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Isolation of dhlA Gene Responsible for Degradation of 1, 2-dichloroethane from
Metagenomic Library Derived from Daecheong Reservoir. Kang, Cheol-Hee, Mi-Sook
Moon, Ji-Sook Song, Sang-Mhan Lee! and Chi-Kyung Kim* (Department of Microbiology,
Chungbuk National University, Cheongju 361-763, Korea; ‘Department of Life Science,
Chongju University, Cheongju 360-764, Korea)

Traditional screening techniques have missed up to 99% of microbial resources
existing in the nature. Strategies of direct cloning of environmental DNAs
comprising the genetic blueprints of entire microbial metagenomes provide vastly
more genetic information than is contained in the culturable. Therefore, one way to
screening the useful gene in a variety of environments is the construction of
metagenomic DNA library. In this study, the water samples were collected from
Daecheong Reservoir in the mid Korea, and analyzed by T-RFLP to examine the
diversity of the microbial communities. The crude DNAs were extracted by SDS-
based freezing-thawing method and then further purified using an UltraClean™kit
(MoBio, USA). The metagenomic libraries were constructed with the DNAs partially
digested with EcoRIl, BamHI, and Sacll in Escherichia coli DH10B using the
pBACe3.6 vector. About 14.0 Mb of metagenomic libraries were obtained with
average inserts 13~15 kb in size. The genes responsible for degradation of 1, 2-
dichloroethane (1, 2-DCE) via hydrolytic dehalogenation were identified from the
metagenomic libraries by colony hybridization. The 1, 2-dichloroethane dehalo-
genase gene (dhlA) was cloned and its nucleotide sequence was analyzed. The acti-
vity of the 1, 2-DCE dehalogenase was highly expressed to the substrate. These
results indicated that the dhlA gene identified from the metagenomes derived from
Deacheong Reservoir might be useful to develop a potent strain for degradation of 1,
2-DCE.
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Table 1. Culturability determined as a percentage of cul-
turable bacteria in comparison with total cell

counts.
. Culturability
Habitat (%)° References
_ Kogure et al. (1979; 1980),

Seawater 0.001~0.1 Ferguson et al. (1984)
Freshwater 0.25 Jones (1977)
Sediments 0.25 Jones (1977)
Soil 0.30 Tosvik et al. (1990)

Mesotrophic

lake 01~1 Staley and Konopka (1985)

Unpolluted estu-
arine waters

Activated sludge 1~15

1~3 Ferguson et al. (1984)

Wagner et al. (1993; 1994)

#Culturable bacteria are measured as CFU formation.

AlE o] gAY A2 71 RS AT sl
T o}lF F93F 9&S 3t} (Weisse, 1992; Pernthaler et
al., 1998). 3 Aol 27 =AM A gale] Abolr}
o SEe £R0 NAEES N2 gE JUw $43
SRAAE Aotz B3iEe] glt)(Lee, 2002).

7R mAES ot Ak 3o R RE] &5
gate] wioksiAg wicksl A 2HE 83 A% E
<+ FE3= A7 AYHAS 22v 2 Al
A 2E vAES &5 28t wiekshs A Bt

bt A gekst njAE o] WA o] 8E 1
o}, B SR A F7HA Gl Ak A A EA)
g 7oz JAEE nAYE Fo| fsle] Amann et al.
(1995)0] B T3+ ulel| sb Table 13} 7o) AEA Q)
o Wk 7Ps et v RS 1% v gho] =, 99 o] A
W k3] o2, i wjekE 4 ok RaE g

