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Bioremediation is a technique to rehabilitate contaminated subsurface using power of 
microorganisms. Principally, some bacteria which have activity to decompose targeting 
organic pollutants such as oil, halogenated ethenes, herbicides, etc play the major role for 
remediation. Adequate number of pollutant degrading bacteria and faster rehabilitation 
should be available. In this connection, growth and activation of bacteria in situ are the 
key factors for faster act. Usually some nutrients like glucose, yeast extracts, lactic acid, 
starch, etc, are supplemented to subsurface directly for growth and activation of the 
useful bacteria. But, in the subsurface, there are many hygiene bacteria and there is a 
common fear of the chance of hygiene bacterial growth as well, once nutrients are added. 
We would like to propose our findings to this concern. In this regard, we did some bioaugu-
mentation and biostimulation experiments using Escherichia coli as a hygiene indicator. 
For bioaugumentation experiment, we used Clostridium sp. DC-1 as a degrader of cis-
1,2-DCE and monitored the profile of cis-1,2-DCE degradation and behavior of Clostri-
dium sp. DC-1 and E. coli by pour plate and DGGE (Denaturing Gradient Gel Electropho-
resis) analyses. We found that E. coli did not inhibit the degradation of cis-1,2-DCE and 
its growth was also suppressed. For biostimulation experiment, we used actual ground-
water contaminated with chlorinated ethene. E. coli was added to the groundwater and its 
growth was chased with the changes in the bacteria flora. Dechlorination of tetrachloroe-
thylene to trichloroethylene and cis-1,2-DCE within 14 days took place similarly both with 
and without the addition of E. coli. E. coli was detected only at day 0 by DGGE. From 
these experiments, it is considered that E. coli does not inhibit dehalogenation of chlori-
nated ethene and its growth was shown to be suppressed by indigenous bacteria. 
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1. Introduction 

     Chloroethenes like tetrachloroethene (PCE), trichloroethene (TCE), cis-1,2-
dichloroethene (cis-1,2-DCE), and vinyl chloride (VC) are widely used as solvents in dry 
cleaning and metal degreasing industries [1-3]. Utilization of chloroethenes sometimes 
results in wide-range environmental contamination in the nearby anaerobic environmen-
tal compartments of ground waters, soils and sediments [4]. This infectivity is a big 
alarm because of the toxic and carcinogenic traits of chloroethenes [5]. Various studies 
have shown that under anaerobic conditions, chloroethene compounds can be reductively 
dehalogenated by some microbial community followed by dehalorespiration [6, 7]. In 
case of complete reductive dechlorination, PCE and TCE are anaerobically dechlorinated 
via cis-1,2-DCE and VC to the dehalogenated end-products ethene and ethane through 
halorespiration or co-metabolic degradation [8, 9]. The procedure of microbial reductive 
dechlorination usually can efficiently reduce the concentrations of PCE and TCE in 
anaerobic groundwater environments [10, 11].  
     Important thing to be considered is the possible growth of pathogenic bacteria in the 
contaminated site when bioremediation takes place. As long as groundwater is concerned 
pathogens are also important issue to think about. Because groundwater posses huge 
number of pathogens. In this connection E. coli has been reported as a pathogen in many 
water bodies along with some other groundwater pathogen like Helicobacter pylori, 
Salmonella typhimurium and Vibrio cholera [12 - 15]. If the harmful microbial commu-
nity develops in the site, it could be a threat by causing inhibition in bioremediation and 
it could be a hazard to the environment as well. It is important to study about the influ-
ence of pathogenic bacteria during bioremediation. In this connection we selected E. coli 
as a model for pathogen and observed its behavior during the dechlorination of cis-1,2-
DCE with Clostridium strain DC-1. To use a poisonous bacterium in laboratory is 
severely harmful and restricted. So in this study, we used E. coli strain NIHZ (NBRC 
14237), categorized in biosafety level 2 and conventionally used for antibiotic activity 
test, as a model for pathogen.  

Reductive dechlorination requires additional electron donors and nutrients augmenta-
tion to the contaminated site in order to stimulate microbial activity [16]. Several liquid 
electron donors, such as acetate, pyruvate, glucose, and lactate have been shown to 
support reductive dechlorination [17]. However, augmenting these liquid electron donors 
into the subsurface may significantly shift the microbial ecosystem. Some studies on the 
microbial ecology of chlorinated ethene in contaminated sites have been reported where 
both incubating in the laboratory and direct sampling technique from contaminated sites 
have been performed. [18 - 22].  

Dechlorinating bacteria have been reported to become the dominant species during 
bioremediation [23]. However, most of the reported studies focused on the bacterial 
dechlorination, but studies focusing on pathogenic bacteria such as opportunistic bacte-
rium have not been reported yet. If electron donor is introduced into the contaminated 
site, they stimulate not only the enhancement of dechlorinating bacterial growth but also 
stimulate the enhancement pathogenic microbial growth. Additionally, if pathogenic 
bacteria exist in chlorinated ethene contaminated site, they may inhibit the dechlorina-
tion caused by the corresponding dechlorinating bacteria. And in recent times several 
studies showed the presence of pathogens while exploring the groundwater quality [24]. 

 The behavior of pathogenic bacteria while biostimulation is very important. There-
fore, we conducted in vitro experiment for exploring the consequences of E. coli during 
the biostimulation of chlorinated ethene in the real contaminated groundwater and 
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survivability of E. coli was examined by using desoxycholate culture media. Shift in 
microbial community was determined by DGGE and clone library [25]. The objective of 
this study was to determine whether after conducting biostimulation the percentage of E. 
coli is increased or decreased in association with other microbial community in the 
original contaminated groundwater and hence to imply practical application to ensure the 
safe and productive implementation of biostimulation. In this experiment lactate which 
has been studied as a very potential nutrient was used for the biostimulation. The lactic 
acid is a potential donor to be metabolized by the indigenous microbes to produce 
hydrogen which is used in the reductive dechlorination process. Recently lactic acid is 
being utilized as a credible nutrient in exploring biostimulation [26]. This manuscript is 
summary and review of related articles [27, 28]. 

