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Cells 

 

 

 

 

 

1. The Cell Theory 

Biologists started looking at the structure of animals and plants and found tiny box-like structures 
making up the tissues which were called cells. As more living organisms were examined and found 
they were also made of cells the cell theory was developed, which states that all living organisms 
are made of cells. 

Outline the cell theory. 
(Include –living organisms are composed of cells; -cells are the smallest unit of life; -cells come from pre-existing cells) 

The Cell Theory states that:  
1. All living organisms are composed of cells (prokaryotic or eukaryotic cells; make up the tissue) 
2. Cells are the smallest unit of life 
3. All cells arise from pre-existing cells 
4. Eukaryotes usually contain one nucleus 
5. All vital functions of an organism occur within cells. 
6. Cells contain the hereditary information necessary for regulating cell functions and for 

transmitting information to the next generation of cells. 

Discuss the evidence for the cell theory 

There are however, exceptions: 

 Skeletal muscle is made up of muscle fibres. These cells are much larger than usual ones 
and contain hundreds of nuclei. 

 Most fungi consist of structures called hyphae that often contain many nuclei without dividing 
walls between them. 

 Many tissues contain extracellular material – material outside the cell membrane (e.g. bone 
and tooth dentine) 

 There are reasons to consider unicellular organisms as acellular. E.g. Amoeba have only one 
region of cytoplasm, surrounded by a membrane. Instead of having separate cells to carry out 
different function, the cytoplasm has to carry out all of the vital functions. These organisms are 
usually much larger than typical cells. 

 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/Cell_Theory
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2. Cells 
Organisms may be single-celled (unicellular) or many-celled (multicellular). Both organisms carry out the functions of life. 

State that unicellular organisms carry out all the functions of life. Include metabolism, response, homeostasis, growth, 
reproduction and nutrition.  

Unicellular organisms consist of a single cell that has to carry out all the activities essential to 
living organisms, e.g. Amoeba. 

 metabolism; chemical reactions inside the cell, including cell respiration to release energy 

 response; reacting to stimuli, perceiving and responding to changes in the environment 

 growth; increasing in size 

 reproduction; producing offspring (either sexually or asexually) 

 homeostasis; controlling conditions inside the cell, keeping them within tolerable limits 

 nutrition; obtaining food, to provide energy and the materials needed for growth 

Explain how cells in multicellular organisms differentiate to carry out specialized functions by expressing some of their 
genes but not others. 

Multicellular organisms consist of many cells which don’t have to carry out many functions. 
Instead, they can become specialized for one particular function and carry it out very efficiently. 
Cells in a multicellular organism therefore develop in different ways = differentiation. They need 
different genes to develop in different ways. Each cell has all of these genes, so could develop in 
any way, but it only uses the ones that it needs to follow its pathway of development. Once a 
pathway of development has begun in a cell, it is usually fixed and the cell cannot change to follow 
a different pathway. The cell is said to be committed. 

 Tissues are groups of cells that develop in the same way with the same structure and function. 
E.g. Heart muscle 

 Organs are groups of tissues that have combined to form a single structure. In an organ the 
tissues work together to perform an overall function. E.g. the heart 

 Organ systems are groups of organs within an organism that together carry out a process. E.g. 
the cardiovascular system 

State that multicellular organisms show emergent properties. 

Emergent properties arise from the interaction of component parts: the whole is greater than the 
sum of its parts (individual cell doesn’t have many functions but with others the work is complex). 

State that stem cells retain the capacity to divide and have the ability to differentiate along different pathways. 

Stem cells have the capacity to self-renew by cell division and to differentiate. Human embryos 
consist entirely of stem cells in their early stages, but gradually the cells in the embryo commit 
themselves to a pattern of differentiation. Once committed, a cell may still divide several more 
times, but all of the cells formed will differentiate in the same way and so they are no longer stem 
cells. 

Outline one therapeutic use of stem cells. 

Diabetes  
The implantation of insulin-producing cells from pancreatic islets has already met with limited 
success. The cultivation of beta islet cells, derived from embryonic stem cells, could provide a 
useful solution to the current shortage of transplantable tissue and rejection problems.  
 
