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PROKARYOTS - binary division (e.g. E. coli 20 min)

EUKARYOTS - cell cycle (e.g. yeast 90-120 min, hepatic cells 1 year)

Schleiden, Schwann, Virchov (German biologists) - 3 rules

about all cells (basic of cell theory)

1) all living things are made of cells

2) cell is the basic unit of structure and function in all organisms

3) every cell comes from another cell that lived before it

CELL CYCLE
✓ replication of chromosomes (DNA) and cell growth

✓ separation of chromosomes 

✓ cell division

What are the phases of cell cycle?



G1 (first gap) - growth of cell (duplication of organelles, synthesis of 

proteins…..)

S (syntetic) - replication of nuclear DNA

G2 (second gap) - growth of cell continues

M (mitosis) - cell divides its nucleus 

INTERPHASE (includes G1, S, G2)

CELL CYCLE

What is it karyokinesis and cytokinesis?



REGULATION OF CELL CYCLE

Checkpoints

➢ monitor and regulate cell cycle

➢ prevent uncontrolled cell division 

G1 checkpoint

G2 checkpoint

M checkpoint

Proteins:
▪ CYCLINS (G1 cyclin, S-phase cyclins, 

mitotic cyclins) - their levels rise and fall 

with the stages of cell cycle

▪ CYCLIN-DEPENDENT KINASES

(Cdks) (G1 Cdk, S-phase Cdk, M-

phase Cdk) - their levels remain stable, 

they add phosphate groups to proteins

and thus activate them

Cyclins + Cdks = 

promoting factors 

(complex)



APC (anaphase-promoting complex) – starts destruction of cohesins thus 

allowing sister chromatids to separate

degraded 

cyclins

G1 cyclin

Animation of cell cycle with

mitosis and check points:

https://www.youtube.com/wa

tch?v=HyBrbNJ5ws4

https://www.youtube.com/watch?v=HyBrbNJ5ws4


STOPPING OF CELL CYCLE

G0 phase
▪ cell cycle is stopped in response to a lack of growth factors

or nutrients

▪ cyclins and cyclin-dependent kinases disappear

▪ common for most mammalian cells (neural, muscular)  



MITOSIS
Division of somatic cells, results in two daughter cells with identical genetic 

material (one set of chromosomes from mother, the other from father).

mitochondria and chloroplasts

are duplicated and randomly

distributed into daughter cells

ER, GA are fragmented and 

randomly distributed into 

daughter cells
What are phases of mitosis?



1. PROPHASE

➢ chromosome condensation by proteins CONDENSINS

➢ nucleolus becomes invisible

➢ kinetochore is formed (complex of proteins, e.g. dynein)

➢ mitotic spindle is formed

2 copies of replicated chromosomes are bound together as 

identical sister chromatids by protein complexes COHESINS

Draw mitotic spindle



astral 

microtubule

centrosome

kinetochore

microtubule

polar

microtubule

kinetochore

centriole

Mitotic spindle
▪ centrosome

▪ kinetochor microtubules

▪ polar microtubules

▪ astral microtubules



2. PROMETAPHASE
➢ nuclear envelope breaks down

➢ kinetochore microtubules attach to sister chromatids at 

kinetochore (e.g. 20-30 microtubules atach to one kinetochore)



3. METAPHASE
➢ chromosomes line up in the middle of the cell („metaphase

plate, equator")



4. ANAPHASE
➢ sister chromatids are separated by enzyme SEPARASE 

(in previous phases it was blocked by protein SECURIN)

➢ microtubules attached to kinetochores begin to shorten and 

pull chromatids to opposite poles of cell

➢ each daughter cell gets identical sets of chromosomes (2n)



5. TELOPHASE
➢ chromosomes decondense

➢ nuclear envelope forms

➢ cytokinesis creates two daughter cells



6. CYTOKINESIS
➢ cytoplasm is dividing

➢ it begins in anaphase and continues through telophase

ANIMAL CELL - cytoplasm is divided by contractile ring

(actin + myosin II) - it forms cleavage furow



PLANT CELL

➢ cytokinesis is guided by phragmoplast (formed by remains  

of polar microtubules)

➢ vesicles from GA are transported along microtubules to 

eguator of fragmoplast, where they fuse to form membrane   

and cell wall

➢ cell dividies

Animation of cell cycle with mitosis and check points:

https://www.youtube.com/watch?v=g7iAVCLZWuM

Animation of mitosis with song:

https://www.youtube.com/watch?v=HYKesI9jL8c

https://www.youtube.com/watch?v=g7iAVCLZWuM
https://www.youtube.com/watch?v=HYKesI9jL8c


Genetics of mitosis

2n

2n 2n



MEIOSIS
"meiosis" comes from the Greek meioun, meaning "to make smaller"

MEIOSIS I

➢ different from mitosis

➢ recombination of genetic information!!!

MEIOSIS II

➢ similar like mitosis 

Division of sexual cells (gamets), results in four 

haploid (one set of chromosomes) daughter cells with 

non-identical genetic material

What are the phases of first prophase?



