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The cell cycle is the series of events that take place in a cell, which drives it to divide and produce two new

daughter cells. The typical cell cycle in eukaryotes is composed of the following phases: G1, S, G2, and M phase.

cell cycle  History  Phase

1. Introduction

The cell cycle, or the cell division cycle, is the series of events that take place in a cell that drive it to divide and

produce two new daughter cells. The typical cell cycle in eukaryotes is composed of four phases including the G1,

S, G2, and M phase. G1, S, and G2 together are called interphase. M phase is comprised of mitosis, in which the

cell’s nucleus divides, and cytokinesis, in which the cell’s cytoplasm divides to form two daughter cells. Mitosis and

cytokinesis are tightly coupled together. Mitosis is further divided into five subphases including prophase,

prometaphase, metaphase, anaphase, and telophase. Each phase of cell cycle progression is reliant on the proper

completion of the previous cell cycle phase. A cell could also exit from cell cycle to enter G0 phase, a state of

quiescence .

Cell cycle progression is mediated by cyclin-dependent kinases (Cdks) and their regulatory cyclin subunits. Cdks,

such as Cdk4/6, Cdk2, and Cdk1 (also known as Cdc2) are serine/threonine kinases with a wide variety of

substrates. Cdks are activated mainly by binding to their cyclin partners, whose expressions rise and fall

throughout the cell cycle to mediate the temporal activation of each Cdks. Various cell cycle checkpoints exist to

ensure that critical processes are engaged prior to progression to the next phase. There are three major cell cycle

checkpoints, including the G1/S checkpoint (also referred as restriction point), the G2/M DNA damage checkpoint,

and the spindle assembly checkpoint (SAC) .

2. Early History of Cell Cycle Discovery

Cell theory was developed in the middle of the 19th century. This theory has three main components: (1) Every

living organism is composed of one or more cells; (2) cells are the basic unit of life for all living organisms, and (3)

cells only arise from pre-existing cells. While the first two components were the contribution of Theodor Schwann

and Matthias Jakob Schleiden, the last is the contribution of German scientist and physician Rudolf Virchow. His

discovery that all cells arise from pre-existing cells is the start point of cell cycle research .
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At the turn of the 19th century to 20th century, the cell cycle has been the subject of intense study. The cytology of

cell division is described in great detail by microscopists and embryologists, however, the underlying mechanisms

driving cell division are mostly unknown. In the late 1970s and 1980s, the advancement of modern molecular

biology provided means and knowledge to study the molecular mechanisms regulating cell cycle. Cell biologists,

biochemists, and geneticists joined forces and demonstrated that the basic processes and control mechanisms of

cell cycle are universal in eukaryotes.

In the late 19th century, early light microscopic studies recognized that cell division follows mitosis, during which

cells condensed their chromosomes. Based on his observations of cell division in various stages, German biologist

and a founder of cytogenetics Walther Flemming identified the sequence of chromosome movements in mitosis.

Flemming’s discovery was proven correct decades later by the study of live dividing cells . However, the only

observable morphological changes outside of mitosis is the growth of the cell size. Interphase remained a black

box and recognized as one phase until the discovery that DNA synthesis occurs only in a short period during

interphase . This discovery split interphase into three phases: This DNA synthesis period is termed as S phase,

the gap between mitosis and S phase is termed G1 phase, and the gap between S and M phases is termed as G2

phase .

Following the recognition of four major cell cycle states G1, S, G2, and M, the focus of cell cycle study shifted to

understand the transition between these phases. A major task is to identify the factors driving the transition. In the

early 1970s, by fusing cells at different stages of the cell cycle, it was shown that late G2 or M phase cells

contained an M phase-promoting factor (MPF) capable of accelerating the onset of mitosis in early G2 cells . It

was further shown that S phase cells contains an S phase-promoting factor (SPF) in nuclei, which is able to

accelerate S phase .

While there is no biochemical method available to purify either MPF or SPF at the time, genetic studies of cell cycle

related genes are fruitful. At the end of the 1960s, Leland Hartwell realized the possibility of using genetic methods

to study cell cycles. He established budding yeast Saccharomyces cerevisiae as a highly suitable model system to

study cell cycles. In an elegant series of experiments in 1970–1971, he used the temperature sensitive lethal

mutants of S. cerevisiae to isolate yeast cells with mutated genes, controlling the cell cycle. By this approach, he

successfully identified more than one hundred genes which specifically involved in cell cycle control. Among these

genes are genes encoding SPF and MPF. Hartwell named these genes Cdc-genes (cell division cycle genes) 

. One particularly important gene identified is Cdc28, which controls the first step of cell cycle progression in

G1 phase and was also known as “start”.