FZoll= Ao F-4-3 PAE AL o] &3ty A7
Woz qofst f7el ExFe sl Ao nAE
< Aoz o] g3tz sk A7t BAH oz oF
oJA 3 ol T Fo st wiFe] o3 A, wioF
T e o5 FAAE AAH FEI e AE
o FRYe= Wor Hey A7t @A 213
Ha it ol AbgEhs HE = 2 279 fAA =
SA2 FHAEHE F2YYE 4 9)J= BAC (Bacterial
Artificial Chromosome), YAC (Yeast Artificial Chromo-
some), Fosmid, Z8]37 Cosmid7} o] ARgE 1 Qlth
o 2ol HEMNE Toluejzle Axtalel AF 4
£4AE PAstaA S QP ARRe FHoz B
W3] A= 9 o) (Kim et al., 1992; Bintrim et al.,

N Mo

1997; Rondon et al., 2000; Moon et al., 2004).
Halogenated hydrocarbons:= #7187, <3} A %A
o] A 23 Y #7138 A daEgde e A}
£-=]o] gk}, E3], Trichloroethylene (TCE)2} Perchloro-
ethylene (PCE), 18|12 1E52] i F7t tiA} A=<l
1, 2-dichloroethane (1, 2-DCE)-2 A4 3 =HXAl=
2ol v F3EAe] dBEAR el it o
EAL2 B5oAY $AS A &5 EA T welA]
o] a17] wfell "g‘ﬁzﬂ‘)ﬂ Safsla, E3) A A7E

ke 2ele] So] PARNA 2 AL AT 9]
G olelt 2hey BAEE el 4 2 1)
qge) 22 9 ool Helal wa, fA4 TT B
AR Sol W3 Be AFEo] AY=E 1 ¢Jo} (Fetzner
and Lingens, 1994; Janssen et al., 2001).

) A E-E-o| halogenated hydrocarbonsZ #3lf3}= 3}

A 7}g-d 74 F23F 24| = dehalogenation © 2 ERA
o} g=zAe] 7}k FF2 7 (C-H)e] dehalogenase®] =t
o2 ZoJA|A ¥t} Janssen et al. (2001)2 dehalo-
genationo] Yol o 2] halogenated hydrocarbons<]
540 o) leka wslgleh
Haloalkane?] Eajjo] Foisl=
genase % hydrolytic haloalkane dehalogenase 2+
Xanthobacter autotrophicus GJ10 (Janssen et al., 1989)
¢} Xanthobacter flavus UE15 (Song et al., 2004)2]
hydrolytic 1, 2-DCE dehalogenase (dhlA) ], Mycobac-
terium sp. GP1 (Poelarends et al., 1999)2} Pseudomonas
pavonaceae (Poelarends et al., 2000), 72|37 Rhodoco-
ccus rhodochrous (Kulakova et al., 1979)¢j|A] X 1%l
hydrolytic 1, 2-dibromoethane dehalogenase (dhaA)~7}
dz:A4d, o] F FaE opw|xAl A dell SlelA] 30%
Hmo] e FAS Bolxut mae] AAH Fa:
v fAkStT EAEY R9lo] BEHQ olulmAte] &
A gkel= 7lo] EAlo]u} (Newman et al., 1999).
1,2-DCE Xanthobacter autotrophicus GJ10
(Janssen et al., 1989)¢} Xanthobacter flavus UE15
(Song et al., 2004)2] haloalkane dehalogenasegl dhlA
¢} haloacid dehalogenaseql dhlBel] 2]3}e] G4 0] F
M7d Eap ez WojA|n e fota B s
B AN e dAs AsziY i FE3)Y
BACHIE|E o|43 WelAF golBels F53ux
1 Zo|A] hydrolytic dehalogenation 2tgo=2 1,2-
dichloroethane (1, 2-DCE)S #3)3}+= pDC20& #z|3}
o). WElxy eholReje) 23E ¥ea pDC20ZHE]
haloalkane dehalogenase gene, dhlA-S- Z-23}1, 47]

haloalkane dehalo-
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MEE& EAsiglen, =3 a4 A4S 98 rAdES

DR L

LAE AR 2 A% 33

2}_

) 2370 A3 Qs 2yE A= A9 54
S 9 pHE ARl SHsgen], 1 g 57
so] wel AxelE ANT F 4C Az AP
whsled EA 53T

