3.1 Biological Molecules


3.1.1 Monomers and polymers

· All organisms are made up from Biological compounds – it is important that we understand the following terms:

· Atom - The smallest component of an element consisting of protons/neutrons/electrons e.g. Iron/Fe

· Molecule - the smallest physical unit of an element or compound, consisting of one or more like atoms in an element e.g. Oxygen/O2

· Element - One of a class of substances that cannot be separated into simpler substances by chemical means e.g. Iron/Fe

· Compound -
A pure substance composed of two or more elements whose composition is constant e.g. CO2

· Organic - Compounds which contain Carbon e.g. Glucose C6H12O6
· Inorganic - Compounds which do not contain Carbon e.g. H2O

· Covalent bonding – atoms share a pair of electrons in their outer shell

· Ionic bonding – ions with opposite charges attract each other

· Hydrogen bonding – the electrons within a molecule are not evenly distributed but tend to spend more time at one position making this position more negatively charged than the rest of the molecule.

· Monomers – small units from which larger molecules are made. Monosaccharides, amino acids and nucleotides are examples of monomers.
· Polymers – molecules made from large number of monomers joined together

· Condensation reaction - joins two monomers together with the formation of a chemical bond and the elimination of a water molecule.
· Hydrolysis reaction - breaks a chemical bond between two molecules and involves a molecule of water.
3.1.2 Carbohydrates (CHO)

There are 3 elements in CHOs:

· Carbon

· Hydrogen

· Oxygen

The number and arrangement of atoms of each element, including the way in which they are joined together produces different CHOs, however they have the general formula of C(H2O)n:
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Monosaccharides

These are all single sugar units or Monomers which can be joined together to make disaccharides and polysaccharides (polymers)

Monomers are named according to the number of carbon atoms they contain:
· Triose 3 carbon atoms
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· Pentose 5 carbon atoms

[image: image9.png]glycosidic bond




· Hexose 6 carbon atoms
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The most common and important, monosaccharide is glucose, which is a six-carbon or hexose sugar, so has the formula C6H12O6. Its structure may be a straight ring or a ring:
[image: image10.png]



Glucose is an example of an Structural Isomer, where molecules have the same formula but a different structure i.e.  or  - glucose
Fructose and Galactose are two other monosaccharides you need to know as part of this course
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Test for Reducing sugars - All monosaccharides are also referred to as REDUCING SUGARS, because they can reduce the blue copper(II) sulfate in BENEDICT’S reagent to a red precipitate of Coper (I) oxide:

· Add 2cm3 of the sugar solution to a test tube

· Add 2 cm3 of Benedict’s reagent

· Heat in a gently boiling water bath for 5 minutes

· A Red/orange - brown precipitate shows a reducing sugar is present (if it stays blue – negative result). Dark green indicates a small amount of Reducing sugar present.
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Put a sample of


Add Benedict’s reagent
 
 Positive result – brick red

food in test tube


and place in boiling water bath
 precipitate is formed

Semi-quantitative use of Benedict’s test

The diagram below shows the relationship between concentration of reducing sugar and the colour of the solution and precipitate formed during the Benedict’s test.
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Disaccharides

To form a disaccharide, 2 monosaccharides (monomers) undergo a Condensation Reaction where a water molecule is removed and a Glycosidic Bond is formed e.g. (Condensation and hydrolysis animation))
Monosaccharides





Disaccharides
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The formation of maltose:
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If more glucose molecules are added to maltose the polymer starch is formed.

Hydrolysis is the splitting of this bond by adding a water molecule. 
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Hydrolysis can be increased by:

· Adding acid and heat

· Enzyme 

Test for Non-reducing sugars - All disaccharides are also referred to as NON-REDUCING SUGARS, because they cannot reduce the blue copper (II) sulphate in BENEDICT’S SOLUTION:

· Add 2cm3 Benedict’s solution and2cm3 test sample and heat – negative result

· Take 2cm3 ‘test’ solution and heat in a gently boiling water bath with 2 cm3 Hydrochloric acid for 5 minutes
· Add sodium hydrogencarbonate solution to the test tube to neutralise the acid
· Re-test the resulting solution by heating with 2cm3 Benedict’s solution for 5 minutes in a gently boiling water bath. 
· A brick red precipitate shows a reducing sugar is present (if it stays blue – negative result)
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result –red  precipitate is formed
Polysaccharides

