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Primary Disciplinary Field(s): Cell Biology, Biochemistry, Anatomy, Physiology

1. Core Definition and Structure

The microfilament, often referred to synonymously as the actin filament, constitutes the thinnest

and one of the most dynamic components of the cytoskeleton, the intricate internal scaffolding

present in all eukaryotic cells. These filamentous structures are fundamental to maintaining cellular

morphology, facilitating cell motility, enabling signal transduction, and supporting specialized

cellular functions such as phagocytosis and cytokinesis. Microfilaments are highly conserved

across evolutionary domains, underscoring their essential biological role.

Microfilaments are characterized by their extremely small diameter, typically ranging from 5 to 9

nm, which distinguishes them from the larger intermediate filaments (approx. 10 nm) and

microtubules (approx. 25 nm). Their primary structural unit is the globular protein actin (G-actin).

These monomers polymerize in a highly specific manner to form a double-stranded helix known as

filamentous actin (F-actin). This polymeric arrangement gives the microfilament robust tensile

strength while maintaining the necessary flexibility for rapid cellular reorganization.

A critical structural feature resulting from this polymerization process is the inherent polarity of the

microfilament. Each filament possesses a fast-growing end, termed the barbed end (or plus end),

and a slow-growing end, termed the pointed end (or minus end). This polarity arises because all

actin monomers are oriented in the same direction within the polymer, providing a directional track

for motor proteins, such as myosin, and dictating the kinetics of filament assembly and

disassembly. This dynamic, polarized structure ensures that microfilaments are exquisitely

adaptable, capable of rapid assembly near the cell periphery to drive extension or form stable

contractile bundles deep within the cell.

2. Molecular Assembly and Dynamics

The life cycle of the microfilament is defined by the highly regulated process of actin

polymerization, which transitions between the globular (G-actin) and filamentous (F-actin) states.

This assembly process is generally understood to proceed through three sequential steps:

nucleation, elongation, and steady state. Nucleation is the initial and often rate-limiting step,

requiring the formation of a stable seed, typically a complex of three or four G-actin monomers. In

the cellular context, specific proteins, such as the Arp2/3 complex or formins, are essential for

initiating nucleation efficiently.

Following nucleation, the elongation phase occurs rapidly as actin monomers, usually bound to

ATP, are added predominantly to the barbed (plus) end of the filament. The energy driving these
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dynamics is derived from the hydrolysis of ATP. Soon after an ATP-bound G-actin monomer is

incorporated into the F-actin structure, the ATP is hydrolyzed to ADP and inorganic phosphate.

This results in the formation of an 'ATP cap' at the fast-growing plus end and a core of ADP-actin

subunits that are less stable and more prone to depolymerization, particularly at the pointed

(minus) end.

The phenomenon known as treadmilling is central to microfilament function in generating

directional movement and maintaining dynamic steady state. Treadmilling occurs when the

concentration of free G-actin is maintained at a critical concentration that allows net addition of

subunits at the barbed end while simultaneously experiencing net loss of subunits at the pointed

end. This constant flux means the filament structure remains the same length, but the individual

actin subunits move through the structure over time, effectively generating movement or force

without changing the total mass of the filament. This rapid turnover is indispensable for processes

requiring swift morphological changes, such as the leading edge extension necessary for cell

migration.

3. Associated Proteins and Regulatory Mechanisms

The complexity and versatility of microfilaments are not intrinsic to the actin polymer itself but are

conferred by a vast repertoire of regulatory molecules known as actin-binding proteins (ABPs).

These proteins modulate every aspect of microfilament behavior, including initiation, elongation,

capping, cross-linking, severing, and movement. The precise spatial and temporal regulation of

ABPs dictates whether the microfilament forms stable, rigid bundles (as in microvilli) or dynamic,

branching networks (as in the lamellipodium).

Nucleators and Elongators include specialized proteins that overcome the kinetic barrier of initial

trimer formation. Formins, for example, remain associated with the barbed end, promoting the

rapid addition of monomers to create long, unbranched filaments often found in contractile stress

fibers. In contrast, the Arp2/3 complex binds to the sides of existing filaments, initiating a new

filament branch at a characteristic 70-degree angle, generating the dense, dendritic meshworks

essential for pushing the cell membrane forward during movement.

