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Summary

Enzymes that catalyze the degradation of organohalogen compounds are useful in environmental technology
and chemical industry. Burkholderia sp. WS is a Gram-negative bacterium that can utilize an aliphatic unsaturated
organohalogen compound, 2-chloroacrylate (2-CAA), as its sole carbon source. The production of 2 proteins, CAA43 and
CAA67_WS, is induced when the bacterium is grown in 2-CAA medium. CAA43 catalyzes the conversion of 2-CAA
into (S)-2-chloropropionate, whereas the function of CAA67_WS remains unknown. Recently, a homolog of CAA67_WS
from Pseudomonas sp. YL (CAA67_YL), subsequently named 2-haloacrylate hydratase, was shown to catalyze the
FADH,-dependent hydration of 2-CAA to produce pyruvate. Our results suggest that CAA67_WS has a similar activity.
Gene-disruption studies of CAA43 and CAA67_WS indicated that CAA67_WS is physiologically more important in
the assimilation of 2-CAA in Burkholderia sp. WS. The enzyme CAA67_WS was purified from Burkholderia sp. WS and
characterized. The UV-visible spectrum of the protein indicated the presence of bound flavin. CAA67_WS released
chloride ions from 2-CAA in the presence of FAD and reducing agents such as NAD(P)H. CAA67_WS is similar to
CAA67_YL in these respects. However, while the reduced form of flavin mononucleotide (FMN) served as a cofactor for
CAA67_WS, it did not for CAA67_YL. CAA67_YL is a bifunctional enzyme that catalyzes the hydration of 2-CAA and
the reduction of FAD by using NADH; CAA67_WS did not catalyze the reduction of FAD. Thus, comparative studies

of these 2 proteins can provide valuable information on the structure-function relationship of these proteins.

Abbreviations: 2-CAA, 2-chloroacrylic acid
(5)-2-CPA, (S)-2-chloropropionic acid

ESI-MS, electrospray ionization mass spectrometry

Introduction

Halogenated organic compounds are one of the largest
groups of environmental pollutants because of their wide-
spread use in the past as herbicides, fungicides, solvents,
plasticizers, and intermediates for chemical synthesis’.
Apart from the organohalogen compounds produced in-
dustrially, many are produced biologically or by natural
abiogenic processes such as volcanic eruption”. Many or-
ganohalogen compounds are hazardous to the environ-
ment due to their toxicity, bioconcentration, and long life-
spans. Many microorganisms and enzymes capable of
degrading these compounds have been reported®”. Re-
moval of the halogen atom from these organohalogen com-

pounds is a major way of detoxifying these compounds,

another being conversion of these compounds to other or-
ganohalogen compounds that can be easily metabolized.
The enzymes that catalyze the removal of halogen at-
oms from organohalogen compounds are called dehaloge-
nases. Some of the dehalogenases characterized so far can
act on unsaturated aliphatic organohalogen compounds
such as cis/trans-3-chloroacrylic acid and 2-chloromaleylace-
tate®®. Previously, 3 bacterial strains were isolated from
garden soil in Uji, Kyoto, Japan; these strains can assimi-
late 2-chloroacrylic acid (2-CAA) as a sole carbon source.
These strains were identified as Pseudomonas sp. YL, Burk-
holderia sp. WS (formerly Pseudomonas sp. WS), and Burk-
holderia sp. WL (formerly Pseudomonas sp. WL)”. 2CAA is
a bacterial metabolite of 2-chloroallyl alcohol, which is an

intermediate or byproduct in industrial herbicide synthe-
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sis'. Rats excrete 2-CAA when treated orally with herbi-
cides containing a haloallyl substituent.

Two inducibly produced proteins, CAA43 and
CAA67_WS, were expressed when Burkholderia sp. WS
was grown in 2-CAA medium'®. The protein CAA43 was
found to be Z-haloacrylate reductase. It catalyzes the re-
duction of 2-CAA to (S)-2-chloropropionic acid ((S)-2-CPA),
using NADPH as a co-substrate (Fig. 1). The function of
the other protein, CAA67_WS, could not be determined
earlier due to the difficulty in construction of an effective
recombinant expression system. It was found that Pseudo-
monas sp. YL produces a homolog of CAA67_WS (sequence
identity, 84.6%) when it grows on 2-CAA. This enzyme
was recently characterized and found to be 2-haloacrylate
hydratase, which catalyzes the hydration of 2-CAA to pro-
duce pyruvate'”. The present study analyzes the function
of CAA67_WS in Burkholderia sp. WS and its physiological