There are 3 types of polysaccharide:

· [image: image24.emf]Starch

             plants only

· Cellulose

· Glycogen

  animals only

Starch  (never found in animal cells)

· This is a polymer of the monomer  -glucose. This is the type we learned where the OH on C1 is in the DOWN position:
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Significance? When the glycosidic bonds form, they are all in the ‘down’ position ( 1-4 glycosidic bonding):
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[image: image28.emf]The result of this type of bonding is that it puts strain on the chain and forms a helical/spiral shape:

This form of starch is called AMYLOSE, but most (80%) of the starch is where the chain isn’t twisted, but forms a 3D branched structure called AMYLOPECTIN shown below:

[image: image29.emf]
Relating the structure of starch to its function:

· Compact shape – which takes up very little space inside the cell

· Insoluble – therefore is Osmotically Inert within the cell membrane so water not drawn in to cell by osmosis; does not diffuse out of the cell

· Easily hydrolysed – by the enzyme Amylase to provide -glucose which can be easily transported and used for respiration
· Branched form can be hydrolysed simultaneously so glucose released very rapidly
Starch is found in many parts of the plant as small grains. Found in seeds, storage organs such as vegetable tubers and in chloroplasts.

Test for starch

· Add 2-3 drops of iodine solution
· [image: image30.png]
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A blue/black colour shows starch is present (if it stays orange  - negative result)
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Put sample of food in test tube


Positive result – blue/black colour 

and add iodine




formed
Glycogen (found in animal and bacteria but never in plant cells)

The structure of this polymer (monomer is -glucose) is very similar to amylopectin in starch but with more branches. This means even more glucose is condensed into a very compact structure ideal for storage (found in muscle and liver cells):
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Relating the structure of glycogen to its function

· Compact shape – which takes up very little space inside the cell

· Insoluble – it is a large molecule, therefore cannot leave the cell via the cell membrane; will not draw water into the cell by osmosis

· Easily hydrolysed – by the enzyme Glycogen phosphorylase to provide glucose for respiration. More highly branched than starch so glucose released more rapidly to meet higher metabolic needs of animals compared to plants

Cellulose

The main component of plant cell walls, this is a polymer of the monomer glucose. This is the type we learned where the OH on C1 is in the UP position:
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OH

Significance? When the glycosidic bonds form, they alternate between the ‘up’ and ‘down’ position ( 1-4 bonding):
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· The result of this type of bonding is that there is no strain on the chain which therefore forms long straight chain
· These parallel chains are cross linked by Hydrogen bonds, which means that many cellulose molecules are linked together to form a Microfibrils for making cell walls:
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While each hydrogen bond adds little strength to the molecule the sheer overall number of hydrogen bonds means that the resultant cellulose molecule has considerable strength making it the valuable structural material that it is.

These microfibrils are arranged in parallel groups called fibres.

Relating the structure of cellulose to its function

· Long straight chains of -glucose molecules

· Cross linked by hydrogen bonds to form cross bridges between chains to form microfibrils
· Strength and rigidity – provided by cross bridges. Prevents the cell from bursting as water enters it by osmosis

· Fibrils – formed by many cellulose microfibrils
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3.1.3. Lipids

There are 3 elements in lipids/triglycerides:

· Carbon

· Hydrogen

· Oxygen

The proportion of oxygen to carbon and hydrogen in lipids is smaller than in carbohydrates.

They are insoluble in water (non-polar molecules)

Lipids are used as a High Energy Store, rather than carbohydrates, in seeds and animals because of their high Yield per Gram
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The main groups of lipids are also called Triglycerides because their structure involves 3 Fatty acids joined to 1 Glycerol molecule:
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*N.B. Lipids are not polymers, as there are no monomers, just 3 fatty acids and glycerol

Fatty acid structure (Hydrophobic)

Each fatty acid has a hydrocarbon chain (R) and a carboxyl acid group (COOH). The hydrocarbon chain can vary in the number of carbon atoms i.e. its length:
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The hydrocarbon chain may also be:

· Saturated only contain single bonds between carbon atoms in hydrocarbon chain. These have high melting points, therefore are solid at room temperature e.g. animal fats

· Unsaturated
 contain one (mono-unsaturated) or more double bonds                           (polyunsaturated) between carbon atoms in hydrocarbon chain. These have low melting points, therefore are liquid at room temperature e.g. [image: image55.emf]plant oils

Glycerol structure (Hydrophobic)
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Formation of a Triglyceride (Lipid formation and hydrolysis animation)
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Ester bond

· Lipids major functions are:

· Source of energy. When oxidised lipids provide more energy than twice the energy as the same mass of carbohydrate and release water

· Waterproofing – Lipids are insoluble in water so can be used to waterproof plants and insects (a waxy lipid cuticle). Mammals produce oily secretion from the sebaceous glands in the skin

· Provide thermal insulation against heat loss as fats are slow conductors of heat. They act as electrical insulators in the myelin sheath around nerve cells.