In the middle of the 1970s, Paul Nurse followed Hartwell’s approach to study cell cycle regulation with similar

genetic methods but using fission yeast Schizosaccharomyces pombe as a model system. Through this research,

Paul Nurse discovered the gene Cdc2 in fission yeast. Cdc2 is identical to Cdc28 identified in budding yeast. Nurse

found that Cdc2 had a key function in the control of transition from G2 to mitosis during cell cycle . In 1987,

Nurse isolated the human version of Cdc2 gene, Cdk1. Cdk1 encodes a protein called cyclin-dependent kinase

(Cdk). They found that phosphorylation status of the mammalian Cdc2 protein (p34Cdc2) is closely related to cell
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cycle progression. It is phosphorylated when cells are stimulated to enter the cell cycle in G1 phase, but

dephosphorylated when cells go to quiescence . Based on these findings, half a dozen different Cdk

molecules have been found in humans.

In the early 1980s, Tim Hunt discovered the first cyclin molecule by studying sea urchins, Arbacia. There are eight

very rapid cell divisions during the cleavage in embryos of the sea urchin. To sustain these cell divisions, the

continual protein synthesis is required. Hunt found that one protein is always destroyed each time the cells divide.

This protein was named cyclin as the level of the protein vary periodically during the cell cycle . In the following

years, more cyclins were identified in various species by Hunt and other groups. Moreover, it was discovered that

the cyclins bind to the Cdk molecules to regulate the Cdk activity and determine the substrate specificity of Cdks

.

Another important concept introduced during this period is “Checkpoint”. In the late 1980s, by studying the

sensitivity of yeast cells to irradiation, Hartwell developed concept of checkpoint . He observed that the cell

cycle is arrested at certain point when DNA is damaged. This cell cycle checkpoint concept is then expanded as

surveillance mechanisms used by the cells to check the integrity, fidelity, and the sequences of the major cell cycle

events. The events being monitored include cell size growth, DNA replication, and integrity, and the accurate

chromosome segregation .

The historical contribution of Leland H. Hartwell, Paul M. Nurse, and R. Timothy (Tim) Hunt earned them 2001

Nobel Prize in Physiology or Medicine for their discovery of “key regulators of the cell cycle”.

3. Cell Cycle Progression through Various Phases

The cell cycle consists of G1, S, G2, and M phases. In G1 phase, the cell grows and becomes larger. The cell

enters S phase when it reaches a certain size. S phase is the period for DNA-synthesis, during which the cell

duplicates its DNA. In the following G2 phase, the cell monitors the completion of DNA-replication and prepares for

mitosis. Chromosome segregation and cell division are completed in M phase. The proper cell cycle progression

ensures that each of the two daughter cells receives identical chromosome from parent cell. After cell division, the

cell cycle is completed, and the cells are back in G1 phase. The duration of the cell cycle varies between 10 and 30

h in most mammalian cells. Cells in the G1 can exit from the cell cycle and enter G0 phase, a state of quiescence.

Cell cycle progression is mainly driven and regulated by two classes of proteins, Cdks and cyclins . In yeast,

while several Cdks are expressed, including Cdk1, PHO85, and Kin28, only Cdk1 directly regulates cell cycle

progression. Cdk1 is equivalent to p34Cdc2 in S. pombe and p34Cdc28 in S cerevisiae. By associating with

different cell-cycle stage-specific cyclins Cdk1 regulates diverse cell cycle transitions including G1 to S transition

and G2 to M transition. The roles of PHO85 and Kin28 in cell-cycle regulation are indirect . Higher organisms

possess many yeast Cdk1 functional homologues. These functional homologues are phase-specific Cdks. Each

phase-specific Cdk acts in a specific cell phase to perform the function of Cdk1 in yeast. Approximately 20 Cdk-

related proteins are discovered, which leads to the concept that cell cycle events in higher eukaryotic cells are
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regulated by complex combinations of Cdks and cyclins in various cell cycle phases. For Cdk/cyclin complexes,

cyclins confer substrate specificity and determine the regulatory consequence of the substrates such as activation,

inactivation, and localization. Based on this hypothesis, the classical model of cell cycle regulation is established

through extensive research in eukaryotic cells.

