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Edexcel AS/A-level Year 1 Biology B 

Levels of organisation in protein structure
There are four levels of organisation in protein structure:
● Primary structure — the sequence of amino acids in a polypeptide.
● Secondary sequence — the way in which sections of a polypeptide 

chain fold into an α-helix (shaped like a coiled spring) or a β-pleated 
sheet (shaped like a folded sheet of paper), held together by hydrogen 
bonds between the hydrogen of one amino group and the oxygen of an 
adjacent carboxyl group.

● Tertiary structure — the way in which a polypeptide folds into a 
complex, three-dimensional globular shape, held together by hydrogen 
bonds, disulfide bonds between cysteine residues and ionic bonds 
between charged R groups.

● Quaternary structure — two or more polypeptides combine 
together to form a functional protein. Not all proteins have a 
quaternary structure.

Fibrous and globular proteins
Fibrous proteins are long and straight, whereas globular proteins are 
spherical.

Collagen
Collagen is a fibrous protein. It is a component of bone and tendons. It 
provides strength to these tissues because:
● its molecule is a helix made of three polypeptide chains (Figure 1.8)
● the three polypeptides are held together by a large number of covalent 

bonds and hydrogen bonds

Haemoglobin
Haemoglobin is a globular protein. It accounts for about 95% of the dry 
mass of our red blood cells. It is able to transport oxygen because:
● its molecule has four polypeptide chains (Figure 1.8)
● each polypeptide chain has an iron-containing haem group
● each haem group combines with an oxygen molecule in the lungs and 

releases this oxygen molecule in the body tissues

Polypeptide
chains

Collagen Haemoglobin Haem groups
1-chain

1-chain
2-chain

2-chain

Figure 1.8 Collagen is a fibrous protein and haemoglobin is a globular 
protein

Now test yourself
5  How many levels of protein organisation can you see in the haemoglobin molecule in Figure 1.8?

Answer on p. 94
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DNA and protein synthesis
Two types of nucleic acid are involved in the production of proteins:
● deoxyribonucleic acid (DNA)
● ribonucleic acid (RNA)

Both are polymers of nucleotides.

Nucleotides
A nucleotide is the monomer from which all nucleic acids are made. 
Each nucleotide consists of:
● a pentose — ribose in RNA or deoxyribose in DNA (Figure 1.9)
● a nitrogen-containing organic base, which can be a single-ringed 

pyrimidine (cytosine or thymine in DNA; cytosine or uracil in RNA), 
or a double-ringed purine (adenine or guanine in both DNA and 
RNA)

● a phosphate group

The structure of DNA
A DNA molecule consists of two polynucleotide chains (Figure 1.10). 
Each polymer consists of nucleotides held together by phosphodiester 
bonds between carbon-3 of one deoxyribose and carbon-5 of the next 
deoxyribose in the chain. The two strands are antiparallel, i.e. they run 
in opposite directions, as shown in Figure 1.10. The two strands are held 
together by hydrogen bonds between specific pairs of organic bases:
● adenine pairs with thymine (A–T)
● cytosine pairs with guanine (C–G)

The two strands are twisted into a helix: the so-called double-helix model.
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Figure 1.10 A molecule of DNA consists of two antiparallel 
polynucleotides twisted into a helix
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Edexcel AS/A-level Year 1 Biology B 

Now test yourself
6  Use information from Figure 1.9 to describe the difference between ribose and deoxyribose.
7  Use information from page 12 to define the term ‘phosphodiester bond’.

Answers on p. 94

The semi-conservative replication of DNA
Before a cell divides, it replicates its DNA (Figure 1.11). This ensures that 
the new cells are clones of the original cell.

Part of the original 
DNA molecule

DNA polymerase links together 
free nucleotides with new
phosphodiester bonds

These two 
strands identical The two 

new molecules 
are identicalThese two 

strands identical

DNA helicase breaks hydrogen 
bonds and separates
the two strands

Figure 1.11 The semi-conservative replication of DNA

During the semi-conservative replication of DNA, DNA helicase 
breaks the hydrogen bonds holding the two polynucleotides together 
and separates the two strands. Each DNA strand acts as a template for the 
production of a new strand. The unpaired bases on each template strand 
attract free nucleotides with bases that are complementary to themselves. 
Hydrogen bonds form between the new base pairs. DNA polymerase 
catalyses the formation of new phosphodiester bonds between the newly 
added nucleotides. It catalyses the formation of each phosphodiester bond 
between the hydroxyl group on carbon-3 of the deoxyribose at the end 
of the developing polynucleotide and the phosphate group on carbon-5 of 
the deoxyribose of the nucleotide being added. Where one DNA strand is 
replicated in short fragments, DNA ligase catalyses the linking of these 
fragments to make a continuous chain.

Now test yourself
8  DNA polymerase can form a phosphodiester bond only between the hydroxyl group on carbon-3 of the 

deoxyribose at the end of the developing polynucleotide and the phosphate group on carbon-5 of the 
deoxyribose of the nucleotide being added.
(a)  Use your existing knowledge to suggest why.
(b)  Suggest what effect this will have on the development of the new nucleotide chains during DNA 

replication.

Answer on p. 94

Clones are cells or 
organisms that have 
identical DNA to other cells 
or organisms.
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Typical mistake

Students often tell examiners that DNA polymerase catalyses the 
formation of DNA base pairs. It does not; instead, it catalyses the 
formation of phosphodiester bonds between nucleotides that have 
already been added to a developing polynucleotide chain.

mRNA and tRNA
Unlike DNA, an RNA molecule has only one strand of nucleotides:
● A messenger RNA (mRNA) molecule is a straight polynucleotide 

chain containing a few hundred to a few thousand RNA  
nucleotides.

● Transfer RNA (tRNA) contains only about 75 RNA nucleotides. 
Figure 1.12 shows:

 it is folded into the shape of a clover leaf, held in place by hydrogen 
bonds between a few complementary base pairs (adenine with uracil 
and cytosine with guanine)

 the end of one of the chains has a region that attaches to a specific 
amino acid

 the middle loop has a region of three bases, called an anticodon

The genetic code
The sequence of organic bases in a molecule of DNA contains the code 
for making polypeptides. Each amino acid is encoded by a sequence of 
three bases, i.e. a base triplet. All 64 possible triplets of DNA bases and 
the amino acids they encode are shown in Table 1.2. This is the genetic 
code and it is:
● universal — in all organisms, the same base triplet codes for the same 

amino acid
● non-overlapping — each base forms part of only one triplet. For 

example, a sequence of CGTATC will always be ‘read’ as two base 
triplets — CGT and ATC — and not as four triplets CGT, GTA, 
TAT and ATC

● degenerate — some amino acids are encoded by more than one 
base triplet

In addition, some of the codons act as ‘reading instructions’ for 
ribosomes. ATG, the code for methionine, is also a ‘start’ code, and TAA, 
TAG and TGA are ‘stop’ codes.

Exam tip

You don’t have to remember any of the base triplet and amino acid 
combinations in Table 1.2. If needed, they will always be provided in 
the exam question.

Sugar–phosphate
backbone

Region where
amino acid
attaches

Hydrogen bonds
between some
complementary
bases

Anticodon

Figure 1.12 A molecule of tRNA
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