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THE ROLE OF NOTCH
SIGNALLING WITHIN THE
MOLECULAR CLOCK IN THE
EARLY DEVELOPMENT OF
THE SKELETON

Cells possess the ability to interact with one another through
complex signalling pathways. Di erent signals regulate how cells
di erentiate, undergoing modifications that ultimately allow them
toadoptdi erent cell fates and perform specific functions. The
laboratory of Professor Kim Dale from the University of Dundee,
Scotland, has made seminal contributions to our understanding of
how the Notch signalling pathway controls the formation of tissues
and organs in the earliest stages of development. Their important
research has unveiled new insights into the molecular basis of
Notch signalling in the context of normal development which will
further our understanding of the molecular basis of developmental
disorders and a multitude of diseases correlated with aberrant

Notch signalling.

The Formation of Bone Precursors in
Vertebrate Embryos

In response to the appropriate signal,
stem cells di erentiate into highly
specialised daughter cells during
development in order to construct all
of the di erent tissues and organs of
the vertebrate body plan. Notch and
other signalling pathways regulate in
fine detail the fate of stem cells in the
embryo. For example, one particular
stem cell called a neuromesodermal
stem cell, responds to di erent cell
signalling interactions, to either
generate daughters cells that remain
as stem cells, or to generate daughters
that will go on to lay the foundations of
neural or skeletal development.

During embryonic skeletal
development, segments of tissue are

formed that will eventually give rise
to the bones of the skeleton; these
segments are referred to as somites.
The process of somite formation is
known as somitogenesis. The team in
Professor Kim Dale s laboratory at the
University of Dundee are interested

in the investigation of the factors that
regulate somitogenesis. Professor
Dale s laboratory has published several
pioneering studies that show that

the Notch signalling pathway plays
an essential role in the process of
somitogenesis.

All vertebrate species share a similar
segmented body plan thatis
established very early in the formation
of the embryo. The process of
somitogenesis is highly evolutionarily
conserved and has been studied since
the early 1900s. During this process of
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segmentation, a repeated pattern of
somites is arranged on either side of the
posterior neural tube. These segments
are the precursors of the vertebrae,

ribs and associated skeletal muscle.
Interestingly, the number of somites
formed are di erentfordi erent
species.

Somitogenesis is a fine example of tight
spatio-temporal regulation, resulting
in the formation of three-dimensional




structures in the developing embryo.
Somites are formed progressively with
a strict species-specific periodicity that
is linked to a maturation wavefront that
proceeds in an anterior to posterior
direction. The advent of molecular
biology has allowed researchers to
establish that the periodic activation
of Notch, in turn, activates several
genes that coordinate the timing of the
formation of somites.

Despite being so important for
somitogenesis and other regulatory
mechanisms, the Notch pathway is
relatively simple, and its main features
are strikingly similar across di erent
species. Notch is divided into two
domains, the intracellular domain,
facing the inside of the cell, and the
extracellular domain, which interacts
with everything that surrounds the cell
on the outside.

The Notch signalling pathway can be
simplified as an interaction between the
ligands of a signal-sending cell and the
receptors of a signal-receiving cell. Upon
ligand-receptor interaction, a molecular
switch is activated that eventually
liberates the intracellular domain of

Notch (NICD). NICD, once free to move
towards the nucleus, interacts with the
genetic material of the cell, activating
several specific genes. The activated
genes are ultimately responsible for
regulating the stem cell response to the
Notch ligand in relation to their survival,
growth and the role they take in forming
tissues with specific functions.

A Finely Regulated Molecular Clock

Somitogenesis happens in a progressive
and tightly regulated fashion. The genes
responsible for the exact pace of the
segmentation progress can be switched
onand o inan oscillatory pattern.

This molecular oscillator is known as
the segmentation clock. This clock can
be visualised through periodic waves

of gene expression that occur in the
developing embryo with exactly the
same frequency observed for somite
formation.

Professor Dale contributed to the

first pioneering studies that led to

the discovery of the segmentation
clock. Those studies, conducted in
chick embryos, proved that the over-
expression of a gene known as lunatic

fringe, which encodes for a protein that
modifies Notch activity, leads to defects
in segmentation. Professor Dale and
her collaborators, together with other
leading laboratories across the world,
have since published several studies
confirming that the genes making

up the clock belong to three main
signalling pathways, Notch being one
of them.

Professor Dale and her team used a
computational model to show that

the influence of Notch signalling on
regulating the pace of the segmentation
clock depends on the stability of its
intracellular domain, NICD. According
to their model, when the levels of NICD
are high, the pace of the segmentation
clock slows down. They published a
study in 2015 to back up this model
with experimental data. The team at
Professor Dale s laboratory have used
chick and mouse embryos as a model
for human segmentation as the process
is highly conserved both at the tissue
and the molecular level. They showed
that when chicken embryos were
treated with drugs that interfered with
the degradation of NICD, this slowed the
segmentation clock as judged by the