2. Materials and methods 

2.1. Bioaugumentation experiments  

2.1.1. Soil collection and DNA extraction 

     Soil has been collected from PCE uncontaminated mountainous area and has been 
sieved for experimental use. 2.5 g of soil was taken for each preparation of DNA extrac-
tion. Mo Bio ULTRACLEANTM soil DNA kit (Carlsbad, USA) has been used for DNA 
extraction according to the directions of the manufacturer.  

2.1.2. Preparation of Clostridium strain DC-1 and Escherichia coli cultures 

     DC-1 culture which dehalogenates PCE and TCE to cis-1,2-DCE and was originated 
from a sediment sample collected at a landfill site in Nanji-do, Seoul, Korea, has been 
prepared [29] with the culture medium containing g/l of; K2HPO4, 3.0; KH2PO4, 0.8; 
MgSO47H2O, 0.2; L -asparagine, 5.0; D-glucose, 10; ferric citrate, 1.0 p-aminobenzoic 
acid, 0.6; and biotin 0.01. The medium was adjusted with pH 7.2. Prior to the addition of 
the glucose, ferric citrate, vitamin, p-aminobenzoic acid, and biotin, the 10 ml volume of 
culture media was prepared with the other components in 20 ml glass vials. The head-
space of the vials were aseptically flushed with pure nitrogen in an anaerobic chamber 
and sealed with teflon-lined rubber septa, aluminum crimped caps and autoclaved. After 
the addition of the glucose, ferric citrate, vitamin, p-aminobenzoic acid, and biotin, DC-1 
was added in the vials and maintained at its optimal growth temperature 30 °C. Bacterial 
growth was monitored via optical density readings at a wavelength of 660 nm (OD 660), 
using a spectrophotometer (UV-1600; Shimadzu, Japan). The bacterial culture has been 
transferred to the experimental setups, once its optical density reached at around 1.8. At 
the same optical density state, DNA of DC-1 was extracted from one vial for DGGE 
experiment using alkaline-lysis method. 

For conducting the experiment in association with E. coli, E. coli strain NIHJ (NBRC 
14237) was taken. Colonies were grown on desoxycholate agar plates “DAIGO” (Nihon 
Seiyaku, Nagoya, Japan) at 37 °C. The mentioned medium contained in gram per liter of 
Peptone, 10.0; lactose, 10; sodium desoxycholate, 1; NaCl, 5; K2HPO4, 2; ammonium 
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iron(III) citrate, 2; and neutral red, 0.033. The medium was adjusted with pH in between 
7.0-7.4. For making the working state of E. coli, a colony was transferred into liquid LB 
media which contained in gram per liter of peptone, 10; yeast extract, 5; and NaCl, 10. 
Then the liquid culture was kept at 30 °C shaking for 24 hours. Cell count was done by 
calculating with optical density. Dilution of cell was conducted using autoclaved 0.8% 
NaCl solution. For the DGGE experiment DNA was extracted from the liquid LB media 
of E. coli using alkaline-lysis method. 

2.1.3. Experimental set up 

     For this study culture media preparation was the same as for the preparation of 
Clostridium strain DC-1 culture. After the addition of glucose, ferric citrate, vitamin, p-
aminobenzoic acid, and biotin, vials were spiked with cis-1,2-DCE (TCI-GR, Tokyo, 
Japan), to make it’s concentration 5 mg/L, in 10 ml volume solution of each vial. Finally 
1 ml of DC-1 culture with optical density of around 1.8 was added to make the final 10 
ml volume and vials were incubated at 30 °C.  

Four preparations of cultures were examined. In preparation 1, the culture was pre-
pared with the collected soil, Clostridium strain DC-1, and cis-1,2-DCE. In preparation 
2, the culture was prepared with the collected soil, cis-1,2-DCE, Clostridium strain DC-
1, and 1.5x103 cells/ml of E. coli. In preparation 3, the culture was prepared with the 
collected soil, cis-1,2-DCE without addition of Clostridium strain DC-1 and E. coli. In 
preparation 4, the culture was prepared with the collected soil being autoclaved, and cis-
1,2-DCE without addition of Clostridium strain DC-1 and E. coli.  

For each preparation, in an anaerobic chamber, 2.5 g [wet wt.] of soil was taken for 
each vial of 10 ml liquid solution of (g/l): K2HPO4 , 3.0; KH2PO4 , 0.8; MgSO47H2O, 
0.2; L -asparagine, 5.0; D -glucose, 10; ferric citrate, 1.0 p-aminobenzoic acid, 0.6 ; and 
biotin 0.01 (pH 7.2). The teflon caps of the vials were opened and soil was taken in the 
vials. After taking soil, vials were flushed with nitrogen one more time and again sealed 
with teflon-lined rubber septa, aluminum crimped caps. cis-1,2-DCE was spiked at 5 
mg/L of final concentration. For preparation 1, vials were added with 1 ml of DC-1 
culture at its O.D of around 1.8. For preparation 2, vials were added with 1 ml of DC-1 
culture at its O.D of around 1.8 and 1.5x103 cells/ml of E .coli.  

Vials were prepared for a 14-days-experimental study. Triplicate was made for each 
day’s measurement. All the vials were shifted to a water bath (Taitec, Nishikata, Saita-
ma, Japan). Rotation was fixed at 80 rpm and temperature was fixed at 30 °C. cis-1,2-
DCE reduction was analyzed by gas chromatography. Headspace samples, taken in 100 
µl, were quantified using a model GC- 14B gas chromatograph (Shimadzu, Japan) 
equipped with a flame ionization detector and a glass column (i.d. 3.2 × 2.1 m, silicone 
DC-550 20% Chromosorb W [AWDMCS] 80/100) according to the Japanese Standard 
Method JIS K0102 [30]. The injection and detection temperatures were maintained at 
100 °C and 160 °C, respectively, while the column temperature was held at 40 °C. The 
carrier gas was pure nitrogen at a flow rate of 50 ml/min. Identification and quantifica-
tion were calculated by preparing the calibration curve with laboratory reagents cis-1,2-
DCE (TCI-GR, Tokyo, Japan). The reagent was diluted with 99% ethanol: 3.94 µl was 
added to 5 ml of ethanol in small vial. Anaerobic culture medium was prepared in other 
vials followed by the addition of 2.5 g of autoclaved soil and the ethanol diluted cis-1,2-
DCE were taken in the vials containing media at the concentration of 5 mg/L in solution 
used to make a calibration curve for the measurement of cis-1,2-DCE reduction. 
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2.1.4. 16S rDNA amplification and DGGE analysis 

