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Abstract

Fluoroacetate dehalogenase catalyzes the hydrolytic defluorination of fluoroacetate to produce glycolate. The enzyme is
unique in that it catalyzes the cleavage of the highly stable carbon—fluorine bond in an aliphatic compound. The bacterial
isolate FA1, which was identified &urkholderig grew on fluoroacetate as the sole carbon source to produce fluoroacetate
dehalogenase (FAc-DEX FA1l). The enzyme was purified to homogeneity and characterized. The molecular weights were
estimated to be 79,000 and 34,000 by gel filtration and SDS-polyacrylamide gel electrophoresis (PAGE), respectively, sug-
gesting that the enzyme is a dimer. The purified enzyme was specific to haloacetates, and fluoroacetate was the best substrate
The activities toward chloroacetate and bromoacetate were less than 5% of the activity toward fluoroace{at@ntive,ax
values for the hydrolysis of fluoroacetate were 5.1 mM angdtbl per minute milligram, respectively. The gene coding for
the enzyme was isolated, and the nucleotide sequence was determined. The open reading frame consisted of 912 nucleotides
corresponding to 304 amino acid residues. Although FAc-DEX FA1 showed high sequence similarity to fluoroacetate de-
halogenase froriMloraxellasp. B (FAc-DEX H1) (61% identity), the substrate specificity of FAc-DEX FA1 was significantly
different from that of FAc-DEX H1: FAc-DEX FA1 was more specific to fluoroacetate than FAc-DEX H1.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction enzymes are attracting a great deal of attention from
the viewpoint of environmental technolod9]. De-
Various halogenated compounds have been syn-halogenases are also useful in organic synthesis when
thesized and widely used as herbicides, insecticides,organohalogen compounds are used as the reactants
plastics, and solvents, but many of them are toxic and [6,7]. Various dehalogenases, such @a&-haloacid
cause serious environmental pollution. Microbial de- dehalogenases frofAseudomonasp. YL [8,9] and
halogenases detoxify harmful halogenated compoundsXanthobacter autotrophicu8J10[10,11], haloalkane
by cleaving their carbon—halogen bor{ds4]. These dehalogenases fromK. autotrophicusGJ10[12,13],
Rhodococcussp. [14], and Sphingomonas pauci-
"+ Corresponding author. Tek:81-774-38-3240; mobilis UT26 [15], and 4-chlorobenzoyl-CoA de-
fax: +81-774-38-3248. halogenase fromPseudomonassp. CBS-3 [16],
E-mail addressesaki@scl.kyoto-u.ac.jp (N. Esaki). have been well characterized based on their crystal
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H H FA1 was different from FAc-DEX H1 in its sub-
H“chp + H,0 HO—Cooy + H + F strate specificity: FAc-DEX FA1 was more specific to
. NH
ooc coo fluoroacetate than FAc-DEX H1.

Fig. 1. The reaction catalyzed by fluoroacetate dehalogenase.
2. Experimental

structures. However, none of them catalyzes the hy-
drolytic cleavage of a carbon—fluorine bond because 2-1. Isolation of bacteria
the dissociation energy of a carbon—fluorine bond
in aliphatic compounds is much higher than that  The medium for the screening of microorganisms
in other carbon-halogen bonds. The only exception producing fluoroacetate dehalogenase was composed
is fluoroacetate dehalogenase, which catalyzes theof 0.2% sodium fluoroacetate, 0.1% ammonium sul-
hydrolytic defluorination of fluoroacetateFif. 1). fate, 0.1% dipotassium hydrogenphosphate, 0.05%
The enzyme has been demonstrated in a Rsgu-  potassium dihydrogenphosphate, 0.01% magnesium
domonasand Moraxella strains and characterized sulfate, and 0.01% yeast extract. The pH was adjusted
[17-19] and the primary structure of the enzyme from to 7.0. Soil samples were suspended in water (10%
Moraxellasp. B (FAc-DEX H1) has been determined (w/v)). The suspensions (2ml) were incubated at
[20]. 28°C with reciprocal shaking. After 2 days, 10of

