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ABSTRACT

In April 2022, The Company of Biologists hosted their first post-
pandemic in-person Workshop at Buxted Park Country House in the
Sussex countryside. The Workshop, entitled ‘Cell size and growth:
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from single cells to the tree of life’, gathered a small group of early-
career and senior researchers with expertise in cell size spanning a
broad range of organisms, including bacteria, yeast, animal cells,
embryos and plants, and working in fields from cell biology to ecology
and evolutionary biology. The programme made ample room for
fruitful discussions and provided a much-needed opportunity to
discuss the most recent findings relating to the regulation of cell size
and growth, identify the emerging challenges for the field, and build a
community after the pandemic.

Introduction

Cell size is profoundly important for cellular physiology — it is
specific to a given cell type and is fundamentally related to the
function of the cell. For example, neurons can reach meter-long
lengths to connect the central nervous system to peripheral tissues,
whereas red blood cells must maintain a small size to circulate
through the blood vessels.

Participants of the Workshop at Buxted Park Country House
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How cells control their size and how cell size impacts cellular
physiology are century-old, yet unresolved, questions in cell
biology. Central to understanding the role of cell size are the
many scaling relationships that exist with size, including the scaling
of size with ploidy, organelle volumes, biosynthetic rates and
metabolism. First described several decades ago, researchers are
only now making progress on identifying the mechanisms that
underlie these long-standing problems. Importantly, several of these
relationships are not just observed within a species, but also between
species across the tree of life, yet the current thinking in cell biology
rarely accounts for these evolutionary considerations. Thus, research
from ecologists, evolutionary biologists and developmental biologists
brings crucial context to these questions.

The Workshop was a faithful illustration of the unique aspects of
cell size-related questions: they are relevant to all living organisms,
are crucial for understanding the physiology of cells and are deeply
connected to fundamental evolutionary problems. Here, we have
summarized some of the key ideas and findings from the Workshop,
which served as an exciting reminder that the emerging field of cell
size appears in rude health and is faced with an exciting future.

Cell size homeostasis - growth and the cell cycle under the
spotlight
One of the most satisfying aspects of the meeting was to see how
recent work in plants, fungi and metazoans is starting to uncover the
mechanisms by which cells are able to control their size. Since the
1970s it has been known that proliferating cells that are born too
small to prolong their cell cycle, allowing them to grow more before
dividing and thereby correct for their initially smaller size. Martin
Howard (John Innes Centre, Norwich, UK) discussed how, using
skinny or fat-shaped mutants, they uncovered that fission yeast
always divides when cells are at the same surface area. This led
them, in collaboration with Fred Chang, to identify the cell cycle
activator Cdr2 as a key size-sensor, as its local concentration on the
membrane increases in proportion to cell surface area (Facchetti
et al., 2018). When deleting or mutating Cdr2, surface area sensing
is broken but, intriguingly, cells do not lose all their size control and
instead defer to a backup volume-based mechanism. Although size
control is conserved across different model organisms, it appears that
the underlying size-sensing molecules are not. Martin went on to
discuss their collaboration with the Sablowski lab led by Marco
D’ Ario, showing that in plants, the G1/S inhibitor KRP4 is diluted as
cells grow in G1 (D’Ario et al., 2021). Through KRP4 dilution, cell
cycle progression is promoted specifically in larger cells. Ingeniously,
the genome is used as a fixed standard against which to ‘count’ the
right number of KRP4 molecules, because non-chromatin-bound
KRP4 is rapidly degraded away by FBLI17. In fact, the general
principle of ‘inhibitor dilution” was first identified by Jan Skotheim
(Stanford University, USA), who started his talk by re-capping his
lab’s work on Whi5 dilution in budding yeast (Schmoller et al.,
2015). Big or small, all cells are born with the same number of Whi5
molecules. This results in dilution of the Whi5 protein as cell size
increases to promote cell division specifically in bigger cells. Jan
went on to show how the same principle is at play in cultured
mammalian cells, where the Retinoblastoma protein (Rb) takes the
place of Whi5 (Zatulovskiy et al., 2020). In the case of Whi$5, both
transcription and a chromatin-based partitioning mechanism ensure
cells always inherit a fixed number of Whi5 molecules regardless of
their size (Swaffer et al., 2021).

