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Content Guidance

■ Human musculoskeletal
anatomy (Option B)
Skeletal tissues
Cartilage

e

Cartilage is a hard, flexible, compressible and elastic connective tissue found in
joints and many other areas of the body. Cartilage is made up of chondrocyte cells
embedded in a matrix. As there are no blood vessels in cartilage, nutrients and oxygen
diffuse through the matrix to reach the cells.
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You need to know the structures of three different types of cartilage:
■ Hyaline cartilage has a simple structure with no nerves or blood vessels and
contains a large amount of collagen. Hyaline cartilage is found on the ends of bone
and in the nose and trachea.
■ Yellow elastic cartilage contains yellow elastic ﬁbres, making it very ﬂexible.
Yellow elastic cartilage is found in the external ear and the epiglottis.
■ White fibrous cartilage consists of cartilaginous tissue with collagen and white
ﬁbrous tissue. It has a much higher tensile strength than hyaline cartilage and is
found in the discs between vertebrae.

Skeletal tissue

sa

Compact bone is a matrix made up of 30% organic material and 70% inorganic
material. The organic material is primarily the protein collagen formed into fibrous
strands. The collagen gives the bones tensile strength and the overlapping of the
collagen fibres prevents sheer stress, resisting fractures. The inorganic component
is mainly hydroxyapatite, which contains calcium and phosphate. This inorganic
component of bone helps prevents compression.

Osteoblasts and osteoclasts

Osteoblasts are connected cells that lay down the inorganic component of bone into
the compact bone matrix.
Osteoclasts break down bone tissue, which is vital for the repair and remodelling of bone.

Exam tip
Bone is constantly
being broken down
and reformed, so
osteoblasts and
osteoclasts are
continuously carrying
out their functions

Haversian system

Haversian systems are small cylindrical structures found in the bones of most
mammals and some species of birds, reptiles and amphibians. The Haversian system
is the functional unit of compact bone, made up of layers of compact bone tissue
around a central canal (Haversian canal). The Haversian canal contains the bone’s
blood supply.
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Human musculoskeletal anatomy (Option B)

Bone disorders and diseases
Rickets and osteomalacia are disorders of bone caused by a calcium or vitamin D
deficiency. Vitamin D is a fat-soluble vitamin found in foods such as butter, eggs and
fish liver oils, which can also be synthesised in the skin by the action of ultraviolet
radiation on a precursor found in the skin. It is required for the absorption of calcium
from the gut. The deficiency in calcium or vitamin D results in defective bone
mineralisation, leading to softening of bones and symptoms such as pain, muscle
weakness and increased risk of fracture.
Osteoporosis and brittle bone disease (Table 5) are two other examples of bone
disorders.
Table 5 Causes, symptoms and treatment of osteoporosis and brittle bone disease

Muscles

Treatment
Endurance
exercises, fall
prevention and taking
bisphosphonates

e

Symptoms
Weak bones, which
break spontaneously
or with minor stress;
chronic pain can
follow breaks

pl

Brittle bone
disease
(osteogenesis
imperfecta)

Causes
Lower than normal
peak bone mass or
greater than normal
bone loss due to
a wide variety of
factors including
ageing and diet
A gene mutation
leads to an inability
to produce collagen,
leading to defective
connective tissue

Bones that are brittle Increasing bone
and prone to fracture strength by inserting
metal rods or
through surgery,
physiotherapy
and use of
bisphosphonates to
increase mineral
density

m

Osteoporosis

Knowledge check 39

Give an example of a
bone disorder caused
by a genetic mutation
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Skeletal muscle moves joints. It is made up of muscle fibres. The fibres contain many
myofibrils which are the structures which change length within the muscle, causing it
to contract (Figure 19).

Figure 19 The structure of skeletal muscle
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Myofibrils have thick filaments (made up of myosin) and thin filaments (made up of
actin fibres with tropomyosin wrapped around the fibres and troponin found along
them). The thick and thin filaments overlap at certain points, producing a dark band.
The arrangement of thick and thin filaments repeats regularly along the length of
the myofibril. The repeating unit is referred to as a sarcomere. Figure 20 shows a
sarcomere. The A band is the entire length of the myosin filaments including overlap
with the actin. The I band is actin only. The H zone is myosin only.

Figure 20 The sarcomere
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The movement of muscles is explained by the sliding filament theory (Figure 21):
1 A nerve impulse arrives at the muscle ﬁbre.

