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Chapter 1: Respiration  
[7.1], [7.5]   

Cellular respiration is a process by which food is broken down to yield ATP. 
There are two types of cellular respiration: 

1. Aerobic respiration  
Aerobic respiration is the splitting of respiratory substrate to release CO2 as a waste product and reuniting 
hydrogen with atmospheric O2 with the release of large amount of energy. 
This respiration is a many- stepped process with each step controlled and catalysed by a specific 
intracellular enzyme. 

2. Anaerobic respiration   
Anaerobic respiration is a form of cellular respiration that occurs in the cytoplasm of cells in the absence 
of Oxygen and only glycolysis takes place to produce the lactate ions and small amount of ATP. 

Cellular respiration has four main stages: 
a) Glycolysis  
b) Link reaction  
c) Krebs cycle  
d) Electron transport chain (oxidative phosphorylation) 

Respiratory substrate is the substance used as a fuel and oxidised during cellular respiration (eg; glucose) 
 
[7.2] 
Glycolysis is the initial step in both aerobic and 
anaerobic respiration. Main stages of glycolysis 
results in the production of pyruvate ions, a small 
quantity of ATP and reduced NAD. These all 
happen in the cytoplasm because of the availability 
of the specific intracellular enzymes. Glycolysis 
takes take in the cytoplasm of the cell because all 
the specific intracellular enzymes of glycolysis are 
available in they cytoplasm. 

The 2nd step of glycolysis is the phosphorylation of the 6 carbon sugar and this is done by adding 2 
phosphate groups and this uses energy from the hydrolysis of ATP. This step is essential as this makes the 
sugar more reactive and also unable to pass through the cell membrane so it gets trapped in the cell. One 
glucose molecule will produce 2 molecules of pyruvate, 2 molecules of ATP, 2 molecules of NADH at the 
end of the glycolysis stage. The small amount of ATP produced during glycolysis is known as Substrate 
level phosphorylation. 
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[7.3]  

Link reaction is the reaction that needs to move products of glycolysis to Krebs cycle. An atom of carbon 
and a molecule of Oxygen are removed from pyruvate ion (decarboxylation) forming CO2 and a 2C molecule. 
(2C compound= acetyl coenzyme A). When the 2C compound of link reaction enters Krebs cycle, pyruvate 
is oxidising loosing hydrogen to NAD resulting in reduced NAD. 

Krebs cycle is a series of biochemical steps that leads to the complete oxidation of glucose, resulting in the 
production of CO2, water and relatively large amounts of ATP. Krebs cycle is occurring in the Matrix of the 
Mitochondria.   

Main products of the Krebs cycle of one pyruvate are (for one glucose, you should multiply all the product 
by 2): 

a) 3 of NADH 
b) 2 of CO2 
c) 1 of FADH 
d) 1 of ATP  

  

 

 

 

 
[7.4] 
The final step of aerobic respiration is Oxidative phosphorylation which is associated by electron transport 
chain. Oxidative phosphorylation is an oxygen dependant process in the electron transport chain where ADP 
is phosphorylated. Whereas, Electron transport chain is a series of electron carrying compound along which 
electrons are transferred in a series of oxidation/ reduction reactions, driving the production of ATP. 
Chemiosmosis is the process that links the electrons that are passed along the electron transport chain to 
the production of ATP, by the movements of H+ ions through the membrane along electrochemical 
concentration and pH gradient. Chemiosmotic theory is the model developed by Peter Mitchell to explain the 
production of ATP in mitochondria, chloroplast and elsewhere. It also explains what happens to H+ ions that 
remain after the electrons are passed along the electron transport chain and how the movement of H+ ions 
are linked to the production of ATP. 

Hydrogen acceptor is a molecule which receives hydrogen and gets reduced in cell biochemistry. Two types 
are NAD and FAD. 
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i. NAD is a coenzyme that act as a hydrogen acceptor; a small molecule that assists in 
enzyme catalysed reactions 

ii. FAD is another coenzyme hydrogen carrier in cellular respiration. 

Electron transport chain takes place in the inner membrane of mitochondria known as cristae. This is 
because ATPase enzyme is present and proton channel proteins. 

The steps of oxidative phosphorylation are as follows: 

1) When reduced coenzymes like NADH or FADH gets oxidised, they remove electrons and hydrogens. 
Therefore, reduced coenzymes provide the hydrogen and electrons for the electron transport chain. 
Furthermore, electron transport chain occurs in the inner mitochondrial membrane.  

2) Energized electrons are carried from one electron carrier to the next through a series of redox 
reactions. The electron carrier that gives out the electron is oxidised and the electron carrier that 
receives the electron is reduced.  

3) Chemiosmosis also happens in the meantime. The hydrogen ions move across the membrane into the 
intermembrane space. Due to this the concentration of hydrogen ions in the intermembrane space is 
high. 

4)  When concentration of H+ ions is higher in the intermembrane space is higher, the hydrogen ions 
diffuse into the mitochondrial matrix down the concentration gradient. 

5) Then, ATP is produced on stalked particles using ATP synthase. 
6) Hydrogen atoms are produced form the ions and electrons. Finally, the hydrogen atom will combine 

with the oxygen to produce water. 

 

 
 
 
 

 
Total number of ATP 
produced during aerobic 
respiration. 
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One NADH produces 3 ATP molecules  
One FADH produces 2 ATP molecules 
 
[7.5] 

Anaerobic respiration occurs in the absence of oxygen. Also, only Glycolysis stage takes place during 
Anaerobic respiration.  
So why Krebs cycle and electron transport can’t take place during anaerobic respiration? 

 Oxygen is not present as a final electron acceptor. 
 FADH and NADH won’t be reduced. Therefore, no NADH available for Krebs cycle (NAD+ is not 

regenerated) 
 Finally, this concludes that pyruvate is not further broken down. 

Little amount of ATP is produced during glycolysis in the cytoplasm with the absence of oxygen. 
 
 
 
 

 

Lactate change into lactic acid lowering pH, denaturing the enzymes (muscles cramps). Lactic acid needed 
to be oxidised back to pyruvate. Oxygen is needed and this is known as oxygen debt. (this is why we breath 
heavily after heavy exercises). 

[7.6] 

Respiratory quotient (RQ) is the relationship between the amount of CO2 produced and the amount of O2 
used when different respiratory substrates are used in cellular respiration. 

RQ when carbohydrate is the respiratory substrate is around 1.0, for lipid is 0.7, and protein is 0.9. 
An RQ< 1 indicates that a combination of carbohydrate and lipid. 
An RQ> 1 then anaerobic respiration may occur with relative little oxygen being used compare with CO2 
produced. 
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Chapter 2: Muscles 
[7.9], [7.10]  

Bone is strong, calcium rich tissue and the main component of the skeleton system. Bones are made of 
bone cells, which are fixed firmly in a matrix of collagen and calcium salts. Bone is particularly strong under 
compressive forces. It must be light as possible to reduce the weight so movement is easy. 

i. Compact bone is the bone found in the long bones of your body. Compact bone is dense and heavy. 
ii. Spongy bones are much open structure so it is much lighter. They are found in large masses. Eg: 

pelvis and head of a femur. 

Cartilage is hard but flexible tissue (which stretches and returns to its original size), so it is able to 
withstand compressive forces. Also it is often acting as a shock absorber and prevent wear in joints. 
Cartilage is made up of cells called chondrocytes within an organic matrix which consists of varying 
amounts of collagen fibrils. Two types of cartilage are: 

a. Hyaline cartilage- found at the ends of bones (egg; in nose, air passage ways and parts of 
ear). 

b. White fibrous cartilage- has bundles of densely packed collagen in the matrix. It has great 
tensile strength but it is less flexible than other forms of cartilage. (egg; it forms the discs 
between your vertebrates and found between bones in joints). 

Tendon are inelastic tissue which joins muscles to bones. Tendons are made entirely of white fibrous 
tissue. White fibrous tissue is an inelastic connective tissue made up of bundles of collagen fibres. If 
tendons stretch a lot, much of the work done by the muscles would be wasted because they would stretch 
the tendon without moving the bones.  