· To provide protection to around internal organs e.g. the kidneys.

Test for Lipids/Triglycerides – The emulsion test

· In a completely dry and grease free test tube add 2cm3 of the lipid sample with 5 cm3 ethanol
· Shake the tube thoroughly to mix

· Add 5cm3 water and shake gently
· A cloudy white emulsion shows that Lipid is present (if it stays clear – negative result)



place small pieces of

            Pour alcohol into a


Add water and shake -

food in test tube with

            clean test tube


            Positive result –

   alcohol and shake - 






            milky/white emulsion 

lipid dissolves in alcohol






formed

Phospholipids

· These molecules are important in cell membranes. They are formed  from triglycerides where a fatty acid is removed and a phosphate group is added:






or….

Phospholipids are made up of a hydrophilic ‘head’ and a hydrophobic ‘tail’.

These are polar molecules which when placed in water will position themselves so that the hydrophilic heads are close to the water as possible and the hydrophobic tails are as far away from the water as possible.
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Relating structure to function

· Polar molecules with a hydrophilic phosphate head and a hydrophobic tail of tow fatty acids will form a bilayer in aqueous solutions ie a cell membrane acting as a hydrophobic barrier between the inside and outside of the cell.

· Can form glycolipids by combining with carbohydrates which are important in cell recognition.

3.1.4 Proteins

There are 4 elements in which all proteins have:

· Carbon

· Hydrogen

· Oxygen

· Nitrogen

Proteins/polypeptides are polymers of the monomer, amino acids. Over 100 amino acids have been identified of which 20 occur naturally – if they are joined in a different sequence this gives different proteins.

Structure of an Amino Acid

· Every amino acid has:

· An amino group/Basic
H2N-

· A carboxyl group/Acidic
-COOH

· An R group 
             


· This is the general structure. Each specific amino acid will have a specific chemical group attached at ‘R’ (Amino acids and R groups animation)

· e.g. R = hydrogen atom
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Forming a polypeptide/protein

· Two amino acids are joined together in a condensation reaction (polymerisation) and a Peptide bond is formed:
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 Peptide bond

· The new molecule formed is a dipeptide. Three amino acids form a 

   tripeptide. Many amino acids form a polypeptide e.g.:

H2N-Gly — Pro — His — Leu — Tyr — Ser — Trp — Asp — Lys — Cys-COOH

· When amino acids join together to form proteins/polypeptides there is always an amino group (H2N) at N terminal (left), and a carboxyl acid group (COOH) at the C terminal (right).
Protein structure

· Primary structure
(1o)


· This is the sequence of amino acids in the polypeptide chain. The sequence is determined by the Gene (DNA) coding for it:


· If the sequence changes (due to a mutation in the DNA), then the protein will be non-functional – even though the number and type of amino acids stays the same:


· Secondary structure (2o)

· Here the polypeptide chain Twists into either:

· 
·  Helix 

(most common)


·  Pleat 

· Both structures can appear along one polypeptide chain of amino acids, and both structures are held in position by weak Hydrogen bonds.

· The Hydrogen bond is an attraction between the slight negative charge on an O2 atom and the slight positive charge on a Hydrogen atom.

· Tertiary structure (3o)

· This 3o structure occurs when the polypeptide chain of amino acids with its  helix or  pleat now FOLDS into a 3D shape – a rounded or globular shape:

· These 3D folds are held in position by the following bonds which occur between R groups:

· Disulfide bridges – between sulphur containing R groups, this is a fairly strong bond not easily broken

· Ionic bonds – between carboxyl and amino groups not involved in peptide bonds. Weaker than disulphide bonds and easily broken by changes in pH

· Hydrogen bonds – between O- and H+ Numerous bonds but easily broken

· Hydrophobic


· If the primary structure were different, then the bonds would 

form in different positions, therefore the Tertiary shape would change and the protein could be non-functional.

