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Inorganic ion Symbol Biological role  

Magnesium Mg2+ 
Constituent of chlorophyll and therefore essential 
for photosynthesis 

Iron Fe2+ 
Constituent of haemoglobin, which transports 
oxygen in red blood cells  

Nitrate  NO3
- 

Nitrogen deri ved from nitrate is needed for making 
nucleotides, including ATP, DNA and RNA. Nitrogen 
is also needed for amino acid formation.  

Phosphate PO4
3- 

Used for making nucleotides, including ATP, DNA 
and RNA. A constituent of phospholipids found in 
biological me mbranes. Hardens bones. 

Calcium Ca2+ 
Hardens bones and teeth (not strengthen). Also a 
component of plant cell walls.  

 
 
 
 
 
 
  
 
 
 
  
 
 
 
 
 
 

Biology AS ð Unit 1 

Unit 1-1 Chemical elements are joined together to form bio logical 
compounds 

All organisms need inorganic ions to survive; these inorganic ions are often called 
minerals.  
Micronutrients  are minerals needed in minute (trace) concentrations e.g. copper 
and zinc. 
Macronutrients  are needed in small c oncentrations e.g. magnesium and iron. Key 
macronutrients and their functions are listed in the table below:  
 

Key terms: 
Organic ð Molecules that have a 
high proportion of carbon and 
hydrogen atoms. 
Inorganic  ð A molecule or ion that 
has no more than one carbon 
atom.  

A chlorophyll molecule containing Mg 2+ 

Inorganic ions 
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Water 

Water is a polar molecule; the oxygen end of the molecule has a negative charge 
and the hydrogen atoms have a positive charge. This uneven distribution of charge 
is called a dipole .  

 

When two water molecules are in close contact the opposing charges attract 
each other forming a hydrogen bond . Individually hydrogen bonds are weak, but 
many hydrogen bonds (between many water molecules) form a lattice -like 
framework which is much stronger. This att raction between water molecules is 
called cohesion . 
 

Key terms: 
Dipole  ð A polar molecule which has a 
positive and negative charge, 
separated by a very small distance.  
Hydrogen bond  ð The weak attractive 
force between a hydrogen atom (with 
a partial posit ive charge) and an atom 
with a partial negative charge, usually 

oxygen or nitrogen.  
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Property of water  Function 

Water is a solvent  

The positive and negative parts of the water molecule 
attract other charged particles, such as ions and other 
polar molecules, such as glucose. Ions and polar 
molecules can dissolve in water. Non -polar molecules 
such as lipids do not dissolve in water.  

Water as a transport 
medium 

Blood is largely water and transports many dissolved 
substances around the body. Minerals dissolved in water 
are transported from the root to the leaves via the 
xylem in plants.  

Chemical reactions take 
place in water  

Transport of ions and polar molecules allows chemical 
reactions to take place when particles or molecules 
meet.  

Water has a high specific 
heat capacity  

A large amount of heat energy is needed to raise the 
temperature of water. This prevents large fluctuations 
in water temperature. This keeps the temperature of 
aquatic environments stable so that organisms do not 
have to endure extremes of temperature. This also 
allows enzymes within cells to work effectively.  

Water has a high latent 
heat of vaporisation  

Due to cohesion between water molecules (caused by 
hydrogen bonding) a large amount of heat energy is 
needed to change water from a liquid to a vapour state 
(gas). This process of evaporation transfers heat energy 
and is a very effective way of cooling the body e.g. 
sweating or panting. Evaporation of water from a 
surface causes cooling. 

Cohesion 
The attraction between water molecules allows water to 
be transported, in long columns, up the xylem vessels of 
even the tallest trees.  

Surface tension 

At ordinary temperat ures water has the highest surface 
tension of any liquid except mercury. In a pond the 
cohesion between water molecules supports organisms, 
such as pond skaters, allowing them to walk on water.  

Density 

Water has a maximum density at 4  oC; ice is less dense 
and therefore floats on the surface and insulates the 
water beneath it. This reduces the tendency for large 
bodies of water to freeze completely allowing organisms 
to survive.  

 

Water 

Waterõs properties make it essential for life, as we understand it. 
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Type of 
monosaccharide 

Function 

Triose 
Important in metabolism. Triose sugars are intermediates in the 
reactions of respiration and photosynthesis.  

