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Background Information

Cancer

Our bodies are made up of more than a hundred million million (100,000,000,000,000) cells. Cells
produce signals to control how much and how often they divide. However, if any of these cells are
damaged or mutated they may start to grow and multiply uncontrollably and cancer occurs. The
hallmarks of cancer are acquired functional capabilities that allow cancer cells to survive, multiply and
spread. Damage to cellular DNA is involved in mutagenesis and the development of cancer. The DNA in a
human cell undergoes several thousand to a million damaging events per day, generated by both
external (exogenous) and internal metabolic (endogenous) processes. Changes to the cellular genome
can generate errors in the transcription of DNA and ensuing translation into proteins necessary for
signaling and cellular function.
To function correctly, each cell depends on thousands of proteins to do their jobs in the right places at
the right times. A mutation can change a gene’s instructions for making a protein which can cause the
protein to malfunction or to be missing entirely. The most prominent enabling characteristic is the
development of genomic instability in cancer cells which generates random mutations. Some mutations
can also be triggered by non-mutational changes acquired through epigenetic mechanisms. Rates of
spontaneous mutations are very low during cell generation thanks to a variety of genome maintenance
systems that detect and resolve defects during the cell division process.
DNA-maintenance mechanisms include detecting DNA damage, activating repair machinery and
repairing damaged DNA. They are also involved in inactivating or intercepting molecules before they are
able to damage the DNA. When genomic instability occurs and these mechanisms are faulty,
chromosomal rearrangement occurs. A chromosome rearrangement is a structural change in a
chromosome such as a deletion, translocation, inversion, or gene amplification. Chromosome
rearrangements can contribute to the transformation of a normal cell into a cancerous cell and are
therefore found in many cancer cells. Defects in genome maintenance and repair are instrumental in the
progression of cancer as some mutations mean that the cell no longer understands its instructions and
starts to grow out of control. DNA-sequencing technologies allow cancer cell genomes to be sequenced
in different tumour types enabling particular mutations to be identified in tumour pathogenesis.
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Cancer and the Cell Cycle
The cell cycle represents the normal progression of cells through the division cycle to produce two identical
daughter cells. It consists of four discrete stages (See Figure 1):
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Figure 1 – The Cell Cycle



G1 (Gap 1) phase occurs just after division. It is where the cell carries out normal metabolism and
begins to grow in size and duplicate its organelles. Some cells arrest in G1 phase, staying at a stage
called G0 phase and ceasing the cycle of cell division.



S (Synthesis) phase represents the time where the genomic DNA is duplicated.



G2 (Gap 2) phase is the time where the cell prepares for division.



M (Mitosis) phase is the time when the replicated chromosomes are divided (Prophase,
Prometaphase, Metaphase, Anaphase and Telophase and the cell splits into two identical daughter
cells (Cytokinesis).

Collectively, G1, S and G2 phases are known as Interphase.
The normal state for most mature and differentiated cells is to remain within G0 phase and to carry out
normal cellular function. When a cell is given the signal to divide, normal function is suspended and all of
the cell’s resources are directed to replication of DNA and duplication of organelles. When this occurs, the
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cells cannot carry out their normal role until division is complete. As a result, most cells do not continuously
divide, as this would interfere with normal body function. Therefore in all cells, progression through the
cell cycle is strictly controlled.
Progression through the cell cycle is controlled by a series of checkpoints. If a cell cannot meet the
conditions needed at each checkpoint, the cycle arrests at that point. This prevents cells being duplicated
with significant errors. The major checkpoints occur at the G1/S phase interface (to ensure that the cell is
ready to start DNA duplication), the G2/M phase interface (to ensure that DNA has been copied without
major errors) and at the end of mitosis before the daughter cells divide (to ensure that chromosome
separation has occurred correctly).
If something occurs which interferes with the regulation of the cell cycle, cells may enter into a state of
continuous division. This not only increases the number of cells present, the cells that are formed cannot
carry out their normal function. This hyperproliferation is one of the hallmarks of the range of conditions
called cancer.
The relationship between cancer and cell cycle regulation is complex. On the one hand, cancers may arise
when a breakdown of the regulatory roles of the checkpoints allow cells to enter mitosis containing
significant errors which are passed on to the daughter cells. On the other hand, functional checkpoints
may act to protect cancer cells, delaying division long enough for the repair of errors which would normally
result in the death of the cells. In either case, a deeper understanding of the mechanisms of checkpoint
regulation can help us understand the factors which lead to the development and progression of cancer,
as well as indicating potential targets for chemotherapy.
hSSB1 and its role in the cell repair mechanism
The progression of cells through the cell cycle is governed by a complex array of interlinked proteins. Some
of these proteins respond to triggers caused by a need for more cells and stimulate cells to proceed into
mitosis. The effects of these proteins are in turn kept in check by other proteins which prevent the
progression into mitosis. Other proteins respond to other stimuli such as damage to the DNA and prevent
progression through the cell cycle until the damage can be repaired. Each of these pathways interact with
others, with many proteins in the chains having multiple effects.
Cells frequently encounter DNA damage which can lead to chromosomal instability or malignant
transformation. It is important that cell repair occurs correctly where DNA double-stranded and singlestranded breaks occur to prevent cell death. hSSB1 is a recently discovered member of a group of DNA
binding repair proteins that are essential for a wide variety of DNA metabolic processes, including DNA
replication, recombination, DNA damage detection and repair.
hSSB1 is responsible for the efficient recruitment of the MRN protein complex (consisting of Mre11,
Rad50 and Nbs1) and other repair partners to the site of the DNA break, where the repair process
commences. MRN has a number of functions, including tethering of the DNA ends and the activation of
the Ataxia Telangiectasia Mutated (ATM) kinase, resulting in the initiation and maintenance of signaling
pathways and the resection of double-stranded breaks to create a repaired section of single-stranded
DNA. As well as recruiting MRN hSSB1 also plays a key role in the downstream process of repair so it has
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sectioning of the damaged DNA occurs and cells exhibit increased radio sensitivity, defective checkpoint
activation and enhanced genomic instability coupled with a diminished capacity for DNA repair.

hSSB1 moves to the site of
the Double-stranded break
(DSB) and attaches to the
broken DNA ends

MRN complex

hSSB1 recruits the MRN
complex to initiate the repair
process

MRN activates ATM
initiating resectioning of the
break

Figure 1: the above series of steps shows the arrival of hSSB1, its recruiting of the MRN complex and the
activation of ATM at the breakage site
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Figure 2: Like all proteins, hSSB1 consists of a number of regions or domains, each of which carries out a
particular function.

