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Nucleus 

Cytoplasm 

Enzyme RNA polymerase 

transcribes DNA into mRNA 

tRNA activating enzyme attaches the amino acid to the 
tRNA molecule that has a corresponding anticodon 
 
tRNA with complementary anticodon to mRNA bind to 
ribosome where amino acids are linked together 

mRNA carries info to Ribosome 

 
Ribosome reads mRNA, 

translates info into proteins 

 

 
Within cells, DNA is organized into structures called chromosomes. These are duplicated before 
cells divide in interphase in the nucleus in DNA replication. Eukaryotes store their DNA inside 
the nucleus while in prokaryotes it is found in the cytoplasm. 
 
DNA is a nucleic acid that contains the genetic instructions used in the development and 
functioning of all known living organisms. The main role is the long-term storage of information. 
DNA consist of two long polymers of simple units called nucleotides, with backbones made of 
sugars and phosphate groups. These strands are anti-parallel. It is the sequence of the four 
bases attached to each sugar that encodes information which is read by copying stretches of 
DNA into mRNA in transcription. 
 
Protein Synthesis is made up of two stages: Transcription (in nucleus) and Translation (on 
ribosomes in cytoplasm) 

 Each gene codes for one protein. The information must be carried to ribosomes which 
synthesise proteins. As chromosomes can’t move outside the cell, messenger RNA is 
transcribed from DNA by enzymes called RNA polymerase in order to carry the information 
of the gene (piece of DNA) outside the nucleus to ribosomes. 

 These ribosomes are made up of proteins and ribosomal RNAs which come together to form a 
molecular machine that can read messenger RNAs and translate the information they carry 
into proteins. 

 
1 gene = stretch of DNA 
1 gene carries the code needed to make 1 protein 
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1. The nucleosome 

o Outline the structure of nucleosomes. 
o State that nucleosomes help to supercoil chromosomes and help to regulate transcription. 

In Eukaryotes is the DNA associated with proteins but in 
prokaryotes NOT (it’s called naked DNA) 

The DNA, which consists of two strands of nucleotides wound 
together into a double helix, is wrapped (twice) around eight 
histone proteins (protein molecules) and held together by another 
histone protein. This is called a nucleosome and many together 
form a chromosome. 

 nucleosomes help to supercoil chromosomes and to 
regulate transcription 

 

2. DNA Structure 

DNA stands for Deoxyribonucleic Acid. It is a nucleic acid that contains the genetic 
instructions used in the development and functioning of all known living organisms. The main role 
is the long-term storage of information. 
5 chemical elements found in DNA: Carbon, Hydrogen, Oxygen, Phosphorus and Nitrogen 

Outline DNA nucleotide structure in terms of sugar (deoxyribose), base and phosphate 

The overall shape of a DNA molecule consists of two antiparallel strands (i.e. long polymers) of 
nucleotides wound together into a double helix. The monomer units of DNA are nucleotides, and 
the polymer is known as polynucleotide. A nucleotide (i.e. monomer that makes up DNA) is 
composed of a phosphate group, a sugar (deoxyribose) and a nitrogen base (A/C/T/G) attached to 
the sugar. 
The backbones (backbone chain of a polymer is the series of covalently bonded atoms that together create the continuous chain 

of the molecule) are made of sugars and phosphate groups. 

Outline how DNA nucleotides are linked together by covalent bonds into a single strand 

Two DNA nucleotides can be linked together by a 
Covalent Bond between the sugar of one nucleotide and 
the phosphate group of the other. 

Each phosphate group is bonded to the Carbon 3 of the 
sugar in the nucleotide above it and the Carbon 5 of the 
nucleotide below it. More nucleotides can be added to form a 
single strand. 

State the names of the four bases in DNA 

In the DNA molecule, two strands of nucleotides are linked via the nitrogenous bases. 
There are four different bases: 

 Adeinine  Thymine  Cytosine  Guanine 

Explain how a DNA double helix is formed using complementary base pairing and hydrogen bonds. 

The basis of the double helix shape of DNA is, when the bases bond with each other (each base 
can only be paired with its complementary base: A only pairs with T and C only pairs with G (so same 

percentage for A+T and C+G)). Hydrogen bonds form between the paired bases. 

Describe the structure of DNA, including the antiparallel strands, 3-5 linkages and hydrogen bonding between 
purines and pyrimidines. 

