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 Organochlorine compounds are released in the environment by many 

sources such as industrial pollution (polychlorinated biphenyls-PCBs), 

naturally in marine sponge’s metabolism (halomethanes, chloroethenes, 

chloroacetic acids, chlorophenols) or agricultural application (organo-

chlorine pesticides). These compounds can have carcinogenic and lethal 

effects on human. Hence, it becomes significant concern, especially in 

Vietnam where high concentration of organochlorine residue has been 

detected in environment. Recently, interest in the microbial biodegrada-

tion of pollutants has intensified as effective applications to find sustaina-

ble ways to clean up contaminated environments. Understanding how 

microbial communities metabolize and respond to contaminants is the key 

to predicting contaminant fate at contaminated sites in bioremediation. 

The organohalide respiration process under anaerobic conditions in-

volves a consortium of many microorganisms working together with com-

plex relationships known as syntrophy. Syntrophic relationship, such as 

those observed between fermentative bacteria and methanogens, is an 

obligate form of mutualism in which both partners are dependent on each 

other. Syntrophic interactions are a unique niche in nature and play an 

important role in carbon cycling under anoxic conditions. Associations of 

syntrophic fermentative organisms and partners that consume fermenta-

tion products contribute to the anaerobic biodegradation of organochlo-

rines. Addition of substrates that ferment to H2 to stimulate reductive 

dechlorination has been demonstrated to be effective in bioremediation 

applications.  However, due to changes in community structure and diffi-

culties in studying the function of individual populations in defined cul-

ture, understanding of syntrophic interactions is still limited. 
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1 INTRODUCTION 

Halogenated hydrocarbons have been applied in 

industry and agriculture as solvents, pesticides and 

preservatives with high amount and long term led 

to their accumulation in the environment. Organo-

chlorine compounds are released in the environ-

ment by many sources such as industrial waste, 

naturally in marine sponge’s metabolism or agri-

cultural application (pesticides) (Max and Bossert, 

2003). Organochlorine compounds have divergent 

and useful chemical properties and are widely used 

as solvents (e.g. chloroform, dichloromethane, di-

chloroethene, trichloroethene (TCE), and tetrachlo-

roethene [perchloroethene; PCE]); polymers (e.g. 

polyvinylchloride); insulators (e.g. polychlorinated 
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biphenyls [PCBs]); and pesticides (e.g. pentachlo-

rophenol [PCP], and hexachlorobenzene) (Mohn 

and Tiedje, 1992; Max and Bossert, 2003). In addi-

tion, some compounds such as polychlorinated 

dibenzo- p -dioxins (PCDDs) and dibenzo- p -

furans (PCDFs) are formed as unwanted by-

products of manufacturing and incineration pro-

cesses (Meharg and Osborn, 1995). These com-

pounds can have carcinogenic and lethal effects on 

human through an ability to concentrate in biota 

and magnify in the food chain (Reineke et al., 

2001). These chemicals also have considerable 

persistence in soils and sediment (Loganathan and 

Kannan, 1994). They are water insoluble, strongly 

associated with organic carbon and fine sediment, 

and have long half-lives. It has been shown that 

they exhibit a high persistence against aerobic bio-

degradation with half-live ranging from 5 to 20 

years in soil such as HCB, PCBs, dioxin (Barber et 

al., 2005; Torsten and Gabriele, 2016). The for-

mation of organochlorine in terrestrial environ-

ments is known to be tightly linked to the decom-

position of organic matter and processes of soil 

humus formation (Leri et al., 2007). Organochlo-

rine compounds have been classified among 150 

priority hazardous substances by the US Compre-

hensive Environmental Response, Compensation 

and Liability Act (CERLA) (ATSDR, 2015).  Ac-

cording to Ruth and Paul (2001), organochlorine 

compounds have adverse effects on reproductive 

and immune systems as well as human carcinogens 

due to their bioaccumulation in the food chain. 

Persistent organochlorine pesticides and PCBs 

were widely used in Vietnam since the 1960s in 

agriculture, industry and public health (Sinh et al., 

1999; MONRE, 2006). Though these compounds 

are officially banned in Vietnam, they are still de-

tected at high concentration in various environment 

(Sinh et al., 1999). Based on their use history, per-

sistent and physicochemical properties, organo-

chlorine compounds have been considered as an 

interesting chemical to study, especially in explor-

ing how to accelerate their degradation in environ-

ment by both physicochemical and biological 

methods. 

