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Introduction
Chlorinated solvents, such as tetrachloroethylene (also referred 

to Perchloroethylene; PCE) and Trichloroethylene (TCE), are among 
the most prevalent groundwater pollutants. Its frequent occurrence 
at contaminated sites is due to its widespread use as an industrial 
solvent. PCE and its incomplete dechlorination products are known 
or suspected carcinogens. Therefore, the treatment of PCE bearing 
wastes and the remediation of PCE contaminated soils and aquifers are 
a global priority on environmental pollution control. 

Although aerobic co-metabolic dechlorination of PCE by toluene-
o-xylene monooxygenase of Pseudomonas stutzeri OX1 has been 
recently reported [1], PCE is recalcitrant under aerobic condition 
because of its oxidized nature [2]. 

Hydrogen is generally considered to be a key electron donor to 
stimulate the reductive dechlorination of chlorinated ethylene [3-5]. Our 
previous work, Clostridium bifermentans strain DPH-1 has been found 
to reductively dechlorinate PCE to cDCE (cis-1,2-dichloroethylene) 
using hydrogen as an electron donor [6]. Generally, the introduction 
of halorespiring bacteria is expected to be a cost-effective approach 
to the remediation of PCE-contaminated site [7,8]. Such bacteria can 
grow by anaerobic respiration, a process that has been referred to as 
halorespiration or dehalorespiration [6,9-16]. Some pure cultures 
have been reported to catalyze the reductive dechlorination of PCE to 
cDCE (Table 1). These organisms belong to species of Dehalospirillum, 
Desulfomonile, Desulfitobacterium, Dehalobacter and Clostridium [6,9-
16]. Some strains belonging to Dehalococcoides spp. are able to convert 
PCE to ethylene sequentially (Table 1). He et al. [17] recently identified 
a Dehalococcoides strain that uses DCE isomers and Vinyl Chloride 
(VC) but not PCE or TCE as metabolic electron acceptors.

PCE dehalogenases have been purified, and their genes cloned, 
from several bacteria [18-24]. The PCE dehalogenase pceA genes were 
found to be linked with the pceB genes coding for small hydrophobic 

proteins containing two or three transmembrane helices [18,25-27], 
and pceB was assumed to act as a membrane anchor protein to link 
the dehalogenase to the respiratory chain. The presence of similar PCE 
genes among different strains strongly indicates that these genes have a 
mechanism of transfer among these strictly anaerobic bacteria.

Most anaerobic dehalogenases dechlorinate PCE to principally 
cDCE; however, a novel PCE dehalogenase from Dehalococcoides 
ethenogens 195 [14] can reductively dechlorinate PCE to ethylene, 
extensively detoxifying it (Table 1). Aerobic degradation of cDCE by 
Rhodococcus rhodochrous [28] and Nitrosomonas europaea [29] has 
been reported. Thus, cDCE accumulation in the anaerobic system can 
be eliminated by further degradation using such aerobic dehalogenases.

Unlike other dehalogenases from dehalorespiring bacteria, the 
dehalogenase from strain DPH-1, does not have Fe/S clusters, but 
exhibits a strong dechlorination activity for PCE as well as several other 
halogenated compounds. Due to this uniqueness and as a representative 
PCE-dehalorespiring bacterium, we have reviewed the nature of 
Clostridium bifermentans DPH-1, through the special focusing on the 
biochemical organization and genetic regulation of gene encoding PCE 
dehalogenase followed by the PCE dechlorination.

Cloning of PCE Dehalogenase and Gene Sequence
Two degenerate Primers designed from both ends of the N-terminal 

amino acid sequence successfully amplified an 81 bp putative region of 
C. bifermentans PCE dehalogenase. The translated DNA sequence of
the probe (81 bp PCR product) matched the predetermined N-terminal
protein sequence.

The PCR product was confirmed by DNA sequencing and was used 
as a probe for gene cloning. Southern hybridization of C. bifermentans 
genomic DNA cleaved with various restriction enzymes, with probe, 
with [α-32P] dATP-labelled probe, revealed distinct bands of BglII, 
ClaI, EcoRI, HindIII. After screening 1720 E. coli DH5α colonies from 
a genomic sub library (constructed with approximately 4.5-5.5 kb 
ClaI fragments), we isolated a putative clone (pDEHAL5) containing 
a 5 kb ClaI insert. Based on the Southern hybridization analysis data 
(data not shown), it was predicted that a BglII restriction fragment, 
less than 1.4 kb could harbor the dehalogenase gene. The complete 
nucleotide sequence of the inserts of the two sub clones, pDEHAF1 
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Desulfitobacterium sp.
Desulfitobacterium frappieri TCE1
DesulfomoniletiedjeiDCB-1
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Clostridium sp. KYT-1
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Propionibacterium sp. HK-1

(renamed as Desulfitobacterium hafniense JH-1)

Table 1: Isolated PCE-dehalorespiring bacteria and dechlorination steps 
performed.
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and pDEHAF2 (plasmids used) [22], was determined and the gene was 
identified using the predetermined N-terminal sequence. The gene was 
found to contain an internal BglII site (Figure 1). From the ATG start 
codon, a 97 bp of the gene was identified in pDEHAF1 and 1004 bp in 
pDEHAF2. 

