DNA and the Genome: The Structure of Dna

DNA AND THE GENOME
Eukaryotes

THE STRUCTURE OF DNA

Plant, animal and yeast cells are all eukaryotes. They are distinguished by having a
membrane-bound nucleus, along with other membrane-bound organelles such as
mitochondria or chloroplasts.

DNA
Deoxyribonucleic acid (DNA) contains the code to make all of the tens of thousands
proteins in an organism. Proteins, in the form of enzymes, catalyse the reactions to
manufacture a complete individual that is correct for its species. A region of DNA which
codes for a specific sequence of amino acids is called a gene. The amino acids form a
polypeptide chain that can be modified and folded to form one of several proteins. This
genetic code is passed on through generations when gametes fuse during fertilisation.
Thus, the genetic code is inherited.
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The double-stranded DNA molecule twists to form a double helix.

mitochondrion

The DNA in eukaryotes is located in the
membrane-bound nucleus. Nuclear DNA is tightly
coiled with associated proteins to form linear
thread-like chromosomes.
Chloroplasts and mitochondria have their own
circular chromosomal DNA.
Mitochondria are located in the cytoplasm of cells,
including egg cells. So, they form a component of
the zygote at fertilisation. Our mitochondrial DNA
is, therefore, inherited exclusively from our mothers.
The mitochondrial genes code for essential
respiratory enzymes; mutations can be lethal.
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VIDEO LINK
Find out more about
mitochondrial DNA at www.
brightredbooks.net/

ONLINE TEST

THINGS TO DO AND THINK ABOUT
1 A molecule of DNA was found to be composed of 32% adenine. Express the ratio of
thymine to guanine as a simple whole-number ratio.

ORGANISATION OF DNA IN PROKARYOTES AND
EUKARYOTES
Organisms fall into two main categories: prokaryotes and eukaryotes. DNA is found in
structures called chromosomes or plasmids.

2 Label numbers 1–4 on the diagram of a section of DNA. Show the 3’ and 5’ ends by
adding labels to the black squares.
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Prokaryotes
Bacteria are examples of prokaryotes. Prokaryotes do not have a membrane-bound
organelles, such as a nucleus, chloroplasts or mitochondria. Their DNA forms circular
chromosomes and plasmids, which are free in the cytoplasm.
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DNA is made up of sub-units called nucleotides, joined in strands. There are four
types of nucleotide, depending on the base: adenine (A), thymine (T), cytosine (C)
and guanine (G). Each strand is made up of nucleotides which form strong chemical
bonds between a phosphate group of one nucleotide and the deoxyribose of another
nucleotide: the sugar–phosphate backbone. The DNA molecule is double-stranded
due to the formation of weak hydrogen bonds between the bases: adenine always bonds
with thymine (A–T) and cytosine always bonds with guanine (C–G). The strands are
anti-parallel which means they run in opposite directions. Each strand has a 3’ end and
a 5’ end, determined by whether the third or fifth carbon on the sugar molecule of the
nucleotide is closest to the end.
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DNA IS A DOUBLE-STRANDED HELIX
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Once you’ve learned
about this topic, test
your knowledge at www.
brightredbooks.net/

T
4

3 Complete the summary table below by adding ticks, if appropriate.
Cell type

Eukaryote

Prokaryote

Nucleus
present

Mitochondria
present

Chloroplasts Plasmids
present
present

Bacterium

5'

Yeast cell
Palisade mesophyll cell

DON’T FORGET
Prokaryotes do not
have membrane-bound
structures, such as a
nucleus, mitochondria
or chloroplasts.

Cheek cell

4 Complete the summary table below by adding ticks, if appropriate.
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Metabolism and Survival: Membranes

METABOLISM AND SURVIVAL
protein pumps

MEMBRANES

Active transport requires ions and molecules to be pumped against a
concentration gradient. Energy from the breakdown of ATP is used to
change the shape of the protein pump, allowing the molecule (or ion) to
move across the membrane.