Pentose 
Constituents of nucleotides e.g. deoxyribose in DNA, ribose in RNA, 
ATP and ADP. 

Hexose 

Glucose is a hexose sugar. Glucose is a source of energy in 
respiration. Carbon -hydrogen and carbon-carbon bonds are broken 
to release energy, which is transferred to make adenosine 
triphosphate (ATP).  

 

Carbohydrates - Monosaccharides 

Carbohydrates are organic compounds which contain the atoms carbon, hydrogen  
and oxygen . The basic unit of a carbohydrate is a monosaccharide. Two 
monosaccharides form a disaccharide. Many monosaccharide molecules form a 

polysaccharide. A polysaccharide is a type of polymer.  

Monosaccharides are sweet and soluble. Th ey are the building blocks for the other 
larger carbohydrates.  
Monosaccharides have the general formula (CH2O)n and they can be grouped according 
to the number of carbon atoms they have. A triose  sugar has three  carbon atoms, a 

pentose  sugar has five  carbon atoms and a hexose sugar has six carbon atoms. 

Triose (3C)                            Pentose (5C)                              Hexose (6C)  
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Carbohydrates - Isomers 

Isomers have the same chemical formula and the same number of atoms; the atoms are 
simply arranged differently. The ring form of the monosaccharide glucose has two 

isomers h  glucose and  ̡glucose. They both have the same chemical formula C 6H12O6, but 
the H and OH atoms are arranged differently at carbon 1.  

                                   hglucose                                     ̡glucose 

At carbon 1   hglucose has a hydrogen atom above and a hydroxyl group (OH) below, but 

if you look at the  ̡glucose molecule you will notice that carbon 1 has a hydroxyl group 
above and a hydrogen atom below. The H and OH atoms at carbon 1 have been flipped; 

this is the only difference between  hglucose and ̡  glucose. 
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Carbohydrates - Disaccharides 

Disaccharides  are composed of two monosaccharide sub-units bonded with the 
formation of a glycosidic bond  and the elimination of water.  This is an example of a 
condensation reaction .  

When two  hglucose molecules are joined by condensation reaction the disaccharide 
maltose  is formed. The diagram below shows water being removed between C1 of the 
first glucose molecule and C4 of the second (the atoms removed are shown in red).  
A 1-4 glycosidic bond is formed.  
 

The glycosidic bond can be broken by hydrolysis . During hydrolysis wate r is chemically 
added to break the glycosidic bond.  Hydrolysis of maltose is shown below. The atoms 

added during hydrolysis are shown in red.  

      Two molecules of  hglucose                              Maltose and water  

         Maltose and water                                             Two  hglucose molecules 
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Disaccharide 
Component 

monosaccharide 
Biological role  

Maltose Glucose and Glucose In germinating seeds 

Sucrose Glucose and Fructose 
A product of photosynthesis 
which is transported in the 

phloem 

Lactose Glucose and Galactose Found in mammalian milk  

 
 

Carbohydrates - Disaccharides 

The table below summarises information about disaccharides.  

Benedictõs reagent is used to test for reducing sugars . Heat is needed for this reaction 
(80oC or above). Reducing sugars reduce blue copper ll sulphate  forming copper l 
sulphate , which is a brick red precipitate.  Examples include all the monosaccharides and 
the disaccharides lactose and maltose.  
 

The reaction below shows the disaccharide lactose being hydrolysed. The glycosidic bond 

is broken and the monosaccharides glucose and galactose are formed. 
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Carbohydrates ð Testing for reducing sugars 

Sucrose is called a non-reducing sugar  because it does not reduce copper ll sulphate. 
The Benedictõs test will not work; Benedictõs will remain blue.  Sucrose must first be 
hydrolysed  by boil ing in dilute hydrochloric acid.  Glucose and fructose are formed.  The 
acid must be neutralised with dilute sodium hydroxide before testing with Benedictõs 
reagent.  This should now give a positive result; glucose and fructose are reducing sugars 
which readi ly donate an electron to reduce copper II sulphate to form the brick -red 
precipitate copper I sulphate.  
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Carbohydrates - Polysaccharides 

Polysaccharides are large complex polymers. They are formed from very large numbers 
of identical monosaccharide units, which are their monomers , linke d by glycosidic 
bonds formed by condensation reaction.  

