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Nucleic acids

• Nucleic acids are composed of Carbon, Hydrogen, Oxygen, Nitrogen and Phosphorus in a ring like 
structure. 

• There are only two types of nucleic acids, DNA (deoxyribonucleic acid) and RNA (ribonucleic acid). 
Both are made of long chains of subunits called nucleotides.

• DNA carries the instructions that are required in order to construct proteins. Double stranded molecule. 
ACTG

• RNA (Ribosomes) is involved in the manufacture of the proteins and is a single stranded molecule. 
AUCG
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DNA RNA

Codes for protein Reads the code and 
produces protein

Composed of ATCG Composed of AUCG

Double stranded Single stranded

Deoxyribose sugar Ribose sugar



Proteins

• All proteins contain carbon, hydrogen, oxygen, nitrogen and sulphur.
• Proteins are composed of chains of smaller sub-units called amino acids. Amino acids are joined 

together via peptide bonds, and form a polypeptide chain. 
• Proteins need to be folded into a specific 3D shape in order to give them specificity. This involves 

alpha helix and beta pleated sheet folding.
• Proteome
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Exocytosis:
Cellular products that have been created via the 
ribosomes and the smooth or rough endoplasmic 
reticulum move to the Golgi body to be packaged 
within a lipid based vesicle.
The lipid based secretory vesicle is necessary in order 
for successful exocytosis as the cellular membrane 
needs to interact with the vesicle. Upon exocytosis the 
cellular membrane gets slightly larger.

Endocytosis:
Products produced from other cells or molecules that 
are necessary for effective cellular communication need 
to enter the cell. To do this a small portion of the 
cellular membrane is pinched off. The vesicle is then 
broken down by a lysosome to free the cellular product.



Vesicle transport.
• All internal transport within the 

cell requires vesicles.
• All vesicles are composed of 

phospholipids.
• All vesicles are composed of a 

double layer of phospholipids.
• The double layer allows for the 

creation of an internal aqueous 
environments.
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Transcription:

• Occurs within the nucleus of a cell
• An enzyme known as RNA polymerase 

unzips the DNA and copies one strand.
• The single stranded complementary 

copy that is made is called mRNA. The 
nucleic acid Uracil now replaces 
Thymine.

• Pre-mRNA is created.
• POST TRANSCRIPT MODIFICATION 

(RNA processing)
• Introns are removed, exons are stuck 

together to create mRNA.
• Post transcription modification involves 

attaching a poly A tail (3’) and  a methyl 
cap (5’) to make the mRNA stable.

  

DNA:   A C T  T  T A G A G T
mRNA:  U G A  A  A UC U C A

 Protein creation 



Translation:

• Occurs within the cytoplasm.
• mRNA from the nucleus moves 

out into the cytoplasm and 
interacts with ribosomes (rRNA).

• rRNA subunits attaches to the 
mRNA and provides the 
mechanism for the construction 
of a polypeptide chain.

•  Eukaryotic subunits are 60s and 
40s. 

• Prokaryotic subunits are 70s and 
30s.

• X3 mRNA bases equals 1 amino 
acid.

• tRNA brings the appropriate 
amino acid that corresponds to 
the mRNA triplet via a codon 
anticodon relationship.

Post translational modification



DNA –   ATG GTA TTA TTT  AAA  GGT GCT
mRNA- UAC CAU AAU AAA UUU CCA CGA
tRNA-   AUG GUA UUA UUU AAA GGU GCU

Amino acid tables.

The DNA code is 
considered to be 
degenerative or 
redundant. Ie 
more than one 
DNA triplet/RNA 
codon can code for 
a specific amino 
acid.
This provides an 
element safety to 
ensure that not all 
mutations result in 
abnormal proteins 
being created.



DNA vs RNA

DNA RNA

Codes for protein Reads the code and produces protein

Composed of ATCG Composed of AUCG

Double stranded Single stranded

Deoxyribose sugar Ribose sugar

RNA comparison

RNA type Function

mRNA Single stranded copy of DNA template strand. 
(Uracil replaces Thymine).
Pre-mRNA vs mRNA

tRNA Single stranded, transports amino acids to mRNA 
via corresponding base sequences.

rRNA Subunits that allow for the interaction of mRNA 
and tRNA. Allows for the growing peptide chain to 
be created.
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Gene regulation basics

- Genes are arranged into sections called 
operons.

- Operons differ between prokaryotic and 
eukaryotic system. 

- A basic operon is composed of a promoter 
region, an operator region and strctural 
genes. (POG)

- The operons function is then reulated by a 
reglatory gene that produces a repressor 
protein.

RNA 
po
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Gene regulation: Tryptophan. (trp: repressible)

In the OFF position the repressor is activated by the presence of tryptophan. The Repressor attaches 
to the operator and blocks the RNA polymerase access to the gene. Therefore transcription is 
prevented.

