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ABSTRACT

In Korea, little attention has been paid to microbial perchloroethylene (PCE) and/or trichloroethylene (TCE)
dechlorination activity and identification of microorganisms involved in PCE reductive dechlorination at a PCE-
contaminated aquifer. We performed microcosm tests using the groundwater samples from 4 different contaminated sites
(i.e. Changwon A, Changwon B, Bucheon and Yangsan) to assess PCE reductive dechlorination activity. We also adapted
molecular techniques to screen what types of known reductive dechlorinators are present at the PCE-contaminated
aquifers. In the Changwon A and Changwon B active microcosms where potential electron donors such as sodium
propionate, sodium lactate, sodium butyrate, and sodium fumarate, were added, ethylene, an end-product of complete
reductive dechlorination of PCE, was detected after a period of 90 days of incubation. In the Bucheon and Yangsan active
microcosms, cis-1,2-dichloroethylene (c-DCE) was accumulated without the production of vinyl chloride (VC) and
ethylene. Molecular techniques were used to evaluate the microbial community structures in the Changwon B and
Yangsan aquifer. We found two sequence types that were closely related to a known PCE to ethylene dechlorinator, named
uncultured bacterium clone DCE47, in the Changwon B site clone library. However, in the Yangsan site clone library, no
sequence type was closely related to known PCE dechlorinators reported. It is plausible that microorganisms being capable
of completely dechlorinating PCE to ethylene may be present in the Changwon B site aquifer. In this study we find that
complete PCE reductive dechlorinators are present at some PCE-contaminated sites in Korea. In an engineering point of
view this information makes it feasible to apply a biological reductive dechlorination process for remediating PCE- and/or
TCE-contaminated aquifers in Korea. '
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A3} W= ©3}4=4(CAHs, Chlorinated Aliphatic-
Hydrocarbons) & AFFEll € (PCE, perchloroethylene)™
EfFE2o|"9(TCE, trichlorocthylene)y2 =ujollA 7}
&3] ddse sk LEEdeH o5 ts
X FTF U 2948 vhEoF AReHE, ol
Faolo] FAol0F X|ZhE o] AldsloEdle] Eg
F22H, AJ=-12-HE220DR(c-DCE, cis-1,2-
dichloroethylene), G3HI'd(VC, vinyl chloride), o€zl
(ethylene)* 2 302 el AESH whgo|th
FTFH o= Al Fagh oddloz = Fgo)
T} Table 12 AlspiElds EZE2 209, AlX-
120EE 29, 52 dEdior Fifeke a5 |
Ehlar Ut} Dehalococcoides ethenogenes (Maymo-Gatell
et al, 1997)3} Dehalococcoides sp. strain FL2 (Loffler
et al, 2000y= AlaslodelS dgdlos b g¢is)
3L, Desulfitobacterium sp. strain PCE1 (Gerritse et al,
1996)% Desulfitobacterium sp. strain Vietl (Loffler et
al,, 1997y AldsloglS EnjE2 gl 52 Al&
-2 HERRddde R B gysdishe Aos Hal
Hi ot ofF Fulele Algslelgds EgE2E
g} gelast Baflol Adshs B3F nllEl uigk 3
B[RSt wepa £ Atollxie Feloi] Bad &
A 2Exs} PRAEY] I Aldsel gl . Ak
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2.1. XISl o5t Heiast 7fsd ZHE

Aldsilgal 22 EfjEERoddlor 29d Fd
A, 4 B, A B L, 419 Aol Aslg AEE
AFsIA, A5 W AHgslelEd, EgEz e, A=
-2mEERdgd, gshud 2 Agdle] veE 53
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2.2, OO|3R3F EH|AE (Microcosm Test)

nolaz23E HAEE 0F digs ERE AF7H
Holale] 2 Aelrg ol8dtd st Frixx
S FA8171 $43}] anaerobic glove boxllA 156 mL
serum WB& ARSI wlolARIEE ARG rlelA
23F ol Aels=(110 mLyt PI¥E 38S 571 9%
ALSM (anaerobic low salt media)yS -2 F(Loffler et
al, 2000), AZEE7} oF 5 ppmo]| HA AldslolgAS
AT, 1 T Al dals: g los 93] wgh
A7Ved dedt Azl ToA [sodium lactate (147 mg/L),
sodium propionate (104 mg/L), sodium butyrate (87 mg/
L) ¥ sodium fumarate (188 mg/L)IZ FU3IH
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Table 1. Pure bacteria cultures being capable of reductive dechlorination of PCE

