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R to R interval = 5 large squares = 5 × 0.2 = 1.0 s

heart rate = 60 ÷ 1.0 = 60 beats per minute

60 bpm

stemup.co.uk

https://stemup.co.uk


Anabolic steroid use reduces the left ventricular ejection fraction, so less blood leaves

the left ventricle when it contracts (lower stroke volume and cardiac output).

10 out of 12 users (83%) have an ejection fraction below the healthy value of 55%,

whereas only 1 of the 7 non-users is below 55%. The mean for users is about 51%

compared with about 61% for non-users.
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First test the drug on cell cultures and animals, then on a small group of healthy

volunteers, starting with a very low dose.

Then test the drug on a group of patients with cancer (a double-blind trial against a

placebo or existing drug).

Gradually increase the dose and measure the ventricular ejection fraction of each person

at each dose, to determine the highest dose that does not reduce the ventricular

ejection fraction (does not cause side effects) but still treats the cancer.
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The aorta carries blood at high pressure straight from the left ventricle, so its wall has

more collagen to withstand the high pressure without bursting.

It also has more elastic tissue to stretch and then recoil, smoothing the flow, and more

smooth muscle to maintain pressure in the aorta. The vena cava carries blood at low

pressure so it needs a thinner wall.

radius of vena cava = 22.0 ÷ 2 = 11.0 mm

area = πr2 = π × 11.02 = 380.1 mm2

% increase = (380.1 − 193.6) ÷ 193.6 × 100

= 96.3 %

96.3 %
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Cut a strip (or ring) of the aorta wall of known length and width, and measure the

thickness of the piece of aorta with callipers, so the cross-sectional area can be

calculated. Use repeats with the same dimensions.

Clamp one end of the strip and hang masses on the other end, adding masses one at a

time until the aorta splits (breaks).

Convert the mass at which it splits into force (N = kg × 9.8).

Tensile strength is determined by dividing the force by the cross-sectional area of the

strip.
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gradient drawn along the troughs of the exercise trace:

volume falls 1 dm3 (4 squares) in 15 s (3 squares)

rate = 1 ÷ 15 = 0.0667 dm3 s-1

0.0667
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Exercise increases oxygen consumption, because there is an increased rate of aerobic

respiration in the muscle cells.

This is because more energy (ATP) is needed by the muscles for contraction.

During exercise some anaerobic respiration also produces lactate (lactic acid). After

exercise oxygen is still required to convert the lactate back into pyruvate (and glucose)

in the liver, repaying the oxygen debt.

So oxygen consumption after exercise is still higher than at rest, but it begins to

decrease after exercise as the lactate is removed.

Starting to exercise initiates nerve impulses from the motor cortex and from stretch

receptors (proprioceptors) in the muscles and joints.

These impulses are sent to the ventilation centre (respiratory control centre) in the

medulla oblongata.

This leads to increased impulses to the intercostal muscles and the diaphragm, so they

contract more often and more strongly, increasing breathing rate.
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In the alkaline soil the number of earthworms is greater: a total of 6583 per square

metre compared with 833 in acidic soil.

In the alkaline soil the total mass of earthworms is also greater: 10 004 g m-2

compared with 1631 g m-2.

However the mass of individual earthworms is less in alkaline soil: mean mass of one

earthworm is 1.52 g in alkaline soil and 1.96 g in acidic soil.

Earthworms reproduce more in the alkaline soil, but the earthworms are smaller because

there is greater competition for resources such as food.
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Choose an area of each field and use quadrats of a stated area, e.g. 1 m2 (one square

metre).

Place the quadrats randomly, using random numbers to generate co-ordinates on a grid

laid out over each field. Take 10 samples in each field.

Use a standardised method to collect the earthworms, e.g. dig out the soil in the

quadrat to the same depth (30 cm) and hand sort it for the same time.

Record the number of earthworms and the mass of the earthworms (count and weigh

them) in each quadrat.

Record other soil variables at each quadrat, e.g. soil temperature, soil water content and

humus content, and measure the soil pH with a pH probe.
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Find the mean mass of earthworms per square metre for each soil (and the standard

deviation).

Use a t-test to calculate a t-value.

Compare the calculated t-value to the critical value for 18 degrees of freedom at a

probability of 0.05 (5%). If the t-value is greater than the critical value the difference

is significant and the null hypothesis is rejected.
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None of the offspring from the cross between weary and upright lettuce had the weary

phenotype: all the F1 were upright, so the weary allele is masked by the dominant

upright allele.

In the F2 the ratio of weary to upright lettuce was about 1 : 3 (159 : 414, so 27.7%

weary), which is the expected ratio for a cross between two heterozygotes when weary

is recessive.

The chi-squared value of 2.31 is below the critical value of 3.84 (1 degree of freedom, p

= 0.05), so the result is not statistically different from the expected 1 : 3 result and

the null hypothesis can be accepted.
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Plants respond to light: shoots show phototropic responses and grow towards light.

Light must therefore be excluded in order to study only the effects of gravity

(geotropism).

Putting the plants in complete darkness prevents light having an effect on the direction

of growth, so light is controlled.
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after 23 days: roots = 58°, stems = 9°

difference = 58 − 9 = 49°

rate = 49 ÷ 23 = 2.1 degrees per day

2.1 degrees per day
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The weary lettuce do not have the allele conferring the ability to respond to gravity

(they only have the alleles that confer a lack of response), so cells in the stem fail to

detect gravity.

So they do not produce (or redistribute) IAA (auxin), therefore there is no stimulation

of cell elongation on the side of the stem facing downwards.
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A biological (protein) catalyst that lowers the activation energy of a reaction, increasing

the rate of reaction without being used up.

Hydrolysis of ATP to ADP and Pi releases energy.

This provides the energy for the reaction, which requires energy.