The natural state of the gene is the ON position, where the repressor does not attach to the 
operator and does not block the enzyme RNA polymerase. Therefore continuous transcription 
and translation



Gene regulation: Tryptophan attenuation and basal rate

The active tryptophan repressor that blocks RNA polymerases access to the operator and the 
downstream structural genes is not 100% effective.
It will occasionally disconnect and allow RNA polymerase to access and transcribe the structural genes 
and therefore produce tryptophan at a low basal rate. To overcome this the LEADER SECTION (trp L) 
AND ATTENUATORS (hair pin folds) are used.

Trp R P O Trp L

Trp codons

When trp is low the RNA polymerase will transcribe Trp L and the structural genes.
Translation occurs just behind transcription. The Ribosome will pause at the trp codons to wait for 
tryptophan tRNA to become available. During this wait the mRNA folds to create a hair pin loop 
(2/3 region). This loop allows the ribosome to complete translation and produce trp. 

When trp is high the ribosome does not need to pause in the trp L region The allows a terminator 
hairpin loop to form between the 3 /4 region. The hairpin causes the ribosome to disengage from 
the mRNA and trp is not produced.

1 2 3 4 5

Structural genes
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Enzymes:.

• Enzymes are proteins, and their actions are generally specific, each enzyme catalysing only 
one type of reaction.

• The enzymes specificity is related to its 3 dimensional structure.
• Enzymes are biological catalysts and as such are not used up in the specific reaction but are 

recycled.

Enzymes make reactions take place more easily via lowering the 
amount of energy required to start the reaction. They DO NOT 
change the direction of the reaction nor do thy change the amount 
of product produced
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Factors affecting Enzyme operation:

1) Temperature: Above an enzymes critical 
temperature the H+ bonds holding the tertiary or 
quaternary structure break and the active site is slowly 
destroyed (process of denaturation)

2) Concentration: A reaction will only accelerate 
while there is an excess of enzymes to substrate. 
Therefore when all available enzyme active sites are 
full of substrate the reaction stops accelerating. 
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3) Enzymes may require the 
presence of a co-factor or a 
coenzyme in order to facilitate their 
function.

Coenzymes are organic molecules that 
are required by certain enzymes to 
carry out catalysis. E.g. NAD+

Cofactors are often classified as 
inorganic substances that are required 
for, or increase the rate of, catalysis.

Enzymes generally work in concert 
with other enzymes in biochemical 
pathways. As such the function of one 
enzyme is generally dependent upon 
the functioning of another.



Non competitive inhibition:
Non competitive inhibitors do not bind to the 
active site of the enzyme but to another region 
called the “allosteric site”, which then may alter 
how the enzymes active site interacts with the 
given substrate.

Competitive inhibition:
Competitive inhibitors bind directly to the active 
site and out compete the natural substrate for 
access to the given active site. 
The concept of rational drug design is based on 
this principle.

4) Enzyme inhibitors:
molecules or compounds that bind to enzymes and result in a decrease in their 
activity. An inhibitor can bind to an enzyme and stop a substrate from entering the 
enzyme's active site and/or prevent the enzyme from catalysing a chemical 
reaction. There are two categories of inhibitors.
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1) Restriction enzymes:

Restriction enzymes cut at 
specific nucleotide 
sequences. For example the 
R.E HindIII cuts at AAGCTT 
sequence while the R.E Bgl 
II cuts at the sequence 
AGATCT.

Hundreds of such cutting 
enzymes exist, they naturally 
occur within halophile 
bacterial species and usually 
its just a matter of finding 2 
enzymes that are going to 
cleanly cut the desired DNA 
fragment out.

Genetic engineering tools and techniques :
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2) Gel Electrophoresis:

Gel electrophoresis is a method that is based on the principle of causing DNA fragments to migrate towards 
a positive electrode (as DNA has a overall negative charge) while forcing it to move through a matrix called 
agarose. The agarose matrix is designed to allow small fragments to travel through quickly while slowing 
down the larger fragments.
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 DNA profiling

DNA profiling is a technique by which individuals can be identified and compared via their 
respective DNA profiles

•Within the non-coding regions of an individual’s genome there exists satellite DNA – long 
stretches of DNA made up of repeating elements called short tandem repeats (STRs) 

•As individuals will likely have different numbers of repeats at a given satellite DNA locus, they 
will generate unique DNA profiles 
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a) The DNA sample is heated in order to separate the two strands. 
The temperature depends on the base make up of the DNA sample, 
more G/C bases means that  a higher temperature is required due to 
the increased number of hydrogen bonds. Usually 94 degrees for 2 
minutes. DENATURED 94 degrees
 
b) Short segments of single stranded DNA, known as primers are 
added to the separated DNA strands. These primers are 
complementary to a particular point in the DNA, be it a start or stop 
codon.
ANNEAL at 54 degrees
 
c) The Taq polymerase enzyme is added to the mix and uses the 
primers as a starting point and extends them so that two complete 
strands of DNA are formed. In order to do this a supply of 
nucleotides must also be in the mix. EXTENSION 72 degrees

3) Polymerase Chain Reaction (PCR):
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4) Plasmids and Ligation:

To test the isolated gene fragment and determine 
if it produces the desired protein it needs to be 
integrated into a vector which can then be 
moved into a bacterial construct for testing.