DNA binding OB fold

DNA binding fold (aa1-105): Binds to single strand DNA within the cell. While DNA is normally
composed of two intertwined single stranded DNA strand bound to each other through bases,
hSSB1 binds to damaged DNA where this duplex DNA has been disrupted.

Non-DNA binding OB fold

Unstructured (aa105-196): This region binds to partner proteins allowing them to be recruited
to the sites of DNA damage.
DNA Binding Domain (aa196-206) – This region is very acidic and binds to other specific proteins
involved in DNA repair and signalling.

A mutation is any change to the sequence of nucleotides in a DNA strand. The order of nucleotides in a
gene determines the sequence of amino acids in the protein encoded by that gene, so any change in the
nucleotides may change the amino acids which make up the protein. Since it is the amino acids which
determine the secondary and tertiary structure of the protein, a simple change to one or two nucleotides
in the gene may have significant consequences for the function of that protein in the cell.
Not every mutation in DNA however will however change the amino acid sequence of that protein. Amino
acids are coded by three bases and this is referred to as a codon. There are however only 20 different
amino acids while there are 64 codons. So a particular amino acids is often coded for by more than one
codon.
WE often use mutations to understand how a protein works. For instance we may substitute an arginine
(R) for a glycine (G). These two amino acids have very different properties and thus can impact how the
protein functions. For instance if we mutated R248G we may find a protein can no longer bind to one of
its partner proteins or it can no longer bind to DNA or it may change location within the cell. This then
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RPA14

tells us that the R248 amino acids is required for function X, allowing us to really understand how the
protein works.
Note that the convention for describing mutations which result in amino acid substitutions is as follows:

R248G
Single letter code for
original amino acid (in
this case “R” is for
“Arginine”)

Position in
peptide chain
(ie. the 248th
amino acid)

Single letter code for the
substituted amino acid
(in this case “G” is for
Glycine)

Project details:
In this project students will work with researchers from Dr. Richard’s team to amplify and purify the
protein hSSB1 (wild type- with the correct sequence) and selected hSSB1 mutated proteins to analyze
their ability to bind to single-stranded DNA. If the mutation prevents hSSB1 from binding to the DNA the
recruitment of MRN will be inhibited, ATM will not be recruited and repair will not take place. We don’t
know what the mutations you are working with will do so you will be the first to discover this!

The ability of the wild type and mutated hSSB1 proteins to bind will be analyzed using an Electrophoretic
Mobility Shift (EMSA) test. A solution of the protein and some single stranded DNA are combined and
subjected to electrophoresis to determine the migration of the complexes. Protein-DNA complexes will
usually move more slowly along the gel than the free DNA. Students will analyze the data collected and
determine which mutations prevent the protein from binding to the DNA and performing its required
function.
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SOME USEFUL BACKGROUND INFORMATION
Deoxyribonucleic acid (DNA


Deoxyribonucleic acid (DNA) is a large molecule which stores the genetic information in organisms.
It is composed of two strands, arranged in a double helix form. Each strand is composed of a chain
of molecules called nucleotides, composed of a phosphate group, a five carbon sugar (pentose)
called deoxyribose and one of four different nitrogen containing bases.
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Figure 3 – The Structure of a Single Strand of DNA



Each nucleotide is connected to the next by way of covalent bonding between the phosphate
group of one nucleotide and the third carbon in the deoxyribose ring. This gives the DNA strand a
“direction” – from the 5’ (“five prime”) end to the 3’ (“three prime”) end. By convention, a DNA
sequence is always read from 5’  3’ ends.
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DNA nucleotides contain one of four different nitrogenous bases:

Adenine

Guanine

Thymine

Cytosine

Each of these bases jut off the sugar-phosphate “backbone”. If the double helix of the DNA
molecule can be thought of as a “twisted ladder”, the sugar-phosphate backbones form the “rails”,
while the nitrogenous bases form the “rungs”.


The two strands of DNA are bound together by hydrogen bonding between the nucleotides.
Adenine always binds to thymine and guanine always binds to cytosine. This means that the two
strands of DNA are complementary. The complementary nature of DNA is allows it to be copied
and for genetic information to be passed on - each strand can act as a template for the
construction of its complementary strand.



The order of bases along a DNA strand is called the DNA sequence. It is the DNA sequence which
contains the information needed to create proteins through the processes of transcription and
translation.



Each strand of DNA is anti-parallel. This means that each strand runs in a different direction to the
other – as one travels down the DNA duplex, one strand runs from 5’  3’, while the other runs
3’  5’.



An animation of the structure of DNA can be found at:
http://www.johnkyrk.com/DNAanatomy.html
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DNA Replication


The structure of DNA allows it to carry out two vital functions for the cell :
 Encoding the information need to build and regulate the cell, and
 Transmission of this information from generation to generation



In order for the genetic information to be passed on, it must be copied. DNA replication occurs
during the S (synthesis) phase of the cell cycle. It only proceeds if the G1 checkpoint is passed,
which ensures that the chromosomes have properly segregated during mitosis.



In simple terms, DNA involves the separation of the two strands of the DNA molecule and the
construction of complementary strands for each one, using the A  T, G  C binding rules.

A GA AG CA TC CT AC GA GG G

A GA AG CA TC CT AC GA GG G
T C T G A G T C C

A GA AG CA TC CT AC GA GG G
T CA TG GA AC GT TC CA CG G
A G A C T C A G G
T CA TG GA AC GT TC CA CG G
Strands separate

T CA TG GA AC GT TC CA CG G
A new strand is built
for each, using the
original strand as a
template



Because the two new strands of DNA each contain one of the original parental strands, the process
of DNA replication is said to be semi-conservative (ie. half of the new DNA molecule are strands
“saved” from the parental molecule).