· Quaternary structure (4o)

· This is where two or more polypeptides in Tertiary form combine to form complexes joined by bonds similar to those in tertiary structure e.g. Haemoglobin



· There may be non-protein (prosthetic) groups associated 

with the molecules, such as iron-containing haem group in 

Haemoglobin

Relating the structure of Fibrous proteins to their function

· Function: Structural providing support and strength e.g. keratin in nails + 
hair/collagen in bone (Keratin pictures)
· Structure of Collagen:

· Long chains of amino acids which run parallel to one another

· In the secondary structure they polypeptide chain is tightly wound into a helix or pleat

· Lots of the amino acid glycine (had just H as its R group) allows close packing

· In the tertiary structure the chain is twisted into a second helix

· Its quaternary structure is made of three polypeptide chains wound together in the same way as fibres wound together in a rope

· Held  in position by H bonds

· Fibrous proteins are insoluble, so cannot dissolve and diffuse in solvents i.e. water


Relating the structure of Globular proteins to their function

· Function:
Biochemical function relying on the molecule’s 3D shape e.g. enzymes/antibodies/hormones/haemoglobin

· Structure:

· Long chains of amino acids 

· With 3D folds giving a tertiary structure

· Folds formed by Hydrogen bonds, Disulphide bonds

 
     and Ionic bonds 

· Globular proteins are soluble so diffuse in water

Test for protein – The Biuret test detects peptide bonds

· Add the sample to be tested in a test tube and add an equal volume of  sodium hydroxide.

· Add few drops of very dilute copper (II) sulfate solution and mix gently.

· A purple/lilac colour shows peptide bonds are present and therefore protein is present (if it stays blue  - negative result)




Place the food sample 
Add Biuret agent (sodium

Positive result – purple/lilac 

In a test tube

            hydroxide/copper sulphate
                      colour formed







solution)
3.1.4.2 Enzymes

Enzymes (Enzyme animations)

Enzymes are Globular proteins i.e. they have a Tertiary structure, having folds to give a 3D shape.

Enzymes are BIOLOGICAL CATALYSTS i.e. they speed up reactions and are unchanged at the end of the reaction

· ‘Biological’

enzymes are proteins and found in living things, but

 



they are not alive, therefore they cannot be killed

· ‘Catalysts’

a molecule that speeds up a reaction and are

unchanged at the end of the reaction, therefore only a small amount of each enzyme is made, as they are used again and again

· Intra/


Enzymes may act within a cell (Intracellular) or 

Extracellular

outside such as (Extracellular) such as the digestive

 




enzymes of the Alimentary canal
How do enzymes catalyse reactions?

· Consider this reaction:
A+B


C+D

Reactants
     Products

· This reaction happens slowly because A and B must gain activation energy before they can produce the products C and D. Enzymes speed up reactions by LOWERING ACTIVATION ENERGY needed by A and B:


Enzymes and Specificity – Lock and Key Model (( Enzyme Action))
· Enzymes are globular proteins and therefore have a SPECIFIC 3D SHAPE. 

· Part of the enzyme’s shape is called the ACTIVE SITE – this is where a SPECIFIC substrate molecule(s) can bind:


· Only the substrate molecule(s) with a COMPLEMENTARY SHAPE to the active site will bind, forming an ENZYME-SUBSTRATE COMPLEX. The activation energy is lowered and the bonds are broken/formed so the PRODUCTS leave the active site, free to be used again.

· This description of how enzymes catalyse reactions is called the Lock and Key Model. The enzyme is the ‘lock’ and the substrate is the ‘key’.

Induced Fit Hypothesis 

This hypothesis states that the enzyme’s active site is not fully complementary to the substrate. The proximity of the substrate to the enzyme, causes the enzyme to change shape so that the active site is now fully complementary to the substrate’s shape:


As the enzyme changes shape it puts strain and tension on the bonds within the substrate molecule which helps to break/form new bonds – this is how activation energy is reduced.

Measuring enzyme-catalysed reactions

Measuring the rate if an enzyme controlled reaction can be done in two ways:

1. Rate at which the product is made



2. Rate that the substrate is broken down

Measuring rate of change

To measure the change in the rate of reaction you need to measure the gradient of the curve at a chosen point. The gradient is equal to the tangent to the curve at that point. This tangent is the point at which a straight line touches the curve without crossing it.