The complete nucleotide sequence of pceC was determined. The 
pceC open reading frame spans from base pair 514 to 1614 (367 amino 
acids; 39.67 kDa for the mature protein). Hydropathy plot revealed the 
presence of a discernible signal peptide and methionine was absent 
from the predetermined amino terminal sequence; indicating post 
translational processing. The coding region began with a 21 amino 
acid signal peptide, followed by the predetermined amino terminal 
sequence (data not shown). Thus, the processed protein (346 amino 
acids) has a calculated molecular mass of approximately 37.40 kDa, 
which is identical to that determined by mass-spectroscopic analysis. 
A putative ribosome binding site (AAAGGA) was found eight 
bases upstream from the ATG initiation codon. Typical -10 and -35 
promoter sequences were found upstream of the coding region. 39 bp 
downstream of the TGA stop codon is an inverted repeat indicating a 
rho-independent terminator (Figure 1). The hydropathy profile of the 
deduced amino acid sequence indicated a major hydrophobic region at 
the N-terminus, typical of a traditional leader peptide.

PCE Dehalogenase: Biochemistry and Genetics
PceC is probably a cell-associated extracellular enzyme (peripheral 

membrane protein) loosely anchored to the cell membrane because 
it was easily extracted into an aqueous buffer. Moreover, the 
predetermined N-terminal amino acid sequence started with alanine 
and the deduced amino acid sequence of pceC contained a discernible 
signal sequence, indicating a processed peripheral membrane protein. 
After the four purification steps, the completely purified enzyme was 
not stable and lost about 50% activity at -30°C. Similar instability 
was observed with preservation of the enzyme on ice at 4°C. The 
purified enzyme was therefore not suitable for characterization. This 
is attributed to the many purification steps and the enzyme’s oxygen 
sensitivity. Fractions containing the protein impurities, in the semi 
purified enzyme, showed no PCE dehalogenation activity, indicating 
the absence of a second dehalogenase in the semi purified enzyme used 
for characterization.

pceC is a homodimer and differs in molecular size from other 
reported dehalogenases. PCE dehalogenases of Desulfitobacterium 
sp. Y-51 [30], Sulfurospirillum multivorans [31] and Dehalococcoides 
ethenogenes 195 [19] were reported to be monomeric proteins with 
apparent molecular masses of 57, 60, and 51 kDa, respectively. However, 
the PCE dehalogenase from strain PCE-S is possibly a homotrimer 
with an apparent molecular masse of approximately 65 kDa and 200 
kDa for monomeric and native forms, respectively.

The most frequently reported dehalogenases consist of a single 
polypeptide containing one corrinoid cofactor and two iron-sulfur 
clusters: PCE reductive dehalogenases of S. multivorans [31], 
Desulfitobacterium sp. strain PCE-S [32], and Desulfitobacterium 

frappieri TCE-1 [33], ortho-chlorophenol reductive dehalogenases of 
Desulfitobacterium hafniense [34], Desulfitobacterium dehalogenans 
[27], and Desulfitobacterium chlororespirans [35] and PCE- and TCE-
reductive dehalogenases of Dehalococcoides ethenogenes [19]. Two 
reductive dehalogenases with one corrinoid cofactor but without an 
iron-sulfur cluster have also been reported: the ortho-chlorophenol 
reductive dehalogenase from Desulfitobacterium frappieri PCP-1 [36] 
and the PCE reductive dehalogenase from C. bifermentans DPH-1 [22]. 
These two proteins are different from all the other dehalogenases already 
described. The third type of Dehalogenase is a heme protein consisting 
of two subunits and was isolated only from Desulfomonile tiedjei DCB-
1 [37]. Abiotic dehalogenation of several halogenated compounds 
was also observed from the heat-inactivated PCE Dehalogenase of S. 
multivorans and from bacterial transition metal coenzymes vitamin B12 
(Co), coenzyme F430 (Ni), and hematin (Fe) [38,39].

The PCE Dehalogenase genes were found to be linked with Open 
Reading Frames (ORFs) coding for small hydrophobic proteins 
containing two or three transmembrane helices [18,23,25-27,40,41]. 