Mo Bio ULTRACLEANTM soil DNA kit (Carlsbad, USA) was used for DNA extrac-
tion according to the directions of the manufacturer. For Bacteria-specific PCR of 16S 
rDNA fragments, the primers PRBA341-FGC (E. coli position 341-358) (5′-CGC CCG 
CCG CGC GCG GCG GGC GGG GCG GGG GCA CGG GGG G- CCT ACG GGA 
GGC AGC AG-3′) (Base number 40 +17) and PRUN517-R (E. coli position 517-534) 
(5′-ATT ACC GCG GCT GCT GG -3′) (Base number 17) were used for the amplifica-
tion of V3 target region of E. coli position. The primers were purchased from FASMAC 
Co., Ltd. (Kanagawa, Japan). 10 μl volume of the PCR mixture contained 0.5 μl of 12.5 
pM of GC 341 F and 517 R primers, 2.6 μl of 10 x PCR buffer (Applied Biosystem, 
USA), 1 μl of 2 mM dNTP (TAKARA, Japan), 1 μl of DNA template and 0.05 μl of Go 
Taq HS (5 U/μl) (Promega, USA). PCR amplification was carried out with TAKARA 
PCR Thermo Cycler. After initial denaturation at 95 °C for 2 min, 35 cycles of denatura-
tion at 95 °C for 15 sec, primer annealing at 50 °C for 30 sec and extension at 72 °C for 
30 sec was performed followed by a final extension step at 72 °C for 7 min. DGGE 
analysis of 16S rDNA fragments was performed using DCodeTM universal mutation 
detection system (BIO-RAD, Japan). Gels (16 cm x 16 cm) consisted of 40% bis-
acrylamide (37:5:1) and a denaturant gradient of 35%-65%. After the PCR, DNA of each 
sample was equalized in 15 ng/μl of concentration. Electrophoresis was performed in 1 
X TAE buffer at 60 °C and 80 V for 8 hours 30 min. Gels were stained for 30 min with a 
1:10000 dilution of SYBR gold (Invitrogen, USA) and analyzed using UV Transillumi-
nator (BIO-RAD, Japan).  

2.1.5. Sequence analysis 

From the DGGE gel, the central portions of the bands of interest were excised and 
washed with 99% ethanol and autoclaved Milli-Q water, respectively. The DNA was 
reamplified with the same primers as for the initial PCR reaction. The only exception 
was for the forward primer, where the GC clamp was not added. The reamplified prod-
ucts were again purified and sequenced using a Big Dye Terminator v3.1 Cycle Se-
quencing Kit (Applied Biosystems) and an ABI PRISM 3100 genetic analyzer (Applied 
Biosystems).  

Sequence comparisons were performed through a BLAST [31] search against the 
Gene Bank database from the site National Center for Biotechnology Information. 
CLUSTAL W program [32] was used for multiple sequence alignment. 

2.2. Biostimulation experiments  

2.2.1. Groundwater sample 

Groundwater sample was collected from TCE and cis-DCE contaminated site by Pa-
nasonic Environmental Systems & Engineering Co., Ltd. during March 2010. The 
sample was labeled as MF09-06 (MF). The sample was immediately transferred to air-
tight bottles and stored at 4 °C until the analytical measurement and DNA extraction had 
been started. 
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2.2.2. Incubation 

Approximately 9.5 ml of groundwater was transferred into 20 ml glass vials with 0.5 
ml of lactate (89 mM) as electron donor. The vials were inoculated with 100 μl of 
4.0×106 cells/ml E. coli strain NIHJ (NBRC 14237), cultured in LB medium. The vials 
are sealed with teflon-lined rubber septa, and aluminum crimped caps. Then they were 
kept in 30 °C in shaking state for 14 days. Similar kind of culture preparation with the 
same ratio of corresponding components was prepared in 120 ml bottle where the total 
culture volume was 60 ml. 5 bottles of 60 ml volume culture was prepared for day 0 and 
day 4 as well. Number of E. coli used for the inoculation was calculated from the meas-
ured number of bacteria by nucleic acid staining method using fluorescence microscope 
(BX-50, OLYMPUS, Tokyo, Japan) and optical density at wavelength of 600 nm using a 
spectrophotometer (UV-1600; Shimadzu, Kyoto, Japan). Nucleic acid staining method 
was performed using Phosphate Buffered Saline (PBS) contained g/l of NaCl, 80.0; KCl, 
2.0; Na2HPO4, 11.5; KH2PO4, 2.0, and 5×SYBR Gold. E. coli culture was not added to 
some vials and used as negative control. All the vials were spiked with 30 μM PCE 
using a syringe. PCE (30 μM) was made with laboratory reagent of PCE (Kanto Chemi-
cal Co., Tokyo, Japan). 

2.2.3. Analytical methods 

Suspended solid (SS) and volatile suspended solid (VSS) obtained from groundwater 
were analyzed in YAMATO DVS-400 (Japan). Total organic carbon (TOC) analysis was 
performed using TOC-L analyzer (Shimadzu, Kyoto, Japan).  

Chlorinated ethene was analyzed by GC-14B (Shimadzu, Kyoto, Japan) equipped 
with a flame ionization detector (FID) and a column (30 m length × 0.25 mm i.d., 
VOCOL ™). Injection was performed using 250 μl syringes from headspace gas. The 
injector and detector temperatures were maintained at 100 °C and 160 °C, respectively. 
The column temperature was held at 40 °C. Identification and quantification were 
calculated by preparing the calibration curve with laboratory grade chlorinated ethene.  

2.2.4. E. coli detection 

Detection of E. coli was same to the description in 2.1.3.  

2.2.5. DNA extraction 

For DNA extraction with the aim to carry out DGGE and cloning, DNA was ex-
tracted from the experiment conducted with biostimulation of PCE contaminated MF 
with lactate addition and E. coli augmentation. In this connection DNA extraction was 
carried out from MF on day 0 and day 14 samples those prepared with the addition of 
lactate. For DNA extraction, the bigger culture preparation, as mentioned in “Incuba-
tion”, was taken. From 5 bottles, 300 ml of corresponding samples were centrifuged 
(12000 × g) for 15 min. Total DNA was extracted using ISOIL for Beads Beating DNA 
Extraction Kit (NIPPON GENE, Tokyo Japan) for the pellet of MF centrifuged follow-
ing the manufacture’s protocol. Extracted DNA was dissolved in TE buffer, and stored at 
-30 °C. 
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2.2.6. 16S rDNA amplification and DGGE analysis 

Methods for 16S rDNA amplification and DGGE analysis were similar to the de-
scription in 2.1.5. 