Rate is always expressed per unit time

Factors affecting the rate of enzyme catalysed reactions (Enzyme Factors model)
· Temperature 

· As the temperature increases the rate of reaction increases

· As enzyme and substrate molecules gain more kinetic energy
· They move faster, therefore have more successful collisions
· More enzyme-substrate complexes are formed

· Therefore more product(s) is formed in a certain time period
· A maximum or optimum rate is reached at a certain temperature, where the fastest rate is recorded

· At temperatures above the optimum temperature the enzymes are denaturing
· Which means the high temperature causes molecules to vibrate more

· Which breaks the Hydrogen bonds
· Therefore the Tertiary structure is altered Permanently
· Which changes the shape of the active site

· So the substrate cannot bind – no enzyme-substrate complexes form

· pH (Change in pH)
· The optimum rate of reaction occurs at a certain pH

· Slight changes in pH i.e. higher/lower than 

     optimum will lower the rate of reaction due to small reversible changes in enzyme structure, therefore change in active site shape – called Inactivation
· At extreme pH values the Ionic bonds are broken

· Which denatures the enzyme

· By altering the tertiary structure Permanently
· Which changes the shape of the active site

· So the substrate cannot bind – no enzyme-substrate complexes form

· *N.B. A Buffer Solution should be added to the reactants to prevent pH from varying!

· Enzyme Concentration (substrate concentration fixed)

· The rate of reaction increases along A because there is more substrate than enzyme molecules

· Therefore there are more collisions between enzyme and substrate, more binding of substrate to enzyme active site, more enzyme substrate complexes being formed

· So it is the enzyme concentration that is the LIMITING FACTOR along line A -  Evidence? If the enzyme concentration increases then so does the rate of reaction

· At B there is a constant rate of reaction as there is limited availability of substrate i.e. no more product can be formed, enzyme is in excess

· Substrate Concentration (enzyme concentration fixed)

 (Effect of substrate concentration animation)

· The rate of reaction increases along A because there is less substrate than enzyme molecules

· Therefore there are more collisions between enzyme and substrate, more binding of substrate to enzyme active site, more enzyme substrate complexes being formed

· So it is the substrate concentration that is the LIMITING FACTOR along line A -  Evidence? If the substrate concentration increases then so does the rate of reaction

· At B there is a constant rate of reaction as there is limited availability of enzymes as all of the active sites are ‘saturated’ i.e. full at any one time 

Enzyme Inhibitors 

Enzyme inhibitors are substances that directly or indirectly interfere with the functioning of the active site of an enzyme and so reduce its activity. There are two types of inhibitors that slow down (inhibit) the rate of an enzyme catalysed reaction:

· Competitive inhibition

· Non-competitive inhibition

· Competitive inhibition e.g. Malonate (Competitive Inhibitors)
· Competitive inhibitors are molecules  which have a Similar shape to the Substrate   
· So they compete with substrate for the enzyme’s active site

· The inhibitor molecule binds to the active site
· With inhibitor bound less enzyme-substrate complexes are formed

· Therefore products are not formed

· A low rate of reaction occurs



But if substrate concentration is increased

· There is more chance that a substrate molecule collides with the enzyme’s active site

· Preventing the competitive inhibitor molecule from binding to the active site

· Therefore the rate of reaction increases

· Non-competitive inhibition e.g. Cyanide (Non-competitive Inhibitors)
· These molecules do not have a similar shape to the substrate molecule

· The non-competitive inhibitor molecule binds to allosteric site / another site on the enzyme 

· Which causes the Tertiary structure of enzyme to change

· Which changes the shape of  the active site
· So the substrate molecule cannot bind, so the rate is lowered/zero


If more substrate is added the rate of reaction will not increase as the non-competitive inhibitor is not binding to the active site:


Control of metabolic pathways

A metabolic pathway is a series of reactions in which each step is catalysed by an enzyme.
· Enzymes often catalyse biochemical pathways, which are inhibited by the end product of the pathway, thus only turning the pathway on when it is needed

· The activity of the enzymes is controlled by the end product molecules binding to a specific regulatory (or allosteric) site on the enzyme, distinct from the active site. 


Enzyme experiments – use your practical method folder to learn about these. Remember to include details of a control experiment for each IV.