 
 
 

Special Cells: 
Red blood cells = contain heomoglobin which carries oxygen 
White blood cells = fight disease (flexible shape to engulf disease-organisms) 
Sperm+egg cells = specialised cells for reproduction 

 

Cells contain many tiny structures called organelles. Each one has a specific function. Organelles 
are discrete structures = they are individually distinct. Many types are enclosed in their own 
membrane. 
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3. Size in Biology 

 Size and Volume 

Explain the importance of the surface area to volume ratio as a factor limiting cell size. 

Cells reach a maximum size and then may divide. If a cell became too large, it would develop 
problems because its surface area to volume ration would become too large. 

Volume = rate at which materials (heat, waste) are produced and resources consumed 

Surface Area = rate at which materials leave/enter the cell (rate of exchange of materials and 
energy (heat) with environment, speed of things getting in/out of cell, absorption of food) 

Too big cell may not be able to take in/excrete substances quickly enough 

 

 as the size of a cell increases, V increases proportionally faster than SA 

 thus, SA/V ratio decreases with cell size  

 setting an upper limit on cell size  

 because lower relative SA reduces rate of exchange  

 while higher relative V increases metabolic demands  

 thus, rate of exchange can’t meet needs of metabolic demands (cell that becomes too large 
may not be able to take in essential materials or excrete waste substances quickly enough) 

The cell must balance the process that occurs on its surface and within its volume. 
The Surface Area to Volume Ratio is an important measure of this balance; it differs according to 
size and shape of the organism or cell. 

 Penguin is large and round: big volume= many mitochondria = heat • Small surface = less heat loss 

 Flatworms: large and thin: get oxygen by diffusion over the body surface 
Have a big surface area so the oxygen can get in; short diffusion path because they are thin 

 
 

 Calculating Magnification 

Calculate the linear magnification of drawings and the actual size of specimens in 
images of known magnification. 

Magnification = Size of image/Size of specimen  
 
 

 Units for size measurements 

1 mm  1 000 micrometre () 
1 micrometre (µm) 1 000 nanometre (nm) 
 
Compare the relative sizes of molecules, cell membrane thickness, viruses, bacteria, 
organelles and cells, using the appropriate SI unit. 

 Molecules (1 nm) (smallest) 

 Cell membrane thickness (10 nm) 

 Viruses (100 nm) 
 

 Bacteria (1 µm) 

 Organelles (<10 µm) 

 Most cells (<100 µm) 
 
 

SA = 6*2
2
 = 24 6*4

2
 = 96 (24*4) 6*8

2
 = 384 (96*4) 

V= 2*2*2 = 8 4*4*4 = 64 (8*8) 8*8*8 = 512 (64*8) 
SA/V = 3 1.5 0.15 
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4. Prokaryotic Cells (pro=before, karyotic=nucleus) 

 Draw and label a diagram of the ultra structure of E. coli as an example of a prokaryote. Show: cell wall, plasma membrane, 

cytoplasm, ribosomes, nucleoid, pilli and flagella, (region containing naked DNA) and annotate the diagram with the function of each named structure. 

 Identify structures in electron micrographs of E. coli. 

 State that prokaryotic cells divide by binary fission. 

All prokaryotes are Bacteria 
(all simple unicellular organisms) 

They reproduce by binary fission; the cell divides to produce new organisms – unlike eukaryotes, 
they have no specialised method of cell division (like mitosis) 

 

 

 

5. Eukaryotic Cells 

 Draw and label a diagram of the ultra structure of a liver cell as an example of an animal cell. Show: free ribosomes, 
rER, lysosome, Golgi apparaturs, mitochondrion and nucleus and annotate it with the functions of each 

 Identify structures in electron micrographs of liver cells 

Eukaryotes are everything else, uni- and multicellular organisms, complex 

 

 
 

 

Cell Wall (Plant cells and 

Prokaryotes; protective outer layer) 

Cell Surface Membrane 
(Controls entry/exit of substances) 

(free) Ribosomes 

(synthesise proteins) 

Centrioles (Animal cells; 
form spindle on which 
chromosomes move during 
division) 

Nucleus (contains DNA that control 
protein synthesis, makes RNA, 
regulates cell activities) 

Mikrovilli (increase surface area for absorption, secretion...) 