2.2.7. 16S rDNA amplification and clone library analysis 

Bacterial 16S rDNA gene was amplified by PCR with a set of universal primers 10F 
(5’-AGAGTTTGATCCTGGCTCAG-3’) and 1500R (5’-GGYTACCTTGTTACGACTT-
3’). PCR mixtures (50 μl of total) contained 2.5 μl of 10 μM of 10F and 1500R primers, 
13 μl of 5 × PCR Green Go Taq Flexi Buffer, 5.0 μl of 2.0 mM dNTP, 21.75 μl of sterile 
Milli Q water, 5.0 μl of DNA template, and 0.25 μl of Go Taq Hot Start Polymerase. 
Initial denaturation at 95 °C for 2 min, 21 cycles of denaturation at 95 °C for 30 sec, 
primer annealing at 50 °C for 1 min and extension at 72 °C for 1.5 min were performed 
followed by a final extension step at 72 °C for 10 min. 

The PCR products were purified using a PCR purification kit (GL Science, Japan) 
before amplicons were inserted into the pCR4-TOPO cloning vector using a TOPO TA 
Cloning Kit for Sequencing (Invitrogen, USA) according to the manufacture’s recom-
mendations. Clones were picked at random and grown overnight in LB plate media 
containing 50 μl/ml of kanamycin. Twenty clones were picked for day 0 sample and 23 
for day 14 sample, respectively. Colony direct PCR was done using primers T3  
(5’-AACCCTCACTAAAGGGAA-3’) and T7 (5’-TAATACGACTCACTATAGGG -3’). 
The PCR products were purified before sequencing. 

2.2.8. Sequence analysis 

Method for sequence analysis was similar to the description in 2.1.6.  

3. Results and discussion 

3.1. Bioaugumentation experiments 

3.1.1. Biodegradation profile of cis-1,2-DCE 

     As regards the analytical study, in case of preparation 1, where the culture was 
prepared with the collected soil, cis-1,2-DCE, and Clostridium strain DC-1; cis-1,2-DCE 
degradation was observed from day 3 and degradation reached at its maximum point at 
day 5. From day 6 on, analytical graph showed a steady line until day 14 (Fig 1).  
In case of preparation 2, where the culture was prepared with the collected soil, cis-1,2-
DCE, Clostridium strain DC-1, and 1.5x103 cells/ml of E. coli, similar degradation 
profile was observed like that of preparation 1, that is degradation was observed from 
day 3 and degradation reached at its maximum point at day 5. From day 6 on, analytical 
graph showed a steady line until day 14. 
     In case of preparation 3, where the culture was prepared with the collected soil, cis-
1,2-DCE without addition of Clostridium strain DC-1 and E. coli, the analytical data 
showed no degradation with a steady state curve from day 0 to day 14 [Data not shown]. 
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In case of preparation 4, where the culture was prepared with the collected soil being 
autoclaved, and cis-1,2-DCE without addition of Clostridium strain DC-1 and E. coli, 
analytical profile showed similar data as observed in case of preparation 3 [Data not 
shown]. 
     This finding suggested, it was the Clostridium strain DC-1 that caused the cis-1,2-
DCE degradation in presence with other microbial community. 
     In the analytical study, preparation 2 where the culture was prepared with the col-
lected soil, cis-1,2-DCE, Clostridium strain DC-1, E. coli, the cis-1,2-DCE degradation 
profile was as same as in case of preparation 1 (Fig 1). This result suggested that the 
degrading activity of Clostridium strain DC-1 was not inhibited by the presence of E 
coli.  
 

 

Fig. 1  Biodegradation profile of cis-1,2-DCE by Clostridium strain DC-1 in the presence of 
indigenous microorganisms and with or without Escherichia coli. 

 Filled circle represents soil + cis-1,2-DCE + Clostridium strain DC-1 and filled 
diamond means soil + cis-1,2-DCE + Clostridium strain DC-1 + Escherichia coli. 

3.1.2. DGGE profile 

As regards the DGGE result, in case of preparation 1 (Fig 2) followed by the set up 
with the culture containing the collected soil, cis-1,2-DCE, and Clostridium strain DC-1, 
few dominant bands have been obtained for day 1, day 3, day 5, and day 14 as indicated 
in lane 2, lane 3, lane 4, lane 5 and lane 6 respectively (Fig 2). For each of these days, 
band 5, band 10, band 15, band 20, and band 25 were exactly at the same position as 
compared with the band 26 in lane 7 which represented the band for the Clostridium 
strain DC-1. It indicated that these bands represented DC-1 and the existence of DC-1 
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was observed throughout the experimental period. The band pattern of DC 1in lane 2 
(band 5) was found to be similar with the band pattern of DC 1 in lane 6 (band 25). Band 
10 was detected as in little more dominant pattern and band 15 was detected as in most 
prominent and dominant pattern. Lane 1 that represented the indigenous microbial 
community in the collected soil without being added in the experimented culture media 
did not provide any bands as dominant. 

As regards the other bands, in case of lane 2, lane 3, and lane 4, that were represented 
as day 1, day 3, and day 5 respectively, four dominant bands were observed in same 
position in each lane. They are band 1, 2, 3, and 4 (Lane 2); band 6, 7, 8, and 9 (Lane 3); 
and band 11, 12, 13, and 14 (Lane 4). In case of lane 5 and lane 6, represented as day 10 
and day 14 respectively, different dominant band pattern was observed from the other 
lanes. In these two lanes also, four dominant bands were observed in same position in each 
lane. They are band 16, 17, 18, and 19 (Lane 5); band 21, 22, 23, and 24 (Lane 6). 