Enzymatic cleavage of halogen-carbon bond (dehalogenation) 
is a critical step in microbial transformation and mineralization 
of halogenated aliphatic substances. Dehalogenation, generally, 
decreases toxicity and, consequently, increases susceptibility of a 
halogenated molecule to further breakdown. Two strategies have 
been proposed for the biotreatment of PCE and TCE contamination: 
(i) complete degradation by reductive dechlorination [14,42], and (ii)
by a combination of an aerobic and aerobic systems, in which PCE
or TCE is converted to cDCE by anaerobic reductive dechlorination,
followed by complete aerobic metabolism of cDCE [43]. The capacity
of pceC to effect rapid dechlorination of PCE could be very useful
in the proposed two-stage anaerobic and aerobic biotreatment
strategy. Mixtures of chlorinated aliphatic substances are often
found in polluted environments. However, only a few studies have
described the anaerobic transformation of chlorinated hydrocarbons
[12,44]. C. bifermentans dehalogenase is unique in that it represents
the first characterized anaerobic reductive dehalogenase acting on
multiple chlorinated aliphatic molecules. Surprisingly, cDCE was also
dechlorinated when added as the initial compound for dechlorination.
The product(s) of cDCE dechlorination and the reasons why cDCE
as an intermediate product is recalcitrant are not clear. This aspect
requires in depth studies to understand the mechanism and product(s).

Genes coding for the first type of reductive dehalogenases have 

been reported, such as cprA from D. dehalogenans [26,27], pceA from 
S. multivorans [31] and Desulfitobacterium sp. strain Y51 [24], and
tceA from Dehalococcoides ethenogenes [18]. These genes are all closely
linked to genes cprB, pcrB, and tceB, respectively, which encode for
hydrophobic proteins potentially acting as membrane anchors for the
dehalogenases. Villemur et al. [45] isolated genes from D. frappieri
PCP-1 that are highly related to cprA and cprB. Furthermore, they
also observed several genes coding for putative cprA and pceA in the
genomes of D. hafniense DCB-2 and Dehalococcoides ethenogenes.
Gene coding for reductive dehalogenases containing corrinoid
cofactor but without an iron-sulfur cluster have been reported: crdA,
coding for an enzyme mediating the ortho-chlorophenol reductive
dehalogenation in D. frappieri PCP-1 [36], and pceC, coding the PCE
reductive dehalogenase in C. bifermentans DPH-1 [22]. Both genes and
gene products show no similarity with each other and with the first type
of reductive dehalogenases.
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Figure 1: Physical map of pDEHAL5 indicating relevant restriction sites. The 
region encoding pceC is shaded and arrow indicates the direction of transcription.
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Conclusion and Perspectives
It is now widely accepted that anaerobic halorespiring bacteria 

are among the key players in biologic dechlorination processes under 
anoxic environments. In order to meet these demands recently, a few 
of PCE Dehalogenase was purified from some halorespiring strains, 
and cloned like pceA gene. However, details biochemical organization 
and genetic regulations of this enzyme remain unclear. Literally, 
function of gene is subjected to physicochemical nature of substrate 
i.e. arrangement of amino acid sequences. Functionally, chloroethylene
dehalogenase is classified into four categories e.g. pceA, vcrA, tceA, and
cprA on the basis of substrate specificities. The substrate is recognized
by chemical structures or the differences between number and
position of the chlorine. The substrate might be able to be expanded
by specifying the amino acid at the active center and modifying this
might improve reactive efficiency. So, X-ray structural analysis of these
enzymes need to be performed. It will be urgent to establish DNA
recombination experimental system including the host-vector system
of obligatory anaerobe. Next to the numerous technical difficulties of
performing genetics on strictly anaerobic bacteria, the tendency of
the dehalospiring bacteria to contain multiple reductive dehalogenase
gene clusters may attenuate, if not suppress completely, the effect of
single gene inactivation. On the other hand, a number of dehalogenase
genes are found from the genome of Dehalococcoides ethenogenes 195
[46,47], Desulfitobacterium sp. Y51, and Desulfitobacterium hafniense
DCB-2 [48]. Whole genomic analysis of the strain DPH-1 has also
been conducting. Thus, the electron transfer system of dehalorespiring
bacteria would be clarified in the near future. It is extremely important
for considering the origin and the evolution of dehalorespiring bacteria
to clarify the function of these genes. The study of dehalorespiring
bacteria is able not only to be offered an interesting basic finding but
also to be applied to the bioremediation of chlorinated hydrocarbons,
and to be greatly expected the progress in the future.

References

1. Ryoo, D, Shim H, Canada K, Barbieri P, Wood TK (2000) Aerobic degradation 
of tetrachloroethylene by toluene-o-xylene monooxygenase of Pseudomonas 
stutzeri OX1. Nat Biotechno 18: 775-778.