DNA molecules consist of two antiparallel (=running opposite directions; each side has a 5’ and a 
3’ end (the sugar-phosphate backbone runs from phosphate to sugar); so one side goes in that 
and the other in a 3’ to 5’ direction) strands of nucleotides which are then wound together to form 
a double helix. These are formed between the bases of two strands – by complementary base 
pairing because A only forms hydrogen bonds with T and C only forms hydrogen bonds with G. 
I.e. there are two types of bases; purines (A and G – have two rings in their molecule) and 
pyrimidines (C and T (uracil) – have one ring in their molecule); only a purine and a pyrimidine fit 
in the space between the sugar-phosphate backbones. 
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Draw and label a simple diagram of the molecular structure of DNA. (Show complementary base pairs of A-T and G-C, 
held together by hydrogen bonds and the sugar-phosphate backbones. 

 

 

Hydrogen bonds 
link the bases 

 
 
 

three bonds form between 
guanine and cytosine. 

 
 
 

two bonds form between 
adenine and thymine 

 
 
 

only these pairs can form 
hydrogen bonds 

 

At one end of 

each strand is 
a phosphate 
linked to 
carbon atom 5 
of deoxyribose. 
This is the 
5’ terminal 

 
 
 
 
Adjacent 
nucleotides 
are linked by a 
covalent bond 

between the 
phosphate group 
of one nucleotide 
and carbon atom 3 
of the other 
nucleotide. 
 
 
 
 
At one end of 
each strand 
is a hydroxyl group 
attached to 
carbon atom 3 
of deoxyribose. 
This is therefore  

the 3’ terminal. 

The two strands have their 3’ and 5’ terminals at opposite ends - 
they are anti-parallel. DNA replication can only occur in a 5’3’ directions 

so a different method is needed for the two strands 

adenine and guanine 

are purines 
(have two rings in their 
molecules) 
 

cytosine and thymine 

are pyrimidines 
(one ring in their 
molecule) 
 
only a purine + a 
pyrimidine fit in the 
space between the 
sugar-phosphate 
backbones 
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3. DNA Replication 

State that DNA replication is initiated at many points in eukaryotic chromosomes. 

Replication of DNA begins at special initiation points. Eukaryotes have many of these points 
along each chromosome. In prokaryotic cells there is only one origin of replication. Replication 
proceeds in both directions from the origin and on both strands. 

 The role of enzymes in DNA replication 

o Explain the process of DNA replication in prokaryotes, including the role of enzymes. 
The explanation of Okazaki fragments in relation to the direction of DNA polymerase III action is required. 

o State that DNA replication occurs in a 5-3 direction. 
The 5’ end of the free DNA nucleotide is added to the 3’ end of the chain of nucleotides that is already synthesized. 

1. The cell produces many free nucleotides for DNA replication.- 
Each has three phosphate groups – they are deoxyribonucleoside 
triphosphates. Two phosphates are removed during replication 
to release energy. 

2. Helicase uncoils the DNA double helix (breaks 
hydrogen bonds) and splits it into two template 
strands. 

3. DNA polymerase III adds nucleotides in a 5’-3’ direction (on 
strand that is being made). 
On one strand it moves in the same direction as the replication 
fork (5’-3’), close to helicase. 

4. RNA primase adds a short length of RNA attached by base 
pairing to the template strand of DNA. This acts as primer, 
allowing DNA polymerase to bind and begin replication 
(required to get the process on). 

5. DNA polymerase III starts replication next to the RNA 
primer and adds nucleotides in a 5-3 direction. So it moves 
away from the replication fork on this strand. 

6. Short lengths of DNA are formed between RNA primers 
on this strand, called Okazaki fragments. 

7. DNA polymerase I removes the RNA primer and 
replaces it with DNA. A nick is left where two 
nucleotides are still unconnected. 