Organisms Dechlorination end-product Electron donors Reference
Desulfitobacterium sp. strain PCE1 H, Gerritse et al.,, 1996
Desulfitobacterium sp. strain PCE-S ¢-DCE ‘ H, Unpublished
Desulfitobacterium sp. strain Vietl H, Loffer et al.,, 1997

Desulfitobacterium frappieri strain TCE1
Dehalobacter restrictus strain PER-K23
Dehalobacter restrictus strain TEA
Clostridium bifermentans strain DPH-1
Desulfuromonas chloroethenicanstrain TT4B
Desulfuromonas michiganesis strain BB1
Desulfuromonas michiganesis strain BRS1
Dehalospillum multivorans )
Dehalococcoides ethenogenes 195
Dehalococcoides sp. strain FL2
Uncultured bacterium DCE17

Uncultured bacterium TCE16

Uncultured bacterium clone DCES
Uncultured bacterium clone DCE47

¢-DCE
¢-DCE
¢-DCE

¢-DCE H, Gerritse et al., 1999
¢-DCE H, Holliger et al., 1998
¢-DCE H, Wild et al., 1996
¢-DCE H, Chang et al., 2000
acetate Krumholz et al., 1996
acetate - Sung et al., 2003
acetate Sung et al., 2003
¢-DCE B : H, - Neumann et al., 1996
Ethylene* H, Maymo-Gatell et al., 1997
Ethylene ’ H, Léffer et al., 2000
Ethylene H, Gu et al,, 2004
Ethylene H, ' Gu et al., 2004
Ethylene H, Gu et al., 2004
Ethylene H, Gu et al, 2004

7t ARFAA] & BARYE FYTE active PRO)1ZZ2IE
W 37)9} 45572 control PIO]ZEFZE H(poison control,
autoclave control, carbon source control, nutrient control)
< AFSIAH. Poison control> FAE] FAdo] =
sodium azide (50 mg/LYS T4 1, autoclave controk
AeE 2477 ZHHS 2 33] autoclave SFAT}. Carbon
source controb> BHAYS FUSA R Aldsieldzint
T3l ApHEkS: W11 Nutrient controbe- BHA
& FYsHA &1, ALSMO FREHO A& YE (yeast
extract, 20 mg/L) ¢} Vitamin B12 (0.05 mg/L)Z FU3}t
o nutrien’} PCE ®3lj9ll V|| G3FE B7sidtt.

plo|A23E WS 20°C 7)ol widEtaA, AAF
a2} Felelgle] T8 dFY HHoE 43t
nlo]F2TE Aol AMSE BE A7 |TE TYUE MM
120°CoN A 6027t autoclaved}] Tt AJElS F-A181 0}

2.3. 8% X|5l0l U= O14E2| DNA F:&

AHE A|E= FastDNA SPIN Sample kit (Qbiogene)
< o83l FE39 o DNAE SF317] Y% PCR
HhSol Ao 2SR humic acids AASE] Hsi
A1 55 M Guanidine Thiocyanate (Fluka Chemical
Corp., USA) 8918 ©]83}9t}. DNA SPIN kitollA] =
Z% DNAZ} X3 silica marixt £l A @&2)e] =
j7kx] 3 o) A3} FastDNA SPIN Sample kit
= E¥ Yl sl= DNA| &8 8l e 3d=t, ©f
S ForA Askroll Z8A1717] flete] Zd42ke As
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24.1. u]2BE9] 16s tDNA PCR (polymerase chain
reaction) S