We analyzed the reaction mechanism of FAc-DEX the culture showing the microbial growth was trans-
H1 and identified two catalytically essential amino ferred to 2ml of the fresh medium. The transfer was
acid residues: Asp105 nucleophilically attacks the repeated several times, and the culture was spread on
a-carbon atom of fluoroacetate to release the fluoride an agar plate. Single colonies were picked up, and the
ion, resulting in the formation of the ester intermedi- isolates were maintained on the same medium.
ate, and the intermediate is subsequently hydrolyzed
by a water molecule activated by His272 to produce 2.2. ldentification of bacteria
glycolate[21]. The reaction mechanism of FAc-DEX
H1 resembles those of L-2-haloacid dehalogenase To identify the bacteria assimilating fluoroacetate,
[22] and haloalkane dehalogend$&] in that the cat- the nucleotide sequence of 16S rDNA was determined.
alytic nucleophile of the enzyme attacks the carbon The mixture (25ul) for PCR contained 10 mM Tris—
atom of the substrate to release the halide ion. It still HCI (pH 8.3), 50 mM potassium chloride, 1.5mM
remains unclear why only fluoroacetate dehalogenasemagnesium chloride, 250M of each dNTP, 0.4M
catalyzes the cleavage of the carbon—fluorine bond. of each primer (SAGAGTTTGATCCTGGCTCAG-3
Crystallographic analysis of the enzyme would be and 3-ACGGCTACCTTGTTACGACTT-3), 1.25
necessary to understand the requirements for the de-units of Ex Tagq DNA polymerase (Takara, Kyoto,
fluorination activity. However, so far, all the attempts Japan), and 15ng of template DNA isolated from
to obtain a FAc-DEX H1 crystal suitable for X-ray the bacteria by the method reportg28]. The reac-
analysis have been unsuccessful. Moreover, it is im- tion conditions were as follows: 1 min (9&), 1 min
possible to predict the catalytically important amino (55°C), and 2min (72C), for 30 cycles. The DNA
acid residues based on the conservation of the residuedragment of about 1.5kbp was amplified, separated
among various fluoroacetate dehalogenases becaus®y agarose gel electrophoresis, and used for direct
FAc-DEX H1 is the only fluoroacetate dehalogenase DNA sequencing. DNA sequencing was performed
whose primary structure has been determife]. with an Applied Biosystems DNA Sequencer 377B

In the present study, we have isolated a novel with a Dye Terminator sequencing Kit.
fluoroacetate dehalogenase (FAc-DEX FA1l) from
the fluoroacetate-utilizable bacteriurBurkholderia 2.3. Enzyme and protein assays
sp. FA1, characterized the enzyme, and determined its
primary structure. The enzyme showed high sequence The defluorination activity of fluoroacetate dehalo-
similarity with FAc-DEX H1. However, FAc-DEX genase was determined by measuring the fluoride
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ions released from fluorinated compounds according sulfate, and the enzyme was eluted with a linear gradi-
to the method of FostegR4]. In this assay, fluoride  ent of 30—0% saturated ammonium sulfate in the stan-
ions quench the reddish orange color developed by dard buffer with a total volume of 400 ml. The active
mixing iron(lll) chloride and ammonium thiocyanate. fractions, dialyzed against the standard buffer, were
The reaction mixture (10@l) contained 2vmol of applied to a DEAE-Toyopearl 650 M column (3 cin
substrate, 1Q.mol of Tris—nitrate (pH 9.5), and the 7cm) (TOSOH, Tokyo, Japan) equilibrated with the
enzyme. After incubation at 3@ for 15min, the same buffer. After washing the column with 150 ml
reaction was terminated by addition of QLD of of the standard buffer, the enzyme was eluted with a
1.0M nitric acid. Fluoroacetate dehalogenase was linear gradient of a 50-100 mM potassium phosphate
routinely assayed by the determination of glycolate buffer (pH 7.5) with a total volume of 400 ml. The ac-
ions produced from fluoroacetate or chloroacetate by tive fractions were pooled and used as a purified en-

the method of Dagley and Rodge€fia5], or by the
determination of halide ions released from chloroac-

etate or bromoacetate by the method of lwasaki et al.

[26]. The standard assay mixture (100 contained

2 umol of haloacetate, 1 @mol of Tris—sulfate (pH
9.5), and the enzyme. After incubation at°®D for
10min, the reaction was terminated by addition of
10l of 1.5M sulfuric acid. One unit of the en-

zyme.
2.5. Determination of the molecular weight

The molecular weight of the enzyme was deter-
mined by gel filtration with a Superose 12 HR 10/30
column (1 cmx 30 cm). The molecular weight mark-
ers used were as follows: cytochrome c (12,400),

zyme was defined as the amount of the enzyme that myokinase (32,000), enolase (67,000), lactate dehy-

catalyzes the dehalogenation ofuthol of haloac-

etate per minute. To examine the effect of pH on
the enzyme activity, the activity was measured in the
standard assay mixtures with the following buffers:
a 100mM potassium phosphate buffer (pH 7-8), a
100 mM Tris—sulfate buffer (pH 8-10), and a 100 mM
glycine—sodium hydroxide buffer (pH 10-11). Pro-
tein concentration was determined with a Bio-Rad

protein assay kit and with bovine serum albumin as a

standard.

