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Abstract: Electroactive microorganisms, with the unique ability of extracellular electron
transfer, play a key role in geochemical cycle and environmental remediation. Cytochrome c
participates in not only direct but also mediated extracellular electron transfer of electroactive
microorganisms. The cytochrome c-mediated electron transfer is essential in the circulation of
iron, manganese, carbon and other elements in the earth’s environment. Furthermore, it
demonstrates good application potential in many fields such as energy production, wastewater
treatment, and bioremediation. Taking the two model genera (Shewanella and Geobacter) of
electroactive microorganisms as this paper introduces the
extracellular electron transfer pathways of electroactive microorganisms, expounds the
important role of cytochrome c in extracellular electron transfer, summarizes the analytical
methods of cytochrome c-mediated electron transfer, and finally puts forward the future
research direction of microbial extracellular electron transfer.
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Figure 1

Electron acceptor

Extracellular electron transport pathways of electroactive microbe. A: Direct electron transport

based on cytochrome c. B: Direct electron transfer mediated by “nanowires”. C: Indirect extracellular

electron transfer.
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Figure 2 Structure of cytochrome c. A: The chemical structure of heme c!'*). B: Mono-heme cytochrome

c-PccH!™. C: Multi-heme cytochrome c-MtrA.
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Figure 3 The electron transport pathway of CymA-MtrABC-OmcA.
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Figure 4 The electron transport pathway of OMCs.
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Analytical methods of cytochrome ¢ mediated electron transport

ORI AR BT A gk
28 L3R, A 6 2R DA B 75X

Method

Brief description

Application

Electrochemical Cyclic
methods voltammetry (CV)
Differential pulse
voltammetry
(DPV)
Spectroscopy  Ultraviolet-visible
spectrometry
(UV/Vis)

ATR-FTIR

Pump-probe
spectroscopy

Microscope Atomic force

CV applies a polarization potential that scans
at different rates and records the current
DPV is a voltammetry that applys voltage to
the electrode, records the current, and exports
the peak potential

Materials have the ability to absorb ultraviolet
and visible light and present absorption
spectroscopy

ATR-FTIR obtains the structural information
of the surface organic components of the
sample by analyzing the reflection signal of
the sample to infrared light

The transmittance and reflectivity of materials
are measured by one or more beams of pump
light and one beam of probe light

AFM characterizes the structure and

microscopy (AFM) properties of cytochrome ¢ by testing the

Cryo-electron
tomography
(Cryo-ET)

Fluorescence
microscopy

Biotechnology

Immunolabelling

LDS-PAGE

Gene function
analysis

Diffuse transmission spectro-
electrochemistry

atomic interaction between the cell surface
and micro force sensitive elements
Cryo-ET maintains the natural state of cells
through rapid freezing, and analyzes the
structure of protein and subcellular at the
molecular level

The sample can be observed under
microscope after emitting fluorescence
under ultraviolet radiation

Using fluorescein and radioactive elements
mark antigens and antibodies, then detect
trace substances qualitatively, quantitatively
and locally

It separates each zone according to the
isoelectric point and molecular weight of
hemoglobin, and then quantitatively
analyzes heme

Gene function analysis expounds the
metabolic function of electroactive microbe
on the perspective of genes

It is a combination of electrochemical
technology and diffuse transmission
technology

CV is used to consider the electron transfer
ability of active redox couplest™

It characterizes the redox process in various
media and studys the electron transfer
Mechanism!'®!

UV/Vis detects the oxidation state and reduction

state of cytochrome c in living cells

ATR-FTIR is used to analyze the structure and
functional groups of cytochrome c, and judge the
binding site between cytochrome and
extracellular electron acceptor by the stretching
vibration of functional groupst”

It measures the electron transfer rate between

heme and heme on nanowires!”®!

AFM can be combined with cytochrome specific
probes to observe the cytochrome on the surface

of living bacterial””

Cryo-ET visualizes the distribution of
cytochrome c for high-resolution three-

dimensional imaging®

It can specifically mark the distribution of

cytochrome ¢ in the outer membrane!”™!

Immunolabelling can be combined with
microscopy to observe the distribution of

cytochrome c’®)

LDS-PAGE analyses the kinds of cytochrome

¢ in electroactive microbe

The role of cytochrome in electron transport can
be studied from the perspective of gene function

It is applied to the process of electron transfer to

obtain the potentials and UV absorption peaks of

cytochrome ¢ with oxidation and reduction!’®)
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