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6 The chemistry of living organisms
Living organisms are composed of about 22 different chemical elements. These are combined to form 
a great variety of compounds. Six major elements make up almost 99% of the mass of the human body, 
as shown in Figure 6.1.

others 1.3%

oxygen
65.0%

carbon
18.0%

phosphorus 1.2%

calcium 1.5%

nitrogen 3.0%

hydrogen
10.0%

Figure 6.1 The percentage, by mass, of 
the major elements that make up the 
human body

The main compounds formed from these elements include water, an inorganic compound that makes 
up about 65% of the body, and carbohydrates, proteins and lipids which are all organic compounds.

Carbohydrates
Carbohydrates include sugars and starches. They are molecules composed of carbon, hydrogen 
and oxygen atoms. The ratio of hydrogen atoms to oxygen atoms is always 2:1. The simplest 
carbohydrate molecule has the formula C6H12O6. Carbohydrates can be classifi ed into three groups: 
monosaccharides, disaccharides and polysaccharides.
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Figure 6.2 A glucose molecule

Table 6.1 The three groups of carbohydrates

Group Properties Formula Examples

Monosaccharides
(single sugars)

Have a sweet taste.
Soluble in water.

C6H12O6 Glucose
Fructose
Galactose

Disaccharides
(double sugars)

Have a sweet taste.
Soluble in water.

C12H22O11 Maltose
Sucrose
Lactose

Polysaccharides
(complex carbohydrates)

Do not have a sweet taste.
Insoluble in water.

(C6H10O5)n Starch
Cellulose
Glycogen (animal starch)

416 The chemistry of living organisms

57876_CSEC_Bio_RG_P033_P072.indd   4157876_CSEC_Bio_RG_P033_P072.indd   41 27/01/16   10:32 AM27/01/16   10:32 AM



42

Disaccharides are formed by chemically joining two monosaccharide molecules together with the loss 
of a water molecule from between, a process called condensation or dehydration synthesis:

C6H12O6   +   C6H12O6  C12H22O11   +   H2O

glucose   +   glucose  maltose

glucose   +   fructose  sucrose

glucose   +   galactose  lactose

Polysaccharides are formed by the condensation of many monosaccharides into straight or 
branched chains.

monosaccharide

molecules
disaccharide

molecules
part of a polysaccharide

molecule

single sugar
molecule

two single sugar
molecules joined

many single sugar
molecules joined

condensation – joining molecules with the loss of water

hydrolysis – splitting molecules by adding water

Figure 6.3 The three types of carbohydrates

Lipids
Lipids are fats and oils. They feel greasy and 
are insoluble in water. Lipids are molecules 
composed of carbon, hydrogen and oxygen 
atoms. Their molecules have fewer oxygen 
atoms than carbohydrate molecules, e.g. 
beef fat has the formula C57H110O6. Each 
lipid molecule is composed of four smaller 
molecules joined together; three fatty acid 
molecules and one glycerol molecule.

Proteins
Proteins are molecules composed of carbon, hydrogen, oxygen, nitrogen, and sometimes sulfur and 
phosphorus atoms. These atoms form small molecules known as amino acids. There are 20 different 
common amino acids. Protein molecules are formed by the condensation of hundreds or thousands 
of amino acid molecules in long chains. The links between adjacent amino acid molecules are called 
peptide links. The chains then fold to give each type of protein molecule a specifi c shape.

different amino acids peptide links

part of a
protein molecule

Figure 6.5 Part of a protein molecule

Some proteins are soluble in water, e.g. haemoglobin; others are insoluble, e.g. collagen.

3 fatty acid
molecules

1 glycerol
molecule

a lipid molecule

Figure 6.4 A lipid molecule
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Recognising carbohydrates, proteins and lipids
Tests can be performed in the laboratory to identify carbohydrates, proteins and lipids. Apart from 
the tests for lipids, the tests are usually carried out on about 2 cm3 of a solution of the test substance 
in a test tube.

Table 6.2 Laboratory tests to identify carbohydrates, proteins and lipids

Food substance Test Positive result

Reducing sugars – 
monosaccharides and 
some disaccharides, 
e.g. glucose, maltose

Add an equal volume of Benedict’s 
solution and shake. Heat the mixture.

An orange-red precipitate forms.

