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Аннотация. В данной статье рассматриваются специфические 

механизмы, характерные для каждого типа клеток, а также общие черты и 

различия в этих процессах. Понимание этих механизмов имеет важное 

значение не только для фундаментальной биологии, но и для медицины, так 

как нарушения в регуляции клеточного цикла могут привести к различным 

заболеваниям, включая рак. 
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Annotation. This article discusses the specific mechanisms specific to each 

cell type, as well as the common features and differences in these processes. 

Understanding these mechanisms is important not only for fundamental biology, but 

also for medicine, as disruptions in the regulation of the cell cycle can lead to 

various diseases, including cancer. 
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The cell cycle is a fundamental process that ensures the proliferation and 

maintenance of tissues in multicellular organisms. The regulation of the cell cycle is 

a complex network of interactions that ensures the consistent and accurate passage 

of the cell stages G1, S, G2 and M (division). Disorders in the regulation of the cell 

cycle underlie many diseases, including cancer [5]. This work provides a 

comparative analysis of the mechanisms of cell cycle regulation in various types of 



eukaryotic cells, including yeast Saccharomyces cerevisiae, mammalian cells and 

plant cells. 

Eukaryotic cells, which include both animal and plant organisms, have their 

own unique cell cycle control mechanisms. In animals, the cell cycle is regulated by 

cyclin-dependent kinases (CDKs), which are activated by binding to cyclins. These 

molecules play a central role in the transitions between phases of the cell cycle, and 

their activity is strictly controlled by various regulatory proteins and signaling 

pathways. At the same time, plant cells exhibit their unique features in the regulation 

of the cell cycle, including the effects of hormones such as auxins and cytokinins, as 

well as specific mechanisms related to the cell wall and photosynthetic processes. 

A comparative analysis of the mechanisms of cell cycle regulation in different 

types of eukaryotic cells reveals both common features and significant differences 

in these processes. For example, although cyclin-dependent kinases exist in both 

animals and plants, their regulation and interaction with other molecules can vary 

significantly. These differences may be related to evolutionary adaptations to 

different living conditions, as well as to the unique requirements placed on the cell 

cycle depending on the type of organism. 

 

I. Regulation of the cell cycle in yeast Saccharomyces cerevisiae 

 

The S. cerevisiae cell cycle is a classic model for studying cell cycle 

regulation. Cyclin-dependent kinase (CDK) Cdc28 plays a key role in the 

management of the yeast cell cycle, the activity of which is regulated by cyclins 

Cln1-3 (in G1) and Clb1-6 (in S, G2 and M phases) [9]. Cdc28-Cln and Cdc28-Clb 

complexes phosphorylate various substrates necessary for the transition between 

phases of the cell cycle. Cdc28 activity is also regulated by phosphorylation and 

dephosphorylation. In particular, Wee1 kinase phosphorylates Cdc28, inhibiting its 

activity, and Cdc25 phosphatase dephosphorylates Cdc28, activating it [7]. Cell 

cycle checkpoints in yeast, such as the DNA damage checkpoint and the division 

spindle checkpoint, ensure that the cell cycle stops in case of problems. For example, 



activation of the DNA damage checkpoint leads to activation of the Rad53 kinase, 

which inhibits Cdc25 and activates Wee1, which leads to cell cycle arrest in phases 

G1, S and G2 [10]. 

 

II. Regulation of the cell cycle in mammalian cells 

 

The regulation of the cell cycle in mammalian cells is more complex and 

multilevel than in yeast. There are several CDKs in mammalian cells that are 

regulated by different types of cyclins. CDK4/6-cyclin D complexes regulate cell 

transition from G1 phase to S phase by phosphorylating retinoblastoma protein (Rb). 

Phosphorylation of Rb releases the transcription factor E2F, which activates the 

transcription of genes necessary for the S-phase [11]. The CDK2-cyclin E complex 

is also involved in the G1/S transition. CDK2-cyclin A and CDK1-cyclin B (also 

known as MPF–maturation factor) regulate the cell's transition to mitosis and mitosis 

completion, respectively. Mammalian cells also have control points of the cell cycle. 

Activation of the DNA damage checkpoint leads to activation of ATM and ATR 

kinases, which phosphorylate and activate Chk1 and Chk2 kinases. Chk1 and Chk2 

inhibit Cdc25, preventing the activation of CDK1 and CDK2, which leads to cell 

cycle arrest [1]. The control point of the division spindle controls the correct 

formation of the division spindle and the attachment of chromosomes to 

microtubules. Activation of the fission spindle checkpoint inhibits the APC/C 

complex (Anaphase-Promoting Complex/Cyclosome), preventing the separation of 

sister chromatids and exit from mitosis [8]. 