WAz A 22 HE AAS FZ35)7] ¢5ted Rhochelle
et al. (1992)°] W& W33ted Algsldeh. A 52 A
25 41E9]7] (14,000 X g, 1542, 4°C) & AHE-3te 55
sl on, &5 o] So9)E tubedl] lysozyme buffer
(0.15M NaCl, 0.1 M EDTA, pH 8.0, lysozyme 15mg mL™)
300 pLE oL, 37°C 32 F87| Lellr] 1212 WA
E Eel 153wk Eg & 4] Fit}. SDS solution
(0.2 M NacCl, 0.5M Tris-HCI, pH 8.0, SDS 4%) 300 pL
£ H7l8led 65°CeollA 15% F<t HHg-AlZ] F, —70°Cell
Al A3, 65°Coll A ol HA L 33] uHESE Fof 5

o o 2

&} —20°Cell A 12A]7F o] A} WA ste] dAkS A A
o} 44142 (14,000 X g, 304, 4°C)gF ¥, olvk&= AlH
331, ZA1xA|7# DNA pelletg dgid &3 Ak
UltraClean™ DNA Purification kit (Mo Bio, Solana
Beach, USA) = A3t AAE A2 TE 3-89
(100 MM Tris-HCI, 1 mM EDTA, pH 8.0) 0.2 =] 3
—20°CellA B335}

2. 16S rDNA T-RFLP £4

16S rDNA®] =] o]£-%l eubacterial primer:= 27F
(E. coli numbering 8-27 : 5'-AGAGTTTGATCMTGG-
CTCAG-3')¢} 785R (E. coli numbering 785-804 :5'-
ACTACCRGGGTATCTAATCC-3')-& A}&3}9ih T-RF
1= 93}ed 27F= biotinylated primer (27FB)S A}-&-
93 c} (Lee et al., 2000). PCR ¥F2-E-o] %42 1xHl-2
298 (100 mM Tris-HCI, 400 mM KCI, 1.5 mM MgCl,,
500 pg mL™* BSA, pH 8.3), 160 pM dNTPs, 0.3 uM pri-

mer, A% DNA (10~15ng uL )¢} 1.5unit®] Taq
DNA polymeraseE #7}sle] & 50uLe] £3E2 ws
oleh PCR Whg271e 95°ColA] 3%t 9 A=l +,
95°Cell 4] 30, 58°Col|A] 30, 72°Cell 4] 184 303 ub
Bt vh el 72°CoA 1087 AR F WL
ZttA) 7o} PCR product:= 0.8% agarose geld|A] #17]
oJ=3led Felslgl om, UltraClean™ kit (MO BIO)Z
A F -20°CellA B33l

PCR AlEo]] A3t &4 Haelll (TaKaRa, Otsu, Shiga,
Japan) 5unitg A7}ste] 37°CollA] 5A17F F<t HE-E-A]
Ak A3t &4l 98] A=kEl DNAo] 0.5X SSC g4
oll (75 mM NaCl, 7.5 mM sodium citrate, pH 7.3).2 3
3] |33t & streptavidin paramagnetic particle (Pro-
mega, Madison, Wisconsin, USA)3} 1 X SSCE & 7}3s}oq
Al&eA] 108 =< Hl-2A]Z o). Magnetic stand = 22
%l streptavidin paramagnetic particle2 0.1 x SSC ¢}
sl oz 43] MA & 02N NaOHEZ AM7)sle] 587F
HHS-A17]13L, BHA] 0.2N NaOHE #71sle] 287 ukS-A]
Z1o =4 biotino] -2 single-stranded DNA (ssDNA)
T-RFEHS 34319t} 25% NH,OHS @31 65°CellA]
1027} uk-S-A]AA] streptavidin @ 2 1E] DNAS 22| 4]
Ziet. 941321 (14,000 X g, 43, 4°C)3fed ApZoiut #3h
%, 20% Fet AF Zxdte] dRY oS Al A