Ligaments are elastic tissue, which forms joint capsules. Ligaments hold bones together in correct 
alignment. They need to be elastic, so bones of the joint can move when they need to. Ligaments are made 
of yellow elastic tissue, which gives an ideal 
combination of strength with elasticity. Some 
ligament capsules are very loose, so the joint 
can move quite freely. Others are very tight 
because different joints need different 
properties. Difference in properties of 
ligaments come from the varying amount of 
collagen and white fibrous tissue in the 
mixture.  
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Extensors are muscles that extends (stretch or open) a joint. 
Flexors are muscles that flex (close or bend) a joint. 
Muscles are known as antagonistic pairs, which mean they are muscles which work in opposite to each 
other, pulling in opposite direction. Muscle is mainly made out of protein. Muscle fibres are held together 
by connective tissue and they are very long cells. They can contract (shorten). Good blood supply provides 
muscles with glucose and oxygen they need for cellular respiration. Supplies the ATP for muscles needed 
for contraction. Rich blood supply also makes it easy to remove CO2 and other waste products that result. 
 

Joints are needed to allow movements and locomotion. If joints consisted of simply bones on bones, the 
ends would soon become thinner and weaker through rubbing together. To prevent rubbing of joints, joints 
are linked with a replaceable layer of rubbery cartilage, which makes it possible for the joint to articulate 
(move) smoothly. Most mobile joints produce a liquid lubricant known as the synovial fluid: it fills the joint 
cavity and ensures easy friction- free movement. Synovial fluid is the fluid which lubricates most of mobile 
joints. 

   

 
 
 
 
 
 

There are three types of muscles: 

c. Skeletal muscle/ Striated muscle/ Voluntary muscle 
a. Smooth muscle  
b. Cardiac muscle   

Skeletal muscle is a muscle with a striped appearance under the microscope: it moves the bones of the 
skeleton under voluntary control. Also it is involved in locomotion. Skeletal muscle CONTRACT quickly but 
also fatigues relatively QUICKLY. 

SLOW TWITCH MUSCLE FIBRE FAST TWITCH MUSCLE FIBRE 
Contract and fatigue slowly  Contract very rapidly  
Adapted for steady action over a period of 
time. 

Suited for sudden, rapid brief activity. 

Many mitochondria, myoglobin and rich blood 
supply 

Few mitochondria, myoglobin and few blood 
vessels. 
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Maintain their activity without needing to 
respire anaerobically for any length of time. 

Often function anaerobically. 

Deep red in colour Pale in colour 
Slow twitch need glucose as fuel and this is 
supplied by their big network of blood vessels 
so they can continue to produce ATP for as 
long as Oxygen is available. 

Fast twitch contain rich glycogen stores which 
can be converted to glucose for both aerobic 
and anaerobic. Also, it contains relatively high 
levels of creatine phosphate, which can be used 
to form ATP from ADP. These adaptations 
mean many more myofibrils are packed in fast 
twitch than slow twitch because little space 
taken up by mitochondria. 

Example; endurance athlete like weight lifting Example; sprinters  
 

[7.11] 

Sliding filament theory is the theory that the actin and myosin filaments overlap during muscle contraction. 

Myosin molecule is made up of 2 long polypeptide chains twisted together, each one ends in a large, 
globular head, which has ADP and Pi molecules attached to it. 
Actin filament is made up of 2 chains of actin monomers joined together like beads on a necklace. 

 

Tropomyosin is a long chain protein molecule that wraps around the double actin chains and covers the 
myosin binding sites in relaxed state. 

The 3 subunits of a troponin are: 

a. One binds to actin 
b. One binds to tropomyosin  
c. One binds to Ca2+ ions 

Tropomyosin covers the myosin binding sites in relaxed state. 
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Troponin is a protein molecule attached to tropomyosin, they change shape when attached to Ca2+ ions 
pulling on the tropomyosin and revealing the myosin binding sites on the actin strands. 

 Steps of the sliding filament theory are in order: 

d. Nerve impulses arrives at a neuromuscular junction and releases neurotransmitter. 
e. Ca2+ ions are released from sarcoplasmic reticulum into sarcoplasmic. 
f. Ca2+ ions bind is troponin. 
g. Troponin molecules and the attached tropomyosin shifts their position, exposing myosin 

binding sites on the actin filaments. 
h. Myosin heads (containing ADP and Pi) binds with myosin binding sites on actin filament, 

forming cross bridges. 
i. When the myosin head binds to actin ADP and Pi on the myosin head are released 
j. Myosin changes shape and nods forwards, causing the actin to slide over the myosin. The 

actin slides towards the H zone. 
k. An ATP molecule binds to the myosin head, causing it to detach from the actin. Lack of ATP 

prevents detachment, leading to Rigor mortis or shifting of muscle. 
l. An ATPase on the myosin head hydrolyses the ATP forming ADP and Pi. 
m. Myosin head changes shape and return to its upright resting position. 
n. Cycle can be repeated again, if Ca2+ ions are present. 

Actomyosin is the chemical properties produced when cross bridges form between actin and myosin during 
muscle contraction. ATP is needed to break the actin- myosin bonds it is also needed to return the Ca2+ 
ions to the sarcoplasmic stores once contraction ends. 

[7.12] 

Heart is myogenic means heart is contracting without an external stimulus. The intrinsic rhythm of the 
heart is maintained by a wave of electrical excitation similar to a nerve impulse which spreads through 
special tissue in the heart muscles. 

SAN is a specialised group of cells in the right atrium with the fastest natural intrinsic rhythm: it 
generates a regular electrical signal and acts as the hearts own pace maker to keep the heart beating 
regularly. 
AVN is a group of cells stimulated by the wave of excitation from the SAN and the atria; it imposes a delay 
before transmitting the impulse to bundle of HIS. 
Bundle of HIS is a group of conducting fibre in the septum of the heart. This makes sure the atria have 
stopped contracting before the ventricles start. 
Purkyne tissue is conducting fibres that can penetrate down through the septum of the heart, spreading 
between and around ventricles. 
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The stages from SAN to purkyne tissue are in order as: 

a. SAN establishes a wave of electrical excitation (depolarisation), which causes the atria to 
start contracting. This initiates the heartbeat. 

b. Excitation spreads to another area of similar tissue called AVN. 
c. AVN is exited as a result of SAN, but it produces a slight delay before the wave of 

depolarisation passes into the bundle of HIS. 
d. Bundle of HIS splits into 2 branches and carries the wave of excitation on into the Purkyne 

tissue. 
e. Purkyne tissue consists of conducting fibre that penetrate down through the septum, 

spreading down the ventricles. 

Electrocardiogram is what ECG stands for. It 
is a technology that is used to investigate the 
rhythms of the heart by producing record of 
electrical activity of the heart. ECG measures 
the changes at the surface of your skin, so 
12 electrodes and leads are attached to your 
body. Special gel on the electrode or skin is 
wiped with ethanol to remove any grease.  

 

 

 

[7.13] 

 

 

[7.14]  

When you are stressed, sympathetic nerve stimulates the adrenal medulla to release the hormone 
adrenaline. Adrenaline is very similar to noradrenaline released in synapse of sympathetic nervous system. 
It is carried around the body in blood and binds to receptors in target organs, including the SAN. 
Adrenaline stimulates the cardiovascular centre in brain, increasing the impulse in the sympathetic 
neurones, which supply the heart. It also has a direct effect on the SAN by increasing the frequency of 
excitation and so heart rate increases. This supplies you with extra oxygen and glucose for your muscle, 
and brain, in case, you need to run away or stand and fight. 
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Chapter 3: Internal Environment 
[7.16] 

Positive feedback system are systems in which effectors work to increase an effect that has triggered a 
response. 
Negative feedback system are systems for maintain a condition, such as the concentration of a substance 
within a narrow range; receptors detect a change in conditions and as a result effectors stimulated to 
restore the equilibrium. The principle of negative 
feedback in maintaining systems within narrow 
limits. 
 

 

 

 

 

 

[7.17], [7.22] 

The internal conditions of the body must be controlled within a narrow range.  Maintaining a state of 
dynamic equilibrium through the responses of the body to external an internal stimulus is known as 
Homeostasis. 

Pituitary gland is a small gland in the brain that has an anterior lobe and posterior lobe and produces and 
releases secretions that affect the activity of most of other endocrine glands in the body. 

