Exercise walk-through

From gene to protein: mRNA,
ribosomes and why cells differ

IGCSE Biology
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L Genes

What the gene actually controls

The bases carry the The ribosome reads the mRNA'’s bases three at a time
order and joins amino acids in the matching order.

Enzymes , membrane carriers, and receptor pro-
Which proteins teins for neurotransmitters — so con-

trolling proteins controls the whole cell.

Same genes, different  Nearly every body cell holds the same genes, but each one only
job expresses (switches on) the genes it needs.

A gene is an instruction for one protein. Everything a cell can do, it does because of a protein
it made.
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L Recap

Check yourself

e What does a gene code for?

e Which gamete decides a baby's sex?

e What does meiosis make?

o What ratio does Bb x Bb give?

| Answers 1. one protein 2. the sperm 3. four different haploid gametes 4. 3:1



IGCSE Biology
Exercises 2.1:2.3

2.1 Define a gene, and define an allele. 2]

2.2 Describe what is meant by a haploid nucleus and by a diploid nucleus. 2]

2.3 State the number of chromosomes in a human body cell and in a human sperm cell.|2]
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Exercises 2.1:2.3

2.1 Define a gene, and define an allele. 2]

2.1

o a gene is a length of DNA that codes for a protein
o an allele is an alternative form of a gene

2.2 Describe what is meant by a haploid nucleus and by a diploid nucleus. [2

2.2

» haploid: a nucleus containing a single set of chromosomes
» diploid: a nucleus containing two sets of chromosomes, a pair of each type

2.3 State the number of chromosomes in a human body cell and in a human sperm cell.|2]

2.3

e body cell: 46 chromosomes, in 23 pairs
o sperm cell: 23 chromosomes



IGCSE Biology
Exercises 2.4-:2.5

2.4 Explain why a change in the base sequence of a gene can stop the protein it codes
for working. [3]

2.5 State three kinds of protein whose production is controlled by DNA. [3]
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Exercises 2.4:2.5

2.4 Explain why a change in the base sequence of a gene can stop the protein it codes
for working. (3]

24

o the order of the bases sets the order of the amino acids in the protein
o a different order of amino acids gives the protein a different shape

o the protein’s shape is what lets it do its job, so a changed shape may stop it working
— for an enzyme, the active site no longer fits its substrate

2.5 State three kinds of protein whose production is controlled by DNA. [3]

2.5

e enzymes
« membrane carriers, which move substances across a cell membrane

e receptors for neurotransmitters



IGCSE Biology
Exercises 2.6:3.1

2.6 Explain why an mRNA copy of the gene has to be made, instead of the gene itself
going to the ribosome. 2]

3.1 Which statement about the body cells of one person is correct? 1]

D A Different cells contain different genes, so they make different proteins.
B Different cells contain the same genes, but express different ones.
C All cells express all of their genes.
D Only the cells of the pancreas contain the gene for insulin.
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Exercises 2.6-3.1

2.6 Explain why an mRNA copy of the gene has to be made, instead of the gene itself
going to the ribosome. 2]

2.6

o the gene cannot leave the nucleus, but the ribosomes are in the cytoplasm
e 30 a copy of the gene is made, as mRNA, and it is the copy that travels to the
ribosome

3.1 Which statement about the body cells of one person is correct? 1]

D A Different cells contain different genes, so they make different proteins.
B Different cells contain the same genes, but express different ones.
C All cells express all of their genes.
D Only the cells of the pancreas contain the gene for insulin.