T-RF profile2 6% polyacrylamide gel (acrylamide:
bisacrylamide =19:1, 0.7 M urea, 1 X TBE)o||A] # 7]
Z3to] Belslgdth Al2 3puLé} loading dye buffer (95%
formamide, 10 mM NaOH, 20 mM EDTA, 0.02% bromo-
phenol blue, 0.02% xylene cyanol FF) 1.5 uLE 4lo] 3%
59t 95°Col A WA F, ALl A3 1x TBE 9
2491 (90 mM Tris-borate, 2 mM EDTA, pH 8.0) 2.2
2}=%] 6% denaturing acrylamide gelol| 4] 1900V, 50 W
oA 3X|7F #1719 % 3}3ic) silver staining W Al 2
32 A FAM e wel gkl (Bionner, Daejeon,
Korea).

3. e golnee 72

Ze}2n = pBACe3.6%} E. coli DH10BE 9 B¢} &
Froz At HAs Asel WEzRE FEH
DNA®| A gk&4 EcoRl, BamHI$} Sacllg #2]s}o]o
o, A3 &4 22]¥Y DNAZ 16°CellA 164]7F ligation
A At} CaCl,2 &8t <37 E. coli DH10Be| & &
Aoz 323} (Sambrook et al., 1989)8 A7 42 )
%3 IF5S TSA-Cm (Trtpticase Soy Agar plateso]
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Table 2. One set of PCR primer for dhlA gene studied in this work.

Primer Sequence (5'-3') AT.(°C) Amplified sequence
562F GATTGCCCAGTACTCCCTGA 54 haloalkane dehaloganase gene
2171R GCAAATACCGACATCAAGCA 54 (dhlA full-covering region)

A.T., annealing temperature; primer sequences are originated from Xantobacter autotrophicus GJ10

12.5 ug mL™* chloramphenicol3} 5% sucroseE & 7Pl
A A T AH2F FF2 FElste] wiFAIFTE diA
Mz 75 BHEI] Slste] TSA-Cm AA wf =] ¢
37°CollA] 184)7) wleF A)Z1 & glycerolE 7}sle] —80
"Coll mEafedek

4. dhlA -37ke] A

Table 24 H= u}e} 7ro], Xanthobacter autotroph-
icus GJ109] dhlA 42 MEd2RE A HId& ==
g 4 9)J== 562F%} 2171R primer #& A|zF3teioh
(Song et al., 2004).

PCR HF2E9] A2 1xugod (100 mM Tris-
HCI, 400 mM KClI, 1.5 mM MgCl,, 500 pg mL™* BSA, pH
8.3), 200 uM dNTP, 0.2 uM primer, AA) = DNA (10~15
ng uL 1)<} 2.5unit Tag DNA polymeraseS H7}sle] &
50 uLe] &3HES 9HESIh PCR BRS-2712 95°CefA]
287 7] I A3 &, 95°Ceol|A] 30%, 54°Cel|A] 30
X, 72°CollA] 1824 303] ubE-3s}3, vz 2k 72°Col
Al 1087 H=g ¥ uke-& FHAIF L Colony hyb-
ridization®] $=83}7] ¢|sl, N2 FFEL chloram-
phenicol 12.5ug mL™te] %% =% LB 324u] 2] (LB-Cm)
o 37°CelA] S ok wjesiel Aol WAHR, 27
3t nylon membrane (Hybond™-N+4, Amersham
Biosciences, UK)S g8l o A=s FAATIG. #+
Zlgto] EF2El nylon membraneZ 0.5 N NaOH £l o
2 Z83] A4l 272 Whatman 3 MM paper 9]¢l =31

873t % paper towel $]o &3¥ol $EE A
7], o] #A-e 23] ulE3ITl 1M Tris-HCI (pH 7.6)¢} 1
M Tris-HCI (pH 7.6)/1.5 M NaCl& At 2 7+ upy
o=z 7 13)¥ A =g3}tel} (Hanahan and Meselson,
1980). &A1 3} ®l-2& ECL (Enhanced chemilumines-
cene, Amersham Biosciences, UK) kitE A|z3)Alel] ]
Xl e} Ssioe.