2. Ensley BD (1991) Biochemical diversity of trichloroethylene metabolism. Annu 
Rev Microbiol 45: 283-299.

3. Lovley DR., Phillips EJ, Lonergan DJ (1989) Hydrogen and formate oxidation 
coupled to dissimilatory reduction of iron or manganese by Alteromonas 
putrefaciens. Appl Environ Microbiol 55: 700-706.

4. Löffler FE, Tiedje JM Sanford RA (1999) Fraction of electrons consumed 
in electron acceptor reduction and hydrogen thresholds as indicators of 
halorespiratory physiology. Appl Environ Microbiol 65: 4049-4056.

5. Lampron KJ, Chiu PC, Cha DK (2001) Reductive dehalogenation of chlorinated 
ethenes with elemental iron: the role of microorganisms. Water Res 35: 3077-
3084.

6. Chang YC, Hatsu M, Jung K, Yoo YS, Takamizawa K (2000) Isolation and 
characterization of a tetrachloroethylene dechlorinating bacterium, Clostridium 
bifermentans DPH-1. J Biosci Bioeng 89: 489-491.

7. Brunsbach FR, Reineke W (1995) Degradation of mixture of chloroaromatics 
compounds in soil slurry by mixed cultures of specialized organism. Appl 
Microbiol Biotechnol 43: 529-533.

8. Harkness MR, Bracco AA, Brennan MJ, Deweerd KA, Spivack JL (1999) 
Use of bioaugmentation to stimulate complete reductive dechlorination of 
trichloroethene in Dover soil columns. Environ Sci Technol 33: 1100-1109.

9. Holliger C, Schraa G, Stams AJ, Zehnder AJ (1993) A highly purified enrichment 
culture couples the reductive dechlorination of tetrachloroethene to growth. 
Appl Environ Microbiol 59: 2991-2997.

10.	Scholz-Muramatsu H, Neumann A, Meßmer M, Moore E, Diekert G (1995) 
Isolation and characterization of Dehalospirillum multivorans gen nov., sp. nov., 

a tetrachloroethene-utilizing, strictly anaerobic bacterium. Arch Microbiol 163: 
48-56.

11. Suyama A, Iwakiri R, Kai K, Tokunaga T, Sera N, Furukawa K (2001) Isolation 
and characterization of Desulfitobacterium sp. strain Y51 capable of efficient 
dechlorination of tetrachloroethene and polychloroethanes. Biosci Biotechnol 
Biochem 65: 1474-1481.

12.	Gerritse J, Renard V, Pedro Gomes TM, Lawson PA, Collins MD, et al. (1996) 
Desulfitobacterium sp. strain PCE1, an anaerobic bacterium that can grow by 
reductive dechlorination of tetrachloroethylene or ortho-chlorinated phenols. 
Arch Microbiol 165: 132-140.

13.	Miller E, Wohlfarth G, Diekert G (1996) Studies on tetrachloroethene respiration 
in Dehalospirillum multivorans. Arch Microbiol 166: 379-387.

14.	Maymó-Gatell X, Chien Y, Gossett JM, Zinder SH (1997) Isolation of a 
bacterium that reductively dechlorinates tetrachloroethene to ethane. Science 
276: 1568-1571.

15.	Adrian L, Szewzyk U, Wecke J, Görisch H (2000) Bacterial dehalorespiration 
with chlorinated benzenes. Nature 408: 580-583.

16.	Sung Y, Ritalahti KM, Sanford RA, Urbance JW, Flynn SJ, et al. (2003) 
Characterization of two tetrachloroethene-reducing, acetate-oxidizing 
anaerobic bacteria, and their description as Desulfuromonas michiganensis sp. 
nov. Appl Environ Microbiol 69: 2964-2974.

17.	He J, Sung Y, Dollhopf ME, Fathepure BZ, Tiedje JM, et al. (2002) Acetate 
versus hydrogen as direct electron donors to stimulate the microbial reductive 
dechlorination process at chloroethene-contaminated sites. Environ Sci 
Technol 36: 3945-3952.

18.	Magnuson JK, Romine MF, Burris DR, Kingsley MT (2000) Trichloroethene 
reductive dehalogenase from Dehalococcoides ethenogenes: sequence of 
tceA and substrate range characterization. Appl Environ Microbiol 66: 5141-
5147.

19.	Magnuson JK, Stern RV, Gossett JM, Zinder SH, Burris DR (1998) Reductive 
dechlorination of tetrachloroethene to ethene by a two-component enzyme 
pathway. Appl Environ Microbiol 64: 1270-1275.