2.4. Enzyme purification

All operations were performed at'€, and 50 mM

drogenase (142,000), and glutamate dehydrogenase
(290,000) (Oriental Yeast Co. Ltd., Osaka, Japan).
SDS-polyacrylamide gel (PAGE) electrophoresis
was carried out with the following marker pro-
teins: phosphorylase b (molecular weight 94,000),
albumin (67,000), ovalbumin (43,000), carbonic an-
hydrase (30,000), trypsin inhibitor (20,100), and
a-lactalbumin (14,400) (Pharmacia Fine Chemicals,
Uppsala, Sweden).

2.6. N-terminal and internal amino
acid sequencing

FAc-DEX FA1 was digested with trypsin (the final

potassium phosphate (pH 7.5) was used as the stan-concentration of trypsin, 20g/ml; the ratio of trypsin
dard buffer unless otherwise stated. The bacterial cells to FAc-DEX FA1, 1:50) in a 50 mM Tris—HCI buffer

were grown aerobically at 2& for 2 days in the same

(pH 8.0) by overnight incubation at 3T. The pep-

medium as that for the screening of bacteria. The cells tides obtained were purified by HPLC with &4nmx
harvested from a 51 culture were suspended in 15ml 250 mm C18 packed column (Shiseido, Tokyo, Japan).

of the standard buffer and disrupted with a Biomic
7500 Ultrasonic Processor (Seiko, Tokyo) for 15 min.
The cell debris was removed by centrifugation. The

supernatant was fractionated with ammonium sulfate.

A fraction of 30-65% saturation was dissolved in the
standard buffer and then applied to a Butyl-Toyopearl
650 M column (3 cmx 8 cm) (TOSOH, Tokyo, Japan).

The column was washed with 150 ml of the standard
buffer supplemented with 30% saturated ammonium

The column was washed with 20% acetonitrile for

5min, and the peptides were eluted with a 20-100%
acetonitrile gradient containing 0.1% trifluoroacetic

acid for 30 min. The flow rate was 5@¥min, and

the eluate was monitored at 210 nm to collect the pep-
tides. The N-terminal amino acid sequences of these
peptides and intact FAc-DEX FA1 were determined

with a fully automated protein sequencer Shimadzu
PPSQ-10 (Kyoto, Japan).
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Table 1
Synthetic oligonucleotide primers used for cloning of the FAc-DEX
FA1 gene

Name Sequence

FA-1 5-ATGTTYGARGGNTTYGARMG-3

FA-8 5-GGRAANCGRTCNACRAARAARTG-3

FA-N1 5-CATCAATTCACGCTGGTCGGATGCCATTGC-3
FA-N2 5-GAAGGTTCTGCGGAAAACCGTGGAG-3

FA-C1 B-TTGGTGTTTTCCGGTTCTGCCGGCCTGATG-3
FA-C2 5-GGCGAACATGCGTTTCGCATCGCTG-3
FA-ON1 5-GCGTAATACGACTCACTATAGGGAG-3

FA-OC1 B-ACGCATGACGCGCGCCGCGGCCAAT:3

R=AorG;Y=CorT;,M=AorC;N=AT,C, or G.

2.7. Nucleotide sequencing of the gene

All the primers used for the amplification of the
FAc-DEX FA1l gene are listed iffable 1 The ge-
nomic DNA of Burkholderia sp. FA1 was isolated
with QIAGEN Genomic-tip (Tokyo, Japan). The DNA
fragment coding for a part of FAc-DEX FAl was
amplified by PCR. The reaction mixture (p0) con-
tained 10 mM Tris—HCI (pH 8.3), 50 MM potassium
chloride, 2.0mM magnesium chloride, 20 of
each dNTP, 1..M of each primer (FA-1 and -8, the
degenerate primers coding for the N-terminal and in-
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The DNA fragment covering the entire FAc-DEX
FA1 gene was obtained by PCR as follows. The reac-
tion mixture (50ul) contained 10 mM Tris—HCI (pH
8.3), 50 mM potassium chloride, 2.5 mM magnesium
chloride, 20QuM of each dNTP, 0.2M of each
primer (FA-ON1 and FA-OC1), 2.5units of La Taq
DNA polymerase (Takara, Kyoto, Japan), and 100 ng
of genomic DNA ofBurkholderiasp. FA1l. The re-
action conditions were as follows: 30s (94), 30s
(55°C), and 3min (72C), for 30 cycles. The ampli-
fied DNA fragment of about 1.1 kbp was purified by
agarose gel electrophoresis and used for direct DNA
seguencing.

