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We perform a detailed statistical analysis of di usive trajectories of membrane-enclosed vesicles
(vacuoles) in the supercrowded cytoplasm of living Acanthamoeba castellanii cells. From the vac-
uole traces recorded in the center-of-area frame of moving amoebae, we eXamine the statistics of
the time-averaged mean-squared displacements of vacuoles, their generalized di usion coe cients
and anomalous scaling exponents, the ergodicity breaking parameter, the nonsGaussian features
of displacement distributions of vacuoles, the displacement autocorrelation functionysas well as the
distributions of speeds and positions of vacuoles inside the amoeba cells. Our ndings deliver novel
insights into the internal dynamics of cellular structures in these infegtious ‘pathogens.

PACS numbers: 87.16.Uv, 87.16.-b, 02.50.-r, 05.40.-a, 87.10.Mn

. INTRODUCTION

Free-living protozoa Acanthamoeba castellanii(abbre-
viated AC below) form a family of pathogens causing
life-threatening infections in humans (including blinding
keratitis, fatal encephalitis, and meningoencephalitis}{*¢
These amoeboid parasites are abundant in water-,air-,
and soil-containing environments, including lakes, swims
ming pools, beaches, tap and bottled wateh*. A€ celis
also use air-conditioning and dental-treatment unitS«as
their habitats. They are a threat at hospitals;, also af-
fecting the eyes of users of contact lenses; alsosattacking
lung tissues. AC trophozoite cells range \12:::3Q@ m
in diameter adapting ellipsoidal shape$>®. These amoe-
bae feature = m-long spiky at acanthopodia structures
on their surface$’. AC cells feed on microgrganisms via
phagocytosis (invagination by membrane vesieles).

FIG. 1: Experimental image of vacuoles inside an AC cell on
a solid substrate. Several vacuole trajectories after tracking
for 1290 sec are shown.

The cytoplasm,of AC cells is a supercrowded viscoelas-
tic environmehi® with crowders varying in nature and
size.(varying from large biopolymers over granules to vac-
Uoles): This fact poses serious challenges for the motion
and-function of cell organelles and active transport in-
Side these amoebae. A better understanding of the basic
physico-chemical mechanisms of motion of various cellu-
lar components and organelles in the AC cytoplasm is
crucial to unravel the functional principles and virulent
properties of these amoeboid pathogens.

Internal vacuoles are highly abundant in the AC cyto-
plasm and they range from submicrons to several m in
radius, Fig. 1. The vacuoles play crucial roles in the AC
life-cycle and metabolisn?. Some vacuoles are employed
to internalize and incapacitate potentially threatening
foreign particles and as reservoirs for materials, while
others are used for food storage and digestion. Water-
expulsion vesicle (or contractile vacuol&) regulates the
osmotic conditions inside these protozoan celit®. We
refer here to the studie$-*® for further details on the life
cycle as well as on feeding, survival, reproduction, and
host-infection pathways of AC cells.

Similarly to other self-propelled, crawling amoebae
(such as Dictyostelium discoideum''?), the locomo-
tion of AC cells is due to formation of actin-based
protrusions¥1® on their leading edge. The motion of
amoeboid cells can be studied by a number of single-
particle tracking (SPT) techniques?’. Physically, crawl-
ing cells often employ actin treadmilling in the front and
myosin-induced contraction on the back of the cell to
maintain propulsion'®. The protrusions are often es-
tablished by actin treadmilling, supporting the growth
of a lamellipodium forming the leading edge in the
direction of motion. Certain values of cell{substrate
adhesiort®1820 and traction strengths'#152! as well as
of the interfacial membrane tensions are required for this
locomotion. A minimal model of cell motility based on a
droplet of active actomyosin uid was developed, e.g., in
Ref.16,

The diusive properties of endogenous intracellular
particles of varying sizes in the cytoplasm of AC cells was
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