20.	Maillard J, Schumacher W, Vazquez F, Regeard C, Hagen WR, et al. (2003) 
Characterization of the corrinoid iron-sulfur protein tetrachloroethene reductive 
dehalogenase of Dehalobacter restrictus. Appl Environ Microbiol 69: 4628-
4638.

21.	Neumann A, Scholz-Muramatsu H, Diekert G (1994) Tetrachloroethene 
metabolism of Dehalospirillum multivorans. Arch Microbiol 162: 295-301.

22.	Okeke BC, Chang YC, Hatsu M, Suzuki T, Takamizawa K (2001) Purification, 
cloning, and sequencing of an enzyme mediating the reductive dechlorination 
of tetrachloroethylene (PCE) from Clostridium bifermentans DPH-1. Can J 
Microbiol 47: 448-456.

23.	Schumacher W, Holliger C, Zehnder AJ, Hagen WR (1997) Redox chemistry 
of cobalamin and iron-sulfur cofactors in the tetrachloroethene reductase of 
Dehalobacter restrictus. FEBS Lett 409: 421-425.

24.	Suyama A, Yamashita M, Yoshino S, Furukawa K (2002) Molecular 
characterization of the PceA reductive dehalogenase of Desulfitobacterium sp. 
strain Y51. J Bacteriol 184: 3419-3425.

25.	Neumann A, Wohlfarth G, Diekert G (1998) Tetrachloroethene dehalogenase 
from Dehalospirillum multivorans: cloning, sequencing of the encoding genes, 
and expression of the pceA gene in Escherichia coli. J Bacteriol 180: 4140-
4145.

26.	Smidt H, van Leest M, van der Oost J, de Vos WM (2000) Transcriptional 
regulation of the cpr gene cluster in ortho-chlorophenol-respiring 
Desulfitobacterium dehalogenans. J Bacteriol 182: 5683-5691.

27.	van de Pas BA, Smidt H, Hagen WR, van der Oost J, Schraa G, at al. (1999) 
Purification and molecular characterization of ortho- chlorophenol reductive 
dehalogenase, a key enzyme of halorespiration in Desulfitobacterium 
dehalogenans. J Biol Chem 274: 20287-20292.

28.	Malachowsky KJ, Phelps TJ, Teboli AB, Minnikin DE, White DC (1994) Aerobic 
mineralization of trichloroethylene, vinyl chloride, and aromatic compounds by 
Rhodococcus species. Appl Environ Microbiol 60: 542-548.

29.	Vannelli T, Logan M, Arciero DM, Hooper AB (1990) Degradation of halogenated 
aliphatic compounds by the ammonia-oxidizing bacterium Nitrosomonas 
europaea. Appl Environ Microbiol 56: 1169-1171.