importance in metabolism of 2-CAA.
Materials and Methods

Materials

2-CAA was purchased from Lancaster Synthesis Ltd.
(Lancashire, UK). All other reagents were of analytical
grade and were purchased from Nacalai Tesque (Kyoto,
Japan) and Wako Pure Chemical Industries (Osaka, Japan).
Restriction enzymes and Kkits for genetic manipulation
were purchased from Takara Bio (Otsu, Japan), Toyobo
(Osaka, Japan), and Qiagen Ltd. (West Sussex, UK).

Generation of gene-disrupted mutants

The gene fragments corresponding to 5- and 3’-halves
of caa67 ws and caa43 (GenBank accession number:
AB196962) were amplified from the genomic DNA of
Burkholderia sp. WS using the following primers: (1) sense
primer (5-AACTGCAGATGGTAATGGCAGCGGTA
ATTCATAAGAAG-3) and antisense primer (5-TATC
GATGATAAGCTGTCACGGCCCAAGGAACCATGAT
GTG-3) and sense primer (5-AACGGATTCACCACTC
CAAGAACGCCACCTCGGCGCTACC-3) and antisense
primer (5-GCTCTAGACTACGCTTGCGGAAGCAAAA
CAATCGAGCC-3) for the 5- and 3"-halves of the caa43
gene, respectively; and (2) sense primer (5-AACTGCA
GATGTCGGATGTTCTTGTAACAGACGTGTTG-3) and
antisense primer (5-TTATCGATGATAAGCTGTCATTC
GGCCCCCGTCGTCAATG-3) and sense primer (5-AACG
GATTCACCACTCCAAGAAACGTCCTGGTGAAG
CATC-3) and antisense primer (5-GCTCTAGATTAG
AGGGGAACGTCTTTGAAATGCAACGC-3) for the 5'-

and 3’-halves of the caa67 ws gene, respectively. The gene

for tetracycline-resistance (fer) from the plasmid pBR322
was amplified using sense primer (5-CACATCATGGT
TCCTTGGGCGTGACAGCTTATCATCGATA-3) and an-
tisense primer (5-GGTAGCGCCGAGGTGGCGTTCTTG
GAGTGGTGAATCCGTT-3) for inserting into caa43, and
the sense primer (5-TCATTGACGACGGGGGCCGAATG
ACAGCTTATCATCGATA-3) and antisense primer (5’-G
ATGCTTCACCAGGACGTTTCTTGGAGTGGTGAA
TCCGTT-3)) for inserting into caa67 ws. These were then
used in the construction of plasmids for disruption of
caa43 and caa67 ws. The tet gene was placed in between
the 5- and 3’-halves of these genes by overlap extension
PCR. The resultant fragments were digested with restric-
tion enzymes Pstl and Xbal for inserting into pK18mob-
sacB plasmid. These plasmids were introduced into com-
petent Burkholderia sp. WS cells, either by electroporation
or by conjugation with Escherichia coli S17-1. The mutants
Acaa43 and Acaa67 ws were verified by Southern blot hy-
bridization.

Culture conditions

The wild-type Burkholderia sp. WS, Acaa43, and Acaa67
ws were grown aerobically at 28°C in a medium contain-
ing 0.2% (NH,),SO,, 0.05% Bacto yeast extract (Difco), 0.1 %
K,HPO,, 0.1% NaH,PO,, 0.01% MgSO, - 7H,0 (pH 7.1), and
various carbon sources. Either 02% 2-CAA, lactate, (S)-2-
CPA, or both 2-CAA and (S)-2-CPA together were added

to the medium as a carbon source.