The enzyme Ligase is used for sticking DNA 
fragments together.

4
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5) Transformation:

Transformation is the process by 
which the recombinant plasmid is 
placed into a bacteria in order to 
determine if the gene of interest is 
producing the desired protein.

The bacteria is exposed to a 
solution of Calcium Chloride, 
which changes the permeability of 
the outer cell wall. The bacteria 
then goes through a process of heat 
shock and cold shock to stimulate 
the bacteria to take up the plasmid.

4
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6) Growth of recombinant bacteria with 
selective agent:

Transformation does not have a 100% strike rate. Some 
bacteria will accept the plasmids, while others won’t. A 
selective agent was initially built into the plasmid to 
overcome this shortfall. The selective agent is usually 
antibiotic resistance. Therefore the bacteria is grown in 
a medium that has the selective agent present. Only 
those bacteria that have taken up the plasmid will be 
able to grow.

Transgenic vs genetically engineered.

4
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Synthetic Human Insulin and fusion proteins

1) Human insulin is composed of 2 polypeptide chains. 
An A chain and a B chain. It is therefore a quaternary 
structure.

2) The A chain and the B chain are synthesised separately on separate plasmids in separate
bacteria.  They are joined together later in order to form functional insulin.

3) The plasmid used has antibiotic resistance selectable markers
 to allow for recombinant plasmid selection. 

4)The insulin chain that is inserted into the plasmid has been 
modified to remove all introns as prokaryotes don’t have
Introns.

5) The plasmid also has the gene Beta galactosidase. The beta gal gene
 has 2 functions. A) its an additional selectable marker. B) The beta gal
gene is an inducible operon and therefore can regulate A chain production.
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Bacterial chromosome (not 
exact gene locations).

Crispr array

Gude RNACAS9

Crispr

When a bacteria encounters a virus it has the ability to genetically store some of 
the viral genetic material within its own genome (Crispr array). This allows the 
bacteria to directly target the virus in the future via an endonuclease (DNA 
cutting enzyme) alled CAS9.

Clustered Regularly Interspaced Short Palindromic Repeats

REPEAT SPACERREPEAT SPACERPROMOTOR

REPEATSPACER

SPACER REPEAT

DNA

RNA

CAS9 cripsr 
complex 



REPEAT SPACERREPEAT SPACERPROMOTORRNA 
Pol

1) RNA pol transcribes CRISPR DNA array to produce pre cr-
RNA (pre-cispr RNA) 

REPEAT SPACERREPEAT SPACER

DNA

Pre-crRNA

2) Gude RNA geneis transcibed and produces tracr-RNA hic is 
compementary to the repeat sectons of array

REPEAT SPACERREPEAT SPACERRNAase

3) RNAase cuts spacer, porion of the repeat and assoiated tracr-RNA to become g-RA. 
Ths attaches to CAS9 enzyme to become the Crspr-CAS9 compex

SPACER REPEAT



SPACER REPEAT

- Cripr-CAS9 complex is able to recognise any  
DNA that the gRNA is complementary to and 
then cut it at a specific point creating blunt DNA 
fragments. This inactivates the bacteriophage 
DNA or silence it. It has specificity due to the 
PAM sequence.
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Bioethics

There are 3 main approaches to bioethics

Consequence based approach:
This is focused on outcomes. Sometimes referred to as ‘The ends justifies the means’. 
This is looking to maximise the positive outcomes, and minimise the negative outcomes, with less regard to 
the actions taken to get there. 
 
Duty rule based approach: 
This is focused on a system of laws/beliefs/duties that cannot be broken. 
Could be thought of as ‘The ends cannot justify the means’. 
Actions must follow the rules to maintain the system, regardless of whether that action is good or the 
outcome is good. 

Virtues based approach:
Does not focus on rules or outcomes, but simply the ‘goodness’ of an action.
E.g. Being honest is inherently good, regardless of whether it causes you to break a rule, or cause some 
harm. 



There are 5 concepts in bioethics, that can be used to help explore the 3 approaches.
Concepts are ideas which can help to make decisions using the approaches. 
The five concepts are Integrity, Justice, Beneficence, Non-maleficence and Respect.

Integrity: concept of maintaining a strict adherence to honesty, data and evidence

Justice: commitment to fairness. That means that all people have equal access to any benefits, and that 
harm doesn’t disproportionately affect one group of people.