http://www.ncbi.nlm.nih.gov/pubmed/10888848
http://www.ncbi.nlm.nih.gov/pubmed/10888848
http://www.ncbi.nlm.nih.gov/pubmed/10888848
http://www.ncbi.nlm.nih.gov/pubmed/1741617
http://www.ncbi.nlm.nih.gov/pubmed/1741617
http://www.ncbi.nlm.nih.gov/pubmed/16347876
http://www.ncbi.nlm.nih.gov/pubmed/16347876
http://www.ncbi.nlm.nih.gov/pubmed/16347876
http://www.ncbi.nlm.nih.gov/pubmed/10473415
http://www.ncbi.nlm.nih.gov/pubmed/10473415
http://www.ncbi.nlm.nih.gov/pubmed/10473415
http://www.ncbi.nlm.nih.gov/pubmed/11487103
http://www.ncbi.nlm.nih.gov/pubmed/11487103
http://www.ncbi.nlm.nih.gov/pubmed/11487103
http://www.ncbi.nlm.nih.gov/pubmed/16232783
http://www.ncbi.nlm.nih.gov/pubmed/16232783
http://www.ncbi.nlm.nih.gov/pubmed/16232783
http://www.springerlink.com/content/b6bd4714fab84473/
http://www.springerlink.com/content/b6bd4714fab84473/
http://www.springerlink.com/content/b6bd4714fab84473/
http://lib3.dss.go.th/fulltext/Journal/Environ Sci. Technology1998-2001/1999/no.7/7,1999 vol.33,no7,p.1100-1109.pdf
http://lib3.dss.go.th/fulltext/Journal/Environ Sci. Technology1998-2001/1999/no.7/7,1999 vol.33,no7,p.1100-1109.pdf
http://lib3.dss.go.th/fulltext/Journal/Environ Sci. Technology1998-2001/1999/no.7/7,1999 vol.33,no7,p.1100-1109.pdf
http://www.ncbi.nlm.nih.gov/pubmed/8215370
http://www.ncbi.nlm.nih.gov/pubmed/8215370
http://www.ncbi.nlm.nih.gov/pubmed/8215370
http://www.springerlink.com/content/u2648452x8625644/
http://www.springerlink.com/content/u2648452x8625644/
http://www.springerlink.com/content/u2648452x8625644/
http://www.springerlink.com/content/u2648452x8625644/
http://www.ncbi.nlm.nih.gov/pubmed/11515528
http://www.ncbi.nlm.nih.gov/pubmed/11515528
http://www.ncbi.nlm.nih.gov/pubmed/11515528
http://www.ncbi.nlm.nih.gov/pubmed/11515528
http://www.ncbi.nlm.nih.gov/pubmed/8593100
http://www.ncbi.nlm.nih.gov/pubmed/8593100
http://www.ncbi.nlm.nih.gov/pubmed/8593100
http://www.ncbi.nlm.nih.gov/pubmed/8593100
http://www.ncbi.nlm.nih.gov/pubmed/9082914
http://www.ncbi.nlm.nih.gov/pubmed/9082914
http://www.ncbi.nlm.nih.gov/pubmed/9171062
http://www.ncbi.nlm.nih.gov/pubmed/9171062
http://www.ncbi.nlm.nih.gov/pubmed/9171062
http://www.ncbi.nlm.nih.gov/pubmed/11117744
http://www.ncbi.nlm.nih.gov/pubmed/11117744
http://www.ncbi.nlm.nih.gov/pubmed/12732573
http://www.ncbi.nlm.nih.gov/pubmed/12732573
http://www.ncbi.nlm.nih.gov/pubmed/12732573
http://www.ncbi.nlm.nih.gov/pubmed/12732573
http://www.ncbi.nlm.nih.gov/pubmed/12269747
http://www.ncbi.nlm.nih.gov/pubmed/12269747
http://www.ncbi.nlm.nih.gov/pubmed/12269747
http://www.ncbi.nlm.nih.gov/pubmed/12269747
http://www.ncbi.nlm.nih.gov/pubmed/11097881
http://www.ncbi.nlm.nih.gov/pubmed/11097881
http://www.ncbi.nlm.nih.gov/pubmed/11097881
http://www.ncbi.nlm.nih.gov/pubmed/11097881
http://www.ncbi.nlm.nih.gov/pubmed/10671186
http://www.ncbi.nlm.nih.gov/pubmed/10671186
http://www.ncbi.nlm.nih.gov/pubmed/10671186
http://www.ncbi.nlm.nih.gov/pubmed/12902251
http://www.ncbi.nlm.nih.gov/pubmed/12902251
http://www.ncbi.nlm.nih.gov/pubmed/12902251
http://www.ncbi.nlm.nih.gov/pubmed/12902251
http://www.ncbi.nlm.nih.gov/pubmed/7802545
http://www.ncbi.nlm.nih.gov/pubmed/7802545
http://www.ncbi.nlm.nih.gov/pubmed/11400736
http://www.ncbi.nlm.nih.gov/pubmed/11400736
http://www.ncbi.nlm.nih.gov/pubmed/11400736
http://www.ncbi.nlm.nih.gov/pubmed/11400736
http://www.ncbi.nlm.nih.gov/pubmed/9224702
http://www.ncbi.nlm.nih.gov/pubmed/9224702
http://www.ncbi.nlm.nih.gov/pubmed/9224702
http://www.ncbi.nlm.nih.gov/pubmed/12057934
http://www.ncbi.nlm.nih.gov/pubmed/12057934
http://www.ncbi.nlm.nih.gov/pubmed/12057934
http://www.ncbi.nlm.nih.gov/pubmed/9696761
http://www.ncbi.nlm.nih.gov/pubmed/9696761
http://www.ncbi.nlm.nih.gov/pubmed/9696761
http://www.ncbi.nlm.nih.gov/pubmed/9696761
http://www.ncbi.nlm.nih.gov/pubmed/11004165
http://www.ncbi.nlm.nih.gov/pubmed/11004165
http://www.ncbi.nlm.nih.gov/pubmed/11004165
http://www.ncbi.nlm.nih.gov/pubmed/10400648
http://www.ncbi.nlm.nih.gov/pubmed/10400648
http://www.ncbi.nlm.nih.gov/pubmed/10400648
http://www.ncbi.nlm.nih.gov/pubmed/10400648
http://www.ncbi.nlm.nih.gov/pubmed/16349184
http://www.ncbi.nlm.nih.gov/pubmed/16349184
http://www.ncbi.nlm.nih.gov/pubmed/16349184
http://www.ncbi.nlm.nih.gov/pubmed/2339874
http://www.ncbi.nlm.nih.gov/pubmed/2339874
http://www.ncbi.nlm.nih.gov/pubmed/2339874


Citation: Chang YC, Sawada K, Takamizawa K, Kikuchi S (2012) Biochemical and Molecular Characterization of a PCE-Dechlorinating Microorganism. 
Enz Eng 1:e102. doi:10.4172/2329-6674.1000e102

Page 4 of 4

Volume 1 • Issue 1 • 1000e102
Enz Eng
ISSN: EEG, an open access journal 

30.	Miller E, Wohlfarth G, Diekert G (1998) Purification and characterization of 
tetrachloroethene reductive dehalogenase of strain PCE-S. Arch Microbiol 169: 
497-502.