3.1B

« all the body cells came from one zygote by mitosis, so they carry the same genes

o they differ because each one expresses only the genes for the proteins it needs

e A and D say the genes are missing, which they are not; C would make every cell
identical



IGCSE Biology
Exercise 3.2 (a)

3.2 A protein is made in a cell.

a) Describe how the protein is made, from the gene in the nucleus to the finished pro-
g
tein. 6]



IGCSE Biology
Exercise 3.2 (a)

3.2 A protein is made in a cell.

(a) Describe how the protein is made, from the gene in the nucleus to the finished pro-
tein. 6]

» the gene stays in the nucleus

« mRNA is made in the nucleus as a copy of the gene

o the mRNA moves out of the nucleus into the cytoplasm
e it passes through a ribosome

e the ribosome joins amino acids together into a protein

o the order of the amino acids is determined by the order of the bases in the
mRNA



IGCSE Biology

Exercise 3.2 (b)

3.2 A protein is made in a cell.

(b) Explain how the sequence of bases in the gene decides what the protein is able to
do. 3]
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Exercise 3.2 (b)

3.2 A protein is made in a cell.

(b) Explain how the sequence of bases in the gene decides what the protein is able to
do. 3]

(b)

o the base sequence sets the sequence of amino acids
 a different sequence of amino acids folds into a different shape

e the shape decides what the protein can bind to, and so what it does — an enzyme’s
active site, a carrier’s channel, a receptor’s binding site



IGCSE Biology
Exercise 3.3 (a)

3.3 The diagram in the worked examples shows three cells from the same person.

(a) State why all three cells contain the same genes.
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Exercise 3.3 (a)

3.3 The diagram in the worked examples shows three cells from the same person.

(a) State why all three cells contain the same genes. [1]
(a)
o they all developed from the same zygote by mitosis , which produces

genetically identical cells



IGCSE Biology

Exercise 3.3 (b)

3.3 The diagram in the worked examples shows three cells from the same person.

(b) Explain why the nerve cell does not make insulin, although it carries the insulin
gene. 2]
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Exercise 3.3 (b)

3.3 The diagram in the worked examples shows three cells from the same person.

(b) Explain why the nerve cell does not make insulin, although it carries the insulin
gene. 2]

(b)

e the insulin gene is present but is not expressed in a nerve cell
o a cell only makes the proteins it needs, and a nerve cell has no use for insulin



IGCSE Biology
Exercise 3.3 (¢)

3.3 The diagram in the worked examples shows three cells from the same person.

(¢) A nerve cell makes receptors for neurotransmitters. Explain why a receptor binds
only one kind of neurotransmitter. [3]
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Exercise 3.3 (¢)

3.3 The diagram in the worked examples shows three cells from the same person.

(¢) A nerve cell makes receptors for neurotransmitters. Explain why a receptor binds
only one kind of neurotransmitter. [3]

()

o the receptor is a protein whose shape is set by the order of its amino acids
o only a neurotransmitter with a complementary shape can fit and bind to it
« a molecule of any other shape does not fit, so it has no effect on that cell



IGCSE Biology

Exercise 3.3 (d)

3.3 The diagram in the worked examples shows three cells from the same person.

(d) Sperm cells and body cells both come from the same person. State the difference
between their nuclei, and name the type of division that produces sperm cells. [3]
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Exercise 3.3 (d)

3.3 The diagram in the worked examples shows three cells from the same person.

(d) Sperm cells and body cells both come from the same person. State the difference
between their nuclei, and name the type of division that produces sperm cells. [3]

(d)

 a body cell nucleus is diploid, with two sets of chromosomes (23 pairs)
o a sperm cell nucleus is haploid, with a single set (23 chromosomes)
o sperm cells are produced by meiosis



IGCSE Biology
Exercise 3.3 (e)

3.3 The diagram in the worked examples shows three cells from the same person.

(e) A woman’s egg is fertilised by a sperm carrying a Y chromosome. State the sex of
the child and explain why the father, not the mother, determines it. (3]
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Exercise 3.3 (e)

3.3 The diagram in the worked examples shows three cells from the same person.

(e) A woman’s egg is fertilised by a sperm carrying a Y chromosome. State the sex of
the child and explain why the father, not the mother, determines it. 3]

(e)

e the child is a boy
e every egg carries an X chromosome, so the mother can only ever contribute an X

e a sperm carries either an X or a Y, so it is the sperm that decides whether the pair
is XX or XY



