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Plants as Chemical Factories
Technical & Teaching Notes

Introduction and context

20 – 30% of vascular plants have trichomes on their surface.  Examples of trichomes include hairs and glandular hairs.  These serve a number of functions ranging from protection against insects to heat and moisture conservation.  
In many cases hairs interfere with the feeding of at least some small herbivores and, depending upon stiffness and irritability to the "palate", large herbivores.  Hairs on plants growing in areas subject to frost protect the living surface cells by preventing frost settling directly on them.  In windy locations, hairs break up the flow of air across the plant surface, reducing evaporation.  Dense coatings of hairs reflect solar radiation, protecting the more delicate tissues underneath in hot, dry, open habitats.  And in locations where much of the available moisture comes from cloud drip, hairs appear to enhance this process. 
Glandular trichomes produce a variety of different compounds.  These compounds are often highly concentrated secondary metabolites.  They are often present for defence.  Examples of plants that have glandular trichomes are:
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Basil

· Tomato

· Mint 
· Sage

· Thyme

· Foxglove

· Cannabis

· Potatoes


     Tomato trichomes
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In many cases these trichomes are very easy to see using just basic equipment.

Even if trichomes are not visible on the plant we can demonstrate their presence by rubbing the leaf.  If glandular trichomes are present then we can smell the compounds that are released.



Safety Notes

Check for allergies to leaf material.



Apparatus

Selection of plants with glandular trichomes (e.g. sage, thyme)
Basic school microscope with no sub-stage lighting



Suppliers

Most supermarkets have a selection of herbs year round.  These can be either cut or bought as living plants.  Trichomes are particularly easy to see on Sage and Thyme.

An example of an appropriate microscope is the DM1 microscope from Brunel Microscopes:

(http://www.brunelmicroscopessecure.co.uk/acatalog/Brunel_Microscopes_DM_Low_Power_hand_lenses_28.html#a772)



Teaching Notes

There is no preparation of plants needed.  Simply take a piece of leaf and place under the microscope.  Ensure that you are in a well lit area.  The trichomes should appear on the leaf surface as either hair-like structures or small glistening globules depending on whether they are hair like or glandular.

Ask pupils to look at the trichomes on a leaf, differentiating between hair-like and glandular structures.  Remove the leaf from under the microscope and rub gently.  Replace the leaf under the microscope and pupils should notice that some of the glandular trichomes have ‘disappeared’.  



Background information

Many of the compounds that plants produce in trichomes are of interest to industries.  For example peppermint trichomes secrete l-Menthone which is used in the production of cough medicines, inhalers, cigarettes and confectionary.

Artemisia annua (Sweet Annie) is a plant with glandular trichomes.  It produces several compounds in its trichomes including artemisinin.  Artemisinin is the best known cure for malaria and is used in medication to treat millions of people every year.  Artemisia annua is the only plant that produces artemisinin.  It was used by the Chinese in ancient times to cure ‘fever’ but fell out of use.  It was ‘rediscovered’ by the Chinese in the early 1970s as a result of drug shortages for the Viet Cong forces during the Vietnam War.  The compound cannot be chemically synthesised so the only current source is the plant.  (From 2012 a semi-synthetic compound will be produced by Sanofi –Aventis. However, the demand for the plant product will still remain extremely high.)  Breeding of high-yielding varieties of Artemisia annua is the current focus of a major study at The Centre for Novel Agricultural Products (CNAP), University of York.  
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