Naturally, the process of replication is a more complicated process than simply matching
nucleotide bases. Copying DNA involves the interplay of a series of enzymes and regulatory
processes, all kept in check by stringent error checking and repair mechanisms.



DNA replication begins when the enzyme helicase “unwinds” a small portion of the DNA helix,
separating the two strands. This point of separation is called the replication fork. The two strands
are kept separated by single stranded binding proteins (SSB) which bind onto each of the strands.
A group of enzymes called the DNA polymerases are responsible for creating the new DNA strand,
however they cannot start the new strand off, only extend the end of a pre-existing strand.
Therefore, before the DNA polymerases can start synthesizing the new strand, the enzyme
primase attaches a short (~60 nucleotides) sequence of RNA called a primer. The DNA polymerases
then extend this primer, moving along each strand from the 3’ end to the 5’ end and adding
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nucleotides to the 3’ hydroxyl group of the previous nucleotide base. The order of nucleotides is
retained by matching complementary nucleotides on the template strand.

Lagging strand

DNA
Polymerase
5
’
3
’

Okazaki Fragment
5

’

Helicase
3

’
5
’
3
’

DNA
Polymerase

Leading strand



It’s important to realize that the polymerases can only operate in one direction. This works out for
one of the DNA strands (the leading strand) – the polymerase moves along the strand in the same
direction as the replication fork. However the other strand (the lagging strand) runs in the
opposite direction. As a result the complementary strand to the lagging strand is made in short
sections called Okazaki fragments. These sections are then later joined together by the enzyme
DNA ligase.



Once the complementary strand of DNA has been synthesized, the primers are removed by the
enzyme RNAse H and the remaining gaps filled with lengths of DNA by DNA polymerase.
A

A

Some excellent animations of DNA replication can be found here :
 This is a tutorial which takes you through the process step by step.
http://www.wiley.com/college/pratt/0471393878/student/animations/dna_replication/index.html


This animation is a computer generated movie showing what the process would look like on a
molecular level
G
http://www.youtube.com/watch?v=teV62zrm2P0
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PROTEINS


Proteins are large molecules composed of chains of amino
acids. Each amino acid is joined to the next one by peptide
bonds, which form between the acid (containing a carbon
atom) of one amino acid and the amino group (containing a
nitrogen atom) of the next. This means that all of the amino
acids are arranged in the same “direction” in the protein and
that one end of the protein can be designated the “carbon
end” (or C Terminus) and the other end the “nitrogen end” or (N terminus).



Because a protein consists of many amino acids joined by peptide bonds, the word “peptide” is
used to describe proteins – we may use “peptide chain” to describe the sequence of amino acids,
“oligopeptide” refers to a sequence of a few (e.g. a dozen or so) amino acids, while “polypeptide”
refers to sequences much longer and is equivalent to the term protein.



Because proteins are so large, we don’t often refer to their actual molecular mass. Instead we use
a unit called a Dalton, which is equivalent to a molecular mass of 100, or the average molecular
mass of an amino acid. Therefore, the size of a protein expressed in Daltons is equivalent to how
many amino acids it contains (e.g. a protein with a size of 244 Daltons is 244 amino acids long).



There are twenty different amino acids
found in nature. It is different combinations
of these amino acids which affect the
structure and function of the proteins.
Amino acids all have the same basic
structure, and only differ by the chemical
structure of a “side chain” which comes off
the central carbon atom. Amino acids are
sometimes referred to as “residues”.
You can find an excellent tutorial (including
a quiz) on amino acids at :

http://www.biology.arizona.edu/biochemistry/problem_sets/aa/aa.html
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Proteins can be thought of as having a number of levels of structure – the primary, secondary,
tertiary and sometimes quaternary structures. A video which briefly describes each of these can
be found at:
http://www.youtube.com/watch?v=lijQ3a8yUYQ
Image from http://www.genome.gov/DIR/VIP/

Structures of the Twenty Amino Acids
Polar

Non-polar

“Special”

Aspartic Acid
(asp or D)

Glutamic Acid
(glu or E)

Lysine
(lys or K)

Arginine
(arg or R)

Histidine
(his or H)

Serine
(ser or S)

Threonine
(thr or T)

Glutamine
(gln or Q)

Asparagine
(asn or N)

Tyrosine
(tyr or Y)

Alanine
(ala or A)

Valine
(val or V)

Leucine
(leu or L)

Isoleucine
(ile or I)

Methionine
(met or M)
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Phenylalanine
(phe or F)

Tryptophan
(trp or W)

Glycine
(gly or G)

Cysteine
(cys or C)

Proline
(pro or P)



The order of amino acids in a protein is called the primary structure. The peptide bond is a covalent
bond with partial double bond characteristics. This means that the molecules do not rotate around
the peptide bond and the bond remains rigid, giving some structure to the chain. Because covalent
bonds are quite strong, it takes a lot of energy to break up the primary structure of a protein.



Once a chain of amino acids has been assembled by the ribosome, it tends to fold in on itself.
Nitrogen and oxygen atoms are strongly electronegative, which means that they will attract
hydrogen atoms bound to nearby atoms. The first hydrogen bonds to form tend to occur between
the atoms which make up the peptide bonds. This makes for tight structures within the protein.
When the chain coils up like a corkscrew, an α helix is formed. When the chain folds up in parallel
lines, a β pleated sheet is formed. Both of these components make up the secondary structure of
the protein. Whether a region of the peptide chain produces α helices or β pleated sheet depends
largely on the chemical nature of the amino acids which makes them up.

α Helix

β Pleated Sheet
(from Wikimedia Commons)
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A protein then folds up to give further three-dimensional
structure, based on hydrogen bonds between the side chains
of its amino acids and their interaction with the surrounding
environment. If the side chain of an amino acid is non-polar
(hydrophobic or water repelling) it is pushed to the inside of
the protein molecule by the aqueous environment inside the
cell. Polar or charged side chains tend to be found on the
outside of the protein molecule. This three-dimensional
structure is the tertiary structure of the protein. The tertiary
structure determines the function of the protein and how it The tertiary structure of a protein,
showing α helices (red) and β pleated
interacts with other substances.
sheets (gold)



Hydrogen bonds are quite weak compared to covalent
http://www.org.chemi.e.tubonds. It does not take much to disturb a hydrogen bond –(from:
gentle
heating (e.g. above 60°C),
muenchen.de/people/mh/Kdp/kdp.html)
changing the pH, the level of salts or the presence of certain disrupting surfactants can all interfere
with the hydrogen bonding which holds the tertiary structure of proteins together. When this
happens, we say that the protein has been denatured. An example of this is when we heat egg
white. The mostly transparent and water soluble proteins which make up albumen are denatured
by the heat, producing the hard, insoluble and opaque substance we associate with cooked egg.
Once a protein has been denatured, it can no longer carry out its normal function – solubility
changes and alterations occur in the tertiary structure which means that the protein can no longer
bind to other substances or catalyse chemical processes.