31.	Neumann A, Wohlfarth G, Diekert G (1995) Properties of tetrachloroethene 
dehalogenase of Dehalospirillum multivorans. Arch Microbiol 163: 76-281.

32.	Neumann A, Wohlfarth G, Diekert G (1996) Purification and characterization of 
tetrachloroethene reductive dehalogenase from Dehalospirillum multivorans. J 
Biol Chem 271: 16515-16519.

33.	van de Pas BA, Gerritse J, de Vos WM, Schraa G, Stams AJ (2001) Two 
distinct enzyme systems are responsible for tetrachloroethene and reductive 
dehalogenation in Desulfitobacterium strain PCE1. Arch Microbiol 176: 165-
169.

34.	Christiansen N, Ahring BK, Wohlfarth G, Diekert G (1998) Purification 
and characterization of the 3-chloro-4-hydroxy-phenylacetate reductive 
dehalogenase of Desulfitobacterium hafniense. FEBS Lett 436: 159-162.

35.	Krasotkina J, Walters T, Maruya KA, Ragsdale SW (2001) Characterization 
of the B12- and iron-sulfur-containing reductive dehalogenase from 
Desulfitobacterium chlororespirans. J Biol Chem 276: 40991-40997.

36.	Boyer A, Pagé-BéLanger R, Saucier M, Villemur R, Lépine F, et al. (2003) 
Purification, cloning and sequencing of an enzyme mediating the reductive 
dechlorination of 2,4,6-trichlorophenol from Desulfitobacterium frappieri PCP-
1. Biochem J 373: 297-303.

37.	Ni S, Fredrickson JK, Xun L (1995) Purification and characterization of a novel 
3-chlorobenzoate-reductive dehalogenase from the cytoplasmic membrane of 
Desulfomonile tiedjei DCB-1. J Bacteriol 177: 5135-5139.

38.	Neumann A, Siebert A, Trescher T, Reinhardt S, Wohlfarth G, et al. (2002) 
Tetrachloroethene reductive dehalogenase of Dehalospirillum multivorans: 
substrate specificity of the native enzyme and its corrinoid cofactor. Arch 
Microbiol 177: 420-426.

39.	Gantzer CJ, Wackett LP (1991) Reductive dechlorination catalysed by bacterial 
transition-metal coenzymes. Environ Sci Technol 25: 715-722.

40.	Fetzner S, Lingens F (1994) Bacterial dehalogenases: biochemistry, genetics, 
and biotechnological applications. Microbiol Rev 58: 641-685.

41.	Holliger C, Wohlfarth G, Diekert G (1998) Reductive dechlorination in the 
energy metabolism of anaerobic bacteria. FEMS Microbiol Rev 22: 383-398.

42.	de Bruin WP, Kotterman MJ, Posthumus MA, Schraa G, Zehnder AJ (1992) 
Complete biological reductive transformation of tetrachloroethene to ethane. 
Appl Environ Microbiol 58: 1996-2000.

43.	Koziollek P, Bryniok D, Knackmuss HJ (1999) Ethene as an auxiliary substrate 
for the cooxidation of cis-1,2-dichloroethene and vinyl chloride. Arch Microbiol 
172: 240-246.

44.	Miller E, Wohlfarth G, Diekert G (1996) Studies on tetrachloroethene respiration 
in Dehalospirillum multivorans. Arch Microbiol 166: 379-387.

45.	Villemur R, Saucier M, Gauthier A, Beaudet R (2002) Occurrence of several 
genes encoding putative reductive dehalogenases in Desulfitobacterium 
hafniense/frappieri and Dehalococcoides ethenogenes. Can J Microbiol 48: 
697-706.

46.	Seshadri R, Adrian L, Fouts DE, Eisen JA, Phillippy AM, et al. (2005) Genome 
sequence of the PCE-dechlorinating bacterium Dehalococcoides ethenogenes. 
Science 307: 105-108.

47.	Fung JM, Morris RM, Adrian L, Zinder SH (2007) Expression of reductive 
dehalogenase genes in Dehalococcoides ethenogenes strain 195 growing 
on tetrachloroethene, trichloroethene, or 2,3-dichlorophenol. Appl Environ 
Microbiol 73: 4439-4445.