In recent years, interest in the microbial biodegra-

dation of pollutants has intensified as effective 

applications to find sustainable ways to clean up 

contaminated environments. Enhancing the growth 

of microbes might already be living at the contam-

inated site and to add specialized microbes have 

ability to degrade the contaminants become a 

common technique known as bioremediation. Re-

ductive dehalogenation is a rapid and effort way to 

detoxify chlorinated compounds. The complete 

degradation of organochlorine contaminants under 

anaerobic conditions involves a consortium of 

many microorganisms working together with com-

plex interrelationships (McCarty, 1997). Hence, 

this review focuses on organochlorine dechlorina-

tion in complex interaction among bacterial com-

munity in contaminated environment. 

2 ORGANOHALIDE DEHALOGENATION 

PROCESS 

For many halogenated compounds, reductive 

dehalogenation is the initial step in anaerobic bio-

degradation. There are two types of organohalide 

dehalogenation including hydrogenolysis and di-

haloelimination (Figure 1) (Dolfing, 2016). Car-

bon–chlorine bond breakage is mediated by 

dehalogenating enzyme systems i.e. dehalogenases, 

and three main mechanisms have been discovered: 

hydrolytic dehalogenases, oxygenolytic dehalogen-

ases and reductive dehalogenases atom. The former 

two enzymes replace the halogen substituent with a 

hydroxyl group derived from water and oxygen, 

whilst the latter replaces the halogen substituent 

with a hydrogen atom (Adrian and Löffler, 2016). 

Anaerobic respiration that uses halogenated hydro-

carbons as terminal electron acceptors is an elec-

tron transport-based energy conservation process 

known as organohalide respiration (Hug et al., 

2013). It has been known that molecular hydrogen, 

or formate, and acetate as electron donor and a 

halogenated compound as terminal electron accep-

tor apparently couple reductive dehalogenation to 

electrogenic energy conservation in organohalide 

respiration process (Figure 2) (Holliger and Schu-

macher, 1994). 
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Fig. 1: Examples of reductive dehalogenation of pentachloroethane to tetrachloroethane (Dofling, 2016) 

There are hydrogenolysis of pentachlorethane to 

tetrachloroethane (upper pathway) and dihaloelim-

ination of pentachloroethane to trichloroethene 

(middle pathway). In theory, both reactions can be 

coupled to energy conservation via organohalide 

respiration. The lower pathway shows dehydrohal-

ogenation of pentachloroethane to tetrachlorethene. 

This reaction does not consume reducing equiva-

lents, is not a reductive dehalogenation reaction, 

and can therefore not be coupled to organohalide 

respiration. 

 

 

Fig. 2: Hexachlorobenzene respiration process in mixed cultures (Alfán-Guzmán, 2016)  

In mixed cultures, organic electron donors, like 

lactate or ethanol yield H2 and volatile fatty acids 

such as acetate and propionate. These can then be 

used by organohalide-respiring bacteria (ORB) to 

perform reductive dechlorination (H2) and build 

biomass (acetate). organochlorines serve as elec-

tron acceptors. Reductive dechlorination generally 

involves the sequential replacement of chlorine 

atoms with hydrogen atoms. In reductive dechlo-

rination, ORB use chlorinated hydrocarbons as 

electron acceptors in energy-producing redox reac-

tions. 