Sometimes stronger bonds form between regions in the tertiary structure of proteins. Cysteine is
a sulphur containing amino acid. In proteins which contain a lot of this residue, nearby sulphur
atoms may form covalent disulphide bridges. These covalent bonds give a strength to the protein
not found in others. Tough proteins like keratin (found in fingernails and hair) contain a lot of
disulphide bridges.



The protein can be thought of as containing a number of distinct regions called domains. Each
domain either has a particular structure (e.g. a large number of α helices) or a distinct function in
the molecule. For example, while in most proteins, domains with a high proportion of non-polar
amino acids are forced to the inside of the molecule, transmembrane proteins tend to have
hydrophobic domains where these side chains are on the outside. This allows these proteins to
embed in and attach to the non-polar inner part of the cell membrane.



Some proteins, once assembled and folded, may join
together with other proteins to form larger molecules. This
is called the quaternary structure and is not found in all
proteins. If two or more identical subunits join together,
the results are called a homodimer, homotrimer,
homotetramer, etc. If the subunits are different, they are
called heteromers. For example, the protein haemoglobin
is a tetramer consisting of two α chains and two β chains.

(from Wikimedia Commons)
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Other groups may also be attached to proteins to assist in
The quaternary structure of Haemoglobin,
its function. Lipids may incorporate to form lipoproteins showing the two pairs of subunits (red and
which may be associated with the cell membrane or gold) and the haem group (green)
(from: Wikimedia Commons)
involved in the transport of lipid substances like cholesterol
in the aqueous environment of the blood. Carbohydrates associate with proteins to form
glycoproteins, important as cell surface proteins involved in cellular recognition and in structural
components like cartilage.



Proteins with a transport or catalytic role may also incorporate metal ions encased in special
molecular cages. For example, each subunit in the haemoglobin molecule contains a carbon and
nitrogen containing cage called a haeme group which binds to the iron ions. This allows the
haemoglobin molecule to transport molecular oxygen throughout the body in the blood. Such
proteins are called metalloproteins.

Protein Biochemistry Links


Folding@Home – a distributed computer project aimed at investigating how proteins fold.
Download the software and help protein scientists in their research.
http://folding.stanford.edu/



Folding@Home’s guide to Proteins – excellent summary from amino acids to protein folding.
Includes some great animations.
http://www.stanford.edu/group/pandegroup/folding/education/protein.html



Introduction to Protein Structure – a presentation by Dr Frank Gorga.
http://webhost.bridgew.edu/fgorga/proteins/default.htm



