillum gryphiswaldense (Y10109); Dechlorospirillum anomalous str.
WD (AF170352); Magnetospirillum magnetotacticum (M58171); Magnetospirillum sp. str.
AMB-1 (D17514); Phaeospirillum fulvum (Rhodospirillum fulvum, M59065);
Phaeospirillum molischianum (Rhodospirillum molischianum, M59067); Rhodocyclus
tenius (D16209); Rhodocyclus purpureus (M34132); Dechlorimonas agitatus str. CKB
(AF047462); Dechlorisoma suilla str. PS (AF170348); Azoarcus evansii (X77679);
Azoarcus denitrificians (1L33689); Azoarcus indigens (1.L15531); Thauera selenatis
(X68491); Duganella zoogloeoides (Zoogloea ramigera, X74913).

RESULTS

Enrichment and Isolation

After seven days incubation, microscopic observation revealed the presence of a
variety of rod-shaped bacteria in primary enrichment cultures with acetate as the sole
electron donor and chlorate as the sole electron acceptor. These were transferred into
fresh, sterile anoxic medium and good growth resulted within 72 hours. After several
more transfers into fresh anoxic media, samples from each enrichment culture were
streaked onto anaerobic plates with chlorate and acetate as the electron acceptor and donor
respectively. Growth on plates, as indicated by the presence of individual visible pink
colonies of a consistent morphology, occurred within 10-15 days. Several colonies were
picked and inoculated into liquid media. From these active cultures strains PS and WD
were isolated.
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Cell and Colony Morphology

Strains PS and WD are both gram-negative, complete-oxidizing, non-fermentative
facultative anaerobes, although strain WD grows optimally under microaerophilic
conditions. Cells of strain PS are rod-shaped, 0.5 pm by 1-2 pum, while strain WD is a
spirillum, 0.2 um x7 um. Cells of both strains are motile and non-spore forming. Both
organisms grow slowly on solid media either aerobically or anaerobically. When grown
anaerobically with chlorate as the electron acceptor colonies appear small (0.1-0.5 mm
diam.), round, smooth and pink colored. In contrast, when grown aerobically, colonies of
both organisms appear white.

Phylogenetic Analysis

Comparative analysis of the 16S rDNA sequence from both strains placed strain PS
in the beta subdivision of the Proteobacteria closely related to the phototrophic
Rhodocyclus species and our Previously isolated (per)chlorate-reducer, Dechlorimonas
agitatus strain CKB (Figure 1).”
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Phylogenetic tree of the 16S rDNA sequences of strains WD and PS and their closest relatives
resulting from a heuristic search using parsimony analysis. Branch length values are indicated.
The same topology was obtained using either distance or maximum likelihood and was supported
by bootstrap analysis.

Rhodocyclus tenuis is the closest relative (94.4% similarity). Although it is
phylogenetically distinct (93.1% similarity), strain PS is physiologically more similar to
Dechlorimonas agitatus strain CKB which can also grow by (per)chlorate respiration
coupled to the oxidation of acetate.In contrast to strain PS, phylogenetic analysis of strain
WD placed it in the alpha subdivision of the Proteobacteria, closely related to the
magnetotactic Magnetospirillum species (Figure 1). Magnetospirillium gryphiswaldense is
the closest relative. Similarly to strain WD, the Magnetospirillium species are facultative
microaerophilic spirilla. However, none of the Magnetospirillium species tested (M.
gryphiswaldense, M. magnetotacticum and Magnetospirillium strain AMB-1) could couple
growth to the reduction of perchlorate or chlorate.
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Optimum Growth Conditions

Both strains WD and PS grew over a broad range of environmental conditions. Strain
PS grew over a temperature range of 25-42 °C and a pH range of pH 5.0-8.0. Optimum
growth was observed at 35 °C and pH 7.2 respectively. Strain WD grew over a
temperature range of 25-37 °C and a pH range of pH 6.5-7.5. Optimum growth for strain
WD was observed at similar conditions to strain PS i.e. 35 °C and pH 7.2. Neither strain
tolerated high concentrations of NaCl and concentrations above 1% were completely
inhibitory. Both strains WD and PS grew preferentially in freshwater medium with a
sodium chloride concentration of 0%.

