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Introduction

This study delves into how microplastics act as new habitats for microbial com-
munities in aquatic environments, significantly altering their composition and
metabolic functions. It highlights the potential for these microplastic-associated
biofilms to serve as critical vectors for the dispersal of pathogens and to influence
crucial biogeochemical cycles[1].

This paper explores the essential role of soil microbes in regulating how carbon
cycles respond to climate change. It advocates for a trait-based approach to bet-
ter predict how shifts in microbial community structure will impact greenhouse gas
emissions and carbon sequestration across diverse ecosystems|[2].

This research utilizes metagenomics to uncover the complex microbial communi-
ties and their functional roles within an advanced wastewater treatment plant. It
offers detailed insights into the pathways responsible for efficient nutrient removal
and pollutant degradation, which is critical for optimizing treatment efficiency([3].

This review emphasizes the significant contribution of marine microorganisms to
global biogeochemical cycles, particularly those involving carbon and nitrogen. It
underscores their vulnerability to climate change and their indispensable role in
maintaining ocean health and regulating atmospheric CO2 levels[4].

This review article summarizes recent progress in leveraging microorganisms for
the bioremediation of soils contaminated with petroleum hydrocarbons. It dis-
cusses various intervention strategies, including bioaugmentation and biostimu-
lation, while also outlining existing challenges and future research directions[5).

This review offers a comprehensive overview of current insights into the indoor air
microbiome, detailing its composition, sources, and the factors that influence its
diversity. It also discusses the significant implications of indoor microbial commu-
nities for human health and suggests important future research directions|[6].

This review explores the vast potential of extremophilic microorganisms, which
thrive in extreme environmental niches, as a source of unique enzymes. It dis-
cusses the distinctive properties of these extremozymes and their diverse applica-
tions across various industrial biotechnological processes, from biofuels to phar-
maceuticals[7].

This article investigates the microbial ecology of urban outdoor environments,
characterizing the diversity and distribution of microorganisms primarily influenced
by human activities and urban infrastructure. It highlights critical implications for
air quality, human health, and the delivery of urban ecosystem services[8].

This study examines how microbial communities adapt and respond to heavy metal
contamination across various environments. It discusses the underlying mecha-
nisms of microbial resistance and resilience, and the broader consequences these

responses have for biogeochemical cycles and ecosystem services in polluted
sites[9].

This comprehensive review synthesizes current knowledge on the microbial con-
tributions to the nitrogen cycle in aquatic environments. It effectively integrates
molecular mechanisms with ecosystem-level impacts, highlighting the roles of var-
ious microbial groups in processes like nitrification, denitrification, and anammox,
and their direct relevance to managing eutrophication[10].

Description

This study delves into how microplastics act as new habitats for microbial com-
munities in aquatic environments, significantly altering their composition and
metabolic functions. It highlights the potential for these microplastic-associated
biofilms to serve as critical vectors for the dispersal of pathogens and to influence
crucial biogeochemical cycles[1]. Looking at another environmental aspect, soil
microbes play an essential role in regulating how carbon cycles respond to climate
change. Adopting a trait-based approach can help predict how shifts in microbial
community structure impact greenhouse gas emissions and carbon sequestration
across diverse ecosystems[2].

In wastewater treatment, metagenomics offers insights into the complex micro-
bial communities and their functional roles within advanced plants. This reveals
pathways for efficient nutrient removal and pollutant degradation, crucial for opti-
mizing treatment efficiency[3]. Meanwhile, marine microorganisms contribute sig-
nificantly to global biogeochemical cycles, particularly carbon and nitrogen. Their
vulnerability to climate change and their indispensable role in maintaining ocean
health and regulating atmospheric CO2 levels are emphasized[4].

Progress in bioremediation shows how microorganisms can clean soils contami-
nated with petroleum hydrocarbons. This review covers various intervention strate-
gies like bioaugmentation and biostimulation, along with existing challenges and
future research directions[5]. Shifting focus indoors, the indoor air microbiome
has been reviewed, detailing its composition, sources, and influencing factors.
This work also discusses significant implications for human health and suggests
important future research avenues[6].

Extremophilic microorganisms, which thrive in extreme environmental niches, rep-
resent a vast potential source of unique enzymes. These extremozymes possess
distinctive properties and diverse applications in industrial biotechnological pro-
cesses, ranging from biofuels to pharmaceuticals[7]. In urban settings, research
investigates the microbial ecology of outdoor environments, characterizing diver-
sity and distribution primarily influenced by human activities and infrastructure.
This highlights critical implications for air quality, human health, and urban ecosys-
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tem services|[8).

Looking at pollution response, studies examine how microbial communities adapt
to and respond to heavy metal contamination across various environments. They
discuss mechanisms of resistance and resilience, and their broader consequences
for biogeochemical cycles and ecosystem services in polluted sites[9]. Finally,
current knowledge on microbial contributions to the nitrogen cycle in aquatic envi-
ronments is synthesized. This integrates molecular mechanisms with ecosystem-
level impacts, emphasizing the roles of various microbial groups in nitrification,
denitrification, and anammox, directly relevant to managing eutrophication[10].

Conclusion

This collection of studies highlights the pervasive and critical roles of microbial
communities across diverse ecosystems and environmental challenges. Several
papers explore how microorganisms interact with pollutants, from microplastics
forming new habitats and influencing pathogen dispersal [1] to soil microbes driv-
ing carbon cycling under climate change [2]. Research delves into the functional
potential of microbial communities in advanced wastewater treatment plants for nu-
trient removal and pollutant degradation [3], and their indispensable role in marine
biogeochemical cycles, particularly carbon and nitrogen, affecting ocean health
and atmospheric CO2 levels [4]. The data also covers the application of microor-
ganisms in bioremediation of petroleum hydrocarbon-contaminated soils, detail-
ing strategies like bioaugmentation and biostimulation [5]. Furthermore, insights
into the indoor air microbiome [6] and urban outdoor microbiome [8] underscore
their influence on human health and ecosystem services. Specialized microbial
groups are also examined, such as extremophiles, which are a valuable source of
unique enzymes for industrial biotechnology applications [7]. Finally, the adaptive
responses of microbial communities to heavy metal contamination, including resis-
tance and resilience, are discussed, along with their consequences for ecosystem
functioning [9]. A comprehensive review integrates molecular and ecosystem-level
impacts of microbial processes driving the nitrogen cycle in aquatic environments,
crucial for managing eutrophication [10].
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