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Abstract: Semi-artificial photosynthetic system based on inorganic material-microbe hybrid is a research system

developed in the aspects of natural and artificial photosynthesis research to a certain stage, in order to overcome

their respective defects and achieve complementary advantages of microbe and inorganic material. The main

advantage of this system is the conjunction of catalytic selectivity of microbe and photo-response property of

inorganic materials, which aim to solve the problem of poor catalytic selectivity of artificial photosynthetic system.

At present, microbe-based semi-artificial photosynthesis can be achieved by photocatalyst-microbe hybrids and
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electrode-microbe hybrids. In this review, semi-artificial photosynthesis based on inorganic material-microbe

hybrid is systematically expounded from semi-artificial water oxidation, semi-artificial photosynthetic reduction

and material-microbe interface. The research progress of semi-artificial photosynthetic system based on electrode-

microbe hybrids is emphatically introduced. The current situation of semi-artificial photosynthesis based on

inorganic material-microbe hybrids has been analyzed and summarized, and the prospects of this field are

outlooked.
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Fig.1 (a) Schematic of natural photosynthetic system; (b) Schematic of artificial photosynthetic system®!
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Fig.2 (a) Schematic of TO-ITOIPSII semi-artificial photosynthetic electrode™; (b) Schematic of I0-1TOI cyanobacterium

[40].

semi-artificial photosynthetic electrode™); (c) Stepped chronoamperometry scans of 10-ITOIPSII in the absence

of exogenous mediators (DET) and under chopped light irradiation*”; (d) Stepped chronoamperometry scans of

10-ITOleyanobacterium in the absence of exogenous mediators and under chopped light irradiation”
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Fig.3 (a) Depiction of the CdS-M. thermoacetica hybrid system and self-photosensitization of it for solar-to-chemical

conversion™; (b) Possible pathway for solar-to-chemical conversion of the CdS-M. thermoacetica hybrid system™;
(c) M. thermoacetica photosensitized by intracellular gold nanoclusters for solar-to-chemical conversion!”,

(d) Possible pathway for solar-to-chemical conversion of the M. thermoacetica/ AuNC. hybrid system””
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Fig.4 Proposed surface-display biohybrid approach to light-driven hydrogen production in air™
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Table 1 Semi-artificial photosynthetic system based on inorganic-microbe hybrids

Microorganism Material System

Function Ref.

Hybrid Method

Synechocystis sp.
> pp ITO inverse opal electrodes

Water oxidation,

Integrated combination [47]

PCC 6803 Biophotovoltaics

M. thermoacetica CdS nanoparticles Nanocoating CO, reduction |74]
M. thermoacetica CdS-TiO,-Mn-phthalocyanin Nanocoating CO, reduction |75]
M. thermoacetica Au nanoclusters Incorporation of nanoclusters CO, reduction |77]
Escherichia coli CdS/Si0, Nanocoating and multicellular encapsulation H, production [78]
S. cerevisiae Azwfl InP nanoparticles Nanocoating CO; reduction [79]
S. aovata Silicon nanowire arrayed electrode  Integrated combination CO; reduction [84]
R. eutropha NiMoZn-CoPi Distributed combination CO; reduction [86]
R. eutropha CoP-CoP1 Distributed combination CO; reduction [87]
X. autotrophicus CoP-CoPi Distributed combination N, fixation [89]
S. aovata CoP-CoPi Distributed combination CO, reduction [94]
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