23 DNAS T8O & 34 PCRS AASIH PCR
HHS-E 20 uL ¢kollE 20 mM Tris-Cl (pH=8.0), 100
mM E3FdE, 6 mM F3kls, 0.02% AR, 247
5 mM dNTP (Deoxynucleoside Triphosphate, Pomega,
USA), 0.2 pmol Z&}|H, 10 ng DNA 8, 1U Taq
F% a4 (Pomega, USAYE FH7I8IH}. 165 DNAES
FEZ3517] 98l AHeE ZetolHE forward 32to]w]
(General Biosystem, Korea)= 5-GATTTGGATCCTGGC-
TCAG-3 (27F), reverse Z&}o]ME 5-AAGGAGGGG-
ATCCAGCC-3' (1492R)S AME3I5Tt} PCR ¥hg- 2712,
A AR 9Ee-& 94°CollM 18, T & DAlME 94°C
13, 57°ColA] 50%, 72°CollA. 1% 302 B 16S
IDNAE F-EZ3te ¥h3-S 308 HHE3la, vixjete =
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72°ColA] FE B2t 165 IDNAZ 523 &, whg-E-S 4°C
A B@EAT PCR FF 4HE-E QlAquick PCR
Purification Kit (Quiagen, German)s- ©}&3}e] A5I5ITt.

242. Gene cloning & RFLP (restriction fragment
length polymorphism)

PCR FFE AHE9] glo]A o] M(ligationyS pGEM-T
Easy vector system Il (Pomega, USA) &, UHHES
A28l Sambrook 5] W (Sambrook et al., 1989)
w2} Faailom, 3438 (transformationyS Mandel#
Higa®] " (Mandel and Higa, 1970)0.2 33}t
olFo], AU HEe M A RITAY 60 my
mL, X-gal 20 mg/mLp] F522 9L = IPIG
(0.1M)E -2 HliAol| wid=|RAc). viekel e} Ex4e]
Al(colony)E FRIZF T3, WEE- EA|(replication)ol] <]l
AERNE LAE BAEiAe] HEste] E2RAP|= (plasmid)
Al o}88 F ATF 12~16 AIF A= viSBsIT
FAZ 3)) vigE TAle G4 BHE o83l T
231931, Plasmid Spin Kit (Genenmed, KoreayS ARS-
slo] A PRE o] SRkAR|EE 2SI

RFLP= S4F9Y d7IMES deplie Altass
olgsl] e HHE 1E3F sk HX}(Braker et al,
2000005, £ Agol| o8 FHAw= BEH Rsa &
ARSI RELPO o3l g3t | SeRir| =g 47|
MEEA ARSI vlEEA Gl =i, T73 SP6
Zao|HE 7HAIL 165 IDNAS FE3le] Q7 Mge £
AsiA sl rlE2Al Ge2RE LS 165 rDNAY
H71XES BLASTS} FASTA 2102 GenBankell
e F7IMEEES} Hluslit

2.4.3. Phylogenetic tree &g

A7 EARE Clustalx1 812 HB=HUCH o|2A A
88 97|MEHEE DNA STAR T2 188 ALR3}
A, FF22F MEGA version 2.1 (Sudhir et
al, 2001)E o83l AFSE LHTh £ Aol A+
H v g 7MY S5 I(assession number)=
AY625135~AY6251510]c}, o] 5= &= EMBL &
LEPIE A7INE FHOA ZHE F U

2.4. CAHs £44HY

PCE, TCE, ¢-DCE, VC % ethylene 222 Hamilton
1710N gas-tight syringe® ©]-83l mlo|A23E We
headspace?ll Al 200 pLE N3 Geoll 2H FUst

EX39. GCE GSQ-PLOT Z¥H (J&W Scientific,
Folsom, ©]=)# EEo|2387%7] (flame ionization
detector, FIDY} X% Shimadzu 17-AE A&3}5HH}.
GC FU¥e) AzRe] exy 732} 25002 SR8,

B 2= F2EAE 918l 40°ColA 287 4
Z. 40°CollA 80°CE 5°C/AREC® 523k, 80°CollA]
200°C7HA] 10°C/ARE-2 2 5231t

AAFAANR A f71Re vke) AgEAS A%
A5 A 559 7N (autosampler, Waters® 717 plus), HZ
(Waters™ 600 Controller), Z¥(BIO-RAD Aminex
HPX-87H), 73Z7](WatersTM 486 Tunable Absorbane
Detecter) 2 AZv[ETH Hlol AlAEHoE FAH
HPLC (WatersTM)S o] 831 RA3515t}.
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3.1 SE X5k AR W ejoigd 55