To explore whether other proteins behave similarly to Whi5 or
Rb, the Skotheim group have performed a proteomics analysis of
size-sorted cells and found hundreds of proteins that change their

concentrations with cell size (Lanz et al., 2022). One of the most
striking trends in these data was that larger cells show increased
expression of cellular senescence markers, foreshadowing work
from Gabriel Neurohr and Jette Lengefeld on how cellular
enlargement can reduce proliferation rates (discussed below).
Using an impressive arrange of proteomics, phospho-proteomics
and transcriptomics, lan Jones (Institute of Cancer Research,
London, UK) has mapped out how the biochemical composition of
different melanoma cell lines varies with their size (Jones et al.,
2022 preprint). Although changes in growth and inflammatory
pathways mirrored much of what Jan presented on senescence, lan
also shared the surprising result that these changes did not materially
alter the growth rate in these differently sized cancer lines. Dimitra
Chatzitheodoridou (Helmholtz Centre Munich, Germany) showed
that histones are another group of proteins that are produced
independently of cell size, ensuring a constant protein-to-DNA
stoichiometry (Claude et al., 2021). Dimitra is now investigating
how histone production is linked to DNA content across different
nutritional environments in budding yeast and has identified post-
transcriptional regulation as a critical step for nutrient-dependent
histone homeostasis.

Together, these different talks highlighted how size-dependent
changes in protein concentrations are far more common in growing
cells than was previously assumed. But what about in the early
embryo? In amphibians, fish and invertebrates, such as the fruit fly,
fertilized eggs undergo multiple rapid cycles of cell divisions with
no intervening growth, which increases the DNA-to-cytoplasm ratio
and triggers the mid-blastula transition (MBT), which coincides
with embryonic cell cycle elongation. By measuring the DNA-
bound fraction of histones, Amanda Amodeo’s team (Dartmouth
College, Hanover, USA) showed that in flies, a relatively fixed
number of pre-loaded histone H3 is titrated against the increasing
amount of nuclear DNA during these early cycles so that the free H3
concentration declines during development. Surprisingly, the
Amodeo lab found that the N-terminal tail of H3 is responsible
for cell cycle elongation at the MBT, because it acts as a competitive
inhibitor of the Chkl kinase independently of chromatin
incorporation in the cytoplasm. Thus, as more H3 is titrated
against the genome with every cycle, the total nuclear free H3 pool
eventually drops below a critical threshold and Chkl is activated,
resulting in the cell cycle taking longer (Shindo and Amodeo,
2021). Inspired to examine the same problem, but in frogs, Liliana
Pifieros (University of Leuven, Belgium) built droplets of Xenopus
egg extracts of varying sizes to reconstitute cell cycle transitions in
vitro and understand how they are influenced by cell and nuclear
size. Liliana showed that cell division in larger droplets is
coordinated by mitotic waves originating from individual nuclei,
which become pacemakers by oscillating faster than their
surroundings — the period of these oscillation is influenced by
nuclear import rates.