Hypothalamus is a small area of brain directly above the pituitary gland that controls the activities of the 
pituitary gland and coordinates the autonomic (unconscious) nervous system. The main functions of the 
hypothalamus are to monitor the levels of a number of metabolites and hormones in the blood and controls 
the activity of pituitary gland in response to the concentration of these chemicals. 

Neurosecretory cells are nerve cells that produce secretions from the ends of their axons, these 
secretions either stimulate or inhibit the release of hormones from anterior pituitary or, are stored in the 
posterior pituitary and then later released as hormones.  Hypothalamus contains neurosecretory cells. 
Neurosecretory cells 1 produce substances that stimulate or inhibit the release of hormones from the 
anterior pituitary known as release- inhibiting factors or releasing factors. Neurosecretory cells 2 produce 
secretions that are stored in the posterior pituitary and released later as hormones.  
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a. Releasing factors are substances that stimulate the release of hormones from anterior 
pituitary. 

b. Release- inhibiting factors are substances that inhibit the release of hormones from the 
anterior pituitary. 

6 hormones from anterior lobe and 2 hormones from posterior lobe 

 

Anterior Pituitary Posterior Pituitary 
Thyroid- stimulating hormones 
Controls the secretions of thyroxin and 
triiodothyronine from the thyroid gland. 

Oxytocin 
Stimulates the muscles of the uterus to 
contract during labour and also stimulates the 
contraction of cells in the mammary tissue so 
that milk is squeezed out when an infant 
suckles. 

Growth hormone (GH) 
Stimulates the growth of body cells and 
increases the build- up of proteins. 

ADH 
Decreases the urine volume by affecting the 
tubules of the kidney, and also causes the 
arteries to constrict after haemorrhage, 
preventing excess blood loss and raising blood 
pressure.  

Adrenocorticotrophic hormone (ACTH) 
Controls the secretion of some of the hormones 
of the adrenal cortex of the adrenal glands. 

 

Prolactin  
Stimulates and maintains the production of milk 
by the mammary gland. 

 

Follicle stimulating hormones (FSH) 
Has different effects in males and females. In 
females, it stimulates the ovaries to produce 
oestrogen and also stimulates the development 
of ova in menstrual cycle. In makes, it 
stimulates the testes to produce sperm. 

 

Luteinising hormone (LH) 
Stimulates ovulation and the formation of the 
corpus luteum in females. It prepares the 
uterus for implantations. In males, it stimulates 
the testes to produce testosterone. 
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ADH is a hormones produced in the hypothalamus and stored in the posterior pituitary, that increases the 
permeability of the distal tubule and collecting duct of the kidney to water, reducing the amount of urine 
produced by increasing the concentration of urine. 

 

 
 
 
 
 
 
 
 
 
 

Two way how hormones have an effect 

i. Binding to specific receptor sites on the membrane of their target cells and release 
of second messenger. 

Peptide and protein hormones are not soluble like lipids and therefore cannot cross the cell 
membrane. 
Hormone binds to a receptor in the cell membrane. 
This begins a series of membrane bound reactions that result in the formation of the 2nd 
chemical messenger inside the cell. 
2nd messenger then activates a number of different enzymes within the cell, altering the 
metabolism. 
Cyclic AMP binds to other chemicals which pass into the nucleus and act as a DNA 
transcription.  
These changes can cause a number of responses in the cell, including increased cellular 
respiration, increased muscle cell contraction, relaxation of smooth muscle cells. 

ii. Hormones enter the cell.  
Steroids hormones are lipid soluble. 
They can pass through the membrane and act as the internal messenger themselves. 
Inside the cell, the hormone binds to a receptor and the hormone- receptor complex passes 
through the pores of the nuclear membrane into the nucleus.  



  

15 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

Hormone attach to the receptors and act as a transcription factor, regulating gene 
expression and switching sections of DNA on and off. 

Peptide hormones are like Adrenaline, Insulin and glucagon, Antidiuretic hormone (ADH) 
Steroid hormones are like Oestrogen, testosterone. 
cAMP is a compound formed from ATP that is produced when peptide hormones such as ADH and 
adrenaline bind to membrane receptors and acts as a 2nd messenger in cells. They bind to other chemicals 
which pass into the nucleus and act as a DNA transcription factor. 

[7.18]   

Gross structure  

 

  

 

 

 

 

 

 

 

Microscopic 
structure of 
kidney 
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 [7.19] 

The main role of the liver is the breakdown of excess amino acids and removal of toxins. Deamination is the 
removal of the amino group from excess amino acids in the ornithine cycle in the liver; the amino group is 
converted into ammonia and then to urea, which can be excreted by the kidneys. Furthermore, proteins 
cannot be stored in the body. Hepatocytes are liver cells and they deaminate excess amino acids. Ornithine 
cycle is a series of enzyme controlled reactions that convert ammonia from excess amino acids into urea in 
the liver. 

 

[7.20], [7.21]  

Kidney are a pair of dark 
reddish brown organs 
attached to the back of the 
abdominal cavity. They are 
capable of producing urine, 
which can be hypertonic to 
(more concentrated than) 
the body fluids. The function 
of the thick layer of fat 
surrounding the kidney is 
protecting from mechanical 
damage. The two main 
functions of the kidney are: 

 Control the water potential of the blood plasma that passes through them 
 Remove urea and substances that would affect the water balance  
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Bladder is the place where urine is stored. 

 The main roles of the kidney are: 
 Excretion (removal of urea from the body) 
 Osmoregulation  

Three main functions of the kidney in its osmoregulaotry role are: 

 Ultrafiltration  
Process by which fluid is forced out of the capillaries in the glomerulus of the kidney into 
the kidney tubule through the epithelial walls of the capillary and the capsule. 

 Selective reabsorption  
The process by which substance needed by the body are reabsorbed from the kidney tubules 
back into the blood. 

 Tubular secretion  
This is the process by which inorganic ions are secreted into or out of the kidney tubules as 
needed to maintain the osmotic balance of the blood. 

Nephrons are microscopic tubules that make up most of the kidney (which can be 2- 4cm long) 

 

 
 
 
 
 
 
 
 
  

Twi types of nephrons are:  

 Cortical nephron  
Found mainly in the renal cortex. They have a loop of Henle (U shaped tubule) that only just 
reaches into the medulla. About 85% of human nephron are cortical. 

 Juxtamedullary nephron  
Have a long loop of Henle that penetrate right through the medulla. They are particularly 
efficient at producing concentrated urine. 
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Ultrafiltration occurs because of a combination of very high blood pressure in the glomerular capillaries and 
the structure of the Bowman’s capsule and glomerulus. Malpighian body is made up of Glomerulus and 
Bowman’s capsule together. High blood pressure is developing in the capillaries of the glomerulus because 
of the diameter of the blood vessels coming into the glomerulus is greater than that of blood vessel leaving. 
Main processes of ultrafiltration are that high pressure squeezes the blood out through the pores in the 
capillary walls; this is like water passing along a hosepipe with hole in it. Size of the pores means that 
almost all the contents of plasma can pass out of the capillary. It is only the blood cells and large plasma 
proteins that cannot pass through the pores. Cells of Bowman’s capsule next to the capillary acts as an 
additional filter. 

Substances in the filtrate that enters the capsule are: 

 Glucose  
 Salt 
 Urea 
 Many other substances in the same concentration as they are in the blood plasma. 

Ultrafiltration is a passive and not selective process. 

Main function of the kidney tubule after ultrafiltarte has entered the nephron is to return most of what has 
been removed during ultrafiltration back into the blood. Water, salt and other inorganic ions are required 
by the body. Glucose is required for cellular respiration. 

Proximal tubule is the 1st region of the nephron after the Bowman’s capsule, it is here that over 80% of the 
glomerular filtrate is absorbed back into the blood.  

Cells lining the tubule are covered with microvilli; these greatly increase the surface area through which 
substances can be absorbed. 

Cells of the tubule have a large amount of mitochondria because they are involved in active process. 

