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CGPwned	When Biology and CGP books get pwned…	




Unit 1: Human Biology

There are millions of different plants and animals in the world. To make it easier to identify them, we place them into different groups. These groups contain organisms whose characteristics are similar. The process of classifying organism is called taxonomy. Classification itself means identifying and grouping organisms.

Living organisms are placed into groups, called kingdoms.

There are five kingdoms:
	Plants
	· Multicellular (Their bodies are made up of many cells)
· Cells contain chloroplasts which carry out photosynthesis (carbon dioxide + water -> glucose + oxygen)
· Green
· Contains a stem, roots, leaves and the flower
· Cells contain (in addition to nucleus, cell membrane and cytoplasm) cell wall, vacuole and chloroplasts

	Animals
	· Multicellular
· Movement involves coordination by the nervous system
· Gains energy by feeding on other animals/plants
· Cells lack cell walls so they can change shape

	Fungi
	· Some such as mushrooms and Mucor are Multicellular. Others such as yeasts are unicellular (made of single cells).
· Cannot carry out photosynthesis
· Body is usually organized into a mycelium made from thread-like structures called hyphae.
· They have cell walls made of chitin
· Feed on nutrients from the dead – or they decompose by producing extracellular enzymes that digest the dead material outside of the organsim
· Produces spores for reproduction

	Protoctists
	· Unicellular
· Examples include amoeba, chlorella and plasmodium (which is responsible for malaria)

	Prokaryotes
	· Unicelluluar
· Eukaryotes
· Examples include bacteria



[image: http://scienceaid.co.uk/biology/micro/images/bacterium.png]Bacteria

· Unicellular – have a cell wall, cell membrane, cytoplasm and plasmids
· Lacks nucleus but contains DNA
· Some can photosynthesis but most feed off other living or dead organisms
· Examples include Lactobacillus bulgaricus
[image: http://www.abpischools.org.uk/res/coResourceImport/modules/infectiousdiseases_pathogens/en-images/The-structure-of-a-virus.png]
Viruses are parasitic, smaller than bacteria, have no cellular structure but have a protein coat and one type of nucleic acid, either DNA or RNA. They can only reproduce inside living cells and infect every type of living organism. Examples include the influenza virus, and HIV. Fungi, bacteria, protoctists or viruses can be pathogens – agents that cause disease.
Defining ‘Living’

Movement
Respiration
Senses

Growth
Reproduction
Excretion
Nutrition

*Note: Viruses are NOT living things. They do not feed, respire, excrete, move, grow or respond to their surroundings. They only reproduce – but they do it parasitically by entering a host cell and taking over the host’s genetic machinery to make more virus cells.

Understanding Genus’s and Species

A genus is the second last classification group. Kingdoms such as animals are divided into smaller groups such as mammals. That can then be divided into even smaller groups such as… dolphins! And then even smaller, such as pink-nose dolphin! Get the idea? Unfortunately we’re talking about Latin names here.

Key point here: No different species can reproduce with each other.

An example would be Homosapien. ‘Homo’ is the genus, because there are lots of other ‘Homos’ out there such as Homo neanderthelansis. ‘Sapien’ is the species name.

Other Groups Lower Down Kingdoms

Anyways these are the groups from the biggest down to the smallest – or from the very first level of classification down to the last.

· kingdom
· phylum
· class
· order
· family
· genus
· species

Kate Perry Cooks Only For Good Singers 


Nutrition
[image: ]
Carbohydrate molecules are made up of small sub-units called sugars. Sugars are made from carbon, hydrogen and oxygen atoms arranged in a ring/hexagon-shaped molecule. Examples include glucose C6H12O6. Groups of sugar molecules can link together to make larger molecules and long chain polymers called polysaccharides. Carbs provide the main source of energy for respiration in living organisms. 

[image: ][image: ]Fats are made up of glycerol linked to fatty acids. Like carbohydrates, fats are also a source of energy. Examples of fatty acids include oleac acid, stearic acid and palmitic acid.

Proteins are made up of long chains of amino acids linked together. Proteins are important for growth and repair. Examples include glycine, alanine, valine and cysteine.

Water makes up the bulk of the cytoplasm. It takes part in the many chemical reactions happening inside the cytoplasm. Salts of potassium, sodium, calcium and many others play an important role in these reactions.

	Carbohydrates 
	Provides quick energy. 60% of our diet should comprise 'carbs'. They make up 5% of our body mass.
	Pasta, cereals and potatoes

	Fats 

	Provides slow energy. 25% of our diet should be fat. They make up 10% of our body mass.
	Oils, dairy products, nuts and fish

	Protein 
	Builds and repairs muscle. We only need 15% of our diet to be protein. Makes up 18% of the mass in our body.
	Meat, pulses and fish

	Fibre 
	Can't be digested. Fills you up and keeps you 'regular'
	Fresh fruit, vegetables and wholegrain cereals

	Minerals
	Calcium – Making teeth and bones
	Found in diary products, fish, bread, vegetables, red meat e.g.

	
	Phosphorus – making teeth and bones; part of many chemicals such as DNA
	

	
	Magnesium – Making bones, found inside cells
	

	
	Iron – Part of haemoglobin in red blood cells, helps carry oxygen
	

	Water 
	Maintains fluid levels
	The tap



	Vitamin
	Use
	Effect of Deficiency
	Where you get it

	A
	Making a chemical in the retina; also protects the surface of the eye
	Night blindness, damaged cornea
	Fish liver oils, liver, butter, margarine, carrots

	B1
	Helps with cell respiration
	Beri-Beri
	Yeast extract, cereals

	B2
	Helps with cell respiration
	Poor growth, dry skin
	Green vegetables, eggs, fish

	B3
	Helps with cell respiration
	Pellagra (dry red skin, poor growth, and digestive disorders)
	Liver, meat, fish

	C
	Sticks together cells lining surfaces such as the mouth
	Scurvy
	Fresh fruit and vegetables

	D
	Helps bones absorb calcium and phosphate
	Rickets, poor teeth
	Fish liver oils; also made in skin in sunlight


Food Tests

Test for Starch

Dilute iodine solution reacts with starch, forming a very dark blue colour. This test will work on a solid sample of food, such as potato, or a suspension of starch on water.

Test for Glucose
[image: http://www.umanitoba.ca/faculties/science/biological_sciences/lab2/images/BenedictsTest-1.jpg]
Glucose is called a reducing sugar. This is because the test for glucose involves chemically reducing an alkaline solution of copper sulphate to copper(I) oxide.

[image: http://faculty.ntcc.edu/mhearron/BiuretTest.jpg]The test for glucose is called the Benedict’s test. Simply add a few drops of Benedict’s solution, which contains alkaline copper sulphate, to some glucose. Add enough to turn the mixture blue. Then heat the mixture in a boiling water bath. The clear blue solution will gradually change colour, forming a cloudy orange or brick red precipitate of copper(I) oxide. All ‘single’ sugars such as fructose are reducing sugars, as well as some ‘double’ sugars, such as the milk sugar.

Test for Proteins

The test for protein is called the Biuret test. It is done by firstly mixing some protein such as powered egg white to some water. Then, dilute potassium hydroxide solution is added to the mixture. Finally, a small amount of copper sulphate solution is added to the mixture. A mauve colour develops.

Test for Lipids

Fats and oils are insoluble in water, but will dissolve in ethanol. The test is done by dissolving a lipid in ethanol. The mixture is then poured into cold water. A white cloudy layer forms on top of the water. This is caused by the ethanol dissolving in the water and leaving the lipid behind as a suspension of tiny droplets, called an emulsion.

Enzymes

[image: ]Enzymes are biological catalysts - catalysts are substances that increase the rate of chemical reactions without being used up. Enzymes are also proteins that are folded into complex shapes that allow smaller molecules to fit into them. The place where these substrate molecules fit is called the active site.

This shows how enzymes break down molecules or joins them. The slots where substrate molecules fit into is the active site. The molecules themselves are the substrates.

This enzyme is only capable to working on this particular substrate. If the enzyme denatures – or changes shape, substrate molecules would be unable to fit into the slots.

Lock and Key Theory

[image: ]Lets use some analogies. The lock and key theory compares the substrate to a key and the active site to a lock. Only one specific key can open one specific lock. If that lock was denatured – it would change shape. Now if the lock changed shape, it wouldn’t be able to fit into the key anymore.

	Enzyme
	Reaction Catalysed

	amylase
	starch    →    maltose

	maltase
	maltose → glucose

	protease
	proteins    →    amino acids

	lipase
	lipids    →    fatty acids + glycerol


They can be denatured by high temperatures or extremes of pH. Key Point: Low temperatures DO NOT denature enzymes. They simply slow the enzyme activity.

Temperature and enzymes

[image: Graph showing pH and enzyme activity. Between pH 4.5 and pH 8, enzyme activity increases steadily. It peaks at pH 8, then decreases fairly rapidly]As the temperature increases, so does the rate of reaction. But very high temperatures denature enzymes.
The graph shows the typical change in an enzyme's activity with increasing temperature. The enzyme activity gradually increases with temperature until around 37ºC, or body temperature. Then, as the temperature continues to rise, the rate of reaction falls rapidly, as heat energy denatures the enzyme.

[image: Graph showing temperature and enzyme activity. Between 0 and 40Ã�ÂºC, enzyme activity increases steadily. It peaks at 40Ã�Â°C (optimum temperature), then decreases rapidly]pH and enzymes

Changes in pH alter an enzyme’s shape. Different enzymes work best at different pH values. The optimum pH for an enzyme depends on where it normally works. For example, intestinal enzymes have an optimum pH of about 7.5. Enzymes in the stomach have an optimum pH of about 2.

Enzymes in Digestion

The enzymes involved in respiration, photosynthesis and protein synthesis work inside cells. Other enzymes are produced by specialised cells and released from them; the digestive enzymes are like this. They pass out into the gut, where they catalyse the breakdown of food molecules.

Different enzymes catalyse different digestion reactions.

Carbohydrase refers to all the enzymes that break down carbohydrates. Protease refers to all the enzymes that break down proteins. Lipase refers to all the enzymes that break down fats.

	Enzyme
	What it Does
	Where Produced

	amylase
	salivary glands, pancreas, small intestine
	Amylase catalyses the breakdown of starch into sugars in the mouth and small intestine.

	protease
	stomach, pancreas, small intestine
	Proteases catalyse the breakdown of proteins into amino acids in the stomach and small intestine.

	lipase
	pancreas, small intestine
	Lipases catalyse the breakdown of fats and oils into fatty acids and glycerol in the small intestine.


The Digestive System

A good definition would be: Digestion is the chemical and mechanical breakdown of food. It converts large insoluble molecules into small soluble molecules, which can be absorbed into the blood.

Ingestion

Digestion begins with the mouth. Food is taken into the mouth to our body. This stage is known as ingestion. A slippery liquid called saliva helps moisten the food and contains the enzyme amylase, which starts the breakdown of starch. This is known as chemical digestion, and when chemicals such as enzymes aid the digestion process. The food is also chewed, cutting the food down into smaller pieces to increase surface area, so enzymes can act on the food more quickly. This is an example of mechanical digestion, the physical breakdown of food. 

In the Stomach

[image: http://www.childhealth.co.uk/images/possetting_diagram.gif]The lump of food, mixed with saliva, then passes along the oesophagus, to the stomach. The food is held in the stomach for several hours, while initial digestion of proteins takes place. The stomach wall secretes hydrochloric acid, so the stomach contents are strongly acidic. This is important as it kills bacteria that might have been taken into the gut along with the food, helping to protect us from pathogens. The protease enzyme that is made in the stomach, called pepsin, has to be able to work in these acidic conditions, and has an optimum pH of 2. The semi-digested food is held back in the stomach by a ring of muscle at the outlet of the stomach, called the sphincter muscle. When this relaxes, it releases the food into the first part of the small intestine, called the duodenum. 

The Duodenum

[image: http://www.cdli.ca/courses/biol2201/unit03_org04_ilo02/10_15_cap.jpg][image: http://yoursurgery.com/procedures/smbowel/images/SmBowelAnat.jpg]Muscles are responsible for moving food along the gut by muscle contraction. The wall of the intestine contains two layers of muscles. One layer has fibres running rings around the gut. This is the circular muscle layer. The other has fibres running down the length of the gut, and is called the longitudinal muscle layer. Together, the two layers push food along. When one layer contracts, the other relaxes. Waves of muscle contraction like this is what helps push food along. This is called peristalsis. It means that the movement of food in the gut doesn’t depend on gravity – we can eat while standing on our heads! 

Several digestive enzymes are added to the food in the duodenum. These are made by the pancreas, and digest starch, proteins and lipids. As well as this, the liver makes a digestive juice called bile, which is stored in the gall bladder. Bile does not contain enzymes. Its function is to turn any large lipid globules in the food into an emulsion of tiny droplets. This increases the surface area of the lipid, so that lipase can break it down more easily. Bile and pancreatic juice are both alkaline. It is also used to neutralize the semi-digested food (which gets acidic from the stomach) before continuing its way down the gut.

As food continues along the intestine, more enzymes are added, until the parts of the food that can be digested have been fully broken down into soluble end products, which can be absorbed. This is the role of the last part of the small intestine, the ileum.