Purification of native CAA67_WS

The cells of Burkholderia sp. WS were harvested at the
late logarithmic phase, washed twice with 50 mM potassi-
um phosphate buffer (pH 7.1) containing 1 mM dithiothrei-
tol, resuspended in the same buffer, and disrupted by
passing through a French press 3 times at 1000 psi. Cell
debris was removed by centrifugation. The cellfree ex-
tract thus obtained was subjected to ammonium sulfate
precipitation at 40% saturation. The precipitated proteins
were removed by centrifugation, and the supernatant was
diluted to 30% ammonium sulfate saturation. This super-
natant that contained 2-haloacrylate hydratase activity
was then applied to a Toyopearl Butyl 650 M column pre-
equilibrated with 50 mM potassium phosphate buffer (pH
7.1) containing 1 mM dithiothreitol and 30% ammonium
sulfate. The unbound proteins were removed by washing
with the same buffer. CAA67_WS was then eluted using a
linear gradient of 30-0% ammonium sulfate. The active
fractions were collected, concentrated, and dialyzed
against 5 mM potassium phosphate buffer (pH 7.1) contain-
ing 1 mM dithiothreitol. This was then applied to a Toyo-



pearl DEAE 650 M column pre-equilibrated with 5 mM
potassium phosphate buffer (pH 7.1) containing 1 mM di-
thiothreitol. After washing the column to remove unbound
proteins, CAA67_WS was eluted with a linear gradient of
5-60 mM potassium phosphate buffer (pH 7.1) containing
1 mM dithiothreitol. The active fractions were pooled and
concentrated using a Millipore Amicon 30-kDa membrane
filter. These fractions were then subjected to gel filtration
using a HiLoad 16/60 Superdex 200 pg column and 50 mM
sodium phosphate buffer (pH 7.1) containing 150 mM sodi-
um sulfate. The active fractions were pooled, concentrated

to 5.3 mg/ml, and stored at -80°C until use.

Enzyme assay

The enzymatic activity of CAA67_WS was determined
under anaerobic conditions by measuring the amount of
chloride ions released from 2-CAA, according to the meth-
od described by Iwasaki ef al. The reaction mixture
(100 ul) contained 60 mM Tris sulfate buffer (pH 9.0),
35 mM 2-CAA neutralized with an equimolar amount of
NaOH, 01 mM FAD or FMN, and 10 mM NAD(P)H. The
reaction was carried out at 30°C and terminated by the

addition of 11.1 ul of 1.5 M sulfuric acid.

Analysis of 2-CAA degradation product by electro-
spray ionization mass spectrometry (ESI-MS)

A 500-ul reaction mixture containing 60 mM ammonium
acetate buffer (pH 7.1), 5mM 2-CAA, 20 mM NAD(P)H,
0.1 mM FAD or FMN, and 10% (v/v) cell-free extract was
incubated at 28°C for 24 h. The reaction was terminated
by the addition of 1 ml acetonitrile. The reaction mixture
was centrifuged, filtered, and diluted with acetonitrile/
10 mM ammonium acetate (1:1). After dilution, the mix-
ture was analyzed by ESI-MS using an API3000 LC/MS/
MS system (Applied Biosystems, Foster City, CA) in the

negative-ion mode.

UV-visible absorbance spectrometry

The reduction of CAA67_WS-bound FAD was moni-
tored anaerobically with a UV-visible spectrophotometer
(UV-2450; Shimadzu, Kyoto, Japan) for which the cell hold-
er was installed inside the anaerobic chamber. The reac-
tion mixture (500 ul) contained 1 mM NAD(P)H, 0.05 mM
FAD, 60 mM Tris sulfate buffer (pH 9.0), and 20 ul purified

enzyme. The analysis was done at room temperature.

Molecular weight determination

The subunit molecular weight of CAA67_WS was de-
termined by SDS-PAGE. The molecular weight of the na-
tive enzyme was analyzed by gel filtration with an AKTA

Explorer 10S system (GE Healthcare UK Ltd., Bucking-
hamshire, United Kingdom) equipped with a HiLoad 16/60
Superdex 200 pg column (GE Healthcare UK Ltd.). Molecu-
lar mass marker proteins (Oriental Yeast Co. Ltd., Tokyo,
Japan) consisting of glutamate dehydrogenase (290 kDa),
lactate dehydrogenase (142 kDa), enolase (67 kDa), myoki-
nase (32 kDa), and cytochrome ¢ (124 kDa) were used as

standards.
Results and Discussion

This study describes the biochemical characteristics
and physiological importance of 2-haloacrylate hydratase
expressed in Burkholderia sp. WS grown in 2-CAA medi-
um. As reported previously”, CAA67 WS and CAA43
are able to be inducibly produced when Burkholderia sp.
WS is grown in 2-CAA medium. The protein CAA43 was
subsequently characterized as 2-haloacrylate reductase,
which catalyzes the conversion of 2-CAA into (5)-2-CPA in
an NADPH-dependent manner (Fig. 1).

