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2.1 Chemical Elements and Water
2.1.1 State that the most frequently occurring chemical elements in living things are carbon, hydrogen and oxygen.

2.1.2 State that a variety of other elements are needed by living organisms including nitrogen, calcium, phosphorus, iron and sodium.

2.1.3 State one role for each of the elements mentioned in 2.1.2.

· Nitrogen (N): Needed in protein (amino group: NH2) and nucleic acid (nitrogen base)
· Calcium (Ca): Strengthen bones and teeth (You must have heard this a million times when you were little!)
· Phosphorous (P): Needed in ATP (C10H16N5O13P3) and nucleic acid (phosphate group)

· Iron (Fe): Oxygen carrier in hemoglobin (lack of iron can cause anemia)
· Sodium (Na): Needed in neurons, transmission of nerve impulses.

2.1.4 Outline the difference between an atom and an ion.

· An ion is charged, but an atom is neutral.

2.1.5 Outline the properties of water that are significant to living organisms including transparency, cohesion, solvent properties and thermal properties. Refer to the polarity of water molecules and hydrogen bonding where relevant.

· Because hydrogen and oxygen atoms are different in size and electronegativity, the water molecule is non-linear and polar, with the oxygen end being slightly negative and the hydrogen ends slightly positive.

· Transparency: Enables light to pass through, allowing aquatic plants to photosynthesize.

· Cohesion: Due to polarity of water molecules, water molecules cling together by hydrogen bonds. This causes large surface tension of water, providing important living space for many organisms. It also allows transport of water against gravity in plants (cohesion and adhesion).

· Solvent properties: Due to polarity of water molecules, they easily separates ionic and polar substances, making water capable of dissolving many organic and inorganic substances.

· Thermal properties: Due to strong hydrogen bonds, large amount of energy is required to heat up water and change its state (and the reverse).

2.1.6 Explain the significance to organisms of water as a coolant, transport medium and habitat, in terms of its properties.

· Coolant: Due to water's thermal properties, evaporation of water from skin of mammals or surface of leaves takes ways a lot of heat energy and has a cooling effect.

· Transport medium: Due to water's solvent properties, many substances are transported inside living organisms dissolved in water both in plants and animals.

· Habitat: Due to thermal properties, temperature does not change as much in water as in air, creating a relatively more stable environment for living organisms. Due to cohesion, the thin film on the surface of water created by surface tension is a special habitat for many organisms. Due to transparency, light is able to pass through water, making it possible for water plants to photosynthesize.
2.2 Carbohydrates, Lipids and Proteins

2.2.1 Define organic.

· Compounds containing carbon that are found in living organisms (except hydrogencarbonates, carbonates and oxides of carbon)

(Example of organic molecules: )

· (Hydrocarbon: contain only carbon and hydrogen, e.g. CH4.)

· (Carbohydrates: composed of sugars, including sugar, starch, cellulose etc. e.g. C6H12O6.)

· (Lipids: mostly contains fatty acids, but also includes steroids which do not contain fatty acids but is also a lipid.)

· (Protein: composed of amino acids, includes hormones, enzymes, antibodies etc.)

· (Nucleic acid: composed of nucleotides which consist of nucleosides (sugars) combined with phosphate groups and nitrogen bases.)

2.2.2 Draw the basic structure of a generalized amino acid.


(The R group is what makes the amino acids different from one another.)
2.2.3 Draw the ring structure of glucose and ribose.

Glucose ((-glucose)                           Ribose
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2.2.4 Draw the structure of glycerol and a generalized fatty acid.

picture

2.2.5 Outline the role of condensation and hydrolysis in the relationship between monosaccharides, disaccharides and polysaccharides; fatty acids, glycerol and glycerides; amino acids, dipeptides and polypeptides.

· Condensation: Monomers (or small molecules) bond to form polymers (or large molecule), a water molecule is released. This process requires energy.
· Hydrolysis: Water is added to break down polymers into its subunits. It is the reverse process of condensation and releases energy.

three pictures

2.2.6 Draw the structure of a generalized dipeptide, showing the peptide linkage.

picture

2.2.7 List two examples for each of monosaccharides, disaccharides and polysaccharides.

· Monosaccharides: glucose, ribose, fructose, galactose

· Disaccharides: Sucrose = glucose + fructose (table sugar)

Lactose = glucose + galactose (milk sugar)

Maltose = glucose + glucose (malt sugar)

· Polysaccharides: starch, glycogen, cellulose

2.2.8 State one function of a monosaccharide and one function of a polysaccharide.

· Glucose: the principle energy source for most cells.

· Starch: principle energy storage in plants.

· Glycogen: principle energy storage in animals and fungi

· Cellulose: structural molecule in plants.

2.2.9 State three functions of lipids.

· Energy storage: long term storage, stores twice as much energy as carbohydrates and proteins.

· Plasma membrane: phospholipids

· Chemical messengers: hormones

· Insulation: fat conducts heat poorly

2.2.10 Discuss the use of carbohydrates and lipids in energy storage.

	Lipids
	Carbohydrates

	Long term
	Short term

	More energy per unit, thus a lighter storage with more energy
	More easily digested, so that energy can be released more rapidly

	Insoluble in water, thus easy to store in cells, do not absorb water
	Soluble in water, thus easily transported by blood or other system to or from storage


2.3 Enzymes

2.3.1 Define enzymes and active site.

· Enzyme: A globular protein that acts as a catalyst to accelerate a specific chemical reaction.

· Active site: The region of an enzyme surface that binds the substrate during the reaction catalyzed by the enzyme.

2.3.2 Explain enzyme-substrate specificity. (Higher level students can ignore this point and refer to 6.6.2 instead)

· Enzyme lowers the activation energy of a reaction by help holding the reactants in correct positions during reaction.

The lock-and-key model:

· Enzymes are specific due to the shape of the active site.

· Only substrates molecules with the exact shape can fit into the active site and bond with it like key fitting into a lock.

· The substrate bonds to the active site of the enzyme forming an enzyme-substrate complex.

2.3.3 Explain the effects of temperature, pH and substrate concentration on enzyme activity. (cross reference with 5.6.1)

· Temperature:

graph

At high temperature, the enzymes are denatured and stops to work due to change in the shape of the active site. This change is normally permanent.

· pH:

graph

At extreme pH, the enzymes will be denatured and no longer active. But this is normally not permanent.

· Substrate concentration:

graph

At high substrate concentration, all the active sites are occupied and the enzymes are working at their max speed, so that further increase in substrate concentration will not have an effect.

2.3.4 Define denaturation:

· Denaturation: a structural change in a protein (by heat or extreme pH) that results in a loss (usually permanent) of its biological properties.

· (Heat and extreme pH causes the bonds in the secondary and tertiary structure to break changing the shape of the protein which is vital for its specific biological properties.)

2.3.5 Explain the use of pectinase in fruit juice production, and one other commercial application of enzymes in biotechnology.

Pectinase: an enzyme obtained from a fungus (Aspergillus niger) that naturally grows on fruits.

· Cell walls in fruits are kept together by the protein pectin.

· Pectinase breaks down pectin and thus separates the cells, making juice extraction much easier.

· Pectinase also prevents oxidation which would otherwise make the juice brown.

· Advantage: Higher yield and clear, light-coloured juice.

Protease: Enzymes obtained from bacteria (Basillus licheniformis) which are used in washing powders.

· Protease breaks down proteins and some fat at a low temperature so that these substances can be dissolved in water.

· Advantages: Clothes can be washed at lower temperatures, saving energy and is better for the material of the clothes.