Interactive Concepts in Biochemistry – a wide range of molecular biology related interactive
activities, including an amino acid identification game.
http://www.wiley.com/legacy/college/boyer/0470003790/animations/animations.htm
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APPENDIX: GLOSSARY OF TERMS
Agar – a jelly-like substance derived from seaweed and used to make solid culture media.
Aliquot – to deliver a measured sample of a liquid
Alpha Helix - an example of protein secondary structure where the peptide chain takes on a spiral
conformation.
Amino Acid – a small organic molecule which has a component which acts as a base (an amine group –
NH2) and one which acts as an acid (carboxyl group –COOH). Amino acids are the building blocks of
proteins. Hanging off the central carbon atom is a side chain (often given the abbreviation R) which
differentiates one amino acid from another. There are approximately 20 different amino acids which are
used to make proteins. The amino acids are normally written as either a standard three letter or single
letter code. See Appendix A3 for a list of amino acid structures and their three and single letter codes.
Amphipathic – a compound which contains both hydrophilic and hydrophobic regions.
Ampicillin – an antibiotic compound used in selective media.
Anaphase – the phase of mitosis characterised by the separation of the chromosomes into the daughter
chromatids and their movement to opposite poles of the dividing cell.
Anionic – having a negative charge.
Antibiotic – a compound which interferes with the growth of micro-organisms, particularly bacteria.
Antibody – a specialised protein molecule produced as part of the immune response which binds
specifically to other molecules.
Antigen – an agent to which an antibody binds.
Apoptosis – a type of controlled cell death. Unlike necrosis, the breakdown of the cell occurs in an orderly
fashion and cellular components are compartmentalised and removed before they can trigger
inflammation or necrosis in neighbouring tissue.
Aqueous – a solution in which the solute is dissolved in water.
Aspirate – to remove the liquid from a sample using a vacuum line. Aspirated materials are usually
disposed of.
ATM (ataxia telangectasia mutated) – a protein which activates Chk2 in response to double-stranded
DNA damage.
ATP – adenosine triphosphate – a molecule used as the energy currency in cellular metabolism, as a donor
of phosphate groups in phosphorylation reactions and which forms one of the building blocks of DNA.
Bacterium – a microorganism with a cell wall but which lacks membrane-bound organelles.
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Band – region of a gel in which proteins or DNA fragments of a particular size are concentrated after
electrophoresis.
Benign Tumour – a localised tumour which is not considered to be at risk of metastasis.
Beta Pleated Sheet - a form of protein secondary structure where the peptide takes on the shape of a
folded sheet.
Bioluminescence – the emission of light by living organisms.
Broth – a liquid form of culture medium.
Buffer – a solution of chemicals which resists the change of pH which would normally occur when an acid
or base is added.
Cancer – a family of conditions characterised by uncontrolled cell growth, infiltration into neighbouring
tissues and occasionally spread to other tissues in the body.
Capillary – the finest of the blood vessels, with walls a single cell thick.
Carbohydrate – a family of biomolecules based around sugars.
Carcinogen – an agent capable of causing cancer.
Cationic – having a positive charge.
CDK – cyclin-dependent kinase – an enzyme which activates another protein by attaching a phosphate
group to one of its amino acids. CDKs themselves are only active when associated with a cyclin protein.
CDK-cyclin complexes are important regulators of the cell cycle.
Cell – membrane bound bodies which form the basis of all living things.
Cell Biology – the study of processes which cells use to survive.
Cell Cycle – the normal progression of development and reproduction through which eukaryotic cells pass.
The cell cycle consists of mitosis and interphase, with interphase consisting of G1, S and G2 phases.
Cell Membrane – the outer boundary of the cell. It is composed of a double layer of phospholipids
molecules arranged so that the water soluble ends face outwards while the water insoluble fatty ends face
inwards. Embedded in this bilayer are various proteins involved in recognition of other substances and
transfer of materials across the membrane.
Centrifuge – a piece of laboratory equipment which separates components in a liquid medium based on
their relative densities. Samples are loaded into tubes and spun at high speed. Denser materials sink to
the bottom, while less dense materials float to the top.
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Checkpoint – a point in the cell cycle where a cell must meet certain conditions before it can pass onto the
next stage.
Chemotherapy – the use of drugs to treat diseases such as cancer.
Chromatid – during S phase of the cell cycle, each chromosome is duplicated to give two chromatids. In
the early phases of mitosis, these chromatids stay associated with each other, however they separate
during anaphase.
Chromosome – a length of DNA containing a long sequence of genes.
Cloning – the process of producing genetically identical individuals.
Codon – a sequence of three nucleotide bases which encodes a particular amino acid in a peptide
sequence.
Colony – a group of microbes growing on a culture plate. Typically, colonies arise from a single microorganism, so all individuals in a colony can be considered clones of the original.
Comb – a plastic template used to cast loading wells into electrophoresis gels.
Confluence – the degree to which cells in culture cover the bottom of the culture plate.
Conformation – the 3 dimensional shape of a large molecule like DNA or a protein.
Conjugate – a large molecule composed of two different molecules bound together.
C-Terminus – the end of the protein chain which has the carboxyl group exposed.
Culture – the practice of growing cells by providing them with the right temperature and nutrient
requirements.
Cut Site – the nucleotide sequence targeted by a restriction endonuclease.
Cyclin – a protein involved in the regulation of the cell cycle which binds to CDK and activates other
proteins through phosphorylation.
Cytokinesis – the separation of the two daughter cells during cell division.
Cytoplasm – the jelly-like substance outside the nucleus and bound by the cell membrane. It consists of
the cytosol (cell liquid) and the organelles and other cellular components.
Cytoskeleton – a network of structural proteins which supports the cell and facilitates movement of
components within it.
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Denaturation – a disruption to the structure of a macromolecule caused by the breaking of hydrogen
bonds. In DNA, denaturation results in the separation of the DNA strands, while in proteins it results in the
loss of secondary and tertiary structure.
Development – the change in function of a cell, tissue, organ or organism as it ages.
Differentiation – the formation of specialised cells from generic pre-cursor or stem cells.
Dimer – a molecule consisting of two smaller subunits.
DNA – deoxyribonucleic acid. DNA is composed of two antiparallel chains of nucleotides arranged in a
double helix conformation. DNA resembles a twisted ladder, with the “rails” consisting of alternating
phosphate groups and the 5-carbon sugar deoxyribose, and the “rungs” composed of pairs of nitrogenous
bases joined by hydrogen bonding. It is capable of making copies of itself (with the aid of enzymes such as
DNA polymerases) and the order of its bases stores the information needed to manufacture proteins.
DNA Polymerases – a group of enzymes which assemble the DNA strand using another DNA strand as a
template.
Domain – a region within a protein molecule which has a particular function.
Downregulation – a process in which a cell decreases the level of a substance within it in response to an
external stimulus.
Downstream – sequences of amino acids in proteins are always written from the N-terminus to the Cterminus. If a sequence is said to be inserted “downstream” from a target gene, this means that it is
attached after the C-terminus.
DpnI – a restriction endonuclease which targets methylated DNA, cutting the DNA strand into short, nonfunctional oligonucleotides.
E. coli – Escherichia coli – a gut bacterium sometimes called the “workhorse of molecular biology” because
it is so commonly used in these laboratories.
Electrophoresis – a process by which an electric field is used to separate large molecules (e.g. DNA or