H3C HsC
SN naopH O\ SN ERN
C=CHy ———> C—CHy—> _C-OH—> C=0
/ cans 1 A /
-00¢ H Coo coo- 00C
2-chloroacrylate  (S)-2-chloropropionate  (R)-lactate pyruvate

Fig. 1 Proposed pathway for the degradation of 2-CAA by 2-halo-
acrylate reductase (CAA43) in Burkholderia sp. WS.

Based on the amino acid sequences of CAA67_WS and
CAAA43, degenerate primers were designed, and a part of
the gene cluster containing these 2 proteins was amplified
by inverse PCR. The genes coding for CAA67_WS and
CAA43 were found to be located next to each other on
the genome of Burkholderia sp. WS (GenBank accession
number: AB196962).

The gene encoding CAA67_WS was present immediate-
ly upstream of CAA43, at a distance of 267 bp. Putative
Shine-Dalgarno sequences, AGGAGG and AGGAG, were
found in the upstream regions of the initiation codons of
the CAA67_WS gene and the CAA43 gene, respectively,
but -35 (CTTGATGT) and -10 (TTTAAT) sequences
were found only in the upstream region of the CAA67_WS
gene. In addition, the inducible synthesis of both CAA67_
WS and CAA43 when the cells are grown in 2-CAA medi-
um suggests that these genes are present in the same op-
eron.

Primary structure analysis of CAA67_WS showed that
it shares sequence similarity with FAD-dependent en-
zymes L-aspartate oxidase from Escherichia coli® (NCBI
accession number 5542180; 17.6% identity) and fumarate

reductase (subunit A) from Wolinella succinogenes”™ (NCBI



accession number 37538290; 17.2% identity). An FAD-
binding motif (GXGXXG) was also observed in the region
13 to 18 of the amino acid sequence of CAA67_WS. These
observations suggest that CAA67_WS is a FAD-depen-
dent enzyme and probably an oxidoreductase functioning
in the metabolic pathway of 2-CAA. However, since 2-halo-
acrylate reductase (CAA43) has been described as an en-
zyme that directly acts on 2-CAA, we initially speculated
that CAA67_WS plays some supportive function to that of
CAA43, such as generation of NADPH'".,

In order to understand the physiological role of
CAA67_WS, the mutants Acaa43 and Acaa67 ws were creat-
ed by disrupting the genes for CAA43 and CAA67_WS, re-
spectively, as described in the “Materials and Methods.”
The growth characteristics of these strains in 2-CAA, (S)-
2-CPA, and lactate media were examined and compared
with that of the wild-type strain. (5)-2-CPA and lactate
were used as both are supposed to be metabolites of
2-CAA (as shown in Fig. 1). No significant change in the
growth profile was observed when the 3 strains were
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Fig. 2 Growth of the wild-type, Acaa43, and Acaa67 strains of Burk-
holderia sp. WS on various carbon sources. The carbon
sources examined were (5)-2-CPA (A), lactate (B), and
2-CAA (C). Wild-type strain (closed circle), Acaa43 strain

(closed diamond), and Acaa67 strain (closed triangle).

grown on lactate as the carbon source (Fig. 2B). In the
medium containing (S)-2-CPA, both the mutant strains
showed a poorer growth than the wild-type strain, but the
overall growth of all the 3 strains was much lower than
that in lactate medium (Fig. 2A). When grown in the
2-CAA medium, the dcaa43 strain did not show growth
retardation compared with the wild-type strain (Fig. 2C).
In contrast, 2-CAA did not support the growth of the
Acaa67_ws strain. This indicated that there is a CAA43-in-
dependent 2-CAA metabolic pathway, in which CAA67_WS
plays a major role. The growth characteristics of the dif-
ferent strains suggest that this second pathway is physio-
logically more important in Burkholderia sp. WS, enabling
this strain to utilize 2-CAA as a sole carbon source.

