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Introduction

Various electrochemical techniques (Herbert-Guillou et al.

1999), including cyclic voltammetry (CV) (Illsley et al.

1997; Vieira et al. 2003), have proved efficient in charac-

terizing microbial fouling (biofouling) on electrode sur-

faces. In these cases, the adherent micro-organisms are

not involved in the electrochemical pathway but they

affect the electrochemical signal only by masking a part of

the electrode surface area. In contrast, CV procedures

have also been explored to characterize the electron trans-

fer reactions observed between some microbial cells and

electrodes. This kind of direct electrochemical interaction

has been used to detect, or even to identify, microbial

species and to progress in the fundamental understanding

of microbial electrochemistry. In the majority of cases,

CV has been implemented with microbial cell suspen-

sions. The micro-organisms were generally grown in cul-

ture media, washed and then resuspended in phosphate

buffer. Micro-organism films have also been reconstituted

by collecting microbial cells by filtration through a mem-

brane and pasting them onto the electrode surface

(Matsunaga and Nakajima 1985; Han et al. 2000). Work-

ing electrodes were commonly pyrolytic graphite and

glassy carbon with different pretreatments or modified

surfaces. Microbial cells have thus been found to induce

either anodic peaks between 0Æ65 and 0Æ80 V vs saturated

calomel reference electrode (SCE) (Matsunaga and
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Abstract

Aims: To design a cyclic voltammetry (CV) procedure to check the electro-

chemical activity of bacterial isolates that may explain the electrochemical

properties of biofilms formed in compost.

Methods and Results: Bacteria catalysing acetate oxidation in garden compost

were able to form electrochemically active biofilms by transferring electrons to

an electrode under chronoamperometry. They were recovered from the elec-

trode surface and identification of the isolates using 16S rRNA sequencing

showed that most of them were Gammaproteobacteria, mainly related to

Enterobacter and Pseudomonas spp. A CV procedure was designed to check the

electrochemical activity of both groups of isolates. Preliminary CVs suggested

that the bacteria were not responsible for the catalysis of acetate oxidation. In

contrast, both groups of isolates were found to catalyse the electrochemical

reduction of oxygen under experimental conditions that favoured adsorption

of the microbial cells on the electrode surface.

Conclusions: Members of the genera Enterobacter and Pseudomonas were

found to be able to catalyse the electrochemical reduction of oxygen.

Significance and Impact of the Study: This study has shown the unexpected

efficiency of Enterobacter and Pseudomonas spp. in catalysing the reduction of

oxygen, suggesting a possible involvement of these species in biocorrosion, or

possible application of these strains in designing bio-cathode for microbial fuel

cells.



Namba 1984; Matsunaga and Nakajima 1985; Han et al.

2000) or coupled oxidation ⁄ reduction peaks with a redox

potential at approximately )0Æ15 V vs Ag/AgCl (Kim et al.

1999a,b, 2002, 2005; Park et al. 2001; Pham et al. 2003).

CV has allowed the number of cells in suspensions of

Saccharomyces cerevisiae (Matsunaga and Namba 1984),

Escherichia coli or Lactobacillus acidophilus (Matsunaga

and Nakajima 1985; Han et al. 2000) to be determined. In

various samples including food, drink and water, a linear

relation has been established between the current of the

anodic peak and the concentration of micro-organisms in

the medium (Han et al. 2000). CV has been also used to

classify microbial species into Gram-positive and Gram-

negative bacteria through the difference of the anodic peak

potentials, of the order of 4 mV between the two kinds of

bacteria (Matsunaga and Nakajima 1985).

The electrochemical peaks have generally been attri-

buted to a direct extracellular electron transfer involving

a compound bound to the external cell wall for Saccharo-

myces cerevisiae, Escherichia coli and Lactobacillus sp. Two

hypotheses have been proposed involving either coenzyme

CoA (Matsunaga and Namba 1984; Matsunaga and Nak-

ajima 1985) or cytochrome oxidase (Han et al. 2000).

Other bacteria, including Shewanella putrefaciens (Kim

et al. 1999a,b, 2002), Clostridium butyricum (Park et al.

2001), Aeromonas hydrophila (Pham et al. 2003) and

Enterococcus gallinarum (Kim et al. 2005) are believed to

involve c-type cytochromes. The mechanism of electron

transfer to the electrode has often been shown to be

direct but some bacteria have been reported to produce

their own external mediator, for example, Pseudomonas

aeruginosa is known to produce phenazines (Rabaey et al.