proteins) on the basis of their size through a gel.
Electroporation - a method of introducing genetic material into cells involving the use of an electric field.
Enzyme – a protein molecule which catalyses (helps along) a chemical reaction by lowering its activation
energy. Enzymes do this by bringing molecules close together to join them together, or by undergoing a
conformational change which breaks a bond.
Epithelium – a tissue which lines a body surface.
Eukaryote – an organism whose cells containing membrane-bound organelles (eg. protists, fungi, plants
and animals).
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Exponential Growth – growth of a population in which the number increases by an order of magnitude
every generation. Cells which divide in two undergo an exponential growth phase where the population
doubles with every generation.
Expression – the production of a protein under the instruction of a gene.
Firefly – the common name given to the beetle Photinus pyralis which emits bioluminescence as part of
its courtship display.
Fluorescence – the emission of visible light by a substance after it has been excited by ultraviolet light.
Fluorophore – a compound, usually attached to another molecule, which fluoresces.
Frameshift – a mutation which causes a change in the reading frame of a sequence of nucleotides.
Gel – a semi-solid substance made by joining together smaller molecules (monomers) into larger molecules
(polymers) in the presence of water. Gels are used as a supporting medium for electrophoresis. Examples
of gels used for this are agarose and polyacrylamide.
Gene – the unit of inheritance. Genes are sections of DNA which code for the production of a particular
protein or protein subunit.
Genome – the entire collection of genes in an organism.
Genotoxin – an agent which damages DNA.
Genotype – the genetic make-up of an organism ie. which versions or alleles of each gene that organism
has.
GFP – Green fluorescent protein – a protein derived from a jellyfish which emits green light when
irradiated with blue light. GFP is commonly used as a tag to localize substances in molecular biology.
Glycoprotein – a molecule which contains both protein and carbohydrate components
Golgi Apparatus – a sub-cellular membranous structure involved in the packaging of proteins for
secretion.
Growth Medium – a mixture of nutrients and salts in a buffer liquid which supports the growth of cells
(eukaryotic or bacterial). Growth media may be liquid or a semi-solid gel based on agar.
Heterodimer – a protein with quaternary structure consisting of two different subunits.
Heterozygous – the state in which an individual has two different alleles for a particular gene.
Histone – a family of proteins intimately associated with DNA in the nucleus. DNA wraps around histones
to form nucleosomes. This process assists in chromosomal packing and gene regulation.
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Homodimer – a protein with quaternary structure consisting of two identical subunits.
Homotetramer – a protein with quaternary structure consisting of four identical subunits.
Homozygous – the state in which an individual has two copies of the same allele for a particular gene.
Hormone – a chemical messenger in the body of an organism. Hormones are generally made in one
location and have their effect on cells in another location. Hormones generally have their effect by binding
onto receptors on the outside of the cell.
Hydrophilic – water soluble.
Hydrophobic –water-repellent.
Hyperproliferation – an abnormal increase in the rate of cell reproduction.
Hypoplasia – reduced growth or development of tissue.
Hypoxic – lacking in oxygen.
Immunoblotting – a technique used to specifically identify proteins on a gel using labeled antibodies.
Examples of immunoblotting include Western blots.
Immunofluorescence – a technique in which a cellular component is localised using an antibody attached
to a fluorescent label.
Immunohistochemistry – a technique in which enzyme labeled antibodies are used to demonstrate the
presence of proteins and other structures in sections of tissue. Addition of a chromogenic substrate which
creates a coloured precipitate in the presence of the enzyme label indicates the presence of the target
molecule.
Incubation – a waiting period, to allow a reaction time to take place, or organisms time to grow and
multiply.
Interphase – the period between cell divisions during the cell cycle.
Kinase – an enzyme which attaches a phosphate group to a protein.
LB Medium – “Lysogeny Broth” (also “Luria Bertani” after its inventor) – a growth medium used to culture
E. coli in the laboratory.
Lesion – any region of abnormal tissue in the body which may be caused by damage or infection.
Leukaemia – a condition characterised by the cancerous transformation of the stem cells which produce
white blood cells.
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Leukocyte – a white blood cell.
Ligand – something which binds to another material.
Lipid – biomolecules which are generally insoluble in water. Lipids are classified as fats (solid at room
temperature) or oils (liquid at room temperature). Lipids have a role in storage of energy, as well as
structural roles (lipids make up the bulk of cell membranes).
Liposome – a small “bubble” composed of a phospholipid bilayer folded around to form a sphere.
Liposomes may be used to carry substances into cells by merging with the cell membrane.
Luciferase – a family of enzymes found in bioluminescent organisms which catalyse the transformation of
substrates (luciferins) into forms which emit light.
Luciferin – a group of chemical substrates which are acted upon by luciferases to create a form that emits
light.
Luminescence – the emission of light.
Luminometer – a laboratory device which detects light emitted by a sample.
Lysate – a “soup” of cellular components made by breaking apart (or “lysing”) cells.
Lysis - disrupting or bursting cells.
Lysosome – an intracellular body consisting of a membrane surrounding a solution of hydrolytic enzymes.
Lysosomes are involved in the breakdown of foreign particles and some cellular components.
Macrophage – type of white blood cell which aids immunity by engulfing foreign or damaging particles.
Malignant Tumour – a tumour which is capable of metastasis, also known as a cancerous tumour.
Marker – a chemical whose presence or absence may indicate a particular disease state or cellular process.
Metabolism – the sum total of all of the chemical reactions which occur within the cell.
Metaphase – the phase of mitosis characterised by the alignment of the chromosomes along the equator
of the mitotic spindle.
Metastasis – the spread of cancerous cells from one part of the body to another, often resulting in the
development of a secondary tumour.
Methylation – the process of attaching a methyl (-CH3) group to other molecules. Methylation of DNA is a
process cells use to regulate the expression of genes.
Microtubule – a subcellular tubular structure made of protein which acts to support other structures
within the cell.
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Mitochondrion – a sub-cellular organelle which carries out cellular respiration in eukaryotic cells.
Mitosis – the process by which eukaryotic cells distribute chromosomes during cell division. Mitosis
consists of prophase, prometaphase, metaphase, anaphase and telophase. The separation of the cells
themselves is called cytokinesis.
Mitotic Spindle – a bundle of microtubules formed during mitosis which serves as the frame on which the
chromosomes are separated.
Mini-prep – the alkaline lysis mini-plasmid preparation – a technique for recovering small volumes of
plasmid DNA from bacteria.
Monosaccharide – a carbohydrate consisting of a single sugar molecule.
Motif – a characteristic region of a protein often involved in interactions with other proteins.
Mucosa – a tissue which lines a body surface and which secretes mucus.
Mucus – a substance rich in glycoproteins secreted by cells in the mucosa to provide protection and
lubrication.
Mutation – any change to the normal DNA sequence.
Native – the “normal” or “wild type” version of a gene, as opposed to one that contains a mutation.
Necrosis – uncontrolled cell death. Damaged cells break apart and released cellular components and
agents which may trigger necrosis or inflammation in surrounding tissues.
Negative Control – a sample put through an experimental protocol as a test of that protocol. A negative
control detects results which look positive in the absence of the variable which could cause a positive
result (i.e. false positives).
Non-polar Amino Acid – an amino acid with a mostly hydrocarbon side chain (ie. few or no oxygen or
