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The cell cycle is the ordered sequence of events that a eukaryotic cell goes through from its birth to its

division into two daughter cells. It is divided into two major periods: interphase (G1, S, G2), where the

cell grows, replicates its DNA, and prepares to divide, and theM phase (mitosis plus cytokinesis), where

the cell actually divides. A typical actively-dividinghumancell completes one full cycle in about 24hours.

Cell-cycle control is one of the most important regulatory systems in biology, and its breakdown is the

central problem in cancer.

The cell cycle, G1, S, G2 (together called Interphase) and theMphase (mitosis plus cytokinesis), withM taking only about 5% of the

total cycle.

ThePhasesof theCell Cycle

The cell cycle has fourmain phases. Three of them belong to interphase; the fourth isM phase.
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The full cycle: 3 growth-and-check phases (interphase) followed by division (M).

G1phase (Gap 1)

The cell grows in size. Organelles duplicate (more mitochondria, more ribosomes, more endoplasmic

reticulum). Protein synthesis ramps up. The cell prepares for DNA replication. G1 is the longest phase in

most cells, typically 11 hours in a 24-hour cycle. G1 is also themost variable phase. Cells that decide not to

divide (most neurons, for example) exit G1 into a resting state called G0 and can stay there for decades.

Sphase (Synthesis)

DNA replication. Each chromosome’s single chromatid is duplicated into two identical sister chromatids

joined at the centromere. The cell’s DNA content doubles from2C to 4C,while the chromosome number

stays the same (each chromosomenowconsists of two chromatids instead of one). S phase typically lasts

6-8 hours in a human cell.

G2phase (Gap2)

Final preparation for mitosis. The cell continues growing, manufactures the proteins needed for chro-

mosome segregation (tubulin for the spindle, condensin for chromosome compaction), and checks the
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replicated DNA for damage. G2 typically lasts 3-4 hours.

Mphase (Mitosis +Cytokinesis)

The cell physically divides. Mitosis (nuclear division) goes through prophase, metaphase, anaphase, and

telophase, afterwhichcytokinesispinches thecytoplasminto twodaughtercells. Mphase is theshortest,

typically just 1 hour, only about 5% of the total cycle.

InterphasevsMPhaseProportions

A typical 24-hour human cell cycle breaks down approximately as:

PHASE DURATION %OF CYCLE MAIN ACTIVITY

G1 ~11 hours ~46% Growth, organelle du-

plication

S ~8 hours ~33% DNA replication

G2 ~4 hours ~17% Final prep, damage

checks

M ~1 hour ~4% Mitosis + cytokinesis

The picture you typically see in textbooks shows mitosis as a dramatic main event, but in reality cells

spend about 95% of their time in interphase quietly growing and replicating. M phase is the brief spec-

tacular finale.

Checkpoints, TheCell Cycle'sQualityControl

Threemajor checkpointsmonitor the cell cycle, halting progression if conditions arewrong. The check-

points are the cell’s quality-control system. Their failure is the central problem in cancer.
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G1/SCheckpoint (RestrictionPoint)

Located at the end of G1, just before entering S phase. The cell checks: is it large enough? Are nutrients

available? Is the DNA undamaged? Is there a growth-factor signal telling the cell to proliferate? If any

answer is no, the cell pauses in G1 (or exits to G0). The G1/S checkpoint is themain commit point, once a

cell passes it, it is committed to completing the cycle.

The tumor suppressor p53 is the central player at this checkpoint. p53 senses DNA damage, halts the

cycle, and either gives the cell time to repair or triggers apoptosis if the damage is irreparable. Mutations

in p53 are found in over 50% of human cancers, themost commonlymutated gene in all of oncology.

G2/MCheckpoint

Located at the end of G2, just before mitosis begins. The cell checks: was DNA replication complete and

correct? Is the cell ready for the physical demands of mitosis? Errors here stop the cycle until repair is

complete.

