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Understanding the fundamental mechanisms that regulate cell division is
essential for comprehending biological growth, development, and disease
processes such as cancer. One of the key regulatory complexes involved in
driving cells through the various phases of the cell cycle is the Maturation-
Promoting Factor (MPF). This article explores the composition of MPF,
focusing on its subunits, their functions, and the significance of their
structural features in cell cycle progression.

Introduction to MPF and Its Role in the Cell
Cycle
The cell cycle is a highly coordinated series of events that lead to cell

division and replication. Proper regulation ensures accurate DNA duplication
and division, preventing mutations and maintaining tissue homeostasis.

At the core of cell cycle control during the transition from G2 phase to
mitosis (M phase) is MPF, a cyclin-dependent kinase complex. MPF acts as a
master regulator, initiating mitosis by phosphorylating various substrates
involved in chromosome condensation, nuclear envelope breakdown, and spindle
formation.

Understanding the composition of MPF is crucial because it determines how the

complex is activated, regulated, and how it interacts with other cellular
components during the cell cycle.

Structure of MPF: Subunits and Their Functions

MPF is a heterodimeric complex composed of two main subunits:

1. Cyclin B

2. Cdkl (Cyclin-dependent kinase 1)

This composition is vital for MPF’s kinase activity and its role in cell
cycle regulation.



Cyclin B: The Regulatory Subunit

Features of Cyclin B

- Cyclin B is a regulatory protein whose levels fluctuate during the cell
cycle, peaking during the G2/M transition.

- It contains specific sequences called "destruction boxes" (D-boxes) that
target it for degradation via the ubiquitin-proteasome pathway, ensuring the
temporally controlled activity of MPF.

Functions of Cyclin B

- Serves as the regulatory subunit that binds to Cdkl, activating its kinase
activity.

- Acts as a scaffold, bringing substrates into proximity for phosphorylation.
- Its accumulation triggers the initiation of mitosis, while its degradation
allows transition into the next phase.

Regulation of Cyclin B

- Synthesis is tightly controlled, increasing as the cell prepares for
mitosis.

- The destruction of Cyclin B is mediated by the Anaphase Promoting
Complex/Cyclosome (APC/C), which ubiquitinates Cyclin B, targeting it for
degradation and thus inactivating MPF.

Cdkl: The Catalytic Subunit

Features of Cdkl

- Cdkl is a kinase that requires binding to a cyclin (such as Cyclin B) for
activation.

- It contains conserved domains essential for its kinase activity, including
the ATP-binding site and activation loop.

Functions of Cdkl

- Once activated, Cdkl phosphorylates a wide array of substrates involved in
chromosome condensation, nuclear envelope breakdown, and spindle assembly.

- Its activity is regulated through phosphorylation and dephosphorylation at
specific residues:

- Activating phosphorylation at threonine 161.

- Inhibitory phosphorylation at threonine 14 and tyrosine 15.

Activation of Cdkl

- The binding of Cyclin B induces conformational changes that partially
activate Cdkl.



- Dephosphorylation of inhibitory sites by phosphatases such as Cdc25 fully
activates the complex.

Mechanisms of MPF Activation and Regulation

The activity of MPF is tightly controlled through multiple regulatory
mechanisms to ensure proper cell cycle progression.

Formation of the Active Complex

- The association of Cyclin B with Cdkl forms the active MPF complex.
- This complex is initially kept inactive by inhibitory phosphorylation;
activation involves removing these inhibitory phosphates.

Regulatory Phosphorylation and Dephosphorylation

- Inhibitory phosphorylation occurs at threonine 14 and tyrosine 15 of Cdkl,
mediated by kinases such as Weel.

- Activation requires dephosphorylation by Cdc25 phosphatases, which are
themselves regulated by upstream signals.

Degradation of Cyclin B

- To exit mitosis, Cyclin B is ubiquitinated by the APC/C complex and
degraded by the proteasome.

- This degradation leads to the inactivation of MPF, allowing the cell to
progress into the next phase of the cycle.

Functional Significance of MPF Subunit
Composition

The specific composition of MPF as a cyclin B-Cdkl complex is crucial for its
function:

- Cyclin B provides temporal regulation, ensuring MPF activity peaks
precisely during G2/M transition.

- Cdkl provides the kinase activity necessary for phosphorylating target
proteins involved in mitosis.

This modular design allows for fine-tuned control of cell division,



integrating signals from various cell cycle checkpoints.

Additional Components and Modulators of MPF
Activity

While the core complex comprises Cyclin B and Cdkl, additional factors
influence MPF activity:

* Regulatory kinases: Weel kinase inhibits Cdkl through phosphorylation.

e Regulatory phosphatases: Cdc25 activates Cdkl by removing inhibitory
phosphates.

e Inhibitory proteins: Such as p21 and p27, which can bind and inhibit
Cdkl activity.

The balance among these factors determines the precise timing of mitotic
entry and exit.