2005).

Research in this field has been stimulated anew by the

recent numerous studies devoted to microbial fuel cells

(MFCs). These fuel cells use the microbial biofilms that

form on the electrode surfaces, most often on anodes, as

catalysts of the electrochemical reactions. In this frame-

work, CV performed with a biofilm-covered anode devel-

oped from domestic effluent has revealed two redox

couples that were due to intrinsic compounds contained

in the biofilm (Liu et al. 2005). Nevertheless, studies that

perform CV on whole biofilms that were developed on

the electrode surface remain very few.

A previous study has demonstrated that electrochemi-

cally active biofilms can be developed in garden compost

in a quite reproducible way (Dulon et al. 2007; Parot

et al. 2008a) on dimensionally stable anodes (DSA) main-

tained at a constant potential for several days. The pur-

pose of this study was to extract isolates from the

electrochemically active biofilms formed in compost and

to design a CV procedure to check the individual activity

of these isolates. The microbial characterization of the

composts is a complex scientific area, which is still in its

infancy (Fracchia et al. 2006), and is not addressed here.

The purpose was to achieve a first step in identifying and

characterizing isolates from compost that may reveal

interesting electrochemical properties.

Materials and method

Biofilm growth

Biofilm was grown on the surface of Dimensionally Stable

Anode (DSA, 20 cm2, Electro Chemical Services, St Genis,

Pouilly, France) electrodes placed vertically in garden com-

post (Eco-terre) mixed with a solution containing 10 mmol

l)1 NaCl. A solution of 10 mmol l)1 acetate was added to

the compost either initially or during the experiment. DSA

electrodes are made of titanium covered with iridium and

tantalum oxides that give them their electrocatalytic

properties (Trasatti 2000). Before use, they were cleaned by

5-h galvanostatic electrolysis at 0Æ5 A in a 0Æ1 mol l)1 sulfu-

ric acid solution. Biofilm growth was achieved under

chronoamperometry at 0Æ50 V with respect to an SCE

(Radiometer Analytical, TR100, Villeurbanne, France). A

graphite rod (Alfa Aesar, stock#10134, Bischheim, France)

was used as the auxiliary electrode. The DSA electrodes

were connected to a potentiostat (VMP2, Bio-Logic SA,

Claix, France) interfaced with the EC-Lab software.

Isolation and identification of bacterial strains

Each DSA electrode colonized with electrochemically

active biofilm was immersed in a sterile minimum med-

ium (medium M9) (Sambrook et al. 1989). The electrode

surface was scraped vigorously with a sterile glass sprea-

der and gave a suspension consisting of oxide particles

released from the DSA, and microbial cells.

Serial dilutions of the cell suspension were spread on a

solid artificial medium consisting of the mineral base of

M9 to which tryptic soy broth (TSB, 150 mg l)1), lactate

(5 mmol l)1) or acetate (5 mmol l)1) had been added.

Gellan gum (16 g l)1, Sigma) was used as the solidifying

agent. Microbial suspensions were also plated on agar

Petri dishes containing 10-fold diluted TSB (3 g l)1).

Bacterial isolation was also performed in anaerobic liquid

media designed to enrich anaerobic bacteria to be able to

transfer electrons to extracellular electron acceptors. All

cultures were grown at 30°C in the dark. The number of

colony forming units (CFU) per DSA electrode was deter-

mined after 5 days of incubation. Colonies showing dif-

ferent morphotypes were collected with sterile tips and

subsequently transferred on to new plates for purification.

Isolates were stored at )80°C in minimal medium M9

containing 5% DMSO.



The isolates were identified by sequencing the 16S

rRNA gene fragments obtained using primers fDl and S17

(Heulin et al. 2003).

Cell preparation for cyclic voltammetry

The isolates were cultivated in liquid TSB medium at

30°C. Cultures of 30 in 100 ml flasks were stirred contin-

uously with a Teflon-coated magnetic stir bar

(250 rev min)1). After 24 h of growth, the cells were har-

vested by centrifugation of 25 mL of culture (3140 g,

10 min, 4°C, Sigma 3K20, rotor 12158) in 30 mL sterile

Nalgene centrifuge tubes. The cells were centrifuged three

times, the supernatant being taken off each time and the

pellet resuspended in 25 mL sodium phosphate

(NaH2PO4) 0Æ1 mol l
)1 buffered at pH 7Æ5. After the last

centrifugation, the pellet was resuspended in only 5 ml

phosphate buffer in order to concentrate the bacterial

cells. This final solution formed the working bacterial cell

suspension.