The sequences of FAc-DEX H1 and haloalkane de-
halogenase fronX. autotrophicusGJ10 (DhlA) were
aligned as described previoudl¥7]. The FAc-DEX
FA1 sequence was aligned with these sequences with
the program MegAlign (DNASTAR Inc., Madison,
WI) by the Clustal method.

3. Results

3.1. Isolation of fluoroacetate-assimilating
bacterium

ternal amino acid sequences of the enzyme), 2.5units A bacterial strain utilizing fluoroacetate as the sole
Ex Tag DNA polymerase, and 500ng of template carbon source was isolated from garden soil of Uji,
DNA. The reaction conditions were as follows: 30s Kyoto, Japan. The partial nucleotide sequence of 16S
(94°C), 30s (40C), and 1 min (72C), for 30 cycles. rDNA of this bacterium showed the highest similarity
The DNA fragment of about 800 bp was amplified to those of the bacteria in the gen@urkholde-
and purified by agarose gel electrophoresis for direct ria, especially to that oBurkholderia glathei(98%
DNA sequencing. DNA sequencing was performed identity). Accordingly, we named the bacterium
with a PE Biosystems ABI PRISM 310 Genetic An- Burkholderiasp. FAL. The crude extract of this bac-
alyzer with a dye-labeled terminator sequencing kit. terium showed fluoroacetate dehalogenase activity
The nucleotide sequence determined was used forwhen it was cultivated in the standard medium con-

designing the primers, FA-N1, FA-N2, FA-C1, and
FA-C2.

The DNA fragments coding for the N-terminal and
C-terminal regions were amplified with a TaKaRa
PCR in vitro Cloning Kit. The SawBAIl cassette,
FA-N1, and FA-N2 were used to obtain the DNA frag-
ment coding for the N-terminal region. Ti&alBAlI

taining fluoroacetate. No fluoroacetate dehalogenase
activity was found when the cells were grown in the
LB medium, suggesting that the enzyme is inducibly
synthesized in the presence of fluoroacetate in the
cultivation medium.

3.2. Characterization of fluoroacetate dehalogenase

cassette, FA-C1, and FA-C2 were used to obtain the from Burkholderia sp. FA1

DNA fragment encoding the C-terminal region. The

nucleotide sequences of the amplified DNA fragments

Fluoroacetate dehalogenase was purified 130-fold

were determined and used for designing the primers with a 41% yield from the crude extract Biurkholde-

FA-ON1 and FA-OC1.

ria sp. FA1 Table 3. The final preparation showed
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Table 2
Purification of FAc-DEX FA1
Step Total activity Total protein Specific activity Purification Yield (%)

(units) (mg) (units/mg) (fold)

Crude extract 27 380 0.071 1 100
Ammonium sulfate 22 190 0.12 1.7 81
Butyl-Toyopearl 27 38 0.71 10 100
DEAE-Toyopearl 11 1.2 9.2 130 41

The enzyme was purified as describedSiection 2 The dehalogenase activities were determined by measuring the glycolate ions released

from 20 mM fluoroacetate.

a single major protein band on SDS-polyacrylamide
gel electrophoresisFHg. 2). The specific activity of

the purified enzyme was 9.2 units/mg. The molecu-
lar weights of the enzyme determined by gel filtra-
tion and SDS-polyacrylamide gel electrophoresis were

Molecular
weight

94,000

69,000

43,000

30,000

20,100

14,400

Fig. 2. SDS-polyacrylamide gel electrophoresis of FAc-DEX FAL.
The positions of molecular weight markers are indicated.

about 79,000 and about 34,000, respectively, suggest-
ing that the enzyme is composed of two identical sub-
units. The enzyme had a maximum activity at pH 9.5
(Fig. 3. With fluoroacetate as the substrate, the en-
zyme followed the Michaelis—Menten kinetics, and the
Km and Vmax values were determined to be 5.1 mM
and 11 units/mg, respectively. The substrate specificity
of the enzyme is shown ifig. 4 The enzyme was
specific to haloacetates, and fluoroacetate was the best
substrate for FAc-DEX FALl. Although fluoroacetate
served as the best substrate also for FAc-DEX211,
FAc-DEX FA1 was more specific to fluoroacetate than
FAc-DEX H1: the activities of FAc-DEX H1 toward
chloroacetate and bromoacetate were 21 and 13% of
that toward fluoroacetate, respectively, whereas the ac-
tivities of FAc-DEX FAL toward chloroacetate and
bromoacetate were 3.9 and 3.4% of that toward fluo-
roacetate, respectively.

100+

801

601

401

Relative Activity (%)

201

\.