Non-reducing sugars – 
some disaccharides, 
e.g. sucrose

Add a few drops of dilute hydrochloric 
acid and heat for 1 minute. Add sodium 
hydrogencarbonate until effervescence 
stops. Add an equal volume of 
Benedict’s solution and shake. Heat the 
mixture.

An orange-red precipitate forms.

The acid hydrolyses the 
disaccharide molecules to 
monosaccharide molecules. 
The sodium hydrogencarbonate 
neutralises the acid allowing the 
Benedict’s solution to react with 
the monosaccharides.

Starch Add a few drops of iodine solution and 
shake.

Solution turns blue-black.

Protein – the biuret 
test

Add an equal volume of sodium 
hydroxide solution and shake. Add 
drops of dilute copper sulfate solution 
and shake. Or add an equal volume of 
biuret reagent and shake.

Solution turns purple.

Lipid – the emulsion 
test

Place 4 cm3 of ethanol in a dry test tube. 
Add one drop of test substance and 
shake. Add an equal volume of water 
and shake.

A milky-white emulsion forms.

Lipid – the grease spot 
test

Rub a drop of test substance onto 
absorbent paper. Leave for 10 minutes.

A translucent mark remains.

Benedict’s solution 
forms an orange-
red precipitate with 
reducing sugars

Iodine solution turns 
starch blue-black                                           
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Enzymes
Enzymes are biological catalysts produced by all living cells. They speed up chemical reactions 
occurring in living organisms without being changed themselves.

Enzymes are proteins that living cells produce from amino acids obtained from the diet in animals, 
or manufactured in plants. Without enzymes, chemical reactions would occur too slowly to 
maintain life.

Examples:

• Amylase catalyses the breakdown of starch into sugars, mainly maltose. It is present in saliva, 
pancreatic juice and germinating seeds.

  amylase
starch    maltose

• Catalase catalyses the breakdown of hydrogen peroxide into water and oxygen:

  catalase
hydrogen peroxide    water   +   oxygen

or

     catalase
       2H2O   2H2O    +   O2

Catalase is found in most cells. It prevents the build-up of harmful hydrogen peroxide which is 
produced as a by-product of many chemical reactions occurring in cells.

Properties of enzymes
All enzymes have similar properties:

• Enzymes are specifi c, i.e. each type of enzyme catalyses only one type of reaction.

• Enzymes work best at a particular temperature known as the optimum temperature. This is about 
37 °C for human enzymes.
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the rate of enzyme activity
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Figure 6.6 The effect of temperature on the rate of a reaction catalysed by enzymes

• High temperatures denature enzymes, i.e. the shape of the enzyme molecules changes so that they 
are inactivated. Enzymes start to be denatured at about 40 °C to 45 °C.
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• Enzymes work best at a particular pH known as the optimum pH. This is about pH 7 for most enzymes.
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Figure 6.7 The effect of pH on the rate of a reaction catalysed by enzymes

• Extremes of acidity or alkalinity denature most enzymes.

• The action of enzymes is helped by certain vitamins and minerals, e.g. vitamin B1 helps the action of 
respiratory enzymes.

• The action of enzymes is inhibited by certain poisons, e.g. arsenic and cyanide.

Revision questions
 1 Describe the simple molecular structure of EACH of the following:

a polysaccharides b  proteins c lipids.

 2 Distinguish between condensation and hydrolysis.

 3 You are given three solutions labelled X, Y and Z and told that they contain starch, 
glucose and gelatin (a protein), respectively. Describe THREE laboratory tests you 
could perform to confirm what you are told about X, Y and Z.

 4 What are enzymes?

 5 Name the enzyme responsible for the breakdown of starch.

 6 Explain the effect that temperature has on enzyme activity.

 7 Other than the effect of temperature on enzyme activity, give THREE other properties 
of enzymes.

1

2

3

4

5

6

7

456 The chemistry of living organisms

57876_CSEC_Bio_RG_P033_P072.indd   4557876_CSEC_Bio_RG_P033_P072.indd   45 27/01/16   10:32 AM27/01/16   10:32 AM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 10%)
  /CalRGBProfile (HCP eciRGB v2)
  /CalCMYKProfile (HCP ISO Coated v2 300% ECI)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.28286
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.28286
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1270
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.51969
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
>> setdistillerparams
<<
  /HWResolution [2540 2540]
  /PageSize [612.000 792.000]
>> setpagedevice