nitrogen atoms). Non-polar amino acids are normally hydrophobic.
N-Terminus – the end of a protein chain which has the amino group exposed.
Nucleic Acid - a type of macromolecule consisting of a chain of nucleotides. The sugar and phosphate
groups in the nucleotides form a "backbone", while the nitrogenous bases jut off to the side. DNA and RNA
are nucleic acids. More information on DNA & RNA can be found in Appendix A1 and Appendix A3.
Nucleosome – a body formed by DNA coiling around histones.
Nucleotide – a chemical group consisting of a phosphate group, a 5-carbon sugar (either deoxyribose or
ribose) and a nitrogenous base (either adenine, guanine, thymine, cytosine of uracil). Nucleotides form
the basis of a strand of DNA.
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Nucleus – a membrane bound body inside the cells of eukaryotes which contains the chromosomal DNA.
Oligomer – a molecule consisting of several subunits.
Oligonucleotide – a short sequence of nucleotide bases.
Oncogene – a gene which causes or is associated with the development of cancer.
Organelle – a sub-cellular component which carries out a particular task.
Pathology – the study of disease processes.
Pellet – the lower (usually solid) phase of a sample after centrifugation.
Peptide – a length of amino acids joined by peptide bonds.
Peptide Bond – the covalent linkage in protein chains between the amino group of one amino acid and the
carboxyl group of the next.
Peripheral Blood - blood circulating in the blood vessels, rather than the organs and tissues. Peripheral
blood is most easily accessed through the veins and surface capillaries.
p53 – a protein activated following DNA damage which binds to the DNA and promotes the expression of
genes which regulate the cell cycle and initiate apoptosis.
Phagocyte – a specialist defense cell which removes foreign or damaging agents by engulfing them.
Phalloidin – a compound derived from a species of mushroom which binds strongly to actin. When
chemically combined with a fluorophore, phalloidin can be used to demonstrate the presence of actin in
cells observed using fluorescence microscopy.
Phenotype – the outward expression of the genes of an organism, as they interact with the environment.
Phospholipid – an amphipathic compound consisting of one or two long, hydrophobic hydrocarbon “tails”
attached to a hydrophilic phosphate containing “head”. Phospholipids are important components of the
cell membrane.
Phosphorylation – the process of attaching a phosphate group to another molecule.
Pilus (pl. pili) - small, fingerlike projections on the surface of bacterial cells. Pili are used by bacteria to
transfer genetic information in the form of plasmids.
Plasmid – a short, circular sequence of extra-chromosomal DNA. Some bacteria exchange plasmids
between each other, and so plasmids are used as vectors to introduce new DNA into test cells.
Point Mutation – a change in the DNA involving very few nucleotides.
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Polar Amino Acid – an amino acid with a side chain containing atoms which form polar covalent bonds
(especially oxygen and nitrogen). Polar amino acids are often hydrophilic.
Polymerase Chain Reaction (PCR) – a process used to amplify small quantities of DNA into amounts which
can be used in experimentation. More information on PCR can be found in Appendix B2.
Positive Control - a sample put through an experimental protocol as a test of that protocol. A positive
control detects results which look negative, or a failure of the protocol to give the desired result (i.e. false
negatives).
Primer – in PCR, a short stretch of DNA to which the polymerase enzyme attaches and starts the process
of DNA synthesis.
Prokaryote – an organism whose cells contain no membrane-bound organelles (eg. bacteria, archaea)
Prometaphase – the stage of mitosis characterised by the breakdown of the nuclear membrane and the
attachment of the chromosomes to the mitotic spindle microtubules.
Promoter – a region in the DNA upstream of a gene which encourages the transcription and expression of
that gene.
Prophase – the stage of mitosis characterised by the condensation of the chromosomes, the movement
of the centrosomes to opposite ends of the cell and the commencement of the formation of the mitotic
spindle.
Protease – an enzyme which breaks down a protein.
Proteasome – a complex of proteins in the cell which acts to break down proteins, normally to remove
unwanted or misfolded proteins.
Protein – a large biological molecule composed of a chain of smaller molecules called amino acids. Proteins
perform a range of roles in the cell, including structure, catalysis of chemical reactions, recognition of
substances and regulation of cellular processes. More information on proteins and protein structure can
be found in the General Information section.
Protocol – a series of standard experimental procedures followed in the laboratory.
p21 – a protein which regulates the cell cycle. p21 can stop cells from proliferating by inhibiting the action
of cyclins which normally trigger progress through the cell cycle.
PUMA – “p53 upregulated modulator of apoptosis” – a protein which triggers entry into apoptosis.
Quiescent - inactive.
Radiotherapy – the use of ionising radiation to treat diseases such as cancer.
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Receptor – a protein molecule embedded in the cell membrane which binds to a substance outside the
cell. When this substance is bound, a change in the receptor protein triggers changes in other proteins
within the cell which then influences metabolic and regulatory processes inside the cell.
Renilla – a genus of marine organism related to coral polyps which emits a blue bioluminescence.
Reporter Assay – a laboratory technique which quantifies the level of expression of a particular gene.
Repressor – a region of DNA which inhibits the transcription of another gene.
Residue - a term use to describe individual amino acids in a peptide chain.
Restriction Digest – a technique in which an enzyme is used to cut the DNA at specific points. Restriction
enzymes bind to specific sequences of nucleotides in the DNA and then cut the sugar-phosphate backbone
of the molecule.
Restriction Endonuclease – an enzyme which targets a particular region of DNA (either a sequence of
nucleotides or a modification such as methylation) and cuts the DNA strand.
Ribosome - a body within the cell composed of protein and rRNA which carries out translation.
Rough Endoplasmic Reticulum – a membranous network within the cell in which proteins are made.
Ribonucleic Acid (RNA) – a nucleic acid which differs from DNA in that it contains the sugar ribose (instead
of deoxyribose) and the nucleotide base uracil instead of thymine. RNA is usually single stranded, although
it may double over on itself to create double-stranded regions and hairpin structures. The three major
forms of RNA are mRNA (messenger) which is transcribed from the DNA and which carries the instructions
for protein synthesis to the ribosome, tRNA (transfer) which bear the amino acids used in protein
synthesis, and rRNA (ribosomal) which is found in the ribosome. Recently, attention has been directed to
other forms of RNA which play a role in gene regulation : shRNA (short hairpin), siRNA (short interfering)
and miRNA (micro).
RNA Interference – a method of gene regulation which targets the action of mRNA post-transcription and
pre-translation.
SDS-PAGE – Sodium Dodecyl Sulphate Polyacrylamide Gel Electrophoresis – the process used to separate
proteins on the basis of size.
Selection Gene – a gene included in a plasmid to confer a property on transformed cells which can be used
to encourage its growth while untransformed cells do not grow. An example is the ampicillin resistance
gene. If bacteria are grown in a selective medium that contains the antibiotic ampicillin, only cells which
have taken up a plasmid containing a gene which gives them resistance to ampicillin will survive.
Selective medium – a type of growth medium which only allows a certain organism to grow. For example,
a culture medium may contain a specific antibiotic (e.g. Ampicillin). The only organisms which can grow in
that medium are those which possess the gene for resistance to that antibiotic. This means that common
contaminating organisms may not overwhelm the growth of the organisms we are trying to grow. In
molecular biology, we often include an antibiotic resistance gene along with the gene we are trying to
© 2016 State of Queensland (Department of Education, Training and Employment)
SPARQ-ed – The University of Queensland Diamantina Institute
Level 6, Translational Research Institute, Woolloongabba, Australia.
27