SpindleAssemblyCheckpoint (MCheckpoint)

Located during metaphase. The cell will not begin anaphase until every chromosome’s kinetochore is

properly attached to spindlemicrotubules frombothpoles. This prevents chromosomemis-segregation.

When the checkpoint fails, daughter cells end up with the wrong chromosome number (aneuploidy),

which is both a cause and a consequence of cancer.

Cyclins andCDKs, TheCell-Cycle Engine

Thecell cycle isdrivenbya familyofproteins calledcyclin-dependentkinases (CDKs)boundto regulatory

proteins called cyclins. CDKs are kinases, they add phosphate groups to other proteins, modifying their

activity. Cyclins are not themselves enzymes, but they bind to CDKs to activate them.

Different cyclin-CDK combinations drive different phases:

Cyclin D+ CDK4/6: drives early G1 progression

Cyclin E + CDK2: drives the G1/S transition

Cyclin A + CDK2: drives S phase progression

Cyclin B + CDK1: drives entry intomitosis
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Cyclin levels rise and fall through the cycle (the periodic synthesis and destruction iswhat gave them the

name). CDK levels stay relatively constant, but their activity follows the cyclin levels. Leland Hartwell,

TimHunt, and Paul Nurse won the 2001 Nobel Prize in Physiology orMedicine for working out this reg-

ulatory system.

Cell CycleandCancer

Every cancer is, at heart, a cell-cycle disorder. Cancer cells acquire mutations that override the normal

stop signals and let themdividewhenever theywant. The twomainmutation categories:

Oncogenes are activated forms of normal cell-cycle drivers. Mutations in Ras (a growth-signal trans-

ducer) lock the protein in ’on’ state, telling the cell to divide constantly. Ras mutations are found in

~30% of human cancers.

Tumor suppressors are normal cell-cycle brakes. Mutations that knock them out remove the safety

system. p53 mutations (most common) prevent the G1/S checkpoint from halting damaged cells.

Retinoblastoma (Rb) mutations prevent control of the G1/S transition. BRCA1/BRCA2 mutations

impair DNA-damage response.

Modern cancer therapy increasingly targets cell-cycle proteins directly. Palbociclib, ribociclib, and abe-

maciclib are CDK4/6 inhibitors approved for breast cancer treatment since 2015, theyhalt cancer cells at

the G1/S transition. PARP inhibitors exploit DNAdamage repair deficiencies. Thewhole field of targeted

oncology builds on cell-cycle biology.

Related study notes: Mitosis,Meiosis, Nucleic Acid, Enzyme.
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PracticeQuestions

Work each question before reading its solution. The set runs from direct recall and substitution to the

applied questions that exams actually use to separate grades.

Q1. Name the phases of the cell cycle and the job of each.

SOLUTION

Interphase comprises G1 (growth andnormal function), S (DNA replication), andG2 (further growth and

pre-division checks);Mphase then divides the nucleus (mitosis) and cytoplasm (cytokinesis). A cultured

human cell completes the loop in roughly 24 hours, spending about 90% of it in interphase, not division.

Q2. What happens in S phase, andwhat is the chromosome bookkeeping before and after?

SOLUTION

Every chromosome is replicated, converting each from 1 DNAmolecule to 2 identical sister chromatids

joined at the centromere. The chromosome COUNT stays 46 in humans; the DNA content doubles from

2C to 4C. Counting chromosomes by centromeres while tracking DNA mass separately untangles most

exam confusion here.

Q3. What is G0, andwhich human cells live there?

SOLUTION

Awithdrawal from the cycle into a non-dividingworking state. Mature neurons and cardiacmuscle cells

residethereessentiallypermanently,which iswhytheir lossesaresohardtorepair; livercells sit inG0but

re-enter the cycle on demand, powering the liver’s famous regeneration. G0 is retirement, sometimes

with a recall clause.

Q4. Describe the G1/S checkpoint and the question it asks.

SOLUTION

The restriction point asks: is the cell big enough, nourished, undamaged, and instructed by growth sig-

nals to commit? Passing it commits the cell to replicating its genome. DamagedDNAhalts progress here,

chiefly through p53 stabilizing p21 to block the cyclin-CDK engines. It is the most consequential no-

return decision in the cycle.
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Q5. What do the G2/M and spindle checkpoints verify?