Boiled and then Cooled enzymes should be carried out to prove that it is the enzymes that is catalysing the reaction and not another factor!
3.1.5 Nucleic acids

Nucleic acids are a group of very important molecules, of which the best known are ribonucleic acid (RNA) and deoxyribonucleic acid (DNA). 
DNA and RNA are polymers, made up from many repeating monomers called NUCLEOTIDES, therefore forming a POLYNUCLEOTIDE. The components of a DNA nucleotide:

Contains nitrogen













· *N.B. Phosphate must be drawn to C4 and Base to C1!

The nucleotides are joined as a result of a condensation reaction between the deoxyribose sugar of one mononucleotide and the phosphate group of another. The bond formed between them is called a phosphodiester bond. The new structure is called a dinucleotide. As more nucleotides are added a long chain is formed called a polynucleotide.


Nucleotide                                                                                                                    Dinucleotide

Structure of RNA

RNA is a single, relatively short polynucleotide. The pentose sugar is always ribose. The organic (nitrogenous) bases are adenine, guanine, cytosine and uracil. One type of RNA (mRNA) transfers genetic information from DNA to the ribosomes. Ribosomes are made of protein and rRNA and a third type of RNA is involved in protein synthesis (tRNA) (we will look at these in more detail in section 3.4.2)


Structure of DNA

In DNA the pentose sugar is always deoxyribose. The organic (nitrogenous) bases are adenine, guanine, cytosine and thymine.
In DNA two Polynucleotide strands are held together by Hydrogen bonds to form a DOUBLE HELIX  (DNA animation)

The weak H bonds which join the two strands together form between the bases of the two strands to form a DOUBLE HELIX.

In DNA there are four bases and only SPECIFIC base pairs can join due to the number of H bonds forming between them:





Adenine (A)
2 H bonds

Thymine (T)





Cytosine (C)
3 H bonds

Guanine (G)


Adenine/Guanine = Purine bases

Cytosine/Thymine = Pyrimidine bases

The base pairing is described as being COMPLEMENTARY BASE PAIRING because A+T and C+G are complementary.

· DNA structure related to function:

· Sugar phosphate backbone gives strength to DNA molecule and protects the more chemically reactive organic bases inside the double helix.
· DNA is a long molecule (typically 3.2 billion base pairs in a mammal) so can store a lot of genetic info (genes)

· The sequence of DNA bases allows for information to be stored
· This genetic information can be passed from cell to cell and generation to generation
· The two chains are held together by weak hydrogen bonds

· Many weak hydrogen bonds make DNA stable. The higher the proportion of C-G the more stable the DNA molecule (3 hydrogen bonds between c and G, only 2 between A and T)
· The coiling of DNA protects the weak hydrogen bonds, therefore prevents the code from being corrupted

· The two chains separate for transcription and DNA replication

· Similarities Differences between DNA/RNA

	RNA similarities with DNA
	RNA differences to DNA

	RNA is composed of nucleotides, both polynucleotides


	RNA has only one Polynucleotide strand, DNA has two

	Each nucleotide is made up from phosphate, pentose sugar and base
	The pentose sugar is Ribose, DNA has Deoxyribose

	There are 4 bases in RNA


	RNA has Uracil (U) replacing Thymine (T) in DNA, therefore U base pairs with A


The Gene

DNA has 2 major functions:

· Replication allows accurate copying of DNA for Cell Division
· Carrying the Genetic Code for Protein Synthesis in all cells

A gene is a specific sequence of DNA bases (a section of DNA) that codes for a specific PROTEIN. These proteins decide the nature and development of the organism.

The DNA is DEOXYRIBONUCLEIC ACID, where it is found as LINEAR strands called CHROMOSOMES found in the nucleus.

In organisms the chromosomes are in HOMOLOGOUS PAIRS, which means that they are the same length, and have all of the genes in the same position:


A LOCUS – where the gene is found








A gene – two alleles











Pair of homologous chromosomes

· Locus
The POSITION on a pair of homologous chromosomes where a gene is positioned

· Allele
One of the different forms of a gene e.g. gene for eye colour may have an allele for brown and blue eyes

N.B. all body cells contain the same chromosomes, and therefore genes, but they can differ in appearance i.e. nerve cell/epithelial cell. This is because DIFFERENT genes are EXPRESSED (transcribed/translated) in each, therefore different proteins/enzymes are produced, giving different characteristics.

