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Directional bio-synthesis and bio-transformation
technology using mixed microbial culture.

In the past 15 years since its inception, Microbial
Biotechnology (MBT) has been a top journal in microbial
technology. MBT is committed to promoting innovative,
diverse and socially beneficial microbial technology
research. It provides a platform for researchers to share
innovative research and cutting-edge ideas. Even minor
technological advances will undoubtedly promote the
application of microbial technology in the future.

From the perspective of nature and humans’ sustain-
able development, waste recycling and pollutant removal
are two critical research areas. In the past 20 years, the
application of biotechnology in these two aspects has
made remarkable achievements. Since the break-
throughs of DNA sequencing technology in 1976 and its
third generation in 2011, the rapid development of
sequencing technology has dramatically promoted the
detection capability of environmental micro-organisms. It
deepens people’s understanding of microbial metabolism
and inter-species relationship, thereby accelerating the
application of microbial technology in the environmental
field. Over the next 15 years, various genomic technolo-
gies and novel high-throughput isolation and culture
methods will be used to accelerate the exploration of our
biosphere, which will further promote the application of
microbial biotechnology.

Integrating synthetic biology and microbial technology,
microbial synthesis technology has a broad market and
economic benefits in environmental resource treatment.
For instance, waste carbon sources are transformed by
microbial synthesis to volatile fatty acid, medium-chain
fatty acid (represented by caproic acid), ethyl butyrate,
polyhydroxyalkanoate (PHA) and other products, which
are essential raw materials for medical treatment, food,
cosmetics and biodegradable plastics (Donno Novelli
et al., 2021). The microbial synthesis of PHA from urban
waste organic matter provides the most effective way to
reduce the global ‘white pollution’, representing the
promising application of microbial synthesis as Green-
tech in solid waste recycling. Nowadays, the use of
mixed microbial culture (MMC) to produce PHA has
been well developed in laboratories and is increasingly
explored at the pilot scale (Crognale et al., 2019; Conca
et al., 2020). However, large-scale industrial production

is still limited, primarily due to low PHA accumulation
and biomass concentration. The constraints are probably
attributed to the competition in space and nutrients
between microbial populations in MMC fermentation.
Besides, the different utilization efficiency of carbon
sources in the mixed substrate will affect the growth and
PHA synthesis metabolism of different micro-organisms.
The maximum bacterial density for pure bacterial produc-
tion on an industrial scale can reach 150 g " (Ryu
et al., 2015). In contrast, the maximum cell concentration
in MMC is usually < 10 g I'" (Moretto et al., 2020; Matos
et al., 2021), indicating the lack of biomass which greatly
limits volumetric productivity. Therefore, future research
will focus on improving PHA yield, which will be the only
way to promote the transition of PHA synthesis from
pilot-scale to industrial production. Research to improve
PHA vyield will primarily focus on optimizing the enrich-
ment and accumulation process of MMC. In the indus-
trial production of PHA synthesis by MMC, the balance
between high PHA accumulation rate and high biomass
of MMC must be maintained in the future. Furthermore,
in the future, more industrial organic wastewater (brew-
ing, papermaking, food and crude glycerol) will be used
as an alternative carbon source for PHA production.
Then, the use of high-cost carbon sources and the cost
of industrial organic wastewater treatment will be
reduced, leading to sustainable and more market-effi-
cient industrial production (Nguyenhuynh et al., 2021).
The elimination/wide distribution of persistent environ-
mental pollutants (POPs) on the earth is one of the most
severe environmental problems. Among the POPs, petro-
leum hydrocarbons, polycyclic aromatic hydrocarbons
(PAHs) and halogenated hydrocarbons are the major
environmental pollutants that threaten human health
because of their high hydrophobicity and high toxicity.
Over 20 years of effort paved the significant development
in research about aerobic PAHs-degrading micro-organ-
isms. According to the incomplete statistics of previous
studies, over 100 genera of bacteria were verified to grow
with different PAHs as the sole carbon source under aer-
obic conditions, and the major aerobic PAHs biodegrada-
tion pathways, degradation genes and enzymes were
intensively studied. Meanwhile, functional gene markers
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were further extended from the PAHs -hydrolating dioxy-
genase large subunit gene (pahAc) to trans-o-hydroxy-
benzylidenepyruvate hydratase-aldolase gene (pahE) to
detect the species and activity of aerobic PAHs-degrading
micro-organisms in various environments. pahE led to
much higher detection accuracy and more accurate corre-
lation with PAHs degradation efficiency, facilitating water
or soil remediation by biotechnology(Chengyue et al.,
2018). Recently, anaerobic biodegradation of organic pol-
lutants was proposed as one of the primary natural
decomposition pathways. The screening and isolation of
anaerobic/facultative PAHs-degrading micro-organisms
also have remarkable achievements. Some enrichments
or pure cultures of Geobacter sulfurreducens, Desulfo-
tomaculum, Achromobacter denitrificans, etc. have been
obtained using nitrate, sulphate, ferric iron or high valence
manganese as the electron acceptor. Thus far, the initial
steps of anaerobic PAHs degradation were identified as
carboxylation or methylation, but the whole degradation
process is still unclear (Zhang et al, 2021a, 2021b).
Regarding future directions, more anaerobic and faculta-
tive micro-organisms should be isolated to carry out a
more systematic study on the anaerobic microbial degra-
dation of PAHs via bioinformatics. For application, the
anaerobic bioremediation technology has obvious compet-
itve advantages, such as less disturbance of pollution
and lower energy consumption. Moreover, for complex
polluted environments such as soil and sediment, the in-
sifu remediation technologies under natural conditions will
attract wide attention, such as synergistic integration of
aerobic, anaerobic and facultative micro-organisms, in-situ
identification and regulation of functional microbial com-
munities and activities. In the practice of contaminated
soil remediation, environmental factors, such as soil pH,
temperature, carbon source supply and properties of
degraded compounds, greatly influence the effectiveness
of PAHs bio-remediation (Laothamteep et al., 2021).
Therefore, more comprehensive research will be carried
out on the anaerobic biodegradation of PAHs over the
next 15 years. A major focus will be the metabolic path-
ways of microbial anaerobic degradation of PAHSs, to
reveal critical regulators and environmental variables for
efficient anaerobic degradation. Besides, various methods
for enhancing microbial remediation have been exten-
sively reported, such as electro-kinetic remediation, bio-
catalyst-assisted remediation, bio-surfactant flushing and
nano-remediation (Kuppusamy et al., 2017). In the near
future, now bio-augmentation technologies will signifi-
cantly improve PAH biodegradation efficiency by micro-or-
ganisms or enzymes in the natural environment.

In conclusion, the increasing public concerns of the
environment has promoted the rapid development of
new microbial technologies, focusing on solving environ-
mental problems and maximizing the development of
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biological resources available to human beings. Many
challenges and even more exciting breakthroughs are
expected in the development of environmental microbial
technology over the next 15 years.
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