Main process in the proximal tubule are: 

Active transport in the proximal tubule results in all the glucose, amino acids, vitamins and most hormones 
being returned to the blood. Na+ ions are actively transported and the Cl- ions and water follow passively 
down concentration gradient. Once these substances are removed from the tubule cells into the 
intracellular spaces, they then pass by diffusion into extensive capillary network that surrounds the 
tubules. Blood is constantly moving through the capillaries, maintain a concentration gradient for diffusion. 
By the time, the filtrate reaches the loop of Henle, it is isotonic with the tissue fluid that surrounds the 
tubule. The amount of reabsorption in the proximal tubule is always the same. The adjustment of the water 
balance to the needs of the body occurs further along the nephron in the loop of Henle. 



  

19 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

  
 
 
 
 
 
 
 
 
 
 
 
  

Loop of Henle is found in the medulla of the kidney. 

It is the water potential gradient between the filtrate and medullary tissue fluid that makes water to be 
reabsorbed from distal tubule and collecting duct. 

Loop of Henle: 

 Descending limb 
Is freely permeable to water but is not very permeable to Na+ and Cl- ions. No active 
transport occurs here. Fluid entering this limb is isotonic with the blood. As the fluid travels 
down the limb deeper into the medulla, the external concentration of Na+ and Cl- ions in the 
tissue fluid of the medulla and the blood in the capillaries becomes higher and higher. As a 
result, water moves out of the descending limb into the tissue fluid by osmosis down a 
concentration gradient. It the moves into the blood in the capillaries again down a water 
potential gradient. By the time, fluid reaches the U shaped bend at the bottom of the loop it 
is very concentrated and hypertonic to arterial blood. 

 Ascending limb 
1st section of the ascending limb is very permeable to Na+ and Cl- ions, but not permeable to 
water. No active transport occurs in the section. Na+ and Cl- ions move down the 
concentration gradient out of the very concentrated fluid in the loop of Henle into the tissue 
fluid of medulla. The 2nd thicker section of the ascending limb is also impermeable to water, 
but Na+ and Cl- ions are actively pumped out of the tubule into the tissue fluid of the medulla 
and blood of the capillary network. The tissue of the medulla, therefore have very high Na+ 
and Cl- ions concentration that causes the water to pass out of the descending limb by 
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osmosis. However, the ascending limb is impermeable to water, so water cannot follow the 
Na+ and Cl- ions out down the concentration gradient. The fluid left in ascending limb 
therefore becomes less concentrated.   

 Creation of high concentration of Na+ and Cl- ions in the tissue fluid of medulla happens as a result of the 
flow of fluid in opposite direction in the adjacent limbs of the loop of Henle. This is combined with the 
different permeabilities to water of different sections, and a region of active transport. This combination 
creates a counter current multiplier. The ability of the kidney to concentrate the fluid (urine) in the distal 
tubule and collecting duct depends on this counter current multiplier.  

Permeability of the collecting duct is affected by the levels of antidiuretic hormones (ADH). The 
concentration of Na+ ions in the surrounding fluid increases through the medulla towards the pelvis of the 
kidney (where the urine leaves the collecting duct), so water can be removed along the whole length of the 
collecting duct. This makes it possible for the kidney to produce very hypertonic urine (high osmotic 
pressure). 

The fate of the urine (path it takes) to leave the body is 1st it is collected in the central chamber (the 
pelvis) of each kidney. The passes along the ureters to the bladder and is stored there until the bladder is 
sufficiently stretched to stimulate urination. Urine passes out of the body along a tube called urethra. 

Substances such as glucose and protein should never appear in the urine. 

The amount of water and salt in urine depend the diet and the demands of the body. Kidney is involved in 
the balance of both water and solutes in the body. Osmotic potential of blood is maintained within narrow 
boundaries by balancing the water and salts taken in by eating and drinking with water and salts lost by 
sweating, defaecation and in the urine.  

ADH is produced by hypothalamus and secreted into posterior lobe of pituitary and stored there. The role 
of the ADH is to increases the permeability of water of the distal tubule and collecting duct. ADH doesn’t 
cross the membrane of the tubule cells. 

ADH binds to specific receptors, which triggers reactions that results in formation of cAMP as the 2nd 
messenger. The cAMP starts a series of reactions that cause vesicles within the cell lining the tubules to 
move to and fuse with the cell membrane. The vesicle contains water channels which are inserted into the 
membrane and make it permeable to water. Water then moves through the channels out of the tubules, and 
into surrounding blood capillaries by osmosis. Amount of ADH released controls the number of channels 
that are inserted. Means permeability of tubule can be very closely controlled to match the water demands 
of body.  Amount of ADH released controls the number of channels that are inserted. 
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When ADH level falls: 

Level of cAMP drops. 

Water channels are taken out of membrane and repackaged in vesicles. This makes the tubule 
impermeable to water again. The channels are stored in vesicles ready for reuse, when they are 
needed again. 

Osmoreceptors are sensory receptors in hypothalamus that detect changes in the concentration of blood 
plasma. Osmoreceptors in hypothalamus detect on increasing plasma concentration of inorganic ions. They 
send nerve impulses to posterior pituitary, which consequently release stored ADH into the blood. ADH are 
accepted by receptors in the cells of kidney tubules. 
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The fall in concentration of blood plasma inhibits the release of ADH by pituitary gland. Changes in blood 
pressure also stimulate/ inhibit release of ADH. These changes are detected by baroreceptors in aortic or 
carotid arteries.   

 A rise in blood pressure (often a sign of an increase in blood volume) will suppress the 
release of ADH and so increases the volume of water lost in urine. This results in a 
reduction in blood volume and so blood pressure falls. 

 A fall in blood pressure, which may indicate a loss of blood volume, causes an increase in the 
release of ADH from pituitary and the conservation of water by kidney. Water is returned to 
blood and small amount of urine is produced. 

Main system that temperature affects is the enzyme activity so chemical reactions are affected.  

Thermoregulation is a homeostasis mechanism that enable organism to control their internal body 
temperature within set limits (this is important to their survival and is a major aspect of homeostasis). 
Rate of energy transfer of bodies affected by the size of the animal. Small animals have large surface 
area/ volume ratio so they transfer energy more rapidly than larger organisms. 

5 ways an organisms are warming up and cooling down: 

 Warm up as a by-product of metabolism. Chemical inefficiency means that energy is wasted, 
which warms the centre of organisms. 

 Cooling down by evaporation of water from body surface. Certain amount of cooling always 
occurs in this way from mouth and respiratory surfaces of animals, which live on land and 
this cannot be controlled. Sweating and behavioural patterns such as wallowing (spending 
time in mud and water) can increase this cooling. 

 Transferring to or form the environment (of energy) by radiation. (transfer of energy in 
form of electromagnetic wave) IR radiation is most important form of energy absorbed and 
radiated by animals.  

 Transferring of energy by convection (to and from environment). The transfer of energy by 
currents of air or water. Convection current are set up around relatively hot objects, so 
adaptations to prevent cooling by their current are common in animals. 

 Transferring to or from the environment of energy by conduction. (transfer of heat by 
collision of molecules). Conduction is particularly important between organisms and the 
ground or water as air doesn’t conduct well. Neither does fat, so adipose (fatty) tissue is 
very valuable insulator preventing energy exchange with the environment. 

Two main reasons why mammals need to regulate their temperature is: 

 To avoid damage to their cells 
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  To enable them to have an active way of life. 

Endotherms are animals that warm their bodies through metabolic processes at least in part and usually 
have a body temperature higher than ambient temperature. Mammals regulate their body in many ways. 
They are adapted to conservation body temperature, when necessary and also take advantage of warmth 
from the environment when possible (means that few environments in which they cannot survive). 

Human behaviour: 

 To warm from a cold environment  
Warm house  
Light fires 
Wear clothes 

 To cool from a hot environment  
Cool building  
Use of air conditioning  
Building swimming pools  
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As water evaporates from surface of our mouths and nose, inevitable cooling occurs because of their moist 
surface. 

Skin - Covers the entire surface of the body in a waterproof layer. Providing protection against both 
mechanical damage and damage from UV radiation of sun.  

Arteriovenous shunt is a system, which close to allow blood to flow through the major capillary networks 
near the surface of skin, or open to allow blood along a ‘shortcut’ between the arterioles and venules, so it 
does not flow through the capillaries near the surface of skin. 

Vasodilation is the process by which the blood vessels become wider by relaxation of their muscle walls 
which increase blood flow. 