The Ileum

[image: http://image.wistatutor.com/content/nutrition/villi-structure.jpeg]The ileum is highly adapted to absorb digested food. The lining of the ileum has a very large surface area, which means that it can quickly and efficiently absorb the soluble products of digestion into the blood. The length of the intestine helps provide a large surface area, and this is aided by the folds in its lining, but the greatest increase in area is due to the tiny projections from the lining, known as the villi. Each is only about 1-2mm long, but there are millions of them, totaling the area of the lining to be about 300m2. This provides a massive area in contact with the digested food. As well as this, each of the villus has even more projections known as microvilli. 

Each villus has a wall made of single cells and a network of blood capillaries. Most of the digested food enters these blood vessels, but the fat droplets enter a tube in the middle called the lacteal. The lacteal is part of the body’s lymphatic system, which transports liquid called lymph. The lymph eventually drains into the blood system too. Tiny food molecules enter the blood stream by a process known as diffusion (high concentration to low concentration). A rich blood supply in the capillaries maintains the concentration gradient.

The blood vessels from the ileum join up to form a large blood vessel called the hepatic portal vein, which leads to the liver. The liver breaks some molecules down, builds some and stores some.

The digested food molecules are distributed around the body by the bloodstream. The soluble food molecules are absorbed from the blood into cells of tissues, and are used to build new parts of cells. This is called assimilation. 

[image: http://www.toilet-related-ailments.com/images/Colon-Diagram-New.jpg]The Large Intestine – getting rid of the poopoo

This process is known as egestion (removal of faeces), NOT excretion. Excretion is the removal of the waste products of cells of the body. Once everything has been digested and absorbed into the bloodstream and the cells are all like “food!” the waste from the bloodstream, which consists mainly of cellulose fibre and other indigestible remains, water, dead and living bacteria and cells lost from the lining of the gut, will move on to the large intestine. The remaining water is absorbed by the first part of the intestine known as the colon, leaving a semi-solid waste material called faeces. This is stored in the rectum, until expelled out of the body through the anus.


Measuring Energy Content in Food – Such as a Peanut!

If a sample of food will burn well in air, you can measure its energy content using a simplified version of the food calorimeter.

1. Find the mass of the peanut, and place 20ml of water into a boiling tube.
2. Measure temperature of water.
3. Spear peanut with a mounted needle and light it up with a Bunsen burner until it catches flame.
4. Hold the lit peanut underneath boiling tube. If peanut stops burning, relight it and continue boiling the water with the lit peanut – not penis, until it can no longer burn.
5. Measure the final temperature of the water and calculate the rise in temperature.

Some facts:
-4.2 joules raises the temperature of one gram of water by 10C
-1ml of water has a mass of 1g

To find the energy (joules per gram) = (rise in temperature x initial volume of water x 4.2)/mass of food (g)

Respiration

What’s the difference between respiration and breathing? Respiration is an oxidation reaction that releases energy from foods. Breathing means ventilation, a term that describes the mechanism that moves air into and out of the lungs, allowing gaseous exchange. The breathing system in our bodies is known as the respiratory system.
[image: http://www.hyperbaric-oxygen-info.com/image-files/respiratory-system-diagram-001.png]
Structure

The lungs are located at the chest, or the thorax. Joining each ribcage are the internal and external intercostals muscles. They aren’t labeled on the diagram but it’s those bumps on the outside of the lungs. You know the ‘beef ribs’ you get in restaurants? Well the meat is the intercostals muscles. The diaphragm separates the contents of the thorax from the abdomen. It is a shallow dome shape.

[image: http://t3.gstatic.com/images?q=tbn:FfkfVLRge6PEbM:http://www.daviddarling.info/images/lungs_diagram.gif&t=1]The trachea is where air enters when we breathe in. This splits into two branches called the bronchus. They divide into even smaller tubes called bronchioles. And finally, at the end of the bronchioles, there are microscopic air sacs called alveoli. It is here that gas exchange takes place.

The trachea and bronchi contains rings of cartilage. These help keep the airways open when we breathe in. They stop the trachea and bronchi from squishing when we breathe in. The inside of the thorax is separated from the lungs by two thin, moist membranes called pleural layers. These form an airtight seal around the lungs. Between them is a space called the pleural cavity, which is filled with pleural fluid.
[image: http://upload.wikimedia.org/wikibooks/en/1/1a/Anatomy_and_physiology_of_animals_columnar_epithelium_with_cilia.jpg]Keeping Airways Clean

The trachea and larger airways are lined with a layer of cells that keep them clean. They secrete a liquid known as mucus, which traps particles of dirt or bacteria that we breathe in. Hair-like cells called cilia sweeps the mucus out towards the mouth so the bacteria and dirt cannot enter the lungs and cause an infection.

Ventilation – The Gruesome Details

[image: http://image.wistatutor.com/content/feed/u544/terrorist-breathing_0.jpg]Ventilation requires a difference in air pressure. When you inhale, the internal intercostals muscles move your ribs outwards. The external ones contract, pulling the ribs up. The muscles of the diaphragm contract, pulling it down to a more flattened shape. These movements increase the volume of the thorax. This decreases pressure (see Boyle’s Law in The Ultimate IGCSE Guide for Physics by CGPwned), making the pressure inside the thorax less than the pressure outside. This causes air to enter the lungs.

The opposite happens when you exhale. The external intercostal muscles relax, and the internal intercostal muscles contract, pulling the ribs down and in. At the same time, the diaphragm muscles relax and goes back to its normal dome shape. This causes volume of thorax to decrease, making the pressure inside the thorax greater than outside. This forces air out of the lungs.

The Alveoli
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/4/46/Alveolus_diagram.svg/418px-Alveolus_diagram.svg.png]
Oxygen enters the blood through the alveoli – bumpy air sacs. The structure of the alveoli increases surface area, which also increases gas exchange. It also provides a concentration gradient for diffusion as oxygen will move from higher to lower concentration. There are about 700 million of these cuties in our body, giving a total surface area of 60m2. 

	Gas	
	Atmospheric Air (%)
	Exhaled Air (%)

	Nitrogen
	78
	79

	Oxygen
	21
	16

	Carbon Dioxide
	0.04
	4

	Other Gases
	1
	1


Blood is pumped from the heart to the lungs and passes through the capillaries that surround the alveoli. The blood has come from respiring tissues of the body, where it has given up some of the oxygen to the cells, and gained carbon dioxide. Around the lungs, the blood is separated from the air inside each alveolus by only two cell layers; the wall of the alveoli and the capillary wall. It is thin so oxygen can easily diffuse to capillaries and carbon dioxide, from the capillaries.




[image: http://www.bbc.co.uk/scotland/learning/bitesize/standard/biology/images/gas_exchange.gif]Because the air in alveolus has a higher concentration of oxygen than the blood entering the capillary network, oxygen diffuses across the alveolus wall and into the blood. At the same time, there is more carbon dioxide in blood than there is in the air so it diffuses out of the blood and into the alveolus. The capillaries containing the oxygen rich blood then flow to the heart, where it can be pumped around the body!

Note: Surfactant is a chemical that keeps lungs moist. When air is exhaled, lungs get drier as water escapes. Therefore, to stop the lungs from collapsing, the surfactant hardens. Finally, moisture is useful as it speeds diffusion.

Smoking and Its Effects

Smoking can causes lots of things: lung cancer, bronchitis, emphysema etc. They are also a major contributing factor to other problems such as coronary heart diseases, stomach and duodenum ulcers. Pregnant smokers are more likely to give birth to underweight babies.

Tar in cigarettes destroys the cilia in airways. This means that mucus is not swept away from the lungs, but remains and clogs the air passages. This is made worse by the fact that the smoke irritates the lining of airways, stimulating cells to secrete more mucus. Irritation of the bronchial tree, along with infections from bacteria in the mucus can cause the bronchitis, which causes blocking in normal airflow, so the sufferer has difficulty breathing properly.

Emphysema is another lung disease. Smoke damages the walls of the alveoli, causing them to break down and fuse together. This greatly reduces the surface area for gas exchange. The blood of a person with emphysema carries less oxygen. There is no cure.

Lung cancer happens when cells mutate and divide uncontrollably, forming tumours. Smoking increases the chance of this; however, giving up the habit can soon improve your chances of survival.

But what makes it so addictive?

Cigarette smoke contains a strongly addictive drug known as nicotine, which eases stress. It also contains at least 17 chemicals that are known to cause cancer. These are called carcinogens.

Apart from tar, carbon monoxide is another harmful and poisonous gas found in cigarettes. When inhaled, the gas attaches itself to a chemical that carries oxygen in the body, known as haemoglobin. When combined with carbon monoxide, it forms carboxyhaemoglobin. When this happens, the blood carries less oxygen around the body. Carbon monoxide from smoking is a major cause of heart disease.

Giving it Up

Smoking is hard to give up because of the addictive nicotine. Nicotine is actually harmless, and the brain secretes it to ease stress. Therefore, some smokers use nicotine patches or nicotine chewing up as a source of nicotine. Gradually, the nicotine dose reduces until the smoker is weaned off the habit. Other ways include acupuncture and hypnotism.




The Smoking Machine
[image: http://www.hc-sc.gc.ca/hc-ps/images/hecs-sesc/tobac-tabac/legislation/reg/indust/method/_main-principal/carbonyl1.gif]
The smoking machine shows the effects of smoking. By the way, IGNORE THE LABELS! I couldn’t find the right picture so yeah. Anyways the cigarette smoke would make the glass wool yellowish (thanks to the tar). The Universal Indicator would turn orange red, showing the fact that the smoke is acidic. Finally, if the tube was connected to limewater, the limewater would turn cloudy in the presence of carbon monoxide.

Blood and Circulation – The Heart and The Blood

Blood is pumped around the body. In mammals, it transports oxygen, carbon dioxide, nutrients and urea. Hormones, antibodies and many other substances are also transported by blood. Even heat is.

Unicellular organisms don’t need this function as they can obtain oxygen from the surface membrane of the cell. The area of the cell’s surface determines how much oxygen the organism can get, and the volume of the cell determines how much oxygen the organism uses.

Ratio of supply to demand = surface area/volume

[image: http://leavingbio.net/CIRCULATORY%20SYSTEM/CIRCULATORY%20SYSTEM_files/image036.jpg]One of the main functions of a circulatory system in animals is to transport oxygen. Blood is pumped to a gas exchange organ to load oxygen. It is then pumped to other parts of the body where the oxygen can be used. There are two main types of circulatory systems:

· Single Circulatory Systems: Blood is pumped from the heart to the gas exchange organ and then directly back to the rest of the body.
· Double Circulatory Systems: Blood is pumped from the heart to the gas exchange organ, back to the heart and then to the rest of the body. We have this system. You not included.

There are two distinct parts to a double circulation:

· Pulmonary Circulation: Blood is circulated through the lungs where it is oxygenated.
· Systemic Circulation: Blood is circulated through other parts of the body. A double circulatory system is more efficient because the heart pumps blood twice, so higher pressures can be maintained. The blood travels more quickly to organs.


The human circulatory system comprises of:

· The heart – The blood pumper. 
· Blood vessels – These carry blood around the body; arteries carry blood away from the heart and towards other organs. Veins do the opposite and capillaries carry blood through organs.
· Blood – The transport medium. The red thing that comes out of a wound when you cut yourself. In girls, it comes out automatically every month.

The Heart

The human heart is a pump that pumps blood around the body at different speeds and pressures according to the body’s needs. It can do this because the wall of the heart is made from cardiac muscle.

How the Heart Pumps

1. [image: http://www.buzzle.com/images/diagrams/labeled-diagram-of-human-heart.jpg]Blood enters the atria. It cannot pass into the ventricles because the bicuspid (mitral) and tricuspid valves are closed.
2. The walls of the atria contract, raising the pressure of the blood. This forces open the valves and blood passes through into the ventricles.
3. When the ventricles are full, the contract, increasing blood pressure in the two chambers and closing the valves.
4. The ventricles continue to contract, forcing semi-lunar valves at the base of the aorta and the pulmonary artery to open. The pulmonary artery carries blood to the lungs. The aorta has branches that carry blood to other parts of the body.
5. As the ventricles empty, the higher pressure in the aorta and pulmonary artery closes the valves. The cycle then begins again.

Adaptations of the Heart

When a chamber of the heart is contracting, it is systole. When it is not, it is diastole. The structure of the heart is adapted to its functions in several ways:

· The septum divides the right and left side of the heart. The right ventricle pumps blood only to the lungs, whereas, the left ventricle pumps blood to other parts of the body. This requires so much pressure, therefore the left ventricle is bigger.
· Valves prevent backflow of blood.
· The walls of the atria are thin. They can be stretched to receive blood and can contract to push blood through the tricuspid and mitral valves.
· Cardiac muscle can contract and relax continuously without becoming fatigued.
· It also has its own blood supply. The coronary artery carries the blood and gives it to the capillaries where it transports the blood to the cardiac muscle. Blood is returned to the right atrium via the coronary veins.


How Blood Circulation Works

1. The pulmonary artery carries blood to the lungs where it gets oxygenated. The pulmonary veins carry it back to the heart.
2. Blood enters the left atrium, then down to the left ventricle and up to the aorta, where it leaves the heart and goes to the body.
3. Deoxygenated blood from the body goes back to the heart through the vena cava and enters the right atrium and ventricle, where it then leaves the heart through the pulmonary artery and so on.