Both prokaryote and eukaryote cells are surrounded by a cell membrane. Eukaryotes also have
membrane-bound structures (organelles) lying within the cell. These are either enclosed within a
single membrane (for example, endoplasmic reticulum, Golgi apparatus, vesicles) or are surrounded
by two membranes (chloroplasts, nucleus and mitochondria).
Each organelle is a small compartment which enables the cell to:
• separate digestive enzymes from the rest of the cell, preventing damage to the cell
• localise the metabolic activity of the cell by storing metabolites used in a particular cell reaction
close together
• maintain high concentrations of metabolites; the convoluted shapes of organelles provide a large
surface area to volume ratios within relatively small compartments.
• maintain high reaction rates, due to the relatively large surface area over which reactions can occur.

One example of a protein pump is the sodium–potassium pump. The
carrier protein actively pumps sodium ions out of the cell and also pumps
potassium ions into the cell. This pump creates an electrical gradient (for
every three Na+ ions that leave the cell, only two K+ ions enter, making the
cytoplasm relatively negatively charged). This is important to muscle and
nerve cells in the production of action potentials, and in the production of
a chemical gradient which assists the transport of essential nutrients, such
as glucose, into the cell. The mechanism of the sodium–potassium pump is
shown below.
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The membrane is made up mainly
hydrophilic amino acid groups
of a double layer (a bilayer)
extracellular fluid
hydrophobic
glycolipid
of phospholipid molecules.
amino acid
glycoprotein
cholesterol
Scattered on and within the
groups
carbohydrate
membrane (and forming a mosaic
hydrophobic tail
pattern) are proteins of varying
of phospholipid
size. The position of the molecules
hydrophilic head
within the membrane is not fixed
of phospholipid
integral
and they constantly drift, giving
protein
the membrane a fluid-like nature.
filaments of
cytosol
Hence this model is referred to as
cytoskeleton
peripheral
protein
the fluid mosaic model.
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stage 4

Stage 1: three Na+ ions bind to the carrier protein.
Stage 2: after conversion of ATP to ADP, a phosphate binds to the carrier
protein causing a conformational change.
Stage 3: the Na+ ions are released on the extracellular side of
the membrane.
Stage 4: two K+ ions move in and bind to the carrier protein, causing the
phosphate to be released from the carrier protein.
Stage 5: when the phosphate has been released, the carrier protein returns
to its original conformation.
Stage 6: the K+ ions are released on the intracellular side of the membrane.

ROLES OF MEMBRANE PROTEINS

Some molecules, such as oxygen and carbon dioxide, can move across the membrane
from a high to a low concentration by passing through the phospholipid bilayer. This form
of transport is called diffusion. It is passive and does not require energy.
Other ions and molecules that cannot pass between the phospholipid molecules require
the presence of membrane transport proteins. These take the form of protein pores and
carrier proteins (protein pumps). You should be able to discuss the following roles of
membrane proteins.
membrane enzymes
protein pores
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protein
channel
intracellular fluid
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ONLINE TEST
Once you’ve learned
about this topic, test
your knowledge at www.
brightredbooks.net/

Use the graphs to answer the following questions.

Some membrane proteins act as enzymes to catalyse reactions.
extracellular fluid

Study the
graphs below
showing the
effect of
temperature
and oxygen
concentration
on active
transport of
sodium ions.

units of glucose present

As temperature increases,
molecules move
faster and the rate of
diffusion increases.

Transport

rate of sodium ion absorption (units/min)

DON’T FORGET

THINGS TO DO AND THINK ABOUT
rate of sodium ion absorption (units/min)

Membrane proteins have important functions, including acting as transport molecules
and as enzymes.

Some proteins act as pores through which ions and
molecules can move passively from one side of the
membrane to the other. These channel-forming proteins
span the membrane and have a central water-filled pore
through which substances pass. Each channel protein
facilitates the transport of one specific ion or molecule.

contd

1 Describe how temperature and oxygen concentration affect the rate of sodium ion
transport across the membrane.
2 Explain why transport of sodium ions is associated with a decrease in
glucose concentration.
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