Beneficence: simply the concept of maximising benefit. It is a way of considering how much benefit a 
course of action will cause

Non- maleficence: concept of avoiding harm. It is a way of considering how much harm a course of action 
will cause, and if it can’t outweigh the benefits, it shouldn’t be taken

Respect: . Taking respect into account in your approach, should mean that you value a persons beliefs, 
culture, freedom, autonomy and their right to make decisions



Match a bioethical concept to the following statements. (Integrity, Justice, Beneficence, Non-maleficence, 
Respect)

1) Scientists should always share their results with the public, even if the results disprove their work.

2)  Scientists should design their experiments and the potential outcomes from the experiments in a
          way that benefits as many people as possible.

3) Scientists need to consider how their research is accessed by the community and how the research 
         may benefit some groups more than others.

4) Scientists should acknowledge that their research often carries risk, and should consider ways of
        avoiding unnecessary dangers when designing and carrying out the experiment

5) Scientists should consider the different values and beliefs of various communities when researching 
        and carrying out their experiments.
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Aerobic respiration:
 

LOCATION        INPUTS OUTPUTS
Glycolysis cytoplasm glucose, 2ADP, 2Pi, NAD 2ATP, NADH
 
 
Krebs mitochondrial pyruvate, O2,   2ADP, 2 Pi, FADH2, 2ATP, CO2,

 matrix                NAD, FAD NADH
 
Electron mitochondrial
Transport cristae            NADH, FADH2, O2 26 or 28 ATP, 

H2O

Anaerobic respiration:
In the absence of oxygen only 2ATP is created for every glucose broken. Pyruvate 
is then converted  into lactic acid as a bi-product.

Fermentation: 
In the absence of oxygen only 2ATP is created for every glucose broken. Pyruvate 
is then converted  into Ethanol  as a bi-product.

56



57

Anaerobic digestion is another method of converting biomass into energy. In this process, organic 
material is broken down by bacteria, in the absence of oxygen, to create methane-rich biogas. This can 
then be burned to generate heat and electricity.

Factors that affect the rate of cellular respiration:

1) Temperature: Based on Enzymic principles. As 
temperature increases the rate of reaction will also 
increase unil the temperature gets too high and rate is 
affected by denaturation of enzymes.

2) Glucose concentration: As glucose increases, rate of 
reaction will increase to a point. This point is based on 
enzyme availability and substrate concentration etc

3) Oxygen concentration: As Oxygen increases, rate of 
reaction will increase to a point. This point is based on 
enzyme availability and substrate concentration etc

4) Concentration of waste material (Carbon dioxide or 
alcohol): As waste products increase, the rate of 
respiration will decrease.

Biomass and fermentation



Use the following diagram to answer the next 3 questions
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Photosynthesis:

60

Chorophll

Light dependent 
(thlakoid)

L

Light independent 
(stroma)

Light



Light independent reaction: (rubisco/RuBp, C3 and C4)

- Rubisco is the primary enzyme that enables carbon dioxide to be converted into Glucose. 
- Rubisco is responsible for taking the x1 C molecule of Carbon dioxide out of the air and then 

“fixing” it to another x5 carbon molecule called Rubp.
- This Rubp molecule then cut in half  (PGA) and has some Hydrogens attached to it via NADPH (light 

reaction) using some if the ATP generated in the light reaction. To become G3P
- The two G3P molecules are then modified again and are joined together into glucose.
- Glucose being made with x2 G3P’s is referred to as C3 plants. 



Rubisco mode of action: 

-In high carbon dioxide/low oxygen environments the Rubisco enzyme operates normally and 
produces glucose via carbon dioxide fixation.

- In low carbon dioxide/high oxygen environments the Rubisco enzyme operates differently. It will 
use oxygen and ATP to produce Carbon dioxide.



Factors affecting rate of photosynthesis:

Carbon Dioxide concentration: Light frequency and absorbance:
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Biology Unit 4 Review



Disease causing organisms:

▪ A disease is any change that impairs the function of an individual in some way; that is, it 
harms the individual. 

▪ A pathogen may be non-cellular (virus, prions), cellular agents (bacteria, fungi) or a 
multicellular organism (worms)

▪ Most pathogens are transmissible. Transmission is generally via airborne means but can also 
include blood, spit, and sputum.

Bacteria:
- PROKARYOTES (Cell wall and a single 
chromosome usually in the shape of a circular DNA 
strand).

Bacteria can cause disease in humans if:

1. They can enter a person who can act as a host.

2. They have the capacity to reproduce within the host.

3. They act adversely on tissues in their host (exotoxins, 
adverse enzyme production)

IMMUNOLOGY
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Viruses:

-Viruses are the smallest known reproductive "cell".

-Viruses comprise nucleic acid (DNA or RNA)  surrounded by one or more coats of protein. 

-Viruses are unable to reproduce without the presence of a host cell in which to enter and 
utilize.

1) Virus adheres 
or is taken up by 
cell.

2) Viral nucleic 
acid moves to 
nucleus where it 
is transcribed.

3) Viral mRNA 
is then 
translated

4) Viral protein 
is then packaged

7
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The Flu virus example:

• The influenza virus has two 
main antigenic proteins, 
which come in a variety of 
types

• The flu virus like many 
viruses van undergo 
antigenic drift and antigenic 
shift.