Chloroplast (Plant Cells; place 
of photosynthesis) 

Mitochondria 
(place of aerobic respiration) 

roughER (synthesise 
proteins and ribosomes 
that will be secreted) 

Golgi Apparatus (receives 
proteins from ER, prepares them 
for secretion) 

Lysosome (Animal cells; 
digestive enzymes – digests 
macromolecules, contents of 
vacuoles, destroys worn-out 
organelles, autolysis) 

Vacuoles (bigger in Animal 
cells; stores waste products) 

Cell Wall (only in Prokaryotes and Plant 
Cells; Protective outer layer) 

Plasma Membrane 

(Controls entry/exit of substances) 

Cytoplasm (contains enzymes that 

catalyse chemical reactions) 

Ribosomes (synthesise proteins) 

Mesosome (only in Prokaryotes; increases 
are of membrane for ATP production, 
moves DNA to poles during cell division) 

Naked DNA (nucleoid; stores 
genetic info that control the cell) 

Pili (only in 
Prokaryotes; 
allow cell-to-cell 
attachment to form 
colonies; 
allow DNA transfer 
during sexual 
reproduction) 

Flagella 
(used for movements) 
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Compare prokaryotic and eukaryotic cells 

Prokaryote Eukaryote 

naked DNA DNA associated with proteins 

DNA in cytoplasm DNA enclosed in a nuclear envelope (in 
nucleus) 

no mitochondria mitochondria 

small ribosomes (70S*) larger ribosomes (80S) 

no internal membranes (surround many organelles) 

generally smaller (about 1 µm) larger (plant cells about 40 µm, animal cells 
about 20 µm) 

 

State three differences between plant and animal cells 

Plant cells Animal cells 

cell wall present no cell wall 

Chloroplast (contains chlorophyll and biochem. 
systems for light harvesting and photosynthesis) 

no chloroplast 

big vacuoles small vacuoles 

 

 

 

 

 

Outline two roles of extracellular components. 

The plant cell wall maintains cell shape, prevents excessive water uptake and holds the whole 
plant up against the force of gravity. 

Animal cells secrete glycoproteins that form the extracellular matrix. This functions in support, 
adhesion and movement. 
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6. Membranes 
 

o Structure 

a) Phospholipid molecules are a major component of membrane structure 

 

 
(Heads are hydrophilic  
moved away from water!) 

Explain how the hydrophobic and hydrophilic properties of phospholipids help to maintain the structure of cell membranes. 

Phospholipid molecules are unusual because they are partly hydrophilic and partly hydrophobic. 
The phosphate head is hydrophilic and the two hydrocarbon tails are hydrophobic. In water, 
phospholipids form double layers with the hydrophilic heads in contact with water on both sides 
and the hydrophobic tails away from water in the centre. The attraction between the hydrophobic 
tails in the centre and between the hydrophilic heads and the surrounding water makes 
membranes very stable. Phospholips are in a fluid state which allows membranes to change shape. 

b) Proteins 

Draw and label a diagram to show the structure of membranes 
It should show the phospholipid bilayer, cholesterol, glycoproteins and integral and peripheral proteins. Use the term plasma membrane 
(not cell surface membrane) for the membrane surrounding the cytoplasm. Integral proteins are embedded in the phospholipid of the 
membrane, whereas peripheral proteins are attached to its surface. 