Blood Vessels

	Blood vessel
	Function
	Adaptations

	Artery
	carry oxygenated blood away from heart at high pressure
	Thick, elastic, muscular walls to withstand pressure and to exert force (pulse). It has a small lumen.

	Capillary
	allow exchange of materials between blood and tissues
	Thin permeable walls

	Vein
	return low pressure deoxygenated blood to heart
	Large diameter (lumen) to offer least flow resistance. Valves to prevent back flow.



Composition of Blood

	Component
	Description
	Function

	Plasma
	Straw coloured clear liquid. Makes up approx. 55% of the blood.
	Transports CO2, soluble nutrients, hormones and urea.

	Red Blood Cells
	Biconcave, no nucleus to fit more haemogloblin, makes up 45% of the blood, made in bone marrow
	Packed with red haemogloblin which combines with oxygen to give oxyhaemogloblin – a reversible reaction so oxygen can be dropped off.

	Lymphocytes
	White blood cells about the same size as red cells with a large spherical nucleus, like an egg.
	Produces antibodies/antitoxins. Made in bone marrow. They may cause bacteria to stick together, act as a ‘label’ on the pathogen, cause bacterial cells to burst open, neutralise poisons produced by the pathogen, or develop into memory cells.

	Phagocytes
	Much larger white blood cells with a large spherical nucleus. It’s like an egg with a C-shaped yolk.
	Digests and kills bacteria and other pathogens. Also made in bone marrow. 

	Platelets
	Small spiky cells – that are really just fragments of other cells
	Releases chemicals to trap RBCs, resulting blood clots to stop us from bleeding.



Memory cells make you immune to a disease. When the same pathogen re-infects, the memory cells can produce antibodies at a faster rate and a higher quantity, killing the microbe before it would cause disease.



Respiration and Other Organisms
[image: ]
Demonstrating Heat Being Produced by Respiration

1. Some peas are soaked inwaterfor24 hours so that they start to germinate and a second batch is boiled and killed. Each set of peas is washed with bleach to kill any bacteria present. They are then rinsed with distilled water to remove any traces of bleach.

2. Each batch is placed in an inverted vacuum flask, leaving some air in each flask. The flask insulates its contents.

3. The seeds produce carbon dioxide gas, which is denser than air. The inverted flasks and cotton wool allow this to escape so it won’t kill the peas.
	Temperature in Dead Peas (0C)
	21

	Temperature in Living Peas (0C)
	24



· The flask with the dead peas acts as a control

[image: ]
Demonstrating that Respiration Produces Carbon Dioxide

Hydrogencarbonate indicator solution turns from orange to yellow in the presence of carbon dioxide. An organism is placed on a gauze platform above the solution in a boiling tube.





Anaerobic Respiration

Muscle cells can respire anaerobically when they are short of oxygen because blood cannot reach them fast enough to deliver the oxygen needed for aerobic respiration. Its equation:

Glucose  Lactic acid (+ energy)
C6H12O6  2C3H6O3

Too much lactic acid leads to muscle cramps. Once the person rests, the lactic acid can be oxidised fully. The volume of oxygen needed to completely oxidise the lactic acid that built up is called the oxygen debt.


Unit 2: Structures and Functions in Living Organisms

Levels of Organization

What’s the difference between organelles and cells? Or tissues and organs? Well…

	Organization
	Definitions

	Organelles
	Structures in cells such as the nucleus and mitochondria.

	Cells
	Units that make up all living organisms.

	Tissues
	Collective word for cells with a similar function – muscle tissues…etc.

	Organs
	A collection of several tissues carrying out a particular function.

	Systems
	When different organs work together to carry out jobs. There are seven: digestive, respiratory, circulatory, excretory, nervous, endocrine and reproductive systems.



Cell Structure

Animal Cells
[image: http://lincs.skoool.co.uk/uploadedImages/Coord10.1%20animal%20cell.gif]
In GCSE, you need to know four organelles in animal cells: the nucleus, cell membrane, mitochondria and cytoplasm.

The cytoplasm is a living material that makes up a cell. It has a texture like a sloppy jelly.

The nucleus is the largest organelle in a cell. Nearly all cells have one. The nucleus controls the activities of a cell. It contains chromosomes, which carry genes.

The cell membrane forms a boundary between the cytoplasm and the outside. Some chemicals can pass into the cell and others pass out. The cell membrane controls what goes in and out, therefore, it is selectively permeable.

Mitochondria are found in all living cells. They carry out some of the reactions of respiration to release energy that the cell can use. It also supplies the cell with energy – abit like the power plant of a cell.

[image: http://scienceaid.co.uk/biology/plants/images/plantcell.png]Plant Cells

Plant cells have everything an animal cell has, plus a cell wall, vacuole and chloroplasts.

The cell wall is a layer of non-living material found outside the cell membrane of plants. It is made mainly of cellulose – which helps the cell keep its shape. Plant cells absorb water, which produces an internal pressure, pushing against other cells to give them support. Without a cell wall to withstand the pressure, this method of support would be impossible. The cell wall has large holes to allow water or dissolved substances to enter and leave. It is freely permeable.

Mature plant cells often have a large central space called a vacuole. It is a permanent feature of the cell and is filled with a watery liquid called cell sap – a store of dissolved sugars, mineral ions and other solutes.

Chloroplasts absorb light to photosynthesize. They contain a green pigment called chlorophyll.

Movements of Substances in and out of Cells

Diffusion

[image: http://www.practicalbiology.org/data/images/originals/evaluating-visking-tubing-4-167.jpg]Certain substances have to pass through the cell membrane to get into or out of a cell. Diffusion is one of the processes that allow this to happen. Diffusion occurs when particles move from a region where they are in high concentration to a region where they are in low concentration. They do this when there is a concentration gradient – a difference in concentration.

An experiment to show diffusion can be done by filing a Visking tube with starch suspension and putting it into a boiling tube with iodine. What would happen, is that the iodine will diffuse into the Visking tube (high to low concentration), and turn the starch solution blue-black (since it is used to indicate starch).

Another experiment can be done by punching a hole in agar jelly and filling the hole with hydrochloric acid and some universal indicator (to make the acid red – making it easier to see diffusion happening). After a while, the hydrochloric acid would diffuse out into the agar jelly.

Osmosis

Osmosis is the process that takes place when water moves in and out of cell membranes. Water will move across the membrane from a more dilute solution to a more concentrated one – in other words, higher to lower water potential. It can only happen if the membrane is permeable to water – or a partially permeable membrane. To summarise, osmosis is the net movement/diffusion of water across a partially permeable membrane from a higher to lower water potential.
[image: 2 Visking Osmometers]
An experiment to show osmosis can be done by attaching a glass tube to a Visking tube filled with sugar solution.  It is then put into a boiling tube of water. What happens? The sugar solution in the Visking tube would rise up the glass tube. This is because there is more water potential in the Visking tube (more concentration) than outside the tube. As a result, the water outside the tube would move into the Visking tube, pushing the sugar solution up the glass tube.

Another experiment can be done by putting an egg or a potato chip into a beaker of water, and another egg/potato into a sugar solution. The food is then left for a while. What happens this time? Well, the food in the sugar solution would’ve shrunk as the water in the food would move out to the sugar solution, whereas, the food in the water solution would have increased in size as water from the outside would move in.

Factors That Affect Rate of Movement of Substances In and Out of Cells

· Concentration Gradient – the steeper the faster.
· Temperature – higher temperature = more kinetic energy = faster.
· Surface area to volume ration – the bigger, the faster.
Osmosis in Plants – Why So Important?

Turgor is very important to plants. It is the state at which the cells are turgid. What is a turgid cell? If a plant cell was put into water, it would absorb water through osmosis, swelling up. This makes the cytoplasm push against the cell wall, giving the cell and internal pressure. This makes the cell turgid.

Back to the point. The pressure in plant cells pushes neighbouring cells against each other. This supports the non-woody parts of the plant, such as young stems and leaves, and holds stems upright so the leaves can carry out photosynthesis properly. Turgor is also important in the functioning of the stomata. If a plant loses too much water from its cells because there is more water potential outside the cell, it would become flaccid – making the plant wilt. Wilting is actually a protective action. It cuts down water loss by reducing the exposed surface area of the leaves and closing the stomata. Excessive loss of water causes the cell to become plasmolysed.

[image: http://www.skoool.co.za/studynotes/science/images/id209PlasmoCells.jpg][image: http://www.skoool.co.za/studynotes/science/images/id209PlasmoCells.jpg]

Active Transport

Sometimes, a cell needs to take in a substance when there is very little of it outside the cell. It needs to use energy from respiration to take up the particles – in simpler words, the cell acts as a pump to pump ions or molecules in or out. These pumps are large protein molecules located in the cell membrane. The process of the movement of particles against a concentration gradient, using energy from respiration, is called active transport. It happens in the small intestine, where some glucose in the gut is absorbed into the cells. The roots of plants also take up certain minerals this way.

Excretion

Excretion is the process by which waste products of metabolism are removed from the body. In humans, the main nitrogenous excretory substance is urea. Another one is carbon dioxide, excreted by the lungs. When plants photosynthesize, they produce oxygen as a waste product. When plants respire, they excrete carbon dioxide.

In humans, there are three organs that you need to know, are the organs of excretion:

	Organ
	Function in Excretion

	Lungs
	Excrete carbon dioxide when you exhale.

	Skin
	Takes out urea water and other useless salts in the form of sweat.

	Kidneys
	Remove substances from blood to the bladder.


The Kidneys – Homeostasis and Osmoregulation

Inside our bodies, conditions are kept relatively constant. This is called homeostasis. If you were to drink a litre of water, your body would respond to this change by producing the same amount of urine. In other words, it would automatically balance your water input and water loss. Keeping the water and salt content of the internal environment (inside the body) is known as Osmoregulation.

It is not just water and salts that are kept constant. Other examples include the level of carbon dioxide in blood, the pH of the blood, the body temperature…etc. Homeostasis is important to cells because they will only function properly if they are provided with optimum conditions.

Anti-Diuretic Hormone (ADH) – Controlling the Body’s Water Content
[image: ]
If you drink lots of water, your kidneys will respond to the unbalance of the body’s water by making a larger volume of more dilute urine. If the blood becomes too concentrated, the kidneys produce a smaller volume of urine. These changes are controlled by a hormone produced from the pituitary gland known as ADH.

[image: ]The loss of water means the concentration of blood starts to increase. This is detected by the osmoreceptors in the hypothalamus in the brain. The cells there cause the pituitary gland to release more ADH, which travels to the kidneys. In the kidneys, it causes collecting ducts to become more permeable to water, so more water is reabsorbed back into the blood. This makes the urine more concentrated, so that the body loses less water and blood becomes more dilute. Once the water content of the blood returns to normal, there will be less ADH released – but there will NEVER BE NONE released.















The Urinary System

[image: https://cincystudents.wikispaces.com/file/view/urinary_system.jpg/32399867/urinary_system.jpg]
Each kidney is supplied with blood through the renal artery, which branches out from the aorta. The blood entering is at high pressure. Once the blood is filtered in the kidneys, the blood passes out through the renal vein, to the vena cava. The urine passes out of the kidneys via the ureters, and is stored in the bladder. The urine passes out of the bladder via the urethra – and then you piss. The walls of the urethra contain ring like muscles called sphincters, which contract to hold back urine. The lower muscle is voluntarily controlled, while the upper one is involuntary – automatically relaxing when the bladder is full.
[image: http://www.minnpost.com/client_files/alternate_images/2635/large_KidneyDiagram.jpg]
The Kidneys

The outer region is called the cortex, and contains many blood vessels branching out from the renal artery. It also contains microscopic filtering units called nephrons. The nephrons run down the middle layer called the medulla. The medulla has pyramids pointing towards the concave side of the kidney. The tubules in the medulla eventually join up and lead to the tips of the pyramids, where urine is emptied into the pelvis. The pelvis connects to the ureters, carrying urine to the bladder. 







The Nephrons

Each kidney has about a million of these. A nephron is the single tubule found in the cortex. 
[image: http://sciencecity.oupchina.com.hk/biology/student/glossary/img/nephron.jpg]






















[image: http://www.baxter.com/images/patients_and_caregivers/therapies/renal/acute_kidney_treatment/crrt_ultrafiltration.jpg]Blood enters the kidneys through the renal artery, which divides into arterioles. They supply the capillaries of the glomerulus – a ball of capillaries where blood is filtered. It is surrounded by a cup of cells called the Bowman’s capsule. Since the blood pressure is high, the pressure forces fluid from the blood through the walls of the capillaries and into the middle of the Bowman’s capsule. The glomerulus and the space in the capsule are separated by two cell layers – the capsule and the capillary wall. Between those is a third layer called the basement membrane. These layers act as a filter, allowing water, ions and small molecules to pass through, but holding back blood cells and large molecules such as proteins. The fluid that enters is called the glomerular filtrate. This process, where the filter separates different sized molecules under pressure, is called ultrafiltration.