Vasodilation 

Rich supply of capillaries is near to the surface of skin. 
Cooling by radiation, convection and conduction to environment occurs from the blood flowing 
through the skin.  
Cooling is controlled via the arteriovenous shunt. 
External temperature rises, the shunt is closed and vasodilation occurs. 
Allows more blood to flow through the capillaries at the surface of the skin. 
Skin appears red and more energy is transferred to environment by radiation. 
Erector pili muscles, which are attached to hair follicles, are relaxed and body hairs lie flat against 
the body, minimising any insulting air layer. 
Rate of sweat production in sweat glands increases. 
As more sweat is released onto the skin surfaces, cooling occurs as water evaporates. 
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Subcutaneous fat acts as insulator, reducing cooling. 
Very overweight people overheat easily which is a disadvantage in relation to exercise. 
People, who are active has less subcutaneous fat so they use up all energy from food. This reduces 
the insulation and increases the amount of energy that can be lost by conduction from surface of 
skin. 

Vasoconstriction  

It is the process that reduces the energy lost from surface of the skin.  
Arteriovenous shunt in blood supply to skin opens, so reducing blood flow through capillaries. 
People sweat less and so cooling by evaporation is reduced. 
Erector pili muscles are contracted, pulling the hairs upright. 
It traps an insulating layer of air that helps reduce cooling. 
Metabolic rate of body also speeds up warming the body. (mainly liver and muscles) 
Shivering, which is involuntary contraction of skeletal muscles, also helps with metabolic warming. 
Energy released raises body temperature. 
Subcutaneous fat acts as an effective insulator.  

Two main receptors that is sensitive to changes of temperature are: 

 Receptor in brain directly monitor. 
 Receptors in skin detect change in external temperature. 

Temperature receptors in brain act in hypothalamus and they act as the thermostat of body to keep it at 
right temperature. If temperature of blood flowing through the hypothalamus increases, the 
thermoregulatory centre is activated. It sends out impulses along autonomic motor nerves to effectors that 
increases the blood flow through the skin and increase sweating. Erector pili muscles are released so hairs 
lie flat. Metabolic rate may be reduced to lower amount of warming in body. If temperature of blood flowing 
through hypothalamus drops, the thermoregulatory centre reacts by sending nerve impulses through 
autonomic nervous system to skin (opposite of temperature rises happens). 

Thermoregulatory centre is the region of the hypothalamus in the brain that acts as the thermostat of the 
body keeping it at set temperature; it contains temperature receptors, which can nerve impulses to be sent 
to different parts of body. If temperature of blood flowing though the hypothalamus increases or 
decreases. 
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Chapter 4: Coordination 
[8.1], [8.2], [8.10]   

Animals have two coordination and control systems. They are the hormonal system and the nervous system.  

Nervous coordination is rapid and very specifically targeted. A nervous system is made up of 
interconnected neurones (nerve cells) specialised for rapid transmission of impulses throughout the 
organism. 

Neurones are cells specialised for rapid transmission of impulses throughout an organism. They carry 
impulses from receptor cells, giving information about both internal and external environments.  Neurones 
are individual cells and each one has a long nerve fibre that carrier the nerve impulse. Whereas, nerves 
are bundles of nerve fibres, which may be all axons from motor neurone, all dendrons from sensory 
neurone or a mixture of both in a mixed nerve. 

Receptor cells are specialised neurones that respond to changes in environment. Effector cells are 
specialised cells that bring about a response if stimulated by a neurone (Muscles and glands).  

CNS is a specialised concentration of nerve cells, which process incoming information and which send out 
impulses through motor neurones, which carry impulses to the effector organs. Peripheral nervous system 
are parts of the nervous system that spread through the body and are not involved in the CNS. 

 

 

 

 

 

 

 

 

 

 

 

 



  

27 
 

We, Owls, would love to serve you, Owlets, with 
the best resources for EDEXCEL IGCSE and IAL. 

Sensory neurone carries only impulses from receptor cells about the internal and external environment into 
the CNS. Short and relay neurones are found in the CNS and they connect motor and sensory neurones. 
They are known as bipolar neurone, because 2 fibres leave the same cell body. Motor neurone carry 
impulses from the CNS to the effector organs. 

 

The most distinctive feature of all nerve cells is the nerve fibre, which is extremely long and thin and 
carries the nerve impulse. 

Some parts of a nerve cell are: 

 Dendrites are thin finger like extensions from the cell body of a neurone that connect to 
neighbouring neurones. 

 Axons are long nerve fibre of a motor neurone, which carries the nerve impulses. 
 Dendrons are long nerve fibre of a sensory neurone, which carriers the nerve impulses.  

Cell body of a neurone contains Cell nucleus, mitochondria, RER, ribosomes (needed for synthesis of 
neurotransmitter molecules). RER and ribosomes are essential in the neurones because they are needed 
for synthesis of neurotransmitter molecules. 

Schwann cells are specialised type of cell 
associated with myelinated neurones, which 
forms the myelin sheath. Schwann cell 
membrane wraps itself around the nerve fibre 
many times, forming a fatty layer known as myelin sheath. Myelin sheath is a fatty insulating layer around 
some vertebrate neurones produced by the Schwann cell. 

[8.3] 

Grey matter are the cell bodies of 
neurones in CNS. White matter is the 
nerve fibre of neurones in CNS.  reflex 
arc is a neural pathway that controls a 
reflex. In vertebrates, 
most sensory neurons do not pass 
directly into the brain, but synapse in the 
spinal cord. This allows for faster reflex 
actions to occur by activating 
spinal motor neurons without the delay 
of routing signals through the brain. 
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[8.4] 

Nervous system is based on the passage of nerve impulses. These are minute electrochemical events that 
depend on the nature of the axon membrane, the maintenance of Na+ and K+ ions gradient across that 
membrane.  It is the difference in permeability of this axon membrane to positively charged Na+ and K+ ions 
that gives it special conducing properties. 

Axon membrane is relatively IMPERMEABLE to Na+, but quite freely PERMEABLE to K+. 

RESTING POTENTIAL 

 Concentration of ions outside the nerve fibre is greater than the concentration in cytoplasm 
of the axon. 

 Gradient is created by a very active Na+/ K+ ion pump. Pump has an enzyme called Na+/ K+ 
ATPase that uses ATP to move Na+ ions out and K+ ions in. 

 It pumps Na+ ions out of the axon, lowering the concentration of Na+ ions inside the axon. 
 Axon membrane is relatively impermeable to Na+ ions, so they cannot diffuse back in again.  
 K+ ions are actively moved into the axon by the pump because axon membrane is permeable 

to K+ ions, they passively diffused out again along the concentration gradient through open 
K+ ion channels. 

 Inside of cell is left slightly negatively charged relative to the outside. Membrane is 
polarised. 

 There is a potential difference across the membrane of around -70mV. This is called resting 
potential.  

ACTION POTENTIAL 

a. When a neurone is stimulated, the axon membrane shows a sudden and dramatic increase in 
its permeability to Na+ ions. 

b. Sodium gates open up, allowing Na+ ions to diffuse rapidly down their concentration 
gradient. 

c. As a result, the potentially difference across the membrane is briefly reversed, with the cell 
becoming positive on the inside with respect to the outside. 

d. Depolarisation last about 1 millisecond. The potential difference across the membrane at this 
point is about +40mV. This is known as an action potential. 

e. At the end of this very short depolarisation, Na+ ions channel close again and the excess Na+ 
ions are rapidly pumped out by the active Na+ pump. 

f. Permeability of the membrane to K+ ions is temporarily increased. This happens because 
voltage dependant K+ ion channel opens as a result of repolarisation. 
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g. K+ ions diffuse out of the axon down both a concentration gradient and an electrochemical 
gradient attached by the negative charge on the outside of the membrane. 

h. Inside of the axon become negative relative to outside once again. 
i. Takes a few milliseconds before resting potential is restored and the axon is ready to carry 

another impulse. 

