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Thermophilic micro-organisms thrive at temperatures above 50°C
and inhabit a wide range of high-temperature environments
across our planet. Research on thermophiles is essential for deep-
ening our understanding of their unique physiologies, phyloge-
nomic diversity, geographic distribution, and the molecular mech-
anisms that enable their adaptation to extreme conditions. Such
studies also shed light on the origins and evolution of life on Earth
and pave the way for industrial applications of thermophiles, their
enzymes, and metabolic products.

The 16 International Congress on Thermophiles was held in
late August and early September 2023 in Bangor, North Wales, UK,
an area of outstanding natural beauty nestled between the Snow-
donia Mountains and the Irish Sea coastline. This biennial confer-
ence series, inaugurated in 1990 in Viterbo, Italy, covers a broad
spectrum of topics including ecology, evolution, phylogeny, ge-
nomics, metagenomics, molecular biology, physiology, astrobiol-
ogy, and biotechnology. The congress provides a platform for re-
searchersin the field of thermophilic studies to present their latest
discoveries, exchange new concepts and methodologies, and fos-
ter scientific collaboration.

Participants from around the world representing Europe, Asia,
North and South America, and Africa attended the 2023 meeting.
The scientific program encompassed sessions on Evolution, Infor-
mation Processing Systems and Microbial Defence; Metabolism and
Physiology; Biotechnology; Diversity and Ecology; Omics; and Ther-
mophiles and Astrobiology. Both established and early-career sci-
entists contributed to the discussions, reflecting the diversity and
breadth of research within the thermophile community.

The Congress provided an engaging forum for data presenta-
tion, conceptual exchange, discussion of research gaps, network-
ing, and the formation of new collaborations. A friendly, inspir-
ing, and inclusive atmosphere offered PhD students and early-
career researchers an excellent opportunity to showcase their
work through oral and poster presentations and to interact with
leading experts from across the globe. Significant efforts were also
made to incorporate sustainable development principles, with a
strong emphasis on diversity and equality in speaker selection,
session chairing, and the composition of the poster committee.

The FEMS Microbiology Ecology thematic issue on thermophiles
was launched in conjunction with the conference to highlight key
topics in thermophilic research through a collection of original re-
search articles.
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In this issue, Boer and colleagues (2024) reported on the iso-
lation and characterization of novel strains of thermophilic, ace-
togenic Moorella, demonstrating their potential for biotechnolog-
ical applications. Seven new Moorella strains were isolated from
diverse environments, leading to the description of a new species,
M. carbonis. The study also presented high-quality genome as-
semblies and identified potentially unique metabolic traits. Fur-
thermore, physiological analyses revealed isolate-specific charac-
teristics and, notably, documented prophage activity within the
genus Moorella for the first time (Boer et al. 2024). Lassoued and
co-authors (2024) focussed on exploring the diversity and interac-
tions between cyanobacteria and heterotrophic bacteria in micro-
bial mats of a hydrothermal pool at Ksar Ghilane, located in the
Grand Erg Oriental, Tunisia. Although natural samples revealed a
rich diversity of cyanobacterial species, laboratory cultivation re-
sulted in the enrichment of selected genera, including Leptolyng-
bya, Nodosilinea, and Arthronema. The study highlighted the piv-
otal role of cyanobacteria within thermophilic microbiomes of hy-
drothermal pools, particularly through their metabolic exchanges
with heterotrophic bacterial partners, predominantly from the
phyla Proteobacteria and Actinobacteria (Lassoued et al. 2024).