SOLUTION

G2/M: was the genome copied completely and without damage, before mitosis is allowed to start. The

spindle (metaphase) checkpoint: is every chromosome’s kinetochore attached to spindle fibers from

both poles, before the sisters are pulled apart. Skipping the second one missegregates chromosomes,

producing aneuploid daughters.

Q6. Howdo cyclins and CDKs drive the cycle forward?

SOLUTION

Cyclin-dependent kinases are engines present throughout the cycle but inert alone; cyclins are their ac-

tivating keys, synthesized and destroyed in waves. Each cyclin-CDK pair phosphorylates the substrates

of its phase, then the cyclin’s degradation makes the step irreversible. The cycle is a ratchet of build-

activate-destroy, discovered in sea urchins and yeast, honoredwith the 2001 Nobel.

Q7. Explain p53’s title ”guardian of the genome” and the consequence of losing it.

SOLUTION

OnDNAdamage, p53 accumulates and halts the cycle for repair; if damage is irreparable it triggers apop-

tosis, deleting the dangerous cell. Lose p53 and damaged cells keep dividing, stacking mutations. TP53

is mutated in roughly half of all human cancers, and inheriting one faulty copy (Li-Fraumeni syndrome)

brings early, multiple tumors.

Q8. Frame cancer as a cell-cycle disease using proto-oncogenes and tumor suppressors.

SOLUTION

Proto-oncogenesareaccelerators (growth-signal relays likeRAS); again-of-functionmutation jamsthem

on. Tumor suppressors are brakes (p53, RB); loss-of-function cuts them. Cancer typically needs both: a

stuck accelerator plus failed brakes, accumulated over years, which is why risk climbs with age andwhy

oncology drugs target cyclemachinery such as CDK4/6.

Q9. Contrast cytokinesis in animal and plant cells.

SOLUTION

Animalcellspinch: anactin-myosincontractile ring tightensacleavage furrowuntil 2cells separate. Plant

cells cannot pinch inside rigid walls; vesicles assemble a cell plate across the middle that grows outward

into a new wall. Same goal, opposite geometry: constriction from outside in, versus construction from
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inside out.

Q10. A tissue biopsy shows an unusually highmitotic index. What does thatmeasure, andwhatmight it

mean?

SOLUTION

The fraction of cells visibly in mitosis, a direct readout of proliferation rate. High values are normal in

renewing tissues, bonemarrow, gut lining, and in healing wounds, but in a fixed tissue they flag uncon-

trolled division and factor into tumor grading. Context decideswhether fast cycling is health or disease.
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AnswerKey

QUICK ANSWERS

Q1 G1 grow, S copy, G2 check,M divide Q2 each chromosome becomes 2 sister chromatids; 46 stays

46 Q3 the non-dividing state; neurons, cardiacmuscle, resting liver Q4 commit-to-replicationde-

cision; p53 guards it Q5 complete undamaged DNA; full spindle attachment

Q6 cyclin waves switch CDK engines on and off Q7 damage arrest or apoptosis; lost in∼50% of can-

cers Q8 stuck accelerators+brokenbrakes Q9 cleavage furrowvs cell plate Q10 fractionof cells

inM; proliferation gauge

RevisionSheet

The loop

G1→ S→ G2→M,∼24 h in culture; interphase is

∼90% of it. G0 = exit.

S-phasebookkeeping

Chromosome count unchanged; each becomes 2

sister chromatids (2C→ 4CDNA).

3 checkpoints

G1/S commit (restriction point), G2/M integrity,

spindle attachment atmetaphase.

Theengine

Cyclin waves activate CDKs; degradation ratchets

each phase irreversible.

Theguardian

p53: arrest, repair, orapoptosis. Mutated inabout

half of cancers.

Cancer formula

Oncogene accelerators stuck on + tumor-

suppressor brakes lost.
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