Cyclic voltammetry

Cyclic voltammetry was performed at 100 mV s)1 at

ambient temperature with a multipotentiostat (VMP2

Bio-Logic SA). A three-electrode system was used in a

100 ml glass cell (Metrohm). The working electrode was

a glassy carbon rod (Glassy Carbon V25, 3 · 150 mm,

Carbone Lorraine, Gennevilliers, France) enclosed in an

insulating epoxy resin (Epofix, Struers, Denmark). A new

electrode was used for each CV experiment. Before each

experiment, the surface was polished with successively

finer grade (P120, P400, P800, P1200, P2400, P4000) abra-

sive discs (LAM-PLAN, Gaillard, France) until a mirror-

polished surface was obtained. A platinum wire (0Æ5 mm

diameter) and a KCl-SCE were used as auxiliary and refer-

ence electrodes, respectively. Before use, the platinum wire

was heated over a gas flame until the metal became red,

and the reference electrode was cleaned with ethanol and

rinsed with distilled water.

The potential was scanned from open circuit voltage to

oxidation potentials between )1Æ00 and 0Æ70 V vs SCE.

The first CV without bacteria was always performed at

least 10 min after the cell had been filled with the

solution in order to allow the potential of the working

electrode to stabilize. The effectiveness of the catalysis of

oxygen reduction was compared by measuring the poten-

tial shift at the same value of current, arbitrary chosen at

)6 lA in all the experiments.

Results

Formation of electrochemically active biofilms

in compost

Two biofilms were formed at the same time in two

parallel experiments on the surface of DSA embedded in

garden compost and polarized at 0Æ50 V vs SCE. The

compost was mixed with a solution containing

10 mmol l)1 NaCl to improve ionic conduction, and

10 mmol l)1 sodium acetate was added to the compost

bulk as a nutrient. In the first reactor, acetate was added

from the beginning of the experiment. The current was

initially close to zero because no species contained in the

compost could oxidize on the clean electrode surface. The

current increased after 2 days, following the development
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Figure 1 Chronoamperometries at 0Æ50 V vs saturated calomel refer-

ence electrode (SCE) in (a) compost mixed with acetate 10 mmol L)1,

(b) in compost only.

Figure 2 Phylogenetic relationships of bacterial 16S rRNA sequences as determined by neighbour joining analysis, in the genus (a) Pseudomonas,

(b) Enterobacter, (c) Bacillus and Sporosarcina, (d) Chryseobacterium. Sequences from isolates are underlined; sequences from the clone library are

marked with a star. The scale bars represent the expected number of changes per nucleotide position.
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Chryseobacterium gleum, M58772
Chryseobacterium indologenes, AY050493
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Chryseobacterium meningosepticum, AF207076
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on the electrode surface of a biofilm that gave the elec-

trode its electro-catalytic properties. (Fig. 1a). It has been

assumed that the biofilm formed on the electrode surface

was able to oxidize the acetate and to transfer to the elec-

trode the electrons produced by this metabolic oxidation

(Parot et al. 2008b). In the second reactor, the current

density increased also after 2 days but to a smaller value,

because of the lack of substrate in compost. Adding ace-

tate at day 6, when the current density had stabilized

around 39 mA m)2 (Fig. 1b), clearly induced a new

increase in current density. After 8 days, the current den-

sities were 145 mA m)2 in reactor 1 and 81 mA m)2 in

reactor 2. As previously demonstrated, the addition of

acetate into the compost since the beginning of the

experiment led to biofilms that showed higher electro-

catalytic properties. These results were fully consistent

with the results already reported on the formation of elec-

trochemically active biofilms from compost (Parot et al.

2008b). The electrodes were removed from the compost

before the current stabilized at a plateau value or

decreased, as observed previously, to increase the chances

of identifying electrochemically active bacteria in their

active growth phase.

Bacterial isolation

The biofilms were scratched from the electrodes and serial

dilutions of cells were performed on solid medium con-

taining TSB, acetate or lactate. These serial dilutions were

used for the enumeration of the total number of hetero-

trophic bacteria associated with each sample. The total

number of heterotrophic bacteria ranged from 6Æ0 · 103

to 3Æ2 · 104 CFU cm)2. The highest cell density was

obtained for both biofilms when the medium contained

TSB.