Reabsorption of water and other solutes such as glucose take place in the proximal convoluted tubule. It reabsorbs different amounts of various substances. This is called selective reabsorption. The function of the loop of Henle is really to concentrate the fluid in the tubule more, by causing more water to be reabsorbed. In the rest of the tubule, more water and ions are reabsorbed, and the final urine contains a much higher concentration of urea, as well as water and salts. Finally, the urine enters the pelvis, into the ureters and down to the bladder.



Coordination and Response

Animals are able to respond to changes in their environment and carry out homeostasis. Mammals and birds are examples of endotherms. They are homeothermic (warm-blooded). Endotherms use heat from chemical reactions to warm its body. Body temperature is monitored by the thermoregulatory centre in the hypothalamus.

A coordinated response requires three things: a stimulus, a receptor and an effector. A stimulus is a change in the surroundings. A response is a reaction. The stimulus is detected by something in you such as your eyes – which is an example of a receptor. A response is brought about by perhaps a contraction of muscles, which is an effector.

	Situation: Ball comes hurtling towards you.

	Stimulus
	The ball comes flying over to you.

	Receptor
	This is detected by your eyes.	

	Coordination
	Nervous signals move from eyes to the brain, then to the muscles.

	Effector
	Contractions in muscles leading to the response.

	Response
	You duck to avoid the ball.


More examples of receptors:

· Eyes – detect light
· Ears – detect sound and balance
· Tongue – taste buds detect taste
· Skin – touch/pressure (kinesthetic) and temperature

Responses can be controlled by nervous or by hormonal communication. 

	Nervous System	
	Endocrine System

	Works by nerve impulses transmitted through nerve cells.
	Works by hormones transmitted through the bloodstream.

	Nerve impulses travel fast and usually have an ‘instant’ effect.
	Hormones travel more slowly and generally take longer to act.

	Response is usually short-lived.
	Response is usually longer-lasting.

	Impulses act on individual cells such as muscle fibres, so have a very localized effect.
	Hormones can have widespread effects on different organs.



The Central Nervous System

The nervous system consists of the brain and spinal cord. Impulses from receptors pass along nerves containing nerve cells called sensory neurons to the CNS. Motor neurons transmit impulses to the muscles and glands.
[image: http://t3.gstatic.com/images?q=tbn:-EU3dHn55q1RZM:http://www.daviddarling.info/images/neuron_labeled_diagram.jpg&t=1]
Motor Neurones

The cell body of the neurone is at one end of the fibre, in the CNS. Dendrons are cytoplasmic extensions which form further extensions called dendrites. Synapses are junctions to other nerve cells. The axon terminals carry impulses to the effector organ. The axon is covered with myelin sheath – a type of fat which insulates the axon, preventing short circuits and speeds up the impulses.


[image: http://www.dmacc.edu/instructors/rbwollaston/Nervous_system/sensory_neuron.gif]Sensory Neurones

A sensory neurone has a similar structure to the motor neurone, but the cell body is located on the side branch of the fibre, just outside the CNS. The neurone is also covered in myelin sheath.

Synapses

Synapses are gaps between nerve cells. The gap is not crossed by electrical impulses, but by chemicals. Impulses arriving at the synapse cause the ends of the axon to secrete a chemical called a neurotransmitter, which diffuses across the gap and attaches to the membrane of the second neurone. This starts off impulses in the second cell. There are tons of synapses in the body to ensure an infinite number of possible pathways through the system.
[image: http://leavingbio.net/THE%20NERVOUS%20SYSTEM_files/THE%20NERVOUS%20SYSTEM_files/image028.gif]
Reflex Arc

The stimulus is detected by pain receptors in the skin, generating impulses in the sensory neurones.  These enter the CNS through the dorsal root ganglion. In the spinal cord, the sensory neurons are connected by synapses to relay neurones (interneuron), which in turn, connect to the motor neurones. They emerge from the spinal cord through the ventral root and send impulses back to the muscles of the arm. These muscles contract, pulling the finger away from the painful stimulus.

The Eyes

The eyes are receptors – as well as the windows to the soul. Anyways cut that bullshit. The human eye can detect light intensity, from images and distinguish colours.

	Sclera
	White part of the eye.

	Cornea 
	A transparent structure that lets light into the eye.


	Iris 

	Coloured ring of tissue.

	Pupil

	Allows light through and is black to prevent light escaping.

	Choroid
	Located underneath the sclera, it is a dark layer to stop light being reflected inside the eye.

	Retina
	Where light is transduced into electrical nerve impulses.

	
	Rod Cells
	Work well in dim light, cannot distinguish colours.

	
	Cone Cells
	Work well in bright light. Three types that respond to red, blue and greed.

	Optic Nerve
	Where impulses are passed from the eye to the brain.

	Fovea
	Centre of the retina where cones are particularly concentrated at.


[image: http://scienceaid.co.uk/biology/humans/images/theeye.jpg]
To form an image on the retina, light needs to be refracted. Refraction takes place when light passes from one medium to another of different density. In the eye, this happens first at the cornea, and again at the lens, where fine focusing is done.

As a result of refraction, the image on the retina is inverted. The brain interprets the image right way up. The role of the iris is to control the amount of light entering the eye by changing the size of the pupil. It contains two types of muscles. Circular muscles from a ring shape in the iris and radial muscles lie like the spokes of a wheel. In bright light, the pupil is made smaller, or constricted.
[image: http://t1.gstatic.com/images?q=tbn:ZEWF3SpN_V83iM:http://www.daviddarling.info/images/how_the_eye_works.jpg&t=1]
	How Eyes Change With Light

	Bright
	· Circular muscles contract
· Radial muscles relax
· Pupil constricts

	Dim
	· Circular muscles relax
· Radial muscles contract
· Pupil dilates


[image: http://hyperphysics.phy-astr.gsu.edu/hbase/vision/imgvis/accom.gif]
Accommodation

Accommodation is the changes that take place in the eye which allow us to see objects at different distances. The lens is held in place by a series of fibres called suspensory ligaments, which are attached to a ring of muscle called the ciliary muscle.

	object
	ciliary muscles
	suspensory ligaments
	shape of lens

	distant
	relax
	stretch
	thin – less convex

	near
	contract
	slacken
	fat – more convex
















Other Hormones

	Hormone
	Gland
	Function

	Anti-Diuretic Hormone
	Pituitary
	Controls water content of blood.

	Adrenaline
	Adrenals
	Prepares body to ‘fight’ or ‘flight’.

	Testosterone
	Testes
	Controls development of male secondary sexual characteristics.

	Progesterone
	Ovaries/Corpus Lueteum
	Regulates menstrual cycle, maintains uterus lining, prevents ovulation…etc.

	Oestrogen
	Ovaries
	Controls development of female secondary sexual characteristics.

	Insulin
	Pancreas
	Lowers blood glucose.



[image: http://www.sun-togs.co.uk/images/sce/skin1.jpg]Controlling Body Temperature

The Skin

The outer epidermis consists of dead cells to stop water loss and protect the body against invasion of pathogens. The hypodermis (below the dermis) contains fatty tissue which insulates the body against heat loss and is a store of energy. The middle layer, the dermis, contains many sensory receptors and is the location of sweat glands, many small blood vessels as well as hair follicles.


Ways to Control Body Temperature

			HOT

	Sweating
	Sweat glands produce sweat, which is secreted on the surface of the skin. It evaporates but needs energy to do so, called the latent heat of vaporization. This is provided by the body’s heat.

	Relaxation of Hair
	Hair erector muscles relax to trap a thinner layer of air so more heat can be lost.

	Vasodilation
	Blood flows through capillary loops in the dermis, radiating heat to the outside.

	COLD

	Increase in Metabolism
	Stimulated by adrenaline, metabolism can generate more heat.

	Shivering
	Muscles contract and relax rapidly to produce heat.

	Vasoconstriction
	Blood flows through deeper vessels so less heat is radiated away.

	Piloerection
	Also known as goosebumps, this is the result of hairs pulled upright to trap more air which prevents heat conducting away.








Tropisms

The growth response of a plant to a directional stimulus (stimulus that act in one direction such as light and gravity) is called a tropism. If the growth response is towards the direction of the stimulus, it is a positive tropism, and if it is away, then it is a negative tropism.

Phototropism

Phototropism is the response of growth towards light. Every seed has a protective sheath called the coleoptiles. The coleoptile detects light and releases growth hormones called auxins, which diffuse down the shoot and grows at the dark side of the shoot. This makes the shoot bend towards the light.
[image: http://www.sciencebuddies.org/science-fair-projects/project_ideas/PlantBio_img032.jpg]
Geotropism

Geotropism is the response of growth towards gravity. The auxins accumulates on the lower side of the shoot to stimulate growth, causing the shoot to bend upwards. The hormone also accumulates on the lower side of the root, causing it to bend downwards. 

[image: http://image.wistatutor.com/content/plant-growth-movements/geotropism-in-roots.jpeg]An experiment to show this is to put germinating seeds on a clinostat. Repeat with another clinostat. Leave one clinostat standing on one side, and another spinning.

The result: Roots of the seeds in the still clinostat would grow downwards, whereas, seeds on the spinning clinostat would grow straight out horizontally because they cannot detect gravity due to the constant spinning.


Unit 3: Plants

Photosynthesis

[image: http://image.wistatutor.com/content/nutrition/light-intensity.jpeg] (
The role of the chlorophyll is to absorb light energy needed for the reaction to take place.
)Photosynthesis is the process of making glucose in plants. But this answer won’t get the marks (I think). It is when plants use simple inorganic molecules carbon dioxide and water, in the presence of chlorophyll and light, to make glucose and oxygen. Since the products of the reaction contain more energy than the reactants, photosynthesis converts light energy into chemical energy.
[image: 6 CO2 plus 6 H2O, in the presence of light and chlorophyll, goes to C6 H12 O6 plus 6 O2.][image: Carbon dioxide and water, in the presence of light and chlorophyll, goes to glucose and oxygen]
Limiting Factors That Affect Photosynthesis

Limiting factors are factors that are in shortest supply and will limit the rate of photosynthesis.

	Limiting Factor
	How It Affects Plant
	Graph

	Light Intensity
	Slows down rate of photosynthesis – since light provides the energy needed for the reaction. When increased, the rate of photosynthesis will increase steadily, but only to a certain point because temperature/carbon dioxide will become the limiting factor.
	[image: rate of photosynthesis plotted against light intensity. the rate begins to slow as the light intensity continues to increase]

	Carbon Dioxide
	Also slows down the rate of photosynthesis since it is one of the reactants needed. The concentration in air is about 0.04%, and to increase it, farmers use gas burners. 
	[image: rate of photosynthesis plotted against carbon dioxide concentration. the rate begins to slow as the carbon dioxide concentration continues to increase]

	Temperature
	Affects the enzymes involved in photosynthesis. Temperature has to be about 300C. Anything higher than 350C, and the enzymes denature. If it’s too low, enzyme activity would slow down.
	[image: rate of photosynthesis plotted against temperature. the rate begins to slow as the temperature continues to increase]


The Leaf

Anatomy of the Leaf
[image: Leaf, showing the veins, midrib and blade.]
	Adaptation
	Use

	Large Surface Area
	To absorb more light.

	Thin
	For carbon dioxide to diffuse into the leaf cells.

	Chlorophyll
	Contained in chloroplasts, it absorbs sunlight to transfer energy into chemicals.

	Network of Veins
	To take away food from the leaf, to support the leaf and to transport water and nutrients to every part of the leaf.



`[image: Shows the waxy cuticle on top of the upper epidermis.Under this is the palisade mesophyll layer and spongy mesophyll layer, which has air spaces in it. At the bottom, is the lower epidermis and wax cuticle. Gases are exchanged through the stoma. On each side of the stoma there is a guard cell with chloroplasts.]
	Waxy Cuticle
	Reduces water loss and acts as a barrier to pathogens such as bacteria and fungi.

	Outer Epidermis
	Is transparent and thin to allow light to reach the palisade cells.

	Palisade Layer
	Made of elongated cells containing hundreds of chloroplasts, this is the main site for photosynthesis.

	Spongy Layer
	The main gas exchange surface of the leaf. Air spaces allow movement of gases and increases SA for gas exchange.

	Lower Epidermis
	Contains many pores called stomata. They are holes that let carbon dioxide, oxygen and water to diffuse in and out. Each stoma is controlled by two guard cells, which can alter their shape to open or close the stoma.


Plant Nutrition

Plants need certain ions to produce important compounds for growth. They get these minerals from soil. It there aren’t enough of these minerals, plants will suffer mineral deficiency disease.

	Mineral Ion
	Use
	Deficiency Symptoms

	Nitrates
	· Contains nitrogen for making amino acids, proteins, chlorophyll, DNA etc.
· Needed for cell growth.
	· Stunted growth.
· Older leaves turn yellow.

	Phosphates
	· Contains phosphorus for DNA and cell membranes.
· Needed for respiration and growth.
	· Poor root growth.
· Purple older leaves.

	Potassium
	· Needed for enzymes that control respiration and photosynthesis.
	· Leaves turn yellow with dead spots.

	Magnesium
	· Needed for making chlorophyll as it is part of the chlorophyll molecule.
	· Leaves turn yellow.