Some definitions: 

i. Polarised is the condition of a neurone when the movement of positively charged K+ 
ions out of the cell down the concentration gradient is opposed by the actively 
produced electrochemical gradient, leaving the inside of the cell slightly negative 
relative to the outside. 

ii. Depolarisation is a condition of the neurone when the potential difference across the 
membrane is briefly reversed during an action potential, with the cell becoming 
positive on the inside with respect to the outside for about 1 millisecond. 

iii. Resting potential is the potential difference across the membrane of around -70mV 
when neurone is not transmitting an impulse. 

iv. Action potential is when the potential difference across the membrane is briefly 
reversed to about +40mV on the inside with respect to the outside for about 1 
millisecond. 

v. Threshold is the point when sufficient Na+ ion channels open for the rush of Na+ ions 
into the axon to be greater than the outflow of K+ ions, resulting in an action 
potential. 

vi. Refractory period is the time, it takes for ionic movements to repolarise an area of 
the membrane and restore the resting potential after an action potential. 

vii. For the 1st millisecond so after the action potential it is impossible to re- stimulate 
the fibre, the Na+ ion channels are completely blocked and the resting potential has 
not been restored. This is known as the absolute refractory period. 

viii. There is a period of several milliseconds when axon may be re- stimulated, but it will 
only respond to a much stronger stimulus than before because the threshold has 
been raised. This is known as relative refractory period. 

[8.5]  

Saltory conduction is the process by which action potentials are transmitted from one node of Ranvier to 
the next in a myelinated nerve. Ions can only pass in and out of the axon freely at the node of Ranvier, 
which are about 1mm apart. This means that action potentials can only occur at the node, and so they 
appear to jump from one node to next. The action potential does not actually jump from node to node; the 
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local currents are elongated to start depolarisation at the next node. This speeds up transmission as the 
ionic movements associated with the action potential occur much less frequently, taking less time. 

 

 

 

 

 

 

 

 

[8.6] 

Synapse is the junction between two neurones that nerve impulses cross via neurotransmitters. Synaptic 
knobs are the bulges (bumps) at the end of the presynaptic neurones in which neurotransmitters are made. 
The ions, that are responsible for functioning of synapses depends on the movement of Ca2+ ions. 

 Arrival; of an impulse at the synaptic knob increases the permeability of the presynaptic 
membrane to Ca2+ ions because Ca2+ ions channels open up. 

 Ca2+ ions then move into the synaptic knob down their concentration gradient. 
 Effect of Ca2+ ions flowing in is to cause the synaptic vesicle, which contain a transmitter 

substance or neurotransmitter to move to the presynaptic membrane. 
 Some of the vesicle fuses with the presynaptic membrane and release the transmitter 

substance into synaptic cleft. 
 These neurotransmitters diffuse across the gap and become attached to specific protein 

receptor sites on the Na+ channels of the post synaptic membrane. 
 This causes Na+ ion channels in the membrane to open, resulting in Na+ ions flowing into the 

nerve fibre, causing a change in the potential difference across the membrane and an 
excitatory post synaptic potential (EPSP) to be set up. 

Synaptic cleft is the gap between the pre and post synaptic membrane in a synapse. 

Acetylcholine is neurotransmitter found in the parasympathetic nervous system the synapse of motor 
neurones and cholinergic synapses in the brain. Chemical is made in the synaptic knob using ATP produced 
in the many mitochondria present. 

The nerve that uses acetylcholine as their synaptic neurotransmitter is the cholinergic nerves. 
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The enzyme that breaks acetylcholine is called as Acetylcholinesterase and found within the post synaptic 
membrane of cholinergic nerves. After breaking of acetylcholine, the products are Acetate and choline. 

EYE 

a. In bright light 
Circular muscles contract. 
Radial muscles relaxed. 
Pupil is reduced to a narrow aperture (small hole) 
This reduces the amount of light entering the eye to avoid damage to the delicate rods and 
cones by overstimulating them.  

b. In dim light  
Circular muscle relaxed. 
Radial muscle contracted. 
Pupil is open wide so as much as possible light falls on the rods to maximise your ability to 
see. 

Muscles of the IRIS controls the size of the pupil through the IRIS reflex. This involves the cranial nerves 
of the autonomic nervous system and the brain in a cranial reflex. 

Light may enter one or both eyes at the same time and effect on pupil is the same. Light falling on the 
sensory cells of the retina causes impulses to travel along neurones in the optic nerve to the brain. 
Brighter light means bigger the frequency of action potential. Impulse is detected in a control centre in the 
mid brain. The impulses then travel along 2 neurones to further control centres. In the control centres, the 
nerve impulses synapses with branches of the parasympathetic cranial nerve (the oculomotors) which 
transmit impulses to the IRIS. These impulses stimulate the effectors (muscles of the IRIS). Circular 
muscles contract and radial muscles relax so the pupil constricts. 

Impulses travel from control centres along sympathetic nerves to the IRIS, causing circular muscles to relax 
and radial muscles to contract, so the pupil becomes much wider. 

Reflex response of either eye controls the dilation and constriction of the pupils of both eyes, so a bright 
light which is shone into one eye only will cause the pupils of both eyes to constrict. 

The release of stress hormone adrenaline causes the pupils to become wider, which makes sure you can 
use all the variable light to see as well as possible. 
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[8.7] 

Nicotine  

It mimics the effect of acetylcholine and binds to specific acetylcholine receptors in post synaptic 
membrane known as nicotine receptors. It is a drug found in a cigarette. When nicotine attaches to nicotine 
receptors, it triggers an action potential in the post synaptic neurone, but then the receptor remains 
unresponsive to more stimulation for some time. Nicotine causes raised heart rate and blood pressure. The 
other neurotransmitter that nicotine affect is Dopamine. At low doses, nicotine has a stimulating effect, 
but a high dose, it blocks the acetylcholine receptors and can kill. One cigarette contains 1- 6mg nicotine. 
To avoid smoking replace the nicotine can help them do so. 

Lidocaine 

Lidocaine is a drug used as a local anaesthetic that works by blocking the voltage gated sodium channels in 
post synaptic membranes in sensory neurones, preventing the production of an action potential. It is 
commonly used by dentists before drilling or removing a tooth. It prevents you from feeling pain. It also can 
prevent some heart arrhythmias. When sodium channels are blocked depolarisation threshold is being 
raised. This reduces or PREVENT early or extra action potential from the PACEMAKER REGION that can 
cause arrhythmias. 

Cobra venom 
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Cobra venom is a substance made by several species of cobra that binds reversely to acetylcholine 
receptors in post synaptic membrane in motor neurones, preventing the production of a post synaptic 
action potential. It binds reversibly to acetylcholine receptors in post synaptic membrane and 
neuromuscular junctions. thus, it prevents the transmission of impulses across synapses, including the 
neuromuscular junctions between motor neurones and muscle. Gradually the person becomes paralysed. In 
very low concentration, it can relax the muscle of the trachea and bronchi in severe asthma attacks, so 
save lives. 

[8.8] 

A secondary receptor is slightly more complicated. It consists of one or more completely specialised cells 
(not neurones) that are sensitive to a particular type of stimulus. Eg: retinal cells in the retina of the eye. 

i. Proprioceptors  
They are sensitive to the relative positions of skeleton and degree of muscle 
contraction. They are very important for maintaining posture. 

ii. Chemoreceptors  
They are sensitive to chemical stimuli such as smell, taste and pH levels of blood. 

iii. Mechanoreceptors  
They are sensitive to mechanical stimuli such as pressure, tensions, movements and 
gravity.  

iv. Photoreceptors  
They are sensitive to electromagnetic stimuli. For humans, this usually visible light 
but for insect UV light. 

v. Themoreceptors   
They are sensitive to temperature changes and differences in temperature. 
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Human eye is SOPHISTICATED OPTICAL SYSTEM that gives us clear and FOCUSED vision in a wide variety 
of circumstances.  

The two types of cells in the retinal are: 

 Rods  
Photoreceptors found in the retina which contain the visual pigment rhodopsin; they respond 
to low light intensities give black and white vision and very sensitive to movement. 

 Cones   
Photoreceptors found in fovea of retina, which contains visual pigment iodopsin; they 
respond to bright light, give great clarity of vision and colour vision. 

Series of action potential in the eye: 

 When a photon of light hits a molecule of rhodopsin, it converts the cis-retinal to trans- 
retinal. 

 Rhodopsin breaks into opsin and retinal (bleaching) 
 Rod cell membrane are normally very permeable to them. 
 Na+ ions then move into the cell through Na+ ion channel and Na/ K pump moves them out 

again. 
 When rhodopsin is bleaches, cascade reaction lead to the Na+ ion channel closely, so rod cell 

membrane becomes much less permeable to Na+ ions, so interior becomes more negative. 
 Hyperpolarisation is known as the generator potential in the rod. 
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 Size of the generator potential depends on the amount of light hitting the rod and therefore 
the amount of rhodopsin bleaching that follows. 

