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Nucleic acids
Chapter summary – a reminder of the issues to be revised
Notes

1

DNA, an extremely long, thread-like macromolecule, consists
of two anti-parallel polynucleotide strands, paired together
and held by hydrogen bonds. The two strands take the shape
of a double helix. These DNA molecules are found in the
chromosomes. Here they occur looped around and attached
to protein, forming a linear series of bead-like structures called
nucleosomes. The core of each bead consists of eight positively
charged histone proteins to which the negatively charged
DNA binds tightly. The DNA molecule is wound twice around
the histone at the core of the bead and is held by an additional
histone protein molecule. Between each nucleosome is a short
length of linking DNA.

2

DNA structure suggests a mechanism for replication.
Replication of DNA occurs in interphase of the cell cycle when
the chromosomes are less coiled, well before division of the
nucleus occurs. Replication of the DNA molecule always occurs
in the 5' → 3' direction. First the DNA double helix unwinds,
the hydrogen bonds holding the strands together break, and
the two strands separate. Then, both strands act as templates.
Nucleotides with the appropriate complementary bases line up
opposite the bases of the exposed strands (A with T, C with G).
Finally, the sugar and phosphate groups of adjacent nucleotides
of the new strand condense together, and the two strands of
each DNA molecule wind up into a double helix.

3

Information in the DNA determines the sequence of amino acids
of proteins the cell manufactures in ribosomes in the cytoplasm.
The sequence of four bases [adenine (A), thymine (T), guanine
(G) and cytosine(C)] along a DNA molecule is the alphabet of
the genetic code. This code is a three-letter code – three of the
four bases code for a particular amino acid. DNA triplet codes
are transcribed into codons in messenger RNA (mRNA). So
mRNA is a complementary copy of the information in a part of
the DNA molecule (a gene). Once formed, mRNA passes out of
the nucleus into the cytoplasm, to a ribosome where polypeptide
synthesis occurs.

4

Translation is the transfer of information in the DNA into
a sequence of amino acids in polypeptides and proteins.
In the cytoplasm, amino acid activation occurs, in which
each of the 20 amino acids is attached to a specific transfer
RNA (tRNA) molecule. The tRNA molecules occur in the
cytoplasm. They have a particular triplet of bases at one end
(known as an anticodon) and also a point of attachment of a
specific amino acid at the other end. The role of tRNA is to
pick up free amino acids and bring them to the mRNA in the
ribosome. A ribosome consists of a large and a small subunit,
both composed of RNA (known as rRNA) and protein.
Within the ribosome are three sites where the tRNAs interact.
Complementary base pairing between the codons of mRNA
and the anticodons of tRNA results in the original DNA code
being translated into an amino acid sequence in the process of
polypeptide synthesis.
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The free ribosomes in the cytosol of the cell synthesize the
proteins used within the cell. The proteins that are to be
secreted outside the plasma membrane originate in ribosomes
attached to the endoplasmic reticulum and are transported in
tiny vesicles that bud off from the RER.
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The primary structure of a protein is the sequence of amino
acids joined by peptide linkages. The secondary structure of a
protein develops when parts of the polypeptide chain take up a
particular shape, immediately after formation at the ribosome.
Parts of the chain become folded or twisted, or both, in various
ways, either by coiling to produce an alpha helix or folding
into beta sheets. These shapes are permanent, held in place
by hydrogen bonds. The tertiary structure of a protein is the
precise, compact structure, unique to that protein, which arises
when the molecule is further folded and held in a particular
complex shape. This shape is stabilized by interactions
between R groups, established between adjacent parts of the
chain. The quaternary structure of protein arises when two
or more polypeptide chains or proteins are held together,
forming a complex, biologically active molecule. An example is
hemoglobin.
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Data handling questions
The answers for
factual recall
questions are
available online.
Other questions are
designed to be tackled
alone or in groups,
where the outcomes
can be discussed with
peers or tutors, for
example, or done as a
homework activity.

Data handling questions
■■ Organelle and protein synthesis in interphase
In interphase, a nucleus appears to be ‘resting’, but this is not the case. From the chromosomes,
copies of the information of particular genes are taken for use in protein synthesis at locations
in the cytoplasm. At the same time in the cytoplasm, the formation of organelles reflects
the role a cell has in the tissue or organ in which it occurs. For example, in liver cells some
enzymes are formed to metabolize the lipids and carbohydrates absorbed into the cells from
the plasma. More especially, liver cells form large quantities of blood proteins for export to
the plasma. These include globulins and albumins (for regulation of blood osmotic pressure),
fibrinogen (for blood clotting) and antibodies.
The following sequence could be attempted as a group activity. Look at the data in the table –
a study of the areas of membrane of the organelles of mouse liver cells.
Organelle
cell surface membrane
nucleus
rough endoplasmic reticulum (RER)
mitochondria – outer membrane
mitochondria – inner membrane (ATP
synthesis site)
lysosomes
others
total