3 ORGANOHALIDE-RESPIRING 

BACTERIA  

Organohalide-respiring bacteria are microbes ca-

pable of using an electron transport-based energy 

for growth from dehalogenation of halogenated 

compounds (Figure 2). These bacteria can reduce 

or eliminate toxicity or render the compounds more 

biodegradable, making this process important for 

the bioremediation of contaminated sites. ORB 

have been identified from many phyla including 

Proteobacteria, Firmicutes and Chloroflexi. While 

Proteobacteria and Firmicutes group are non-

obligated ORB, the Chloroflexi phylum has been 

confirmed to contain several isolates that have been 

shown to be related to obligate organohalide respi-

ration (Hug et al., 2013). The Chloroflexi phylum 

seems to be the most studied genus because of abil-

ity to degrade organochlorine compounds which 

have high toxicity and persistence in soil and sedi-

ments. Dehalococcoides mccartyi strains, strictly 

anaerobic bacteria, which are well-known bacteria 

can obtain energy by reductive dehalogenation of 

organic chlorinated compounds within the phylum 

H2 



Can Tho University Journal of Science   Vol. 54, No. 8 (2018): 70-80 

 73 

Chloroflexi. All described Dehalococcoides strains 

use hydrogen as an electron donor, acetate as car-

bon sources and halogenated aliphatic or aromatic 

compound as respiratory electron acceptor. For 

examples, strain 195 uses perchloroethene (PCE), 

1,2,3,4-tetrachlorodibenzo-p-dioxin and hexachlo-

robenzene (HCB) as electron acceptor in respira-

tion process (Maymo-Gatell et al., 1999; Fennell et 

al., 2004; Adrian et al., 2007) or strain CBDB1 has 

been shown to grow with HCB and dioxins (Adrian 

et al., 2000; Bunge et al., 2003) (Table 1). 

Table 1: Some well-known Dehalococcoides mccartyi isolates (modified from Löffler et al., 2013, 

Atashgahi et al., 2016) 

Strain Origin 
Electron 

acceptor* 

Major end 

products 

Electron acceptor 

range* 

RDase genes 

with assigned 

function catalytic 

activity   

Reference 

Dehalococ-

coides 

mccartyi 195 

Contami-

nated aqui-

fer 

PCE, TCE, 

cis-DCE, 

1,1-DCE 

VC, ethene 

1,2-DCA, 1,2- 

dibromoethane, 

PCBs, PCDDs, 

chlorinated 

naphthalenes, 

chlorobenzenes 

chlorophenols 

pceA PCE → 

TCE 

tceA TCE → VC 

Maymo-

Gatell et al. 

(1997) 

Fennell et al. 

(2004) 

Adrian et al. 

(2007) 

Dehalococ-

coides 

mccartyi 

CBDB1  

Saale Riv-

er sedi-

ment 

1,2,3,4-

TeCB 

1,2,3-TCB 

and 

1,2,4-TCB 

1,2,4-TCB 

1,3-DCB 

1,4-DCB 

Hexachlorobenzene, 

chlorobenzenes, 

chlorophenols, 

PCDDs, PCBs 

cbrA (1,2,3,4-

TeCB → 1,2,4-

TCB 

1,2,3-TCB → 1,3-

DCB) 

Adrian et al. 

(1998, 2000, 

2007, 2009)  

Bunge et al. 

(2003) 

Hölscher et 

al. (2003) 

Dehalococ-

coides 

mccartyi 

BAV1  

Contami-

nated aqui-

fer 

cis-DCE, 

trans-DCE, 

1,1-DCE, 

VC 

ethene 
1,2-DCA, vinyl 

Bromide 

bvcA DCEs, VC 

→ ethene 

He et al. 

(2002) 

* DCA, Dichloroethane; DCB, dichlorobenzene; DCE, dichloroethene; PCB, polychlorinated biphenyl; PCDD, poly-

chlorinated dibenzodioxin; PCE, tetrachloroethene; TCB, trichlorobenzene; TCE, trichloroethene; TeCB, tetrachloro-

benzene; VC, vinyl chloride 

4 DEPENDENCIES IN MICROORGANISM 

INTERACTION  

The organohalide respiration process under anaer-

obic conditions involves a consortium of many 

microorganisms working together with complex 

relationships (McCarty, 1997). There are two types 

of dependencies in microorganism interaction in-

cluding commensalism and mutualism. While 

commensalism is a relationship between two or-

ganisms where one organism benefits but the other 

gets neither harm nor benefit, mutualism is a bene-

ficial relationship to both partners of different spe-

cies. Syntrophic relationship, such as those ob-

served between fermentative bacteria and meth-

anogens, is an obligate form of mutualism in which 

both partners are dependent on each other. In all 

cases, syntrophic activities refer to the fact that the 

relationship is obligate and is different from what 

could occur when each microbe acts separately 

(Morris et al., 2013). 

