Advanced Biofuels
Activity 2E - Cellulase enzymes
Learning outcomes: By the end of the session students should be able to:
•

Describe the breakdown of cellulose by cellulases and cellulase producing microbes.

•

Carry out quantitative assays of enzyme activity.

•

Assess the relative merits of immobilised cellulases and microbe produced cellulases.

Keywords Bioenergy, biofuel, sustainable, renewable, biomass, yield, waste, bioethanol, lignocellulose,
cellulase, microbes, yeast, bacteria, gribbles, enzyme, varieties.
Background
In this activity two methods can be used to assess the activity of cellulase enzyme, gel diffusion and viscosity
reduction. It is recommended that four sources of cellulase are compared: fruit extracts, commercially
sourced cellulase, yeast and bacteria (immobilised in sodium alginate or on sterile paper discs). If yeast and
bacteria are to be tested it is essential that strains producing cellulase are used. If enzymes and microbes
cannot be obtained the experiment can easily be carried out comparing fruit sources of cellulase. During the
ripening of some fruits cellulases are produced that break down the cellulose in cell walls causing softening.
This activity is based on the Science and Plants for Schools activity - Cellulase assays. A similar activity
investigating starch and bacteria rather than cellulose called Breakdown of starch by microbes published in
Practical Microbiology for Secondary Schools , Society for General Microbiology, may also be carried out.

Gel diffusion method
The activity of cellulase enzyme can be determined by the degree of breakdown of carboxymethylcellulose
(CMC). A zone of cellulose breakdown can be observed and measured when cellulase, cellulase-producing
microorganisms or cellulase-containing material is added to a well cut in agar containing CMC. The more
active or concentrated the enzyme the larger the zone of cellulose destruction.

Age Range: This experiment is suitable for secondary and post-16 students.
Duration: 50 minutes to prepare samples and assays, 24 hour incubation and 20 minutes to observe and
record results.

Suggested prior knowledge: It is recommended that you elicit the existing student knowledge of
microbes, enzymes, carbohydrates and the properties of solids and liquids.
What you will need
•
•
•
•
•
•
•
•

Optional
•
•
•
•
•

Petri dishes
Agar
Carboxymethylcellulose (CMC)
Cork borer
Congo red solution
Sodium chloride solution
Fruit extracts
Mortar and pestle
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Cellulase
Bacteria expressing cellulase
Yeast expressing cellulase
Sodium alginate
Paper discs
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Health and Safety
Care should be taken with enzymes particularly due to their allergenic nature and ability to act as sensitisers.
CLEAPSS® Recipe book RB37 (Enzymes), Hazcard 33 (Enzymes), Guide 3.015 (Enzymes), Laboratory
handbook page 1441-1443. Solutions equal to or stronger than 1% (w/v) should be labelled as irritant.
The following factors should be considered when planning to carry out any investigations involving
microorganisms: nature of the organism used, source of the organism, temperature of incubation, culture
medium used, type of investigation and the facilities available, chance of contamination, expertise of people
involved. If necessary change the conditions or limit the involvement of students perhaps by carrying out the
experiment as a demonstration.
CLEAPSS® laboratory handbook – section 15.2 Microbiology (COSHH, good practice and safety precautions,
levels of practical work, using microorganisms in practical work, equipment and materials, sterilisation and
disinfection) page 1505.
CLEAPSS® Guidance PS 04 (COSHH: risk assessments in situations where microorganisms might be
involved)
CLEAPSS® Model risk assessment 3.026 (Microorganisms used in food production).
Further advice can also be sought from the Society for General Microbiology www.microbiologyonline.org.uk/
teachers/safety-information and the Microbiology in Schools Advisory Committee.
VirKon is a suitable disinfectant for general surface cleaning and sterilisation as well as for discard pots
(follow manufacturer’s instructions).
CLEAPSS® Hazcard 32 (Dyes, indicators and stains). Congo red solutions above 0.1% are TOXIC and
require special risk assessments.

Method
1.

Prepare an agar gel containing 1.7% agar and 0.5% CMC (carboxymethylcellulose). Pour this
gel into petri dishes and allow it to set.

2.

Prepare the fruit extracts by mashing a variety of ripe fruits in a mortar and pestle.

3.

If testing enzymes or microbes using paper discs, prepare the paper discs by cutting them out of
filter paper using a narrow cork borer or using a hole punch. Sterilise the discs by autoclaving
wrapped in foil.

4.

If testing enzymes or microbes immobilised in sodium alginate, make up the alginate the night
before to allow it to fully dissolve.

5.

After the agar gel has set, use a narrow cork borer to punch small cylinders in the gel. Then,
using a mounted needle, remove each of these cylinders to create a series of similar sized wells
in the agar. Four or more wells can be put in a single dish, provided they are spaced apart.

6.

Place similar volumes of extracts of fruits in each of the wells. In one well, place some distilled
water, as a control.

7.

Mix the enzyme or microbes with the alginate shortly before adding it to the wells in the agar
using a syringe.

8.

Incubate the dishes for at least 24 hours at 30 °C.

9.

After the incubation period is finished, use tap water to rinse out the contents of the wells, and
then flood the dishes with Congo red solution for 15 minutes. Then rinse the dishes with 1 M
sodium chloride solution for at least 10-15 minutes.
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Wells containing cellulase should have a clear zone around them, and the diameter of the zone gives a
measure of the cellulase activity in that well. If investigating cellulase production by microbes you may need
to add nutrients to the sodium alginate mix and carry out the Congo red staining on behalf of the students,
ensuring the plates are sealed with tape before they are examined. As a comparison the production of an
extracellular enzyme, glucoamylase, can be investigated by using starch agar gels and Saccharomyces
diastaticus. Glucoamylase is produced by S. diastaticus and carries out cleavage of single glucose
molecules by breaking α-1,4 glycosidic bonds in starch.