Implications in Disease and Therapeutic Targets

Aberrant regulation of MPF, particularly Cdkl activity, is implicated in
various diseases, especially cancer.

- Overactive Cdkl can lead to uncontrolled cell proliferation.
- Therapeutic strategies aim to target Cdkl or its regulators to inhibit
tumor growth.

Several drugs and inhibitors targeting cyclin-dependent kinases are under
development or in clinical trials, emphasizing the importance of
understanding MPF structure and regulation.

Conclusion

In summary, Cell Cycle MPF contains a subunit with cyclin B and a cyclin-
dependent kinase 1 (Cdkl) subunit. The cyclin B provides regulatory control,
ensuring the complex assembles at the correct cell cycle stage, while Cdkl
executes the phosphorylation events necessary for mitosis. Their interaction,
regulated through synthesis, degradation, and phosphorylation, exemplifies
the intricate control mechanisms governing cell division. The detailed
understanding of MPF's composition not only illuminates fundamental



biological processes but also guides the development of targeted therapies
for diseases involving cell cycle dysregulation.
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Frequently Asked Questions

What are the two key subunits contained in the MPF
during the cell cycle?

The MPF contains a cyclin subunit with a regulatory role and a CDK (cyclin-
dependent kinase) subunit with a catalytic role.

In the cell cycle, which subunit of MPF is
responsible for its kinase activity?

The CDK (cyclin-dependent kinase) subunit is responsible for MPF's kinase
activity.

What does the cyclin subunit in MPF do during the
cell cycle?

The cyclin subunit regulates MPF activity by fluctuating in concentration
throughout the cell cycle, activating MPF at specific phases.

How do the subunits of MPF work together to control
cell cycle progression?

The cyclin subunit activates the CDK catalytic subunit at the right time,
enabling MPF to phosphorylate target proteins necessary for cell cycle
progression.

Can the MPF subunits function independently in the
cell cycle?

No, the cyclin and CDK subunits must work together; their association is



essential for MPF activity and proper cell cycle regulation.

What triggers the activation of MPF during the cell
cycle?

The accumulation of cyclin subunits and their binding to CDK, along with
activating phosphorylation, trigger MPF activation at the G2/M transition.

Why is the regulation of MPF subunits important for
cell division?

Regulating the subunits ensures that cells only proceed to mitosis when
conditions are appropriate, preventing errors in cell division.

Additional Resources

Cell cycle MPF contains a subunit with and a subunit

Introduction

The cell cycle is a fundamental process that underpins cellular replication,
growth, and division, ensuring the proper transmission of genetic material
from one generation to the next. Central to the regulation and progression of
this cycle is the maturation-promoting factor (MPF), a critical complex that
drives cells from the G2 phase into mitosis. The composition and regulation
of MPF are essential for understanding cellular proliferation and are often
targeted in cancer research and therapeutic strategies. A key feature of MPF
is its multimeric nature, comprising specific subunits that work
synergistically to orchestrate cell cycle transitions. This article delves
into the molecular architecture of MPF, focusing on its subunits—particularly
identifying which contain specific functional domains or modifications—and
explores their roles in cell cycle regulation.

The Role of MPF in Cell Cycle Progression
What is MPF?

Maturation-promoting factor, also known as cyclin-dependent kinase 1 (CDK1)
complexed with cyclin B, is a pivotal regulator of the cell cycle. Its
activation triggers the onset of mitosis, facilitating chromosomal
condensation, nuclear envelope breakdown, and spindle formation. MPF's
activity is tightly controlled through various mechanisms, including cyclin
synthesis and degradation, phosphorylation, and association with regulatory
subunits.



Historical Perspective

The discovery of MPF traces back to studies in frog oocytes, where
researchers observed that cytoplasmic extracts could induce progression into
mitosis. This led to the identification of a maturation-promoting factor,
which was later characterized as a cyclin-CDK complex. Since then, extensive
research has elucidated the complex composition and regulation of MPF,
revealing its intricate subunit architecture.

Composition of MPF: The Subunits Involved
Core Components of MPF
MPF is primarily composed of two essential components:

1. Cyclin B: A regulatory subunit that fluctuates during the cell cycle,
accumulating during G2 and degrading during mitosis.

2. CDK1 (Cyclin-dependent kinase 1): The catalytic subunit that
phosphorylates target proteins to promote mitotic entry.

Subunit Details
- Cyclin B Subunit

- Contains cyclically regulated domains that control its stability and
interaction with CDK1.

- Features degradation signals (such as the destruction box or D-box) which
target it for ubiquitin-mediated degradation, ensuring precise timing of
mitosis.

- CDK1 Subunit

- Belongs to the family of cyclin-dependent kinases.

- Has a conserved kinase domain responsible for its enzymatic activity.
- Contains regulatory phosphorylation sites that modulate its activity,
including inhibitory and activating phosphorylation residues.

Regulatory Subunits and Modifiers

While the core MPF complex is primarily cyclin B and CDK1l, additional
subunits and modifications influence its activity:

- Weel and Mytl kinases: Phosphorylate CDK1l at inhibitory sites.