10

8 9
pH

11 12

Fig. 3. The effect of pH on the enzyme activity. The activity of
FAc-DEX FAl was measured with a 100 mM potassium phosphate
buffer (pH 7-8, filled squares), a 100 mM Tris—sulfate buffer (pH
8-10, filled triangles), and a 100 mM glycine—sodium hydroxide
buffer (pH 10-11, filled circles).
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Fig. 4. Comparison of the substrate specificities of FAc-DEX FA1
and FAc-DEX H1. The activities of FAc-DEX FAL1 (filled bar) and
FAc-DEX H1 (open bar) toward fluoroacetate (F), chloroacetate
(ClI), bromoacetate (Br), and iodoacetate (l) are shown. The activ-
ities were determined by measuring the amount of glycolate ions
produced. The following substrates were inert for both enzymes:
difluoroacetate, trifluoroacetate, and-2-chloropropionate.

3.3. Primary structure of fluoroacetate dehalogenase
from Burkholderia sp. FAl

The N-terminal and internal amino acid sequences
of FAc-DEX FAl were determined as described in
Section 2(Table 3, and the oligonucleotide primers
for isolation of the FAc-DEX FAl gene were de-
signed based on these sequendeble ). The gene
was isolated as described 8ection 2 and the nu-
cleotide sequence was determinddg( 5. All the
peptide sequences shown Table 3were found in
the deduced amino acid sequeneEg( 5). The calcu-
lated molecular weight of the gene product (34,082)
was in good agreement with the value estimated by
SDS-polyacrylamide gel electrophoresis of the pu-
rified enzyme. FAc-DEX FALl shares 61% sequence
identity with FAc-DEX H1[20] and 18% sequence
identity with DhIA [28] (Fig. 6). The catalytically es-
sential residues of FAc-DEX H1, Asp105 and His272,

Table 3
The N-terminal and internal amino acid sequences of FAc-DEX
FA1

Position Sequence

N-terminal MFEGFERRLVDVGDVTINCVVGGS
Internal-1 FASLPGGHFFVDRFPDDTAR
Internal-2 AYWHWYFLQQPAPYPEK
Internal-3 VAPLLANEYTVVCADLR

Internal-4 VIGADPDTFYEGCLF

T. Kurihara et al./Journal of Molecular Catalysis B: Enzymatic 23 (2003) 347-355

were conserved in FAc-DEX FA1l as Aspl04 and
His271, respectively.

4. Discussion

We have isolated a soil bacterium that effectively
assimilates fluoroacetate as a carbon source. The
strain,Burkholderiasp. FA1, inducibly produced flu-
oroacetate dehalogenase named FAc-DEX FA1 when
grown on fluoroacetate. FAc-DEX FA1 was specific
to haloacetates: 2-chloropropionate did not serve as
the substrateFig. 4. Among different haloacetates,
the enzyme showed the highest activity toward flu-
oroacetate although the dissociation energy of the
carbon—fluorine bond is much higher than those of the
carbon-chlorine, carbon-bromine, and carbon—iodine
bonds. The bulkiness of the chlorine, bromine, and
iodine atoms probably prevents the substrates con-
taining these atoms from binding to the active site of
the enzyme.

FAc-DEX FA1 is similar to FAc-DEX H1[21] in
several respects. Both of them are specific toward
haloacetates, and fluoroacetate is the best substrate.
Both enzymes show a maximum activity at pH 9.5.
Moreover, their primary structures are highly similar
to each other: 61% of the amino acid residues are
identical. Nevertheless, FAc-DEX FALl differs from
FAc-DEX H1 in its substrate specificitizig. 4 shows
that FAc-DEX FA1 is more specific to fluoroacetate
than FAc-DEX H1. Perhaps the accessibility to the ac-
tive site of FAc-DEX FAL is more restricted than that
to the active site of FAc-DEX H1, but this should be
verified by structural analysis of these enzymes.

We have previously shown that Asp105 and His272
of FAc-DEX H1 function as the catalytic nucle-
ophile and the catalytic base, respectivg1].
These residues are conserved in FAc-DEX FAl as
Aspl04 and His271. Homology modeling of the
three-dimensional structure of FAc-DEX H1, based
on the crystal structure of DhIA, suggested that the
active site of FAc-DEX H1 is mainly composed of
hydrophobic and basic amino acid residues: Phe35,
His104, Argl06, Tyrl48, Trpl51, Tyr213, GIn248,
and Phe273 were found in the vicinity of Asp105 and
His272[27]. All these residues, except for GIn248,
are conserved in FAc-DEX FALl. GIn248 is replaced
by Ser247 in FAc-DEX FAL. It would be interesting
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1 ATGTTTGAAGGAT TCGAGCGACGCCT TGTCGATGI CGGTGACGTAACGATCAACTGCGTC 60
1 Met Phed ud yPhed uAr gAr gLeuVal AspVal A yAspVal Thrl | eAsnCysVal 20

