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Agenda heute

1. Cytoskeleton
1. Components
2. Polymerization
3. Motors

2. Key Cell Behaviours
1. Migration
2. Mitosis
3. Differentiation
4. Apoptosis
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Cytoskeleton
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Cytoskeleton - Components
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Actin filaments Microtubules Intermediate filaments

• Smallest type (6nm diameter)

• Actin protein monomers, srranged in 
long spiral chains

• Plus and minus ends

• More ATP powered growth at plus end

• Found beneath cell cortex

• Cytokinesis and cell movement

• Largest type (25nm diameter)

• Tubulin protein subunits – form 
dimers/protofilaments

• 13 protofilaments form hollow , straw-shaped
filaments of microtubules

• Everchanging: constant addition and substraction
of tubulin dimers at both ends -> plus/minus ends

• Radiate out from MTOCs (minus end)

• Cell transport & cell division

• Mid-sized (10nm diameter)

• Rods form rope-like structures

• Severa types & number of different subunits

• Funcitons mechanical

• Less dynamic than the other filaments

• Strength and support to tubulin structures

• Not polar like other filaments

• Ex.: Lamin, Keratin, vimentin



Cytoskeleton – Polymerization (Assembly and disassembly)
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• All Cytoskeleton protein family: composes of small subunits, can assemble and disassemble quickly
and is modulated by „accessory proteins“

• Crucial for polymerization kinetcis
• Concentration of sub-units
• Temperature
• Binding affinity of sub-units (major regulator)

• Polymerization allows cytoskeletal structures to be erected and

thus create internal and external forces

• Regulation of Cytoskeletal Polymerization
• Capping of filament ends
• Branching (using protein sub-variants)
• Cutting Capping

Branching



Cytoskeleton – Polymerization
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• Actin polymerization – Treadmilling
• Sub-unit form favour binding at plus end
• Polymer maintains constant length but net assembly at

plus end and net disassembly at minus end
• Crucial for propulsion and protrusive forces

• Microtubule polymerization – dynamic instability
• Alternating periods of slow
Growth and activ disassembly
(if microtubule loses its GTP)
• Crucial for organisation of cytoplasm in non-dividing cells and chromosomes in dividing cells

• Polymerization motors driven by hydrolysis of ATP/GTP to ADP/GDP
• Actin polymerization uses ATP and is used for propulsion of the cell parts
• Microtubule polymerization uses GTP



Cytoskeleton – Motors
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• Microtubules used as structure for motors to move on

• Myonsins protein
• Muscle contraction
• Intracellular cargo transport
• Creating cellular tension

• Kinesin
• Moving cargo inside cells away from nucleus along microtubules (anterograde)

• Dynein
• Beating of cilia and flagella in single cell organisms
• Cargo transport along mictrobiulues towards the nucleus (retrograde transport)



Key Cell Behaviours
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Wound healing – Combinaiton of all these behaviours
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Includes apoptosis of cells, not loner needed



Migration
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• Type of Migration
• Chemoattraction (ex. By cytokine signalling)
• Rolling adhesion (ex. Bidning to selecting molecuels on vessel walls)
• Tight adhesion (ex. Binding to integrins)
• Transmigration (ex. By extending Pseudopodia to pass through gaps between cells)

• Motility (Mechanism enabling cell migration)
• spontaneous movement of cells by swimming, crawling, gliding and swarming
• Using protrusive structures containing actin filaments

• Lamellipodia (thin protrusions)
• Filopodia (plate-like extensions)

• Forces needed to create these protrusive structures is
Generated by ATP-facilitated Actin polimerization
à Pushes membrane in particular direction



Motility
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Mitosis – Cell division (last stage of “cell cycle“)
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Mitosis – Cell division (last stage of “cell cycle“)

13Florence Marti & Valentin Baumann 27.04.22

• Primary concern of cell division is the maintenance of the original cell’s genome

Cytokinesis (separation of the cytoplasm)

DNA replication

Mitosis



Differentiation
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Differentiation

Proliferation



Differentiation – Epigenetic changes (ex. Methylation)
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Apoptosis (vs. Necrosis)
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• Apoptosis is a programmed cell death (PCD) that is a crucial process
in the maintenance of a multicellular organism

• In contrast necrosis is a traumati cell death due to acute celluar injury

• à Apoptosis is programmed, carefully executed and induces no
inflammation

• à Necrosis is due to lack of nutrition or an external trauma (infetion, 
toxicity or injury), typically uncontrolled and induces inflammation

• At the same time defective apoptotic processes are implicated in a 
wide variety of diseases

• Excessie apoptosis à Tissue atrophy
• Insufficient apoptosis à uncontrolled cell proliferation à cancer



Apoptosis
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• Apoptosis triggered by many signalling
pathways

• A cell requires a specific amount of signalling
input in order to just survive

à Too little, too much, or the wrong signaling
can lead to apoptosis