5.1,2-DCE¥] dehalogenation z}-8-¢] &4 24

3717 3o wERA|E holre|g]o|A] Ee|gt )
%3} #F9} E. colix= 37°Col|A] 164]7}, X. autotrophi-

cus GJ10E= 30°Col|A] 1847+ wfek3}az, 10 mM pota-
ssium phosphate buffer2. 23] A|=3t & 7|Ae] 0.5
mM =2 *3% 50 mM potassium phosphate buffer
o AEshe] 30°CaA 24417 E3b vk Vol &
A2 shed & A5 1mLol| Hg(SCN)2(0.69g L™,
05mL)& 0.5mL 4o]F3 Areo] W3t} 158 3
4.86 N HNO3dl| *=o}9]l= 0.25 M ferric ammonium sul-
fate2 0.5mL ¥ 4ojF F 158 Fot kAo #
FEHE= gAo]22] 98 Bergman and Sanik (1957)¢1 A
¢} 7o) 453 nm I}A ol A] spectrophotometer (LKB4046,
Pharmacia, England)2. scanning 3t=}. 2343} deha-
logenation 42 Song et al. (2004)o| A 2} Zro] m|AYE-

o] BololAl ke thaza wlwsel #A e

6. dlole] 24

97149 AA-L ThermoSequenase kit (Part number:
US78500, Amersham Life Science, USA)2} LongRealR
4200 sequencerZ A}&-3}ed dideoxy-chain termination
(Sanger et al., 1977) ¥} o 2 3}glt}. GenBank data-
baseol| 4]2] 97|44 7148 NCBI (National Center for
Biotechnology Information; www.ncbi.nlm.nih.gov) A&
£ B3l BLAST Zzagloz St @7|Ad9]
A 9 v=A]d AH-2 Clustal W package (Thompson
et al., 1994)2} Clustal X (Thompson et al., 1997) =2 71
W& o) g3te] wABeT

CZET T

1. AREe vRE A

HAs2HE A= HH e} Tl & F pHE IF
A FAstelon, 2 e SAFEL APz FRkst
o BAg ZA3}S Table 3¢ e o).

NS AgedA v|AE 2 T2 S ot
A} T-RFLP 2A49< A 43}9]c} (Marsh, 1999). T-
RFLP 348 23 Fig. 1614 2 A3} o] 35 A
2 Haelll T-RF profilee]A] 150~350 bp ®H$]e|x] T-
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Table 3. Environmental conditions of Daecheong Reser-
voir studied in this work.

Parameter Daecheong Reservoir

Location Cheongju, Chungbuk
Surface area (km?) 72.8

Depth (m) 72.0
Temperature (°C) 24.7

pH 7.43
Chlorophyll-a(mg L™ 5.97

Total nitrogen (mg L™ 2.342

Total phosphate (mg L ™) 1.230
BOD(mgL™) 2.4

1 2 Nearest neighbors

bp

307

252 P «—— 256 bp: y-proteobacteria

233 P <+—— 235 bp: Actinobacteria, Oscillochoris
- |«—— 224 bp: Actinobacteria, Cyanobacteria

. |l«—— 219 bp: B-proteobacteria
: <4—— 217 bp: B-proteobacteria

202 P
~——|<4+— 190, 192 bp: y-proteobacteria

| <4—— 161 bp: Thermococci

Fig. 1. Hae 111 T-RF profiles of 16S rDNA amplified from
the lake samples. Lane: 1, Size marker; 2, Dae-
cheong