61 GTAGGCGGTAGCGGTCCGGCGCTTCTATTGCTCCACGGT TTTCCGCAGAACCTTCACATG 120
21 Val d yd ySer d yPr oAl aLeuLeuLeuLeuH sd yPheProd nAsnLeuH sMet 40

121 TGGECCCECGTCBCCCCCT TGCTCGCAAACGAGTACACCGTCGTCTGTGCGGATCTGCGG 180
41 Tr pAl aAr gVal Al aPr oLeuLeuAl aAsnd uTyr Thr Val Val CysAl aAspLeuArg 60
3

181 GGCTACGGECGGT TCGT CGAAGCCGGT GGECGCCCCCGACCATGCCAACTACTCCTTTCGT - 240
61 G yTyrd yd ySer Ser LysProVal G yAl aPr oAspH sAl aAsnTyr Ser PheAr g 80

241 GCAATGGCATCCGACCAGCGT GAAT TGAT GCGAACGCT GGGGT TCGAGCGGT TTCACCTG 300
81 Al aMet Al aSer Aspd nArgG@ uLeuMet Ar gThr Leud yPhe@ uAr gPheHi sLeu 100

301 GTCGGACACGAT CGEEECGGAAGAACGEEGECATCGCAT GGCGCTGGACCACCCCGATAGC 360
101 Val @ yHi sAspArgd yd yArgThr d yH sArgMet Al aLeuAspHi sProAspSer 120

361 GTGCTCTCGCTCGCCGT TCTGGACATCATCCCAACCTATGT GATGTTCGAAGAAGTCGAC 420
121 Val LeuSer LeuAl aVal LeuAspl | el | eProThr Tyr Val Met Phed@ ud uVal Asp 140

421 CGTTTCGT GGCACGGEGCCTACTGGCATTGGTATTTTCTTCAGCAGCCTGCGCCTTATCCC 480
141 Ar gPheVal Al aAr gAl aTyr Tr pHi sTr pTyr PheLeud nG nPr oAl aProTyrPro 160
2

481 GAGAAGGT CATTGGCGCCGATCCCGACACCTTTTACGAAGGCTGTCTCTTCGGECTGEEEC 540
161 G uLysVal | | ed yAl aAspPr oAspThr PheTyr d ud yCyslLeuPhed yTrpdy 180
4

541 GCGACGGGT GCTGATGGCT TCGACCCCGAGCAACT GGAAGAGTATCGAAAACAATGECGC 600
181 Al aThr d yAl aAspd yPheAspProd ud@ nLeud ud uTyr ArgLysd nTrpArg 200

601 GATCCCGCAGCAATTCACGGCAGT TGCTGCGACTACCGGBECCGEECEREGACGATCGACTTC 660
201 AspPr oAl aAl al | eHi sd ySer CysCysAspTyr ArgAl ad yd yThr | | eAspPhe 220

661 GAACTCGACCACGGGGACCT GGECCGGECAGGT CCAGT GCCCTGCCTTGGTGTTTTCCGGT - 720
221 G uLeuAspHi sA yAspLeud yAr gd nVal A nCysPr oAl aLeuVal PheSerdy 240

721 TCTGCCGGCCTGATGCACTCTCTCTTCGAGAT GCAGGT CGT CTGGGECGCCGCGACTGECG 780
241 Ser Al ad yLeuMet Hi sSer LeuPhe@ uMet @ nVal Val Tr pAl aPr oArgLeuAla 260

781 AACATGCGT TTCGCATCGCTGCCGEGTGEECACT TCTTCGT CGATCGGT TCCCCGACGAC 840
261 AsnMet Ar gPheAl aSer LeuPr od yd yHi sPhePheVal AspAr gPhePr oAspAsp 280
1

841 ACGGCACGCATCCT TCGCGAGT TTCTAAGT GATGCGCGCAGCGGTATCCAGCAGACCGAG 900
281 Thr Al aArgl | eLeuAr gd uPheLeuSer AspAl aArgSerd yll ed nd nThr@u 300

