The placozoan Trichoplax

Marvin Leria, Magali Requin, André Le Bivic, Andrea Pasini

» To cite this version:

Marvin Leria, Magali Requin, André Le Bivic, Andrea Pasini. The placozoan Trichoplax. Nature Methods,
2024, 21, pp.543 - 545. <10.1038/s41592-024-02228-3). <hal-04794117)

HAL Id: hal-04794117
https://hal.science/hal-04794117v1

Submitted on 20 Nov 2024

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-
for the deposit and dissemination of scientific re- tinée au dépoét et a la diffusion de documents scien-
search documents, whether they are published or not. tifiques de niveau recherche, publiés ou non, émanant
The documents may come from teaching and research des établissements d’enseignement et de recherche
institutions in France or abroad, or from public or pri- francais ou étrangers, des laboratoires publics ou
vate research centers. privés.

Auto':iiition
HAL Authorization


https://hal.science/hal-04794117v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

Thismonth

Creature column

https://doi.org/10.1038/s41592-024-02228-3

The placozoan Trichoplax

By Marvin Leria, Magali Requin, André Le Bivic & Andrea Pasini

M Check for updates

After havingbeen largely neglected
for more than a century, the tiny
marine animal Trichoplax adhaerens
isenjoying arevival and is now
poised to become a mainstream
model organism for the study of
epithelial evolution, diversification
and specialization.

ome animals are so weird that

they seem to have come straight

out of the fertile imagination of a

sci-fi writer. If there were a contest

for the strangest-looking animal,
Trichoplax adhaerens (‘sticky hairy platelet’)
and its fellow placozoans would surely be
among the most likely winners.

Since its first description by the German
zoologist Franz Eilhard Schulze', who dis-
covered it on the wall of a seawater aquarium
at the University of Graz in Austria in 1883,
Trichoplax appeared to be an unusual orga-
nism. Its ameboid aspect and shifting mor-
phology, itslack of apparentbody axes and its
peculiar anatomy, made of only two ciliated
epithelial layers, set it apart from all other
known animals. In the absence of amore con-
vincing taxonomic classification, Trichoplax
wasranged among the Mesozoa, atthetimea
wastebasket taxon containing a motley crew
of morphologically ‘simple’ and hence sup-
posedly ‘primitive’, mostly ciliated, organisms.
For the next hundred years or so Trichoplax
was largely forgotten by experimentalists,
although it continued to feature in theoreti-
cal hypotheses and debates on the origin of
multicellular animals.

In the early 1970s Trichoplax was redisco-
vered in samples from the Red Seaby another
German zoologist, Karl Gottlieb Grell, who
created for it a completely new metazoan
phylum, the Placozoa® Recently, this phylum
hasbeenexpandedtoincorporate three newly
described species — Hoilungia hongkongensis,
Polyplacotoma mediterranea and Cladtertia
collaboinventa®* — aswell as several Trichoplax
haplotypes genetically distinguished on
the basis of mitochondrial 16S rRNA*®. The
phylogenetic position of Placozoa has been
controversial: recent evidence points to them
being one of the most basal metazoan phyla,
together with Porifera and Ctenophora’,
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Fig. 1| Trichoplax morphology. Bright-field and scanning electron microscopy images of Trichoplax of the

H2 haplotype.

although an alternative explanation is
that they might constitute a very derived
sister group to Cnidaria. Grell’s rediscov-
ery and the phylogenetic debate sparked a
renewed interest in placozoans in general
and Trichoplaxinparticular,and over the last
50years knowledge has been slowly but stead-
ily accumulating on this unusual organism,
which is now poised to become an exciting
model for studies in evolutionary cell and
organismal biology.