Bruce Edgar (University of Utah, Salt Lake City, USA)
introduced another central question of cell size homeostasis — how
does cell cycle progression adapt to changes in growth conditions?
Studying fruit fly wing progenitors and intestinal stem cells, Bruce
revealed the crucial role of the translational regulation of the E2F1
transcription factor (Qvrebg et al., 2022). Upstream open reading
frames in the E2F1 transcript attenuate translation, causing a
slowdown in proliferation rates under poor growth conditions.
However, when TOR signalling is active, this repression is
alleviated to promote increased proliferation specifically when
growth signalling is strong. In another example of this coupling
between growth and the cell cycle, the Edgar lab characterized the
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serum-dependent effects on translation rates by ribosome profiling
in RPE1 cells. This revealed that serum induces amino-acyl-tRNAs
for rare codons overrepresented in DNA replication factor
transcripts, supporting their model that serum stimulation
promotes cell proliferation via the enhanced translation of key S
phase factors. Further emphasizing the complexity of size control in
multicellular organisms, Alison Lloyd (University College London,
UK) recalled that in many adult animal tissues, the vast majority of
cells do not proliferate and yet cell size is still very precisely
regulated. Alison’s lab has pioneered the use of Schwann cells,
which are responsible for the myelination of peripheral axons,
to study cell growth in the tissue context. As they differentiate,
Schwann cells enlarge in size and increase their global
transcriptional and translational output to support the biogenic
demands of myelination. Alison went on to explain how HDAC2
and HDAC3 play opposing roles in switching between this highly
biosynthetically active developmental state and a more basal
homeostatic state, which maintains a stable cell size in adult tissue
(Rosenberg et al., 2018).

In proliferating cells, size- and growth-sensing pathways
ultimately feed into cyclin—-Cdks — the master cell cycle regulator.
Paul Nurse (Francis Crick Institute, London, UK) started his talk by
explaining how the cyclin—Cdk oscillator organises the cell cycle
via a gradually increasing activity so that key substrates are
phosphorylated at different thresholds (Swaffer et al., 2016).
Providing further support for this model, his lab has now
successfully engineered yeast capable of driving mitosis with
cyclin—Cdk complexes usually reserved for activating DNA
replication (Basu et al., 2022). To identify new regulators that
might feed size and ploidy information into the cell cycle control,
Paul’s lab have systematically screened for haplo-insufficient size
regulators that alter size when one of the two copies in a diploid is
deleted, and have also quantified the expression patterns of all the
known cell cycle factors (Moris et al., 2016; Curran et al., 2022).
Surprisingly, very few regulators of the G2/M transition changed
their concentration with cell volume — the two exceptions being
Cdc13 and Cdc25, hinting at a possible mechanism for the volume-
based control that Martin Howard and Fred Chang uncovered when
Cdr2 is removed.

The eukaryotic cell cycle is completely distinct from that of
bacteria but in both domains of life, the cell cycle is carefully
coordinated with cell size. Combining high-throughput time-lapse
imaging with CRISPR screening (Lawson and Elf, 2021), Johan EIf
(Uppsala University, Sweden) showed that the timing of DNA
replication is tightly coordinated with cell size but not with cell
division in Escherichia coli. Key to this phenomenon is the fact that
the replication initiator factor DnaA toggles between an ATP- and
ADP-bound state — the ADP-to-ATP conversion is regulated by
factors in proportion to cell volume, whereas the reverse reaction is
templated on DNA. This suggests an elegant model where the
relative ratio of DnaA-ATP to DnaA-ADP reflects the volume-to-
DNA ratio and thereby promotes genome replication whenever a
cell has grown sufficiently to shift the DnaA-ATP-to-Dna-ADP
ratio above a critical threshold. Bianca Sclavi (Sorbonne University,
Paris, France) then presented the surprising finding that replication
controls the specific growth rate in E. coli, because growth is not
monotonic during the cell cycle but increases as DNA replicates. To
better understand this pattern, Bianca analysed the activity of several
promoter reporters which depend on DnaA across various growth
conditions. The volume-specific activity of these promoters
oscillates through time, which led Bianca to the hypothesis that
DnaA acts as an oscillator coupled to cell size in single cells. How

are these oscillations set? Although this is still under investigation,
the interaction between DnaA and the SeqA repressor protein
appears to be central, because when the binding sites of SeqA are
deleted, oscillations of the promoter reporters are disrupted.

