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Elongation by Contraction

Pulling forces drive changes in cell shape

By Andrew MS Wong, PhD | 11 August 2016

Scientists from the Mechanobiology Institute (MBI), National
University of Singapore have discovered a new mechanism of
cell boundary elongation. Elongation and contraction of the cell
boundary is essential for directing changes in cell shape, which
is required for the correct development of tissues and organs.
This study is published in Current Biology (Hara Y, Shagirov M,
and Toyama Y. Cell boundary elongation by non-autonomous
contractility in cell oscillation. Curr. Biol. 2016, Vol. 26,
doi: 10.1016/j.cub.2016.07.003).

How do contractile forces
boundaries?
During development of an embryo, cells assemble to form

lengthen cell

tissues and organs. This requires cells to grow, divide, and
occasionally undergo programmed death. However, a common
property observed in many of these biological processes is cell
deformation, which is essentially a dynamic change in cell shape.
Based on mechanical principles, these shape changes have been
broken down as either a contraction or elongation of the cell
boundary. Cell boundary contraction has been extensively
studied, and is driven by contraction of a network of protein
filaments within the cell. The two major components of this
contractile network are actin, a structural protein that forms
long filaments or cables, and myosin II, a motor protein that
binds to actin and uses energy to slide the actin filaments past
each other. Known as actomyosin, this network is responsible
for generating contractile force in cells.

As actomyosin contraction is a “pulling” force, it is easy to
visualize how activity of this network can pull in the cell
boundaries, causing contraction. However, as the actomyosin
network is unable to generate the opposite “pushing” force,
scientists have long sought to answer the question of how do
cell boundaries elongate? In order to answer this question, MBI
researchers Dr Yusuke Hara and Murat Shagirov from the lab
of MBI Principal Investigator A/Prof Yusuke Toyama, used live
embryo imaging and laser surgery to probe cell boundaries
in the developing fruit fly embryo, a model system which has
many similarities to mammalian development. The researchers
focused their investigation on a patch of about 200 polygon
shaped cells called the amnioserosa, which “zip up” to seal the
embryo. The dynamic deformations that amnioserosa cells
undergo makes them an ideal choice for studying cell shape
changes.
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The amnioserosa of a fruit fly embryo undergoing the process of dorsal closure.
Cell boundaries were labelled with a fluorescent protein marker (blue-green).

Careful observation and computational analysis of the
amnioserosa revealed that cells underwent rhythmic changes in
both area (growing and shrinking in size), and also in boundary
length (becoming longer and shorter). However, these two
processes were not synchronized as might be expected - i.e.
a cell increasing in area was not necessarily undergoing
elongation of all of its boundaries. This complication prompted
the scientists to examine the distribution of myosin II across the
amnioserosa. This led to the discovery that there was an increase
in myosin II in the cells next to the cell undergoing boundary
elongation. By disrupting the myosin II in these neighbouring
cells with a laser, cell boundary elongation was terminated.
This demonstrated that myosin II in neighbouring cells actively
elongates the cell boundary via pulling of the boundary ends,
much like stretching a rubber band with your fingers.

This study revealed that actomyosin networks are responsible
for both contraction and elongation of the cell boundary.
Actomyosin contractility within a cell results in cell boundary
contraction. However, it is the activity of the actomyosin
network in surrounding cells that results in the elongation of
the cell boundary, suggesting the cell boundary elongation
in a tissue is not a single cell process, but one which requires
help from neighbouring cells. Understanding how actomyosin
networks of neighbouring cells cooperate to direct changes in
cell shape will be invaluable for deciphering many biological
processes, such as tissue development, organ specialization, and
wound healing.

For more information on actomyosin contraction please visit MBinfo: www.mechanobio.info/topics/cytoskeleton-dynamics/contractile-fiber/
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