Maintaining a balance
· Identify the role of enzymes in metabolism, describe their chemical composition and use a simple model to describe their specificity on substrates.
Enzymes are made of highly specialized cellular protein that reduces the amount of energy needed to initiate a reaction.  They are organic catalysts, i.e. they take part in reactions without changing themselves.  They are made up of amino acids, which make up proteins.  Different amino acids make different enzymes, thus they have different shapes.  Each different shape is highly specialized for a particular substrate.

· Identify the pH as a way of describing the acidity of a substance

 Ph is a scale that ranges from 1-14.  1 is the most acidic and 14 is the most alkaline.  7 is neutral.

Each rises is jumps of 10, i.e. pH of 3 is ten times more acidic than pH of 4

· Explain why the maintenance of a constant internal environment is important for optimal metabolic efficiency

Chemical reactions occur at optimum rates at very specific conditions. E.g. pH and temperature must be stable.

· Describe homeostasis as the process by which organisms maintain a relatively stable internal environment

Homeostasis is responsible for maintaining regularity in regards to internal conditions in the body. E.g. pH

· Explain that homeostasis consists of two stages –detecting and counteracting
Detecting – the body has mechanisms which detect change in both internal and external environment and send a message to the hypothalamus where:

Responding – occurs.  This is the counteracting occurs as the hypothalamus initiates a response which counteracts the change.
· Outline the role of the nervous system in detecting and responding to environmental changes

The nervous system provides rapid coordination of internal organ systems to detect and counteract changes in environment.  It includes receptors which send electrochemical messages via the CNS to the hypothalamus which sends messages back to initiate an appropriate response.

· Identify the broad range of temperatures over which life is found compared to the narrow limits for an individual species.

Some bacterium has been found in water temperatures of 94 degrees Celsius
Some organisms have been found alive at -200 degrees Celsius.

Individual organisms cannot survive this whole range; generally mammals can survive between 0 and 45 degrees Celsius
Humans are an exception due to technology.

· Compare responses of a named Australian ectotherm and endotherm to changes is the ambient temperature and explain how they regulate temperature.

Ectotherm – Australian Desert Lizard
Avoids high temperature by burrowing and seeking shelter in hottest parts of the day

Basks in the sun in the morning with stomach on ground to gain heat.

Changes colours to absorb/reflect heat.

Endotherm – Red Kangaroo

Light coloured fur reflects the sun

Forelimbs have a dense network of blood vessels

When in heat distress, it redirects blood to forelimbs then licks them to increase heat loss by evaporation.

It also pants and sweats.

· Identify some responses of plants to temperature change

Plants such as tulips begin flowering when exposed to particularly low temperatures – these are the temps they thrive in.

Eucalypts hang leaves vertically to increase reflection of heat and reduce the effects of exposure to high temp.

· Develop a model of a feedback mechanism

· Analyse information to describe adaptations and responses of Australian organisms that assist temperature regulation

The red kangaroo and its dense network of blood vessels and the Australian desert lizard.

Goannas burrow at night to reduce temperature loss.

· Identify the form(s) in which each of the following is carried in mammalian blood:

	Product
	Form

	Carbon dioxide
	Bicarbonate ions in plasma

	Oxygen
	As oxy-haemoglobin in red blood cells

	Water
	In plasma (90% plasma is water)

	Salts
	As ions in plasma 

	Lipids
	Glycerol and fatty acids suspended in plasma

	Nitrogenous waste
	As urea and small amounts of ammonia and uric acid

	Other digestion products
	As amino acids, glucose, vitamins etc dissolved in the blood


· Explain the adaptive advantage of haemoglobin

Because oxygen can not be carried in blood on its own due to the fact that oxygen does not readily react to form an acid, haemoglobin itself is an adaptive advantage.

Due to the fact oxygen can combine loosely with haemoglobin; the release of oxygen is made easier.

Each haemoglobin molecule can carry four oxygen molecules making it more efficient

The fact that RBCs do not have a nucleus is an adaptive advantage because it makes space for haemoglobin.