Table 20 471 AGEHE A, Z9 B, 31 2 by
A HHZE Aeke A5 delolgile] F5E Ak
o} o] AYEL F2 EEERdgEdlon 995U,
ujgke] Al-1 202 2o "do] BE RGN HES
Aot 1} dseldy) oS M3 HAEER YSith
o] 7= B, A A9 trFol EREE2d S
A1t g2 2dddle g Basks vliE &4 7Fs
AL BRI ST ARIA AFHE A solxe] dspEid
7} g Bhze Erlgzaduds Jdgdez ¢
ek HAEC] EASH] ¥AY, EAstEE= HAt
FAA| HE T dz70] FA Ealol AsiA] ek
Ao Z AlREL 3 42 B Al A3y Do F
=7t ¢ 3 ppme 2 EEFEZoddle] oA Bajir i
Al BAAg BBz d0|U

3.2.00|323E HAE
Table 39 vlo)|ZE25= HAE Ays Aot 4
F579] contrololMe 90 o|Foll AlAsEHe] s

Table 2. Concentrations of chlorinated ethylenes and ethylene in
groundwater samples (ug/L)

Site PCE TCE ¢DCE VC  Ethylene

Changwon A 0.04 0.78 0.07 ND ND
Changwon B 0.06 0.24 0.10 ND ND
Bucheon “ND 0.84 0.04 ND ND
Yangsan ND 0.25 006 ND . ND

% ND indicates not detected.
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Table 3. PCE reductive dechlorination activities afetr 90 days of
incubation

. TCE ¢-DCE vC Ethylene
Site R . " .
detection  detection  detection detection
Changwon A Yes No No Yes
Changwon B Yes No No Yes
Bucheon Yes Yes No No
Yangsan Yes Yes No No

7} QoA ko, JAEARE 4% 2E vlel=
23F Hollr Aldsldale] gadslEe AS ERIT
& AT Ty gdasl Axe APHE ojsliitt.
Y AsH A B AY Al A8 E o] &3t nlo]mER
Z WolMe, 60 o] Fdl| AtEsloEAe] gaist JF
AREQ oddle] AEHUTE Ty SKHIAAERS] A
2.1 vFz2d gy dside AEHA 4ttt
A, BH3 FF A ABGE o8¢ vlo|a2FE
MMz, 90do] A= Gshhlds dEdle] AEHA| &
UL Al2-12-tF2 2PN HESHI. o] AA=F
B oo ARIES 32 T 5 Ut 3A, AldsloEdl
£ EgjgEzdgdos g9asiayle vlEe] A &
Ab AGell EAfsl, EAZ, Y A% 4 B AGY
Al ol Aldslogd s dgdlez b Eafishe
nEo] EAjsla, viAEte R, 27 it A5 v
E& ZTHIAEAR] A2 20E2 2093 dshld
2 ggzssie 520t g, Al 2TigE g
B3 £571 =3 Ag7)zE (90Y) ool ARzl

A Aokl A€

3.3. Cloning &2

Algslolgdl gdast Awrt ol A B i A
o sl W vlAE e 2o gdS Hiasl) 9]
&, RFLPE F-34815ith. Table 4= F X X|3}4= o =]
A2 779 Fo| A% WHOE tBBItE A& By
ZFa1 9tk A B X|¥e] FE zlojHzig|e] RFLP 23
S BLAST tlofgHo]2az ERIgle 7|&o) H&jxl 28
3} v)wdk A9 Alg U] vBES] 165 IDNA fAM3] &
£ 107he] Adoldt RFLP FelZ} ERIFA. o5 719
A A  E(Phyla)?! Low GH+C Gram positive, -
Proteobacteria, P-Proteobacteria, High G+C Gram positive
9} a-Proteobacteria®]] &3k 2S¢ & AU FH, &
AF X|9e] 2 glojreigelx 772 Aol RFLP FEl
7} ER15%1aL, o5 Ihe] &l #21 B-Proteobacteria,
y-Proteobacteria®} a-Proteobacteriadll £31= 2S¢ o AU
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Fig. 1. Distance tree showing relationships between bacteria from
PCE and/or TCE contaminated sites (Changwon B and Yang-
san) and reference microorganisms shown Table 1.