Viscosity reduction method
Cellulase enzymes degrade cellulose fibres by cleaving glucose molecules predominantly from the ends of
the polysaccharide chains. Wallpaper paste provides a source of cellulose fibres that can be degraded by
cellulases resulting in a change in viscosity. This property can be exploited to set up a quantitative assay of
cellulase activity. By loading samples of wallpaper paste mixed with a source of cellulase into a syringe and
measuring the time taken for it to run out of the syringe a quantitative measure of cellulase activity can be
made.

Age Range: This experiment is suitable for secondary and post-16 students.
Duration: 60 minutes.
Suggested prior knowledge: It is recommended that you elicit the existing student knowledge of
microbes, enzymes, carbohydrates and the properties of solids and liquids.
What you will need
•
•
•
•
•
•
•
•
•

Boiling tubes
Wallpaper paste (without fungicide)
Syringe
Retort stand
Beaker
Stirrers
Water bath
Timer
Fruit extract

Method
1.
2.
3.

4.

5.

Make up a 2% (w/v) wallpaper paste solution, sufficient to provide 25 ml for each sample to be
tested.
Place 25 ml of the paste in a boiling tube and add 2 to 5 ml of fruit extract. Mix thoroughly.
Then pour the mixture into the barrel of a syringe, held in a retort stand, pointing downwards into
a small beaker. Note the time taken for all the mixture to drain through the syringe nozzle into the
beaker.
Incubate the fruit or enzyme-wallpaper paste mixture at different temperatures, such as in a waterbath at 30°C, allow to return to room temperature and repeat the investigation, checking the change
in viscosity.
To speed up the investigation for students, provide samples that have been incubated prior to the
lesson or assign students to groups to investigate different variables.

The more active the enzyme the greater the reduction in viscosity, and so the shorter the drainage times. If
investigating cellulase production by microbes you may need to provide nutrients and carry out an overnight
incubation in the wallpaper paste prior to assessing the viscosity.
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Extension activities
Effects on the zone of destruction can be tested under different conditions such as temperature and pH.
Natural sources of enzyme have some advantages and if using commercial sources to investigate the effects
of pH or temperature, check that they are not heat stable or have unusual pH profiles.
Samples can be taken from the wallpaper paste prior to and following degradation to quantify the levels of
sugar produced and evaluate the efficiency of the enzymes for producing fermentable sugars.

Suppliers
A variety of bacteria, including cellulase producing Cellulomonas, on agar slopes can be obtained from
National Centre for Biotechnology Education (NCBE) www.ncbe.reading.ac.uk/menu.html University of
Reading, 2 Earley Gate, Whiteknights Road, Reading RG6 6AU tel: 0118 9873743 fax: 01189 750140 or
Pseudomonas flourescens on agar slopes can be obtained from Blades Biological Limited
www.blades-bio.co.uk Cowden, Edenbridge, Kent TN8 7DX tel:01342 850 242, fax: 01342 850 924
Whatman paper discs can be obtained from Sigma-Aldrich.

Further reading and links
King, A.J. et al, 2010. Molecular insight into lignocellulose digestion by a marine isopod in the absence of gut
microbes. PNAS,107(12), 5345-5350.
Cellulase assays, Science and Plants for Schools (SAPS) Cellulase assays. www.saps.org.uk/students/
projects/179-student-project-enzymes-and-their-activity-in-fruits-and-vegetables
Breakdown of Starch by microbes, Practical Microbiology for Secondary Schools, Society of General
Microbiology Breakdown of starch by microbes
Seafarers’ scourge provides hope for biofuel future www.bbsrc.ac.uk/news/industrialbiotechnology/2010/100308-pr-seafarers-biofuel-future.aspx
First wood-digesting enzyme found in bacteria could boost biofuel production www.bbsrc.ac.uk/news/
industrial-biotechnology/2011/110609-pr-wood-digesting-enzyme.aspx
Cows’ stomachs could hold key to green fuels www.roslin.ed.ac.uk/news/2011/07/29/cows%27-stomachscould-hold-key-to-green-fuels/
Breakdown of starch by microbes published in Practical Microbiology for Secondary Schools, Society
for General Microbiology www.practicalbiology.org/areas/intermediate/bio-molecules/bacterial-enzymes/
digestion-of-starch-microbes,104,EXP.html
Glucoamylase production by yeast, 1993, National Centre for Biotechnology Education (NCBE). www.ncbe.
reading.ac.uk/ncbe/protocols/PRACBIOTECH/amgproduction.html
The Royal Society, January 2008. Sustainable biofuels: prospects and challenges, ISBN 978 0 85403 662 2.
http://royalsociety.org/Sustainable-biofuels-prospects-and-challenges/
Nuffield Council on Bioethics, April 2011, Biofuels: ethical issues www.nuffieldbioethics.org/biofuels-0
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Research groups
Professor Simon McQueen-Mason, BSBEC Marine Wood Borer Enzyme, Discovery Programme, The
University of York, Heslington, York YO10 5DD www.bsbec.bbsrc.ac.uk/programmes/marine-wood-borerenzyme-discovery.html
Professor Paul Dupree, BSBEC Cell Wall Sugars Programme, Department of Biochemistry, University of
Cambridge www.bsbec.bbsrc.ac.uk/programmes/cell-wall-sugars.html www.bioenergy.cam.ac.uk
Professor Timothy Bugg, Department of Chemistry, University of Warwick www2.warwick.ac.uk/fac/sci/
chemistry/research/bugg/bugggroup/research/
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