Haemoglobing is enclosed inside RBCs so it does not upset the osmotic balance of blood

· Compare the structure of arteries, capillaries and veins in relation to their function
Arteries- take blood away from the heart and thus have thick muscular walls to withstand pressure and contract and expand with the heart.  The blood always (bar one artery) flows away from the heart and, due to the high pressure, only in one direction.

Veins – return blood to the heart and thus have a low pressure (i.e. the heart beat is not providing the immense pressure that is in the arteries.  Valves are therefore needed to prevent backflow.  Thick muscular walls are not needed like they are in arteries.

Capillaries – these are only one cell thick and supply individual cells with blood.  The large surface area means that they can efficiently supply blood to cells whilst receiving used blood to return them to the veins.

· Describe the main changes in the chemical composition of blood as it moves around the body and identify tissues in which the changes occur.

Lung tissues – blood receives oxygen; blood releases carbon dioxide
All cells – blood releases oxygen; blood receives carbon dioxide

Small intestines – blood receives vitamins, amino acids, glucose fats and minerals

Liver tissue – some vitamins, lipids, iron and glucose are removed as well as unwanted or poisonous substances.

Kidney – water and salt are removed from the blood

· Outline the need for oxygen in living cells and explain why removal of Co2 is essential

Oxygen is required for respiration (production of energy) in cells

Removal of Co2 is essential because it reacts with water to produce carbonic acid in animals which upsets the pH in blood and affects oxygen uptake

· Describe current theories about processes responsible for movement of materials through the plants in the xylem and phloem

Xylem – xylem cells are not alive so physical processes must be responsible:
· cohesion (water molecules stick together)

· transpiration (water is pulled up from the top)

· tension (water moves up the xylem due to cohesion)

· adhesion (when the water stops, molecules stick to the sides so they don’t fall)

Phloem – movement of materials in the phloem is called translocation.  Materials move both up and down the stem. The processes responsible are not known for sure but fall into two views: 

1) A high pressure region exists at the site of production of sugars (i.e. the leaves).  A low pressure region exists near the sink (e.g. the roots). The change in pressure forces the sugar rich sap through the sieve tube columns, moving from source to sink.

2) Energy is used as sugars are actively loaded against the concentration gradient at the site of photosynthesis (source).  Sap is carried along the phloem sieve tubes by water that enters by osmosis. The sugar is then loaded by diffusion at the storage (sink) site.

· Analyse information to identify current technologies that allow measurement of oxygen saturation and carbon dioxide concentration in blood and describe and explain the conditions which these technologies are used 

Pulse oximeter:  Two light emitting diodes (one infrared and one red light) pass light through an extremity of the body.  The amount of light energy that passes through is determined by a photo detector.  There is a large difference between the amount of red light absorbed by oxy-haemoglobin to haemoglobin.  The measurement is processed and the oxygen saturation is calculated on an electrical component.  These are used to measure haemoglobin saturation of patients in intensive care due to respiratory failure.  It is also used to monitor premature babies in a humidycrib so as to prevent oxygen toxicity and thus prevent blindness.

Arterial Blood Gas Analysis: This evaluates how effectively the lungs are delivering oxygen and how well they are getting rid of carbon dioxide.  It measures partial pressure of O2 and CO2, O2 content, O2 saturation, bicarbonate content and blood pH.  Oxygen saturation compares the amount of O2 actually combined with the haemoglobin and the capacity the haemoglobin has to carry.  It is used to assess respiratory diseases and other conditions which may effect lungs e.g. emphysema.  It also manages patients recovering from oxygen therapy.

· Analyse information to identify the products extracted from donated blood and discuss their uses.

White Blood Cells – are used for patients who are suffering from life threatening diseases which include a lowered immune response because these cells provide the B-lymphocytes necessary to produce antibodies which infer passive acquired immunity.  White blood cells only last a few hours so they must be used as soon as they are produced.

Red Blood Cells – used to increase the oxygen carrying capacity of the blood.  This is used to treat people with anaemia (iron deficiency means that haemoglobin content is low thus they can’t carry O2 efficiently); people who have lost a lot of blood.

Platelets – essential for blood clotting.  These are given to people who have cancer of the blood e.g. leukemia.  (Patients who are undergoing cancer therapy do not make enough blood platelets).