Photosynthesis Experiment

[image: http://t2.gstatic.com/images?q=tbn:ANd9GcQSbg9PCTKomimzgaAj-9npTEroiHD8ZnYUnyu1J9FSJKQ1p3yT9g&t=1]You can measure the rate of photosynthesis by:

· Counting the number of bubbles per min.
· Measuring the mass of the leaf before and after.

Controlled variables:

· Species of plant
· Amount of sodium hydrogen carbonate solution.
· Temperature
· Carbon dioxide concentration.
 (
Reminder: Diffusion is the movement of particles from a 
higher to lower concentration
.
)
Role of Diffusion in Plants

[image: Oxygen moves from the palisade layer to the air spaces in the spongy layer.]

Diffusion is important to plants because it helps oxygen escape the plant and carbon dioxide to enter. The opposite happens during respiration.





Respiration in Plants

Relationship Between Photosynthesis and Respiration

First things first: What IS respiration? It is the release of energy from foods (glucose).

Plants respire all the time. We already know that the respiration equation is basically the photosynthesis equation backwards. When light intensity is high, plants photosynthesize at a much higher rate than when they respire. Therefore, there is an overall uptake of carbon dioxide. In dim light however, a plant produces more carbon dioxide as it is respiring more than it photosynthesis. The net exchange of carbon dioxide and oxygen depends on the light intensity. This is shown by the extremely ugly graph(s) below.
[image: http://www.practical-water-gardens.com/pyjamas/co2curve.jpg]
[image: http://access.mmhs.ca/docs/Science/MMHS%20Web%20Folder/Kamla/p54f1.gif]Effect of Light on Gas Exchange Experiment
[image: ]
Notes:

	Hydrogen Carbonate Indicator Facts

	Orange
	Normal CO2 Concentration

	Purple
	Less CO2 Concentration

	Yellow
	More CO2 Concentration



Controlled variables:

· Species of leaf
· Mass of leaf
· Amount of indicator
· Temperature
· Starting CO2 concentration






Transport in Plants

[image: A cross section of a plant stem]Phloem

Phloem vessels consist of living cells. They have walls made of cellulose. At the end of each cell is a cross wall of cellulose with holes called a sieve plate, which link cells together, forming a sieve tube. The tubes transport products of photosynthesis from leaves to other parts of the plant. Sucrose, amino acids are carried to young leaves and other growing points. Despite being living cells, the phloem sieve tubes have no nucleus and are controlled by the companion cells. Foods flow in both directions (up and down).
[image: http://www.extramarks.com/stryde/uploadfiles/Image/phloem.jpg]Xylem
[image: http://www.headlandamenity.com/cabadex/illo.jpg]
Xylem vessels are made of dead cells. There is a hollow space down the middle called lumen, where water passes. The walls contain a woody material called lignin. Unlike the phloem, xylem vessels contain no cytoplasm. Their role is to carry water and minerals from the roots up the shoot to the leaves in the transpiration stream. 


[image: http://plantcellbiology.masters.grkraj.org/html/Plant_Cellular_Physiology6-Translocation_Of_Organic_Solutes_files/image023.jpg]
Translocation

It’s not written in the syllabus but this picture is pretty so let’s talk about it. I also think this might be in the test so yeah.

Translocation is the movement of materials from leaves to other tissues throughout the plant. Plants produce carbohydrates (sugars) in their leaves by photosynthesis, but nonphotosynthetic parts of the plant also require carbohydrates and other organic and nonorganic materials. For this reason, nutrients are translocated from sources (regions of excess carbohydrates, primarily mature leaves) to sinks (regions where the carbohydrate is needed). 

There is a pressure gradient between the source and sink, which allows the movement of foods through the phloem.

Water Uptake – The Roots
[image: http://www.bbc.co.uk/schools/ks3bitesize/science/images/plant_root_cell.gif]
[image: http://www.emc.maricopa.edu/faculty/farabee/biobk/lsroot.gif]Roots of a plant are covered with root hair cells, which increase the surface area of the root epidermis. Each hair is a single, specialized cell of the root epidermis. The long thin outer projection penetrates between soil particles.

Water uptake is done by osmosis. The soil has a higher water potential than inside the cell, which causes water to move into the very first of the root hair cells. This increases the water potential in the first cells. However, the cells behind the first ones have a lower water potential, which causes water to move from the first cells to the second ones. Continuing in this way, a water potential gradient is set up across the root cortex, kept going by water being taken up the xylem (or stele, in the picture) in the middle of the root.
[image: http://3.bp.blogspot.com/_YTHPYKDs-Gk/TFhLRqLu65I/AAAAAAAAAoA/OuLx8iWLt6E/s1600/transpiration2.gif]
Transpiration in Plants

Transpiration is the loss of water vapour from the leaves. This is obviously caused by evaporation. The lost of water causes a suction – or low pressure in the stem, which pulls the water up the xylem in a continuous flow known as the transpiration stream. It is like sucking water from a straw. 

Role of Stomata in Transpiration

The reason why stomata is found usually on the lower surface of the leaves, is because it would lose too much water if exposed to direct sunlight. Too much transpiration can be bad and lead to excessive water loss. This is where the stomata come to help! When the guard cells are turgid from water, they bend outwards, opening the stomata, to let water diffuse out of the plant. When the guard cells are flaccid (usually at night or after water leaves), it closes the stomata, preventing more water from being lost.

[image: http://upload.wikimedia.org/wikipedia/commons/thumb/4/49/Potometer.png/220px-Potometer.png]Measuring the Rate of Transpiration

Potometers are used to measure the rate of transpiration. There are many different types of photometers, ranging from weight photometers to volume photometers.

Everything must be placed in a sink whilst setting up to prevent formation of air bubbles. The shoot is cut at an angle to make it easier to push into the rubber tubing. Vaseline can be used to seal joints. A capillary tube is used to magnify the uptake. Time taken for the bubble to move along the scale is recorded.

Problem: Usually the water uptake would exceed water lost because water is used for photosynthesis. In experiments like this, we assume that they’re equal.

Factors That Affect Transpiration

	Factor
	Its Effect
	How It Can Be Kept Constant

	Light Intensity
	Increases transpiration because stomata open during the day and not at night.
	· Keeping the same distance from the lamp.
· Using the same bulb.

	Temperature
	High temperatures increase the rate of transpiration, by increasing the rate of evaporation of water as water particles gain more energy.
	· Conducting experiments in the same place.
· Using a heat filter/a glass container filled with water.

	Humidity
	If the air is humid, this reduces the diffusion gradient. The opposite happens when the air is dry.
	· Conducting experiments in the same area.
· Using a humidifier???

	Wind Speed
	Increases rate of transpiration with faster air movements across the surface of the leaf. It removes any water vapour near the stomata.
	· Conducting experiments in the same area.
· Using a fan/blow dryer.


 (
Other things to keep constant:
Size/Mass of Leaf
No. of leaves
Species of leaves
Age of leaves
Condition of leaves (starting amount of starch…etc)
)	
Waste Products of Metabolism??? (2.67)

A reminder that oxygen is a waste product of photosynthesis and carbon dioxide is a waste product of respiration. Both gases diffuse out of the plant through the stomata in the leaf.

[image: http://www.practicalbiology.org/data/images/originals/testing-leaves-for-starch-4-219.jpg]

Starch and Plants – A Mini Crash Course

· Composed of long chains of glucose, aka C6H12O6. 
· It is a polysaccharide – a carbohydrate made of many sugar sub-units. Glucose is a monosaccharide. Two monosaccharides give a disaccharide.
· Starch is insoluble, takes up less space and is a large molecule.
· You can de-starch a plant by placing it in the dark for 2-3 days and hopefully not kill it.
· You can’t simply add iodine solution to a fresh leaf because the waxy cuticle will prevent it from entering.
 (
Testing Leaves for Starch
Boil a beaker of water on a tripod and gauze with a Bunsen burner.
Kill the leaf by placing it in boiling water for 30 seconds (to 
stop chemical reactions
 in leaf).
Turn off Bunsen burner and place leaf in a boiling tube containing ethanol.
Place tube back into beaker. This 
removes the chlorophyll
.
When the leaf has turned colourless, wash with cold water to soften it and spread out on a tile covered with a few drops of iodine solution.
The parts that contain starch should turn blue-black.
 
)
Unit 4: Ecology
· Population: All the organisms of a particular species found in an ecosystem at any one time.
· Community: Populations of all species found in a particular ecosystem at any one time.
· Ecosystem: A distinct, self-supporting system of organisms interacting with each other and with the physical environment.

Quadrats

Quadrats are squares that count species a small part of a habitat and use it to estimate the population size of the species in the habitat, as it would be annoying to count them all. The smaller part of the population in the quadrat, which will then represent its population in that habitat, is called a sample. Quadrats are scattered randomly around the habitat to avoid bias (favour).

Feeding Relationships
[image: the vole eats the grass seed, the barnowl eats the vole]
Food chains show the feeding relationships within an ecosystem. Arrows show the flow of energy as well as who eats what. 10% of total energy is passed down each food chain. The other 90% is used for waste, respiration, kinetic, chemical (poo), and heat energy.

In a food chain, there are stages, called trophic levels.

· Producers can convert inorganic elements into complex molecules (i.e. photosynthesize) and uses cellular respiration to release energy. They produce the food with the energy from the Sun. Consumers cannot make their own energy.
· Primary consumers are herbivores. They eat the producer.
· Secondary consumers eat the primary consumer and are also carnivores or herbivores, predators or scavengers.
· Tertiary consumers eat secondary consumers. These can be carnivores, herbivores or omnivores, predators or scavengers.
· [image: energy_pyramid]Decomposers can be in all three levels of consumers. These are bacteria, fungi or detrivores (worms…etc).

Food webs show how food chains relate to each other and are basically a combination of many food chains. In other words, food webs show the feeding relationships and energy flow between food chains.

Energy pyramids show the transfer of energy in an ecosystem. The amount of energy available decreases down the food chain, reducing by 90%. Lots of producers are needed to support a small number of primary consumers and so on… 


Pyramids of numbers represent the numbers of organisms in each trophic level in the food chain. Pyramids of biomass show the total mass of the organisms in each trophic level.

[image: http://web1.stmaryssen-h.schools.nsw.edu.au/SMSHS/ricks%20sites/Biology%20web%20site/Pre_8_2_A%20Local%20Ecosystem/Pyramids/pyramids.png]
Note: Sometimes you may be asked to fill in a Sankey diagram. Just remember that energy can never be created or destroyed, so make sure the useful/waste energy is equal to the total energy input.

Carbon Cycle

Carbohydrates, lipids, proteins, you name it, contains carbon. It is extremely important, even though carbon monoxide can kill us all.

There are four main steps:

· [image: D:\Jason\IGCSE GUIDES\CGPWNED SCIENCE\carboncycle.png]Photosynthesis fixes carbon atoms from carbon dioxide into organic compounds.
· Respiration releases energy from food, releasing carbon as carbon dioxide into the air.
· Decomposition of dead organisms releases carbon dioxide into the air.
· Combustion/Burning of fossil fuels releases carbon dioxide into the air.








Water Cycle

[image: http://www.enchantedlearning.com/wgifs/Watercycle.GIF]This cycle is driven by heat from the sun and there are four main stages:

· Evaporation from the oceans turns water into water vapour.
· Transpiration from plants also rise into the atmosphere as water vapour.
· When the water moves over mountains and high ground as clouds, they cool and condense back into water or snow.
· This precipitate, either water or ice (as in snow, hail…) falls back onto the Earth where it is taken up by animals or plants, or enters rivers and flows to the seat to start the cycle all over again.

Nitrogen Cycle

[image: http://www.vtaide.com/png/images/nitrogenCycle.jpg]Nitrogen is needed in many biological compounds. It is present in proteins, amino acids, most vitamins, DNA, RNA…etc. The following processes are important in cycling nitrogen through ecosystems:

· Feeding and assimilation – passes nitrogen atoms already in organic compounds along food chains.
· Decomposition – produces ammonia from the nitrogen in compounds like proteins, DNA and vitamins.
· The ammonia is oxidized first to nitrite, then to nitrate by nitrifying bacteria. This overall process is called nitrification.
· Absorption – of nitrates by plant roots are combined with carbohydrates from photosynthesis to form amino acids and then proteins, as well as other nitrogen compounds. 

Bacteria

· Denitrifying bacteria – uses nitrates as energy source and converts them into nitrogen gas. Denitrification reduces the amount of nitrate in the soil.
· Free-living nitrogen-fixing bacteria – converts nitrogen gas into ammonia in the soil. This is used by the bacteria to make amino acids and proteins. When the bacteria die, their proteins decompose, releasing ammonia back into the soil.
· Nitrogen-fixing bacteria in root nodules – also make ammonia but this is converted by the plant into amino acids and other organic nitrogen compounds. Death and decomposition of the plant returns the nitrogen to the soil as ammonia.