Intracellular scaling - cell size at the nexus of cellular
functionality and fitness

As cells grow and change in size, so must many of their internal
structures and organelles. Fred Chang (UC San Francisco, USA)
recalled a classic study from Paul Nurse’s lab, which demonstrated
how nuclear size scales with cell size in fission yeast, regardless of
DNA content (Neumann and Nurse, 2007). Following up on this
observation, Fred’s group have developed an elegant biophysical
model where nuclear growth is set by the effects of colloid osmotic
pressure. Using osmotic shock experiments and nuclear transport
perturbations, they demonstrated experimentally that the nucleus
behaves as a perfect osmometer, as its volume is principally set by
the balance of osmotically active macromolecules between the
nucleus and cytoplasm (Lemiére et al., 2022). Satisfyingly, this
model also quantitatively predicts the rate at which nuclear size is
corrected in mutants where cells are born with an aberrant nuclear-
to-cytoplasmic ratio. Rebecca Heald (UC Berkeley, USA) brought
an important counterpoint to biophysical models of scaling by
giving a glimpse of the diversity of intracellular scaling molecular
mechanisms acquired throughout evolution in frog embryos.
Combining experiments in Xenopus embryos and egg extracts
encapsulated in droplets, Rebecca’s lab showed that spindle and
nuclear size are set by the cell surface area-to-volume ratio
(Brownlee and Heald, 2019). Turning to the meiotic spindle,
Rebecca then showed that its size regulation relies on distinct
mechanisms in different frog species — whereas X. tropicalis and
X. laevis species relied on the microtubule-severing protein katanin
and TPX2, the distantly related pipid frog Hymenochirus boetgerri
meiotic  spindles relied on Kif2a-mediated microtubule
destabilization (Miller et al., 2019).

As the mechanism for cellular and subcellular size control were
being uncovered, a deceptively simple question was raised — why do
cells control their size? Jette Lengefeld (University of Helsinki,
Finland) investigated the consequences of cell enlargement in vivo
using the tiny hematopoietic stem cells (HSCs). By isolating
differently sized HSCs and then transplanting them into irradiated
recipient mice, Jette showed that larger HSCs lose their regeneration
potential due to a decreased proliferation rate that is also associated
with a depletion of mitochondria and metabolites such as ATP
(Lengefeld et al., 2021). Cell size is the key causal factor because
when the size of large stem cells is decreased, they regain their
capacity to regenerate the recipient mouse’s blood system. Jette’s
work paved the way to a whole new series of fundamental questions
focusing on the mechanisms by which cell size affects cellular
physiology. The surface area-to-volume ratio is often hypothesized
to be an important regulatory variable for cell growth, given that it
could constrain the rate of nutrient uptake. However, when Teemu
Miettinen (MIT, Cambridge, USA) induced polyploidization in
mouse lymphocytes to generate cells spanning a hundred-fold range
of sizes, he found that their mass-normalized growth rate was
constant (Mu et al., 2020). To explain this surprising result, Teemu
then investigated the size-dependency of cell surface protein content
using new measurement techniques. This revealed that cell surface
proteins increase at the same rate as cell volume, suggesting an
increased membrane folding in larger cells that keeps surface-to-
volume ratio independent of size. Crucially, in these experiments
when cell size increases, so does DNA content, meaning the cell
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volume-to-DNA ratio is roughly constant. In contrast, Gabriel
Neurohr (ETH Zurich, Switzerland) studied budding yeast cells
arrested in G1 and the DNA content of these cells remained fixed
while cell volume increased massively. In this context, cellular
growth and biosynthesis break down, cytoplasmic RNA and protein
are diluted, and cells become prone to senescence, thus emphasizing
that the size-to-DNA ratio, not cell size per se, is key for efficient
growth (Neurohr et al., 2019). Gabriel also showed that doubling the
DNA content of yeast cells, either via polyploidy or just by adding
large amounts of junk DNA, has a similar effect on increasing cell
size. This intriguing result suggests that, at least in budding yeast,
the size-to-DNA ratio is kept roughly constant across ploidies
because cell size is directly coupled to the DNA amount regardless
of whether it is coding or not. Despite the deleterious effects of the
dramatic increases in size highlighted by Gabriel, cells are
remarkably successful at scaling and maintaining processes in
their physiological size range. Matthew Swaffer (Stanford
University, USA) investigated the mechanisms underlying the
long-reported linear scaling between mRNA amounts and cell
volume. He identified RNA polymerase II (RNAPII) as the major
limiting factor for increasing global mRNA synthesis in larger cells
and explained how the global transcription rate is determined by the
underlying equilibrium kinetics of the different nuclear RNAPII
populations (Swaffer et al., 2022 preprint). However, this
transcriptional scaling is not perfectly proportional to cell size and
Matthew identified an additional compensating feedback on mRNA
turnover that stabilizes transcripts in larger cells. How does this fit in
with conclusions from Gabriel and Teemu that the size-to-DNA
ratio is key for cell growth? Well, DNA content is also a key
parameter in this model, and Matthew showed that transcription
occurs at a higher overall rate in diploid cells compared to similarly
sized haploids, which might explain why increased ploidy is able to
sustain efficient growth at larger cell sizes.