DGGE was also conducted in case of preparation 2, where the culture was prepared 
with the collected soil, cis-1,2-DCE, Clostridium strain DC-1, and 1.5x103 cells/ml of E. 
coli (Fig 3). DGGE in this case was conducted with the sample of day 1, day 3, day 5, day 
10, and day 14 of preparation 2, as represented in lane 1, lane 2, lane 3, lane 4, and lane 5 
respectively. In Fig 3, lane 6 represented as Clostridium strain DC-1 that was in similar 
position as in the other lane where the DC-1 band pattern was observed. The band patterns 
representing DC 1 in Fig 3 are similar with the band patterns representing DC1 in Fig 2.  

 

                                  

Fig. 2  DGGE analysis for amplified DNA extracted at individual sampling days of the 
experimental period for preparation 1 where the examined culture was prepared 
with the collected soil, cis-1,2-DCE, and Clostridium strain DC-1. 

  Lane 1: The collected soil, Lane 2: day 1, Lane 3: day 3, Lane 4: day 5, Lane 5: 
day 10, Lane 6: day 14, and Lane 7: Clostridium strain DC-1 
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Fig. 3  DGGE analysis for amplified DNA extracted in individual day of the experimental 
period for preparation 2 where experimented culture was prepared with the col-
lected soil, cis-1,2-DCE, and Clostridium strain DC-1 and E. coli. 

 Lane 1: day 1, Lane 2: day 3, Lane 3: day 5, Lane 4: day 10, Lane 5: day 14, Lane 
6: Clostridium strain DC-1, and Lane 7: E. coli. 

3.1.3. Sequence analysis 

Sequence analysis was conducted with the dominant bands obtained from the DGGE 
of preparation 1 (Fig 2), and sequences of the dominant bands are shown in Table 1.  

For day 1, band 1, 2, 3, 4, and 5 showed 98%, 99%, 98%, 98%, and 100% homology 
respectively to Clostridium species. For day 3, bands 6, 7, 8, 9, and 10 showed 98%, 
99%, 100%, 99%, and 100% homology respectively to Clostridium species. For day 5, 
bands 11, 12, 13, 14, and 15 showed 98%, 99%, 100%, 96%, and 100% homology 
respectively to Clostridium species. For day 10, bands 16, 19, and 20 showed 98%, 98%, 
and 100% homology respectively to Clostridium species and bands 17 and 18 showed 
96% and 97% homology to Bacillus species and Eubacterium species, respectively. 

 For day 14, bands 21, 24, and 25 showed 98%, 98%, and 100% homology respec-
tively to Clostridium species and bands 22, and 23 showed 95% and 97% homology to 
Bacillus species and Eubacterium species, respectively. 
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Tab. 1  Phylogenetic affiliation of 16S rDNA fragments retrieved in this study (band num-
bering refers to the DGGE gel in Fig. 2) 

 
     Sequence analysis (Table 1) from DGGE (Fig 2) mostly provided dominance of some 
other Clostridium species. It might due to the Clostridium supporting culture medium 
that was utilized in the study. But since the control preparation 3 showed no degradation 
of cis-1,2-DCE, we are assuming that these dominant ones might not contribute in 
degradation in this regard. 

Band 
number 

Sample Microorganism Homology 
(%) 

Phylum 

1  
Day 
 1 
 
 

Clostridium sp. 98% Firmicutes  

2 Clostridium sp. 99% Firmicutes  

3 Clostridium butyricum 98% Firmicutes  

4 Clostridium sp. 98% Firmicutes  

5 Clostridium beijerinckii 100% Firmicutes  

6  
Day 

3 

Clostridium sp. 98% Firmicutes  

7 Clostridium sp. 99% Firmicutes  

8 Clostridium butyricum 100% Firmicutes  

9 Clostridium sp.  99% Firmicutes  

10 Clostridium beijerinckii 100% Firmicutes  

11  
Day 

5 
 

Clostridium sp. 99% Firmicutes  

12 Clostridium sp. 98% Firmicutes  

13 Clostridium sp. 99% Firmicutes  

14 Clostridium sp.  96% Firmicutes  

15 Clostridium beijerinckii 100% Firmicutes  

16  
Day 
10 
 

Clostridium sp.  98% Firmicutes  

17 Bacillus sp.  96% Firmicutes  

18 Eubacterium tarantel-
lae  

97% Firmicutes  

19 Clostridium sp.  98% Firmicutes  

20 Clostridium beijerinckii 100% Firmicutes  

21  
Day  
14 

Clostridium sp.  98% Firmicutes  

22 Bacillus sp.  95% Firmicutes  

23 Eubacterium tarantel-
lae  

97% Firmicutes  

24 Clostridium sp.  98% Firmicutes  

25 Clostridium beijerinckii 100% Firmicutes  

26 DC-1 Clostridium beijerinckii 100% Firmicutes  
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3.1.4. Pour plate study 

For the three preparations of pour plate three different profiles of E. coli growth was 
obtained (Table 2).  

Pour plate result was observed with no E. coli growth when the preparation was con-
ducted in association with Clostridium strain DC-1 and the soil indigenous microbes, at 
around day 4. From this result we hypothesized that DC-1 might have contributed in 
decreasing the E. coli growth along with the indigenous microbial community. Results 
from the other two pour plate preparations; pour plate 2 and pour plate 3 supported this 
finding. 

Tab. 2    Result of pour plate study 

Preparations of 
pour plate 

Growth of E. coli, cfu/ml 

Day 0 Day 4 Day 7 Day 10 Day 14 

Plate 1: 
cis-1,2-DCE, E. coli, 
soil, and Clostridium 
sp. DC-1. 

4×102  No 
 colony    

Plate 2: 
cis-1,2-DCE, E. coli, 
and soil  

1.2×102  2×10  No  
colony   

Plate 3: 
cis-1,2-DCE and E. 
coli  

5.8×10  1.7×105  3.2×105  5.4×103  No  
colony 

 

3.2. Bioaugumentation experiments 

3.2.1. Chemical characters of groundwater 

Chlorinated ethylene concentration at the time provided after sampling was detected 
in TCE 34.9 mg/Land cis-DCE 12.6 mg/L. The pH was within the range of water quality 
standard at 7.82. TOC was slightly higher with the value at 4.57 mg/l. SS and VSS were 
shown to be less organic matter in groundwater at 2753 mg/l and 255 mg/l, respectively 
but with higher turbidity. Even though this groundwater sample initially was thought to 
be in an unfavorable condition for the growth of microorganisms, but later the growth of 
microbes during the experiment opposed the initial thinking. 

