ISSN: 2155-9597
Journal of

Bacteriology &
Parasitology

OPEN @ ACCESS Freely available online

Perspective

Combination of Light and Microbial Synergy in Photogranulation

Nozomu Park’

Department of Earth Sciences, Graduate School of Science, Chiba University, Chiba, Japan

DESCRIPTION

years, the
biotechnology has led to revolutionary discoveries in wastewater

In recent intersection of microbiology and
treatment, renewable energy production, and environmental
remediation. Among these innovations, photogranulation stands
out as a potential technology for sustainable wastewater treatment.
Photogranulation harnesses the synergistic interactions between
microorganisms, particularly bacteria and microalgae, to form
dense, granular biofilms capable of efficiently removing pollutants
from wastewater. This article explores the way communication-
mediated interactions between bacteria and microalgae are
driving advancements in photogranulation, offering insights into
the mechanisms, applications, and future prospects of this

emerging technology.

Photogranulation is a biological wastewater treatment process
that utilizes light-driven microbial interactions to form compact,
granular aggregates known as biofilms. These biofilms consist of
a diverse microbial community, including bacteria, microalgae,
fungi, and protozoa, embedded within a matrix of Extracellular
Polymeric Substances (EPS). The EPS matrix provides structural
support and facilitates the retention of microbial cells, allowing
for the efficient removal of organic pollutants, nutrients, and
heavy metals from wastewater.

Key components of photogranulation

Bacterial-microalgal association: Complex microbial association
consisting of bacteria and microalgae are the fundamental units of
photogranulation. Bacteria play an important role in metabolizing
organic matter and synthesizing EPS, while microalgae
contribute to oxygen production through photosynthesis and
nutrient uptake. The synergistic interactions between bacteria
and microalgae drive the formation of dense, stable biofilms,

enhancing the overall efficiency of wastewater treatment.

Light-driven processes: Light serves as the primary energy source
for microalgal photosynthesis, driving the production of oxygen
and organic carbon compounds. These photosynthetic byproducts
stimulate the growth and metabolic activity of bacteria within the
biofilm, promoting the degradation of organic pollutants and the

removal of nitrogen and phosphorus compounds. In addition,
light exposure influences the spatial distribution and composition
of microbial communities within the biofilm, shaping the overall
structure and function of photogranules.

Extracellular Polymeric Substances (EPS): EPS plays an essential
role in the formation and stability of photogranules, serving as a
glue-like matrix that binds microbial cells together. EPS are
primarily composed of polysaccharides, proteins, lipids, and
nucleic acids, secreted by bacteria and microalgae in response to
environmental indication. The presence of EPS enhances the
mechanical strength and adhesion properties of photogranules,
facilitating their retention in wastewater treatment reactors and
improving pollutant removal efficiency.

Advancements in communication-mediated interactions

Quorum sensing signaling: Quorum Sensing (QS) is a cell-to-cell
communication mechanism used by bacteria to coordinate gene
expression in response to changes in population density. QS
signaling molecules, known as autoinducers, are synthesized and
released by bacteria into the surrounding environment. As the
population density increases, the concentration of autoinducers
reaches a threshold, triggering changes in gene expression
and microbial behavior. In photogranulation, QS signaling
plays an important role in regulating the formation and
development of biofilms, controlling EPS production, and
facilitating interspecies communication between bacteria and
microalgae.

Crossfeeding interactions: Cross-feeding interactions between
bacteria and microalgae drive the exchange of nutrients and
metabolites within the biofilm, supporting the growth and
activity of both microbial groups. Bacteria metabolize organic
carbon compounds, released by microalgae during photosynthesis,
while microalgae utilize nutrients and oxygen produced by

bacteria through metabolic processes. These reciprocal
interactions enhance the metabolic diversity and stability
of photogranules, enabling sustained pollutant removal

under varying environmental conditions.

Correspondence to: Nozomu Park, Department of Earth Sciences, Graduate School of Science, Chiba University, Chiba, Japan, E-mail:

nozomupark@faculty.chiba-u.jp

Received: 02-Jan-2024, Manuscript No. JBP-24-25012; Editor assigned: 05-Jan-2024, Pre QC No. JBP-24-25012 (PQ); Reviewed: 19-Jan-2024,
QC No. JBP-24-25012; Revised: 26-Jan-2024, Manuscript No. JBP-24-25012 (R); Published: 02-Feb-2024, DOI: 10.35248,/2155-9597.24.15.495

Citation: Park N (2024) Combination of Light and Microbial Synergy in Photogranulation. ] Bacteriol Parasitol. 15:495.

Copyright: © 2024 Park N. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

] Bacteriol Parasitol, Vol.15 Iss.1 No:1000495



Park N

Photogranulation holds great possibilities for wastewater treatment
applications, offering a costeffective and environmentally friendly
solution for removing organic pollutants, nutrients, and heavy
metals from wastewater streams. By connecting the synergistic
interactions between bacteria and microalgae, photogranulation
systems can achieve high levels of pollutant removal efficiency
while minimizing energy consumption and chemical usage. In
addition to wastewater treatment, photogranulation has the
potential to be utilized for bioenergy production through the
cultivation of microalgae for biofuel production. Microalgae are
rich in lipids, carbohydrates, and proteins, which can be
converted into biofuels such as biodiesel, bioethanol, and biogas.
By integrating photogranulation with microalgal cultivation
systems, wastewater treatment plants can generate renewable
energy resources while simultaneously treating wastewater and
reducing environmental impact.

Photogranulation based bioremediation strategies can be applied
to restore contaminated environments, including freshwater
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bodies, estuaries, and coastal ecosystems. By promoting the
growth of indigenous microorganisms and enhancing pollutant
degradation processes, photogranulation systems can help
mitigate the impacts of industrial pollution, agricultural runoff,
and urban development on aquatic ecosystems.

CONCLUSION

Mediated-communication interactions between bacteria and
microalgae are driving advancements in photogranulation, an
efficient technology for sustainable wastewater treatment,
bioenergy production, and environmental remediation. As
research in this field continues to evolve, the potential
applications and benefits of photogranulation are expected to
expand, establishing the opportunities for a more sustainable and
strong future.
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