According to this model, Cdk4 and/or Cdk6 form complexes with D-type cyclins, which activates Cdk4/6 and

initiates phosphorylation of the retinoblastoma protein (Rb) family in early G1 phase . Rb phosphorylation

stimulates the release of transcription factor E2F, which then stimulates the transcription of early E2F responsive

genes required for the progression of the cell cycle . Early E2F responsive genes include A- and E-type

cyclins . In the late G1 phase, cyclin E binds to and activate Cdk2, which leads to the full Rb phosphorylation

and the further activation of E2F mediated transcription . Together, the above events drive the passage of the

cell through the restriction point at the boundary of the G1/S phase and initiate the S phase. At the onset of the S

phase, A-type cyclins are synthesized and form complex with Cdk2, which phosphorylates proteins involved in

DNA replication and drive the cell progression to G2 phase . At the late G2 phase, Cdk1/cyclin A is formed

and activated, which is required for the G2/M transition and the initiation of prophase . Finally, Cdk1/cyclin B

complexes are formed in M phase and drive the completion of mitosis .

3.1. G1 Phase

Cells enter G1 either from the preceding M phase or from G0 phase. The transition of cells between G0 and G1

phase is determined by extracellular mitogenic signals . G1 phase is the growth phase. The biosynthetic

activities of the cell are slowed down considerably in M phase; however, it resumes at a high rate in G1 phase. In

G1 phase, the cells synthesize many proteins, amplify organelles including ribosomes and mitochondria, and grow

in size. The duration of cell cycle phases varies considerably in different types of cells. For a typical proliferating

human cell, if we assume the total cycle time is 24 h, the duration of G1 phase is approximately 11 h, S phase

duration last 8 h, G2 phase last 4 h, and the duration of M phase is approximately 1 h.

During G1 phase, diverse signals, including environmental cues, stress, and metabolic cues intervene to influence

cell’s developmental program. These signals are integrated and interpreted by the cells. Based on these inputs, the

cell decides whether to self-renew, differentiate, or die; however, to enter S phase for starting its renewal, all cells

must fulfill one essential requirement: activation of Cdks .

3.2. S Phase

S phase is marked by DNA synthesis. In S phase, each chromosome consists of two sister chromatids following

replication to double the amount of DNA. However, S phase also marked with low activities of gene expression and

protein synthesis. A noticeable exception is the production of histone. Most histones are produced in the S phase

.

It is suggested that an intra-S phase checkpoint exists to control S phase progression. Intra-S phase checkpoint

turns off Cdk2 in response to DNA damage and other replication stress, which blocks origin firing to avoid
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replication of damaged DNA . S phase to G2 phase transition is regulated by the active checkpoint kinase ATR

(ataxia-telangiectasia and Rad3-related) .

3.3. G2 Phase

The cell enters G2 phase after successful completion of S phase. G2 phase ends with the onset of mitosis. The

major task of cells in G2 phase is to prepare itself for mitosis. G2 phase is marked by significant protein/lipid

synthesis and cell growth . While it is known that protein synthesis inhibitor arrests cells at G2 phase, a recent

study suggests that this may be due to the inhibition of p38, and the protein synthesis is not absolutely required for

mitosis entry . Interestingly, some cell types, including certain cancer cells and Xenopus embryos, lack the G2

phase. Cell cycle proceeds directly from S phase to M phase. It is hypothesized that cell size controls the growth in

G2 phase, however, this is only demonstrated in fission yeast . Another process that occurs during G2 phase is

to repair DNA double-strand breaks. During and after DNA replication, DNA double-strand breaks accumulate in

the cell and need to be repaired before cell can move to pass G2/M checkpoint .

3.4. Mitosis and Cytokinesis

M phase is comprised of mitosis, in which the cell’s nucleus divides, and cytokinesis, in which the cell’s cytoplasm

divides to form two daughter cells. Mitosis is further divided into prophase, prometaphase, metaphase, anaphase,

and telophase.