To estimate the function of CAA67_WS, 2-CAA degra-
dation activities of the cell-free extracts of the wild-type
and Acaa43 strains were analyzed by ESI-MS. Under aero-
bic conditions, using the wild-type strain extract in the
presence of NADPH, the peak corresponding to [°Cl}-2-
CAA at m/z=105 decreased, while the peaks correspond-
ing to ["CIHS)-2-CPA (m/z=109) and lactate (m/z=89) in-
creased in a time-dependent manner (data not shown).
This was expected due to the action of 2-haloacrylate re-
ductase (CAA43). In contrast, the reaction did not proceed
when the cell-free extract from the Acaa43 strain was
used as 2-haloacrylate reductase is not expressed. When
the reaction was carried out under anaerobic conditions
and in the presence of NADPH and FAD, the cell-free ex-
tract of the wild-type strain converted 2-CAA into (S)-2-
CPA, lactate, and pyruvate (m/z = 87) (Fig. 3A). Under the

same conditions, peaks corresponding to lactate and pyru-
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Fig. 3 Mass spectrometric monitoring of 2-CAA degradation in the presence of NAD(P)H and FAD under anaerobic conditions. Cell-free
extracts of the wild-type strain (A and C) and the Acaa43 strain (B and D) were used. NADPH was added for A and B, whereas
NADH was added for C and D. In A and B, arrows indicate 2-CAA (1), (S)-2-CPA (2), lactate (3), and pyruvate (4). In C and D, arrows
indicate 2-CAA (1), lactate (2), and pyruvate (3). The peak at m/z value of 85.0 is of methacrylate, an internal standard.



vate were detected when the cell-free extract from the
Acaa43 strain was used (Fig. 3B). However, (S)-2-CPA was
not produced because of the absence of 2-haloacrylate re-
ductase (CAA43), which catalyzes the conversion of
2-CAA into (5)-2-CPA. When NADH was used instead of
NADPH in the above condition, cell-free extracts from
both the strains converted 2-CAA into lactate and pyru-
vate (Fig. 3C and 3D). These results confirm the presence
of a CAA43-independent pathway for 2-CAA metabolism.
It can also be inferred that in this pathway, 2-CAA is con-
verted directly into lactate or pyruvate, without the gen-
eration of (5)-2-CPA.

Recently, a homolog of CAA67_WS, CAA67_YL, from
the bacterium Pseudomonas sp. YL was characterized as an
FADH,-dependent Z-haloacrylate hydratase that catalyzes
the conversion of 2CAA into pyruvate (Fig. 4. CAA67_YL
shares 84.6% sequence identity with CAA67_WS from
Burkholderia sp. WS. Thus, it is highly likely that CAA67_WS
from Burkholderia sp. WS catalyzes the same reaction as
CAA67_YL.
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Fig. 4 Reaction scheme of conversion of 2-CAA by CAA67_YL
from Pseudomonas sp. YL.
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Fig. 5 SDS-PAGE analysis of samples containing CAA67_WS at
different purification stages. Crude extract (1), Butyl-Toyo-
pearl (2), DEAE-Toyopear! (3), and Superdex 200 pg (4).

The earlier attempts for recombinant expression of
CAA67_WS in E.coli were not successful due to complica-
tions in solubilizing and refolding the protein following its
production in inclusion bodies. Therefore, in this study, the
enzyme was purified from a culture of the wild-type strain
of Burkholderia sp. WS grown in a medium containing 0.2%
2-CAA and 02% 2-CPA (Table 1 and Fig. 5), as described
in the “Materials and Methods.”

The molecular mass of the purified CAA67_WS was ap-
proximately 60,000 Da as measured by SDS-PAGE, which
agrees with the theoretical value of 58,684 Da deduced
from its primary structure. The molecular mass deter-
mined by gel filtration was 48500 Da, suggesting that the
enzyme is monomeric. Purified CAA67_WS showed 2-halo-
acrylate hydratase activity, as expected from its structural
similarity to CAA67_YL. The specific activity of the puri-
fied enzyme was 60 mU/mg.

Purified CAA67_WS contained an oxidized form of
FAD, as judged by its absorption spectrum. The molar ra-
tio of FAD to the protein was approximately 0.15. This ra-
tio increased to approximately 045 after incubation with
an excess amount of externally added FAD, suggesting
that at least about 50% of the purified enzyme was irre-
versibly inactivated during the purification process.

The requirement of cofactors was further tested by an-
alyzing the enzymatic activity under various conditions
(Fig. 6A). When the purified protein was incubated with
2-CAA in the presence of 0.1 mM FAD and 10 mM NADH
under anaerobic conditions, 2-CAA was degraded, and

chloride ions were liberated. The enzyme activity, as ob-
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Fig. 6 Cofactor requirement of CAA67_WS. Enzymatic reactions
were carried out under anaerobic conditions.