A total of 88 isolates were obtained from the two sam-

ples. Seventy-six were obtained in aerobic conditions on

solid medium and 12 were obtained in liquid medium

under anoxic conditions. The sequence analyses showed

that most of the isolates were Gammaproteobacteria. They

were closely related to species belonging to the genera

Pseudomonas (61% of the isolates) and Enterobacter (36%

of the isolates). Based on partial 16S rDNA sequence

analysis, six different Pseudomonas phylotypes and three

different Enterobacter phylotypes were identified in the

collection of isolates. The remaining isolates were Firmi-

cutes and were closely related to species belonging to the

genus Bacillus (Fig. 2). The isolates obtained under anaer-

obic conditions were also related to Enterobacter spp. and

Pseudomonas spp., some of them being closely related to

the isolates obtained under aerobic conditions. These

results indicated the presence of facultative anaerobes in

the sample.

As they were the predominant isolates, and because

they showed close similarities to the isolates obtained

under anaerobic conditions, the candidates chosen for

electrochemical activity checking were one isolate of Ente-

robacter spp., called Enterobacter sp. E1, and a strain mix-

ture that contained all isolates of Pseudomonas spp.

Electrochemical activity study of bacterial strains

Cyclic voltammetry was performed at 100 mV s)1 on

3-mm diameter glassy carbon electrodes, first in 5 ml of

0Æ1 mol l)1 sodium phosphate solution, pH 7Æ5, that

contained 10 mmol l)1 sodium acetate, then immedi-

ately after the addition of 1 ml bacterial cell suspension

of Enterobacter sp. E1, and finally after the electrode

had been kept in the solution for 60 min in the electro-

chemical cell in the presence of bacteria (Fig. 3). The

voltammograms revealed no anodic peak, but a cathodic

peak was obtained because of the reduction of oxygen.

The shift of the peak towards more positive potential

values that was observed after the electrode had

remained in contact with the bacterial cell suspension

indicated a clear catalysis of oxygen reduction. To com-

pare the effectiveness of the catalysis between the differ-

ent experiments, it was chosen to measure the potential

shift always at the same value of current, arbitrary cho-

sen at )6 lA. This value of current was chosen because

it gave the higher difference in potential, nevertheless,

choosing another value of current led to the same con-

clusion, with identical ranking of the isolates. Here the

potential shift was of +0Æ23 V. The electrochemical

experiments were highly reproducible (the potential shift

being in the range ±0Æ025 V) when care was taken to

prepare the surface of the electrode with exactly the

same procedure.

The contact between the glassy carbon electrode and

the bacterial solution was studied at different times and

with different methods. First, the glassy carbon electrode

was kept in the cell suspension of Enterobacter sp. E1 for

0, 30, 60 and 90 min. The CVs performed after these dif-

ferent exposure times showed that the amplitude of the

cathodic peak increased with the contact time (Fig. 4A).

Secondly, the electrode was dipped in the bacterial cell

suspension for 90 min while the suspension was either

kept quiescent, or bubbled with air, or stirred with a

magnetic stir bar (Fig. 4B). The peak currents reached

)9Æ5 lA with no stirring, )17Æ9 lA with air bubbling and

)20Æ7 lA with magnetic stirring. For these three condi-

tions, compared with the control voltammogram in the

buffer solution, the shifts of potential at )6 lA were 0Æ08,

0Æ29 and 0Æ32 V, respectively. The contact with magnetic

stirring revealed the highest amplitude peak and the high-

est shift in potential.



After consideration of these results, a ‘standard CV

procedure’ was defined:

i CV1 in phosphate buffer solution,

ii CV2 immediately after addition of 1 ml bacterial sus-

pension to the buffer solution,

iii CV3 after keeping the electrode in the solution for

90 min with continuous stirring.

Control experiments, run according to the standard

procedure with the addition of 1 ml phosphate buffer

instead of the injection of 1 ml bacterial cell suspension,

revealed no modification of the oxygen reduction peak

(Fig. 5), showing that there were no artefacts because of

the solutions or the procedure.

Following the standard protocol, CVs were performed

under anaerobic conditions with a bacterial suspension of

Enterobacter sp. E1. In this case, nitrogen was bubbled for

15 min before performing CV1 and during the time for

which the electrode was left in contact with the bacteria.

The gas flow was maintained above the solution during

CV recording (Fig. 6). No cathodic peak was found in

the voltammograms, confirming that the peaks observed

in the previous CVs were due to oxygen reduction.