 

III. Regulation of the cell cycle in plant cells 

 

The regulation of the cell cycle in plant cells has both common features and 

unique features compared to yeast and mammalian cells. CDK and cyclins also 

function in plants, but their number and diversity are significantly higher than in 

yeast, although less than in mammals [4]. Plants have several types of CDK, 



including CDK A, CDK B, and CDK D. CDK A play a key role in the regulation of 

the S-phase and mitosis, CDK B are involved in the regulation of mitosis, and CDK 

D regulate the G1/S transition. CDK regulation in plant cells is also carried out 

through phosphorylation and dephosphorylation. Proteins of the Kip-related proteins 

(KRP) family are CDK inhibitors in plants and play an important role in regulating 

the cell cycle in response to various signals [3]. Control points of the cell cycle in 

plants also play an important role in ensuring the proper passage of the cell cycle. 

For example, activation of the DNA damage checkpoint leads to activation of ATR 

kinase, which inhibits CDK and stops the cell cycle [2]. An important feature of 

plant cell cycle regulation is its close connection with hormonal regulation and 

development. For example, auxin hormone stimulates cell division by activating the 

expression of cyclin and CDK genes [6]. 

 

IV. The role of ubiquitin ligases in cell cycle regulation 

 

In addition to phosphorylation and dephosphorylation, ubiquitin ligases, in 

particular APC/C (Anaphase-Promoting Complex/Cyclosome) and SCF (Skp1-

Cullin-F-box protein complex), play a key role in the regulation of the cell cycle. 

APC/C, activated by Cdc20 or Cdh1, catalyzes the ubiquitination and subsequent 

degradation of proteins necessary for the maintenance of mitosis, such as Securin 

and Cyclin B. Degradation of Securin leads to the activation of Separase, which 

cleaves Cohesin, ensuring the separation of sister chromatids [12]. SCF, which 

includes various F-box proteins that recognize specific substrates, is involved in the 

regulation of the G1/S transition by controlling the level of CDK inhibitors such as 

p27Kip1 in mammals [13]. In plants, SCF complexes regulate the levels of various 

proteins involved in responding to hormonal signals and stress [14]. The specificity 

of ubiquitin ligases and their regulation provide precise control over the progression 

of the cell cycle. 

 

 



V. Epigenetic regulation of the cell cycle 

 

Epigenetic modifications such as DNA methylation and histone modifications 

also play an important role in regulating the cell cycle. DNA methylation in the 

promoter regions of the genes encoding cyclin and CDK inhibitors can lead to their 

repression, affecting the proliferative potential of the cell. Histone modifications 

such as acetylation and methylation modulate the availability of DNA to 

transcription factors, thereby regulating the expression of genes involved in cell 

cycle regulation. For example, acetylation of histone H3 in the region of the 

CDKN2A gene promoter can stimulate its transcription, facilitating the cell's 

transition to the S-phase [15]. In plant cells, epigenetic mechanisms control the 

expression of genes involved in differentiation and development, which are closely 

related to the regulation of the cell cycle [16]. 

 

VI. Influence of external factors and stress on the cell cycle 

 

The cell cycle is regulated not only by internal mechanisms, but also by 

external factors such as growth factors, hormones, and stress effects. By binding to 

receptors on the cell surface, growth factors activate signaling pathways such as 

MAPK and PI3K/Akt, which stimulate the expression of cyclin and CDK genes, 

promoting cell proliferation [17]. Stressful effects such as DNA damage, oxidative 

stress, and hypoxia activate cell cycle checkpoints, leading to its arrest or apoptosis. 

In plants, stressful conditions cause activation of signaling pathways that regulate 

the expression of genes involved in stress protection and cell cycle arrest [18]. The 

interaction between internal and external factors determines the fate of a cell and its 

ability to proliferate. 

 

 

 

 



VII. Prospects for cell cycle regulation research 

 

Further studies of cell cycle regulation in various types of eukaryotic cells will 

not only deepen our understanding of the fundamental mechanisms of cell 

proliferation, but also develop new approaches to the treatment of diseases 

associated with dysregulation of the cell cycle. The identification of new regulatory 

proteins, signaling pathways, and epigenetic modifications involved in cell cycle 

regulation may open new therapeutic targets for the treatment of cancer and other 

diseases. The development of specific CDK inhibitors, ubiquitin ligases, and other 

cell cycle regulators, as well as the use of epigenetic drugs that modulate the 

expression of genes involved in cell cycle regulation, may lead to the creation of 

more effective and targeted therapeutic strategies [19]. 

In particular, a promising direction is to study the role of non-coding RNAs, 

such as microRNAs and long non-coding RNAs, in the regulation of the cell cycle. 