ek, o] A B3, ok A dr) A B X|He] A3t
= Ul o] gkt nlEe] EX1gS BRI 3t

$Hsh= RFLP FElE Al RATgHo = FA31H,
T AGEY B, P AY) vAE 20 JdE vIRE
=& SAsAkFig 1). Y B A9 E& gelHzgR
EEHE $3 $& oA AigegA S o 294
AT rAEY FARE F7IMEE Bl F iy E
2 159 1-62 ERIsIFTt 15 ¢ 16 F2& A3l
galS dgdlez bd gHAsiA|E rAE, Uncultured
bacterium DCE 47 (Gu et al, 2004)2] E71483} A%
Alo] T& Aoz YRt ey i AFe £ &
olggjglollME 7|&e] Ry g4s) vES E7IM
do)] fAleE S0 AR A3ict. o] AHE Sl AL
dslogal 3o EglZEdEd oA Akl At
gyl & ElEERddds xRN ¢ g
Aislshe AE EAE 15T

g8 d7EE FY A9 B AY AskrolA omgt
g Eo] AlgslgS dgoz M3A7ed 2%
Z9) ogke k=R £l TAF 31, olE $3iA =t
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Table 4. Phylogenetic diversity of the domain clones based on 16S rDNA sequences identified by BLAST database

16S rDNA sequencing

RFLP type Cl No. of Nucleotides % Similarity with .
osest match Lineage
compared closest match
Changwon B :
I-1 (14)* Staphylococcus caprae gene 1487/1493 99 Low G+C Gram (+)
12 (13) Nevskia ramose 1466/1492 98 y - Proteobacteria
-3 (10) Limnobacter thiooxidans strain CS-K2 1483/1491 99 B - Proteobacteria
1-4 (6) Uncultured soil bacterium PRR-1B 512/558 91 High G+C Gram (+)
1-5 (6) Parvularcula bermudensis strain HTCC2517 1135/1244 91 o - Proteobacteria
1-6 (5) Parvularcula bermudensis strain HTCC2503 1134/1244 91 o - Proteobacteria
I-7 (3) Alterococcus agarolyticus 693/764 90 o - Proteobacteria
I-8 (2) Uncultured bacterium #0319-7F4 990/1098 90 High G+C Gram (+)
19 (2) Bacterium Ellin361 1402/1411 99 o - Proteobacteria
1-10 (2) Stella vacuolata strain DSM5901 1150/1272 90 o~ Proteobacteria
Yangsan
L-1 (17) Uncultured beta proteobacterium 1439/1489 96 B - Proteobacteria
L-2 (9) Acidovorax sp.isolate G8B1 1489/1498 99 B - Proteobacteria
L-3 (5) Uncultured alpha proteobacterium NAC1-6 1156/1290 89 o - Proteobacteria
L-4 (2) Ultramicrobacterium str. ND5 gene 1455/1455 100 B - Proteobacteria
L-5 (2) Nevskia ramose 1462/1490 98 B - Proteobacteria
L-6 (2) Phenylobacterium immobile 1396/1442 96 y - Proteobacteria
L-7 (2) Arsenite-oxidizing bacterium NT-5 1463/1493 98 o - Proteobacteria

“The parenthesis is the number of colonies involved in the same group

aBTE HAES Eal] Adselgus] 91 gas
a7t 818 BagEe olgsle] 2] 4 Ugol
aysjolo} gk Akt

4. 4

B a7 2948 Foi Sl % A9 Asia el
Aldslel RS e gdasisle] Tt odde 44
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AE FEshe ¢ 2 BYEE SHEE AE IS
t}. o] A AlgsdlEd xe EdIRRdEdo s
odd S AskrE AAHY FHeE HuHm S
A EHs BESHY SR B 3= Tk
dE BoiFe 388 AFea AlRdnh 22u ARdE
ogddle] B¢ g@gLs} HheoE AL 2-HEE R
gdllo] S45E 497 slems 34 AHE A AR
TES @ 4¥E ol AEEd Ee ERlEgR

=g & 2SR ANE FFsfor gt

A A
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