Cell morphology and Intracellular Transport

Abstract

The cytoskeleton - a dynamic network of protein filaments - provides structural support and facilitates intracellular
transport. Our work aimed to investigate how different cytoskeletal structures (namely, microtubules and actin
filaments) contribute to cell morphology and organelle movement, and how these systems interact.

Using high-resolution microscopy, we observed that both microtubules and actin filaments jointly determine the
overall shape of Drosophila melanogaster S2 cells. Under normal conditions, cells display a flattened, "pancake-like"
morphology. However, upon actin depolymerization, cells extend thin projections densely packed with microtubules
(“spiders”), demonstrating a reorganization of the cytoskeletal network.

Photoconvertible tubulin experiments revealed that microtubules are not static structures but actively move within the
cytoplasm. This microtubule-based movement appears essential for the formation of cellular processes following actin
depolymerization.

To further understand cytoskeletal contributions to intracellular transport, we studied membrane-bound organelle
movement in both S2 cells with extended processes and mammalian A549 cells. In both systems, mitochondria and

lysosomes undergo long-range bidirectional transport. Three fold reduction in displacement when microtubules are
absent.

Disruption of microtubules using depolymerizing agents abolished long-range transport of these organelles, while
short, local movements persisted. These residual movements may result from either passive Brownian motion or short-
range transport along actin filaments, suggesting a division of [abor between the cytoskeletal components.

Cell morphology determined by cytoskeleton architecture
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A) Phase contrast microscope image of S2 cell of Drosophila melanogaster. Actin is polymerizing at the
periphery of the cell, close to the membrane, and forcing the flow of the cytoplasm to the cell center, while
microtubules push it back with its force, resulting in this retrograde motion state of the cell. Peripheral sides
of the cell, full with actin, are binding to the substrate, stretching the cell, and resulting in a pancake shape.

B) Cells were treated with CytoD, a chemical that causes depolymerisation of actin filaments. Microtubules,
without anything to stop them from reaching peripheral parts of the cell, push cell membrane forming thin
leg like processes, giving cell the spider-like morphology.

C) Under normal conditions, cells display a flattened, "pancake-like" morphology.

D) Upon actin depolymerization, cells extend thin projections densely packed with microtubules (“spiders’),
resulting in a reorganization of the cytoskeletal network. The cells were fixed with formaldehyde and stained
for actin with fluorescently tagged phalloidin.

E) S2 cells were transfected with EOS tubulin and and fluorescent microtubules were imaged by fluorescent
microscopy. The movement of microtubules can be observed in a timelapse movie.

F) Movement of microtubules is illustrated by the rainbow images, showing how microtubules move over time.
It shows different parts of microtubules moving over time. Different frames are painted in different colors,
creating a rainbow image and demonstrating microtubule motility.

Microtubules determine

Microtubule dynamics visualized by GFP-EB1 labeling

GFP-EBI1 binds to polymerizing plus ends of microtubules. Movement of ‘GFP-EB1 comets’ allows us to
directly observe tubulin polymerization in the cell.

A) A frame from a timelapse movie of ‘GFP-EBT comets’

B) The ‘rainbows’ represent how GFP-EB1 moves along the processes over time, with the different
colors representing the EBI1 positions, with orange color representing the EBT positions in the first
frame and red representing the EBI positions in the last frame.

C) Position of ‘comets’ in the bottom right process shown in B versus time (Kymograph). Looking at
the kymograph, we can see six distinct lines which represent six end binding proteins moving
along one of the processes of the cell, three of the EBs in the kymograph move towards the cell
body while the other three move in the opposite direction. Horizontally the scale bar represents
one micron and vertically it represents 50 seconds.

Visualization of Active Microtubule Sliding Using
Photoconversion-Based Tracking
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Microtubule organization was visualized before and after photoconversion using green and red
fluorescence. Sliding movement of microtubules became clearly visible in the red channel after
photoconversion, indicating active transport within the cell.

The role of microtubules in mitochondrial transport
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The control cell is on the left and the Nocodazole (a compound that disrupts the polymerization of
microtubules) treated cell is on the right. The ‘rainbows’ represent the movement of mitochondria, which
are labeled with a mitotracker, over time. The ‘rainbow’ of the Nocodazole treated cell has less colors
which represents less mitochondrial movement. These rainbows demonstrate that without microtubules
mitochondrial movement dramatically decreases.

Lysosome transport depends on microtubules
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Using epifluorescent microscopy, we visualized the microtubules in A549 mammalian cells. Control
cells contain the dense network of microtubules. Upon treatment with nocodazole, the
microtubules are mostly depolymerized.

Movement of lysosomes
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In live cells, the
lysosomes are visualised
using lysotracker. Time
lapse videos were
captured for T minute.
The control, where active
motility of lysosomes has
been observed, is

visualised with the
temporal colour code. In
the sample containing
nocodazole, lysosome
motility has been
reduced, compared with
the control, since
microtubule filaments
have been disturbed
using nocodazole.

The lysosomes were
analysed using TrackMate.
The displacement of
lysosomes were significantly
reduced when microtubules
were depolymerised by
nocodazole.
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