Summary of Nitrogen Cycle:

1. Nitrogen gas in the atmosphere cannot be used directly by plants and animals due to its unreactivity.
2. Nitrogen-fixing bacteria in root nodules convert nitrogen gas to ammonia (N2 – NH3).
3. This is converted to proteins and amino acids by plants (feeding and assimilation) OR free-living nitrogen-fixing bacteria in soil convert nitrogen gas to ammonia and use it as proteins for themselves.
4. Both plants (or animals that ate the plants) and bacteria die and their proteins and amino acids become this detritus (dead matter).
5. Decomposers turn these into ammonia.
6. Nitrifying bacteria converts NH3 to NO2 (nitrite) and then NO3 (nitrate). This is called nitrification.
7. Denitrifying bacteria convert NO3 back to N2 gas in the soil OR plants absorb nitrates and use them for proteins.
[image: ]















Human Influences on the Environment

Greenhouse Gases

The atmosphere is made up of greenhouse gases. These absorb infrared radiation from the sun, keeping the Earth warm. Some of these gases include: water vapour, carbon dioxide, nitrous oxide, methane and chlorofluorocarbons (CFCs).





The Greenhouse Effect

The greenhouse effect is good. Without it, the temperature of Earth would be that of the Moon and we’d all die. 
[image: Earth absorbing and reflecting some solar radiation]
1. Short-wave radiation from the sun strikes the planet.
2. Some of it as absorbed and some is re-emitted as longer wave radiation.
3. Greenhouse gases absorb these and re-emit some of it back to the earth.
4. Earth stays warm and we stay alive.
 
How We Contribute to Greenhouse Effect – Which is bad

· Vehicles – taxis, private cars etc. releases carbon dioxide as it burns petrol to produce the energy needed for the engine to work.
· Deforestation – less trees means less carbon dioxide is absorbed and less oxygen released, leaving lots of carbon dioxide available in the air.
· Burning fossil fuels/trees – fossil fuels and trees contain hydrocarbons. When these are burnt, carbon dioxide is formed and released into the air.
· Agriculture/Farming – cattle crap and fart releases lots of methane into the air. Since farmers are breeding more and more cattle to feed the world, this is becoming a problem.

Enhanced Greenhouse Effect – Global Warming

[image: http://www.free-islamic-course.org/images/emission_graph-lg.jpg]With more and more carbon dioxide and greenhouse gases being released to the air, the atmosphere is getting thicker and thicker. This means more and more heat is being trapped in Earth, heating it up more and more. This leads to global warming – an enhanced greenhouse effect.

Some consequences include:

· Polar ice caps would melt, rising sea level.
· A change in major ocean currents would result in warm water being redirected into previously cooler areas.
· A change in global rainfall patterns could result. With all the extra water in the seas, there would be more evaporation from the surface and so more rainfall in most areas.
· It could change the nature of many ecosystems. If species could not migrate quickly enough to a new, appropriate habitat, or adapt quickly enough to the changed conditions in their current habitat, they could become extinct.
· Changes in agricultural practices would be necessary as some pests become more abundant. Higher temperatures might allow some pests to complete their life cycles more quickly.






Unit 5: Reproduction and Inheritance

Sexual and Asexual Reproduction

	Type
	About
	Advantages
	Disadvantages

	Sexual
	Specialised male and female sex cells called gametes are produced. The male gamete is then transferred to the female gamete (i.e. sexual intercourse in humans. Fertilisation then occurs and produces a zygote.
	Produces offspring that show genetic variation, so stronger organisms can be produced to ensure the survival of the species.
	Uses more energy as one needs to find a mate who is interested.

	Asexual
	All the offspring produced are genetically identical because all the cells of the offspring are produced by mitosis from just one cell in the body of the adult. These means that the new cells produced are exact copies of the original cell, and therefore, the same genes as the cells of the adult. An example would be the Hydra.
	Does not need to find a mate and is useful if an organism is well adapted to a stable environment.
	Significant changes in the environment will affect all the individuals.



Note: Fertilisation involves the fusion of a male and female gamete to produce a zygote that undergoes cell division and develops into an embryo.

Sexual Reproduction in Plants
	Male Gamete
	Pollen grains
	Produced in the anthers of the stamens.

	Female Gamete
	Ova
	Produced in ovules in the ovaries.



The male gametes are transferred to the female gametes by pollination. In other words, the pollen grains are transferred from the anthers to the stigma. This can be carried out either by wind or insects. Fertilisation then takes place and the zygote that’s formed develops into a seed and becomes enclosed in a fruit.

Self-pollination is when pollen grains are transferred to the stigma within the same flower. Cross-pollination is when pollen grains are transferred to the stigma of a different flower.
[image: flower]
Insect-Pollinated Plant

· Positions of the stamen and stigma are enclosed within flower so the insect must make contact.
· Stigma is sticky so pollen grains attach from insects.
· Petals are large and brightly coloured to attract insects.
· Nectaries are present, containing nectar which serves as a ‘reward’ for insects.
· Pollen grains are large and sticky, so they can stick to insects’ bodies.


[image: ]Wind-Pollinated Plant

· Stamens are exposed so the wind can easily blow the pollen away.
· Stigmas are exposed and feathery to catch pollen blowing in the wind.
· Petals are small and not brightly coloured – usually green.
· No nectaries.
· Pollen grains are smaller, smooth inflated grains to carry in the wind (???).

Fertilisation
[image: ]
1. To transfer the nucleus of the pollen grain to the ovum, the pollen grain grows a tube which digests its way through the tissue of the style and into the ovary.
2. It then grows around, and to the opening of the ovule. 
3. The tip of the tube dissolves and allows the pollen grain nucleus to move out of the tube and into the ovule.
4. It then fertilises the ovum nucleus.

Seed and Fruit Formation

1. The zygote develops into an embryonic plant with a small root (radicle) and a shoot (plumule).
2. The other contents of the ovule develop into cotyledons which will be a food store for the young plant when the seed germinates.
3. The ovule wall becomes a seed coat or testa.
4. The ovary wall becomes the fruit coat.

Dispersal of Fruits and Seeds

Plants disperse their seeds to avoid competition for the available resources.

	Type of Dispersal
	Structure of Seed
	Example(s)

	Wind
	Very small and light – or their fruits have ‘wings’ or a ‘parachute’ to catch the wind.
	Dandelions, maple seeds

	Water
	Seeds can float for many hundreds of miles.
	Coconuts

	Animals
	Seeds have hairs or hooks that catch in the animal’s fur. They may also be eaten, undigested and excreted somewhere else.
	Strawberries, clover fruit

	Explosion
	Capsules of the seed ‘explodes’ and shoots the seed further away from the mother plant.
	Beans








Germination
[image: http://www.saburchill.com/images04/0009.jpg]
A seed contains a plant embryo, consisting of a radicle, plumule (shoot) and one or two seed leaves called cotyledons. Dicotyledonous plants or dicots have two cotyledons – examples being peas or beans. Monocotyledonous plants or monocots have one, examples being orchids and irises.

Anyways the radicle grows down into the soil and the plumule grows up towards the light where it can start to photosynthesise. Once the seedling is able to photosynthesise, germination is over.


The conditions needed for germination are:

· Warm temperatures – for enzymes to work efficiently
· Water – for chemical reactions to take place
· Oxygen – for respiration

The food store gets used up during germination, but provides the nutrients needed to allow the radicle and plumule to grow. The food store in dicots is present in the cotyledons. Monocots have a separate food store. Dispersed seeds contain only about 10% water. This low water content restricts a seed’s metabolism, so that it can remain alive but dormant for a long time.

Asexual Reproduction in Plants

Asexual reproduction in plants usually involves some part of the plant growing, then breaking away from the parent before growing into a new plant. Either:

a) The parent plant grows a runner. When the runner touches the ground, a new plant is produced.
b) Tubers form at the ends of the branches from the main stem.
c) Some plants form bulbs, bases of leaves which have become swollen in food. Buds in them can form into new plants.
[image: http://www.mrothery.co.uk/module2/images/Image228.gif]
[image: http://fr.syvum.com/cgi/online/serve.cgi/u/sheetal26/regents/living_environment/aug08_images/img031_q_19.gif]
Artificial methods of reproducing plants asexually include cutting a piece of a plant’s stem, with a few leaves attached. This is planted in a damp compost, where it will grow roots and develop into a new plant.


Sexual Reproduction in Humans

[image: Shows the bladder, glands, penis, sperm duct, urethra, testis, foreskin and scrotum.]Males have a penis, in which they use to pass urine out, and to deposit sperm in females. Sperm and male sex hormones are produced in the testis. During sexual intercourse, when the male experiences an orgasm, the sperm passes along the sperm duct and are mixed with a fluid made from the seminal vesicles (labeled ‘glands’). This mixture, called semen, is ejaculated into the vagina of the female, in which the sperm can then begin to swim towards the Fallopian tubes.
[image: http://www.oocities.org/sunrise_starchild/diagram9.gif][image: Shows the oviduct, ovary, uterus, bladder, cervix, vagina and urethra]One ovum is released from the ovaries into the Fallopian tube each month. If the ovum is present in the Fallopian tubes, it may be fertilized by the sperm. The zygote formed will begin to develop into an embryo and implant itself into the lining of the uterus. Here, it will develop a placenta, which will allow the embryo to obtain oxygen and other nutrients from the mother’s blood, as well as get rid of waste products such as urea and carbon dioxide. The placenta also secrets progesterone to maintain pregnancy and prevent the embryo from aborting.

During pregnancy, a membrane called the amnion encloses the embryo, and secrets amniotic fluid, which protects the developing embryo against jolts. When it becomes recognizably human, the embryo is called a fetus. After nine months, the fetus sends a hormonal signal to the mother to initiate birth. This is called ‘going into labour’.

The stages of labour:

1. Dilation of the cervix – cervix gets wider to allow the baby to pass through. The muscles of the uterus contracts and ruptures the amnion, allowing the amniotic fluid to escape.
2. Delivery of the baby – strong contractions of the muscles of the uterus push the baby head first through the cervix and vagina, and out of the mother.
3. Delivery of the afterbirth – the placenta, along with the membranes that surrounded the baby, gets pushed out.

Puberty

When children become teens, they experience changes that lead to sexual maturity. These are controlled by hormones. During this period, gametes are produced and the bodies of both sexes are changed to allow reproduction to occur. These events are triggered by the follicle stimulating hormone (FSH) and the luteinising hormone (LH), both produced from the pituitary gland.


	Male
	Female

	FSH stimulates sperm production, while LH instructs testes to secrete testosterone
	FSH and LH control the release of oestrogen from the ovaries

	Testosterone controls the development of the male secondary sexual characteristics
	Oestrogen controls the development of the female secondary sexual characteristics

	Growth of penis and testes, growth of pubic hair, muscle development, breaking of the voice, increase in body mass…etc.
	Breast development, growth of pubic hair, beginning of menstruation, development of rounded shape at hips, increase in body mass…etc.



Menstruation
[image: http://www.coachr.org/growth7.jpg][image: http://www.soc.ucsb.edu/sexinfo/images/05-07-Menstrual.jpg]
A function of the menstrual cycle is to control the development of the uterus lining so if the egg (ovum) is fertilised; the lining will be ready to receive it. If the egg isn’t fertilised, the lining of the uterus breaks down and exits the woman’s body as a flow of menstrual blood and cells called a period.

The cycle is continuous, but day 1 is usually referred to as the first day of menstruation.


The steps of the menstrual cycle:

1. The pituitary gland releases FSH into the bloodstream, stimulating the growth of an ovum in one of the ovaries. The ovum grows inside a ball of cells called a follicle.
2. As it grows, the ovary begins to release oestrogen into the bloodstream. This causes a decrease in FSH so no more ova will develop, and thickens the lining of the uterus so it’ll be ready for a fertilised ovum.
3. Eventually, the increasing amounts of oestrogen triggers a release of LH. This causes ovulation – the follicle bursts open at the edge of the ovary and the egg is released. Meanwhile in the ovary, the follicle begins to develop into a ‘yellow body’ (corpus luteum).
4. The corpus luteum makes progesterone, which completes the development of the uterus lining and prevents the release of FSH and LH, stopping ovulation.
5. If the egg is not fertilised, the corpus luteum breaks down and stops making progesterone. This causes the uterus to break, and menstruation then occurs. If the egg is fertilised, then sooner or later, the placenta takes over the secretion of progesterone.

Inheritance – DNA, Genes and Chromosomes

[image: http://www.coralreefinfo.com/images/nucleotide_186.jpg][image: http://myweb.tiscali.co.uk/ataxia.pages/martins%20chromosome%20&%20dna%20diagram.gif]The nucleus of a cell contains chromosomes. Chromosomes contain DNA (deoxyribonucleic acid). A small section of DNA that determines a particular feature is called a gene. Genes determine features by instructing cells to produce particular proteins which then lead to the development of the feature.

A DNA molecule consists of two stands coiled to form a double helix. One molecule is made from two strands of nucleotides, making it a polynucleotide. Each strand of nucleotide is held by phosphate groups. 
 Each nucleotide contains a nitrogenous base. The two bases are held by hydrogen bonds. There are four bases – Adenine and Thymine; Cytosine and Guanine. They are complementary bases – they only bind to each other and never with another base. This is known as the base-pairing rule.
[image: http://t3.gstatic.com/images?q=tbn:ANd9GcQTP_VI99PmtoWNavQU7ggx6Y5bv85FOhubVKxRECQixgD2F-YfKQ]
[image: http://www.scienceinschool.org/repository/images/issue16cancer4_l.jpg]DNA has two strands – the sense strand which codes for the manufacture of proteins in a cell; and the anti-sense strand. The proteins manufactured can be intracellular (enzymes that control processes within a cell), extracellular (enzymes from the cell have their effect outside the cell), structural proteins (used to make hair, muscles…) or hormones. Three bases are needed to code for one amino acid (for example, ACA) therefore, the DNA code is a triplet code. The picture on the left shows a single nucleotide.
Genes can exist in different forms called alleles.
	Dominant
	The dominant allele that is expressed, and is represented by an upper case letter.