Plasma – this contains the blood clotting factors and immunoglobins.  It is thus given to people who suffer clotting disorders such as haemophilia.  It is also used to adjust the osmotic pressure of the blood and to pull fluid out of tissues.  
· Report on progress in the production of artificial blood and use available evidence to propose reasons why such research is needed.

Why we need it – there is a widespread shortage of blood and the need to cross match blood means that not all blood is applicable to all patients, which is a problem for people with rare blood types.

What ‘artificial blood’ does now – there is currently no ‘artificial blood’ as such because although there have been substitutes that can perform some of the functions of real blood, none have been developed that can do them all.  The current blood substitutes can:

· increase plasma volume for people suffering severe burns

· carry oxygen and carbon dioxide- considerable research here
As yet, there have been no other replacements which can perform coagulation and immune defense.

What are the two that have been produced – 

(a) Perflurochemicals – these are synthetic materials that can dissolve more oxygen than blood plasma and carry much more oxygen than RBCs while being considerably smaller.  They are cheap, and because they are synthetic there is no risk that they will be infected by disease.  They can also be stored at room temperature and last up 12+ months.  Disadvantage of them is that they can’t clot nor do any other blood function other than carry oxygen and carbon dioxide.  Research in this field is now directed towards refining them because they have to combine with other substances in order to mix in the blood stream.  This changes how the artificial blood can flow through the blood vessels.  Research has included mixing them with lipids and more recently lethicin.  An example of a PFC is Oxycyte, which is used during open heart surgery.
(b) Haemoglobin based oxygen carriers – these are made from haemoglobin which is extracted from red blood cells.  They are not contained in a membrane and therefore do not require blood typing and cross matching.  More research is needed here because haemoglobin must be modified before it is used.  Also, current blood substitutes do not have the enzymes that prevent haemoglobin from oxidizing.  Once it is oxidized, it cannot carry oxygen.  The disadvantage is that these substitutes only stay in circulation from 20-30 hours whereas RBCs last about 100 days, thus there will be research into developing more longevity in the products.
· Explain why the concentration of water in cells should be maintained within a narrow range for optimal function

Water is a major solvent for chemical reactions, thus it should be kept within a narrow range because the amount of water will affect the concentration of materials in the cell.
· Explain why the removal of wastes is essential for continued metabolic activity

Some wastes are poisonous (e.g. urea).  Poisonous wastes will cause cells to die and hence metabolic activity will cease.  Other wastes take up space and therefore interrupt with metabolic activity, and some wastes such as carbon dioxide upset the osmotic balance of the blood.

· Identify the role of the kidney in the excretory system of fish and mammals.

There are three roles of the kidney in removing wastes in fish and mammals:
Filtration


Re-absorption



Secretion

· explain why the processes of diffusion and osmosis are inadequate in removing dissolved nitrogenous wastes in some organisms
Diffusion, as a passive means of transport, is too slow and non-selective of solutes – and in the case of nitrogenous wastes, the kidney ‘dumps’ everything outside the body and then uses energy to reabsorb the solutes it needs.

Osmosis – is passive movement of water working with the concentration gradient so although it would mean that only water was attended to and nitrogenous waste would stay inside the body.

· Distinguish between active transport and passive transport and relate these to processes occurring in the mammalian kidney

Active transport requires energy because particles are moving against a concentration gradient.  

Passive transport requires no energy as particles move with the concentration gradient.
In removing nitrogenous wastes, some sodium salts need to be reabsorbed against the concentration gradient while others such as water can be reabsorbed passively.

· Explain how the processes of filtration and reabsorption in the mammalian nephron regulate body fluid composition

The nephrons are located in the outer cortex and central medulla, and are made up of a glomerulus and tubules.  
Body fluid is regulated because waste products such as urea and excess water are removed whereas useful substances are reabsorbed into the blood so body fluid composition is regulated.
Filtration occurs in the glomerulus, where only blood plasma is able to enter the Bowman’s capsule – meaning that RBCs and WBCs remain in the blood.