DNA has two major functions:
· Replication in dividing cells
· Carrying information for protein synthesis in all cells
DNA Replication – How DNA copies itself (DNA Replication advanced replication)
Chromosomes must make copies of themselves so that when cells divide. Each daughter cell receives an exact copy of the genetic information. This copying of DNA is called Replication and occurs during interphase.

· An enzyme DNA helicase unzips the two DNA strands, by Hydrogen bonds being broken 

· DNA unwinds and each exposed polynucleotide strand acts as a template for

· Free DNA nucleotides align opposite unpaired DNA bases
· Free DNA nucleotides complementary base pair and join to exposed bases e.g. A to T/C to G

· They bind to one another forming Hydrogen bonds
· DNA POLYMERASE catalyses this reaction

· DNA POLYMERASE joins the DNA nucleotides together forming phosphodiester bonds, as all nucleotides are joined a new polynucleotide strand is produced. 
· This is called SEMI CONSERVATIVE REPLICATION 
Semi-conservative replication because

· Both of the original strands of DNA are copied

· Each DNA molecule contains of one original and one new strand of DNA

Evidence for Semi-Conservative Replication (Meselsohn and Stahl Experiment animation) (The Meselsohn-Stahl Experiment tutorial)
· Two scientists, Meselsohn and Stahl, worked with a bacteria called E.coli. This was used because bacteria are easy to culture and have no nuclear membrane around DNA, therefore DNA is easier to extract.

· As bacteria incorporate nitrogen from their growing medium into any new DNA they make, growing E.Coli on different types of Nitrogen can be used to ‘label’ new strands of DNA.

· Meselsohn and Stahl developed an experiment where they firstly grew E.coli with a source of Nitrogen which was 14N – this is a lighter form of Nitrogen. They then grew E.coli with a source of Nitrogen which is 15N – this is a heavy/denser isotope of ‘normal’ less dense 14N

The bacteria need nitrogen for the synthesis of amino acids, proteins and nitrogenous bases.
When the bacteria are cultured for many generations on a medium containing

the denser 15N, then their entire DNA contains 15N (Generation 0). If we extract this DNA by breaking open the cells and centrifuge it then we see one band low in the centrifuge tube:


Next, take more of the bacteria, containing only 15N and culture them on 14N as the source of nitrogen. These bacteria were cultured once to produce Generation 1 (F1). Their only source for their new nucleotide bases is 14N. When the DNA from these cells was extracted and centrifuged we see one band in an intermediate (middle) position suggesting the DNA is half 14N and 15N so is intermediate in density

This shows that replication is semi conservative as there is only one intermediate band the DNA must be composed of half of 14N and 15N DNA.

If replication was conservative then 2 bands would be present one N15 (low dense band) and one N14 (high less dense band)

Meselson and Stahl continued their experiments by growing the Gen 1 bacteria 

on 14N to give the 2nd Generation (F2) and again to give the 3rd Generation (F3):


· The light DNA is made up solely from 14N, and the intermediate is half 14N and 15N

3.1.6 Energy and ATP

The Importance of ATP

All organisms require energy for a variety of cellular processes e.g. active transport/synthesis of organic compounds/muscle contraction/nervous impulses/photosynthesis

This energy is supplied by ATP (Adenosine Triphosphate) which comprises of:

· Pentose sugar (Ribose)

· Nitrogenous Base (Adenine)

· 3 Phosphate groups


ATP is synthesised using ADP + Pi and energy is required (Endergonic reaction) to form the High Energy bonds between phosphate molecules. ATP synthesis is called Phosphorylation. The synthesis of ADP + Pi to ATP is catalysed by the enzyme ATP synthase. As water is removed this is known as a condensation reaction. This is a reversible reaction.

Endergonic reaction









Exergonic reaction
The three phosphate groups are joined together by 2 High Energy Bonds. When these bonds are hydrolysed ATP releases large amounts of energy (Exergonic reaction) and ADP (Adenosine Diphosphate) + Pi (inorganic phosphate) is formed. The hydrolysis of ATP to ADP is catalysed by the enzyme ATP hydrolase.