2 Calcium ions (Ca2+) enter the myoﬁbril from the sarcoplasmic reticulum.
3 The calcium ions bind to the troponin on the actin, changing its shape.
4 This then leads to tropomyosin leaving the myosin-binding sites of the actin.

sa

5 The myosin heads (ends of the thick ﬁlament) bind to the free myosinbinding sites, forming a cross bridge.
6 ATP is hydrolysed to ADP and Pi, which are released from the myosin
and it bends, pulling on the actin. This moves the actin towards the
centre of the sarcomere (the power stroke).
7 ATP binds to the myosin head, releasing it from the actin. The myosin
head returns to its original position.
8 More ATP is hydrolysed to ADP and Pi and a cross bridge forms with
the thin ﬁlament further along.
9 This process occurs many times, pulling the thin ﬁlaments towards the
centre of the sarcomere, shortening its length. The process continues
until the Ca2+ is pumped back into the sarcoplasmic reticulum.
10 During the contraction the sarcomeres shorten due to increased overlap.
The H and I bands become smaller, while the A band stays the same,
which provides evidence for the sliding ﬁlament theory of muscle contraction.
The cumulative effect of shortening all the sarcomeres leads to the whole muscle
contracting.
52
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Human musculoskeletal anatomy (Option B)
Knowledge check 40
What happens to
the length of the
sarcomere during
muscle contraction?

e

Figure 21 Relaxation and contraction of the sarcomere

During muscle contraction glycogen stored in the muscles and protein are the
main sources of energy to produce ATP.
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Fast twitch versus slow twitch

Muscle fibres can be characterised as fast twitch or slow twitch. Marathon runners
use slow-twitch fibres while sprinters use fast-twitch fibres.
Table 6 Comparison of slow- and fast-twitch muscle fibres

Slow-twitch
Fire slowly and contract for a
longer time
Source of ATP
Mainly from aerobic respiration
Number of blood capillaries Dense network
Myoglobin
More myoglobin
Mitochondria
Many large mitochondria, nearer
surface of fibres
Susceptibility to fatigue
Resistant to fatigue
Resistance to lactic acid
Low
Density of myofibrils
Low
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Contraction

Fast-twitch
Fire quickly and contract for a shorter time,
generating short bursts of strength or speed
Mainly from anaerobic respiration
Fewer blood capillaries
Less myoglobin
Fewer, smaller mitochondria
Quickly become fatigued
High
High

Anaerobic conditions

Muscles can respire anaerobically for short periods. The yield of ATP is dramatically reduced
and lactic acid can build up in the muscles. Lactic acid causes muscle fatigue and cramp.
Creatine phosphate (PCr) is produced in aerobic conditions as a store of phosphate.
It can then be used in muscle fibres to provide phosphate to quickly convert ADP into
ATP in anaerobic conditions. Creatine is also produced:
ADP + PCr → ATP + Cr
Lactic acid is not produced in this process so it does not lead to muscle fatigue. There
are very limited creatine phosphate stores in the muscle, which run out after a few
seconds of use, only allowing a short burst of activity before glycolysis produces ATP
and lactic acid by anaerobic respiration.
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Questions & Answers

Question 5 Application of reproduction and genetics
Muscular dystrophy is an inherited genetic condition.
(a) Explain how a mutation in a person’s DNA leads to the condition muscular
dystrophy.

(2 marks)

(b) How can gene therapy using a virus as a vector be used to relieve the
symptoms of muscular dystrophy?

(4 marks)

(c) Other than viruses, what else can be used as a vector in gene therapy?

(1 mark)

e If you have not revised muscular dystrophy fully then it will be difficult to write
in enough detail to obtain all the marks. In a question such as this, the marks are
awarded for key words and terms, so make sure that you include as many as possible.

e

Student A

(a) Muscular dystrophy is caused by a mutation in the gene that codes for the
dystrophin protein. This leads to the protein not forming properly.
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(b) First the gene for dystrophin is removed from a cell from a healthy person
who doesn’t have muscular dystrophy. The gene is cut out using restriction
enzymes. The gene is then inserted into a virus. It is then placed inside the
sufferer’s body where it will cure the muscular dystrophy.
(c) A liposome
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e 4/7 marks awarded (a) Student A gains 1 mark for stating that muscular
dystrophy is caused by a mutation in the gene that codes for the dystrophin
protein but has failed to mention that this makes the protein non-functional.
(b) Student B gains the first 2 marks for describing the extraction of the CFTR
gene from a healthy person and the use of restriction enzymes to cut the
gene. However, the process of injecting the viral vector into the muscle tissue
is not mentioned, nor that the new dystrophin gene must enter the nucleus,
be incorporated into the DNA, and be transcribed and translated to form the
correct dystrophin protein. Any two of these points would have scored the other
2 marks for this question. The answer also states that this treatment is a ‘cure’
for muscular dystrophy, which is not true. It could be a temporary treatment that
would have to be repeated. (c) This correct answer gains the mark.
Student B

(a) There is a mutation in the gene for muscular dystrophy. This means that the
dystrophin protein does not form properly, so is non-functional.
(b) A healthy, non-mutated dystrophin gene is removed from a donor cell from
a person who does not have muscular dystrophy. The gene is cut out using
restriction enzymes. The gene is placed in a viral vector and is then injected
into the muscle tissue. The virus then carries the healthy gene to the muscle
cells. If the healthy gene enters the nucleus and transcription and translation
take place, then the correctly formed dystrophin protein would be produced.
(c) Bacteria containing recombinant DNA plasmids
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Section A-type questions
e 6/7 marks awarded (a) This excellent answer contains all the key points and
scores the 2 marks available. (b) This is another excellent, detailed answer that
scores all 4 marks. (c) Student B slips up here on a simple factual recall question.
Liposomes can also be used as a vector in gene therapy.