ATP also provides the phosphate group for the phosphorylation of F-6-P, so that a

second phosphate is added to make F-2,6-BP.
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As the concentration of F-6-P increases so does the initial rate of reaction of

phosphofructokinase, so an increase in F-6-P will increase the rate of glycolysis, up to a

maximum rate.

Increasing the concentration of F-2,6-BP also increases the rate (positive feedback on

the enzyme), and reduces the concentration of F-6-P required to achieve the maximum

rate of glycolysis.
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Use pH buffers to give a range of pH values below 7, e.g. pH 4, 5, 6 and 7 as a

control.

Mix the same volume and concentration of phosphofructokinase with F-6-P at an

appropriate concentration, e.g. 2 mmol dm-3, and provide an excess of ATP.

Control other variables: keep the enzyme concentration the same and keep the

temperature constant at 37 °C using a water bath.

Measure the quantity of F-2,6-BP produced per unit time (change in concentration in

the first minute) to find the initial rate. Repeat three times at each pH and calculate

means.
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Random mutations are responsible for variation in the cichlid populations.

The lakes and rivers have different selection pressures, e.g. different water quality, food

availability and substrate for egg laying.

Fish with an adaptation to their habitat survive, e.g. mouth shape suited to the food

eaten (plankton, crustaceans or plants), or the behaviour of laying eggs in gravel or

between rocks.

The fish that survive reproduce and pass on the beneficial alleles to their offspring, so

allele frequencies change.

Reduced gene flow between populations: allopatric speciation of fish in different lakes or

rivers (geographical isolation), and sympatric speciation of fish in the same lake.
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Cichlid fish have a much higher rate of gene duplication (45 to 60 a.u.) than the

slowly evolving stickleback (10 a.u.). Duplicated genes can mutate and take on new

functions without losing the original function, so more alleles and new polygenic

phenotypes appear in the gene pool.

The cichlids also have many mutations in transcription factor binding sites (129 to 214

compared with 0 in the stickleback and O. niloticus). These changes in regulatory

sequences alter gene expression in different tissues, e.g. switching genes on in the jaw,

so new phenotypes such as different mouth shapes or pigmentation can develop.

The rate of mutations changing an amino acid is higher in cichlids (about 0.022 to

0.044 a.u.) than in the stickleback (0.015). An altered amino acid changes the tertiary

structure and so the protein function, e.g. enzymes that work at different pH or

temperatures, or new digestive enzymes for new food types.

The variety of habitats provides many niches with different selection pressures. Fish

with adaptations such as different mouth shapes exploit new food types and survive to

pass on alleles. Changes in mouth shape and pigmentation allow mate choice and

reproductive isolation, so speciation happens over a short time.
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An undifferentiated cell that is capable of unlimited division (self-renewal) and can give

rise to specialised cells.

The fertilised egg divides by mitosis to give rise to many new genetically identical cells.

Different sets of genes are activated (switched on) or switched off in different cells.

Different proteins are synthesised, which determine the structure and function of each

cell, resulting in differentiation into different cell types.

myogenic
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Screen a large population of mice to find mice carrying the recessive allele, then cross

two heterozygous (carrier) mice, Aa × Aa.

One quarter of the offspring are homozygous recessive (aa). Select the homozygous

recessive mice expressing the trait.

Breed from these aa mice (aa × aa) for subsequent generations, so all the offspring

express the recessive trait.

Retinoic acid acts as (or activates) a transcription factor, by entering the cell and

binding to a receptor.

The transcription factor binds to regulator regions of DNA, such as the promoter,

allowing RNA polymerase to bind.

This allows the transcription of the gene, the production of mRNA, so the gene is

expressed (or the converse if it acts as a repressor).
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The Zika virus binds to receptors on neural cells (brain cells) in the foetus.

The virus, or its genetic material, is taken into the cell.

The virus replicates inside the cells using the host cell machinery.

This causes the neural cells to die (burst) and inhibits replication of neural cells, and

new viruses spread to other neural cells, so less brain tissue develops.

The proteins on the donated cells, tissues or organs act as antigens and are recognised

as foreign (non-self).

These antigens are presented by macrophages (antigen presenting cells).

This leads to activation of T helper cells, which release cytokines.

This leads to activation of T killer (cytotoxic T) cells, and of B cells which become

plasma cells that produce antibodies.

This results in destruction of the transplanted tissue.
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Set up several flasks of the same cell line, each with the same number of cells in the

same volume of culture medium that provides nutrients (glucose, amino acids).

Use aseptic technique throughout, e.g. sterile flasks and pipettes, working in a laminar

flow cabinet, to prevent contamination of the cell culture.

Control temperature by placing flasks in incubators set at a range of temperatures, e.g.

25, 30, 35, 37 and 40 °C.

Control another abiotic factor, e.g. the carbon dioxide concentration at 5% and the pH

of the medium.

Culture the cells at each temperature for the same stated period, e.g. 48 hours.

Measure growth by counting the number of cells with a haemocytometer (or measuring

area of the monolayer) at the beginning and end. Repeat three times at each

temperature and calculate the mean growth rate.
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Gastruloids show a greater extent of differentiation (more types of cell) and develop the

three germ layers, like an embryo, whereas an organoid is only a single organ.

The cells in gastruloids are organised along an axis with left to right patterning.

Embryonic stem cells have the potential to develop into a human being, so harvesting

them destroys embryos (potential life).

The embryo is unable to give consent to being used in research.
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iPSCs are obtained from the patient, so they avoid the ethical issues associated with

the use and destruction of embryos.

Transplant material from iPSCs will be genetically identical and have the same antigens

as the patient, so it will not trigger an immune response and be rejected.

iPSCs can be collected when needed, and there is no need to produce embryos to

collect them.
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