The term of syntrophy was previously used to de-

scribe microbial cross-feeding as a cooperation that 

both partner involve in metabolic activity and can-

not overcome by adding a co-substrate or any type 

of nutrient (Schink, 1997), or a nutrient situation 

that two or more organisms catalyze a substrate 

that cannot be catalyzed by either one of them 

alone (Plugge et al., 2009). Syntrophic interactions 

are a unique niche in nature and play an important 

role in carbon cycling under anoxic conditions. 

Understanding how microbial communities re-

spond to and metabolize contaminants is a key to 

predicting contaminant fate at contaminated sites in 

bioremediation and to optimizing engineered bio-

remediation approaches (Becker et al., 2005). 

However, due to the changes of communities’ 

structure and difficult study in function of individ-

ual population in defined culture, understanding of 

interdependency interactions is restricted. Moreo-

ver, syntrophic interactions have developed un-

stoppably as a course of evolution – specialized 
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biochemical mechanisms changing to adapt to spe-

cific environment condition (Morris et al., 2013). 

For instance, in media without an electron accep-

tor, Desulfovibrio vulgaris can still survive by 

transferring H2, a waste product of lactate fermen-

tation, to Methanococus maripaludis and in return 

benefited from a chemical environment (a low H2 

concentration) in which lactate fermentation was 

thermodynamically favourable (Zhou et al., 2011). 

The genomic insight showed that syntrophic mi-

croorganisms can contain multiple copies of specif-

ic reductases, acyl-CoA synthases, and hydrogen or 

formate-evolving/producing dehydrogenases. De-

pending on environmental conditions, these bacte-

ria may be able to grow partner-free by fatty acid 

fermentation or disproportionation, or partner-

dependent by production of reduced electron carri-

er (McInerney et al., 2008). 

Microbial interactions are always complicated and 

challenging for researchers to approach biological 

system. Although individual strains can be well 

characteristic and highly potential in cleaning up 

contaminated compounds, the interactive mecha-

nisms within microorganism’s community play an 

important role in bioremediation. Therefore, a deep 

knowledge of interactions will need to be elucidat-

ed to have the best bioremediation method in con-

taminated sites. This review aims to provide an 

overview of the basic principle of dependencies in 

microbes and specific examples of metabolic coop-

eration in reductive organochlorine reaction in con-

taminated sites.  

5 SYNTROPHIC INTERACTION 

5.1 Classical examples of syntrophic 

interaction with different organic compounds  

The classical example of syntrophy is the microbe 

interaction in mixture of S-organism of Methano-

bacillus omelianskii culture on oxidizing ethanol to 

acetate and methane, which was investigated on 

biochemistry of methanogenesis by many research-

ers (Bryant et al., 1967). M. omelianskii was first 

isolated and described by Baker (1940). It was pro-

posed that M. omelianskii obtained energy from 

oxidizing ethanol to acetate. However, Bryant et al. 

(1967) revealed that M.omelianskii was unable to 

ultilize ethanol for growth or producing methane 

under hydrogen partial pressure of 0.5 atm. They 

proposed that two organisms involved in this pro-

cess in which a methanogen (Methanobacterium 

bryantii strain M.O.H) that utilizes H2 and CO2 for 

methane formation and an S-organism (stand for 

syntrophy) that oxidizes ethanol to acetate and H2. 

The first term of syntrophic relationship was men-

tioned in this research as microbial associations in 

which H2-producing organisms can grow only in 

the presence of H2-consuming organisms. Similar-

ly, other studies confirmed the syntrohic ethanol 

oxidizing process by Pelobacter strains and meth-

anogen (Eichler and Schink, 1985). Figure 3 pre-

sents the overall electron flow in anaerobic degra-

dation of organic matters under methanogenic and 

organohalide reducing conditions, as well as in 

microbial fuel cells. 

 

Fig. 3: Electron flow in anaerobic degradation of organic matter under different conditions  
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During dehalorespiration, bacteria couple reductive 

dehalogenation to a respiratory process for the gen-

eration of cellular energy. This energy yielding 

process utilizes the halogenated organic compound 

as the terminal electron acceptor while often mo-

lecular hydrogen (H2) or a short chain organic 

compound is used as the electron donor. This pro-

cess occurs under anaerobic conditions and 

dehalorespiring bacteria compete for electrons with 

other terminal electron accepting processes such as 

methanogenesis and sulfate reduction (modified 

from Max et al., 2012). 