Electron Donors and Acceptors

Strains PS and WD have similar metabolic capabilities and both organisms grow by
the complete oxidation of acetate coupled to the reduction of chlorate or perchlorate (Fig.
2). In addition to acetate, strains PS and WD also grow on propanoate, butanoate,
isobutanoate, pentanoate (valerate),ethyl alcohol, 2-oxo-propanoate (pyruvate), lactate (2-
hydroxypropanoate), butanedioate (succinate), hydroxybutanedioate (malate), butenedioate
(fumarate) and acid-hydrolyzed casein (casamino acids). Neither strain grew or reduced
(per)chlorate with H, as the electron donor. Strains PS and WD also did not grow by
fermentation in complex, organic rich medium in which the basal medium was amended
with yeast extract (5 g L), casamino acids (10 g L™") and glucose (1.8 g L™). The
organisms grew without the addition of vitamins, however, no growth was apparent if the
trace element solution was omitted from the media. A wide variety of other potential
electron donors did not support growth or (per)chlorate reduction (data not shown).
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Figure 2. Cell growth and chlorate reduction by strain PS with acetate as the electron donor.
Chloride and CO, are formed as the innocuous endproducts of this metabolism

With acetate (10 mM) as the electron donor, strain PS grew preferentially with
chlorate as the electron acceptor (Figure 3). Strain PS grew in a perchlorate or chlorate
concentration range of 1 to 40 mM (Figure 3). Optimum growth was observed at
concentrations of 10 mM for both perchlorate and chlorate respectively.
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Figure 3. Growth rate of strain PS on different concentrations of chlorate or perchlorate. Chlorate
is the preferentially utilized electron acceptor by this organism.

Similarly, strain WD grew preferentially with chlorate as the electron acceptor,
although, the growth rate difference between chlorate and perchlorate was not as
significant as observed for strain PS (Figure 4). Strain WD grew optimally in chlorate or
perchlorate concentrations of 10 mM respectively. However, in contrast to strain PS,
strain WD could grow and actively reduce perchlorate concentrations as high as 80 mM.
For both strains perchlorate and chlorate were completely reduced to innocuous chloride.
The reduction of 8.00 + 0.64 mM (mean+standard deviation, n = 3) chlorate resulted in the
production of 7.14 + 0.71 mM (mean+standard deviation, n = 3) chloride which is in close
agreement with the expected values. Chlorite was not detected in the medium during
growth.
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Figure 4. Growth rate of strain WD on different concentrations of chlorate or perchlorate.
Although chlorate is the preferentially utilized electron acceptor by this organism, the difference in
growth rate on chlorate and perchlorate is not as significant as that observed for strain PS.
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In addition to chlorate and perchlorate, both strains can also utilize nitrate as an
alternative electron acceptor. In the case of strain PS, N, gas is the major endproduct of
nitrate reduction and this organism could couple the oxidation of Fe(Il) to this reductive
metabolism (Figure 5). The endproducts of nitrate respiration were not determined for
strain WD.
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Figure 5. Oxidation of ferrous iron by strain PS coupled to the reduction of nitrate. Insoluble
amorphous ferric oxyhydroxide and N, are the endproducts of this metabolism.
Chlorite Dismutase Activity

In the presence of chlorite, washed cell suspensions of both strains PS and WD
produced O,. Chlorite was not dismutated in controls in which the cells were omitted or
which were heat-treated (Figure 6). O, production was rapid and proportional to the initial
concentration of chlorite and O, production was stoichiometric with initial chlorite
concentrations suggesting that chlorite was completely dismutated into CI and O, (Figure
6).
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Figure 5. O, production from the dismutation of increasing concentrations of chlorite by washed
whole cell suspensions of strain PS.

Other anions such as nitrite, hypophosphite, hydrosulfite, or arsenite were not dismutated
even after 15 min incubation. If chlorite was added after 15 min., rapid O, production and
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chlorite dismutation was observed in all cases demonstrating that these compounds were
not inhibiting the chlorite dismutase enzyme (data not shown). The non-(per)chlorate-
reducing, close relatives of strain PS, (Rhodocyclus tenuis and Duganella zoogloeoides)
did not dismutate chlorite in similar experiments. Similarly, the close relatives of strain
WD (M. magnetotacticum, M. gryphiswaldense and Magnetospirillium strain AMB-1) also
did not dismutate chlorite.

DISCUSSION

Two new (per)chlorate-reducing isolates, strains PS and WD, were obtained from
sediments collected from swine waste lagoons at the Southern Illinois University
Agricultural Research Center. The two organisms differ from each other and from
previously described CIRB and strain WD is the first example of a dissimilatory
(per)chlorate-reducing organism in the alpha subclass of the Proteobacteria.

To date there are only six other dissimilatory perchlorate-reducing bacteria that have been
described in the literature."**” Interestingly, these organisms are quite diverse in their
physiological characteristics. Although phylogenetic comparisons can not be made
with most of these isolates because the 16S rDNA sequence data is not available, the three
isolates that have been genotypically characterized to date are all members of the
Proteobacteria. Similarly to strain PS, two of these, D. agitatus strain CKB” and
Ideonella dechloratans," belong to the beta subclass of the Proteobacteria. In contrast, the
third, Wollinella succinogenes strain HAP-1,"” is a member of the epsilon subclass of the
Proteobacteria. In addition, recent studies in our laboratory have resulted in the isolation
of (per)chlorate-reducing bacteria that are members of the gamma subclass of the
Proteobacteria.” These findings demonstrate that microbial (per)chlorate reduction is
spread throughout the Proteobacteria and further emphasizes the diversity of
microorganisms capable of this novel metabolism. This diversity is unexpected as the only
known natural source of perchlorate that has been identified are mineral deposits in Chile
and it is assumed that the presence of oxyanions of chlorine in the environment is due to
anthropogenic intervention over the last 100 years which represents a relatively short
timeframe for such a diverse group of organisms to have evolved this metabolic capability.