Starch allows plants to store glucose. Starch is made up of  hglucose monomers, added 
one at a time by condensation reaction. Glucose can be easily added or removed. Starch 
has two types of polysaccharide, amylose and amylopectin. Amylose is unbranched and 

coils; each  hglucose monomer added forms a C1 ð C4 glycosidic bond with the adjacent 
glucose molecule. Amylopectin is branched as it forms C1 - C4 gylcosidic bonds and C1 ð 
C6 glycosidic bonds. Starch is compact and has no osmotic effect on the cell; it does not 
affect the water potential of the cell.  

Amylose is a polysaccharide component of starch. It is unbranched and coiled.  

Amylopectin  is a polysaccharide component of starch. Each branch point is formed by a 

C1 ð C6 glycosidic bond. 
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Carbohydrates - Polysaccharides 

Glycogen is the main storage product in animals. It is similar in structur e to 

amylopectin. In glycogen the  hglucose molecules are joined by C1 ð C4 and C1 ð C6 
glycosidic bonds. The main difference between amylopectin and glycogen is that 

glycogen has shorter C1 ð C4 h  glucose chains and there are more C1 ð C6 branch points. 

Glycogen is more branched than amylopectin.  

Both starch  and glycogen are easily hydrolysed to  hglucose, which is soluble and can 

be transported to wherever energy is needed.  
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Carbohydrates - Polysaccharides 

Cellulose  is a structural polysaccharide found in plant cell walls. Cellulose consists of 

many long, parallel chains of  ̡glucose units. The  ̡glucose monomers are joined by 

C1 ð C4 glycosidic bonds. The ̡  bond rotates adjacent glucose molecules by 180 o; this 
allows hydrogen bonds to form between OH gr oups of adjacent cellulose chains.  
Between 60 and 70 cellulose molecules become tightly cross -linked to form bundles 
called microfibrils. Microfibrils are bunched together in bundles to form fibres. 
Cellulose is unreactive and stable (due to being unbranc hed) and has a high tensile 
strength (due to the formation of microfibrils and fibres).  

Alternate  ̡glucose molecules are rotated by 180 o. This allows hydrogen bonds to form 

between adjacent cellulose molecules.  
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Carbohydraye - Polysaccharides 

Chitin  has a similar structure to cellulose. It is a structural polysaccharide found in the 
exoskeleton of arthropods, such as insects, and f ungal cell walls. Chitin is composed of 

long chains of  ̡glucose molecules linked by C1 ð C4 glycosidic bonds. Chitin differs from 
cellulose in that each monomer has a group derived from amino acids added, called an 
acetylamine group . Like cellulose altern ate glucose molecules are rotated by 180 o; this 
allows hydrogen bonds to form between the OH groups of adjacent chitin chains. The 
cross-linked parallel chains form microfibrils. Chitin is strong, waterproof and 
lightweight.  

Key Term s: 
Polymer  ð A large molecule 
comprising of repeated, identical 
units (monomers) bonded together.  
Condensation reaction  ð Water is 
chemically removed to form a bond 
between adjacent monomers.  
Hydrolysis  ð Water is chemically 
added to break a bond between 

monomers. 
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Lipids - Triglycerides 

The most common types of lipid are triglycerides ; these are the fats and oils. Like 
carbohydrates, lipids contain carbon , hydrogen  and oxygen atoms (the oxygen content 
is very low). Triglycerides are insoluble  in water as they are non -polar; they are soluble 
in other solvents such as ethanol , chloroform  and ether .  
 
 
Triglycerides  are formed by condensation reaction between glycerol  and fatty acids . 
Glycerol is a type of alcohol. Fatty acids are organic molecule s which have a ðCOOH 
group  attached to a long hydro -carbon tail.  Three molecules of water are released.  
 