3.2.2. Dechlorination activity 

Ground water sample that was subject to natural attenuation and later incorporated 
with PCE after collection showed dechlorination from PCE to cis-DCE for 14 day (Fig. 
4). cis-DCE was increased gradually from 1.0 mg/L to 2.3 mg/L, but VC and ethene was 
not detected even after 96 day (data not shown). MF added with lactate was also showed  
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                A 

 
                 B 

 
            C 

Fig. 4  Reductive dechlorination of PCE (filled circles) and TCE (filled squares) to cis-1,2-
DCE (filled triangles) in the groundwater.  

 A: natural attenuation, B: lactate addition, and C: lactate and E. coli. Data are 
shown as averages (symbols) and ranges (bar) of duplicate results. 
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dechlorination from PCE to cis-DCE for 14 day (Fig. 4). cis-DCE was increased from 
1.1 mg/L to 3.0 mg/L. Dechlorination activity of MF was slightly higher than natural 
attenuation due to the addition of lactate. But VC and ethene was not detected even after 
96 days (data not shown). MF inoculated with E. coli was showed dechlorination from 
PCE to cis-DCE for 14 days, but dechlorination rate is different (Fig. 4).  

Inoculated E. coli has reached at final concentration of 4.7 × 106 cells/ml by calcu-
lated from the OD 600 and nucleic acid staining method when cis-DCE was increased 
from 1.0 mg/L to 3.1 mg/L. It indicated that, inhibition of dechlorination activity by E. 
coli was not happened. These results suggested, activity inhibition of contaminated 
groundwater in presence of hygiene indicator bacteria was proved not to be happened.  

 

3.2.3. Detection of Escherichia coli  

MF in the state of natural attenuation was detected with E. coli of 2.2 × 106 cells/ml 
at day 0. At day 14, E. coli was not detected (Table 3). This result showed during the 
dechlorination of groundwater contaminated chlorinated ethene followed by natural 
attenuation, hygiene indicator bacteria cannot survive. In case of the experiment con-
ducted with addition of lactate was detected with E. coli of 2.3 × 106 cells/ml at day 0. 
At day 14, 6.0 × 103 cells/ml of E. coli, at day 23, 2.0 × 103 cells/ml of E. coli and at day 
32, 1.6 × 103 cells/ml of E. coli were detected (Table 3). This result showed, during the 
dechlorination of groundwater contaminated chlorinated ethene followed by biostimula-
tion, hygiene indicator bacteria decline gradually. 

Tab. 3 Colony measurement of E. coli by desoxycholate media of MF sam ples which were 
inoculated with E. coli of 4.7 x 106 cells/ml 

 
Conditions of sample Time 

(day) 
Number of colonies 

(cfu/ml) 
Sample without E. coli inoculation 0 0 

Natural attenuation 0 2.2 × 106 

 14 0 

Addition of lactate 0 2.3 × 106 

 14 6.0 × 103 

 23 2.0 × 103 

 32 1.6 × 103 

3.2.4. DGGE and sequence analysis 

In DGGE, one band was observed for the sample from day 0 and eight bands were 
observed for the sample from day 14 (Fig. 5). Microbial community prior to inoculation 
of E. coli detected genus such as Comamonas, Polaromonas Variovorax, Geobacter, 
Rhodoferax, Acidovorax with more than 97% homology. Band pattern of day 0 detected 
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Fig. 5  DGGE analysis for amplifies DNA extracted in MF inoculated for E. coli of cultiva-
tion day 0 and day 14.Sequences data are shown in Table 4. 

 
strongly one band with the same position as well as band representing E. coli in lane 3. 
This is due to much amount of E. coli inoculation in day 0. For lane 3, DNA of E. coli 
was extracted from LB medium culture of 100 μl. Sequence analysis showed band 
number 1 has 100% homology to E. coli (Table 4). Band pattern of day 14 was detected 
seven bands other than the band in position of E. coli (Band 5). Fluorescence intensity of 
the band of E. coli (band number 5) was quite thin in comparison with band of day 0. 
Band number 4 showed strongest fluorescence intensity was affiliated with the Pseudo-
monas putida. The most dominant species at before or after dechlorination of MF was 
changed from E. coli to Pseudomonas putida. Band numbers 6, 7, 8 and 9 showed a 
significant percent homology with the Clostridium species. Since some species of genus 
Clostridium were reported as dechlorinating bacteria [29, 33, 34], these genus Clostri-
dium grown as a dominant species during dechlorination were considered possibility 
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degrading bacteria for PCE and TCE. Consequently, E. coli showed to have less impact 
upon the growth of other microorganisms, at the same time, number of E. coli was found 
to be reduced. 

Tab. 4    Phylogenetic affiliation and homology to the closest relative of amplified DNA 
sequence excised from DGGE gel 

Time 
(day) 

Band no. Microorganisms Homology (%) 

0   
1 

 
Escherichia coli 

100 

14   
2 

 
Anaerosinus glycerini 

96 

 3 Pseudomonas putida 100 
 4 Pseudomonas putida 99 
 5 Escherichia coli 100 
 6 Clostridium crotonatovorans 99 
 7 Clostridium baratii 98 
 8 Clostridium vincentii 98 
 9 Clostridium magnum 100 

3.2.5. Clone library analysis  

Result of clone library also supported DGGE result by providing the data where only 
E. coli was detected in case of day 0 sample. Sample of day14 after dechlorination was 
detected with the dominance of Pseudomonas putida, Desulfosporosinus meridiei, and 
Clostridium species in addition to E. coli (Table 5). Previously Pseudomonas putida has 
been studied as a microbe containing dehalogenase [35]. Pseudomonas putida is also 
being explored as dehalogenator in several recent studies [36, 37]. Besides members of 
the genus Desulfosporosinus are sulfate-reducing bacteria, often found in microbial 
communities associated with mining environments and involved in the bioremediation of 
metal-contaminated water and sediments [38, 39]. In these environments, enriched with 
SO4

2−, sulfate reduction contributes to precipitation of metal sulfides and thereby the 
immobilization of toxic metals. 

Tab. 5  Phylogenetic affiliation and homology to the closest relative of amplified DNA 
sequence selected from clone library 

Time 
(day) 

OTU 
(>97%) 

Clone
no. 