	Recessive
	The masked allele.

	Homozygous
	When someone has two dominant or two recessive alleles.

	Heterozygous
	When someone has one dominant and one recessive allele.

	Genotype
	Letter representing the gene that describes the alleles each cell has for a certain feature, e.g. TT.

	Phenotype
	The feature that is expressed from the genotype.










	
	R
	R

	W
	RW
	RW

	W
	RW
	RW


Codominance

Codominance refers to a relationship between two alleles of a gene. It occurs when both of the contributions of both alleles are visible and do not over power each other in the phenotype – for example, if a red plant is crossed with a white plant, then the resulting baby plants would be pink.
Representing Genetic Information
[image: http://www.s-cool.co.uk/gcse/assets/learn_its/gcse/biology/genetic-crosses/monohybrid-crosses/g-bio-cross-dia02.gif]
	
	H
	h

	H
	HH
	Hh

	h
	Hh
	hh


You can represent genetic information with a Punett square.
Or you can use a cross diagram thing to the right, which is basically the Punett square.

Or use a pedigree chart
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/c/c5/Autosomal_Recessive_Pedigree_Chart_.svg/600px-Autosomal_Recessive_Pedigree_Chart_.svg.png]
For predicting the probability of an outcome, find how many of the same genotypes you are looking for and divide that by the total number of genotypes (4).

	Determination of Sex of Baby

	
	X
	X

	X
	XX
	XX

	Y
	XY
	XY


Nearly all human cells contain 46 chromosomes arranged in 23 pairs. Males have an XY pair and females have an XX pair. Cells with 46 chromosomes are called diploid cells, with 46 being the diploid number. Sex cells however, only have half this number and they’re called haploid cells.

Mitosis
[image: http://www.clt.astate.edu/mhuss/chromosome.jpg]
Diploid cells divide by mitosis and produce two cells which contain identical sets of chromosomes. When a parent cell divides it produces daughter cells. These are genetically identically to the parent cell. The stages of mitosis are as follows:

1. Chromosomes are copied as the DNA replicates and more histones (proteins the DNA coils around) are made. Each chromosome gets a sister chromatid which are joined together by a centromere.
2. Prophase – the nuclear membrane breaks down.
3. Metaphase – the spindle forms and the chromatids attach themselves to the spindle fibres by their centromeres.
4. Anaphase – the spindle fibres shorten and pull the chromatids of each chromosome to opposite ends of the cell (basically the chromosome splits into half).
5. Telophase – two nuclei form at the poles of the cell, each with a copy of the chromosome from the parent cell and the cell splits.

Meiosis

Meiosis produces four cells, each with the haploid number of chromosomes, resulting genetic variation in the cells. The stages of meiosis are as follows:

1. Each chromosome copies itself and results in having a sister chromatid.
2. The parent cell then splits, and results in two daughter cells.
3. The resulting daughter cells split once again and one chromatid from each chromosome ends up in each daughter cell.

If asked to predict the number of possible combinations of chromosomes, use the formula 2n where n = number of pairs of chromosomes.

[image: http://faculty.irsc.edu/FACULTY/TFischer/images/mitosis%20vs%20meiosis.jpg]*Note: The ‘metaphase plate’ are spindle fibres; and forget about the names of the steps in meiosis.
[image: http://www.goodies4kiddies.co.za/userfiles/identical%20twin%20diagram%20200.png]
Random fertilization produces genetic variation of offspring. Using a ‘low’ estimate of about 8.5 million different types of human sex cells means there can be 8.5 million types of sperm and ova. When fertilization takes place, the number of possible combinations of chromosomes in the zygote is 8.5 million x 8.5 million = 72 trillion.

Identical twins are formed from the same zygote. The zygote then divides by mitosis, and the two genetically identical cells that are formed, separate, and behaves like an individual zygote. Non-identical twins develop from different zygotes.
Variation within a species can be genetic, environmental, or a combination of both.

Natural Selection – Survival of the Fittest

Evolution – the gradual change in the range of organisms on Earth. New species continually arise from species that already exist, and other species become extinct.

Natural Selection – the mechanism by which new species arise. It ‘allows’ different forms of a species to survive in different areas. Over time these different forms become increasingly different and may eventually become different species.

In any environment, there will be offspring that are best suited to their environment and offspring that a less suited. This means that the weaker offspring will die or reproduce in smaller numbers and the stronger offspring will pass on their ‘stronger characteristics’ to the next generation. The next generation will have more of the stronger type than the weaker type and this will again be repeated in the next generation. Any evidence for natural selection must show that:

a) There is variation within the species
b) Changing conditions in the environment (a selection pressure) which favours one particular form of the species (one with a selective advantage)
c) Frequency of the favoured form increases and the frequency of the less adapted form decreases
d) Changes are not due to any other factor

An Example – Antibiotic – Resistant Bacteria

The use of antibiotics has increased dramatically and can lead to the development of bacterial resistance to an antibiotic. This means that these newer bacteria have a selective advantage and can reproduce more, meaning death of humans. This happens because ‘bacteria generations’ are a lot shorter than human generations, and a mutation in a bacteria can give it resistance to an antibiotic.

	Feature of Natural Section
	Effect on Population of Non-resistant Bacteria

	Selection pressure
	Repeated use of antibiotics

	Natural variation in the species
	Some are resistant due to mutations, others are not

	Type with selective advantage
	Resistant type – they survive the antibiotic treatment

	Type selected for
	Resistant type

	Type selected against
	Non-resistant type – they die off

	Result of natural selection over many generations
	Percentage of resistant types in the population increases



The Course of Evolution – oh dear I don’t get this

1. Life began in water due to reactions between chemicals in the early Earth’s atmosphere and oceans.
2. The first life forms were unicells (single cells).
3. They became more complex as cells acquired more organelles.
4. They underwent cell division but probably failed.
5. At long last, they succeeded and formed simple Multicellular organisms.
6. These became more complex giving rise to plants, animals and other types of organisms.
7. They colonized the land and the evolution of animals, plants and fungi began.

Mutations

A mutation is a rare, random change in genetic material that can be inherited. Many mutations are harmful, but some can be beneficial to the organism, such as becoming antibiotic-resistant. If the mutation is harmful, the cell will die and the mutation will be lost. If not, the cell may not die. It may divide into more cells containing the mutant gene.

When an organism dies, the mutation is lost. Only mutations in sex cells or cells that divide to form sex cells can be passed on.

The rate at which gene mutations occur can be increased by mutagens including:

· Exposure to ionising radiation (such as gamma rays, X-rays and ultraviolet rays)
· Chemicals in tobacco such as nitrous oxide and chemicals formed from burnt food

When DNA is replicating, mistakes can be made, resulting a gene mutation that can alter the sequence of bases in a gene. This leads to genetic coding for a wrong protein (3 bases make up a protein). Some ways include:

	Original		

	A
	T
	T
	
	T
	C
	C
	
	G
	T
	T

	Becomes

	A
	T
	T
	
	T
	T
	C
	
	C
	G
	T


Duplication – the nucleotide is inserted twice (the ‘T’ is duplicated and pushes everything to the right, altering each of the triplet code and resulting in different proteins being made.

	Original		

	A
	T
	T
	
	T
	C
	C
	
	G
	T
	T

	Becomes

	A
	T
	T
	
	C
	C
	G
	
	T
	T
	A


Deletion – the opposite of duplication, in which a nucleotide is missed out, pulling everything to the left (‘T’ gets deleted and the ‘T’ after replaces the deleted ‘T’, leading to everything being shifted left).

	Original		

	A
	T
	T
	
	T
	C
	C
	
	G
	T
	T

	Becomes

	A
	T
	G
	
	T
	C
	C
	
	G
	T
	T


Substitution – A different nucleotide is used. This may not be dangerous as the new triplet code may not code for a different amino acids as most amino acids have more than one code. If it does, then there would be an alteration in the functioning of the protein.
	Original		

	A
	T
	T
	
	T
	C
	C
	
	G
	T
	T

	Becomes

	A
	T
	T
	
	C
	C
	T
	
	G
	T
	T



Inversion – The sequence of bases in a triplet is reversed. Only one triplet is affected so like substitution, it may or may not result in a different amino acid or altered protein structure.












Unit 6: Genes and Genetic Modification

A reminder that:

· Diploid cells undergo mitosis, which produces two cells containing identical sets of chromosomes.
· Mitosis occurs during growth, repair, cloning and asexual reproduction.
· Meiosis produces four genetically different haploid cells.

For more info, read Unit 5! Moving on…

Selective Breeding

Plants and animals with desired characteristics can be developed by selective breeding. Selective breeding has produced many familiar vegetables and animals. The Brassica plant for example, has been selectively bred to form cabbage, cauliflower, broccoli and other things. Wolves have been selectively bred to give us dogs such as the sheepdog.

Selective breeding can produce plants and animals with characteristics such as…:

	Plants
	Animals

	· Give higher yields
· Are resistant to certain diseases
· Are resistant to certain pest damage
· Are hardier (they survive harsher climates)
· Have a better balance of nutrients – e.g. plants that contain more of the types of amino acids needed by humans
	· Produce more meat, milk or eggs
· Produce more fur or better quality fur
· Produce more offspring
· Show increased resistance to diseases and parasites



Cloning

Cloning describes any procedure that produces genetically identical offspring.

Micropropagation (tissue culture)

1. The tips of the stems and side shoots are removed from the plant to be cloned. These are called explants.
2. The explants are trimmed to about 0.5 – 1mm and placed in an agar medium containing nutrients and plant hormones to encourage growth.
3. More explants can be taken from the new shoots that form on the original ones. This step can be repeated until there is enough supply to satisfy demand.
4. The explants with shoots are transferred to another culture medium containing a different balance of plant hormones to induce root formation.
5. When they’ve grown roots, they are transferred to greenhouses and transplanted into compost. They are then gradually acclimatised to normal growing conditions.
6. The atmosphere in the greenhouse is kept very moist to reduce water loss from young plants.

Note: These explants are being grown in vitro using nutrient media. In vitro means made to occur in a laboratory vessel or other controlled experimental environment rather than in a natural setting.


[image: http://www.bbc.co.uk/schools/gcsebitesize/science/images/biplantcloning.jpg]The advantages of micropropagation include:

· Large numbers of genetically identical plants can be produced very rapidly.
· Species that are difficult to grow from seed or from cuttings can be propagated this way.
· Plants can be produced at any time of the year.
· Large numbers of plants can be stored easily.
· Genetic modifications can be introduced into thousands of plants quickly, after modifying only a few plants.

Cloning Animals – Dolly the Sheep
[image: http://rakabe.files.wordpress.com/2010/04/dolly.jpg]
1. An unfertilized ova was taken from a donor to have its nucleus removed, resulting an enucleated egg cell.
2. Udder cells (cells taken from the location of the milk/mammary glands) are removed from Dolly’s ‘biological’ mother and cultured (the nucleus of an ovum is haploid and cannot develop into a new individual. However, an ordinary diploid cell is too specialized. Transferring a diploid nucleus into an enucleated egg cell; creates a cell that is capable of developing into a new individual. It is usually easier to transfer a small whole cell such as an udder cell, rather than just the nucleus as the nucleus alone can be too easily damaged).
3. The udder cell containing the nucleus is transferred into the enucleated egg cell.
4. The cell develops into an embryo.
5. The embryo is transferred into a foster mother, who gives birth to Dolly.
6. Dolly contains the genes of her biological mother (the foster mother’s only there to provide the womb).

Advantages of using cloned transgenic animals (transgenic means the transfer of genetic material from one species to a different species):

· Sheep can produce several human proteins to treat conditions such as emphysema and cystic fibrosis.
· Producing individual organs for transplantation (they may also need to be genetically modified again so they don’t get rejected by the human immune system) – produced by pigs!
· Producing commercial quantities of human antibodies.
· Manufacture of specific medicinal products
· Production of low cholesterol milk
· Increasing production or yield of another product (such as milk)

Genetic Modification

A gene is a section of DNA that codes for the production of a protein The protein produced could be:

· An enzyme that controls a particular reaction inside a cell or outside
· A hormone
· A structural protein like keratin in hair, collagen in skin or one of the money proteins found in the membranes of cells
· [image: ]A protein with a specific function such as haemoglobin or an antibody

Genes can be moved from between different species by cutting a section (gene) out of the DNA of one species and inserted into the DNA of another species. This new DNA is called recombinant DNA. The organism that receives the new gene is a transgenic organism. The organism now has an added capability and will manufacture the protein its new gene codes for. For example, a bacterium receiving the gene from a human that codes for insulin production will make human insulin.



Restriction enzymes cut DNA molecules at specific points, whilst ligase enzymes join cut ends of DNA molecules. Some restriction enzymes make cuts that produce ‘blunt ends’. Others make ‘sticky ends’, which are more easily joined by ligase enzymes. 