 

 

 

Exterior (outside of cell) 

Cytoplasm 
(inside of cell) 

Phospholipid bilayer 

hydrophilic phosphate head 

hydrophobic hydrocarbon tail Cholestorol 

Glycoprotein 
branched chain of sugar molecules 

attached to (glyco)protein 

Integral proteins embelled 
in the phospholipid bilayer 

Peripheral protein on the 
surface of the membrane 

Protein channel 

Glycerol 

F
a

tt
y
 A

c
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s
 

Head 

Tales 

Phospate polar 

- negative charge 

non-polar 

- neutral 

Hydrophilic 
loves water 
(soluble in water) 
 
 
 
 
Hydrophobic 

fears water 
(repelled by water) 
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List the functions of membrane proteins. Include:  hormone binding sites, immobilized enzymes, cell adhesion, cell-
to-cell communication, channels for passive transport, pumps for active transport 

integral proteins = fully embedded in phospholipid bilaye 
peripheral proteins = more loosely attached to one side of the membrane 

Six functions of membrane proteins: 

1. Hormone binding site (site exposed on the outside of the membrane allows one specific 
hormone to bind. A signal is then transmitted to the inside of the cell) 

2. Immobilised enzymes (located in membranes; either catalyse reactions inside or outside the 
cell, depending on whether the active site is on the inner or outer surface) 

3. Pumps for active transport 
4. Channels for facilitated diffusion (passive) 
5. Cell to Cell communication (Glycoprotein) 
6. Cell Adhesion (similar cells joining to form tissues) 

 

o Getting through membranes 

Membranes are barriers to the free flow of molecules and ions. The contents of the organisms’ 
cells, and the fluids surrounding the cells, are aqueous. The phospholipid bilayer acts as a barrier 
to many of the water-soluble molecules (particles). Into a cell: e.g. glucose, water; out of cell: carbon dioxide 

6 ways to cross the membrane 

a) Diffusion (passive; high to low) 
o Simple Diffusion 
o Facilitated Diffusion 

b) Osmosis (passive; 
high to low water concentration) 

c) Active Transport 
(active; from low to high) 

d) Bulk Transport: 
o Endocytosis 
o Exocytosis 

 

a) Diffusion 

Define diffusion 

Diffusion is the passive movement of particles from a region of high concentration to a region of 
low concentration. The difference of the concentration of the gases or liquids is the “concentration gradient*”. 

A molecule or ion that crosses the membrane by moving down a concentration gradient without 
expenditure of metabolic energy is said to be transported passively/diffused. 

*The concentration gradient is the difference in molecule concentration inside and outside of the cell across a cell 
membrane of width (when the concentration outside cell is larger than inside cell, the concentration gradient is positive  
net movement into the cell)  high to low = DOWN; low to high = UP 
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Explain passive transport across membranes by simple diffusion and facilitated diffusion (mention channels for facilitated diffusion) 

 Simple Diffusion 

Movement of small uncharged particles (oxygen, gas) that can pass trough a plasma membrane by 
simple diffusion from areas of higher to areas of lower concentration 

 efficient process for e.g. exchange of respiratory gases because it requires NO energy 
expenditure (= passive process). However, to ensure maximum rates of gas exchange, the 
exchange surfaces have to be specially adapted (e.g. large, thin surface area/surface membrane) 
Diffusion can occur without the presence of a membrane (e.g. ink diffusing in water) 

 Facilitated Diffusion 

Movement of big charged particles that can’t pass through the 
plasma membrane by simple diffusion from areas of higher to areas 
of lower concentration. 

They are helped through the membrane by proteins embedded in 
the membrane: 

Ion Channels 
- Diffusion of charged particles 
- open and allow certain types of solutes 

to pass through 
- formed by proteins with a central pore 

Carrier Proteins 
- bind to a specific type of diffusing molecule 
- change shape and release 

 

b) Osmosis 

Define osmosis 

Osmosis is the passive movement of water molecules, across a partially permeable membrane, 
from a region of lower solute concentration to a region of higher solute concentration. 

It is a “special case of diffusion” 
Similarities: doesn’t require energy (a passive movement) • moving from a higher (water) 
concentration to a lower (water) concentration 
Differences: ONLY involves water molecules 

Osmosis is the diffusion of a solvent (may be solid, liquid, gaseous; frequently water) through a 
semi-permeable membrane, from a low solute concentration (high water potential) to a solution 
with high solute concentration (low water potential), up a solute concentration gradient. 