Biebl and Pfennig (1978) coined the term 

syntrophy in a study of the interaction between 

phototrophic green sulfur bacteria and sulfur reduc-

ing bacteria during anaerobic photosynthesis. In 

this research, mix culture between Chlorobium 

strains and Desulfuromonas acetoxidans or Desul-

fovibrio desulfuricans with different organic com-

pounds as acetate, ethanol and propanol were car-

ried out. The sulfur or sulfate reducing bacteria 

reduce sulfur or sulfate to sulfide which subse-

quently serves as an electron donor for the green 

sulfur bacterium.  

The first syntrophic interaction identified in micro-

bial reductive dehalogenation was 3-

chlorobenzoate revealed by Mohn and Tiedje 

(1992) (Figure 4). Benzoate fermentation was 

shown to stall in the absence of two hydrogen-

otrophic microbes, one of which was the Desul-

fomonile tiedjei, and the other was a methanogen 

belonging to Methanospirillum genus. The 

syntrophic interaction between Desulfomonile tie-

djei and bacterium BZ-2 was maintained only 

when there was low hydrogen partial pressure. No 

competition for hydrogen between the Methanospi-

rillum genus and ORB was found. Only in combi-

nation could hydrogen formation from benzoate 

fermentation be stimulated (Mohn and Tiedje, 

1992). Up to date, some researches revealed rela-

tionship between ORB and partners with different 

substrates in which fermenters played a role as 

syntrophic partners in delivering hydrogen which 

was taking away by ORB used for dechlorination 

activity (Table 2).  

 

Fig. 4: Interaction between organohalide respiring bacterium Desulfomonile tiedjei and Methanospiril-

lum sp. in dechlorination of 3-chlorobenzoate (Mohn and Tiedje, 1992) 
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Table 2: Some examples of syntrophic growth of organohalide-respiring bacteria and their partners 

during reductive dehalogenation of organohalide compounds 

Electron donor microbe Electron acceptor microbe Substrate/Electron acceptor Reference 

Desulfomonile tiedjei   
Benzoate-fermenting rod 

BZ2 
Benzoate/3-chlorobenzoate 

Shelton and Tiedje 

(1984) 

Desulfovibrio desulfuri-

cans 

Dehalococcoides mccartyi 

strain 195 (formerly Deha-

lococcoides ethenogenes 

strain 195) 

Lactate/trichloroethene He et al. (2007) 

Acetobacterium woodii 
Dehalococcoides mccartyi 

strain 195 
Lactate/trichloroethene 

He et al. (2007) 

 

Desulfovibrio vulgaris 
Dehalococcoides mccartyi 

strain BAV1 and FL2 
Lactate/trichloroethene 

Men et al. (2011, 

2012) 

Geobacter sp. 
Dehalococcoides mccartyi 

strain 195 
Fumarate/tetrachloroethene Yan et al.  (2012) 

Syntrophomonas wolfei 
Desulfitobacterium frappieri 

TCE1 
Butyrate/trichloroethene Mao et al. (2015) 

Desulfovibrio fruc-

tosivorans 

PCB-dehalorespiring KFL 

culture contain Dehalobac-

ter sp. 

Lactate/tetrachloroethene Drzyzga et al. (2001) 

Clostridium sp. strain 

Ma13  
Dehalobacter sp. 

Starch-based plastic/4,5,6,7-

tetrachlorophthalide 
Naoko et al. (2013) 

Sporomusa ovata Clos-

tridium aceticum 

Desulfuromonas sp. strain 

BB1 

Acetate, tetrachloroethene, 

Ftrichloroethene, dichloroe-

thene 

He et al. (2002) 

Desulfovibrio sp. strain 

SULF1 

Desulfitobacterium frappieri 

TCE1 
Lactate/ trichloroethene Drzyzga et al. (2001) 

5.2 Enhanced dechlorination in co-culture and 

omics related to syntrophic growth 

The presence of syntrophic partners in organochlo-

rine respiring cultures can enhance dehalorespira-

tion rates up to 2 to 3 folds over that of ORB in 

isolation such as co-culture of ORB Dehalococ-

coides mccartyi strain 195 (DE195) with Desul-

fovibrio vulgaris (Men et al., 2012), D. mccartyi 

strain BAV1 and FL2 with Geobacter spp. (Yan et 

al., 2012), DE195 with Desulfovibrio desulfuricans 

and/or Acetobacterium woodii (He et al., 2007). 