Microorganisms Homology (%) 

0 1 24 Escherichia coli 100 

14 

2 19 Pseudomonas putida 100 
3 2 Escherichia coli 100 
4 1 Desulfosporosinus 

meridiei 
99 

5 1 Clostridium crotonatovo-
rans 

98 

6 1 Clostridium populeti 96 
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4. Conclusion 

Public concern if local government or company try to remediate contaminated sub-
surface using the power of microorganisms, both in cases of bioaugmentation and 
biostimulation, is what happens on pathogen in soil or groundwater. We would like to 
answer of the query using E. coli as a typical model hygienic microorganism and per-
formed bioaugmentation and biostimulation experiments in laboratory scale and finally 
obtained the following conclusion. 

Experiment with addition of E. coli showed that dechlorinating activity of DC-1 was 
not inhibited by the presence of E. coli. Pour plate experiment with DC-1 and E. coli 
revealed that the dominance of Clostridium species caused the decrease of E. coli growth 
in a bioremediation state. Experiment conducting with E. coli suggested that the strain in 
the contaminated site did not inhibit the degradation of cis-1,2-DCE and during the 
degradation period, rather some other Clostridium species became dominant and the 
growth of E. coli was decreased. 

In biostimulation experiment, we showed the state of dechlorination activity and be-
havior of microbial structure by the addition of E. coli as hygiene indicator bacteria in 
contaminated groundwater sample. Dechlorination took place similarly both with and 
without addition of E. coli. It indicated that, inhibition of against dechlorinating activity 
of corresponding dechlorinating bacteria was not happened by E. coli. Structural change 
of bacterial community was analyzed both before and after dechlorination using denatur-
ing gradient gel electrophoresis (DGGE) and clone library. Result of DGGE detected E. 
coli only at day 0. Sample of day 14 after dechlorination detected Pseudomonas putida, 
Anaerosinus glycerini, and Clostridium genus but no E. coli. Result of clone library also 
showed the identical profile. Detection of E. coli using desoxycholate media was de-
crease from 2.3 × 106 cells/ml to 6.0 × 103 cells/ml during day 14. These results suggest 
that biostimulation of groundwater contaminated by chlorinated ethene in presence of 
hygiene bacteria caused the dechlorination without activity inhibition and decrease of 
dechlorinating bacteria in association with a suppress in hygiene bacterial growth. 

Acknowledgement 

We gratefully acknowledge Panasonic Environmental System and Engineering Co. 
Ltd, for providing groundwater sample used in this study. We also express our special 
thanks to Professor Fuseng Li, River Basin Research Center, Gifu University, for sup-
porting part of this work. 

References 

[1] The Encyclopedia of Earth. Encyclopedia of Earth Industrial uses of perchloroethylene 
http://www.eoearth.org/article/Industrial_uses_of_perchloroethylene?topic=49574
Agency for Toxic Substances and Disease Registry (ATSDR) (1997) Toxicological 
Profile for Trichloroethylene (Update). U.S. Public Health Service, U.S. Depart-
ment of Health and Human Services, Atlanta, GA  



722 A.BHOWMIK, K. ISHIMURA, K. NAKAMURA, K. TAKAMIZAWA 

[2] Environmental fact sheet; New Hampshire Department of Environmental services 
http://des.nh.gov/organization/commissioner/pip/factsheets/ard/documents/ard-ehp-8.pdf 

[3] Bradley P (2003) History and ecology of chloroethene biodegradation: A review. 
Biorem J 7:81–109 

[4] Hylckama V, Vlieg J, Janssen B (2001) Formation and detoxification of reactive 
intermediates in the metabolism of chlorinated ethenes. J. Biotechnol 85(2): 81-102 

[5] Fathepure B, Nengu J, Boyd S (1987) Anaerobic bacteria that dechlorinate perchlo-
roethene. Appl Environ Microbiol 53:2671–2674 

[6] McCarty P (1997) Breathing with chlorinated solvents. Science 276:1521–1522 

[7] Fantroussi S, Naveau H, Agathos S (1998) Anaerobic dechlorinating bacteria. 
Biotechnol Progr 14:167–188 

[8] Smidt H, Vos W (2004) Anaerobic microbial dehalogenation. Ann Rev Microbiol 
8:43–73 

[9] DiStefano T (1999) The effect of tetrachloroethene on biological dechlorination of 
vinyl chloride: potential implication for natural bioattenuation. Water Res 
33(7):1688–1694 

[10] Major D, McMaster M, Cox E, Edwards E, Dworatzek S, Hendrickson E, Starr M, 
Payne J, Buonamici L (2002) Field demonstration of successful bioaugmentation to 
achieve dechlorination of tetrachloroethene to ethene. Environ Sci Technol 36 
(23):5106–5116 

[11] Semprini L (1997) Strategies for the aerobic co-metabolism of chlorinated solvents. 
Curr Opin Biotechnol 8(3):296–308 

[12] Maggy M, Veronica M, Jacques T (2006) Abundance of pathogenic Escherichia 
coli, Salmonella typhimurium and Vibrio cholerae in Nkonkobe drinking water 
sources. Journal of Water and Health 04.3  

[13] Frank J, Donald E, Douglas R (2002) PCR detection of Specific Pathogens in 
water: A Risk-Based Analysis Environ Sci Technol 36 (12):2754–2759 

[14] Paul J (2006) A New Augmentation Method for Bioremediation of Pathogenic 
Bacteria-Contaminated Water and Sludge. American Society of Clinical Patholo-
gists. Nova Biologicals, Inc, Conroe, TX 

[15] Xiaoren T, Yasuhiko N, Hai-Ou L, Mingdi Z, Hui G, Akiko F, Osamu S, Tomohi-
ko O, Kazushige Y (1994) The optimization of preparations of competent cells for 
transformation of E. coli. Nucleic Acids Research 22(14):2857-2858 

[16] Rahm BG, Chauhan S, Holmes V F, Macbeth T W, Sorenson K S, Alvarez-Cohen L 
(2006) Molecular characterization of microbial populations at two sites with differ-
ing reductive dechlorination abilities. Biodegradation 17: 523-534  

[17] Sharma P K, McCarty P L Isolation and characterization of a facultatively aerobic 
bacterium that reductively dehalogenates tetrachloroethene to cis-1,2-
dichloroethene. Appl Environ Microbiol 62: 761-765 (1996) 

 