W
A

T
E

R
 

M
O

V
E

S
 

higher water concentration (high water potential) = lower solute concentration 

lower water concentration (low water potential = higher solute concentration 

Examples 

Red blood cell in pure water ( higher water concentration = less negative water potential = lower solute 
concentration than cell): The water would move into the cell and make it SWELLOW and BURST (hypotonic) 

Plant cell in pure water solution ( higher water concentration = less negative water potential = lower solute 

concentration than cell): Cell wall pushes on expanding cell and prevents it from bursting, cell = “turgid” geschwollen 

Red blood cell in concentrated salt solution (lower water potential = more negative water potential = higher 
solute concentration than cell): The water would move from the cell to the salt solution and the cell would get 
SMALLER and appear “crinkled” (hypertonic) 

Plant cell in salt solution (lower water potential = more negative water potential = higher solute concentr. than cell): 
Water leaves cell, moves to salt solution  cytoplasm shrinks away from cell wall  cell = “plasmolysed” 

Partially Permeable The membrane only allows the passage of uncharged, small molecules 

Solute Substance that is dissolved in water (e.g. sugar) 
Osmosis only occurs when there are solutes. 

Solvent: Dissolves (e.g. water) 

Solution Solute + Solvent 

 

http://en.wikipedia.org/wiki/Diffusion
http://en.wikipedia.org/wiki/Semipermeable_membrane
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c) Active Transport 

Explain the role of protein pumps and ATP in active transport across membranes 

Active transport is the movement of particles that cannot cross the membrane by simple diffusion. 
Unlike all forms of diffusion, it is movement against the concentration gradient (= low to high, e.g. 
to concentrate a molecule within a cell). 

Active transport is the movement of substances across membranes by using energy from ATP. 
Used are protein pumps. Each pump only transports particular substances so cells can control 
what is absorbed and what is expelled. 

Particle enters the pump from the side with a lower concentration 

 

Energy from ATP is used to change the shape of the pump 

Particle is released on the side with a higher concentration and the pump then 
returns to its original shape. 

d) Forms of Bulk Transport: Endocytosis (into the cell) and Exotysosis (out of the cell) 

Bulk transport can move many molecules at once or very large particles (the other forms of 
transport move molecules across membrane one at one time) 

Example for Exocytosis – Secretion of Protein by specialised cells (e.g. Pancreas – produce large 
amounts of proteins, must release them in bulk to their surroundings) 

 
Explain how vesicles are used to transport materials within a cell between the rough endoplasmic reticulum, Golgi 
apparatus, and plasma membranes. 

 
1) Proteins for export are produced by 

the Ribosomes attached to ER and 
packed into small vesicles 
(“bubbles” of membrane) 

2) The vesicles carry the proteins to the 
Golgi Apparaturs, where proteins are 
modified prior to secretion. 

3) Secretory vesicles carry the proteins 
to the edge of the cell 

4) Each secretory vesicle fuses with the 
plasma membrane, releasing the 
contents to the surroundings. 

 

Describe how the fluidity of the membrane allows it to change shape, break and reform during endocytosis and 
exocytosis 

 In endocytosis part of the plasma membrane is pulled inwards. A droplet of fluid becomes 
enclosed when a vesicle is pinched off. Vesicles can then move through the cytoplasm 
carrying its contents. 

 In exocytosis vesicles fuse with the plasma membrane. The contents of the vesicles are 
then expelled. The membrane flattens out again. 
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7. Cell Division 

State that growth, tissue repair, and asexual reproduction involve mitosis. (GARE) 

Cells are derived from other cells. Prokaryotic cells divide by binary fission. Eukaryotic cells need 
specialised forms of cell division because they have a nucleus (with chromosomes) which makes 
division more complicated: Mitosis is the form of cell division needed for 

 Growth 

 Asexual reproduction 

 Tissue repair 

o State that the cell-division cycle involves interphase, mitosis, and cytokinesis. 

o Outline the stages in the cell cycle, including interphase (G1, S1, G2), mitosis and cytokinesis. 

If many new cells are needed, cells go through a cycle of events again and again which is called 
cell division cycle. After the cell is produced by mitosis, there is a period of growth and 
development of the cell which usually ends in preparation for mitosis and then mitosis itself and 
two new cells are formed. 