8. DNA ligase seals up the nick by making another sugar-phosphate bond (joins up the bits of DNA to strand) 

Some important points to note are as follows: 

 During replication each new unit added to the growing DNA polynucleotide is a nucleoside triphosphates 
(a nucleoside is a sugar and a base, so a nucleoside triphosphate is a sugar, a base and 3 phosphates. 
Two phosphates are removed during replication to provide the energy necessary to add the nucleotide to 
the growing polymer) 

 DNA replication occurs in a 5’-3’ direction. In other word the 5’ end of the free nucleotide is always added 
to the 3’ end of the growing chain of nucleotides 

 Replication is catalysed by the enzyme DNA Polymerase III 

 Replication requires a short sequence called a primer to start the process. The primer is made of RNA 
and is made by an enzyme called RNA Primase 

 DNA Polymerase I is the enzyme that later digests away the RNA primer and replaces it with DNA 

 The fragments of DNA formed on the lagging strand are later joined together by DNA Ligase 

 DNA replication copies DNA to produce new molecules with the same base sequence. It is semi-
conservative because each new molecule formed by replication uses one new strand and one old strand 
which is conserved from the parent DNA molecule (– half old, half new strand) 

Because the nitrogenous bases that compose DNA can only pair with complementary bases, any 
two linked strands of DNA are complementary. This ensures that the old base sequence is 
conserved (semi-conservative complimentary base pairing). 

Because new 
nucleotides are 
always added at 
the 3’ end of the 
molecule, 
replication is 

continuous on the 
leading strand but 
discontinuous on 
the lagging strand. 

free nucleotide 
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4. Protein Synthesis (Transcription and Translation) 

The production of polypeptides (protein chains) is controlled by genes, and changes depending 
on the cells needs and environmental conditions. The gene that codes for the production of a 
particular polypeptide needs to be “switched on” every time the cell needs to make that 
polypeptide. When making a polypeptide the DNA molecule is used as a template to make a more 
short-lived copy called messenger RNA (mRNA) 

 
 

 Differences between DNA and RNA 

Compare the structure of RNA and DNA. 

DNA and RNA are both nucleic acids and both consist of chains of nucleotides, so they can 
both be described as polymers. Each nucleotide consists of a sugar, a phosphate and a base. 
There are three main differences between DNA and RNA: 

Feature DNA RNA 

Number of Strand in the molecule double-stranded 
single-stranded (no base-pairing 
across the middle) 

Type of sugar in each nucleotide deoxiribose ribose 

Types of bases in the nucleotide A, C, G, T A, G, C + Uracil (replaces T, pairs with A) 
 

There are three types of RNA which are involved in protein synthesis: messenger RNA (mRNA; takes the genetic 

code from nucleus to ribosomes), ribosomal RNA (rRNA) and transfer RNA (tRNA; inside are Anticodon) 
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a) TRANSCRIPTION (in nucleus) 

State that transcription is carried out in a 5-3 direction. 

Instead of the DNA of genes being used directly to direct the synthesis of polypeptides, a copy is 
made which is mRNA. It carries the information needed to make proteins out into the cytoplasm. 
The copying of the base sequence of a gene by making an RNA molecule is called transcription. 
Here, the same rules of complementary base pairing are followed as in replication, except that 
uracil pairs with adenine, replacing thymine. 

The enzyme RNA polymerase moves along the DNA strand, temporarily unwinding the double 
strands. One of these strands form the template for transcription. The base sequence of the mRNA 
is complementary to it. The other strand has the same base sequence as the mRNA (except for T 
instead of U) and is therefore called the sense strand. The strand that forms the template and is 
transcribed is called the antisense strand. 

Distinguish between the sense and antisense strands of DNA. 

The sense strand (coding strand, non-template strand) has the same base sequence as the mRNA 
(with thymine instead of uracil). The antisense strand (template strand) is transcribed and has the 
complementary base sequence as mRNA. 
 

Explain the process of transcription in prokaryotes, including the role of the promoter region, RNA 
polymerase, nucleoside triphosphates and the terminator 

- The enzyme RNA polymerase binds to a site called the promoter on the DNA. 

- The DNA to be transcribed is separated by the RNA polymerase in the region of the gene to be 
transcribed (two strands of DNA are separated) 

- RNA nucleoside triphosphates (nucleotides) pair with their complementary bases on the 
antisense strand in a 5’-3’ direction. There is no thymine in RNA, so uracil pairs in with 
adenine. 

- As the RNA polymerase moves along the DNA, it continues to unwind the helix while the helix 
re-winds after the RNA polymerase passes and transcription is completed over that segment. 

- When the RNA polymerase reaches a termination sequence, it detaches from the DNA and 
the newly formed mRNA is released. 
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 Genes 

State that eukaryotic genes can contain exons and introns 

In cells, a gene is a portion of DNA that contains both "coding" sequences that determine what the 
gene does, and "non-coding" sequences that determine when the gene is active (expressed). 
When a gene is active, the coding and non-coding sequences are copied in a process called 
transcription, producing an RNA copy of the gene's information. 