Table 1. Purification of CAA67_WS from Burkholderia sp. WS cells®

Purification step Total activity Total protein  Specific activity Yield Purification
() (mg) (mU/mg) (%) (fold)
Crude extract 7.2 750 9.6 100 1
Butyl-Toyopearl 14 120 12 19 1.3
DEAE-Toyopearl 0.13 49 27 18 2.8
Superdex 200 pg 0.029 048 60 0.40 6.3

“The enzyme activities were determined by measuring halide ions released from 2-CAA



served by the release of chloride ions, decreased to 44 %
when FAD was replaced by FMN. No enzyme activity
could be detected when the reaction was performed with-
out NADH. The reaction in the presence of NADH, but in
the absence of FAD or FMN, also did not result in the re-
lease of chloride ions. This clearly shows that reduced
FAD (FADH,) is the cofactor of CAA67_WS. The results
also indicate that reduced FMN (FMNH,) serves as a co-
factor, although less efficiently than FADH, This is in
clear contrast with CAA67_YL, for which FMNH, does
not serve as a cofactor. The requirement of NADH
showed that the presence of a reducing agent is essential
to maintain the reduced form of FAD. The reaction pro-
ceeded when NADH was replaced with NADPH (Fig. 6B)
or sodium dithionite (data not shown).

The reduction of FAD into its reduced form, FADH,, by
NAD(P)H can either be a chemical process or an enzymatic
one. In order to understand this, the spectrum of FAD was
analyzed at various time intervals in the presence of 1 mM
NAD(P)H, with or without CAA67_WS (Fig. 7). A decrease
in the absorption spectra at 450 nm indicates the conver-
sion of FAD into FADH,. The decrease in spectra observed
was similar both in the presence and absence of CAA67_WS,
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Fig. 7

irrespective of whether NADH or NADPH was used.
Hence, it can be considered that FAD is reduced to FADH,
non-enzymatically by CAA67_WS, unlike CAA67_YL,
which catalyzes the NADH-dependent reduction of FAD in
addition to hydration of 2-CAA".

From the results presented in this study, it can be con-
cluded that 2-haloacrylate hydratase plays an important
role in the metabolism of 2-CAA in Burkholderia sp. WS
and is essential for the survival of the bacterium in a me-
dium with 2-CAA as the sole carbon source. 2-Haloacry-
late hydratase is inducibly produced when Burkholderia sp.
WS is cultured in a medium containing 2-CAA. The en-
zyme uses FADH, and FMNH, as its cofactor and is not
biologically active if the flavin is not in its reduced form.
Therefore, the redox environment in the vicinity of the
enzyme is critical. It could be assumed that the enzyme
catalyzes the hydration of 2-CAA to produce 2-chloro-
2-hydroxypropionic acid, which is chemically unstable and
spontaneously dechlorinated to pyruvate, releasing HCL
Dehalogenation through hydration has been reported for
some unsaturated aliphatic compounds like cis- and trans-

6,7)

3-chloroacrylate™” and aromatic organohalogens like chlo-

rothalonil”. 2-Haloacrylate hydratase is different from the
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Changes in the UV-visible spectrum of FAD bound to CAA67_WS. Incubation was carried out as de-

scribed in Materials and Methods in Tris sulfate buffer pH 9.0 with 0.05 mM FAD. (A) 1 mM NADH was
added in the presence of 23 uM enzyme. (B) 1 mM NADH was added in the absence of enzyme. (C) 1 mM
NADPH was added in the presence of 2.3 uM enzyme. (D) 1 mM NADPH was added in the absence of en-
zyme. The changes in the spectrum were recorded at 0, 10, 20, 30, 60, and 90 minutes, displayed from top

to bottom, respectively.



enzymes for dehalogenation of 3-chloroacrylate in its abso-
lute requirement for reduced flavin as a cofactor. Further
mechanistic and genetic analyses are required to explain
this mechanism more clearly. CAA67_WS and CAA67_YL
are similar to each other in their ability to catalyze the de-
chlorination of 2-CAA in a reduced flavin-dependent man-
ner. However, FMNH, serves as a cofactor only for
CAA67_WS, and NADH-dependent FAD reductase activi-
ty is found only for CAA67_YL. Thus, comparative studies
of these enzymes would give us valuable information re-
garding the structure-function relationship of 2-haloacrylate
hydratase. The information would contribute to the devel-
opment of enzymes that are useful in chemical industry
and bioremediation of environments polluted by organohal-

ogen compounds.
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