901 CGAAGAGAATCATGA 915
301 Ar gAr g@ uSer *** 304

Fig. 5. Nucleotide sequence of the FAc-DEX FAl gene and deduced amino acid sequence. The underlined amino acid sequences are identical
to those determined with the purified enzynialfle 3. The numbers assigned for the internal sequences correspond to thbsgarn3
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1 M- - —E— - - FAC- DEX_FAL
1 M- - o”lr - - - FAc- DEX_HL
1 M NAIRTPDQREFS Dhi A
12 GD T“NCV FAc- DEX_FAL
13 Mbpo D AT FAc- DEX_H1
31 vyrMLRrRAHML Dhl A
B M WA RV A PR FAc- DEX_FAL
IR v W A R V A P e FAc- DEX_HL
61 YLYRKMI IV Dhl A
68 c A+ A A MS R E T FAc- DEX_FAL
69 K cLEEIR s TrINHINRE Cc v H FAc- DEX_HL
91 - - -PMeeoMTEHerrrNnF LA ErRMDOLRN DHIA
WO
D R FAc- DEX_FAL
DR FAc- DEX_H1
5 W] Dhi A
FAc- DEX_FAL
FAc- DEX_HL
Dhl A
FAc- DEX_FAL
FAc- DEX_HL
Dhl A
FAc- DEX_FAL
FAc- DEX_HL
Dhl A
212 G G— - - - FIE LEH GEL GE— QQ FAc- DEX_FAL
213 NN AB- - - - - - LIEHBs A ol- <M e I3 Fac- bEX HL
22 FPKMVAQRDOQAC | STEAI SFWQNDWNGGQ DhlA
O
235 A s A LHS EMQVPEL--A - FAc- DEX_FAL
236 Y olMc o DI PaAEMINKEIC - - - FAc- DEX_HL
252 F vma IAvldo k- - - ML cpoMvyprPmkacr i Mcc onia
wO
PRVl A S L P GGHF F V DR o o NI R c BN s rAc- DEX_FAL
263 - T T NIRRT O A Ells ETTEENY FAc- DEX_HL
279 PEPLEI ADAIKEA- MoeBEceE o vINRIE A4 FIN Dhi A
290 DARSGI QQT EREES FAc- DEX_FAL
202 - - - - -------Hn~o FAc- DEX_HL
308 ET - - - -+~ +-+-----E Dhi A

Fig. 6. Sequence alignment of FAc-DEX FAl, FAc-DEX H1, and DhIA. The conserved residues are shown in the black boxes. The stars
indicate the catalytic nucleophiles and the catalytic bases. The circles indicate the residues found in the active site by crystallographic
analysis (DhlA)[12] and the residues supposed to be present in the active site based on the homology modeling of the three-dimensional
structures (FAc-DEX H1 and FAc-DEX FAIR7].
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to see whether this substitution is related to the dif-
ferent substrate specificities of these enzymes.

The crystallographic analysis of DhIA revealed that
Phel28 and Phel72 interact with the, Gitom of
1,2-dichloroethane (¢lis the atom released from the
substrate by DhlA, and the £htom remains on the
substrate]12]. The positions corresponding to these
residues are occupied by Arg and Tyr, respectively, in
FAc-DEX FA1 and FAc-DEX H1. These Arg and Tyr
residues may be important for the recognition of the
carboxylate group of fluoroacetate.

Trpl25 and Trpl75 of DhIA are the residues that ac-
ceptthe halide ion released from the substib2d Al-

though Trpl175 is not conserved among different types [12]
of haloalkane dehalogenases, Trpl25 is completely

conserved29]. Interestingly, Trp125 is replaced by
Arg in FAc-DEX FAL and FAc-DEX H1. Arg105 of
FAc-DEX FA1 and Arg106 of FAc-DEX H1 probably
play an essential role in abstracting the fluorine atom
of fluoroacetate.

More detailed structural and functional analyses
of FAc-DEX FAl, FAc-DEX H1, and other dehalo-
genases would clarify what structural elements de-

termine the substrate specificity of these enzymes,

and such information may enable us to modify the

355

[3] T. Kurihara, N. Esaki, K. Soda, J. Mol. Catal. B: Enzymol.
10 (2000) 57.

[4] D.B. Janssen, J.E. Oppentocht, G.J. Poelarends, Curr. Opin.
Biotechnol. 12 (2001) 254.

[5] S. Fetzner, F. Lingens, Microbiol. Rev. 58 (1994) 641.

[6] P.E. Swanson, Curr. Opin. Biotechnol. 10 (1999) 365.

[7] N. Kasai, T. Suzuki, Y. Furukawa, J. Mol. Catal. B: Enzymol.
4 (1998) 237.

[8] T. Hisano, Y. Hata, T. Fujii, J.Q. Liu, T. Kurihara, N. Esaki,
K. Soda, J. Biol. Chem. 271 (1996) 20322.

[9] Y.F. Li, Y. Hata, T. Fujii, T. Hisano, M. Nishihara, T. Kurihara,
N. Esaki, J. Biol. Chem. 273 (1998) 15035.

[10] I.S. Ridder, H.J. Rozeboom, K.H. Kalk, D.B. Janssen, B.W.
Dijkstra, J. Biol. Chem. 272 (1997) 33015.