 If it is large enough to reach threshold, neurotransmitter is released into the synapse with 
the bipolar cell, which synapses on both the photoreceptors and nerve fibre. 

 An action potential is then triggered in the bipolar cell that passes across the synapses to 
cause an action potential in sensory neurone. 

 All sensory neurones leave the eye at the same point to form the optic nerve leading to the 
brain. 

Retinal exists as two different isomers, cis- retinal and trans- retinal. In the dark, it is all in the CIS form. 
Bleaching is the photochemical breakdown of visual pigments. (egg; rhodopsin to opsin and retinal). 
Cascade reaction is a series of reactions each caused by the reaction before leading to the Na+ ion channel 
closing, so the rod cell membrane becomes less permeable to Na+ ions and fewer Na+ ion diffuse into the 
cell. 

[8.9] 

Habituation is diminishing of an innate response to a frequently repeated stimulus. The Ca2+ ions cross into 
the presynaptic knob. Consequently, fewer vesicles move to the presynaptic membrane, fuse and discharge 
their neurotransmitter. When there is less neurotransmitter available to bind to post synaptic membrane, 
post synaptic excitatory potential is not high enough to trigger an action potential so there is no response. 
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Chapter 5: Response 
[8.11] 

Plant hormones are chemicals that at as a plant growth regulator, but they do more than simply control the 
growth of plants. The chemicals which control growth and development in plants are called plant hormones.  
They are produced in one area of the plant, are transported around the body of the plant and have their 
effect on cells in another area. Tropisms are plant growth responses to environmental cues; they are also 
known as trophic responses. Growth is a permanent increase in the size of an organism or of some parts of 
it. It is brought about by the cell division and the assimilation of new material within the cells that result 
from the division, followed by cell elongation. Main areas of cell division in plants are known as the 
Meristems and they occur just behind the tip of a root or shoot. The regions of cell division and cell 
elongation are particularly sensitive to plant growth substances. 

Auxins are plant hormones that act as a powerful growth stimulant (egg; indoleacetic acid IAA) are involved 
in apical dominance, stem and root growth, and trophic responses to unilateral light. They are produced in 
young shoots and always move down the plant from the shoot to the root. Movement of Auxin involves some 
active transport and Ca2+ ions. If tips of the stems are removed, removing the source of auxins, the 
stimulation of root growth is removed and root growth slows and stops. 

How IAA promotes cell elongation: 

c. IAA is made in the tip of the shoot and diffuse back towards the zone of elongation. 
d. Molecules of IAA bind to specific receptor sites on the cell surface membrane. 
e. Activating the active pumping of H+ into the cell wall spaces. 
f. This changes the H+ ion concentration, providing the optimum pH of around 5 for enzymes 

that break bonds between neighbouring cellulose microfibrils. 
g. This allows the microfibrils to slide past each other very easily, so the wall stay very plastic 

and flexible. 
h. Cell absorbs water by osmosis and, as a result of turgor pressure, the very flexible cell walls 

stretch allowing the cells to elongate and expand. 
i. Eventually, as the cell mature, IAA is destroyed by enzymes, the pH of cell walls rises, the 

enzymes are inhibited and bond form between the cellulose microfibrils. 
j. Consequently, the cell wall becomes more rigid again and the cell no longer expand. 

Summary 

a. Auxin synthesised in meristem  
b. Auxin diffuse away from the tip 
c. Auxin bind to receptors sites 
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d. Auxins activate H+ ions pump in cell surface membranes. 
e. Low pH of cell walls keeps them flexible allowing cells to expand as they absorb water. 
f. Auxin destroyed by enzymes cell walls becomes rigid so no further cell elongation is 

possible.  

Gibberellins are plant hormones that act as growth regulators, particularly in the internodes of stems, by 
stimulating elongation of the growing cells; they also promote the growth of fruit and are involved in 
breaking dormancy in seeds and in germination. 

a. They affect the internodes of stems, stimulating elongation of growing cells. 
b. They also promote the growth of fruits. 
c. They are involved in breaking dormancy (inactive period) in seeds and in 

germination, because they stimulate the formation of enzymes in seeds. They also 
stimulate bolting, a period of sudden rapid growth and flowering in biennial plants. 

Day length (or night length) is the environmental cue that control changes such as bud development, 
flowering, fruits ripening and leaf fall. Red light (620- 700nm) is the most effective at stimulating 
germination in lettuce seeds, and far red light (700- 800nm) inhibits germination. If you expose seeds to 
a flash of red light they will germinate. If you expose them to a flash of red light followed by a flash of far 
red light, they will not germinate. With any series of flashes of light, it is the colour of the final flash that 
determines whether or not the seeds will germinate. Phytochrome is a plant pigment that reacts with 
different types of light, and as a result affects the responses of the plant. As a seedling germinates, it 
makes Pr. As soon as it breaks through the surface of the soil and is exposed to red light, some of the new 
pigment is converted into Pfr. From this point onwards the two interconvertible forms exist in the plant. In 
low light intensity, it takes minutes. In high light intensity, it takes seconds. In the dark, Pfr is converted to 
Pr very slowly, but no Pr is converted back.  Pr is MORE stable form of the pigment, but it is the Pfr that is 
BIOLOGICAL ACTIVE. Day length appeared to be the environmental cue affecting flowering in many plants. 
Amount of time that an organism is exposed to light during a 24-hour period is known as the photoperiod. 

i. Short day plant (SDP) 
Plants that flower when days are short and nights are long. 

ii. Long day plant (LDP) 
Plants that flower when days are long and nights are short. 

iii. Day neutral plant (DNP) 
Whose flowering is not affected by the length of time they are exposed to light or 
dark. 

Scientists eventually discovered that the length of the period of darkness is actually the environmental cue 
affecting flowering, not day length. 
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[8.13] 

 

 

 

 

 

 

 

 

 

 

[8.14] 

i. Cerebrum  
This is the area of the brain responsible for conscious thought, personality, control 
of movement and much more.  
Cerebral hemisphere are the two parts of the cerebrum joined by the corpus 
callosum. 

ii. Cerebellum 
This is the area of the brain that coordinates smooth movement; it uses information 
from the muscles and the ears to control balance and maintain posture. 

iii. Medulla oblongata 
The most primitive part of the brain that control reflex centre controlling functions 
such as breathing rate, heart rate, blood pressure, coughing, sneezing, swallowing, 
saliva production and peristalsis. 
It is the region that may maintain the basic life responses, even when the higher 
areas of the brain have been destroyed. 

iv. Hypothalamus 
This is a small area of the brain directly above the pituitary gland that controls the 
activities of the pituitary gland and coordinates the autonomic (unconscious) nervous 
system. 
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It plays a major part in thermoregulation (regulation of the core temperature of the 
body) and osmoregulation. (the regulation of the osmotic potential of the body fluids) 
It monitors the chemistry of the blood and controls the hormones secretions of the 
pituitary gland. 
It also controls many basic drives, including thirst, hunger, aggression and 
reproductive behaviour. 

 

 

 

 

 

 

 

 

[8.15] 

i. CT scans  
It is very useful to produce effective images of hard tissue yet note effective to 
produce images of soft tissue. 
Uses X rays which can do small risk of damage. 
CT scans can identify major structure in brain and detect problems such as brain 
tumour but does not detect detailed fins structural details. 
CT scans cannot show how the area of the brain are used or change during different 
activities. 

ii. MRI 
It produces images that show much finer details than CT scans. 
It uses magnetic fields and radio waves to image the soft tissue so less risk. 
Hydrogen atoms are the most commonly imaged element, partly because so much of 
the body is made of water and because H2 atoms produce a particularly strong MRI 
signals. 
MRI produces very detailed images that gives doctors a great deal of information 
about living brain. 
MRI scans gives historical images so they don’t show while it working.  
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MRI is noisy so people find very stressful. Patients must keep their head completely 
still because any movement reduces the accuracy of the image. 

iii. fMRI 
Basis of fMRI scanning is monitoring the absorption of Oxygen in different brain 
areas. 
Dexoyhaemoglobin absorbs the radio waves signals and later re- emits it, whereas 
oxyhaemoglobin does not. 
Blood flow to an of the brain which is active increases and more oxyhaemoglobin is 
delivered to supply the active cells with oxygen they need for aerobic respiration. 
An active area of the brain absorbs (and so emits) less energy than a less active 
area. 

iv. PET scans 
Forming detailed 3D images of the inside of the body. 
Great advantage is that they can show how parts of your brain are actually working. 
This is a scan produced by detecting the radiation given off by a radiotracer injected 
into a patient, computer analysis, shows area in which the radiotracer is built up, so 
detailed 3D images of the inside of the body are formed. 
Radiotracer are injected. 