 INFLUENCE OF ESCHERICHIA COLI ON BIOAUGUMENTATION AND BIOSTIMULATION 723 

[18]  Lowe M, Madsen E L, Schindler K, Smith C, Emrich S, Robb F, Halden R U 
(2002) Geochemistry and microbial diversity of a trichloroethene-contaminated 
Superfund site undergoing intrinsic in situ reductive dechlorination. FEMS Micro-
biol Ecol 40: 123-134  

[19]  Miller T R, Franklin M P, Halden R U(2007) Bacterial community analysis of 
shallow groundwater undergoing sequential anaerobic and aerobic chloroethene bi-
otransformation. FEMS Microbiol Ecol 60: 299-311  

[20]  Nemir A, David M M, Perrussel R, Sapkota A, Simonet P, Monier J M, Vogel T M 
(2010) Comparative phylogenetic microarray analysis of microbial communities in 
TCE-contaminated soils. Chemosphere 80: 600-607  

[21]  Macbeth T W, Cummings D E, Spring S, Petzke LM, Sorenson K S (2004) Mole-
cular characterization of a dechlorinating community resulting from in situ biosti-
mulation in a trichloroethene-contaminated deep, fractured basalt aquifer and com-
parison to a derivative laboratory culture. Appl Environ Microbiol 70:7329-7341  

[22] Bhowmik A, Asahino A, Shiraki T, Nakamura K, Takamizawa K (2009) In situ 
study of tetrachloroethylene bioremediation with different microbial community 
shifting. Environmental Technology 30(14):1607–1614 

[23] Lee J, Lee TK, Löffler FE, Park J (2010) Characterization of microbial community 
structure and population dynamics of tetrachloroethene-dechlorinating tidal mudflat 
communities. Biodegradation 22: 687-698  

[24]  Aydin A (2007) The microbiological and physico-chemical quality of groundwater 
in West Thrace, Turkey;Polish. J of Environ. Stud 16(3): 377-383 

[25] TA cloning protocol" (2009) Durham, New Hampshire, USA: Hubbart Center for 
Genomic Studies. 

[26] Hazen T C, Faybishenko B, Beller H R, Brodie E L, Sonnenthal E L, Steefel C, 
Larsen J, Conrad M E, Bill M, Christensen J N, Brown S T, Joyner D, Borglin S E, 
Geller J T, Chakraborty R, Nico P S, Long P E, Newcomer D R, Arntzen E (2011) 
The Smithsonian/NASA Astrophysics Data System. Comparison of field ground-
water biostimulation experiments using polylactate and lactate solutions at the 
Chromium-Contaminated Hanford 100-H Site. American Geophysical Union, Fall 
Meeting  

[27] Bhowmik A, Ishimura K, Nakamura K, Takamizawa K (2012) Degradation activity 
of Clostridium species DC-1 in the cis-1,2-dichloroethylene contaminated site in 
the presence of indigenous microorganisms and Escherichia coli. J Mater Cycles 
Waste Management 14:212-219 

[28] Bhowmik A, Ishimura K, Nakamura K, Takamizawa K (2013) Microbial dynamics 
in the process of restoration of groundwater contaminated by chlorinated ethene in 
the presence of Escherichia coli. J Mater Cycles Waste Management 15:335-341 

[29] Hata J, Miyata N, Kim E, Takamizawa K, Iwahori K (2004) Anaerobic Degrada-
tion of cis-1,2-Dichloroethylene and Vinyl Chloride by Clostridium sp. Strain DC-
1 Isolated from Landfill Leachate Sediment. JBB 97(3):196-201 

[30] Japanese Standard Association (JIS) (2000) K0102 



724 A.BHOWMIK, K. ISHIMURA, K. NAKAMURA, K. TAKAMIZAWA 

[31] Altschul S , Madden T , Schäffer A , Zhang J, Zhang Z, Miller W, Lipman D 
(1997) Gapped BLAST and PSI-BLAST: a new generation of protein database 
search programs. Nucleic Acids Res 1:25(17):3389-3402 

[32] Thompson J, Higgins D, Gibson T (1994) CLUSTAL W: improving the sensitivity 
of progressive multiple sequence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice. Nucleic Acid Res 22:4673-4680 

[33] Chang Y C, Okeke B C, Hatsu M, Takamizawa K (2001) In vitro dehalogenation of 
tetrachloroethylene (PCE) by cell-free extracts of Clostridium bifermentans DPH-1. 
Bioresour Technol 78: 141-147  

[34] Kim E-S, Nomura I, Hasegawa Y, Takamizawa K (2006) Characterization of  
a newly isolated cis-1,2-dichloroethylene and aliphatic compound-degrading bacte-
rium, Clostridium sp. Strain KYT-1. Biotechnology and Bioprocess Engineering 
11:553-556 

[35] Andrew J W, Alison L W, Howard S J (1982) Stereospecificity of  
2-Monochloropropionate dehalogenation by the two dehalogenases of Pseudomo-
nas putida PP3: Evidence for Two Different Dehalogenation Mechanisms. J Gen 
Microbiol 128(8):1755-62 

[36] Garg S K, Tripathi M, Kumar S, Singh S K (2012) Microbial dechlorination of 
chloroorganics and simultaneous decolorization of pulp-paper mill effluent by 
Pseudomonas putida MTCC 10510 augmentation. Environ Monit Assess 
184(9):5533-44 

[37] Garg S K, Tripathi M, Singh S K, Singh A (2012) Pentachlorophenol dechlorina-
tion and simultaneous Cr(6+) reduction by Pseudomonas putida SKG-1 MTCC 
(10510): characterization of PCP dechlorination products, bacterial structure, and 
functional groups. Environ Sci Pollut Res Int 

[38] Moreau J W, Zierenberg R A, Banfield J F (2010) Diversity of dissimilatory sulfite 
reductase genes (dsrAB) in a salt marsh impacted by long-term acid mine drainage. 
Appl Environ Microbiol 76(14):4819-28 

[39] Eva-Maria B, Sebastian B, Denise M. A, Georg B, Kirsten K (2011) Heavy Metal 
Tolerance of Fe(III)-Reducing Microbial Communities in contaminated Creek Bank 
Soils. Appl Environ Microbiol 77(9): 3132–3136 

 


	05_Rozdzial
	00_Bhowmik_INFLUENCE