Question 6 Extended response
In the past non-human insulin has been used to treat diabetes. One of the most
commonly used was pig insulin as it only differs from human insulin by one
amino acid and so activates the human insulin receptor. Other animals have
also been used, including shark insulin in Japan. Non-human insulin has caused
allergic reactions in some people.
(9 marks)

e

How have recombinant DNA technology and transgenic bacteria been used to
change the treatment of diabetes?
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e The extended-response question is marked in bands, so it is vital to get your
answer into the highest band possible and not to slip down into the lower bands.
The generic band descriptors are as follows (these apply to all extended response
questions):
7–9 marks The candidate constructs an articulate, integrated account, which
shows sequential reasoning. The answer fully addresses the question with no
irrelevant inclusions or significant omissions. The candidate uses scientific
conventions and vocabulary appropriately and accurately.
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4–6 marks The candidate constructs an account correctly linking some relevant
points, such as those in the indicative content, showing some reasoning. The
answer addresses the question with some omissions. The candidate usually uses
scientific conventions and vocabulary appropriately and accurately.
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1–3 marks The candidate makes some relevant points, such as those in the indicative
content, showing limited reasoning. The answer addresses the question with significant
omissions. The candidate has limited use of scientific conventions and vocabulary.
When answering this question it is vital to get the correct sequence of steps in
producing a protein from transgenic bacteria and to use all the correct key words
when explaining each of the steps.

Student A

Using pig insulin is not ideal as it may cause an allergic reaction and also it
is cruel to the pigs to use their insulin. The insulin could be produced using
bacteria in an industrial fermenter. It is important that optimal conditions
are provided in the fermenter to ensure that the maximum yield of insulin is
produced. The bacteria can be made to produce the human insulin by inserting
the human insulin gene into them. The insulin gene can be produced by reverse
ligase. It is inserted into the bacterial nucleoid by the same restriction enzymes
cutting the gene and the nucleoid. This produces complementary sticky ends
in the nucleoid and the insulin gene. These are then joined by DNA ligase. The
bacteria will then express the insulin gene and produce insulin. The insulin is
extracted from the fermenter and purified before being given to patients.
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Questions & Answers
e 3/9 marks awarded This essay does contain some correct points and key
words but makes significant omissions. The mixing up of some of the key words
means that the use of scientific conventions and vocabulary is not appropriate and
accurate. This means that student A’s answer is in the bottom band. The first point
is just a repeat of what is already in the question, with no additional explanation of
examples, for example why it is cruel to pigs. Some key words are correctly used;
however, reverse transcriptase is called reverse ligase and the bacterial plasmid is
confused with the bacterial nucleoid. To improve this essay correct terms should be
used and explained, for example the process involving reverse transcriptase. Other
detail could be included too, such as the use of antibiotic-resistance marker genes.
Student B
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The gene that codes for insulin is first identified in the human genome using a
gene probe and then ‘cut out’ using specific restriction enzymes. The gene could
also be produced from a strand of mRNA that codes for the polypeptide sequence
of insulin. This would be done using the enzyme reverse transcriptase, which
after the action of DNA polymerase would yield a molecule of cDNA that would
code for insulin. One advantage of using reverse transcriptase over other methods
of isolating the gene is that the gene doesn’t need to be located in the genome.
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A bacterial plasmid (circular piece of DNA) is cut using the same restriction
enzyme as the insulin gene. This will produce complementary sticky ends on
both the gene and the plasmid. The sticky ends are joined (annealed) using
the enzyme DNA ligase. This recombinant DNA plasmid is then inserted into
a bacterial cell. If the insulin is transcribed and translated (expressed) by the
bacteria then insulin will be produced.
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In order to ensure the plasmid has been taken up and is being expressed by the
bacteria an antibiotic resistance marker gene can be placed into the plasmid.
The transgenic bacteria are then cultured in a fermenter and the insulin
produced is extracted and purified. As this insulin is produced from a human
gene it overcomes the disadvantages of using another animal’s insulin — for
example, it won’t cause allergic reactions — and can be produced in large
quantities by bacterial fermentation.

e

8/9 marks awarded This is an excellent answer. Student’s B response is well
articulated and shows sequential reasoning (i.e. the points follow in a logical order).
The process of using transgenic bacteria to produce insulin is fully explained, with
good use of key terms (scientific vocabulary) and additional detail on the isolation of the
insulin gene. The answer includes no irrelevant information or significant omissions,
so is marked in the top band of marks. Student B doesn’t achieve full marks, however,
as the description of the use of antibiotic-resistance marker genes could have been
more fully explained to include how the antibiotics are actually used to determine
which bacteria have taken up, and are expressing, the recombinant plasmid.

78

WJEC/Eduqas Biology

9781471859373.indd 78

10/20/16 9:27 PM