• Antigenic drift are random 
mutations in the viral 
genome that can change the 
makeup of the surface 
proteins

• Antigenic shift is where the 
virus can gain the ability to 
move between different 
species and gain new viral 
surface markers.



Prions
▪ One non cellular unit that is believed to be smaller than a virus is called a prion. Prions 

cause diseases such as CJD (mad cow disease). They differ from viruses as they don't 
contain either DNA or RNA but rather rely on the configuration of their protein coat 
(Prion Protein or PrP) to stimulate the desired result usually via accumulating in a 
specific location.

 

Eukaryotic pathogens:
▪ Organisms which have a membrane-bound nucleus and contain many different structures 

(organelles) which are held in place by a complex network of fine filaments.

▪ Eukaryotic pathogens may also have multiple life cycles which may involve a number o 
intermediate forms. Eg Worms

7
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Immunology:
▪ Material that is made by the body's cells is recognized as "self" by the immune system (recognition 

of Major histocompatibility complex).

▪ Material that is foreign to the body is classified as "non-self" by the immune system and a defense is 
mounted. Non self is often referred to as “antigens”

▪ Self cells are covered in a protein marker known as MHC I (except for red blood cells which have a 
separate marker system)

▪ The immune system is covered in a protein marker known as MHCII

1) First line of Defense
i) Intact Skin: fatty acid/ sweat production and constant 
shedding usually prevents bacteria from colonizing

 ii) Mucous membranes: Bacteria also are removed via 
the action of sneezing or coughing. 

 iii)Natural or residential flora: Good bacteria cover all 
colonisable surfaces of the human body, which in turn 
prevents transient bacteria from successfully colonizing.

Non specific Immunity
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Innate specific

White blood cell differentiation



2) The second line of defense: (non –specific defense)

Component Function

Macrophage Activated (mature) form of a cell called a monocyte. Able to detect non self 
and destroy via phagocytosis. Can act as an antigen presenting cell.

Neutrophil The most numerous phagocyte. Able to detect non self. Release cyto-toxic 
chemicals to destroy non self.

Eosinophil Able to detect non self. Usually involved in larger targets such eukaryotic 
parasites.

Natural killer cells Innate lymphocytes that can respond to a wide variety of non self targets

Mast cells Found in membranes. Are not directly involved in destroying non self but 
have a role in up regulating immune response via cytokines

Complement A series of interlocking proteins that can be used to identify non self, co 
ordinate phagocytic attack and can destroy some cellular pathogens.

Dendritic cells Cells that can detect non self antigen. Can release cytokines (chemical 
signals) and act as antigen presenting cell
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Inflammation: 

▪ Inflammation is a reaction to the infection and occurs 
when the arterioles in the area around the point of entry 
(wound) dilate, resulting in an increased blood supply to 
the area.

▪ The release of histamine by mast cells and basophils 
increases the permeability of the vascular tissue and the 
level of arteriole dilation. 

▪ Phagocytes in the area then produce more histamine, 
which attracts more phagocytes to wound.

Complement proteins:
The complement system consists of many proteins 
that act as a cascade, where each enzyme acts as a catalyst
 for the next. 

 i) Opsonization- 

 ii) Activation of Macrophages

 iii) Lysis of the target cell
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3) Third line of defense:
- Clonal selection theory. Lymphocytes are produced in the bone marrow. Some mature in the 
bone marrow to produce B cells. Others leave the bone marrow before they are fully 
developed and travel to the thymus where they differentiate into mature T cells (thymus 
dependent cells).

Specific Immunity

8
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- Undifferentiated T cells are stimulated to 
differentiate via APC MHCII interaction.

- Undifferentiated B cells are activated via 
direct interaction with antigen.

- T cell/APC complex allows for the 
differentiation of Th, Tm and Tc cells.

- Th cells, via a cytokine message will 
interact with activated B cells and cause a 
differentiation.

- B cells will differentiate into either Bp or 
Bm cells.

- B plasma cells are rapidly cloned and 
produce antibodies.

- Bm cells remain in the node for future 
secondary infection where they can revert 
back to plasma cells for a faster response.



Antibodies attach to specific antigenic surfaces 
and allows the immune system to target non self 
particles more effectively. 

Antibodies:

Antibodies are produced by plasma cells. 
Plasma cells are differentiated B cells. Upon 
receiving cytokine messages B cells are able 
to re-arrange their DNA via splicing) to 
produce antigen specific antibodies.

Different classes of antibody are made up of 
different numbers of basic antibody units.

IgG, IgD and IgE are made up of a single 
molecule.

IgA is made up of two and IgM is made up of 5 
molecules.
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Cytotoxic T cells:
▪ Another type of T cell, cytotoxic T cells 

(Tc), kills body cells that have been 
infected with a virus or can destroy a cell 
that needs to undergo apoptosis.