Other crucial regulatory classes include Capping and Severing Proteins. Capping proteins, such

as CapZ, block the barbed end, halting elongation and stabilizing the filament length, which is vital

for defining the geometry of permanent actin structures. Conversely, proteins like cofilin bind

specifically to ADP-actin subunits, promoting the depolymerization and severing of older filaments,

thereby recycling actin monomers back into the free pool to fuel polymerization elsewhere. Finally,

the organization of microfilaments is controlled by Cross-linking and Bundling Proteins, such as

alpha-actinin and filamin. Alpha-actinin creates space-filling, contractile networks, while filamin

forms mesh-like structures that link filaments into stable, gel-like scaffolds, particularly important in
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supporting the cell cortex.

4. Key Biological Functions

Microfilaments are essential transducers of mechanical force and organizers of cytoplasmic space,

facilitating a wide array of critical cellular functions.

One of the most widely recognized roles is in cell motility and migration. During migration, the

rapid, localized assembly of branched actin networks at the cell's leading edge generates the force

required to push the plasma membrane forward, forming structures called lamellipodia and

filopodia. This extension phase is coupled with the formation of new adhesion sites (focal

adhesions) that anchor the cell to the substrate, allowing the cell to pull its trailing edge forward

using actomyosin-driven contraction.

Microfilaments form the foundation for muscle contraction. In striated muscle cells, actin

filaments are arranged with extreme precision within the functional unit known as the sarcomere.

The contractile force is generated through the interaction of actin filaments with the motor protein

myosin II. Myosin heads bind to and cyclically pull the actin filaments past one another in a

mechanism termed the sliding filament model. This coordinated shortening of thousands of

sarcomeres allows for gross muscle movement and force generation, representing the most

powerful function of the microfilament system.

Furthermore, microfilaments are indispensable for the mechanical process of cytokinesis, the

physical separation of daughter cells following nuclear division. In late mitosis, actin and myosin II

assemble into a transient, highly ordered structure known as the contractile ring, located just

beneath the plasma membrane at the cell equator. The contraction of this ring acts like a purse

string, constricting the cell membrane and ultimately pinching the cytoplasm into two genetically

identical daughter cells. Without proper microfilament function, cell division fails, often leading to

apoptosis or the formation of large, multinucleated cells.

5. Clinical and Pathological Significance

The pervasive role of microfilaments in cellular life means that their dysfunction is associated with

a broad spectrum of human diseases, ranging from hereditary muscular disorders to the

complexity of cancer metastasis.

In cancer biology, the actin cytoskeleton is a central player in tumor invasion and metastasis.

Cancer cells frequently exhibit heightened regulation of actin dynamics, often driven by aberrant

signaling through small GTPases like Rho, Rac, and Cdc42. This enhanced motility allows

malignant cells to break free from the primary tumor, navigate through the extracellular matrix, and

invade distant tissues. Inhibitors targeting specific actin regulatory proteins or their upstream
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signaling pathways are actively being explored as therapeutic agents to curb metastatic potential.

Microfilament integrity is also vital for the immune system. Defects in actin polymerization or

regulatory proteins can impair crucial immune cell functions, such as T-cell activation, B-cell

receptor clustering, and the chemotaxis of neutrophils, leading to various primary

immunodeficiency syndromes. For example, Wiskott-Aldrich Syndrome (WAS) is caused by

mutations in the WASP protein, a key regulator of Arp2/3-mediated actin branching, severely

compromising the ability of immune cells to migrate and respond effectively.

Finally, the structural linkage between the microfilament network and the cell membrane is critical

in tissues subjected to high mechanical stress, such as muscle. Hereditary disorders like muscular

dystrophies often arise from mutations in proteins (e.g., dystrophin) that link the internal actin

cytoskeleton to the extracellular matrix. When this link is compromised, the repeated stress of

muscle contraction leads to membrane damage, calcium influx, and ultimately, muscle fiber

degeneration and death.

6. Summary of Key Characteristics

Microfilaments are distinguished by a set of functional properties that enable their highly diverse

roles in cell structure and movement:

Universal Presence: Found universally across virtually all eukaryotic cells, forming the foundation

of the cell cortex and specialized structures like microvilli.

Size and Composition: Defined by a very small diameter (5-9 nm) and constructed exclusively

from polymerized actin subunits.

Motor Interaction: They serve as the track for myosin motor proteins, facilitating contractile

processes vital for muscle movement and cell division.

Directional Growth: They possess structural polarity (barbed and pointed ends), enabling

directional assembly, disassembly, and motor protein movement.

Rapid Remodeling: Their highly dynamic nature, characterized by treadmilling, allows for

instantaneous reorganization in response to external mechanical or chemical stimuli.

7. Further Reading

Actin Filament (Microfilament)

Molecular Biology of the Cell (Lodish et al.) - Actin Filaments

Actin-Binding Proteins and Cytoskeleton Regulation
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