Trichoplax is a small and flat (around 1-2
mmindiameter and 20-30 pm thick) benthic
marine animal mainly found in shallow sub-
tropical and tropical waters (Fig.1). It liveson
rocks, corals and other substrates and feeds
onbiofilms of algae, bacteriaand other micro-
organisms by means of external digestion. As
withall placozoans, its life cycle remains enig-
matic. Reproduction occurs mostly asexually,
generally by binary fission (Fig. 2a), although
budding of juveniles (‘swarmers’) from the
adults hasbeen described®’. Sexual reproduc-
tion and embryonic development have never
been observed in the laboratory, but there
are hints that they might occur in nature®.

At 98 Mb, the Trichoplax genome is one of
the smallestamongall free-living animals, but
it possesses arichgenerepertoire, with many
ofthe gene families found in morphologically
more complex metazoans’. In contrast, its
mitochondrial genomeis one of the largestin
the animal kingdom'. Remarkably, the regula-
tion of gene expressionin Trichoplax appears
torely essentially on short proximal promoter

regulatory elements, without the need for
more distal enhancer elements, a feature
that sets Trichoplax apart from other meta-
zoans and closer to unicellular eukaryotes™.
A pioneering series of in situ hybridization
experiments has revealed several instances of
regionalized gene expression pattern’”. Some
genes are expressed in concentric patterns,
someina‘saltand pepper’ fashionacross both
upper and lower epithelia or restricted to only
oneof the two, while others reveal unexpected
asymmetric patterns.

Trichoplax are generally comprised of tens
ofthousands to hundreds of thousands of cells
but contain alimited number of morphologi-
cally distinct cell types (Fig. 2b), organized
in two epithelial sheets that delimit a narrow
inner cavity”. The upper epitheliumis almost
exclusively constituted by mushroom-shaped,
monociliated dorsal epithelial cells, with
a very flat and thin apical aspect. In some
Trichoplaxhaplotypes, a few dorsal cells also
contain large vesicles, called ‘shiny spheres’,
thought to be involved in defense against
predators. The lower epithelium mostly
consists of columnar, monociliated ventral
epithelial cells, with interspersed secretory
lipophil cells, gland cells and peptidergic cells.
The ciliary beating of the ventral epithelial
cells is largely responsible for the gliding
movements of the animal on the substrate,
while the large lipophil cells secrete digestive
enzymes and the gland cells produce mucus®.
Single-cell transcriptomics recently showed
that the peptidergiccells are aheterogeneous

nature methods

Volume 21| April 2024 | 543-545 | 543


http://www.nature.com/naturemethods
https://doi.org/10.1038/s41592-024-02228-3
http://crossmark.crossref.org/dialog/?doi=10.1038/s41592-024-02228-3&domain=pdf

Thismonth

Fig.2|Features of Trichoplax epithelia. a, Stereomicroscope backlit view

of alive, dividing TrichoplaxH2.b, Scanning electron microscopy image of a
fractured Trichoplax H2, colored to highlight the different cell types. ¢, Confocal
microscopy image of a Trichoplax H2 stained with an antibody against a peptide
expressed by gland cells, showing their distribution in the lower epithelium.
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d, Stereomicroscope composite of four backlit live Trichoplax H2 to highlight

their morphological plasticity. e, Transmission electron microscopy showing
cells of the upper epithelium. Note the lack of basal lamina and the small, apical
intercellular junctions (white box, magnified at right). f, Transmission electron
microscopy showing cells of the lower epithelium. Note the lack of basal lamina
and the small, apical intercellular junctions (white box, magnified at right).

