YAAMAM DISSEMINATION

Microbes keep Earth’s life systems
running by driving the chemical cycles
that make life possible (Falkowski, Fenchel
and Delong, 2008). Viruses, in turn,
shape these microbial communities—
they can change which microbes are
present, what their genes are, and even
how they use energy (Suttle, 2007). Still,
we know surprisingly little about how
viruses and their microbial hosts interact.
Current methods, while evolving, still
have limitations for measuring and
describing these relationships. Only
recently have researchers begun to reveal
how important viruses are in controlling
microbial systems, for example, by
reprogramming the metabolism and
gene activity of the bacteria they infect
(Breitbart et al., 2018).

Life of giant phages

The GIAPHAGE project, funded by a European Research Council
Starting Grant, is focused on revealing the unknown biology and
ecology of large bacterial viruses, phages, using a unique set

of isolates. It also aims to clarify how abundant large phages are
and what role they play in the environment.

In the oceans, most of the living matter
is microbial, and it's becoming clear that
viruses, along with other microbes, are
both-drivers and responders to global
climate change. To understand and
predict how microbes will affect carbon
cycling and the ‘microbial loop’ under
future climate conditions, we need more
details about virus-host interactions.
This knowledge is essential if we want to
include viruses in climate change models
(Danovaro et al., 2011). In short, viruses
are central players in ecosystems, and
ignoring them gives us an incomplete
picture of how life and climate are
connected.

When a virus infects a bacterium, the
cell stops acting like its original self and
instead becomes what scientists call a
virocell—a cell reprogrammed to serve
the virus. In this state, much of the cell’s
“metabolism is redirected to support viral
~ replication rather than the bacterium’s
,nndrmal functions. This shift can have
far-reaching effects: if many of the most
on bacteria in an environment are
nfected at once, their collective change
netabolism can alter how nutrients
ergy flow through the ecosystem.
ds, viral infections don’t just
ividual microbes—they can
microbial communities
“the larger environment

“ Figure 1: One of the locations used foF re: ap@, J
sampling in northernmost Finland. Wat; i
taken.by postdoctoral researcher Kafyﬁa Kameyei‘{ )

Beyond ecology, newly discovered viruses
are also opening doors in biotechnology.
Their unique enzymes and genetic
features are being explored as novel
tools for medicine, molecular biology
and even sustainable technologies. This
makes the study of viruses important not
only for understanding nature but also
for creating future innovations.

Megaphage genome size
exceeds those of the smallest
bacteria

Viruses that infect bacteria (in short
phages) are ubiquitous and the most
numerous entities on our planet (e.g.
Clockie et al., 2011). Although phage
research benefits from ever-growing
sequence data, the lack of real-life
biological significance and connection
to biological functions is increasing.
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Recently, researchers discovered a
group of unusually large viruses called
megaphages by analysing DNA from
many sources, including the environment,
animals and humans (Al-Shayeb et al.,
2020), and in another study, from the
ocean (Michniewski et al., 2021). These
viruses stand out because their genomes
are enormous—over 600 000 base pairs,
which is bigger than the genomes of
some bacteria.

Despite their impressive size, very little
is known about how these giant phages
actually live and function. So far, no
one has been able to isolate them in the
lab, which means their biology is still
largely a mystery and has fuelled much
speculation.

The GIAPHAGE project is tackling some
of the most fundamental questions
about megaphages by working with

Figure 2: Thin section of a megaphage infecting its host cell imaged with a transmission electron microscope
~ (picture © Kaisa Lepola).
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Figure 3: Phage lysate and its dilutions spotted onto a bacterial lawn of the host. Areas where bacteria have
been destroyed by the phage appear as clear zones or smaller plaques.

the very first megaphage isolates. The
research provides compelling evidence
that megaphages are genuine biological
entities, notjustartefacts of metagenomic
assembly. The project explores not only
their biology but also their ecology—how
common they are, where they live and
what roles they play in ecosystems. By
doing so, GIAPHAGE will expand our
understanding of viral diversity and may
also uncover new virus-derived tools that
could be useful in biotechnology.

Megaphages have been thought to be
rare, but our ongoing work suggests
they may actually be much more
common. This means they could have
a far greater influence on ecosystems
than we realised. By investigating their
ecological roles, the project aims to

challenge and refine current views of
how these giant viruses interact with
microbial ecosystems. By studying how
megaphages take over their host bacteria
and what happens when those hosts
burst, we can better understand their
impact on the movement of elements
and nutrients in the environment.

With the unusually large coding capacity,
megaphages may boost host metabolism
through auxiliary metabolic genes and
help break down complex biomass.
Uncovering the molecular strategies they
use to take over their hosts is expected to
reveal novel viral enzymes and regulatory
elements with potential applications
in biotechnology, including genome
engineering and microbial system design.

Aims of GIAPHAGE

Uncover how megaphages work by
studying the first-ever isolates that
can be grown in the lab.

Explore how megaphages interact
with their bacterial hosts under natural
conditions, and what happens inside
an infected cell when the virus takes
over.

Find out how vastly megaphages
infect different bacterial species.

Investigate how megaphages compete
with other viruses by setting up
controlled ‘virus-virus competition’
experiments.

Find out where megaphages occur
and how'common they are in the
environment, testing where these
giant viruses are especially enriched.
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GIAPHAGE

PROJECT SUMMARY

The Life of Giant Phages (GIAPHAGE)
project is focused on revealing the unknown
biology and ecology of large bacterial
viruses, phages, using a unique set of
isolates. It also aims to clarify how abundant
large phages are and what role they play in
the environment. GIAPHAGE started at the
end of 2023 and is funded by a European
Research Council Starting Grant.
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