The bond formed is called an ester bond . The ester bond can be broken by hydrolysis. 
A triglyceride has three ester bonds.  You must be able to circle  the atoms which make 

up an ester bond.  
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Lipids ð Fatty acids 

Unsaturated fatty acids  have double bonds  between neighbouring carbon atoms e.g. ð
C=C-C-C-. Unsaturated fatty acids do not contain the maximum possible  number of 
hydrogen atoms. Double bonds make fatty acids and lipids melt more easily; most oils 
are unsaturated. If there is only one  double bond between carbon atoms the fatty acid 
is monounsaturated . When there are two or more  double bonds between carbon atoms 
the fatty acid  is polyunsaturated . A monounsaturated fatty acid is shown below.  
 

Top tip  - Itõs not enough to 
state that an unsaturated fatty 
acid has one or more double 
bonds; you must make it clear 
that the double bonds are 
between the carbon atoms  in 

the hydrocarbon chain.  

Saturated fa tty acids  have no double bonds  between neighbouring carbon atoms in the 
hydrocarbon tail. A saturated fatty acid carries the maximum possible number of 
hydrogen atoms . Saturated fatty acids are solid. Animal lipids tend to be saturated. 
There is a possible link between the consumption of saturated fatty acids and heart 
disease. A saturated fatty acid is shown below.  
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Lipids ð Saturated fatty acids and heart disease  

The main causes of heart disease  are fatty deposits in the coronary arteries 
(atherosclerosi s) and high blood pressure (hypertension ). A diet that is high in 
saturated fatty acids, smoking, lack of exercise and ageing are all contributory factors.  
 
When food has been absorbed at the small intestine, lipids and proteins combine to 
make lipoprotein s, which travel around the body in the blood stream.  
 
V If the diet is high in saturated fats , low -density lipoproteins (LDL)  build up. 

Fatty material called atheroma is deposited in the coronary arteries, restricting 
blood flow and, therefore, oxygen delive ry to the heart tissue. This restricted 
blood flow can result in angina. If the coronary arteries become completely 
blocked a myocardial infarction or heart attack occurs.  

V If the diet has a high proportion of unsaturated fats , the body makes more high-
density lipoproteins (HDL) , which carry harmful fats to the liver for disposal. 
The higher the ratio of HDL:LDL in a personõs blood, the lower the risk of cardio-
vascular and coronary heart disease. 
 

The inner wall of the artery has a smooth endotheli al linin g. Atheroma is deposited on 
the endothelium, reducing the available volume for blood flow. The atheroma may 
completely block the arteryõs lumen. 
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Lipids ð Phospholipids 

Phospholipids  are a special type of lipid. One of the three fatty acid tails  is replaced 
by a phosphate group .  The phosphate group is polar  and therefore soluble in water. 
Phospholipids have hydrophilic  heads and two hydrophobic fatty acid tails .  
 
 

In water the hydrophobic fatty 
acid tails turn inwards (to avoid 
the water) forming a micell e (a 
fatty droplet). If there are 
enough phospholipid molecules 
a bilayer  (double layer) is 
formed ð polar (hydrophilic) 
phosphate heads point outward 
(into water), hydrophobic fatty 
acid tails pointing inwards (away 
from the water).  The 
phospholipid bilay er forms the 
basis of all cell membranes .  
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Triglycerides Phospholipids 

3 fatty acid tails  2 fatty acid tails  

No phosphate group Phosphate group 

Non polar (completely hydrophobic)  
Polar head is hydrophilic, fatty acid tails 

are hydrophobic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lipids ð Comparing triglycerides and phospholipids 

Lipids ð Test for fats and oils  

To determine whether a substance contains lipid it is mixed thoroughly with absolute 
ethanol ; any lipid present in the sample w ill dissolve in the ethanol. An equal volume of 
water is added and the sample is shaken. Any dissolved lipids come out of solution, 

forming an emulsion ; this turns the sample cloudy white .  

Top tip  - Lipids are insoluble in 
water and when mixed with water 
form tiny droplets called an 
emulsion. The emulsion is cloudy 
white and indicates that  lipids are 
present.  
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Function Description  

Energy reserve (store) in 
plants and animals 

Triglycerides contain more carbon -hydrogen bonds than 
carbohydrate. One gram of fat, when oxidised, yields 
approximately twice as much energy as the same mass 
of carbohydrate. In animals fat is stored unde r the skin 
and around organs, in plants triglycerides are stored as 
oils in seeds. 

Thermal insulator  
When stored under the skin it acts as a thermal 
insulator which reduces heat loss.  

