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“Where a cell arises, there must be a previous cell, 
just as animals can only arise from animals and 
plants from plants” – Rudolf Virchow (1858). 



The Cell Theory of Biology 
 All organisms are composed of cells 

 The cell is the structural unit of life - units smaller than cells are not 

alive 

 Cells arise by division of preexisting cells - spontaneous generation 

does not exist 

Cells can be cultured to produce more cells 

in vitro  

in vivo 

 

 



Social life? 

Yeast cell responding to mating 



Intercellular interactions 

 Cellular signal transduction involves the conversion of 

one signal or stimulus (mechanical or chemical) to 

another.  

The signaling cell 

 

Extracellular signal molecule 

Receptors on target cell 

Intracellular signal molecule 



Writing a note to remind 

 

Face to face 

 

A phone call or an e-mail 

 

Posting a flyer, over a radiostation 



The signal molecules can be: 

 proteins, peptides, amino acids, nucleotides, steroids, or 

dissolved gasses 

Signals can act over a long or short range 

 Endocrine way – hormones produced in endocrine 

glands are secreted into the bloodstream and are 

distributed widely throughout the body. 

 Paracrine way – released by cells into the extracellular 

fluid in their neighborhood and act locally. 

 Synaptic way – neuronal signals are transmitted 

electrically along a nerve cell axon. 

 Contact-dependent – a cell-surface-bound signal 

molecule binds to a receptor protein on an adjacent cell. 

 

 

 

 



Extracellular signal molecules communicate with one  

another in various ways 



 

 

Each cell must respond very selectively to the mixture of signals. 

The extracellular signal molecule alone is not the message:   

the information conveyed by the signal depends on how the target cell 

receives and interprets the signal 

 



A cell’s response to a signal 

can be fast or slow 

1. Cell differentiation, growth 

and division – slowly 

2. Cell movement, secretion, 

or metabolism - quickly 



Extracellular signal molecules 

bind either to cell-surface 

receptors or to intracellular 

enzymes  or receptors. 

A. Large and hydrophilic  - bind 

to cell-surface receptors. 

B. Small, hydrophobic molecules 

– pass through plasma 

membrane and bind to 

intracellular receptors. 

 

 



Cell-surface receptors fall into three 

main classes 



Animal cells require extracellular signals to 

survive, grow and divide 

Every cell displays a set of 

receptor proteins  

 

A specific set of 

extracellular signal 

molecules 

 

Work in combinations to 

regulate the behavior of the 

cell 



Positively acting signal proteins: 

1. Survival factors – promote cell survival, largely 

by suppressing apoptosis. 

2. Mitogens – stimulate cell division, primarily by 

overcoming the intracellular braking 

mechanisms that tend to block progression 

through the cell cycle. 

3. Growth factors – stimulate cell growth (an 

increase in cell size and mass) by promoting 

the degradation of proteins and other 

macromolecules. 

 

 



Cell cycle 
A cell reproduces by carrying out an orderly sequence of 

events in which it duplicates its contents and then 

divides in two.  

 

 

 

 



Some eukaryotic cell-cycle times 

Cell type Cell-Cycle Times 

Early frog embryo cells 30 minutes 

Yeast cells  1.5 hours 

Mammal intestinal epithelial cells ~ 12 hours 

Mammal fibroblasts in culture  ~ 20 hours 

Garland Science; 2010 



The eukaryotic cell cycle usually occurs in several phases: 

Cell cycle = Interphase + M phase  

M phase = Mitosis + Cytokinesis 

Interphase = G1+S+G2 

 



Types of cell reproduction 

I. Asexual reproduction – involves a single cell dividing 

to make two new, identical daughter cells. Mitosis 

and binary fission 

II. Sexual reproduction – involves two cells (egg and 

sperm) joining to make a new cell (zygote) that is not 

identical to the original cells. Meiosis 



Cell division in prokaryotes – binary fission 

1. Duplication of the DNA.  

2. The cell begins to divide. 

3. The result is two identical 

daughter cells.  
 

 

Bacteria can divide every 20 

to 30  minutes. This gives 

bacteria remarkable powers 

of multiplication. Consider a 

single bacteria.  



Cell division in eukaryotes - mitosis 

 Somatic cells undergo 

mitosis, germ cells also 

undergo mitosis to 

increase their numbers 

• Chromosomes are 

separated into two equal 

sets 

• Composed of several 

stages 

 

 

 

 

 

 

 

 



 Karyokinesis - it is the division of nuclear material in cell division. 

 Cytokinesis - is the physical process of cell division, which divides 

the cytoplasm of a parental cell into two daughter cells.  

 Centrosome – an organelle, principle microtubule-organizing center 

in animal cells. 

- It duplicates at the same time as DNA replication. 

- The process of centrosome duplication and separation  - 

centrosome cycle. 

 

 

 

 

 

 

 



Kinetochore  
 a complex structure that specifies the attachments between the 

chromosomes and microtubules of the spindle  

 

  is essential for accurate chromosome segregation.  

https://www.boundless.com/biology/cell-reproduction/the-cell-cycle/the-mitotic-phase-and-the-g0-phase/images/fig-ch10_02_03/


A bipolar mitotic spindle is formed by the selective 

stabilization of interacting microtubules 

 

  Microtubules grow out random directions from 

the two centrosomes 

  Overlapping microtubules 

from opposite poles are  

cross-linked 



Three classes of microtubules make up the 

mitotic spindle 

The kinetochore 

microtubules attach to the 

kinetochore of a chromosome.  

