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In the Drosophila gastrula, dorsal fold formation occurs despite a lack of
localized myosin changes, while the fold-initiating cells reduce cell height following basal shifts
of polarity via an unknown mechanism. We show that cell shortening that initiate dorsal fold
formation depends on an apical microtubule network that is organized by the CAMSAP protein Patronin.

Prior to gastrulation, microtubule forces generated by the minus-end motor dynein scaffold the
apical cell cortex into a dome-like shape, while the severing enzyme Katanin facilitates network
remodelling to ensure tissue-wide cell size homeostasis. During fold initiation, Patronin
redistributes following basal polarity shifts in the initiating cells, apparently weakening the
scaffolding forces to allow dome descent. The homeostatic network that ensures size/shape
homogeneity is thus repurposed for cell shortening, mechanistic linking epithelial polarity and
folding via a microtubule-based mechanical mechanism.
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The dorsal side of the gastrulating
Drosophila embryo forms two epithelial
folds, called the anterior and the
posterior dorsal folds (DFs). Dorsal fold
formation has emerged as a crucial model
system for alternative folding mechanisms
since the levels of myosin, the actin
motor that produces contractile forces to
induce apical cell shape changes in most
of the epithelial folding processes
examined thus far, low and uniform across
the tissue. Following the completion of
cellularization that forms the first
embryonic epithelial layer, DF formation
begins as two stripes of initiating cells
straddling across the dorsal surface at
stereotypical locations become shorter
than their neighbors, leading to the
formation of anterior and posterior DFs
eventually. The initiation of cell
shortening is stereotypical and occurs
prior to global tissue rearrangement,
called germband extension (GBE), and thus
must be controlled locally, rather than a
result of passive buckling due to
external compression. Prior to cell
shortening, Par—1, the MARK family kinase
that specifies the basal-lateral membrane
retracts its apical margin and becomes
downregulated, resulting in basal
repositioning of adherens junctions (AJs)
in the initiating cells. Following such
basal polarity shifts, the apices of
initiating cells shrink and descend below
the embryonic surface. How basal polarity
shifts result in shrinkage and descent of
the apices to reduce cell height was not
known, however.
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The epithelial cells are typically
polarized along the apical-basal axis and
manifest distinct cell heights that are
critical for their physiological function.
The connection between polarity and cell
height, albeit intuitive, has never been
rigorously examined. We proposed to use
an epithelial folding process that is
driven by differential changes of apical—
basal polarity to investigate how these
changes influence the dynamics of
microtubule and the apical cell shape.
Our goal was to establish a mechanistic
understanding of the intricate interplay
between cell polarity, cytoskeleton and
cell surface mechanics to resolve the
long—standing question of cell height
control in the context of epithelial
morphogenesis
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Drosophila genetics,
immunofluorescence, confocal microscopy,
two—photon scanning microscopy,

superresolution imaging, image processing
and quantitative RT-PCR.
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To better understand how basal
polarity shifts result in cel height

reduction, we began by investigating the
function of the CAMSAP family microtubule
minus—end protector Patronin because
recent work showed the cortical
localization of Patronin is controlled by
Par-1, raising the question whether
Patronin may underlie cell shortening in
response to Par—1 downregulation in the
initiating cells. We found that Patronin
organizes a previously undescribed, non-—
centrosomal microtubule network at the
apical cortex, and Patronin is required
for the smoothening of apical contour for
the formation of the spherical apical
membrane domain that we called the

“apical dome” . This apical network
consists primarily of the unstable form
of microtubules, contains both the minus
ends (Patronin) and the plus ends (EB1),
and likely is anchored to the cortex via
Patronin. We hypothesized that the minus-—
end directed motor Dynein, via bivalent
crosslinking and sliding of microtubule
filaments anchored at the cortex at their
minus end, could generate pushing forces
to scaffold the dome shape given that the
apical network contains microtubule
filaments arranged in a disordered manner
and that microtubule filaments are known
to possess high bending rigidity. Genetic
loss—of—function analysis of Dynein
supports this hypothesis that the apical
surface becomes jagged and protrusive,
similar to the phenotype caused by RNAi
of Patronin. Thus, we propose that minus—
end anchorage coupled with minus—end
motor dependent crosslinking generate
outward pushing forces that scaffold the
apical cortex to form a dome-like,
spherical shape

How is this apical scaffold involved
in DF initiation? We found that during
fold initiation, Patronin redistributes
following basal polarity shifts in the

initiating cells 1in response to the
downregulation of Par-1. Such a basal
redistribution apparently weakens the

scaffolding forces to allow dome descent



We showed that overexpression of Patronin
at saturating levels blocks dome descent
and DF formation, likely because of the
loss of local discrepancies of Patronin
cortical distribution. These results thus
support our model that basal shifts of
Patronin cortical distribution upon Par-—
1 downregulation underlies dome descent.

We reasoned that the apical network
must undergo constant, rapid remodeling
to respond to shifts in cell polarity. In
support of this, we found that Patronin
recruits the microtubule severing enzyme
Katanin to the apical cortex and that the
Patronin—Katanin circuit facilitates
network remodeling. Prior to the onset of
gastrulation at which the shifts of basal
polarity begin in the initiating cells,
the rapidly remodeling network appears to
constitute a mechanism that dampens the
mechanical noises that may arise within
the tissue, ensuring tissue-wide cell
size homeostasis, as evidenced by an
increase in the inhomogeneities of cell
size/shape in embryos in which either
Patronin or Katanin activity is reduced
At the onset of DF initiation, however,
the homeostatic network that ensures
size/shape homogeneity during
cellularization is repurposed for cell
shortening during gastrulation by
coupling to the basal polarity shifts
(Figure 1).
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Patronin localizes to the cortex upon

formation of the apical membrane

domain to anchor the apical

microtubules.
Meanwhile, Par-1 downregulation

v causes basal redistribution of Patronin

in the initiating cells.
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The bivalent,minus-end directed dynein motor
cross-links microtubules whose minus ends are
anchored at the cortex via Patronin generates
outward pushing forces that scaffold the dome.
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Patronin guides Katanin severing.
forming a negative feedback circuit
that allows remodeling of the
apical scaffold,
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Figure 1. Schematic representation of
the cellular and mechanical models for
dorsal fold initiation involving the
polarity—coupled microtubule network
its modulators, including Patronin,
Dynein and Katanin.

In summary, our results establish a
novel mechanism underlying cell
shortening following the initiation of
basal polarity shifts. This mechanism
links apical-basal polarity to epithelial
folding via a microtubule-based
mechanical mechanism.

The existence of a microtubule
network that buffers mechanical pre-
stress present within the tissue to
ensure size/shape homeostasis raises the
possibility that release of such pre-
stress via a localized, spatially
programmed of force imbalance may
represent a general mechanism for rapid

efficient reorganization  of tissue

architecture.
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