Protection  
Fat is often stored around delicate organs such as the 
kidneys. 

Metabolic water source  

Triglycerides produce a lot of metabolic water when 
oxidised. This is essential for desert animals such as the 
kangaroo rat which never drinks water and survives on 
metabolic water from its fat intake.  

Waterproofing  

Fats (being non-polar) are insoluble in water and are 
important in land organisms such as insects where the 
waxy cuticle reduces water loss. Leaves also have a 
waxy cuticle to reduce water loss by evaporation from 
the leaf surface.  

Low density and buoyancy 

Fat has a fairly low density and helps animals such as 
polar bears float in water; it increases their buoyancy. 
Seeds which store oils can also be easily dispersed as 
they are light.  

Nerve transmission 
Triglycerides form the myelin sheath which surrounds 
the axon of nerve cells (neurones) in vertebrates; the 
myelin sheath seeps up nerve transmission. 

Lipids ð Function summary 
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Function Description 

Steroids and cholesterol 
Steroids, which include the sex hormones (testosterone 
and oestrogen), are lipids. They have a ring structure  
rather than a long chain structure.  

Cell membrane formation  

Phospholipids form a bilayer which is the basis of all 
cell membranes. The phospholipid bilayer allows for 
the transport of non -polar molecules across cell 
membranes by simple diffusion.  

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Lipids ð Function summary (continued)  

Top tip  ð A form of short hand is often used to denote the long hydrocarbon tail o f a 
fatty acid; the capital letter R can be used or a zig-zag line .  
 
The monoglyceride (molecule A) and triglyceride (molecule B) below show the 
hydrocarbon tails of the fatty acids as zig -zag lines. X is the ester bond.  

molecule A 
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Proteins ð Amino acids 

Proteins  differ from carbohydrates and lipids in that, in addition to carbon, hydrogen 
and oxygen atoms, they also always contain nitrogen  atoms. Many proteins also contain 
sulphur and phosphorus atoms too. 
 
Proteins are polymers made of monomers called  amino acids . A chain of amino acids is 
called a polypeptide . There are 20 different amino acids. There are thousands of 
different proteins and their shape is determined by the specific sequence of amino acids 
in the chain. The shape of a protein determine s its function.  

All amino acids have the same basic structure. Attached to a central carbon atom are:  
 
V An amino group  (-NH2), which is basic or alkaline.  
V A carboxyl group  (-COOH), which is acidic. 
V A hydrogen atom .  
V The R-group , which is a variable group of  atoms. 

 
There are 20 different R -groups. The simplest amino acid is glycine which has a 
hydrogen atom as its R-group. The basic structure of an amino acid is shown below 
(molecule A):  

Top tip  ð Remember the structure 
of each amino acid is basically the 
same. The R-group varies and is 
describes as a variable group of 
atoms. Donõt confuse the R-group 
of an amino acid with the R -group 
of a fatty acid, which is a long 
hydrocarbon chain .  

Amino acids  can be essential  or non-essential . Essential amino acids cannot be 
synthesised by our bodies, and must be provided by our diet. Non -essential amino acids 
can be synthesised by our bodies. 
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Proteins ð Dipeptides and polypeptides 

Proteins are linear  sequences of amino acids. The amino group of one amino acid reacts 
with the carboxyl group of another by condensation reaction; water is eliminated a nd a 
peptide bond  is formed. The resulting compound is a dipeptide .  

More amino acids can be added in this way to form a polypeptide  molecule which is a 
type of polymer. The polypeptides can be fu rther modified to form protein  molecules 
each with specific structures and functions .  
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Level of protein 
structure  

Description 

Primary 

The primary structure is the sequence of amino acids in a 
polypeptide chain. The sequence of amino acids is 
determined by DNA; one gene codes for one polypeptide.  
The bond between each amino acid is a peptide bond.  
 

Secondary 

The secondary structure is the shape that the polypeptide 
chain forms due to hydrogen  bonding. Hydrogen bonds twist 
and fold the polypeptide forming an alpha helix or a less 
common beta pleated sheet.  
 

Tertiary  

The alpha helix of a secondary protein structure is further 
folded and twisted to give a more complex, compact 3D 
structure. The shape is maintained by disulphide, ionic, 
covalent hydrophobic and hydrogen bonds.  
Enzymes have a tertiary protein structure. The bonds 
maintain the shape of the enzyme õs active site.  
 