Replacing the deoxygenated solution that contained the

bacteria with fresh aerated buffer without bacteria

restored the reduction peak showing the catalysis of oxy-

gen reduction (Fig. 6). In an additional experiment, the

standard procedure was repeated, the electrode was
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cleaned with smooth paper after CV3, and a supplemen-

tary CV was performed with the cleaned electrode in the

same solution containing the bacteria. The catalytic effect

completely disappeared (Fig. 7A). On the contrary, when,

at the end of the standard procedure, the solution was

replaced with two successive fresh buffer solutions that

did not contain bacteria, the catalytic effect was still

observed (Fig. 7B). The potential shift was 0Æ29 V with

the first solution and 0Æ22 V with the second one (for the

current value of )6 lA).

Finally, the standard CV procedure was applied on the

strain mixture of Pseudomonas spp. (Fig. 8). The oxygen

reduction was observed to be catalysed with a potential

shift of 0Æ17 V in two different experiments. Cleaning the

electrode made the shift disappear (Fig. 8). In comparison

with Enterobacter sp. E1, which shifted the potential by

0Æ30 V on average, the catalysis was less effective with

Pseudomonas spp.

Discussion

Studies on MFCs have shown that the dominant bacterial

classes attached on anodes differ depending on the fuel

used to feed the system (Chang et al. 2006; Choo et al.

2006). When acetate was used as the substrate, the micro-

bial community was dominated by Deltaproteobacteria,

particularly in sediment MFCs (Bond et al. 2002; Lee

et al. 2003; Holmes et al. 2004; Choo et al. 2006). The

predominance of Gammaproteobacteria phylotypes has

been reported on MFC anodes fed with glucose and

glutamate (Choo et al. 2006; Kim et al. 2006), and with

cysteine (Logan et al. 2005). Choo et al., have observed a

specific enrichment from the same inoculum according to

the substrate; a majority of Deltaproteobacteria was

observed with acetate whereas Gammaproteobacteria dom-

inated with glucose and glutamate. In contrast, in this

study, the analysis of the bacterial community that devel-

oped in the electrochemically active biofilm from

compost mixed with acetate showed that Gammaproteo-

bacteria were predominant. These results suggest that the

substrate is not the single key factor and the inoculum

certainly also has crucial involvement in the microbial

diversity, as do the operating conditions (Logan and

Regan 2006). Compost rather favours Gammaproteobacte-

ria development whereas marine sediments induce Delta-

proteobacteria enrichment. Recently, electrochemical

pretreatment of the anode of a marine sediment MFC has

also been found to have an impact on the microbial

diversity of the anode biofilm (Liu et al. 2007).

The CVs performed here with cell suspensions of

Enterobacter sp. E1 and Pseudomonas spp. revealed no

oxidation peak, even when acetate was present in the

solution. It may be concluded that these species were

not responsible for the electrochemical properties of the

biofilm, even if they were closely related to the anaerobic

species. The isolation process, which was carried out

under aerobic conditions, was certainly not able to select

the species that could be effective in oxidation; it may

be concluded that either noncultivable bacteria or only

strictly anaerobic species are likely to be responsible for

this catalysis.
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Figure 7 Standard cyclic voltammetry (CV) procedure with bacterial

cell suspension of Enterobacter sp. E1. (a) and supplementary CV after

electrode cleaning. (b) Following the standard procedure two succes-

sive CV were recorded in different fresh buffer solutions.
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As the cells were separated from the culture broth by

three successive cycles of centrifugation and resuspension

in phosphate buffer, only the microbial cells were present

in the final phosphate solution and the involvement of

metabolites or any other compound from the biofilm

matrix can be excluded. The catalysis required several

10-min contact times between the electrode and the bac-

terial solution, and it was improved by continuous stir-

ring of the solution during exposure i.e. by increasing the

probability that bacteria would encounter the electrode

surface (Fig. 4B). Cleaning the electrode surface removed

the catalytic effect (Fig. 7A and 8), while the effect of

replacing the solution with fresh buffer without bacteria

was only slight. It can be concluded that the catalysis of

oxygen reduction was fully controlled by the adsorption

of bacteria on the electrode surface. Hence, the slight

decrease of the catalytic effect with two successive fresh

buffer solutions can be attributed to partial desorption of

bacteria from the electrode surface (Fig. 7B). The adsorp-

tion of bacteria on the electrode surface and their activity

was not affected by nitrogen bubbling (Fig. 6). Many

biological compounds adsorbed or immobilized on the

surface of carbon or graphite electrodes are known to cat-

alyse oxygen reduction through direct electron transfer

with the electrode. Many iron-based proteins have been

investigated; haeme proteins, such as haemoglobin, myo-

globin (Li and Hu 2003; Shen and Hu 2004), cytochrome

P450 (Pardo-Jacques et al. 2006; Shumyantseva et al.