population, comprising at least 14 subpopu-
lations that express different combinations
of neuropeptides — short soluble peptides
(5to >60 amino acids) that act as chemical
messengers to modulate the activity of target
cells". Staining with several lectins, lipid
stains or antibodies to neuropeptide revealed
that some cell populations of the lower epi-
thelium are distributed in concentric rings
(Fig. 2¢). All around the rim of the animal are
gravity-sensing crystal cells, while the inner
body cavity contains branching fiber cells,
whose function is currently unclear, but that
show contractile and phagocytic activities.
Despite its morphological and histological
simplicity and, notably, itslack of an organized,
interconnected neuron-based nervous sys-
tem, Trichoplax shows positive and negative
taxisinresponse to several chemical and phys-
ical stimuli (food availability, temperature,
light, pH, gravity), defensive behaviors against
predators and fast, complex differential
responses to several neuropeptides, includ-
ing behavioral and morphological changes.
Indeed, a striking feature of Trichoplax,
and one that we are investigating in our
lab, is its morphological plasticity. Single

individuals are able to transition fromirregu-
larly rounded, pancake-like shapes to highly
branched forms or even to extremely elon-
gated filaments, in a matter of a few minutes
(Fig. 2d). The physiological meaning of these
shape changes and the environmental stimuli
that trigger them are still unknown, but they
mightbe under the control of neuropeptides™.

Inaddition, Trichoplaxis efficient at repair-
ing wounds, which allows any spontaneous
or inflicted tear in the epithelial bilayer to
close within minutes, presumably by cell
rearrangements within the epithelial sheets,
without cell proliferation®. Morphological
remodeling and wound-closure ability are also
likely to underlie the capacity of Trichoplax
to immediately give rise to two independent
and seemingly functional individuals upon
experimental bisection.

The cellular and molecular bases of suchan
extraordinary plasticity remain by and large
unexplored. A possible involvement of fiber
cell contractility has been proposed, but the
peculiar features of Trichoplax epithelia are
alsolikely to play amajorrole. Both upperand
lower epithelia lack basal lamina, and their
constituent cells are only connected by small

apical adherens-like intercellular junctions
(Fig. 2e,f). In addition, the monociliated epi-
thelial cells show dynamic behaviors, such as
actomyosin-based ultra-fast apical constric-
tion and shape changes of the apical surface,
which might help to simultaneously endow
Trichoplax epithelia with plasticity and resi-
lience to rupturing'.

Understanding how such a basally diver-
gent, but possibly very derived, metazoan as
Trichoplax is able to reconcile the need for
tissue integrity maintenance with its extreme
epithelial plasticity will shed light both on
conserved ancestral features of the common
metazoan epithelial design and on the emer-
gence of morphological and physiological
novelties. A related issue is to understand
how complex collective cell behaviors can
be elicited and coordinated in Trichoplax in
the absence of a connected neural network,
and presumably only or mostly by means of
neuropeptide-dependent paracrine signal-
ing""*. The answers to such questions will
result in a better comprehension of the evo-
lutionary history of epithelia and their inter-
action with the neural signals. In addition,
potential long-term outcomes in the field of
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tissue engineering and biomaterials might
be possible.

These are of course challenging tasks,
which will likely require an interdisciplinary
research strategy, exploiting both classical
‘wet biology’ techniques and more quanti-
tative approaches, such as advanced image
analysis and cell tracking, as well as in silico
modeling. Trichoplax is relatively easy to
maintain in a research laboratory, with no
other requirements than a controlled tem-
perature, weekly changes of water and feeding
with unicellular algae. Whileits small size and
thin, flat body make Trichoplax almostideally
suited for imaging and modeling, the limited
availability of reliable tools to interfere with
gene function constitutes a major hurdle.
The fact that under laboratory conditions
Trichoplax reproduces mostly asexually
means notonly that forward genetics approa-
ches are impossible, but also that zygotes or
very early developmental stages in which to
inject or electroporate foreign genetic mate-
rial are not available. Possible alternative
strategies are the (almost inevitably mosaic)
transfection of whole animals or the genetic
manipulationofas yet unidentified stem cells.

Someresults already suggest that whole-body
transfectionis feasible, anditis onimproving
these approaches that the small but growing
community of Trichoplaxresearchers should
focus in the near future. Only then will this
long-neglected, shape-shifting animal make
yet another surprising change to become a
mainstream model organism.
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