RF band”} 30937 ZA3l= 7S 3elsledcd. 2 39
4] 161, 190, 192, 217, 219, 224, 235 bp 18|11 256 bp =
71¢] T-RF band7} $A4 ¥t} £3], simulation Al
& =3 e databaseE wlElo 2 Haelll T-RF
band oA 217 bp2} 219 bpe] band:= P-protecbac-
teriaol] &l ©F3}m, 190 bpe} 192 bp, 2] 256 bp band
9] y-proteobacteriaol| ] %8l=, 224 bp band®] Cyano-
bacteriasl] 5= EE3F 77]|US Feolslgith
T-RFLP 9} o2 YA 5o myEe +3 725 &
Aal 2 A% olAE 24 T2 ek 9ed o)
@ 4 %k AL AR A T17e] Sl Ael

—_—

Fxje| Ha 141

Size of insert (kb)

[J0~20 [J2.1~40 [O41~6.0 E6.1~8.0
m38.1~10.0 EN10.1~20.0 N >20.1

500 —

400 —

300

Number of clones

200 -

100 —

= ________mml

0

Fig. 2. Size distribution of the inserts included in the
metagenomic DNA library.

Azrshe 7920817 Wi 52 d4w A 9B
Cyanobacteria7} ¢33t 7oz ®olxu, =3t y-pro-

teobacteria $-3}9l =4, ¢]= Wagner et al. (2002)¢]|
2]s}ed y-proteobacteriae 7] o] FR3F o A
Hoz ez n nud vl dAE A= bl §71%
o) FRFEL Ao weFE Ak

2. e ¥ Soluele) 75

UltraClean™ kit (MoBio, USA)Z A A% DNAZ
EcoRIl, BamHI, Z8]3 Sacll 52| A|stas= partial
digestion&}$] 37, pBACe3.6 vector= 722 Agta sz A
osleitt Aokl 34 A8 DNASF #E] DNAZE liga-
tionA]7 E. coli DH10Bel| 9 %7 (heat-shock)2o. 2 3
A3 A7 AF 1,25070 9] F2& A 1 FEES
7}A 2 insert?] sizeE &eldlr] ¢EA AgEA 2T
£ 32 23 24 2kbol|A] H o 30kb7HA] oFFat size
o) insert7} Solzk AL eldt 4 9, o5 A7
insert sizex= ¢F 13~15kbo]glt} Fig. 264} 7o)
insert size2 BAE 2 A3 ) 14Mb Ax9 HERR
F ghelBEeE FHalgl

3. dhlAf-AA}e] A 9 dehalogenation®] &4

1,2-DCEZ dehalogenationol] Fod3l= dhlA--A =}
% ekl sholuele 2EE FelA welahl 9
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of, WAZ A 52RE T5F dElA]E geolngee] F 2171R primers2 333t 1.6 kbe] PCR AHE% probez
Z2E2 TSA-Cm A¥fA]el] picking3d}l 1z, 562F 2} &led colony hybridizationg A A&} (Hanahan and

Meselson, 1980). Colony hybridization& 43§t Az}
Fig. 3ellA ¢} 7re] 5% velx]E olHa2] pDC20

== N o)A positive 238 D3It} ¥e)¥ pDC20& 74T 1,
i 2-dichloroethane dehalogenation®] &A1& 2A3 A3}
pDC20 1 ||, / Fig. 42 u, dhlA $44-2 717 pDC20L wild type
! | ¢l Xanthobater autotrophicus GJ10 Rt} k7t vFx|ut,
' ,-' negative control¢l E. coli DH10B&} B]w3}9]S wjeoli:,
: f 1,2-DCE¢]| m]-$ =2 dehalogenation 44 el el
o}

metagenomic clones wth i probe 4. dniA §87 9714
Fig. 3. Detection of dhlA gene including in the metage- WAE Ag2RE 753 WeRE zhelBegeA
nomic clones, pDC20. 223l pDC20o|A] dhlA §4212 G749 2Ae 9

