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1. Introduction

Understanding microorganisms in terms of their functionality, diversity, and interac-
tions with other organisms is crucial for better understanding of our Biosphere. However,
this can be difficult, not only because of their small size, but also because of their rapid
evolution and tendency to create multispecies communities. The structures of microbial
communities are closely associated with environmental conditions and therefore are likely
to evolve in the context of global change [1]. Microbial communities can be divided into
subcommunities, based on different attributes, such as abundance, functional type, and
activity. They can differ in their environmental sensitivity, interaction, and distribution
patterns [2].

The main impediment to a better understanding of the structure and function of micro-
bial communities has been a lack of research tools that are sensitive enough. For decades,
moreover, researchers have tried to cultivate microorganisms in laboratory conditions
with only limited success. The rapid evolution of these organisms causes their physio-
logical requirements to change faster than was expected, and growth conditions cannot
be established for many of them. Therefore, methods based on analysis of nucleic acids
recovered directly from environmental samples have become standard approaches for the
characterization of microbial communities. In particular, next-generation DNA sequencing
methods and in silico analyses have allowed researchers to address problems associated
with unculturable microorganisms [3]. The metaomics approaches, including phyloge-
netic marker-based microbiome profiling, shotgun metagenomics, metatranscriptomics,
metaproteomics, and metabolomics, have not only allowed identification of unculturable
microorganisms but have also provided information about their physiological status.

Due to their ubiquity, microorganisms have developed innumerable substrate uti-
lization mechanisms, which allow them to survive and evolve in even the most difficult
environmental conditions. Their metabolic versatility means that microorganisms could be
the source of various biochemicals, such as drugs, biopolymers, and enzymes. Additionally,
this metabolic versatility makes microorganisms invaluable for environmental protection,
especially in bioremediation, wastewater treatment, and conversion of biomass into energy.

This Special Issue on “Advances in Industrial and Environmental Microbiology”
presents a collection of articles that focus on both applied and environmental microbiology,
which are briefly summarized here for the convenience of the reader.

2. Industrial Microbiology

The potential and recent applications of xanthan gum biopolymer, with a particular
focus on improving soil properties is reviewed by Mendonça et al. [4]. Xanthan gum is a
polysaccharide formed by aerobic fermentation of sugar by Xanthomonas campestris. It is
commonly used as a food additive because it can serve as a hydrocolloid rheology modifier.
Soil treatment with xanthan gum has been shown to induce partial filling of soil voids and
the generation of additional links between soil particles, which decreases the permeability
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coefficient of the soil and changes its mechanical properties. Via the bioclogging method,
xanthan gum can be used to enable the filling of soil pores and the formation of a barrier
that can increase the strength and cohesion and reduce the permeability coefficient of the
soil. The authors conclude that these findings should be tested in practice to support the
results obtained from laboratory experiments.

The treatment of wastewater in sequencing batch reactors with a high concentration of
suspended solids from meat processing is the subject of a research article authored by Jachi-
mowicz et al. [5]. The main aim of their study was to explore interrelationships between
the aeration mode, microbial community composition, and the efficiency of removal of
nitrogen, phosphorus, organic compounds, and total suspended solids. The authors show
that intermittent aeration significantly increases denitrification and phosphorus removal ef-
ficiencies but leads to the decomposition of extracellular polymeric substances. In addition,
they show that the microbial structure changes significantly over time. They report that, in
mature granules during the period of stable treatment of meat-processing wastewater, an
increased relative abundance of Arenimonas sp., Thauera sp., and Dokdonella sp. is typical.
Additionally, they show that constant aeration favors the growth of microorganisms from
the Rhodanobacteraceae, Rhodobacteraceae, and Xanthomonadaceae families, while intermittent
aeration favors the growth of the Competibacteraceae family.

3. Environmental Microbiology

Recent advances in understanding of the role of microbial communities in subter-
ranean ecosystems, namely their contribution to biogeochemical processes affecting the
composition of the subterranean atmosphere and the availability of nutrients is reviewed
by Martin-Pozas et al. [6]. These bacterial communities have been found to actively con-
tribute to the uptake–fixation-production of CO2, CH4, and NxOx gases. In addition, the
bacteria from these still poorly explored niches display potential to serve as producers
of bioactive compounds with antibacterial, antifungal, or anticancer activities, as well as
enzymes with biotechnological applications. Moreover, methanotrophs and heterotrophs
in subterranean environments can interact and stimulate each other’s growth, and their
growth is associated with the production of bioactive compounds. The advent of massive
sequencing technologies and the omics sciences have brought to bear important tools for
continued exploration of the potential of biological processes in subterranean ecosystems.

Taking into consideration the origin and proportion of wastewater effluents (urban,
hospital, livestock farms, or industrial), Rolbiecki et al. [7] do an analysis of the efficiency of
wastewater treatment plants (WWTPs) in reducing the prevalence of antibiotic resistance
genes (ARGs). They also examine the effect of the treated wastewater on the receiving water
bodies (rivers). Their first conclusion is that the prevalence of ARGs in raw wastewater is
affected by the origin of the sewage. For example, agricultural sewage containing animal
waste is associated with a higher abundance of the sul2 gene, while hospital wastewater
appears to be the main source of the sul1 gene. The authors also conclude that WWTPs are
important sources of dissemination of ARGs to receiving water bodies. Metagenomic and
metatranscriptomic analyses will be applied to these samples to increase knowledge about
system dynamics, to develop effective strategies for managing risks, and to evaluate effects
on human health.

In some natural ecosystems, invasion by exotic plants poses a threat to the equilibrium
of the environment. For this reason, Cao et al. [8] studied the influence of Alternanthera
philoxeroide (alligator weed) invasion on wetland organic matter accumulation and bac-
terial community changes. Samples were collected from two sediment depths (0–15 and
15–25 cm) in invaded and normal habitats in two natural wetlands and two constructed
wetlands. They observed that the contents of the light fractions of organic carbon and
nitrogen were significantly higher in the constructed wetlands than in the natural wetlands,
and the contents of the C and N fractions were also higher in the invaded areas than
in the normal wetland habitats. The presence of the invasive weed also correlated with
changes in the wetlands’ microbiota. Although Proteobacteria, Bacteroidetes, Acidobacteria,
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and Chloroflexi were the dominant bacterial phyla in the wetlands, the abundance of Aci-
dobacteria, Actinobacteria, and Gemmatimonadetes was significantly higher in invaded areas.

4. Conclusions

The scientific articles covered by this Special Issue show that the study of bacterial
communities as a whole is essential for understanding the dynamics of both industrial
and natural environments. The interactions between the different members of a bacterial
community determine not only the structure but also the composition of the community.
Additionally, the presented papers, although they approach different problems, show that
rapid progress is possible thanks to modern research tools. In particular, the use of omics
tools has become an important part of all fields of microbiological study.
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