
 

Exploring potential of periplasmic
biosynthesis for efficient solar-driven
chemical production
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Periplasmic biomineralization would provide biointerfaces for modulation and
sustainability. (A) An illustration of aquatic and biomineralized soft-hard
composites with a wide range of length scales and a variety of structures and
functions. Examples include fish scales, coccoliths, and the proposed
nanostructured exoskeletons in the periplasm of Gram-negative bacteria. The
scale bars are only representative. (B) Schematic illustrating the synthesis of
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semiconductor nanoclusters within the periplasm of Gram-negative bacteria. The
periplasm is the space between the inner membrane (IM) and the outer
membrane (OM). (C to E) Electron and x-ray microscopy images of the
biohybrids. Pseudo-colored scanning electron microscope (SEM) image (C)
showing E. coli (green) with extensive amounts of fimbriae (purple). STEM
image (D) and energy dispersive x-ray spectroscopy (EDS) mapping (E) showing
that bacterial cell can mineralize semiconductor clusters composed of multiple
elements, including Cd, Pb, and Hg, within the periplasm in single bacterial cell.
(F) We demonstrate that our biohybrid system with periplasmic
biomineralization could enable metal removal, as well as semi-artificial
photosynthesis, and construct a living reactor. The biomineralized semiconductor
nanoclusters may couple the photoelectrons with the microbial metabolism to
enhance the biosynthesis under light. Credit: Science Advances (2023). DOI:
10.1126/sciadv.adg5858

Researchers from the Shenzhen Institute of Advanced Technology
(SIAT) of the Chinese Academy of Sciences (CAS) and the University
of Chicago have discovered semiconductor nanocluster precipitation
within the periplasmic space of Gram-negative bacteria for efficient
solar-driven chemical production. The findings were published in Science
Advances on July 21.

Biomineralization, a process involving the deposition of inorganic
substances around biological cells and tissues, leads to the formation of
composite materials. Bacteria have the ability to extract metal ions from
their surroundings and produce functional materials.

The periplasmic space, gel-like matrix between the inner cytoplasmic
membrane and the outer membrane of bacteria, offers unique
opportunities for synthesizing and utilizing nanomaterials within a
confined environment.
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The periplasmic space of Gram-negative bacteria, characterized by
abundant enzymes and peptidoglycan, provides a fertile ground for
biomineralization. Additionally, Gram-negative bacteria have an electron
transport chain closely connected to the periplasm, which facilitates the
transfer of light-induced electron from semiconductor to the electron
transport chain for intracellular reducing power regeneration. In-situ
produced defect-rich semiconductor nanoclusters could elevate 
adenosine triphosphate (ATP) levels and enhance malate production
under light condition.

Moreover, the team expanded the sustainability of periplasmic
biosynthesis, including reducing heavy metal content, creating a living
bioreactor, and constructing a semi-artificial photosynthesis system. By
harnessing the power of biomineralization, the periplasmic biosynthesis
showed immense potential as a platform for various sustainable
applications.

"We believe that periplasmic biosynthesis can serve as an invaluable
semi-artificial photosynthesis-based model for solar-driven bio-catalysis
and sustainability," said Prof. Gao Xiang, co-author of the study.

Semiconductor biosynthesis is highly adaptable, allowing for controlled
biocompatibility and efficient pairing with bacterial components, serving
as a source of electrons for metabolic processes. Although the synthesis
of metallic nanoparticles within the periplasm has been reported, studies
on semiconductor-based biological interfaces in this space are rare,
particularly in terms of bioregulation and multilevel sustainability.

The research team developed a non-genetic approach for semiconductor
biomineralization in the periplasm of E. coli (the model organism of
Gram-negative bacteria) and from microbial biohybrids. The
semiconducting nanoclusters exhibited reduced crystallinity and were
stabilized by the periplasmic peptidoglycan matrix, providing a softer
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interface with the bacterial cell. They investigated the underlying
mechanisms of materials and biological characterization and discovered
that semiconductor nanoclusters (e.g., CdS) were mediated by
H2S-producing pathway.

The findings highlight the underexplored nature of the periplasmic space
in bacteria, which is potential for constructing semiconductor-based
biohybrids that can be applied in environmental remediation, living
bioreactor fabrication, and semi-artificial photosynthesis for
bioproduction and sustainability.

The periplasmic biomineralization forming semiconductor-bacteria
biohybrid platform developed by the research team for solar-driven
chemical production can potentially be extended to other bacteria or
cells, enriching bioremediation applications with additional
sustainability.

  More information: Yiliang Lin et al, Periplasmic biomineralization
for semi-artificial photosynthesis, Science Advances (2023). DOI:
10.1126/sciadv.adg5858
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