http://www.di.uq.edu.au/SPARQ-ed
ph. +61 7 3443 6920 fax. +61 7 3443 6966
Email: sparqed@uq.edu.au

express. This means that only organisms which contain the resistance gene (along with the gene of
interest) can grow, and therefore we can subculture from these populations confident that all of the
organisms have been transformed.
Side Chain – a chemical group attached to the central carbon of an amino acid. The structure of the side
chain determines the identity and nature of the amino acid.
Signal Transduction – the process of transferring a signal from outside the cell to inside the cell using
specialised proteins.
Signal Transduction Cascades – the metabolic pathways through which an extracellular signal causes a
response within the cell.
Site-directed Mutagenesis – a technique used to produce versions of genes which are mutated so that the
proteins they produce have one amino acid out of place.
SNP (Single Nucleotide Polymorphism) – a change in the nucleotide sequence of a length of DNA involving
the substitution of a single nucleotide.
Spectrophotometry – a process in which light of known intensity and wavelength is passed through a
solution and used to estimate the levels of substances dissolved in that solution. Different materials absorb
light of specific wavelength and the more of that substance present, the more light of that wavelength will
be absorbed. If we measure the amount of light of a particular wavelength which passes through the
substance, we can calculate the amount absorbed and therefore estimate the levels of the material
absorbing the light.
Sphingolipid – a family of lipids found in the cell membrane which play a role in signal transduction and
cell recognition.
Stem Cell – a cell capable of proliferation which can give rise to other stem cells or to cells which can
differentiate into mature functional cells.
Sterile – free of living organisms.
Steroid – a group of chemical compounds with a common structure based on a series of four interlocking
carbon ring structures (called a sterane). Steroids differ from each other by the functional groups attached
to this central structure. Examples of steroids include cholesterol and the hormones testosterone and
oestradiol.
Subculture – to create a new culture of cells by transferring a sample of an existing culture into fresh
culture media.
Substrate – the substance on which an enzyme acts.
Subunit – in a protein with quaternary structure, a subunit is one of the individual protein chains which
make up the larger structure.
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Supercompetent Cells – bacteria capable of taking in DNA from their environment with high efficiency.
Commercially, supercompetent cells are usually defined as those capable of >109 transformations per μg
of transforming DNA.
Supernatant – the upper (usually liquid) phase of a sample following centrifugation.
Telophase – the phase of mitosis characterised by the unwinding of the chromosomes and the reformation
of the nuclear membrane and other organelles.
Template – a pattern from which a copy is made. In DNA replication, the order of nucleotides in the
template strand is used to generated a new strand through complementary binding between nucleotides.
In PCR, the template is the original DNA from which the PCR product is amplified.
Therapeutic – treatment aimed at curing or managing a disease or condition once it has been contracted.
Thermophilic – with an affinity or tolerance to heat.
Tissue – a collection of cells working together to carry out a particular function in the body.
Transcription – the process of creating an mRNA molecule from a DNA template.
Transcription Factor – an agent which promotes the transcription of genes which code for other proteins.
Transduction – the introduction of new genetic material into a cell using a viral vector.
Transfection – the non-viral transfer of genetic material into a mammalian cell.
Transformation – the transfer of genetic material into a bacterial cell.
Translation – the process of creating a protein following information encoded in a mRNA molecule.
Truncation – shortening by cutting off an end.
Tumour – a mass of tissue, often consisting of abnormal or undifferentiated cells. Tumours may be
considered as benign or malignant.
Ultraviolet Light – electromagnetic radiation with a wavelength between 400nm and 10nm.
Upregulation - a cellular process in which the level of a substance is increased in response to an external
stimulus.
Upstream – sequences of amino acids in proteins are always written from the N-terminus to the Cterminus. If a sequence is said to be inserted “upstream” from a target gene, this means that it is attached
before the N-terminus.
Vector – something used to transfer DNA into a target cell.
Vesicle – a sub-cellular membrane-bound body.
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Virus – an infectious agent consisting of genetic material (DNA or RNA) surrounded by a protein coat
(capsid). Some viruses may have a lipid membrane derived from their host cell surrounding the capsid.
Wild Type – the native or “normal” form of a gene (ie. not mutated).
Zymogen – an inactive precursor molecule which is transformed into its active form following cleavage by
a protease.

© 2016 State of Queensland (Department of Education, Training and Employment)
SPARQ-ed – The University of Queensland Diamantina Institute
Level 6, Translational Research Institute, Woolloongabba, Australia.
30

http://www.di.uq.edu.au/SPARQ-ed
ph. +61 7 3443 6920 fax. +61 7 3443 6966
Email: sparqed@uq.edu.au

Notes :

© 2016 State of Queensland (Department of Education, Training and Employment)
SPARQ-ed – The University of Queensland Diamantina Institute
Level 6, Translational Research Institute, Woolloongabba, Australia.
31

http://www.di.uq.edu.au/SPARQ-ed
ph. +61 7 3443 6920 fax. +61 7 3443 6966
Email: sparqed@uq.edu.au

Notes :

© 2016 State of Queensland (Department of Education, Training and Employment)
SPARQ-ed – The University of Queensland Diamantina Institute
Level 6, Translational Research Institute, Woolloongabba, Australia.
32

http://www.di.uq.edu.au/SPARQ-ed
ph. +61 7 3443 6920 fax. +61 7 3443 6966
Email: sparqed@uq.edu.au