Strain PS shows little physiological resemblance to its closest relative, R. fenuis.
R. tenuis 1is a purple, non-sulfur photosynthetic organism that cannot respire (per)chlorate
or reduce (per)chlorate in cell suspension.” In contrast, strain PS is a strictly respiratory,
heterotrophic, dissimilatory (per)chlorate-reducer that cannot grow phototrophically. In
addition, R. tenuis cannot dismutate chlorite in cell suspension. Although D. agitatus
strain CKB is a more distant relative than R. tenuis , there is much greater physiological
similarity between this organism and strain PS. Both are capable of coupling the complete
oxidation of acetate or other simple organic acids and alcohols to the reduction of chlorate
or perchlorate under a broad range of environmental conditions. However, in contrast to
strain PS and the previously described (per)chlorate-reducing bacteria, D. agitatus strain
CKB cannot couple growth to the reduction of nitrate.

In contrast to strain PS, strain WD is a member of the alpha subclass of the
Proteobacteria and its closest relatives are the Magnetospirillum species. Strain WD is
morphologically identical to the known species of this genus, however, there are marked
physiological differences between strain WD and its closest relatives. All members of the
Magnetospirillum genus that have been isolated to date form magnetosomes — an
intracellular form of magnetite — when growing microaerophilically on iron-based media
which gives these organisms a unique magnetotactic characteristic. In contrast, strain WD
does not produce the fine grained magnetite characteristic of magnetotactic bacteria when
grown microaerophilically on iron-based medium. In addition, none of the

18-22,39
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Magnetospirillum species tested could grow by dissimilatory (per)chlorate reduction or
could dismutate chlorite into chloride and O,

Strain WD and strain PS were both isolated from swine waste lagoons and
represent the first described examples of (per)chlorate-reducing bacteria that were isolated
from an environment not known to be contaminated with oxyanions of chlorine. Even
though the two strains differ morphologically, their physiologies are very similar
(temperature, pH, salinity optima) and optimum growth for both organisms is observed on
short chain fatty acids and dicarboxylic acids while respiring on perchlorate, chlorate,
nitrate or oxygen. In contrast to most other known (per)chlorate-reducing isolates and
similarly to its closest relatives, strain WD is a microaerophile. Of the previously
described (per)chlorate-reducing bacteria, only Wolinella succinogenes strain HAP-1 is
known to be microaerophilic.40 However, in contrast to strain WD, W. succinogenes is a
member of the epsilon subclass of the Proteobacteria and incompletely oxidizes organic
compounds while growing with oxyanions of chlorine.” W. succinogenes can also couple
the oxidation of H,, an important endproduct of microbial fermentation processes, to the
reduction of (per)chlorate which is unique among the described (per)chlorate-reducing
bacteria.

Growth rates on either perchlorate or chlorate for both strains PS and WD are
comparable over a broad range of (per)chlorate concentrations. Strains WD and PS grow
best at a concentration of 10 mM of either electron acceptor respectively which is similar
to previous observations made for D. agitatus strain CKB.” Growth rates of both strains
PS and WD are not significantly decreased even at concentrations of 40 mM
chlorate/perchlorate. Strain WD is remarkably tolerant to perchlorate and is capable of
growth in concentrations as high as 80 mM or approximately 7000 ppm. Similarly to
strain GR-1"" and D. agitatus strain CKB,”****” both strains PS and WD demonstrate the
ability to dismutate chlorite into O, and chloride in washed whole-cell suspensions.
Although this metabolism was until recently assumed to be unique to the (per)chlorate-
reducing organism strain GR-1, studies in our laboratory have demonstrated that this
metabolism is also found in more than twenty other perchlorate-reducing isolates obtained
from a broad diversity of environments and suggest that this is probably the central
enzyme in the reductive pathway for chlorate and perchlorate used (per)chlorate-reducing
microorganisms.”?’

The distinct phenotypic and genotypic differences of strains WD and PS from each
other, from their closest relatives, and from the previously described (per)chlorate-
reducing bacteria indicate that these organisms represent two new genera of perchlorate-
reducers in the Proteobacteria. The names Dechlorisoma suillus and Dechlorospirillum
anomalous are proposed for strains PS and WD, respectively.
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