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The schematic diagram of direct electron transfer mode. A: the pathway of S. oneidensis MR-1 for

Figure 1.
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electron introduction into outer membrane proteins™®); B: the pathway of G. sulurreducens for electron introduction

into outer membrane proteins'*™; C: the electron transport model of A. ferroxidans!
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(A) (B)
Fe(TT)/Mn(II.IV)
©) (D)
2. WEPAKRSERERTFEERISG
Figure 2. Microbial nanowires and their electron transfer mechanism. A: the morphology of G. sulfurreducens

nanowires under transmission electron microscopy[61

sulurreducens'®; C: the scanning Morphology of S. oneidensis MR-1 nanowire under electron microscope
the schematic diagram of electron transfer mechanism of S. oneidensis MR-1 nanowire
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I B: the schematic diagram of type IV fimbria nanowires of G.

701, .
[69]
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The flavin-based electron transport pathway of L. monocytogenes
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Figure 5.

The schematic diagram of photoelectron microbial electron transfer. A: the schematic diagram of

electron transfer in the photoelectron system of 4. ferrooxidansm]; B: the schematic diagram of electron transfer in
the photoelectron system of M. thermoacetica-CdS""; C: Schematic diagram of M. thermoacetica-Au nano-cluster

system!"'7).
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Mineral electronic energy cooperates with microbial extracellular
electron transfer and growth metabolism

Haoning Jia, Yan Li’, Yanzhang Li, Anhuai Lu, Hongrui Ding

Key Laboratory of Orogenic Belts and Crustal Evolution, Ministry of Education, Beijing Key Laboratory of Mineral
Environmental Function, School of Earth and Space Sciences, Peking University, Beijing 100871, China

Abstract: Minerals are an important carrier for absorption and conversion of energy in the inorganic nature. The
extracellular electron transfer between microorganisms and minerals reflects the influence of mineral electronic
energy on microbial growth and energy acquisition. According to the source and generation of electrons, previous
studies have shown that the outermost or sub-outer valence electrons of the variable elements in minerals and the
photoelectrons on the conduction band of semiconductor minerals are two different forms of extracellular electron
energy, which generation and transfer methods are closely related to the electron carrier of the microbe-mineral
interaction interface and energy conversion mechanism. In the process of extracellular electron transfer between
minerals and microorganisms, different forms of mineral electronic energy have both similarities and differences. In
addition, microbial intracellular-extracellular electron transfer pathways also affect the absorption and acquisition
of mineral electronic energy, which affects microbial growth metabolism and other life activities. In this paper,
based on the mechanism of different mineral electron energy forms and the common and different characteristics of
their participation in biochemical reactions, we review different electron carriers and transmission pathways
required by microorganisms to obtain extracellular mineral electron energy, and discuss effects of different mineral
electronic energy forms on growth metabolism of microorganisms and other life activities. Furthermore, we look
forward to new ways for microorganisms to use mineral electronic energy under natural conditions, which can

regulate microbial life activities, with elements and energy cycles promoted.

Keywords: Mineral electron energy, extracellular electron transfer, valence electron, semiconductor electron,
conduction band photoelectron
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