[image: ]

























[image: ]
To transfer a gene from any cell into a bacterium, biologists must insert the gene into a plasmid (small circular pieces of DNA found in bacterium). The plasmid is called a vector because it is the means of transferring the gene. The bacterium is then transferred to a fermenter.

Another vector that could be used is a virus that attacks a bacterium. It does this by attaching to the cell wall of the bacterium and injecting its own DNA into the bacterial cell. This DNA becomes incorporated into the DNA of the host cell, and eventually causes the production of many virus particles. 


Different bacteria have been genetically modified to manufacture a range of products. Once they’ve been modified, they are cultured in fermenters to produce large amounts of the product such as:

· Human Insulin: For people suffering from diabetes.
· Enzymes for Washing Powders: To digest the stains (which are usually made from lipids, proteins and starch).
· Human Growth Hormone: For children with pituitary gland problems.




[image: http://myecoproject.org/wp-content/uploads/2010/11/diagram+genetically+modified+food+process.jpeg]Genetically Modified Plants

1. This involves cutting a plasmid from a bacterium such as Agrobacterium and joining the desired gene to the plasmid using ligase enzymes. 

2. This plasmid is then introduced to some leaf discs from the plant to be modified using a liquid solution. 

3. They are then cultivated on a nutrient medium (micropropagation). 

4. The plantlets will then grow into whole plants, containing the foreign gene.

Advantages of Modifying Plants:

· Increased resistance to a range of pests and pathogens
· Increased heat and drought tolerance
· Increased salt tolerance
· A better balance of nutrients
· Increases yield and food production to satisfy the growing demand.

Disadvantages of Modifying Plants:

· Transgenic products may be harmful to some – new proteins may cause allergies.
· The transgenes may spread uncontrollably into other species.
· It may cause the emergence of pest, insect, or microbial resistance due to natural variation.
· A new gene may disrupt normal gene function and cause cancer.
· The gene may be taken up by non-target organisms and grant them resistance to things.

Genetically Modified Animals

[image: http://royalsociety.org/uploadedImages/Royal_Society_Content/News_and_Issues/Science_Issues/Animals_in_research/transgenesis.gif]This is done by using the restriction enzyme to cut out the required gene. This gene is then injected into the egg nucleus and the egg is put into a surrogate mother. 

Disadvantages of Genetic Modification:

· Crops could alter food chains/webs
· Lack of control on gene transfer
· GM crops could take over ecosystems
· Might carry pathogens or cause harmful effects on health


Unit 7: Feeding the World

Crop Plants

Greenhouses and polythene tunnels provide the right conditions for plants to grow. The transparent material allows natural light in for photosynthesis; however, additional light can help especially during the winter. The greenhouse effect also happens in greenhouses. Short wave radiation entering the greenhouse becomes longer wave radiation. These cannot leave the greenhouse so easily, heating up the greenhouse as a result. Some features controlled in the greenhouse is summarised below:

	Feature Controlled
	How and Why?

	Soil pH
	Adding lime to acidic soils. An unsuitable soil pH can affect crop growth as it reduces the uptake of mineral ions. It can also denature enzymes in the plant.

	Carbon Dioxide
	Burning fuels produce carbon dioxide and heat. These increase the rate of photosynthesis so plants have more food and therefore, fewer plants die, increasing yield of crops. However, when heating, the farmer must heat to the optimum temperature for photosynthesis. Any hotter and it’d be a waste of money as there would be no further increase in yield due to the denaturing of enzymes and other factors.

	Temperature
	

	Humidity
	Burning fuels also produces water vapour, which maintains a moist atmosphere and reduces water loss by transpiration.

	Light
	For photosynthesis – light can enter the glass or transparent material.



There are two main types of fertilisers:

· Organic fertilisers – are made from animal faeces mixed with straw.
· Inorganic fertilisers – carefully formulated to yield a specific amount of nitrate or some other ion.

Using fertilisers mean that extra mineral ions are available in the soil to be taken up by plants and used to make proteins and other compounds for growth. 

Also, when crops are sold, the nitrogen in the proteins in plants goes with them and is lost from the farm ecosystem. To replace the lost nitrogen (so it won’t affect the nitrogen cycle in the farm), fertiliser is added.
[image: http://withfriendship.com/images/c/14197/filescheme-eutrophicationis.png]
However, fertilisers can also cause problems. The ions in them are very soluble, and as a result, are easily leached (carried out with water) from the soils and can enter lakes and rivers from sewages. This increases the level of nitrates and other ion and causes eutrophication.

· As nitrate levels rise, algae use them to make proteins and reproduce rapidly, forming an algal bloom. 
· This prevents light from penetrating further in the water. Submerged plants cannot photosynthesise as a result, and die.
· The algae also die as they run out of nitrates.
· Bacteria decay the dead plants and algae, releasing more nitrates and allowing the cycle to repeat. As they reproduce more and more due to the large amount of dead matter, their respiration uses up more and more oxygen. Because of the depletion of oxygen, all life in the water will die.
Pest Control

Pests reduce the yield of crops or stock animals and can cause economic damage to the farmer. Examples include herbicides, insecticides, fungicides…etc. Pesticides can be used to kill pests and so, improve the yield from the crop.

A problem with using pesticides is resistance. Through mutation and natural selection, the pest can develop a resistance to the pesticide, rendering it useless. Pesticides can also cause environmental damage, as it may damage the soil and get passed along food chains.

Another option for the farmer is biological control. This uses another organism to reduce pest numbers without introducing a potentially toxic chemical to crops. Biological controls never eradicate the pest, because if it kills off all the pests, it will die too due to lack of food.

Methods of biological control include:

· Introducing a natural predator, herbivore or parasite.
· Introducing a pathogenic microorganism.
· Introducing sterile males – these mate with females but no offspring are produced.
· Using pheromones – these animal sex hormones attract the males or females, which are then destroyed, reducing the reproductive potential of the population.

Fish Farming

Fishing has damaged the ecosystem. An alternative to fishing is fish farming. The advantages of farming fish is that fish have a higher percentage of edible meat, they contain essential proteins such as omega oils, creates jobs and farmers are required the feed the fish less – which is economically beneficial to them. As well as that, fish are ectodermic (cold-blooded) – less energy goes into maintaining their body temperature. There are two types of fish farming – extensive (open water) and intensive (closed).

	Method	
	How It is Controlled and Why

	Providing a source of protein
	Feeding specially formulated fish pellets

	Maintenance of water quality
	Temperature and oxygenation of water can be monitored or controlled as fish are kept in enclosures/tanks. Oxygen can be obtained by aerating the water.

	Control of intraspecific (same species)/interspecific (different species) predation
	Pesticides are used to kill parasites and the fish are protected against predators using nets/tanks etc. However, it might be toxic to other species of fish. Interspecific predation can also be prevented by allocating one species per tank. Intraspecific predation can be prevented by separating the different sizes of fish or by reducing overcrowding. A suspended net (over the top) protects the fish from aerial predators.

	Control of disease
	Close confinement makes fish more likely to suffer from disease as the spread of the pathogen happens easier. Antibiotics are used. This is a concern because the antibiotics may not have been degraded by the time the fish are eaten. Also, there is a chance that the pathogen might mutate and a new antibiotic will be needed.

	Removal of waste products
	Filtering the water and cleaning the tank. Large buildups of waste can cause eutrophication.

	Quality and frequency of feeding
	Less feeding = less total mass of flesh produced

	The use of selective breeding
	To breed fish which grow faster and have more nutrients.


The Industrial Fermenter

[image: ]A fermenter is any vessel that is used to grow microorganisms used for fermentation. An industrial fermenter is shown below (learn the labels!):

	Conditions for the Growth of Microbes
	Why Needed?

	Aseptic Precautions (ways used to prevent contamination by unwanted microorganisms) – includes filtering the air and sterilizing the fermenter
	If bacteria/fungi get in, they will compete with the organism in the culture for nutrients, reducing yield.
Secondly, the product would be contaminated with waste products of foreign organisms.

	Nutrients
	To encourage growth and reproduction of the organism.

	Optimum Temperature and pH
	For maximum enzyme activity.

	Oxygenation and Agitation
	If the organism respires aerobically, and it keeps them in suspension for greater exposure to nutrients.



The Production of Beer

These involve the anaerobic respiration of yeast, which breaks sugar down into ethanol and carbon dioxide:

Glucose  Ethanol + Carbon Dioxide

The ethanol is used in the alcohol for alcoholic drinks such as wine, beer and vodka.

1. [image: ]Barley seeds (which contain starch) are germinated by soaking them in water and laying them out on a flat surface in a malthouse. It produces the enzyme amylase whilst germinating.
2. Seeds are killed by heating, without destroying the amylase. This produces a dried product called malt.
3. The malt is ground up and mixed with hot water into a mash tun. The amylase breaks down the starch into maltose, producing a sweet liquid. This liquid is boiled to stop the enzymes and is filtered.
4. Hops are added for taste and yeast is added to ferment sugars.
5. The beer is centrifuged (rotated), filtered and sometimes pasteurised.
6. Beer is then put into casks or barrels. 

Investigating Carbon Dioxide Production in Yeast

1. A small amount of water is gently boiled to drive off any air that is dissolved in the water.
2. Sugar and yeast is added to water and stirred.
3. A thin layer of paraffin is added to the surface of the mixture to stop oxygen diffusing in from the air.
4. The control apparatus is set up, except using killed yeast.

[image: ][image: ]This experiment can be used to test carbon dioxide production of yeast in other conditions such as different temperatures and concentrations.

[image: http://images.jundaicshjr.multiply.com/image/1/photos/upload/300x300/SdiunQoKCsYAABKV2kE1/lactobacillus-casei-shirota7.jpg?et=N%2B%2CoI3VBScOlNQufoJSDdw&nmid=0]
The Production of Yoghurt

The bacterium used is called Lactobacillus. It produces lactic acid when respiring anaerobically, which turns the liquid milk into yoghurt by coagulating the milk proteins and gives it a slightly sour taste.




1. [image: ]Milk is pasteurised at 85-950C for 15-30 minutes, to kill any natural bacteria that it contains.
2. It is then homogenised, to disperse the fat globules.
3. It is then cooled to 40-450C and inoculated with a starter culture of bacteria. These bacteria digest the milk proteins and ferment lactose into lactic acid. 
4. The mixture is incubated for several hours. The acid drops the pH of the mixture, coagulating the milk proteins.
5. The yoghurt is stirred and cooled to 50C – it slows bacteria growth. Flavourings, colorants and fruit can be added. 

Human Influences on the Environment

Pollution means releasing substances into the environment in amounts that can cause harmful effects and which natural biological processes cannot easily remove.

[image: http://haxhiperiod5.wikispaces.com/file/view/acid_rain_2.gif/228880290/acid_rain_2.gif]When carbon is burned in a limited supply of oxygen, carbon monoxide (CO) is formed. This happens when petrol is burned in vehicle engines. Exhaust gases contain significant amounts of carbon monoxide. It is a dangerous pollutant that is colourless, odourless and tasteless. It binds more strongly to haemoglobin than oxygen, and prevents it from carrying oxygen around the body. Too much carbon monoxide causes death.

[image: http://1.bp.blogspot.com/-QiXEW130y2c/TsLdjDU-abI/AAAAAAAAGQQ/TFhkyi4U8gY/s1600/a+variety+of+lichen.jpg]Sulphur dioxide (SO2) is released in by many factories that burn fossil fuels. It dissolves in rainwater to form sulphurous or sulphuric acid. As a result, acid rain is formed. This can acidify lakes and rivers, causing death of fish. It can also damage stone works and trees. 

Biological Indicators of Sulphur Dioxide
Biological indicators are organisms that can be used to determine the concentration of a chemical in the environment. Lichens are used to indicate levels of sulphur dioxide. They are able to photosynthesize. They have no waxy cuticle, meaning they will readily absorb acid rain. Acid rain destroys the chlorophyll in the lichens, preventing them from photosynthesizing, leading to death

· If there is lots of pollution, the numbers of lichens would be low. They would also be whiter/yellower.
· Likewise, there is not much sulphur dioxide in the air, the numbers of lichens would be high. They would be greener and bushier.

Deforestation

Deforestation is the mass cutting down of trees. Its effects:

· Leaching
· Soil Erosion – because the soil lacks a protective canopy provided by trees, and because it is not held together by tree roots.
· Disturbance of the Water Cycle – Trees were a source of atmospheric water vapour from transpiration. Deforestation means that fewer trees can transpire (because the rest would be dead and chopped down) and may disrupt the water cycle. This can lead to changing rainfall patterns and drought.
· Disturbance of the Balance in Atmospheric Oxygen and Carbon Dioxide – Less carbon dioxide is absorbed by trees to produce oxygen because of deforestation.

Note: Global biodiversity means number of species in the world	

Bioaccumulation and Biomagnification

Pesticides can be stored in fatty tissue where the amount builds up over a period of time. It is the increase in concentration of a pollutant from the environment to the first organism in a food chain. This is bioaccumulation.

This can be magnified as a pesticide is passed along a food chain. This increase in concentration along a food chain is called biomagnification and it happens because each organism in the chain eats many of the preceding organisms and accumulates the pesticide. The effects of bioaccumulation are therefore magnified at each stage in the food chain.

This can be toxic to organisms and kill them.
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