The interpolar microtubules - 

the microtubules from opposite 

poles that do not attach to the 

kinetochores but do overlap at 

the midpoint between the two 

poles.  
The astral microtubules point 

away from the spindle equator 

and are attached to the cell's 

cortex.  

 
Each human kinetochore binds 20-40 microtubules, for 

example, whereas a yeast kinetochore bind just one.  



Interphase 

90% of the cell cycle 

Composed of three phases 

1. G1 (preceding DNA duplication) phase – high rate of 

metabolic activities 

2. S (DNA synthesis) phase – DNA synthesis 

3. G2 (postduplication) phase – final preparations for 

division 

 



Prophase 

The DNA condenses to form discrete, visible 
chromosomes 

The mitotic spindle starts to assemble (dynamic 
instability) 

 



Prometaphase  

The chromosomes 

continue to condense.  

The nuclear membrane 

disassembles. 

The microfibers of the 

spindle apparatus attach 

to the kinetochores on the 

replicated chromosomes. 

Nucleolus disappears  

 

 

Metaphase 
The chromosomes align along 

the metaphase plate ( the 

equator). 

Each chromosome is oriental 

perpendicular to the spindle. 

 



Anaphase 

The centromere disconnects the two sister chromatids 

Shortening of kinetochore microtubules of the 

chromosome end 

Sliding apart of polar microtubules extending from 

opposite poles 

Each pole has the same set of chromosomes 

 



Two process segregate daughter chromosomes at 

anaphase 

Garland Science; 2010 



Sister chromatids separate at anaphase  

 Garland Science; 2010 



Telophase  

 Daughter nucleoli 

reappear 

 The chromosomes  

back into chromatin 

 Re-forming nuclear 

envelope 

 Next is cytokinesis – 

divides the cytoplasm 



The separation of the cytoplasm begins in the late 

anaphase and is completed after the telophase 

The contractile ring divides the cell in two 

Garland Science; 2010 



Cytokinesis 

1. Animal cell  

 contractile ring – composed 

of actin and myosin filaments 

 

 

 

2. Plant cell  

 phragmoplast – formed by 

the remains of the interpolar 

microtubules at the equator 

of the old mitotic spindle 

 

https://www.boundless.com/biology/cell-reproduction/the-cell-cycle/the-mitotic-phase-and-the-g0-phase/images/fig-ch10_02_04/


Cytokinesis in a plant cell is guided by specialized  

microtubule-based structure called the 

phragmoplast 

Garland Science; 2010 



Motor proteins and chromosomes can direct the 

assembly of a functional bipolar spindle in the 

absence of centrosomes. 

Garland Science; 2010 



Regulation of cell cycle 

Eukaryotic cells possess a complex network of regulatory proteins 

known as the cell-cycle control system.  

Function – to ensure that cells replicate all their DNA and 

organelles, and divide in orderly manner. 

Molecular brakes called checkpoints  - to pause the cycle at certain 

transition points. The control system does not trigger the next step in 

the cycle unless the cell is properly prepared. 

 



Checkpoints and their regulation 
3 major checkpoints: 

– G1/S 

can DNA synthesis begin? 

 primary decision point - “Restriction 
Point” 

– if cell receives “GO” signal, it divides 

internal signals: cell growth (size), cell 

nutrition  

external signals: growth factors 

– if cell does not receive signal, it 

switches to G0 phase (non-dividing) 

– G2/M 

has DNA synthesis been completed 
correctly? 

commitment to mitosis 

– Spindle checkpoint 

are all chromosomes attached to 
spindle? 

can sister chromatids separate 
correctly? 

 

 



Cyclins and cyclin-dependent kinases 

(CDKs) 
Protein phosphorylation by specific 

protein kinases 

 

 

 

inactivated Cdk 

activated Cdk 

Regulatory subunit 

Cyclins 

Catalytic subunit 

CDKs 

Maturation-promoting factor 



Cancers are diseases in which there is a defect in 

the regulation of the cell cycle  

Proto-oncogenes 

 Tumor suppressor genes 
DNA repair genes 

stimulate cell division in  

a regulated manner: 

growth factors, 

 growth factor receptors, 

 and cyclins 

promote repair of mutations  

that  

occur during the cell cycle 

prevent cell division 

RB1 

p53 



p53 - The Guardian of our Genome 

 
 p53 is the tumor suppressor gene – chromosome 17 

 p53 protein stops cell division if it detects damaged DNA 

 

 

 

 

 

 Many point mutations, deletions, insertions occur in the p53 gene. 

 

 Mutations in p53 are found in most tumor types, and so contribute to 

the complex network of molecular events leading to tumor formation. 

 

Stimulates repair  

enzyme to fix DNA  

Forces cell into 

 Go stage  

Keeps cell in 

 G1 arrest 

Causes apoptosis 

 of damaged cell 



• RB1  - the first tumor suppressor gene 

• Retinoblastoma is a rare cancer, occurring 

in about one in 20,000 children.  

• The gene is located on chromosome 13. 

• Both alleles must be mutant. 

• The RB1 product interacts with a protein-  

E2F, nuclear transcription factor involved in 

cellular replication functions during the S 

phase of the cell cycle. 

• By interacting with E2F it prevents it this 

function.  

• The RB1 product is only active when it is 

not phosphorylated by a kinase. It can not 

interact with E2F when it is phosphorylated. 

 

  

The mutant RB1 gene product is always 

phosphorylated and can not regulate E2F. 