In the tubules, the fluid moves along where useful substances such as water and inorganic salts are reabsorbed and the wastes moves through the kidney where it can eventually be excreted from the body.

· Outline the roles of the hormones aldesterone and ADH in the regulation of water and salt levels in the blood.

Aldesterone – increases sodium reabsorbtion which, causes water absorption to increase and blood volume to be restored.  This also decreases reabsorb ion of potassium.
ADH (Vasopressin) – increases the permeability of the kidney collecting ducts to water so that more water is reabsorbed and urine level decreases.
· Define enantiostasis as the maintenance of metabolic and physiological functions in response to variations in the environment and discuss its importance in maintaining appropriate salt concentrations.

Estuarine organisms (those living in an estuary where a river meets the salt water of the sea) must deal with changing salt concentrations as the tide rises (high salt) and falls (low salt).  Organisms must therefore have mechanisms which allow them to deal with such changes so that they can maintain a constant internal environment.  E.g. eels have specialized cells in their gills that can act as salt absorbers and salt excretors for when they move up and down stream in rivers.  Mangroves excrete excess salt in their leaves and then drop their leaves to be rid of the salt.

The ability for organisms to use these mechanisms is extremely important because too much salt can dehydrate cells which can lead to products of cell metabolism not being dilated enough – which can be fatal to the cells.

· Describe adaptations of a range of terrestrial Australian plants that assist in minimizing water loss

Eucalypts – have thin leaves with a waxy cuticle, sunken stomata and stomata only on the surface of the leaf.  
Baobab – store water in their trunks

Mulga – have very fine leaves to reduce SA exposed to sun

Porcupine grass – leaves are rolled and their stomata are found at the bottom of pits, which increases humidity around them and hence reduces water loss via evaporation

· Compare renal dialysis with the function of the kidney

The kidney removes nitrogenous waste from the body and also maintains water balance.  Dialysis carries out a similar function.

Dialysis is an artificial process and the use of heparin to prevent clotting means it can only be used for short periods of time (4-5hrs).

Both use semi-permeable membranes

Both cause urea to be removed from the blood.

Dialysis takes place outside the body, kidney inside the body

Reabsorbtion in renal dialysis is non-selective, whereas it’s selective in the kidney

Dialysis is much slower than the kidney

· Outline general use of hormone replacement therapy in people who can not secrete aldesterone

-   Aldesterone is a mineralocorticoid which acts on the kidneys to promote reabsorbtion of sodium ions into the     blood and excretion of potassium ions.  

-   It therefore increases the water content of the blood, maintaining normal blood pressure. 

-   People who can not secrete aldesterone suffer from Addison’s Disease, and they cannot regulate their salt and water balance properly, causing blood volume and blood pressure to drop.

-   Other symptoms include weight loss, fatigue and skin discolouration.

-   By taking Florinef to replace aldesterone that is not being produced, the disease can be managed effectively.

-   Without replacement therapy, the low blood pressure and sodium levels, along with higher level of potassium, can be life threatening.
· Analyse information to compare and explain differences in urine concentration of terrestrial mammals, marine fish and freshwater fish

Terrestrial mammals – concentration varies according to needs; can be more concentrated than blood, increase fluid intake decreases concentration. 

Freshwater Fish – large amounts of dilute urine produced to expel the water that tends to diffuse into their bodies via osmosis.

Saltwater Fish – very concentrated urine to try and conserve water. Water tends to diffuse out of their bodies into the salty surroundings.

· Explain the relationship between conservation of water and the production and excretion of concentrated nitrogenous wastes in a range of Australian insects and terrestrial mammals.

Insects e.g. cicada– excrete uric acid, which is almost insoluble, to prevent water loss
Mammals – Red Kangaroo and Mulgara – Highly concentrated urine.

· Process and analyse information to discuss processes used by different plants for salt regulation in saline environments.

Halophytes are plants that are adapted to living in salty environments:

Mangroves – excrete salt from their leaves and then drop them to rid themselves of salt.

Chenopod family – it includes salt bushes which have special salt excretion glands on their leaves.

Coastal mangrove Avicennia Marina – prevents 98% of the salt in its environment entering its roots