For example, microRNAs can affect the expression of genes encoding key regulators 

of the cell cycle, such as cyclin-dependent kinases (CDK) and CDK inhibitors, 

thereby affecting the progression of the cell cycle [17]. Long non-coding RNAs, in 

turn, can act as scaffolds for protein complexes involved in the regulation of the cell 

cycle, or modulate the chromatin structure, affecting the expression of genes 

necessary for cell proliferation [21]. 

Another important area of research is the study of the interaction between cell 

cycle regulation and cell metabolism. Disorders of cell metabolism, such as the 

Warburg effect, characteristic of cancer cells, can affect the regulation of the cell 

cycle, contributing to uncontrolled proliferation [12]. Conversely, the regulation of 

the cell cycle can affect metabolic processes by determining the energy and nutrient 

needs of cells [3]. Understanding these interactions may lead to the development of 

new therapeutic strategies aimed at simultaneously affecting the cell cycle and 

metabolism of cancer cells. 

In addition, it is promising to study the role of the three-dimensional 

organization of the genome in the regulation of the cell cycle. The organization of 



chromatin in the nucleus in the form of topologically associated domains (TADs) 

and A/B compartments can affect the interaction between the regulatory elements of 

genes involved in the regulation of the cell cycle [4]. Violations of the three-

dimensional organization of the genome can lead to changes in the expression of 

genes regulating the cell cycle and contribute to the development of cancer [2]. 

Studying the mechanisms regulating the three-dimensional organization of the 

genome and developing approaches to its modulation may open up new possibilities 

for the treatment of diseases associated with dysregulation of the cell cycle. 

 

VIII. Comparative analysis and conclusion 

 

A comparative analysis of the mechanisms of cell cycle regulation in different 

types of eukaryotic cells reveals both conservative elements and species-specific 

features. CDK and cyclins are the main regulators of the cell cycle in all eukaryotic 

cells, but their number and diversity vary. The mechanisms of regulation of CDK 

activity through phosphorylation and dephosphorylation are also conserved. Cell 

cycle checkpoints ensure that the cell cycle stops in case of problems, but the specific 

activation mechanisms and effectors of the checkpoints may vary. In plants, cell 

cycle regulation is closely related to hormonal regulation and development, 

reflecting their session lifestyle and developmental plasticity.  

Differences in cell cycle regulation are also found at the expression level of 

genes encoding key regulators. Thus, in mammalian cells, the E2F family of 

transcription factors plays a central role in regulating the expression of genes 

necessary for S-phase (DNA replication) and M-phase (mitosis) [1]. E2F activity is 

regulated through interaction with the retinoblastoma protein (pRb), which inhibits 

the transcriptional activity of E2F until it is phosphorylated by CDK-cyclin 

complexes. In yeast, the role of E2F-like factors is performed by the transcription 

factors Mcm1 and SBF (Swi4/Swi6), which regulate the expression of genes 

necessary for the start of the cell cycle [2]. 



Significant differences are observed in the mechanisms of cell cycle 

regulation in cells undergoing differentiation or specialization. For example, in 

neurons that are at rest (G0 phase), the cell cycle is blocked, and the regulatory 

mechanisms are aimed at maintaining this state. In contrast, cells of the immune 

system, such as T-lymphocytes, undergo rapid proliferation when activated by an 

immune stimulus, requiring effective activation and regulation of CDK and cyclins 

(Germain, R. N. (2002). T-cell development and the CD4-CD8 lineage decision. 

In addition, the mechanisms of genome integrity control and DNA repair also 

demonstrate specific features. For example, the p53 protein, which is a key 

component of the G1/S checkpoint in mammals, is absent in yeast. Instead, in yeast, 

the function of controlling DNA damage is performed by other proteins, such as 

Rad9 and Mec1, which activate a cascade of kinases that stop the cell cycle and 

trigger repair [3]. It is important to note that the presence and variety of mechanisms 

of apoptosis (programmed cell death) also varies depending on the type of cells and 

the organism. 

In the context of cell development and differentiation, cell cycle regulation is 

of particular importance. Cells entering the path of differentiation often exit the cell 

cycle, entering a dormant state (G0 phase). This process is strictly controlled and 

requires coordinated regulation of gene expression and activity of cell cycle 

regulatory proteins. For example, the expression of CDK inhibitors (CKI) such as 

p21 and p27 can be induced in response to differentiation signals, which leads to cell 

cycle arrest [4]. 

In conclusion, a comparative analysis of cell cycle regulation in various 

eukaryotic cells highlights both fundamental conservative mechanisms and 

important species-specific adaptations. Understanding these differences is crucial 

for developing specific therapeutic approaches aimed at regulating cell proliferation 

in diseases such as cancer. Further research in this area will allow for a deeper 

understanding of the complex mechanisms of cell cycle regulation and the 

development of new strategies to combat diseases associated with impaired cell 

growth. 
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