Polyploidy is also key in Arabidopsis sepals, where a fraction of
cells become giant to promote tissue curvature. Adrienne Roeder’s
group (Cornell University, Ithaka, USA) showed that in sepals,
endoreduplication is triggered when the concentration of the
ATMLI transcription factor, which varies stochastically among
cells, reaches a critical threshold (Meyer et al., 2017). Adrienne’s
team have gone on to identify very long chain fatty acids (VLCFA)
as a key non-proteinaceous regulator of ATML]1, which together
control endoreplication via the regulation of the Cdk inhibitor LGO.
Surprisingly, endoreduplication can be reversible in sepals,
challenging the dogma that once cells endoreplicate they cannot
revert to a lower ploidy. Marco D’Ario also addressed the
contribution of cells to the mechanical properties of plants, but
from a paleontology perspective. Through 3D computational
reconstruction, Marco studied cell size distribution in eophyte
fossils, a 400 million-year-old extinct taxon of non-vascular plants.
Marco has started exploring possible functional consequences of the
diverse forms he observes, such as the identification of putative
pressure-driven spore release mechanisms in these ancient organisms.

Despite the many physiological situations where ploidy
increases, whole-genome duplication (WGD) is also — somewhat
paradoxically — an early step in many cancers. To shed light on this,
Renata Basto (Institut Curie, Paris, France) artificially induced
tetraploidization by different means in human cell lines and
observed a major spike in DNA damage during the first S phase
that followed tetraploidization (Gemble et al., 2022). Renata showed
that when the ploidy doubles, certain factors required for DNA
replication do not scale up. Simply elongating G1 phase to allow
cells to accumulate more S phase components was sufficient to

rescue the genetic instability in tetraploid cells, as was upregulating
key DNA replication factors. Thus, the absence of scaling of
replication factors with ploidy in the very first S phase following
WGD is a major source of DNA damage and could help explain the
link between WGD and tumorigenesis. Zuzana Storchova
(University of Kaiserlautern, Germany) expanded on the theme of
protein expression scaling with cell ploidy by analysing yeast strains
ranging from haploids to tetraploids (Yahya et al., 2021 preprint).
Proteomic and transcriptomic analyses revealed that many proteins
alter their expression with changes in ploidy, whereas the mRNAs
that encode them do not. Translational machinery was one of the
main groups to be downregulated with increased ploidy and this was
associated with lower mTOR signalling and the upregulation of the
Tup! transcriptional regulator. Zuzana proposed that these changes
in translational machinery reduce the relative protein synthesis rate
in higher ploidy cells, explaining why tetraploids have a lower
protein-to-DNA ratio than haploids.