48.	Nonaka H, Keresztes G, Shinoda Y, Ikenaga Y, Abe M, et al. (2006) Complete 
genome sequence of the dehalorespiring bacterium Desulfitobacterium 
hafniense Y51 and comparison with Dehalococcoides ethenogenes 195. J 
Bacteriol 188: 2262-2274.

http://www.ncbi.nlm.nih.gov/pubmed/9575235
http://www.ncbi.nlm.nih.gov/pubmed/9575235
http://www.ncbi.nlm.nih.gov/pubmed/9575235
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6V24-42M1DG8-5&_user=1007136&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000050219&_version=1&_urlVersion=0&_userid=1007136&md5=fcbe71d86a763a126d7f5087cf481941#bbib17#bbib17
http://www.ncbi.nlm.nih.gov/pubmed/8663199
http://www.ncbi.nlm.nih.gov/pubmed/8663199
http://www.ncbi.nlm.nih.gov/pubmed/8663199
http://www.ncbi.nlm.nih.gov/pubmed/11511863
http://www.ncbi.nlm.nih.gov/pubmed/11511863
http://www.ncbi.nlm.nih.gov/pubmed/11511863
http://www.ncbi.nlm.nih.gov/pubmed/11511863
http://www.ncbi.nlm.nih.gov/pubmed/9781670
http://www.ncbi.nlm.nih.gov/pubmed/9781670
http://www.ncbi.nlm.nih.gov/pubmed/9781670
http://www.ncbi.nlm.nih.gov/pubmed/11533062
http://www.ncbi.nlm.nih.gov/pubmed/11533062
http://www.ncbi.nlm.nih.gov/pubmed/11533062
http://www.ncbi.nlm.nih.gov/pubmed/12697029
http://www.ncbi.nlm.nih.gov/pubmed/12697029
http://www.ncbi.nlm.nih.gov/pubmed/12697029
http://www.ncbi.nlm.nih.gov/pubmed/12697029
http://www.ncbi.nlm.nih.gov/pubmed/7665493
http://www.ncbi.nlm.nih.gov/pubmed/7665493
http://www.ncbi.nlm.nih.gov/pubmed/7665493
http://www.ncbi.nlm.nih.gov/pubmed/11976751
http://www.ncbi.nlm.nih.gov/pubmed/11976751
http://www.ncbi.nlm.nih.gov/pubmed/11976751
http://www.ncbi.nlm.nih.gov/pubmed/11976751
http://pubs.acs.org/doi/abs/10.1021/es00016a017
http://pubs.acs.org/doi/abs/10.1021/es00016a017
http://www.ncbi.nlm.nih.gov/pubmed/7854251
http://www.ncbi.nlm.nih.gov/pubmed/7854251
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6976.1998.tb00377.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1574-6976.1998.tb00377.x/full
http://www.ncbi.nlm.nih.gov/pubmed/1622277
http://www.ncbi.nlm.nih.gov/pubmed/1622277
http://www.ncbi.nlm.nih.gov/pubmed/1622277
http://www.ncbi.nlm.nih.gov/pubmed/10525741
http://www.ncbi.nlm.nih.gov/pubmed/10525741
http://www.ncbi.nlm.nih.gov/pubmed/10525741
http://www.ncbi.nlm.nih.gov/pubmed/9082914
http://www.ncbi.nlm.nih.gov/pubmed/9082914
http://www.ncbi.nlm.nih.gov/pubmed/12381026
http://www.ncbi.nlm.nih.gov/pubmed/12381026
http://www.ncbi.nlm.nih.gov/pubmed/12381026
http://www.ncbi.nlm.nih.gov/pubmed/12381026
http://www.ncbi.nlm.nih.gov/pubmed/15637277
http://www.ncbi.nlm.nih.gov/pubmed/15637277
http://www.ncbi.nlm.nih.gov/pubmed/15637277
http://www.ncbi.nlm.nih.gov/pubmed/17513589
http://www.ncbi.nlm.nih.gov/pubmed/17513589
http://www.ncbi.nlm.nih.gov/pubmed/17513589
http://www.ncbi.nlm.nih.gov/pubmed/17513589
http://www.ncbi.nlm.nih.gov/pubmed/16513756
http://www.ncbi.nlm.nih.gov/pubmed/16513756
http://www.ncbi.nlm.nih.gov/pubmed/16513756
http://www.ncbi.nlm.nih.gov/pubmed/16513756

	Title

	Corresponding author
	Introduction
	Cloning of PCE Dehalogenase and Gene Sequence
	PCE Dehalogenase: Biochemistry and Genetics
	Conclusion and Perspectives
	Table 1
	Figure 1
	References