Men et al. (2012) observed 102 significantly up or 

down regulated gene by transcriptomic analysis 

and 120 proteins expressed differently in the co-

culture of DE195 and D. vulgaris compared with 

DE195 isolation. The robust growth of DE195 in 

co-culture may result in hydrogen and acetate 

which were fermented by D. vulgaris, along with 

potential benefit from proton translocation, cobal-

amin-salvaging and amino acids biosynthesis  

(Men et al., 2012). Zhuang et al. (2014) carried out 

the study on impact of incomplete “Wood-

Ljungdahl” pathway, a crucial pathway for micro-

bial energy conservation under anaerobic condi-

tion, found in D. mccartyi genome. The results 

indicated that D. mccartyi strain 195 was inhibited 

in pure culture by CO accumulating as a by-

product from acetyl-CoA cleavage because of the 

lack of CO dehydrogenase in D. mccartyi strain 

195. By using 13C-labeling and bioinformatics 

analysis, they found out that bacteria and Achaea 

exist in consortia as CO-oxidizing organisms capa-

ble of gaining additional energy from coexist with 

D. mccartyi while enhancing the growth of D. 

mccartyi (Zhuang et al., 2014). Therefore, an unu-

sual syntrophic association was established. This 

study seems elucidated how other microorganism 

including sulfate-reducers, hydrogen-producers, 

acetogen, etc. robust the growth of D. mccartyi in 

co-culture and consortia in the aspect of energy 

conservation.   

Recent advances in genomics, transcriptomics and 

proteomics approaches have shed insights into the 

potential involvement of key genes and proteins in 

syntrophic interactions of mixed communities, fur-

ther enabling exploration of improved method for 

rapid and robust growth of ORB. Omics-type anal-

yses have widely been used in various ORB, such 

as members of Dehalococcoides (Morris et al., 

2013; Lee et al., 2012; Schiffmann et al., 2014; 

Kublik et al., 2015), Dehalobacter (Rupakula et 

al., 2014), Desulfitobacterium and Sulfurospirillum 

genera (Goris et al., 2015; Kruse et al., 2015). 

These studies mainly deal with elucidating possible 

roles of the membrane associated and cytoplasmic 

protein/protein complexes and electron carriers in 
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organohalide respiration process as well as other 

cellular key metabolisms, such as endogenous cor-

rinoid biosynthesis pathway and carbon fixation. 

Transcriptomics and proteomics have been applied 

to various syntrophically grown bacteria to gain 

insights into their metabolism. Model syntrophic 

organisms, such as Syntrophomonas wolfei, have 

been investigated in several proteomic studies 

(Schmidt et al., 2013; Sieber et al., 2014, 2015). 

The reverse quinone loop in S. wolfei cells grown 

with M. hungatei on butyrate for syntrophic reverse 

electron transfer model was previously reported 

and supported by proteomic level observations 

using the techniques such as denaturing 1D- and 

2D-PAGE or blue native PAGE followed by pep-

tide fingerprinting-mass spectrometry. During the 

syntrophic growth, greater than 100-fold up-

regulation of a membrane-bound Hyd2 hydrogen-

ase (Sieber et al., 2014) and the presence of a 

membrane bound formate dehydrogenase complex 

as well as a membrane-bound, iron-sulfur protein 

that may function as an EtfAB: menaquinone oxi-

doreductase and EtfAB2 (Schmidt et al., 2013) 

were revealed to give a broader view on an electron 

flow scheme during syntrophic butyrate oxidation. 

