The importance of shape in organisms
Enzymes are protein biological catalysts that lower the activation energy of almost all reactions in organisms. The active site (AS) shape is held in place by different types of bonds, eg covalent, hydrogen, and is complementary to its substrate. The ‘induced fit’ model proposes that the enzyme is slightly flexible and that the active site fits around the substrate, straining bonds as it does so, lowering the activation energy needed to break them. 
The enzyme AS shape is specific to the substrate: this specificity is important as it means that a particular enzyme will then only catalyse a particular reaction, in the cell so that reactions happen as needed. At high temperatures and extremes of pH the shape of the AS is denatured (changed) as some of the bonds are broken. The effect of denaturation the enzyme becomes non-functional. This underlines the importance of its shape. Non-competitive inhibitors also provide evidence of the importance of shape of AS because they change the AS shape and the enzyme stops working. (Could link to possible area to target drugs)
Receptor molecules on cells are often proteins or glycoproteins. Part of the molecule is a particular shape, onto which specific molecules can bind, eg hormones. Eg adrenalin will only fuse onto the receptor of the target cell, because it is complementary to it. The receptor changes shape on the inside of the membrane activating an enzyme called adenyl cyclase (AC) inside the membrane. The AC converts ATP to cyclase AMP, which acts as a second messenger. The cAMP both changes the shape of and activates protein kinase (PK) enzyme. The PK catalyses the conversion of glycogen to glucose. The glucose is thus released as needed for respiration.
The importance is that some molecules might be released generally into the body’s transport system, but only need to act on specific cells, eg FSH is released in the brain and travels in the blood past many types of cell, but will only enter ovary cells, where it stimulates ovulation.
A neurotransmitter eg acetylcholine is only released from the pre-synaptic membrane once an action potential has arrived and caused Ca2+ to enter the synaptic knob. Summation and importance.
The importance of this is that an action potential will only be initiated when neurotransmitters are complementary in shape to receptors on the post-synaptic membrane, so will only happen when an AP needs passing on to the next neurone, rather than randomly, so that coordination of movement, response etc is controlled by the initiation from receptors, rather than being random. One mode of action of some painkillers is to bind onto the receptor on the post-synaptic membrane, thereby reducing the number of AP propagated onto the next neurone and reducing pain. Agonist / antagonist – explain.
Cells start as undifferentiated stem cells but genes are expressed in some cells and suppressed in others such that cells will differentiate to become better adapted to their function. The fact that there are so many different cell shapes illustrates the importance of these differences. Examples include root hair cells in plants which have a long extension to increase their surface area for absorption of water and minerals. Red blood cells (RBC) are a biconcave shape allowing them to squeeze smoothly through small capillaries. People with Sickle cell disease (SCD) have sickle shaped RBC’s which become sometimes become ‘stuck’ in tissues leading to blockages and a reduction to oxygen delivery to the cells beyond the blockage which is very painful and debilitating. In some people who have the heterozygous form of the condition (‘sickle cell trait’), only some of the cells are sickle shaped so they do not get the major problems that people with SCD get: in contrast they have a selective advantage as malaria parasites are less able to enter their RBC’s and so they have a lower mortality from malaria. This advantage is significant as shown by the fact that large numbers of people in areas with malaria carry the SC gene.
Leaves are sometimes arranged on stems in order to minimise shading to the leaves below them, eg nettle leaves are opposite each other and at 90’ to the pair of leaves below. Rainforest leaves have ‘drip tips’ to make rainwater fall off the leaf quicker: this would be an advantage as it would make the conditions less favourable for fungi to grow which would damage the leaf. Fish and birds are usually a streamlined shape to reduce the energy expended whilst moving. 
Exchange systems have a shape which either maximises, or minimises the size of the exchange surface. eg tropical foxes have large ears to maximise heat loss, whilst the Arctic fox has much smaller ears. Alveoli and villi (with microvilli) have projections to maximise surface area. The importance of this is an efficient delivery system for respiratory substrates for cells.  In people who have emphysema the alveoli walls breakdown, reducing the surface area and leaving them breathless and tired as they are unable to deliver enough oxygen to their muscle cells. Fick's Law describes the relationship between the rate of diffusion and the three factors that affect diffusion. It states that 'the rate of diffusion is proportional to both the surface area and concentration difference and is inversely proportional to the thickness of the membrane'.
[image: \text{Rate of diffusion} \propto \frac{\text{surface area} \times \text{concentration difference}}{\text{thickness of membrane}}]
[image: \propto]means 'is proportional to'.
The rate of diffusion will double if:
1. surface area or concentration difference is doubled or
2. thickness of the exchange membrane is halved.
All of the exchange surfaces consist of cell membranes which are very thin. This explains why diffusion is very fast across membranes.
The surface area:volume ratio can be linked to metabolic demand by organisms, the higher the demand, the bigger the surface area required

Other possible topics: antibody / antigen
Carbohydrates – structural / storage
Hb O2 binding / affinity
[bookmark: _GoBack]DNA base pairing
image1.png
. . X 1 1
Rate of diffusion ~ SWJ/ace area x concentration dijference
thickness of membrane





image2.png




