


Microbe of the year 2024

The Cable Bacterium

Candidatus Electronema

Gorby & Hynes, Rensselaer Polytechnic Institute, Troy, NY - CC BY 4.0 1 mm
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Cable bacteria…
• Occur worldwide in the top few centimeters of 

marine, coastal and freshwater sediments

• Belong to the Desulfobacterota

• Form centimeter-long chains of cells across the oxic-

anoxic transition zone in sediments

• Conduct electricity over centimeter-long distances

• Connect oxidation of sulfide in deeper anoxic 

sediment layers with reduction of oxygen close to 

surface areas…  

• …thereby enabling flow of electrons between 

different sediment layers

• Are an example for multicellular microorganisms, 

practising division of labor within the chain of cells

• Have potential for applications in environmental 

remediation and in bioelectronics
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Despite their ubiquitous distribution and formidable size (chains of cells 

can reach a length of 8 cm!), cable bacteria have been discovered only 

recently 

It was a Danish team of scientists that got on track - by measuring an unusual 

distribution of O2, H2S und pH in the Baltic Sea sediment of the Aarhus bay. 

A Schramm, BIOspektrum 1/2024  - CC BY4.0

Inspired by this idea, in 2012 a team led 

by Andreas Schramm, Nils Risgaard-

Petersen and Lars Peter Nielsen 

discovered the organisms responsible for 

this process: long threads consisting of 

thousands of bacterial cells.

In 2010, Lars Peter Nielsen (Fig. A) and 

co-workers postulated a possible 

explanation for the observed anomalies: 

microorganisms capable of conducting 

electricity („long-distance electron 

transport“), which connects spatially 

distant redox reactions and allows energy 

gain for the microbes (Fig. B-E).

2010

2012



So far, cable bacteria cannot be isolated in 

classical pure culture.

Therefore, they have been described based on 

genomic, morphological and functional traits as 

„Candidatus“-species in 2016. 

Representatives belong to the two sister genera Ca.

Electrothrix and Ca. Electronema (family 

Desulfobulbaceae)

2021: first stabile enrichment of a cable bacteria 

species:

Ca. Electronema aureum, microbe of the year 2024

Trojan et al., Syst. Appl. Microbiol. 39: 297-306 (2016) 126236 (CC-BY-NC-ND)

Thorup et al., Syst. Appl. Microbiol. 44 (2021) 126236

Ca. Electronema: the first „unculturable“ microbe of the year



Unique cell biology: periplasmic „power lines“ and novel Ni-S-cofactors 

https://arxiv.org/pdf/1912.06224.pdf

Source: 

Wikimedia.

STEM-EDX detection of Ni and S in the wire of a Ca.

Electronema aureum cell (top) and cross-section (bottom).

Digel et al, bioRxiv 2023,

https://doi.org/10.1101/2023.05.24.541955

„Cable“ like morphology: shared outer membrane + continuous fiber-like periplasmic structures 

consisting of nickel-sulfur-proteins and polysaccharides

➢ Electric current density of 106 A m−2: similar to a copper cable!

➢ Conductivity > 20 S cm-1: new record for a biological polymer!



Metabolism of Ca. Electronema 

in an oxygen-sulfide gradient (O2

red - H2S black).

An oxic cell (above) and an anoxic 

cell (below) are shown, in between 

there are hundreds to thousands 

additional, mostly anoxic cells 

(indicated by dashed lines). 

PP: polyphosphat

WLP: Wood-Ljungdahl-Pathway

AS: amino acids

ROS: reactive oxygen species

pCC: periplasmic cytochromes

Q: quinone pool

DSR, APR, SAT: complexes of the 

DSR-path

SRB: sulfate reducing bacteria 

(responsible for continuous sulfide supply 

to cable bacteria in suboxic sediments)
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Insights through studies on 

enrichments of Ca. Electronema-

bacteria and analysis of their genome 

sequences:

➢ Descendants of sulfate reducing 

bacteria, reverse the path of 

dissimilatory sulfate reduction (DSR) for 

sulfide oxidation

➢ Division of labor:

• >80% of the cells in the filament 

provide electrons through oxidation of 

sulfide, only few cells are in contact 

with O2 and consume electrons

• Energy conservation, cell division and 

assimilation of C & N occurs only in 

anoxic cells

Kjeldsen et al. PNAS 2019, Geelhoed et al. PNAS 2020

Evolution and Metabolism of Cable Bacteria



Cable Bacteria as „ecosystem engineers“: effects on C, N, S, P, Fe and 

trace metals

Nielsen, L.P. Current Biology (2016) https://doi.org/10.1016/j.cub.2015.11.014

(Elsevier user license, may be used for non-commercial purposes)

Activities of cable bacteria lead to oxidation of H2S and to 

dissolution of FeS; released Fe2+ migrates upwards in the 

electric field and precipitates as Fe-oxide which can act as 

shield against H2S in case the aquatic sediment turns 

anoxic during seasonal changes.

Scholz et al., Nat. Comm. (2020) https://doi.org/10.1038/s41467-020-15812-w

Activities of cable bacteria stimulate sulfate reducing 

bacteria, which in turn deprive competing methanogenic 

microorganisms of nutrients (electrons). This can suppress 

the release of the climate gas methane, e.g., in rice paddies. 

On the other hand, it can also accelerate degradation of 

organic material and pollutants, e.g., oil contaminations.

https://doi.org/10.1016/j.cub.2015.11.014


Potential Applications of Cable Bacteria

Vincent Scholz & Tillmann Lüders, BIOspektrum 1/24

POLLUTANT DEGRADATION ELECTROMICROBIOLOGY

CONTROL OF CLIMATE GASES BIOELECTRONICS



Harald Engelhardt 

BIUZ, 2020
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Vereinigung für Allgemeine und Angewandte Mikrobiologie (VAAM): The Association for General and
Applied Microbiology (VAAM) unites about 3500 microbiologically oriented scientists from Germany and
neighboring countries. The VAAM promotes scientific information exchange and cooperation among its
members with the aim of implementing research results in microbiology for the benefit of society and
the environment. VAAM members also serve as valued contacts for questions from the public.

Become a member of the VAAM and benefit from the advantages of our strong
scientific network:

▪ Strong networks in industry and science

▪ Promotion of young scientists through doctoral and poster prizes and VAAMentoring

▪ Travel grants and reduced fees for participation in VAAM meetings and international conferences

▪ 7 free issues per year of BIOspektrum, our scientific and member journal