Quaternary 

The quaternary structure arises from a combination of two o r 
more polypeptide chains in tertiary form.  
These are associated with non-protein groups and form large 
complex molecules such as haemoglobin. 
Haemoglobin has four polypeptide chains.  
Four genes are needed to code for haemoglobin; one gene for 
each polypeptide.  
 

 
 
 
  
   
 
  
 

Proteins ð Four levels of protein structure  

Top tip  ð You must be able to 
describe the four levels of protein 
structure, including the names of 
the chemical bonds. You must also 
be able to recognise an alpha helix  

(look right). X is a hydrogen bond . 
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Proteins ð A closer look at the tertiary structure  

This is the enzyme lysozyme. It has a tertiary structure. The disulphide bonds connect 
different pa rts of the polypeptide molecule together. This maintains the shape of the 
active site, allowing enzyme -substrate complexes to form.  
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Proteins - Classification 

Proteins can be classified into  globular and fibrous proteins.  Globular proteins  have 
functions such as enzymes, antibodies and hormones. Globular proteins are compact and 
folded into 3D spherical molecules.  They are soluble  in water.  Haemoglobin is a globular 
protein (see the diagram below); it transports oxygen to the body tissues.  
 

Fibrous protei ns perform structural functions . They consist of polypeptides in parallel 
chains or sheets with numerous cross linkages to form long fibres e.g. keratin in hair.  
Fibrous proteins are insoluble  in water, strong and tough. Collagen provides the 
properties ne eded in tendons (tendons attach muscle to  bone); a single fibre consists of 
three identical polypeptide chains  twisted together like a rope.  These chains are 
linked by cross-bridges, making a very stable molecule.  Collagen is shown below. 
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Haemoglobin Collagen 

4 polypeptide molecules  3 polypeptide molecules  

Each polypeptide molecule is dif ferent (4 
genes are needed to code for haemoglobin)  

Each polypeptide is the same (only one gene 
is needed to code for collagen)  

Haemoglobin is associated with non-protein 
groups (haem groups) 

Collagen is not associated with non -protein 
groups 

The highest level of protein structure is 
quaternary  

The highest level of protein structure is 
secondary 

 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proteins ð Comparing globular and fibrous proteins  

Top tip  ð You must be able to compare globular and fibrous proteins (like for like). It is 
also good practice to give examples and describe their functions. Haemoglobin and 
collagen are compared in the table below. You could use this comparison to help you 

model other an swers. 

Proteins ð Biuret test  

The Biuret Test  is a chemical test used for detecting the presence of pepti de bonds 
(between amino acids). In the presence of peptides, a copper ll ion forms a violet 
colou red complex  in an alkaline solution (Biuret reagent turns from blue to violet).  
The intensity of the colour is directly proportional to the protein concentration (or 
number of peptide bonds). At low protein concentrations the colour change may not be 
obvious (a colorimeter will be able to detect the colour change).  
 

Top tip  ð As with any biochemical 
test you must describe the colour 
change, not just the final colour. 
You must also be clear what a 
positive result means. In this case 
the colour change from b lue to 
violet indicates the presence of 
proteins (peptide bonds).  
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Unit 1-2 ð Cell structure and organisation  

Cell theory  

V The cell theory  states that all organisms are composed of cells ; the cell is the 
basic unit of life .  

V Organisms can be unicellular, such as amoeba and bacteria, or multicellular such as 
plants and animals.  

V New cells arise from pre -existing cells; specialised cells arise from undifferentiated 
stem cells.  

V Advances in microscopy have allowed us to understand the ultrastructure  of cells.  
 

Eukaryotic cells ð Animal cells 

Eukaryotic cells  have a nucleus and membrane bound organelles. Eukaryotic cells include 
plant and animal cells. A diagram of an animal cell is sh own below.  
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Eukaryotic cells ð Plant cells 

Plant cells have additional orga nelles and structures e.g. chloroplasts for photosynthesis 

and cellulose cell walls for support and to maintain turgor pressure.  

Top tip  ð you must be able to recognise and clearly describe the function of each 

organelle and structure.   


