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Abstract

Many fungal infections in plants or people begin by actively penetrating the host tissue. For instance, spreading
from the gut into the bloodstream depends on Candida albicans actively penetrating intestinal epithelia. Little is known,
though, about how this fungus pathogen manages resistance after invading host cells.
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as a single-cell force sensor for ssion yeast cells, to study C. albicans
hyphal development. We created PDMS arrays with roughly 105
microchambers that had a cylindrical shape, a diameter of 10 mm,
a depth of 5 mm, and an interchamber distance of 15 mm. With
the aid of inverted microscopes, C. albicans cells were observed in
microfabricated PDMS chamber arrays; imaging was done through an
upright array of 150-200 m thick PDMS. An XZ confocal re ectance
image through a PDMS microarray is shown in text, with the chambers
and media at the top (highest position) and the supportslip below.
Fetal calf serum was combined with C. albicans cells, introduced to
the PDMS array, and then the development of lamentous growth
was monitored over time. With low-sti ness PDMS (which has a
high polymer to cross-linker ratio of 40:1), we saw two main types of

lamentous development: invasive growth inside of PDMS and non-
invasive growth on the surface. Additionally, we noticed that when a
PDMS lament was inserted, the blastospore (round cell) portion of the

lamentous cells that were growing in the microchambers pushed back
against the chamber wall and the lament frequently buckled within
the elastomer, most likely as a result of the resistive force created by
the cells’ growth within the elastomer.  ese ndings show that PDMS
is compatible with C. albicans lamentous development in addition to
possessing perfect optical characteristics.

Introduction

e sti ness of the substrate a ects growth modes

By adjusting the ratio of polymer to cross-linker, we were able to
monitor C. albicans lamentous growth in PDMS of various sti nesses,
or the degree to which an object resists [1-6] deformation in response
to an applied force. In chambers with varying PDMS sti ness, we saw
two distinct cell growth patterns: invasive growth, which was more
common in chambers with so er PDMS, and dramatic bending, which
was more common in chambers with sti er PDMS (30:1).

Access into and exit from PDMS

We looked more closely at this process in PDMS since active
penetration is essential for C. albicans epithelial invasion. Depicts
a lamentous cell that enters PDMS at 4 minutes (I1; take note that
I is before the lament contacts the chamber wall); grows invasively
therein (111); deforms the adjacent chamber (IV), causing a dramatic
invagination; and then leaves PDMS at 2 minutes and 4 seconds (V),
penetrating the opposing chamber at 2 minutes and 8 seconds (VI),
and continuing to grow therein (2:12; VII). e portion of the lament
inside PDMS that buckled during this time (1:22-2:02), resulting
in an S-shaped lament, suggests that the resistive force revealed
by the lament’s buckling and the initial chamber’s deformation
during invasive growth (l11), likely increases upon deformation and
subsequent piercing into the adjacent well (IV). e lament’s tension
was relieved when it le  PDMS and entered the nearby well (V), as
seen by the lament's tip appearing to advance (2:04). e lament
(part in the well) buckled as a result of the resistive [7-10] force from
the last development stage (VII), forming a M shape (2:42-3:00). In
some ways, this PDMS escape is comparable to macrophage laments
protruding from the cell. Here, the lament pushes into a circle,
causing a deformation that requires local invagination of the chamber
rather than surface area expansion, which is easier to see.

Materials and Methods

We monitored cells in which GFP was targeted to the plasma
membrane, by confocal spinning disc imaging acquisition throughout

a range of z-positions, to more clearly see the invasive development
within PDMS over these several processes. A typical time-lapse
acquisition is shown in text, where inspection of the cell outline did
not demonstrate a signi cant change in the form of the lament tip [7]
during invasive expansion and bursting into the next well.  ere were
nomodi cationsa er the cell broke out of the PDMS, and the radius of
the tip’s curvature matched that of surface-growing cells.

Resistance has an impact on the shape and expansion of
hyphae

When the laments buckled and the PDMS wells deformed during
invasive development, it was clear that the laments were responding
to the resistive force, the strength of which we had calculated in the
physical model. Young’s modulus a ects the proportion of cells that
enter PDMS, and investigations of the percentage of PDMS invasion
at two sti ness values show that the invasion threshold is between 120
and 200 kPa.

Results and Discussion

Dependence of cell morphology on substrate sti ness

Our ndings show that PDMS resistive forces cause changes in
morphology since e ects on cell morphology are only seenin  laments
inside the material. Surprisingly, even when the compartment was
more than 10 m away from the hyphal tip, we saw a steady increase in
compartment diameter during growth in the sti est PDMS. e cell
wall in this proximal compartment may have undergone additional
change, which might have resulted in a less rigid cell wall, an increase
in turgor pressure, or mechanical deformation of the lament. As the
cell compartment volume grows and around 60% of invasively growing
hyphae buckle in this PDMS sti ness (150 kPa), we favour the latter
two options even though we cannot rule out the possibility that the cell
wall in this proximal compartment is less rigid during invasive growth.
As the proximal compartment rose 25% more than the tip diameter
during invasive growth, the signi cant change in lament shape was
not entirely caused by a broadened tip.  ese morphological alterations
are probably the result of increased turgor pressure and mechanical
pressures from developing against a resistant substrate.

Conclusions

According to our ndings, the sort of host cells that C. albicans can
penetrate depends on how sti  they are. We noticed a small number of
cells that were able to ct the pl 1subst8 B276tsls thatsoaqgTm
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clinical caseload at the university teaching hospital; an IACUC or other
ethical approval was not necessary. All facets of this patient’s care had
the owner’s consent.
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