A further proteomic analysis employing a similar 

approach revealed that the most abundant proteins 

detected were GroEL and GroES chaperonins, a 

small heat shock protein, hydrogenases, proteins 

involved in beta-oxidation, and ATP synthesis 

(Sieber et al., 2015). The abundance of an unchar-

acterized, membrane-bound iron-sulfur oxidore-

ductase and EtfAB2 was proposed to be associated 

with electron transfer between acyl-CoA dehydro-

genases and membrane redox carriers. Further-

more, a zinc-dependent dehydrogenase with a 

GroES domain and other transcriptional regulators 

were revealed and postulated to be involved in the 

cellular responses to environmental stimuli or the 

physiological status (Sieber et al., 2015). 

Transcriptomic/proteomics-driven investigation of 

ORB on their syntrophic cooperation was some-

how lacking, except the recent report by Men and 

co-workers (Men et al., 2012). In their work, 

syntrophic interaction of Dehalococcoides etheno-

genes strain 195 with Desulfovibrio vulgaris Hil-

denborough as a co-culture, as well as D. vulgaris 

Hildenborough plus hydrogenotrophic methanogen 

Methanobacterium congolense as a tri-culture 

grown on lactate and TCE was investigated via 

both proteomic and transcriptomic approaches 

(Men et al., 2012). In the microarray transcriptom-

ics and the two-dimensional nanoES 2d LC-

MS/MS proteomics analyses of the co-culture 

compared to pure strain 195 revealed 102 genes 

and 120 proteins differentially expressed, respec-

tively. It was concluded that lactate fermentation of 

D. vulgaris Hildenborough as well as proton trans-

location, cobalamin-salvaging and amino acid bio-

synthesis was beneficial for improved growth of 

strain 195. The versatility of D. vulgaris in terms 

of its adaptation to various electron acceptors was 

previously studied using qRT-PCR and genome-

wide microarray transcriptomics (Scholten et al., 

2007; Plugge et al., 2010). Scholten et al. (2007) 

revealed a set of three genes that played an im-

portant role in lifestyle shift of D. vulgaris from 

syntroph to sulfate reducer including DVU2103, 

DVU2104 and DVU 2108. They also found out 

that almost all bacteria species known to have 

syntrophic relation with methanogen had homolo-

gies to this gene set such as Desulfuromonas ace-

toxidans, Pelobacter carbinolicus, Syntrophobac-

ter fumaroxidans, Syntrophus aciditrophicus, 

Thermoanaerobacter ethanolicus, and Thermo-

togamaritima (Scholten et al., 2007). The tran-

scriptional changes of the D. vulgaris cells grown 

syntrophically with a lactate-oxidizing Methano-

sarcina barkeri in response to sulfate addition re-

vealed 132 differentially expressed genes of which 

cell envelope and energy metabolism associated 

genes with the highest regulation, such as genes 

encoding ATPase and Ech hydrogenase (Plugge et 

al., 2010). Moreover, in this study reported were 

several down-regulated lipoproteins and mem-

brane-bound proteins-encoding genes and novel c-

type cytochrome-encoding genes. 

6 CONCLUSIONS AND FUTURE 

PERSPECTIVES  

Bacteria involved in syntrophy seem to be highly 

adapted to a cooperation lifestyle including re-

duced genomic inventories and unique multiple 

membrane complexes (McInerney et al., 2007). To 

improve the ability to form a partnership from ar-

chaeal to bacterial partners in their environmental 

niche, there must be some metabolic and regulatory 

advantages for them as transferring and maintain-

ing certain genes involved in different lifestyles 

(Scholten et al., 2007).  

In the anaerobic biodegradation of chlorinated con-

taminants, syntrophic interaction between ferment-

ative organisms and partners plays key roles. The 

involvement of these syntrophic populations is 

essential for mineralization of chlorinated aromatic 

compounds under anoxic conditions. However, the 

exact biochemical mechanisms in which these bac-

teria overcome the energetic barriers are not yet 

fully understood. Genome sequence information of 

ORB and their partners can be used to discover 

how these organochlorine compounds regulate 
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their syntrophic metabolism. Syntrophic relation-

ship in organochlorine bioremediation remains a 

major challenge in the elucidation of key biosyn-

thetic metabolic pathway. Cooperation in degrada-

tion of aromatic compounds, especially organo-

chlorine compounds, under anoxic conditions con-

tinues to be an interesting area of modern research.  
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