Prophase is characterized with chromatin/chromosome condensation, centrosome separation, and nuclear

membrane breakdown. The migration of centrosome to two opposite poles is important for the later formation of the

bipolar mitotic spindle apparatus. A recent detailed study shows that the interphase organization is rapidly lost in

prophase by a condensin-dependent manner . Observations with a microscope indicate that chromosomes

become recognizable as linearly organized structures in early prophase . Sister chromatids are mixed in early

prophase, but they are separated in late prophase. Each chromatid is shown as an array of loops radiating from an

axial core that contains topoisomerase II alpha and condensin complexes . The rise of cyclin B-Cdk1 activity is a

defining molecular event of prophase .

Prometaphase starts from the nuclear envelope breakdown, which marks the end of prophase, ends when

chromosome alignment at the spindle equator completes, which defines the beginning of metaphase. For faithful

chromosome segregation, it is essential to establish a metaphase plate in which all chromosomes aligned at the

cell equator attach to mitotic spindle microtubules. The achievement of this configuration depends on the precise

coordination of several mitotic events including nuclear envelope breakdown, connection between chromosome

kinetochores, and microtubules of the mitotic spindle assembly, and the congression of all chromosomes to the

spindle equator. A kinetochore is a disc-shaped protein structure in duplicated chromatids . During

prometaphase the chromatids shorten and become thicker  and ultimately form fully condensed metaphase

chromosomes .
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Metaphase starts when the duplicated chromosomes are aligned along the metaphase plate in the middle of the

cell. During metaphase, the sister chromatids are pulled back and forth by the kinetochore microtubules until they

align along the equatorial plane. The chromosome segregation process is monitored by SAC pathway to ensures

that all kinetochores are attached to microtubules of the opposite poles before segregation proceeds after

metaphase-to-anaphase transition. Once all the chromosomes are properly aligned and the kinetochores are

correctly attached, the cohesion between sister chromatids is dissolved, leading to the migration of the separated

chromatids towards opposite sides of the cell by the pulling force of spindle microtubules. The cell now enters the

anaphase .

Anaphase involves two mechanistically distinct steps, the shortening of kinetochore microtubules and the spindle

elongation in the midzone. The shortening of kinetochore microtubules causes the migration of each chromatid

towards its respective pole. The disjointed sister chromatids are further separated through spindle elongation in the

midzone. These two steps may be temporally divided in some organisms while occurring simultaneously in other

organisms. These two steps are called anaphase A and anaphase B, respectively . In human mitotic cells,

anaphase B usually starts 30–50 s later than the start of the anaphase A . During anaphase, the spindle

elongates 8 µm and additional 3 µm in telophase .

Telophase follows anaphase and starts at the onset of the chromosome recondensation and the nuclear envelope

reformation . During telophase the duplicated chromosomes in the nucleus of a parent cell separate into two

identical daughter cells. A nuclear membrane forms around each set of chromosomes to divide the nuclear DNA

from the cytoplasm. Simultaneously, the chromosome decondensation begins .

Cytokinesis results the physical separation of the cytoplasm of a mother cell into two daughter cells . The

segregation of chromosomes and cytoplasm needs to be tightly coordinated to generate offspring with the right

complement of chromosomes . Cell cytokinesis is initiated in anaphase, when lower Cdk1 activity causes the

reorganization of the mitotic spindle and the stabilization of microtubules. The assembly of the central spindle is the

key early event, which provides the template for the midbody and contributes to division plane specification. The

division plane is positioned between the two sets of segregated chromosomes. The precise position of the plane is

critical to prevent segregation errors. Cytokinetic furrow ingression of the attached plasma membrane is then

initiated by the contraction of the actomyosin ring, which partitions the cytoplasm into two domains of emerging

daughter cells. The last step of cytokinesis is abscission . Abscission is the physical separation of the plasma

membrane of the two daughter cells. During abscission, cells remove the cytoskeletal structures from the

intercellular bridge, followed by constriction of the cell cortex, and finally the division of the plasma membrane 

.

References

1. Panda, S.K.; Ray, S.; Nayak, S.; Behera, S.; Bhanja, S.; Acharya, V. A review on cell cycle
checkpoints in relation to cancer. J. Med. Sci. 2019, 5, 88–95.

[52]

[53]

[44][54]

[44][53]

[45]

[53]

[55][56]

[57]

[58]

[59]

[60]



Cell Cycle | Encyclopedia.pub

https://encyclopedia.pub/entry/16699 7/10

2. Panagopoulos, A.; Altmeyer, M. The hammer and the dance of cell cycle control. Trends Biochem.
Sci. 2021, 46, 301–314.