Surface area (μm2)
1 700
255
34 425
7 650
38 760

As a %

85
2 125

1 Using an Excel spreadsheet, for example, calculate the percentage area of membrane in
each type of organelle. Convert your results into a pie chart, using the appropriate Excel
facility. This will emphasize the sites of greatest biochemical activity in the mouse cell.
2 To what extent does this study of the areas of membrane of the organelles of mouse liver
cells confirm the main activities of liver cell, reported above? Use the data and your
knowledge of the roles of particular organelles to justify your answer.
3 Which organelle, particularly relevant to this enquiry, is not a membranous structure and
so does not feature in the above assessment?
4 Can you draw up a ‘spider diagram’ linking the organelles of the cell and their roles, so that
the flow of information from the nucleus is linked to the main activities of the liver cell
and to exports that occur across the cell surface membrane?
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‘Do and understand’ activities
■■ Complete the text
Review the following passage then make a list of the missing words.
The key features of the way chromosomal DNA is replicated are:
1

n

replication must be an extremely
DNA carries the genetic message

n

replication is quite separate from cell division – replication of DNA takes place in the
2
nucleus, well before the events of nuclear
division

n

strands of the DNA double helix are built up individually from free
3

n

before nucleotides can be condensed together, the DNA double helix has to
4
, and the hydrogen bonds holding the strands together must be
5
broken, allowing the two strands of the helix to

n

n

n

6
the enzyme
and holds the strands apart for replication to occur

process since

brings about the unwinding process

both strands act as templates; nucleotides with the appropriate
7
bases line up opposite the bases of the exposed
strands (A with T, C with G)
8
the nucleotides in place

form between complementary bases, holding

n

finally, the sugar and phosphate groups of adjacent nucleotides of the new strand condense
9
together, catalysed by the enzyme
; replication
always occurs in the 5' → 3' direction

n

the two strands of each DNA molecule wind up into a
10

n

one strand of each new double helix came from the parent chromosome and one is a newly
synthesized strand, an arrangement known as semi-conservative replication because
11
the original molecule is conserved

n

12
DNA polymerase also has a role in
the new
strands; any mistakes that start to happen (such as the wrong bases attempting to pair up)
are immediately corrected and each new DNA double helix is exactly like the original.

■■ DNA models
Understanding the DNA molecule and the way the information in the base sequence is
accessed for protein synthesis can come from the building of models. Francis Crick’s and
Jim Watson’s original models (made of metal) were highly accurate ones, based on the
known distances between chemical atoms and in hydrogen bonds. You can discover just how
significant their models were in the discovery process in:
F. Crick (1988) ‘What Mad Pursuits; A Personal View of Scientific Discovery’, Penguin.
Models are available from scientific equipment suppliers such as Philip Harris:
www.philipharris.co.uk

Dean Madden, the Director of the National Centre for Biotechnology Education, has
produced a different 3D model. Details of this, and also a unique model created from the toy
construction kit, Lego™, are illustrated at:
www.ncbe.reading.ac.uk

These models can be compared with computer simulations of molecular images, accessed via
freely available software at:
www.umass.edu/microbiol/rasmol/getras.htm
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‘Do and understand’ activities
Looking at models makes clear:
n

the significance of base-pairing

n

‘direction’ in the DNA double helix

n

the anti-parallel nature of the strands.
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Further study
■■ Web resources
▶ Segregation of chromosomes during cell division:
http://en.wikipedia.org/wiki/Mitotic_spindle

▶ Sanger Centre’s ‘Your Genome’ website:

www.yourgenome.org/downloads/animations.shtml

▶ Sequencing at speed animation:

www.yourgenome.org/teachers/speed.shtml

■■ Further reading
Articles in recent editions of ‘Biological Sciences Review’:

▶
▶
▶
▶

‘Small RNA, big impact’, 22.1, pp.10–13 (Sept 2009)
‘DNA polymerase – Replication and application’, 22.4, pp.38–41 (Apr 2010)
‘The DNA-damage response’, 23.4, pp.30–33 (Apr 2011)
‘Controlling the cell cycle’, 24.1, pp.26–29 (Sept 2011)

■■ Other resources
Crick and Watson, in deducing how genetic information is encoded in DNA, had a distinctive
method of working. See their original, short ‘letter’ to Nature, published 25 April 1953:
www.nature.genomics/human/watson-crick/

Alternatively, read from either of their own accounts, in:

▶ James D. Watson (1965) The Double Helix, Weidenfeld & Nicolson
▶ Francis Crick (1988) What Mad Pursuits, Penguin
Find out about the contribution of Rosalind Franklin in:

▶ Brenda Maddox (2003) The Dark Lady of DNA, Harper Collins
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