Metabolism and cell size - a common thread from cellular to
whole organism scaling?

Although our understanding about how cellular functions are
affected by changes in cell size, ploidy and the DNA-to-cytoplasm
ratio progresses, a new question emerges — how do these changes
affect higher levels of organization, such as the tissue or organism
scale? Clotilde Cadart (UC Berkeley, USA) developed a novel
approach to study the consequences of polyploidy and cell size
increase at the organism level by generating polyploid Xenopus
embryos. In triploid X. laevis and X. borealis embryos, she observed
that whole-organism metabolic rate, assessed by measuring the
oxygen consumption rate, was reduced compared with that in
diploids. She then presented a mathematical framework to decipher
how the energetic costs of growth, proliferation and maintenance
change with cell number and ploidy in embryos. To bring an
evolutionary perspective to her findings, Clotilde is also comparing
the onset of scaling relationships between genome size, cell size and
developmental rate in Xenopus laevis and Xenopus longipes
species, which evolved following ancestral polyploidization
events (and have 4N and 12N genomes, respectively) (Miller
et al., 2022). How could metabolism change with size? Together
with Jette’s work, Clotilde’s results highlight the importance of this
question (Cadart and Heald, 2022).

Using E. coli, Christine Jacobs-Wagner (Stanford University,
USA) made a compelling case for the importance of studying ATP
regulation at the single-cell level. Combining a ratiometric ATP
sensor with a high throughput single-cell tracking protocol, her lab
identified high cell-to-cell variability in ATP concentrations, a
phenomenon that was most pronounced in nutrient-rich conditions
(Lin and Jacobs-Wagner, 2022). Using mutants in the acetate
fermentation pathway and media switches, Christine argued that
temporal dynamics of overflow metabolism contributes to these
fluctuations. Remarkably, the amplitude of the fluctuations, but not
the average ATP concentration, is negatively correlated with single-
cell growth rates, suggesting that cells with more stable ATP levels
are those most capable of optimal growth. To further understand the
energy budget of bacteria, Diana Serbanescu (University College
London, UK) has developed theoretical models accounting for
nutrient import, growth, division, metabolism, shape maintenance
and energy loss (Serbanescu et al., 2021). Diana’s approach is based
on optimization of the physiological energy assimilation to
ultimately maximize cellular fitness for proliferation. Her work
uncovers feedback motifs for bacteria’s adaptive response to
chemical and mechanical perturbations.
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Understanding whether and how genome size and cell size are
linked to organismal variables across species would shed light on
the type of constraints on genome size evolution. Ivan Gomez-
Mestre (Dofiana Biological Station, Seville, Spain), an ecologist and
evolutionary biologist, brought a crucial perspective to this
question. Comparing hundreds of amphibian species, he showed
that the duration of the developmental period is positively associated
with genome size across frogs and toads (Liedtke et al., 2018). Since
genome size and cell size are correlated across species, it is tempting
to speculate that cell size-dependent changes in physiology might
mediate this correlation. Ivan’s talk highlighted the breadth of
questions that can be investigated in amphibians, such as the
interactions among environmental conditions, evolutionarily
acquired plasticity to environmental variability, gene expression
or embryo development; this sparked the curiosity of many cell
biologists in the audience who are hoping to bridge the gap between
cell and organismal physiology. Douglas Glazier (Juniata College,
Huntingdon, USA) recalled the varied and complex relationships
between cell size and different organismal traits. Focusing on how
cell size and number relate to metabolic rates, growth, development
and propagule production, he proposed that we consider cell size as
a ‘hub trait’ for organism physiology (Glazier, 2022). Douglas went
on to speculate about how changes in cell size might be an integral
part of biological responses to changing environments, including
both phenotypically plastic multi-trait responses and the genotypic
evolution of integrated adaptive traits at the population level.

