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Biological Molecules – 3.1.3 Lipids
Lipids contain the elements carbon, hydrogen and oxygen.
They include fats, oils, steroids and waxes.
There are two types of lipid of which knowledge is required – triglycerides and phospholipids.

Triglycerides

Most familiar as fats (solid at room temperature) and oils (liquid at room temperature).
They are insoluble in water (hydrophobic) but soluble in organic solvents (e.g. alcohol or acetone).
Composed of three (‘tri’) fatty acid molecules linked to one molecule of glycerol (’-glyceride’).
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Structural formula of glycerol:



Structural formula of one type of fatty acid:
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Glycerol and fatty acids combine by condensation reactions to produce triglycerides.
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Each condensation reaction forms an ester bond (centres around a shared oxygen atom).
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Fatty acids
There are many different types of fatty acid molecule.

They all have the same acid group (-COOH) with all variation in their hydrocarbon chain, known as the R group. (see amino acids below)
Therefore the simplest representation of a fatty acid is R.COOH.

The R group of the hydrocarbon chain can be saturated or unsaturated these terms are also applied to the triglycerides formed from the fatty acids.
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Fig 10 The structure of glycerol.



Saturated fatty acids
· Only single bonds in carbon chain
· Cannot bond with any extra H atoms
· Chain is fairly straight, so can pack closely together and form solids at RT (higher MP)
· Most are animal fats

Unsaturated fatty acids
· One or more* double bonds in the carbon chain

· Allows potential to bond with extra H atoms

· Chain more kinked so not so closely packed and form liquids at RT (lower MP)
· Usually shorter than unsaturated fats

· Most are plant fats or oils
* Unsaturated fatty acids with one double bond are known as monounsaturated.
* Unsaturated fatty acids with two or more double bonds are known as polyunsaturated. 
Triglyceride structure/properties linked to their functions

Energy store: high ratio of C-H bonds to C atoms stores a lot of energy in a small space/mass. Twice the energy content by mass of carbohydrates. e.g. adipose tissue
Large and insoluble in water: do not affect the water potential of cells or osmosis.

Water store: the high proportion of H to O atoms means triglycerides release water when oxidised. This ‘metabolic water’ sustains organisms adapted to dry environments.

Thermal insulation: poor conductors of heat energy e.g. blubber in cold-adapted animals

Shock absorbance: e.g. mammalian kidneys
Less dense than water: provide buoyancy. e.g. some aquatic mammals
Phospholipids

This lipid is a major component of cell membranes, both cell surface membrane and interior ones.
Similar to triglycerides but one fatty acid is replaced by a negatively charged phosphate group.
Thus phospholipids are composed of one glycerol, two fatty acids and one phosphate group.
The phosphate group attracts water (hydrophilic).
The fatty acid chains repel water (hydrophobic).
Molecule has hydrophilic ‘head’ (phosphate group) and a double ‘tail’ which is hydrophobic.
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Fig 11 The structure of a short-chain
fatty acid. (About 14 carbons is
average.)




Since different parts of the molecule have different properties, phospholipids are polar molecules.

When in an aqueous (watery) environment the ends of phospholipids cause it to behave it a particular way so the hydrophilic heads are close to the water and hydrophobic tails are as far away as possible.
This arrangement forms barriers to separate cells from each other (cell surface membranes) or organelles from each other/the cytosol (cell membranes).

Cell membranes are formed from double layers, known as phospholipid bilayers.
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Phospholipids combine with carbohydrates to form glycolipids. These are important in cell recognition – see immunity below.

Lipids can be detected by the alcohol emulsion test.
  1. Shake the sample in a test tube containing alcohol to dissolve some of the lipid in the sample.
  2. Pour the alcohol into an equal volume of water.

  3. A milky white/cloudy appearance indicates lipids were present, caused by the droplets  
     of lipid forming an emulsion (droplets suspended in water) which refracts light to appear cloudy.
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