MEIOSIS I
Prophase I (the longest phase in meiosis), has 5 phases

1. LEPTOTENE (=leptonema, from Greek "thin threads„)

➢chromosomes begin to condense (sister chromatids are bound)

2. ZYGOTENE (=zygonema, from Greek "paired threads„)

➢ homologous chromosomes combine to form bivalent (tetrad

= four chromatids). Two chromatids are "zipped" together, 

forming the synaptonemal complex

3. PACHYTENE (pachynema, from Greek "thick threads„)

➢ crossing over (random exchange of genetic information

between nonsister chromatids of homologous chromosomes

that results in recombination of genetic information



4. DIPLOTENE (=diplonema, from Greek "two threads„) 

➢ synaptonemal complex degrades and homologous

chromosomes separate but still are bound at chiasmata 

(regions where crossing over occurred)

5. DIAKINESIS (from Greek "moving through„)

➢ chromosomes condense further

➢ nucleolus disappears

➢ nuclear membrane disintegrates

➢ mitotic spindle begins to form

Crossing-over 



Interkinesis (interphase II) - period of rest, no DNA replication! (many plants skip interphase II 

going immediately into prophase II)

Metaphase I  - like in mitosis

Anaphase I

➢ random segregation of chromosomes = recombination

Telophase I – like in mitosis

MEIOSIS II
Prophase II - like in mitosis

Metaphase II - like in mitosis

Anaphase II

➢ random segregation of sister chromatids =  recombination

Telophase II - like in mitosis

➢ meiosis facilitates stable sexual reproduction (more sets of chromosomes

would results in abnormalities or lethality)

➢ meiosis produces genetic variety in gametes through recombination and 

independent assortment



2n

1n

1n1n

1n

Animation of meiosis: 

https://www.youtube.com/watch?v=jjEcHra3484&t=3s

Draw scheme of oogenesis and 

spermiogenesis (names of the cells

and set of  chromosomes)

https://www.youtube.com/watch?v=jjEcHra3484&t=3s


spermatogony oogony

spermatocyte I oocyte I

I meiotic division

spermatocyte II oocyte II + 

polar body

II meiotic

division

spermatid

sperm

GAMETOGENESIS

egg

polar bodies

2n

n

n



PROLIFERATION is controlled by:

REGULATION OF CELL NUMBER IN 

MULTICELLULAR ORGANISM

➢ by signals for proliferation

➢ by signals for diferentiation

➢ by programmed cell death

*Mutations in any of genes coding these proteins can affect proliferation and cause tumors

➢ growth factors

➢ receptors on cell surface

➢ signaling molecules (signal

transduction pathway) 

➢ transcription factors (bind to DNA, 

turning on or off the production of 

proteins)



➢ cells start to be specialized with (different structure and 

function (in human 200 different cells)

➢ different expresion of genes (their turn on or off)

DIFFERENTIATION 

▪ molecular (different

composition and function of 

plasmatic membrane)

▪ enzymatic (different

enzymes)

▪ morphologic (different size

and shape of cells, organells, 

cell structures)

▪ terminal (red blood cells

without nucleus)



▪ for development of organism (evolution of embryo)

▪ for destruction of some cells (infected with viruses, with DNA 

damage, cancerous cells, cells of immune system)

▪ must be balance between positive signals (growth factors

and interleukins) and negative signals (oxidative stress, DNA 

damage, tumor necrosis factor -TNF)

▪ cell/cell components are digested by enzymes CASPASES

APPOPTOSIS (PROGRAMMED CELL DEATH)

Three ways:

1. Internal signals - internal oxidative damage causes holes in mitochondrial 

membrane, cytochrome c releases in cytoplasm, activation caspase-9/ 

caspase-3/ caspase-7 - digestion of proteins, DNA degradation, phagocytosis

2. External signals - TNF (tumor necrosis factor) binds to receptors, activation 

caspase-8 - proteolytic cascade

3.  Apoptosis-inducing factor (AIF) - common in neurons, AIF is released from 

mitochondria, binds to DNA and starts DNA degradation and cell death 



MANIFESTATION

➢ nuclear membrane degrades

➢ DNA breaks in fragments

➢ cell is shrinked and broken into pieces (apoptotic bodies) 

➢ intracellular content does not release NO inflamation!!!

➢ apoptic bodies are consumed by phagocytes

Animation of apoptosis

*https://www.youtube.com/watch?v=SyvOPXeg4ig

https://www.youtube.com/watch?v=wREkXDiTkPs

https://www.youtube.com/watch?v=SyvOPXeg4ig
https://www.youtube.com/watch?v=wREkXDiTkPs


▪ due to prolonged exposure to injury, extreme temperature, 

infection, cancer, poisons, bites from spiders, inflammation

▪ cell/cell components are digested by enzymes KALPAINS 

(Ca2+dependent)

MANIFESTATION

➢ cell volume increase, burst of 

cell        cellular membrane

damage release of 

intracellular content

inflammation !!!

NECROSIS (ACCIDENTAL DEATH)