▪ Tc cells have the ability to recognize MHC 
class 1 markers (markers that are located 
on all self cells except for red blood cells).

▪ Tc cells cannot kill free viral particles they 
are only effective when the virus has 
penetrated a cell and the cell sends off 
specific messages.
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Active immunity:
Active immunity can occur naturally or in an induced fashion but essentially both methods 
revolve around the pre-existing immune system.

Natural active immunity:

This is the natural process whereby the immune system is exposed to a particular disease-causing 
agent, which triggers off a complex series of events that eventually leads to specific antibodies 
being produced. 

Induced(artificial) active immunity:

The immune system can be forced to produce specific antibodies for a particular disease-forming 
agent by deliberately presenting it with one. This is achieved via vaccines. 

i) Natural vaccines: Cow pox, T.B

ii) Attenuated vaccines: Polio, Measles, Mumps.

iii) Killed vaccines:Polio, Cholera, Plague.

iv) Sub-cellular vaccines: E.g. Hep B, 
Meningococcal.

v) Toxoid vaccines: E.g. Tetanus, Diphtheria.
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Passive immunity:
Passive immunity is the process whereby the 
bodies own immune system doesn't have to make 
antibodies in order to fight the infection. Rather 
they are introduced in their fully differentiated 
form.

Natural passive immunity:

The only time that this occurs is when a 
developing fetus receives antibodies i) Cross the 
placenta or  ii) via mother's milk.
 

Induced (artificial) passive immunity:

When you go to the blood bank and choose to 
donate plasma you are essentially giving your 
pre-formed antibodies away for use in other 
people depending on if you have been pre-exposed 
to the disease- causing agent that the person needs 
the specific antibodies for.
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Allergies:  
Also called hypersensitivity 
reaction. 

Type 1 reactions are characterized 
by an allergic reaction that occurs 
immediately following contact 
with an antigen referred to as an 
allergen.

Allergic reactions involve the 
normal APC pathway (Th and B 
cells to produce specific 
antibodies) with the production of 
IgE antibodies. IgE antibodies 
then bind with mast cells that 
subsequently become sensitized to 
the specific antigen and react upon 
subsequent interaction with the 
antigen in a hypersensitive 
fashion= allergy.
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Monoclonal antibodies

Monoclonal antibodies are 
laboratory-produced molecules 
engineered to serve as substitute 
antibodies that can restore, enhance, 
modify or mimic the immune system's 
attack on cells that aren't wanted, such 
as cancer cells.

The tumour cell replicates forever, only 
producing this single type of antibody.
 
This can be an antibody that binds to 
specific proteins on cancer cells.

It could also be an antibody that binds 
to cytokines. This could minimise the 
action of autoimmunity.
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Variation and Evolution:
 
▪ Population: A group of the same species living together in the same region at a given time.
▪ Variation of traits (characteristics) may exist within members of a population.
▪ Variation can come in the form of: 

i) Structural: -Humans that posses more than 5 digits 
is called polydactyly.

 ii) Biochemical: -Example found in the ABO antigens 
of humans. 
iii) Physiological:  In the human population such differences are 
seen in peoples ability to taste certain chemicals, to smell particular 
odors.

 iv) Behavioural:- Exemplified in dog breeds where certain dogs 
may retrieve whereas others like the water.

v) Developmental: Exemplified by adult animals displaying traits 
not found in the juvenile animal and visa versa.
vi) Geographic:
-Depending on location animals of the same species will differ in 
appearance
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Causes of variation:
 
-Environmental and genetic factors are involved in determining variants 
within a population.

Environmental factors:
- Identical twins which therefore have identical genotypes may still 
differ in their phenotypes depending on environment. Nutritional 
deficiencies may allow one child to develop rickets while the other will 
have normal bone structure.

- Another example within the animal kingdom would be bees. Variation in 
the food and pheromone's that are supplied to the larvae determine whether 
she will become a sterile worker or a fertile queen bee.
 
- Environmental factors can also be at work within in the uterus where a 
developing fetus is susceptible to viral agents and ingested chemical 
substances which can either enter the mothers blood steam or cross the 
uterine barrier.
E.g.
Thalidomide- the loss of limbs
Alcohol- low birth weight and brain damage
Rubella virus- hearing and vision defects.



Genetic factors:

Variation due to changes in chromosome number
 
- Every species has a characteristic number of chromosomes, a 
gain or a loss in terms of the total numbers results in variation.

- Humans can also be used as an example in the case of Down 
syndrome, which comes about because of an extra chromosome 
occurring at position 21 of 23.

Variation due to recombination:
 
- The crossing over between homologous 
chromosomes, meiosis and the segregation 
of alleles produces new recombination's of 
genes and is the main cause of variation 
within a population of 
sexually-reproducing species.
-The more chromosomes that are involved 
the greater the chances of recombination.



Mutation:
 
- Gene mutation is the process, which produces new 
alleles of genes in various species and so generates 
genetic variation.