 
 
1. Interphase: DNA replication and transcription occurs. 
2. Mitosis: The division of the nucleus to form two genetically identical nuclei is termed mitosis. 
3. Cytokinesis: Division of the cytoplasm to form two new cells is called cytokinesis. 
 

o Interphase (G1, S, G2) 

State that interphase is an active period in the life of a cell when many biochemical reactions occur, including proteins 
synthesis, DNA replication and an increase in the number of mitochondria and/or chloroplast 

 
The longest phase in the cycle is a very active period called 
interphase during which the cell caries out many biochemical 
reactions and grows larger. The DNA molecules in the 
chromosomes are not coiled up and the genes on them can be 
transcribed, to allow protein synthesis. If the cell is going to 
divide again, the DNA is all replicated and there is an increase in 
the number of mitochondria and/or chloroplast. 
Chromosomes are not visible using highest-powered light microscopes. 

 
The main events of interphase: 

 
 

G1: Cell grows S: Replication 
of DNA 

G2: Cell prepares 
to divide 

Resting stage 

http://en.wikipedia.org/wiki/Interphase
http://en.wikipedia.org/wiki/Mitosis
http://en.wikipedia.org/wiki/Cytokinesis
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o The phases of Mitosis 

After the G2 stage of interphase, the cell enters Mitosis. There are 4 steps of mitosis: 
Prophase, Metaphase, Anaphase, Telophase. (Papa Macht Alles Toll) 

Describe the events that occur in the four phases of mitosis (prophase, metaphase, anaphase, and telophase.) 
Include supercoiling of chromosomes, attachment of spindle microtubules, splitting of centromeres, movement of sister 
chromosomes to opposite poles and breakage and reformation of nuclear membranes. 

a) Prophase 

 During Prophase, the mitotic spindle (made from microtubules) starts 
growing and moves to opposite poles of the cell, forming a spindle. 

 Chromosomes are becoming shorter and fatter by super coiling. Each 
chromosome consists of two identical chromatids formed by DNA 
replication in interphase and held together by a centromere. 

 The nuclear membrane breaks down 

b) Metaphase 

 Nuclear membrane has broken down and chromosomes have moved to the 
equator 

 Each chromosome attaches to two spindle microtubules (one going to 
each pole) at the centromere region, so that they line up at the (virtual) equator. 
The mitotic spindle is fully developed: Some microtubules are attached to 
chromosomes and reach to the equator, whilst others go from pole to pole 

c) Anaphase 

 The centromeres divide into two which separates the sister chromatids in 
each chromosome (chromatids become chromosomes) 

 The spindle microtubules pull the genetically identical chromosomes to 
opposite poles. 

d) Telophase 

Early telophase: 

 All chromosomes have reached the poles and nuclear 
membranes form around them. 

 The spindle microtubules break down. 

Late telophase: 

 The chromosomes uncoil and are no longer individually visible. 

 The cell divides (=cytokinesis) to form two cells with genetically identical 
nuclei. 

Explain how mitosis produces two genetically identical nuclei. 

The result of the process of mitosis is two nuclei. During S phase, each chromosome replicates 
(forms an exact copy of itself). These copies are called sister chromatids. These identical sister 
chromatids are separated during Anaphase, and are moved to each pole. When they are 
separated they are referred to as chromosomes. The result is two nuclei, identical to each other 
and to the original nucleus. 

 

o Uncontrolled Mitosis  Cancer 

State that tumours (cancers) are the result of uncontrolled cell division and that these can occur in any organ or tissue. 

In certain conditions, cells may start to undergo repeated, uncontrolled mitosis. This cell divides 
into two, the two daughter cells divide to form four cells and repeated divisions soon produce a 
mass of cells called a tumour. Tumours may form in any tissue or organ of the body and may 
spread between tissues by a process of metastasis. The diseases caused by the growth of 
tumours are called cancer. 

Agents that may cause normal body cells to begin uncontrolled mitosis: UV-lights (skin cells), a 
whole group of chemicals (e.g. in cigarettes), X-Rays, radio-activity, viruses. 

http://en.wikipedia.org/wiki/Prophase
http://en.wikipedia.org/wiki/microtubules