- Cdc25 phosphatase: Removes inhibitory phosphates, activating MPF.
- Cyclin-dependent kinase inhibitors (CKIs): Modulate activity further.

The Subunit Containing the Cyclin B Component



Structural Features of Cyclin B

Cyclin B is distinguished by its cyclin box domain, a conserved motif that
mediates binding to CDK1. It also contains sequences that regulate its
stability and localization:

- Nuclear Localization Signal (NLS): Facilitates the transport of the complex
into the nucleus during mitosis.

- Destruction box (D-box): Recognized by the anaphase-promoting
complex/cyclosome (APC/C), targeting cyclin B for degradation.

Functionality of Cyclin B

- Binds tightly to CDK1 to form the active MPF complex.

- Its levels are cell cycle-dependent, peaking during G2/M transition.
- Phosphorylation of cyclin B influences its stability and activity.
Post-Translational Modifications

Cyclin B undergoes various modifications:

- Phosphorylation: Modulates its degradation and activity.

- Ubiquitination: Marks it for proteasomal degradation, ensuring mitotic
exit.

The Subunit Containing the CDK1 Component
Structural Domains of CDK1
CDK1 features:

- Catalytic kinase domain: Responsible for phosphorylating substrates.
- Cyclin-binding domain: Ensures interaction with cyclin B.

- Regulatory phosphorylation sites: Key residues such as Thrl4, Tyrl5
(inhibitory), and Thrl6l (activating).

Regulation of CDK1 Activity

- Inhibitory Phosphorylation: Kinases like Weel add phosphate groups to Thrl4
and Tyrl5, keeping CDK1 inactive.

- Activating Phosphorylation: Cdc25 phosphatases remove inhibitory phosphates
and can phosphorylate Thrl6l to activate CDK1.

- Association with Cyclin B: Essential for kinase activity; without cyclin B,
CDK1 remains inactive.

Post-Translational Modifications of CDK1

- Phosphorylation: Fine-tunes activity.
- Ubiquitination: Leads to degradation during mitotic exit.



The Functional Interplay Between the Subunits
How the Subunits Work Together

The cyclin B and CDK1 subunits form a heterodimeric complex that functions as
the MPF. The cyclin B component confers substrate specificity and regulatory
signals, while CDK1 provides the kinase activity essential for mitosis
initiation.

Activation and Inactivation Cycles

1. G2 Phase: Cyclin B synthesis begins, but CDK1 remains inactive due to
inhibitory phosphorylation.

2. Late G2: (Cdc25 activity increases, removing inhibitory phosphates,
activating MPF.

3. Mitosis Entry: Active MPF phosphorylates a variety of substrates, driving
mitotic processes.

4. Mitotic Exit: Ubiquitin-mediated degradation of cyclin B inactivates MPF,
leading to mitotic exit.

Regulation of MPF Activity
Phosphorylation Dynamics
The activity of MPF is tightly controlled through phosphorylation:

- Inhibitory Phosphorylation: Prevents premature mitosis.
- Activating Phosphorylation: Ensures timely entry into mitosis.

Ubiquitin-Proteasome Pathway

- Anaphase-Promoting Complex (APC/C): Targets cyclin B for degradation,
leading to MPF inactivation.

- SCF Complex: Also involved in regulating cell cycle proteins.
External and Internal Signals

- DNA damage checkpoints can inhibit MPF activity.

- Growth factors and signaling pathways influence cyclin B synthesis and
stability.

Clinical and Biological Significance

Implications in Cancer



Dysregulation of MPF components can lead to uncontrolled cell proliferation-a
hallmark of cancer. Overexpression of cyclin B or CDK1 activity has been
linked to various malignancies.

Therapeutic Targets

- CDK1 inhibitors: Under investigation for cancer therapy.
- Proteasome inhibitors: Affect cyclin B degradation, impacting cell cycle
progression.

Research Frontiers

Understanding the precise molecular details of MPF subunits opens avenues for
targeted interventions, especially in rapidly dividing cells such as cancer
cells.

Conclusion

The Cell cycle MPF contains a subunit with and a subunit,
reflecting its complex composition and regulation. Primarily, MPF is composed
of cyclin B, which contains domains responsible for its regulatory functions,
and CDK1, which harbors the kinase activity necessary for mitotic entry. The
interplay between these subunits—regulated by phosphorylation,
ubiquitination, and other modifications—ensures the precise timing of cell
cycle transitions. Disruptions in these subunits or their regulation can lead
to pathological states, making them crucial subjects of ongoing research.
Deepening our understanding of MPF's subunit architecture not only
illuminates fundamental cell biology but also provides potential pathways for
therapeutic intervention in diseases characterized by aberrant cell
proliferation.

Note: The blank in the article title ("Cell cycle MPF contains a subunit with
and a subunit") is typically filled with terms like "cyclin
B" and "CDK1," reflecting the core components of MPF.
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