- Mutations can be broken up into three broad categories 
i) Point mutations
ii) Frame shift mutations
iii) Block mutation

- Germ-line mutations are the source of mutational 
variation within a species as the trait needs to be passed 
onto the next generation. Somatic mutations end when 
the individual dies.

- Germ line mutations can be spontaneous or may be the 
result of exposure to mutagenic agents such as radiation, 
or several types of chemical.



Polyploidy: Is a 
term used to 
describe cells and 
organisms 
containing more 
than two paired 
homologous sets 
of chromosomes.

Block Mutations (Chromosomal alterations)

Aneuploidy: Is an 
abnormal number of 
chromosomes, and is a 
type of chromosome 
abnormality. An extra or 
missing chromosome is a 
common cause of genetic 
disorders (birth defects).

 

Addition, deletion, duplication, inversion, translocation



Gene Flow: 

Flow of genes between populations. 
Gene flow is genetic exchange, resulting 
usually from the movement of animals 
from one population to another followed 
by the exchange of genes.

Genetic Drift:
 Genetic drift is the change in the 
frequency of alleles from generation to 
generation caused by CHANCE ALONE. 
Its influence is usually greatest in small 
populations.

i) Bottleneck effect

ii) Founder effect



Genetic Bottleneck via gene drift

Founder effect

Random removal of 
variants from a population. 
This decreases gene pool 
diversity. Increasing 
population number after 
the bottle neck does not 
increase genetic diversity 
of the gene pool. This 
results in unfavourable 
gene pool dynamics.



Allele Frequencies
 
▪ The genetic information present in a population of organisms is known as a 

gene pool.
The genetic information that is present in a gene pool is expressed in terms of 
frequencies (proportions) of the various alleles in a population. Alleles can 
have a frequency between 0 and 1.
 

 



1
0
2



Allele frequency change:
 
• Allele frequencies change over time due to; selection, migration and chance.
 
• Under natural conditions, members of a population compete with each other for access to living 

space, energy supplies and mating partners in their habitat.

• Members of a population are also exposed to competition from other species, to predation, to 
parasites and to disease causing organisms.

 
The phenotype that makes the greater contribution to the gene pool in the next generation has
 a higher fitness value and is said to have a selective advantage.
 



Level of selection
 
The level of selection on phenotypes in a population can vary. 

Artificial selection:
Human interference in the normal process of 
natural selection, where genetic variants that 
would not normally be selected for due to natural 
selective pressures can proliferate and pass on 
their genes. SELECTIVE BREEDING
 

Natural selection:
Random genetic variants may have a selective 
advantage over other members of the same 
population due to the particular selective agent. 
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Mechanisms of evolution: (natural selection)   (bacterial/viral examples)

i) Reproduction: Reproduction of organisms in a population produces descendant populations.
 
ii) Excess potential offspring: The reproductive potential of parents is much greater than the actual number 
of descendant offspring that survive.
 
iii) Variation: Members of a population may vary. Variation that is genetically based is passed on to 
offspring.
 
iv) Selection: Environmental resources are limited, so there is competition between individuals. 
Individuals that can compete successfully will leave a greater proportion of offspring than less 
successful individuals. In this way characteristics are selected.
 
v) Adaptation over time: Environments change over time. Heritable characteristics that suit a 
particular environment will be selected. Populations diverge over time and become adapted to the 
new conditions.
 
vi) Chance effects: In small populations, shifts in the frequency of certain characteristics can also occur by 
chance.
 
vii) Divergence and Speciation: When populations are geographically isolated and thus cannot 
interbreed, divergence over time may result in them becoming different species.



The formation of new species.

Speciation involved two steps.
 
1. Physical isolation of populations. Isolated populations accumulate genetic differences due to different 
selection processes and genetic drift.
 
2. This step occurs over time and involves divergent evolution. Divergence results in the accumulation of 
different features in the isolated populations, both in appearance and at the molecular level. Eventually, 
enough differences accumulate so that the new daughter species is unable to interbreed with the original. 
 

Allopatric speciation:
Occurs when members of a population are split into 
two separate 
groups, each of which is exposed to different selective 
forces. The 
lack of gene flow also speeds up the rate of speciation.
The main requirements are 

i) Isolation (Lack of gene flow)

ii) Differing selective pressures



The formation of new species.

Sympatric speciation:

Sympatric speciation occurs when there 
are no physical barriers preventing any 
members of a species from mating with 
another, and all members are in close 
proximity to one another. 
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Evidence for evolution.
 
- The evidence for evolution comes from several sources.

i) fossil records/ transitional fossils.
ii) comparative anatomy
iii) comparative biochemistry

i) Fossilization occurs when an organism is 
buried and entombed by sediments such as 
sand silt or mud, then under pressure they 
undergo mineral exchange with the 
surrounding rock. This is as opposed to 
preservation which as a process does not 
involve mineral exchange.