2007), and enzymes such as cytochrome c oxidase (Katz

et al. 1999; Shin et al. 2003; Su et al. 2004), peroxidase

(Bogdanovskaya et al. 2000; Huang and Hu 2001; Li and

Hu 2003; Shen and Hu 2004), catalase (Lai and Bergel

2000; Salimi et al. 2005), are among the most widely

studied. A number of studies have focused on the oxygen

reduction through the copper-containing enzymes, laccase

and bilirubin oxidase, as reviewed by Shleev et al. (Shleev

et al. 2005a,b; Tsujimura et al. 2005; Stolarczyk et al.

2007; Weigel et al. 2007). These studies resulted in a wide

diversity of reduction potential values, depending on the

electrode material or on the immobilization method. Bili-

rubin oxidase immobilized as multiple layers in a cationic

polymer matrix deposited on a carbon electrode produced

a cathodic peak potential at +0Æ25 V vs Ag/AgCl (Tsuji-

mura et al. 2005). Laccase in solution with a boron-doped

diamond electrode caused the oxygen reduction to start

at +0Æ605 V vs Ag/AgCl (Stolarczyk et al. 2007). Among

this diversity, the closest peaks, considering both the peak

shape and the potential range, to those found here with

Enterobacter and Pseudomonas spp. have been reported

with haeme proteins such as catalase adsorbed on a glassy

carbon electrode, which gave an oxygen reduction peak at

)0Æ33 V vs SCE (Lai and Bergel 2000), or horseradish

peroxidase incorporated in a polyester film, with a peak

at )0Æ36 V vs SCE (Huang and Hu 2001). It may thus be

suggested that some haeme enzyme bound to the mem-

brane of Enterobacter and Pseudomonas sp. could be

responsible for the catalysis of the reduction of oxygen

observed here.

Enterobacteriaceae are facultative anaerobic bacteria;

they can grow with oxygen as an electron acceptor but

also with a variety of electron acceptors such as selenate,

nitrate or Fe(III) in the absence of oxygen (Jan-Roblero

et al. 2004). This explains why Enterobacter sp. E1 was

isolated under aerobic conditions from compost, which

is an anaerobic environment. Recently, members of

Enterobacteriaceae have been identified in biofilms

responsible for anaerobic corrosion of steels in seawater

(Bermont-Bouis et al. 2007) and pipelines (Jan-Roblero

et al. 2004; Neria-Gonzalez et al. 2006). In addition, on

metallic surfaces, the catalysis of oxygen reduction by a

biofilm is known to provoke the increase of the free

potential of the metal (phenomenon called potential

ennoblement) that increases the risk of biocorrosion

(Scotto et al. 1985; L’Hostis et al. 2003). According to

the high efficiency in catalysing the reduction of oxygen

that was demonstrated here, Enterobacter spp. may prove

to be unexpectedly efficient participants in the ennoble-

ment of metals when oxygen traces are present in bio-

films. Enterobacteriaceae, which have been recently

shown to be effective in anaerobic biocorrosion, should

now also be suspected of being able to contribute to aer-

obic biocorrosion.

From another point of view, it is well known that

designing efficient microbial bio-cathodes remains a key

challenge to develop MFCs (He and Angenent 2006).

These strains may be now considered as good candidates

to form microbial oxygen-reducing bio-cathodes.

Conclusion

Garden compost has already been demonstrated to form

electrochemically active biofilms efficient in catalysing

acetate oxidation. These biofilms were sampled and the

recovered cells were grown in aerobic and anoxic condi-

tions. Identification of the isolates by 16S rRNA sequen-

cing showed that most of the isolates were

Gammaproteobacteria, mainly related to Enterobacter and

Pseudomonas spp. The CV procedure that was applied on

suspensions of these isolates resulted in the discovery of

their unexpected ability to catalyse the electrochemical

reduction of oxygen. CV did not reveal catalysis of acetate

oxidation, showing that acetate oxidation was likely not

achieved by cultivable aerobic or facultative anaerobic

species. Work is now in progress to check the strictly

anaerobic cultivable species following the same CV

procedure.
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