3. Barnum, K.J.; O′Connell, M.J. Cell cycle regulation by checkpoints. Methods Mol. Biol. 2014,
1170, 29–40.

4. Satyanarayana, A.; Kaldis, P. Mammalian cell-cycle regulation: Several cdks, numerous cyclins
and diverse compensatory mechanisms. Oncogene 2009, 28, 2925–2939.

5. Gao, X.; Leone, G.W.; Wang, H. Cyclin d-cdk4/6 functions in cancer. Adv. Cancer Res. 2020, 148,
147–169.

6. Wolpert, L. Evolution of the cell theory. Philos. Trans. R. Soc. Lond. B Biol. Sci. 1995, 349, 227–
233.

7. Müller-Wille, S. Cell theory, specificity, and reproduction, 1837–1870. Stud. Hist. Philos. Biol.
Biomed. Sci. 2010, 41, 225–231.

8. Ribatti, D. Rudolf virchow, the founder of cellular pathology. Rom. J. Morphol. Embryol. 2019, 60,
1381–1382.

9. Paweletz, N. Walther flemming: Pioneer of mitosis research. Nat. Rev. Mol. Cell Biol. 2001, 2, 72–
75.

10. Howard, A.; Pelc, S.R. Synthesis of nucleoprotein in bean root cells. Nature 1951, 167, 599–600.

11. Nasmyth, K. Viewpoint: Putting the cell cycle in order. Science 1996, 274, 1643–1645.

12. Johnson, R.T.; Rao, P.N. Nucleo-cytoplasmic interactions in the acheivement of nuclear
synchrony in DNA synthesis and mitosis in multinucleate cells. Biol. Rev. Camb. Philos. Soc.
1971, 46, 97–155.

13. Rao, P.N.; Johnson, R.T. Mammalian cell fusion: Studies on the regulation of DNA synthesis and
mitosis. Nature 1970, 225, 159–164.

14. Hartwell, L.H.; Culotti, J.; Reid, B. Genetic control of the cell-division cycle in yeast. I. Detection of
mutants. Proc. Natl. Acad. Sci. USA 1970, 66, 352–359.

15. Hartwell, L.H.; Culotti, J.; Pringle, J.R.; Reid, B.J. Genetic control of the cell division cycle in
yeast. Science 1974, 183, 46–51.

16. Hartwell, L.H. Twenty-five years of cell cycle genetics. Genetics 1991, 129, 975–980.

17. Nurse, P.; Thuriaux, P. Regulatory genes controlling mitosis in the fission yeast
schizosaccharomyces pombe. Genetics 1980, 96, 627–637.

18. Lee, M.G.; Nurse, P. Complementation used to clone a human homologue of the fission yeast cell
cycle control gene cdc2. Nature 1987, 327, 31–35.



Cell Cycle | Encyclopedia.pub

https://encyclopedia.pub/entry/16699 8/10

19. Lee, M.G.; Norbury, C.J.; Spurr, N.K.; Nurse, P. Regulated expression and phosphorylation of a
possible mammalian cell-cycle control protein. Nature 1988, 333, 676–679.

20. Evans, T.; Rosenthal, E.T.; Youngblom, J.; Distel, D.; Hunt, T. Cyclin: A protein specified by
maternal mrna in sea urchin eggs that is destroyed at each cleavage division. Cell 1983, 33, 389–
396.

21. Pryor, P.R.; Jackson, L.; Gray, S.R.; Edeling, M.A.; Thompson, A.; Sanderson, C.M.; Evans, P.R.;
Owen, D.J.; Luzio, J.P. Molecular basis for the sorting of the snare vamp7 into endocytic clathrin-
coated vesicles by the arfgap hrb. Cell 2008, 134, 817–827.

22. Weinert, T.A.; Hartwell, L.H. The rad9 gene controls the cell cycle response to DNA damage in
saccharomyces cerevisiae. Science 1988, 241, 317–322.

23. Hartwell, L.H.; Weinert, T.A. Checkpoints: Controls that ensure the order of cell cycle events.
Science 1989, 246, 629–634.

24. Morgan, D.O. Cyclin-dependent kinases: Engines, clocks, and microprocessors. Annu. Rev. Cell
Dev. Biol. 1997, 13, 261–291.