The paper of Kristjansdottir et al. (2025) reported a genome-
scale metabolic reconstruction of two strains of the thermophilic
bacterium Rhodothermus marinus DSM 42527 and the genetically
amenablevariant, ISCaR-493. The study provided detailed insights
into sugar metabolism and carotenoid biosynthesis, among other
metabolic pathways. Carotenoid production was found to vary
significantly under different growth conditions; notably, supple-
mentation of pyruvate to a glucose-based medium resulted in in-
creased cell density. In addition, the presence of pyruvate, the
use of alginate as a carbon source, light exposure, and nutri-
ent starvation all contributed to enhanced carotenoid yields. Im-
portantly, the previously unidentified dxs gene in the carotenoid
biosynthetic pathway of R. marinus 1SCaR-493 was successfully
cloned from Thermus thermophilus using a shuttle vector, lead-
ing to further increases in carotenoid production (Kristjansdot-
tir et al. 2025). Ciuchcinski et al. (2024) conducted a compara-
tive analysis of plasmid identification tools applied to the study of
microbial communities inhabiting deep-sea hydrothermal vents
along the Arctic Mid-Atlantic Ridge. Plasmid sequences from 14
environmental samples were identified and characterized, en-
hancing our understanding of the role of the plasmidome in
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shaping microbial diversity, ecology, and adaptive mechanisms
within extreme ecosystems (Ciuchcinski et al. 2024). Khusnut-
dinova et al. (2024) investigated the biochemical characteris-
tics, resolved protein crystal structures and phylogenies, of gly-
cosyl hydrolases (GH1) from the hyperacidophilic archaeon Cu-
niculiplasma divulgatum S5T, uncovering several significant in-
sights. Phylogenetic analysis revealed that Cuniculiplasma GH1
enzymes cluster with homologues from thermophilic and hy-
perthermophilic archaea. Notably, two of the characterized en-
zymes exhibited optimal activity at 50°C, supporting the hypothe-
sis that Cuniculiplasma may have evolved from high-temperature
ancestors. These intracellular enzymes showed their highest ac-
tivity toward cellobiose, suggesting a broader substrate range
than previously recognized for Cuniculiplasma, which was once
thought to rely solely on oligo- and polypeptides as carbon
sources. Growth experiments further demonstrated that the addi-
tion and intracellular utilization of cellobiose increased biomass
yield by ca. 50%. Collectively, these findings highlight a more
substantial role of Cuniculiplasma in carbon cycling and empha-
sise its ecological importance in acidic environments, particu-
larly through the uptake of cellobiose, a key intermediate in cel-
lulose degradation (Khusnutdinova et al. 2024). Sunada et al.
(2025) investigated sulfuric acidic hot springs in Japan and suc-
cessfully isolated and identified several heterotrophic unicellu-
lar eukaryotic species belonging to diverse taxa. The study re-
vealed independent evolutionary trajectories among the four iso-
lated organisms, Allovahlkampfia sp., Nuclearia sp., Parvularia
sp., and Vannella sp., each having acquired unique adaptations
to elevated temperatures and low pH, enabling colonization of
geothermal sulfuric environments. Additionally, other eukaryotic
species, including Platyophrya sp. and Neobodo, were detected
in these extreme habitats despite previously being characterized
as mesophilic. An intriguing finding was that all species, except
Neobodo sp., appeared to rely on Cyanidiococcus sp., the pre-
dominant member of microbial communities in these ecosystems
(Sunada et al. 2025).

The study by Rosa et al. (2025) examined the survival of the
thermophilic soil bacterium Parageobacillus thermoglucosidasius
in the rhizosphere of tomato plants under fluctuating temper-
ature conditions. Targeted metabolomic analyses demonstrated
that plant exudates enhanced bacterial survival at 20°C-25°C by
more than 23-fold, suggesting a potential mechanism for the per-
sistence of thermophilic bacteria in heated soils during cooler pe-
riods (Rosa et al. 2025).

Taken together, the papers presented in this thematic issue
encompass a broad spectrum of research on thermophilic and
thermotolerant prokaryotic and eukaryotic organisms, address-
ing their diversity, ecology, evolution, and biotechnological po-
tential. The studies employed an integrative range of methodolo-
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gies, combining classical microbiological techniques such as en-
richment, isolation, cultivation, and physiological assays with ge-
nomic, metagenomic, metabolomic, phylogenomic, and statisti-
cal analyses, as well as plasmid annotation, biochemical charac-
terization of enzymes and resolving their crystal structures. These
multifaceted approaches exemplify the modern, interdisciplinary
nature of thermophile research. Collectively, the contributions in
this issue highlight recent advances in the field and delineate key
knowledge gaps that remain to be explored.
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