[8.16] 

Parkinson disease involves the loss of nerve cells in an area of the midbrain known as the substantia nigra. 
Substantia nigra is the area of the midbrain involved in the control and coordination of movement; it is 
affected by Parkinson disease. A healthy brain, these cells produce the neurotransmitter, dopamine, and 
the axon from them spread through the frontal cortex, the brain stem and the spinal cord. So they are 
closely involved in the control and coordination of movement. In Parkinson disease, these dopamine- 
producing cells die and motor control is gradually lost. For a long time, the brain compensates for the loss. 
Most people don’t show symptoms of the disease until around 80% of their dopamine- producing cells have 
disappeared. Dopamine is the neurotransmitter produced by nerve cells in the substantia nigra, which is 
closely involved in the control and coordination of movement. 

Common symptoms  

a. Tremor (shaking) which usually begins in just one hand. 1st symptom for around 70% of 
affected people. 

b. Slowness of movements. It is hard to start to make a movement and movement take longer 
to perform. 

c. Stiffness (rigidity) of the muscles. This can make it difficult to turn over in bed or stand up 
after sitting.  
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d.  Poor balance 
e. Difficulty in walking 
f. Problems in sleeping 
g.  Depression  
h. Even difficulty in speech and breathing 

Some treatments for Parkinson disease: 

i. Levodopa (L- dopa) 
It is a precursor of dopamine which can cross the blood brain barrier.  
Supplying the brain with the L- dopa slows the remaining cells to make as much dopamine as 
possible. 
This can greatly reduce the stiffness and slowness of movement. 
Eventually, the drug becomes less effective as the brain cells will start to die. 

j. Dopamine agonists  
They are chemicals that bind to dopamine receptors in the brain synapses and mimic the 
effect of dopamine. 
They are often used at the beginning of the disease when they are most effective, so L- 
dopa can be used later. 

k. Monoamine oxidase B (MAOB) inhibitors drug. 
This is the drug which inhibits the enzyme monoamine oxidase B (MAOB). This enzyme 
breaks down the dopamine in the brain synapses. Thus MAOB inhibitors reduce the 
destruction of the dopamine made by the cells. 
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Chapter 6: Gene technology 
[8.17], [8.18], [8.19]  

Genetic Modification/ Gene editing is the insertion of genes from one organism into the genetic material of 
another organism or changing the genetic material of an organism. 

Reverse transcriptase which is an enzyme used to make artificial copies of a desired gene by taking a 
mRNA molecule transcribed from the gene and using it to produce the correct DNA sequence. It reverses 
the transcription process to produce complementary DNA which can act as an artificial gene.  

cDNA is the DNA which can act as an artificial gene, made by reversing the transcription process from 
mRNA using reverse transcriptase. 

Restriction endonucleases are used to cut DNA strands into small pieces and each type of endonucleases 
will cut DNA only at specific restricted) sites with a particular DNA sequence. Some restriction 
endonucleases form sticky ends. 

Sticky ends are the name given to the area of the base pairs left 
longer on one strand of DNA than the other by certain restriction 
endonucleases, making it easier to attach new pieces of DNA. 

Transferring of special marker gene with the desired DNA so 
they can be used to identify the microorganisms in which 
transformation has taken place. These marker genes are usually 
genes that make a bacterium dependant on a particular nutrient 
or which causes the organism to fluoresce in UV light. 

Replica plating is a process use to identify recombinant cells that 
involves growing identical patterns of bacterial colonies on plates 
(agar plates or petri dish) with different media. 

Ways to transfer the modified gene: 

a. Gene gun is a technique to produce recombinant 
DNA by shooting the desired DNA into the cell at a 
high speed on a very small gold or tungsten pellets (balls). 

b. Harmless viruses can be engineered to carry a desirable gene and then used to infect an 
animal’s cells thus introducing the desirable DNA. 

c. Liposome wrapping is a technique for producing recombinant DNA that involves wrapping the 
gene to be inserted in liposomes, which combine with the target cell membrane and can pass 
through it to deliver that DNA into the cytoplasm. 
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d. Microinjection (DNA injection) is a technique for producing recombinant DNA that involves 
injected DNA into a cell through a very fine micropipette. Manipulated using a 
micromanipulator, because even the steadiest hand would tremble enough to destroy the 
cell. Not effective because many cells have to be injected before one accepts the DNA 
successfully. This method has resulted in most successful transgenic animals. 

[8.20], [8.21] 

A microarray is a tool; which scientist use widely to show if a DNA samples from an individual contains any 
mutations. Theses samples are also known as DNA chips. A DNA microarray is a slide on which there are 
thousands of spots. Each spot is in a specific position and contains a known DNA sequence. The mRNA 
sample are then collected. Scientist usually use a reference sample with a known gene sequence and an 
experimental sample. Typically, this will be from an individual with a particular disease which may have a 
genetic element, for example a form of cancer. 

Usually known samples is given green fluorescent label and experimental is given a red label. Hybridisation 
is the process by which labelled DNA samples bind to the matching DNA probes on a microarray slide. 

How to prepare a microarray slide?  

 Reverse transcriptase enzyme convert mRNA into cDNA. 
 Each sample is given a fluorescent label. 
 The labelled DNA samples are mixed together and applied to the microarray slide, where 

they bind to matching DNA probes. 
 After hybridisation, microarray is scanned to measure the fluorescent light produce by 

different spots. 

Expected results of a microarray slide. 

 If both samples are expressing a gene equally, the light will appear yellow (a mixture of red 
and green). 

 If experimental sample is expressing more than control, the post will appear red. 
 If the sample is expressing less than the control, the spot will appear green. 

Doctors can use microarray on the patients with breast cancer to show the level of expression of the gene 
for oestrogen receptors in an individual patient. If it is high, the patient will respond will to these drugs 
and they will increase the chances of successful treatment. 
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Bioinformatics is the development of the software and computing tool is needed to organise and analyse 
large amounts of raw biological data (example; results from microarray analysis of DNA). Bioinformatics is 
the development of the software and computing tools needed to organise and arrange raw biological data. 
Bioinformatics enable scientist and doctors to use the information form these DNA techniques to adapt the 
care of individual patients and learn more about the biology of many different organisms. 

[8.22] 

6 main issues of GM 

a. Antibiotic resistances were often used as a marker gene. Risk that these genes for 
antibiotic resistance might get into the wild and add problems of antibiotic resistance.  

b. Concern about infertile seeds. Marker genes in GM plants are includes to make it easy to 
identify them. These marker genes may include allele that ensure the plant is infertile. 

c. Worries over risk of eating alien DNA in GM food plants. 
d. Environmental concerns about risks of gene transfer form GM plants and animals to wild 

species. 
e. Strong objections to use of animals and other organism for scientific research. GM 

threatens the rights of GMO. 
f. Gene technologies will be property of few companies in rich countries that affect poor 

countries that depends on export. 

 

BENEFITS 
a. GM modified to have higher yield, increased nutritional value and pest resistances, all help 

to reduce malnutrition. 
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b. Medicine and treatments can be produced quickly and cheaply, making them more 
affordable. 

c. Potential use of gene therapy in treating human disorders. 
d. Can produce large quantities if enzymes cheaply, which can then be used as catalyst 

industrially. 
RISKS 

a. Could lead to monoculture, leading to reduce biodiversity. 
b. Super weeds could arise if genes for herbicides and pest resistance get into the rest of 

environment through breeding with GM plants 
c. GM of human can be seen as unethical and lead to designer babies and prejudices against 

those with genetic disorders. 

 

 

 