Fossils can be compared to modern day 
creatures in order to determine possible 
structure and function.



i) Relative dating:
This process involves determining the 
age of the rock around the fossil or 
using index fossils to determine the 
approximate age of the fossil in 
question. This is not an absolute 
means of age testing.
An Index fossil is a creature that was 
wide spread and died out globally at 
the same time. Hence it can be used 
as an index point in the rock strata. 

ii) Absolute dating: This process 
involves the direct assessment of the 
age of the fossil via radio isotopic 
means. The process relies of the fact 
that the half life of specific elements 
is known and can be used to 
accurately determine the age of the 
fossil. I.e carbon dating.



Comparative anatomy

 

Homologous Features: Same 
structure, different function.

Analogous features: Same function, 
different structure.

Vestigial features: Remnants of 
structures that ancestors used but 
are now non functional or not used.



Comparative biochemistry:

i) Molecular hybridization Chromosomal DNA or Mitochondrial DNA hybridization can be used to 
determine genetic relatedness. 
Mitochondrial analysis is more accurate due to a known mutation 
rate and maternal inheritance. Molecular clock.



ii) Comparing proteins:

Living organisms share some enzymes that catalyse steps in essential energy transfer reactions. One 
enzyme found in organisms from all of the five kingdoms is known as cytochrome c. 
 
The longer the period since two species diverged from a common ancestor, the more time has been 
available for changes to occur in a protein present in both species. Therefore the more differences 
that are observed. 



Phylogenetic trees

Phylogenetic trees can be 
constructed from 

i) DNA hybridization 
evidence.

ii) mt DNA hybridization 
evidence

iii) Protein comparison
iv) Anatomical 

comparison
v) Breeding success.

A phylogenetic tree illustrates the 
time at which species shared a 
common ancestor.
The more recent the common 
ancestor to more related the 
species and visa versa.
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Hominid evolution:

- Today's primates include lemurs, 
new world monkey's and old world 
monkey's including humans.
- All of the different kinds of 
primates living today gradually 
evolved over a period of at least 65 
million years.

- When we talk about the human 
line diverging from the African ape 
line, this does not mean that humans 
evolved from chimps or gorillas. It 
means that at some time in the past 
the human line and the African ape 
line shared a common ancestor.

Hominin vs Hominoid



Hominin vs Hominoid

Hominin: the group consisting of modern humans, extinct human species and all our immediate ancestors 
(including members of the genera Homo, Australopithecus, Paranthropus and Ardipithecus).

Hominoid: the group consisting of all modern and extinct Great Apes (that is, modern humans, 
chimpanzees, gorillas and orang-utans plus all their immediate ancestors).



Human evolutionary changes over time:

i) Upright locomotion, arm to leg length variation

 ii) Spinal position into skull/ Jaw size / teeth size

iii) Skull shape and brain pan size



Australopithecus: 4-5 mya, small animals which walked upright, brain 
volume of
350 – 500 cc.

Homo habilis: The ‘Handy man’, 2.5 mya, used tools, brain volume of 
500-800 cc.

Homo ergaster/erectus: 1 – 2.5 mya, advanced tool use, 1000-1250 cc 
brain volume.

H. neanderthalis: 300 000 – 30 000 ya.
Brain volume 1200 – 1700
H. Sapiens: 200 000 ya to present. 1350 cc. 

How accurate is the fossil record of humans? 
The fossil record is, and always will be, incomplete.
It is made up of fragments of a forgotten era, preserved by fluke.
This leaves an opportunity for gaps, misinterpretation, or at the worst – 
fraud.



Out of Africa Hypothesis:

There are two competing theories about where modern humans arose.

Out of Africa:
Homo sapiens evolved due to selective pressures in Africa, and migrated around the world after this. Current 
mtDNA analysis tens to indicate this hypothesis

Multiregional:
Homo ergaster migrated around the world, and different populations of Homo sapien arose independently.
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Experimental design

What do we need to complete an experiment:

• A hypothesis is a statement that can be tested.
• It must be a prediction.
• It must be testable.
• It must link directly to your results.

Variables:

• A variable is simply a ‘thing that changes’.
• An experiment needs variables, or it’s not an experiment
• The independent variable is not dependent on the results.  It is the thing you 

change  to set up the experiment.
• The dependent variable is measured. It is the results. It is the thing that the 

experiment changes.



Errors and Controls:

• There are always going to be more variables in 
your experiment than you want.

• This is bad. You want your independent variable 
to be the only variable impacting results. Otherwise 
you can’t tell what you’re measuring.

• A control is designed to eliminate extraneous 
variables.

•  A control should replicate the entire testing 
procedure excluding the independent variable. 



Accuracy and Precision

• Accuracy is how close your measurement is to the 
correct value.

• Precision is how close together your set of 
measurements are.

• A systematic error  is a fault with the experiment. It 
causes all your tests to be inaccurate.

• A random error is a fault due to one measurement. It 
causes your testing to lack precision
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