[11] I.S. Ridder, H.J. Rozeboom, K.H. Kalk, B.W. Dijkstra, J.

Biol. Chem. 274 (1999) 30672.

K.H. Verschueren, F. Seljee, H.J. Rozeboom, K.H. Kalk, B.W.

Dijkstra, Nature 363 (1993) 693.

[13] I.S. Ridder, H.J. Rozeboom, B.W. Dijkstra, Acta Crystallogr.
D: Biol. Crystallogr. 55 (1999) 1273.

[14] J. Newman, T.S. Peat, R. Richard, L. Kan, P.E. Swanson,
J.A. Affholter, I.H. Holmes, J.F. Schindler, C.J. Unkefer, T.C.
Terwilliger, Biochemistry 38 (1999) 16105.

[15] J. Marek, J. Vevodova, I.K. Smatanova, Y. Nagata,
L.A. Svensson, J. Newman, M. Takagi, J. Damborsky,
Biochemistry 39 (2000) 14082.

[16] M.M. Benning, K.L. Taylor, R.Q. Liu, G. Yang, H.
Xiang, G. Wesenberg, D. Dunaway-Mariano, H.M. Holden,
Biochemistry 35 (1996) 8103.

[17] P. Goldman, J. Biol. Chem. 240 (1965) 3434.

substrate specificity of dehalogenases to make them[18] H. Kawasaki, K. Miyoshi, K. Tonomura, Agric. Biol. Chem.

more useful in production of various chemicals from

45 (1981) 543.

organohalogen compounds and bioremediation of [19] H. Kawasaki, N. Tone, K. Tonomura, Agric. Biol. Chem. 45

environments contaminated with organohalogen pol-
lutants.

Acknowledgements

This work was supported in part by Grants-in-Aid
for Scientific Research 09460049 (to N.E.) and
11558084 (to T.K.) from the Ministry of Education,

Science, Sports, and Culture of Japan, and a Grant-

in-Aid for Scientific Research on Priority Areas (B)
13125203 (to N.E.) and a Grant-in-Aid for Young Sci-
entists (A) 14703021 (to T.K.) from the Ministry of

Education, Culture, Sports, Science, and Technology

of Japan.

References

[1] K. Motosugi, K. Soda, Experientia 39 (1983) 1214.
[2] S.D. Copley, Curr. Opin. Chem. Biol. 2 (1998) 613.

(1981) 29.

[20] H. Kawasaki, K. Tsuda, |. Matsushita, K. Tonomura, J. Gen.
Microbiol. 138 (1992) 1317.

[21] J.Q. Liu, T. Kurihara, S. Ichiyama, M. Miyagi, S. Tsunasawa,
H. Kawasaki, K. Soda, N. Esaki, J. Biol. Chem. 273 (1998)
30897.

[22] J.Q. Liu, T. Kurihara, M. Miyagi, N. Esaki, K. Soda, J. Biol.
Chem. 270 (1995) 18309.

[23] J. Marmur, J. Mol. Biol. 3 (1961) 208.

[24] M.D. Foster, J. Am. Chem. Soc. 54 (1932) 4464.

[25] S. Dagley, A. Rodgers, Biochim. Biophys. Acta 12 (1953)
591.

[26] I. Iwasaki, S. Utsumi, K. Hagino, T. Ozawa, Bull. Chem.
Soc. Jpn. 29 (1956) 860.

[27]1 S. Ichiyama, T. Kurihara, M. Miyagi, A. Galkin, S.
Tsunasawa, H. Kawasaki, N. Esaki, J. Biochem. (Tokyo) 131
(2002) 671.

[28] D.B. Janssen, F. Pries, J. van der Ploeg, B. Kazemier, P.
Terpstra, B. Witholt, J. Bacteriol. 171 (1989) 6791.

[29] M. Bohac, Y. Nagata, Z. Prokop, M. Prokop, M. Monincova,
M. Tsuda, J. Koca, J. Damborsky, Biochemistry 41 (2002)
14272.



	Purification, characterization, and gene cloning of a novel fluoroacetate dehalogenase from Burkholderia sp. FA1
	Introduction
	Experimental
	Isolation of bacteria
	Identification of bacteria
	Enzyme and protein assays
	Enzyme purification
	Determination of the molecular weight
	N-terminal and internal amino acid sequencing
	Nucleotide sequencing of the gene

	Results
	Isolation of fluoroacetate-assimilating bacterium
	Characterization of fluoroacetate dehalogenase from Burkholderia sp. FA1
	Primary structure of fluoroacetate dehalogenase from Burkholderia sp. FA1

	Discussion
	Acknowledgements
	References