Going beyond cross-species analyses and finding an
experimental angle to understand the relationship between size,
growth and metabolism at the organismal scale is no small
challenge, but several attendees presented new and exciting
experimental approaches. To test whether and how organ growth
is constrained by energy consumption during Drosophila
development, Youmna Atich (IBDM, Marseille, France) proposed
a novel experimental strategy where she will dissect and perform
single-organ microcalorimetry measurements. In flatworms, which
can grow or ‘de-grow’ depending on food availability even at the
adult stage, Jochen Rink (Max Plank Institute for Multidisciplinary
Sciences, Goettingen, Germany) aims to elucidate how body size,
growth rate and organism physiology are linked. Jochen showed that
body size is a very strong predictor of overall gene expression,
independently of the life history of the animal and whether it
reached its size by growing, shrinking or regeneration. He then
identified a conserved signalling molecule that itself is body size
dependent and explains a major subset of size-dependent gene
expression patterns. Thus, this signalling pathway appears to operate
as a systemic regulator that controls the rates of both cell
proliferation and organism growth to couple organism size to its
physiological state. Using Caenorhabditis elegans, Benjamin
Towbin (University of Bern, Switzerland) asked whether and how
size homeostasis is achieved at the organism level during
development. He showed that in developing larvae,
heterogeneities in body sizes are compensated for by BLMP-1, an
oscillatory  transcription  factor that negatively couples
developmental time to growth rate (Stojanovski et al., 2022b).
Next, turning to organ size homeostasis, Benjamin observed that
pharynx size control is robust, showing ‘adder’-like properties
(Stojanovski et al., 2022a preprint). To ask whether such control is
tissue-autonomous or systemic, his lab performed tissue-specific
inhibition of the mTOR activator RagA in the pharynx and
hypodermis. This caused a strong systemic response, thus
suggesting that mechanisms must exist to regulate growth across
tissues and ensure robust pharynx-to-body size proportions.

Altogether, talks from Benjamin, Jochen, Youmna, and Clotilde
point to a new frontier for cell size biologists — understanding
how organismal physiology is set and results from its constituent
organs and cells. In this endeavour, the theory of scaling studied
by Douglas Glazier or Van Savage (Savage et al., 2007; Brummer
and Savage, 2021) — who was unfortunately unable to join the
meeting — brings important conceptual tools whereas evolutionary
approaches and experiments in amphibians presented by Ivan
Gomez-Mestre provide a crucial context for such an ambitious
undertaking.

Concluding remarks

On the last evening, we gathered for a conversation where each
attendee presented the questions that had most sparked their interest.
The breadth of the questions discussed was a testimony of the
diversity of fundamental processes that cell size touches upon. At
the cellular scale, the precise molecular mechanisms allowing the
coordination of cell cycle progression and growth to maintain size
homeostasis are being elucidated and it was suggested that future
research might focus on how conserved size control patterns are
throughout evolution. At the subcellular scale, the regulation of
organelles and processes such as biosynthesis or metabolism, as a
function of cell size, appears as the new hot topic, opening many
unanswered questions on the relationship between cell size and cell
physiology. Directly related to this, a new frontier emerges — the
connection between cell physiology and tissue or organismal
physiology, with novel experimental approaches currently being
developed in amphibians, planarians, worms and flies. The
conversation also insisted on the need to develop
multidisciplinary approaches to support cell biologists. For the
size scaling relationships that are conserved across multiple taxa,
biophysical models will likely be key to uncovering the underlying
principles. Evolutionary biology and phylogeny approaches bring
crucial context to our questions. Finally, developing connections
with experts in cellular and organismal metabolism might become
crucial to unlock some of the current open questions. Overall, the
cell size community is still young but is characterized by a
pioneering, creative and collaborative spirit, which places it in a
unique place to bridge the gap across diverse fields of biology.
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