25. Huang, D.; Friesen, H.; Andrews, B. Pho85, a multifunctional cyclin-dependent protein kinase in
budding yeast. Mol. Microbiol. 2007, 66, 303–314.

26. Sherr, C.J.; Roberts, J.M. Cdk inhibitors: Positive and negative regulators of g1-phase
progression. Genes Dev. 1999, 13, 1501–1512.

27. Sherr, C.J.; Roberts, J.M. Living with or without cyclins and cyclin-dependent kinases. Genes Dev.
2004, 18, 2699–2711.

28. Weinberg, R.A. The retinoblastoma protein and cell cycle control. Cell 1995, 81, 323–330.

29. Dyson, N. The regulation of e2f by prb-family proteins. Genes Dev. 1998, 12, 2245–2262.

30. Lundberg, A.S.; Weinberg, R.A. Functional inactivation of the retinoblastoma protein requires
sequential modification by at least two distinct cyclin-cdk complexes. Mol. Cell Biol. 1998, 18,
753–761.

31. Petersen, B.O.; Lukas, J.; Sørensen, C.S.; Bartek, J.; Helin, K. Phosphorylation of mammalian
cdc6 by cyclin a/cdk2 regulates its subcellular localization. EMBO J. 1999, 18, 396–410.

32. Coverley, D.; Pelizon, C.; Trewick, S.; Laskey, R.A. Chromatin-bound cdc6 persists in s and g2
phases in human cells, while soluble cdc6 is destroyed in a cyclin a-cdk2 dependent process. J.
Cell Sci. 2000, 113, 1929–1938.

33. Furuno, N.; den Elzen, N.; Pines, J. Human cyclin a is required for mitosis until mid prophase. J.
Cell Biol. 1999, 147, 295–306.



Cell Cycle | Encyclopedia.pub

https://encyclopedia.pub/entry/16699 9/10

34. Riabowol, K.; Draetta, G.; Brizuela, L.; Vandre, D.; Beach, D. The cdc2 kinase is a nuclear protein
that is essential for mitosis in mammalian cells. Cell 1989, 57, 393–401.

35. Duan, L.; Raja, S.M.; Chen, G.; Virmani, S.; Williams, S.H.; Clubb, R.J.; Mukhopadhyay, C.;
Rainey, M.A.; Ying, G.; Dimri, M.; et al. Negative regulation of egfr-vav2 signaling axis by cbl
ubiquitin ligase controls egf receptor-mediated epithelial cell adherens junction dynamics and cell
migration. J. Biol. Chem. 2011, 286, 620–633.

36. Limas, J.C.; Cook, J.G. Preparation for DNA replication: The key to a successful s phase. FEBS
Lett. 2019, 593, 2853–2867.

37. Massague, J. G1 cell-cycle control and cancer. Nature 2004, 432, 298–306.

38. Nelson, D.M.; Ye, X.; Hall, C.; Santos, H.; Ma, T.; Kao, G.D.; Yen, T.J.; Harper, J.W.; Adams, P.D.
Coupling of DNA synthesis and histone synthesis in s phase independent of cyclin/cdk2 activity.
Mol. Cell Biol. 2002, 22, 7459–7472.

39. Ciardo, D.; Goldar, A.; Marheineke, K. On the interplay of the DNA replication program and the
intra-s phase checkpoint pathway. Genes 2019, 10, 94.

40. Saldivar, J.C.; Hamperl, S.; Bocek, M.J.; Chung, M.; Bass, T.E.; Cisneros-Soberanis, F.;
Samejima, K.; Xie, L.; Paulson, J.R.; Earnshaw, W.C.; et al. An intrinsic s/g(2) checkpoint
enforced by atr. Science 2018, 361, 806–810.

41. Hannen, R.; Selmansberger, M.; Hauswald, M.; Pagenstecher, A.; Nist, A.; Stiewe, T.; Acker, T.;
Carl, B.; Nimsky, C.; Bartsch, J.W. Comparative transcriptomic analysis of temozolomide resistant
primary gbm stem-like cells and recurrent gbm identifies up-regulation of the carbonic anhydrase
ca2 gene as resistance factor. Cancers 2019, 11, 921.

42. Lockhead, S.; Moskaleva, A.; Kamenz, J.; Chen, Y.; Kang, M.; Reddy, A.R.; Santos, S.D.M.;
Ferrell, J.E., Jr. The apparent requirement for protein synthesis during g2 phase is due to
checkpoint activation. Cell Rep. 2020, 32, 107901.