Many eukaryotic genes contain introns. These are non-coding sequences of DNA that are 
transcribed but not translated (DNA doesn’t contain instructions for making proteins, i.e. they don’t 
code for proteins!). Exons are transcribed and translated. Prokaryotes usually do not contain 
introns in their genes. 

In eukaryotes there is a large number of non-coding DNA. The non-coding DNA often has repeated 
sequences of bases (highly repetitive sequences) 

The intron is an area within a gene that will not code for anything in the final protein. It's not made of repeating DNA 

(junk DNA), as it probably once did code for something. 

Exons are the parts of a gene that do code for the protein. 
 

State that eukaryotic RNA needs the removal of introns to form mature mRNA. 

After transcription of the whole gene, before mRNA moves out of the 
nucleus, the introns are removed to form mature mRNA. 

The remaining mRNA is called mature mRNA and is exported from the 
nucleus to the cytoplasm for translation into the polypeptide. 

Distinguish between unique or single-copy genes and highly repetitive sequences in nuclear DNA. 
Highly repetitive sequence (satellite DNA) constitutes 4-35% of the genome. The sequences are typically between 5 and 
300 base pairs per repeat and may be duplicated as many as 105 times per genome. 

The 'gene coding region' (about 1.5 % of our DNA) codes for a polypeptide 
(around 25, 000 proteins). 

Around 3% of the human genome is regulatory coding for genetic switches which 
control development.  

The non-coding region function remains unclear but can be as much as 5-45% of the total genome. 

These non-coding regions are often made of highly repetitive sequences of bases (The 

sequences are typically between 5 and 300 base pairs per repeat and may be duplicated as many as 105 times per 

genome). These are referred to as satellite regions. Due to the combination of bases in the 
repeating regions they tend to create dense and less dense DNA regions. These are the parts of 
DNA used in finger print technologies. 

The repeating sequences (satellite regions) are in between the genes. Sometimes they're called Junk DNA as they seem 
never to have coded for anything. They vary greatly between individuals, but are shared between parents and offspring, 
so these are the sections of DNA targeted for use in genetic fingerprinting. 

repetitive DNA  nucleotide sequences occurring multiply within a genome; it is characteristic of eukaryotes and some is 

satellite DNA while other sequences encode genes for ribosomal RNA and histones. 
satellite DNA  short, highly repeated eukaryotic DNA sequences, generally not transcribed. 
single copy DNA  nucleotide sequences present once in the haploid genome, as are most of those encoding 

polypeptides in the eukaryotic genome. 

 The genetic code 

Describe the genetic code in terms of codons composed of triplets of bases. 

The role of genetic material is to instruct each cell to make specific proteins which are needed for 
the cell to function. The bases on the DNA in some way code for the amino acids that join in a 
particular sequence to form each protein. 

 The genetic code is a triplet code - 3 bases code for one amino acid. 
A group of three bases is called a codon.  

 There are 64 different codons which gives more than enough codons to 
code for the 20 amino acids in proteins 

 The genetic code is degenerate; it is possible for two or more codons to 
code for the same amino acid. 

 The genetic code is universal, living organisms use precisely the same code (also viruses) 

http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/Noncoding_DNA
http://en.wikipedia.org/wiki/Gene_expression
http://en.wikipedia.org/wiki/Transcription_(genetics)
http://en.wikipedia.org/wiki/RNA
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a) TRANSLATION of the genetic code (final stage in protein production, on ribosome in cytoplasm) 

Messenger RNA carries the information needed for making polypeptides out from the nucleus to 
the cytoplasm of eukaryotic cells. The information is in a coded form, which is decoded during 
translation. Ribosomes, tRNA molecules and tRNA activating enzymes are needed to carry 
out this decoding. 

The genetic code, now carried on mRNA, is converted into a string of amino acids (> Proteins). 
The order of amino acids in the polypeptide determines the three-dimensional structure of the 
protein, which in turn determines the function of the protein. 

 Translation occurs in a 5' to 3' direction - ribosome moves along the mRNA toward the 3' end. 

 Translation consists of initiation, elongation, and termination. 

 The start codon (AUG) is nearer to the 5' end than the stop codon. 