&}o], 562F 9} 2171R primersS 4=813}o] 1.6kbe] PCR

productE %9it}. 1.6 kb2] PCR product® pGEM-T
GJ-10 vector (Promega, USA)el] Ar3lsled %% #FF pDH1
£ "HEA AFIE PCR ARES] 71/ 9S AA s

1.2 4
Sequencing ZA 3}, 562F ¢} 2171RE A}&-3lo] =Z3}
104 1.6 kb PCR product W¢l|= dhlA §AA}= 933 bp2] 4
719} 31070¢] olmxAloz FAo] FHeo| ¢lgli, GC
084 composition2 54.5%, terminal codon2 TAG, ribosome

pDC20
A3 291 GAGG (-5~ -8)3++

Dechlorination of 1, 2-DCE (A,g;)

0.6 ANz3 #F pDH1% haloalkane dehalogenase &4~
DH10B Blf;e’rz,DCE + Table 404 B H e} 7ro], Xanthobacter autotroph-

0.4 icus GJ10 (Janssen et al., 1989)2} Xanthobacter flavus

02 :- A A A - UE15 (Song et al., 2004)2] haloalkane dehalogenase

0T5 é é; 1-2 ;; (dhlA)¢} 99%2] =2 GAAE W9l o}, Mycobacter-

o ium sp. GP1 (Poelarends et al., 1999)¢} Pseudomonas

Incubation time (hr) pavonaceae (Poelarends et al., 2000), 72} 77 Rhodococcus

Fig. 4. Dehalogenation of 1, 2-DCE to produce 2-chloro- rhodochrous (Kulakova et al., 1997)2] haloalkan dehalo-
ethane by the transformant E. coli cells, including genase (dhaA)} 27%ol|A] 29% A==z P} SALA]S

the metagenomic clones, pDC20. B9t} o] haloalkane dehalogenase (dhlA) &4}

Table 4. Charateristics of dhlA gene from metagenomic clones and their identity with haloalkane dehalogenase genes.

Gene No. of No.of  Terminal G+C Source Identity (%) of sequence
nucleotide (bp) amino acid  codon (%) organism Nucleotide Amino acid
dhlA 933 310 TAG 54.5  Metagenomic clone (pDC20) 100 100
dhlA 933 310 TAG 54.5  Xanthobacter autotrophicus GJ10 99.9 99.9
dhlA 933 310 TAG 54.5  Xanthobacter flavus UE15 99.9 99.9
dhlA 924 307 TAG 59.6  Mycobacterium sp. GP1 49.4 28.6
dhlA 882 293 TAG 59.4  Rhodococcus rhodochrous 48.2 27.0

dhlA 882 293 TGA 59.4  Pseudomonas pavonaceae 48.6 27.0
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haloalkan dehalogenase (dhaA) &4y ofu] Al A GA}
ol A o] wrx]uh, haloalkane2] E3ol] Fosl= ha-
loalkane dehalogenase % hydrolytic haloalkane dehalo-
genaseo 24 AAH<l F2= w9 fFABIEL 24
F-9loll BEHQ otw|:eale] EAjFy By FHio
(Newman et al., 1999).

F 2

AFAl 239 whgozye AAA e Ex 3= 99%

el vAE A S grEA] Z3o A A e o

<+ A FEse A= ek e AES] &
AAQ ARRG o 398t A% ARE HA 9

AE e wolM gHshr] 3 Ade A o

I F83 FAAE SEe & uhgow geFat 3t
73 A wlElAE DNA glelvgjg]E 53 W olgl
o 2 A7 W FRdel fAd Az R A=
£ A, T-RFLP S AH8-38led u]AE 241 9]
g & 2k HAke] FE2 SDSE ARSSH
freeing-thawing W& Ag3lolon, &3 Ak
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