43. Moseley, J.B.; Mayeux, A.; Paoletti, A.; Nurse, P. A spatial gradient coordinates cell size and
mitotic entry in fission yeast. Nature 2009, 459, 857–860.

44. Vukušić, K.; Buđa, R.; Tolić, I.M. Force-generating mechanisms of anaphase in human cells. J.
Cell Sci. 2019, 132, jcs231985.

45. Afonso, O.; Matos, I.; Pereira, A.J.; Aguiar, P.; Lampson, M.A.; Maiato, H. Feedback control of
chromosome separation by a midzone aurora b gradient. Science 2014, 345, 332–336.

46. Gibcus, J.H.; Samejima, K.; Goloborodko, A.; Samejima, I.; Naumova, N.; Nuebler, J.; Kanemaki,
M.T.; Xie, L.; Paulson, J.R.; Earnshaw, W.C.; et al. A pathway for mitotic chromosome formation.
Science 2018, 359.



Cell Cycle | Encyclopedia.pub

https://encyclopedia.pub/entry/16699 10/10

47. Liang, Z.; Zickler, D.; Prentiss, M.; Chang, F.S.; Witz, G.; Maeshima, K.; Kleckner, N.
Chromosomes progress to metaphase in multiple discrete steps via global compaction/expansion
cycles. Cell 2015, 161, 1124–1137.

48. Samejima, K.; Samejima, I.; Vagnarelli, P.; Ogawa, H.; Vargiu, G.; Kelly, D.A.; Alves, F.d.; Kerr, A.;
Green, L.C.; Hudson, D.F.; et al. Mitotic chromosomes are compacted laterally by kif4 and
condensin and axially by topoisomerase iiα. J. Cell Biol. 2012, 199, 755–770.

49. Gavet, O.; Pines, J. Progressive activation of cyclinb1-cdk1 coordinates entry to mitosis. Dev. Cell
2010, 18, 533–543.

50. Santaguida, S.; Musacchio, A. The life and miracles of kinetochores. EMBO J. 2009, 28, 2511–
2531.

51. Paulson, J.R.; Laemmli, U.K. The structure of histone-depleted metaphase chromosomes. Cell
1977, 12, 817–828.

52. Dhatchinamoorthy, K.; Mattingly, M.; Gerton, J.L. Regulation of kinetochore configuration during
mitosis. Curr. Genet. 2018, 64, 1197–1203.

53. Vukušić, K.; Tolić, I.M. Anaphase b: Long-standing models meet new concepts. Semin. Cell Dev.
Biol. 2021, 117, 127–139.

54. Su, K.C.; Barry, Z.; Schweizer, N.; Maiato, H.; Bathe, M.; Cheeseman, I.M. A regulatory switch
alters chromosome motions at the metaphase-to-anaphase transition. Cell Rep. 2016, 17, 1728–
1738.

55. Green, R.A.; Paluch, E.; Oegema, K. Cytokinesis in animal cells. Annu. Rev. Cell Dev. Biol. 2012,
28, 29–58.

56. Fededa, J.P.; Gerlich, D.W. Molecular control of animal cell cytokinesis. Nat. Cell Biol. 2012, 14,
440–447.

57. Lens, S.M.A.; Medema, R.H. Cytokinesis defects and cancer. Nat. Rev. Cancer 2019, 19, 32–45.

58. Mierzwa, B.; Gerlich, D.W. Cytokinetic abscission: Molecular mechanisms and temporal control.
Dev. Cell 2014, 31, 525–538.

59. Gromley, A.; Yeaman, C.; Rosa, J.; Redick, S.; Chen, C.T.; Mirabelle, S.; Guha, M.; Sillibourne, J.;
Doxsey, S.J. Centriolin anchoring of exocyst and snare complexes at the midbody is required for
secretory-vesicle-mediated abscission. Cell 2005, 123, 75–87.

60. Schiel, J.A.; Park, K.; Morphew, M.K.; Reid, E.; Hoenger, A.; Prekeris, R. Endocytic membrane
fusion and buckling-induced microtubule severing mediate cell abscission. J. Cell Sci. 2011, 124,
1411–1424.

Retrieved from https://encyclopedia.pub/entry/history/show/39636