The synthesis of ATP from ADP involves the addition of a phosphate molecule to ADP. It occurs in three ways

1. In chlorophyll-containing plant cells during photosynthesis (photophosphorylation)

2. In plant and animal cells during respiration (oxidative respiration)

3. In plant and animal cells when phosphate groups are transferred from donor molecules to ADP (substrate-level phosphorylation)

ATP is an energy carrier molecule in cells since it ‘picks up’ energy from food (chemical energy) and passes it on to power energy requiring cellular processes; therefore it is often called the ‘universal energy currency in living organisms’ because:
· It supplies energy
· Used in all reactions
· In all cells
ATP is the immediate source of energy for a cell. Cells do not store large amounts of ATP but just maintain a few seconds supply

The advantages of using ATP as a source of energy are:

· Only one enzyme is needed to release energy from ATP, whereas glucose needs many

· ATP releases energy in small amounts when needed , whereas glucose releases large amounts which might not be needed immediately
· The reaction is easily reversible, ATP to ADP + Pi releasing energy

· Soluble

· Can be transported across (organelle) membranes easily
ATP is used in energy-requiring cells including:

1. Metabolic processes – ATP provides energy needed to build up macromolecules eg starch from glucose

2. Movement – ATP provide the energy for muscle contraction.

3. Active transport – ATP provides the energy to change the shape of carrier proteins in cell membranes to transport molecules or ions against a concentration gradient

4. Secretion – ATP is needed to form lysosomes needed for the secretion of cell products

5. Activation of molecules – The inorganic phosphate released during the hydrolysis of ATP can used to phosphorylate other compounds in order to make them more reactive.

/
//

3.1.7 Biological importance of water
· The oxygen atom in water has a slight negative charge (δ-) and each of the hydrogen atoms has a slight positive charge (δ+) 

· This separation of electrical charge is called a dipole and molecules that carry an unequal distribution of electrical charge are called polar molecules. Water is therefore a polar molecule.


· When water molecules are close together, the positively charged hydrogen of one water molecule is attracted to the negatively charged oxygen of another molecule to form a hydrogen bond
· These hydrogen bonds are very weak and are constantly being broken and re-made. However, because there are so many hydrogen bonds there is a considerable force keeping the water molecules together.

	Property of Water
	Biological importance of water

	Water takes part in many chemical reactions (metabolite)
	Water is required in photosynthesis, in condensation reactions to synthesise biological polymers, and in digestion of polymers via Hydrolysis

	Water is the universal solvent; it dissolves more substances than any other solvent
	Chemical reactions inside cells happen in aqueous solutions; water is also the main transport medium in organisms e.g. transport of glucose in blood.

	Water has a high Latent heat of vaporisation
	Heat is lost from a surface when water evaporates from it, which acts as a cooling mechanism e.g. Sweating

	Water has a very high Specific Heat Capacity
	Cells can absorb/lose a lot of heat energy, but only show a small temperature changes i.e. organisms can live in extreme climates.  This also produces a thermostable environment within organisms providing the optimum temperature for enzymes. buffering changes in temperature



	Water molecules are polar and can therefore form hydrogen bonds.
	Water molecules can cohere (stick together) which enables water to travel up xylem vessels in an unbroken column.  It also produces surface tension – providing a habitat for small organisms e.g. pondskaters.

	Ice is less dense than water
	Ice floats on water insulating organisms to live below it

	Water is denser than air


	Water supports large organisms such as whales; also supports and disperses reproductive structures such as larvae/seeds

	Water has a low viscosity – water molecules slide easily past one another


	Water can flow easily therefore act as a lubricant e.g. mucus in the digestive system, synovial fluid around joints

	Water is Transparent
	Light can pass through it so underwater plants can photosynthesise


3.1.8 Inorganic ions

Inorganic ions occur in solution in the cytoplasm and body fluids of organisms, some in high concentrations and others in very low concentrations.

Each type of ion has a specific role, depending on its properties. There are a variety of elements/ions which have key roles in cell’s metabolism:

Magnesium
(Mg2+)
Used to form chlorophyll/component of bones + teeth

Iron (Fe2+)


Used to form Haemoglobin/Enzymes/Chlorophyll

Phosphate (PO43-)

Used to form Lipids/ATP/Nucleotides

Calcium (Ca2+)

Used to form bones + teeth

Hydrogen ions
important in determining the pH of solutions and therefore the functioning of enzymes.

Sodium ions
important in the transport of glucose and amino acids across plasma membranes

Soluble and sweet tasting
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(The twenty amino acids that are common in all       organisms differ only in their side group.)
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To calculate the gradient divide the change in (  ) product by the change (�)  in time
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