Translation involves three different types of RNA: mRNA, tRNA, and rRNA: 

mRNA is a copy of the information carried by a gene on the DNA. The role of mRNA is to move 
the information contained in DNA to the translation machinery 

tRNA become activated, transport the amino acid to ribosome from cytoplasm  ensures that 
the polypeptide has the amino acid sequence that is denoted 

rRNA is the central component of the ribosome (which is the protein manufacturing machinery 
of all living cells)  decode mRNA into amino acids and interact with the tRNAs during translation 

i) tRNA and the process of activation 

Before translation can commence, the tRNA molecule must be activated. 

o Explain that each tRNA molecule is recognized by a tRNA-activating enzyme that binds a specific 
amino acid to the tRNA, using ATP for energy. 

o Draw and label a diagram showing the structure of a peptide bond between amino acids 
 

tRNA and tRNA activating enzymes 

Transfer RNA has a vital role in translating the genetic code. 
There are many different types of tRNA in a cell. All tRNA molecules have: 

 three loops of which one has a triplet of bases called the anticodon 

 the base sequence CCA at the 3’ terminal, which forms a site for attaching an 
amino acid 

 sections that become double stranded by base pairing 
These features allow all tRNAm to bind to the binding sites on the ribosome and mRNA.  
The base sequence of tRNAm varies and this causes some variable features in its structure. 

This variable features give each type of tRNA a distinctive three-dimensional shape and distinctive 
chemical properties. This allows the correct amino acid to be attached to the 3’ terminal by an 
enzyme called a tRNA activating enzyme. There are 20 different of them – one for each of the 
20 different amino acids. Each of these enzymes attaches one particular amino acid to all of the 
tRNA molecules that have an anticodon corresponding to that amino acid. 

The tRNA activating enzymes recognize these tRNA molecules by their shape and chemical 
properties. Energy from ATP is needed for the attachment of amino acids. A high-energy bond is 
created between the amino acid and the tRNA. Energy from this bond is later used to link the 
amino acid to the growing polypeptide chain during translation. 

Ribosomes are the site of polypeptide synthesis. This involves linking amino acids together by a 
condensation reaction. The linkage between the amino acids is a peptide bond. 

ii) The structure of Ribosomes 

Outline the structure of ribosome (protein + RNA composition, large + small subunits, 3 tRNA binding sites + mRNA binding sites) 

 Proteins and ribosomal RNA molecules form part of the structure 

 There are two subunits, one large and one small (separate when 
not in use for protein synthesis) 

 There are 3 binding sites for tRNA on the surface of the 
ribosome. Two tRNA molecules can bind at the same time to the 
ribosome. 

 There is a binding site for mRNA on the surface of the ribosome. 
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iii) Process 

1. State that translation consists of initiation, elongation, translocation and termination. 
2. State that translation occurs in a 5-3 direction. During translation, the ribosome moves along the mRNA towards the 3’ end. The 

start codon is nearer to the 5’ end. 
3. Explain the process of translation, including ribosomes, polysomes, start codons and stop codons. 

1. Initiation (Start) 

1. tRNA molecules are present around ribosomes, each has a special triplet of bases called an 
anticodon and carries the amino acid corresponding to this anticodon. 

2. tRNA with the anticodon complementary to the start codon binds to the ribosome. 

3. The small subunit, carrying the tRNA binds to the 5’ end of mRNA. Then it slides along the 
mRNA until it reaches the start codon, which shows were translation should be started. 

4. The large subunit of the ribosome binds to the small subunit. 

5. Another tRNA, with the anticodon complementary to the next codon on the mRNA, binds to 
the ribosome. Elongation of a polypeptide can now start. 

 

2. Polypeptide Elongation (translocating as it moves along) 

 

 
 

3. Termination (End) 

1. The ribosome moves along the mRNA in a 5’-3’ direction, translating each codon into an amino 
acid on the elongating polypeptide. 

2. The ribosome reaches a stop codon. No tRNA molecule has the complementary anticodon. 

3. The large subunit advances over the small one and the polypeptide is released from the 
tRNA. 

4. The tRNA detaches and the large subunit, small subunit and mRNA all separate. 

State that free ribosomes synthesize proteins for use primarily within the cell, and that bound ribosomes synthesize proteins primarily for 
secretion or for lysosomes. 

Proteins synthesized by free ribosomes mostly remain and are used in the cytoplasm. Proteins 
synthesised by ribosomes bound to ER are mostly secreted from the cell or are used in lysosomes. 


