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Looking into Glycosidases:
A Bioinformatics Resource for Biology Students

Information technology and escalating research in computational
molecular biology are changing what it means to be biologically literate in the
21st century. Developing an appreciation for this wealth of molecular data
and methodologies may seem a Herculean task. However, current issues such
as antibiotic resistance, GM foods, evolution education, global demographics,
environmental risks, and emerging diseases provide rationales for doing so.
Utilizing strategic molecular investigations, bioinformatics, and
visualization tools is supported here by a number of scenarios for
investigation. The scenarios involve one or more proteins from the same
family of enzymes. The enzyme family for the glycosidases (glycoside
hydrolases, glycosyl hydrolases, E.C. number 3.2.1.x ) includes enzymes such
as the alpha-amylases that are routinely studied and has members that
represent both diverse and ubiquitous biological functions. All of these
enzymes hydrolyze glycosidic bonds, but some are also multifunctional.
Sequence data for many of the glycosidases are well described in terms of
their functional roles (active sites and protein folding) and a great deal of
research can be found on evolutionary relationships between these enzymes
in different taxa.
Strategies for molecular investigation, search skills for accessing
molecular resources, and familiarity with online tools for doing
bioinformatics and visualization are indispensable for the 21st Century
biology student.
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Scenario 1.

Glycosidases and the modification of corn starch …
In the commercial production of maltodextrins and corn syrups, starch is
hydrolyzed using an alpha-amylase either alone or combined with other
enzymes.
•

Maltodextrins are partially hydrolyzed starches used in foods to
modify physical properties that contribute little or no sweetness or
flavor. Alpha-amylase is used to make this product.

•

Corn syrups are used primarily to add sweetness or enhance flavors in
food products. High dextrose syrup is made by hydrolyzing starch
first with alpha-amylase, then with glucoamylase (amyloglucosidase)
which cleaves both alpha-1,4 bonds and alpha-1,6 bonds. To increase
the rate of alpha-1,6 bond cleavage, a debranching enzyme such as
pullulanase may also be added.

High fructose corn syrup is made by converting dextrose to fructose using
glucose isomerase (not a glycosidase) to create an equilibrium mixture of
dextrose and fructose (42%fructose). Higher fructose concentrations can
be prepared by separating fructose from dextrose using chromatographic
methods and large-scale ion exchange columns. Pure crystalline fructose is
made this way.
•
•

List the organisms that are likely sources for each of the industrial
enzymes above. Are all of these bacteria?
Choose a food product containing high-fructose corn syrup other than
a can of pop. Create a poster showing the role of glycosidases in
production of the product.

See also: http://www.starch.dk/isi/profile/home.asp industrial starch
processing
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Scenario 2.

Amylases in the brewery
http://plantphys.info/plants_human/seedgerm.shtml
Adding barley seeds to
water is an important
step in beer-making.
The seeds germinate
and maltose (a
disaccharide) is
eventually produced
from starch by betaamylase that is
abundant in barley. The
success of "malting"
directly affects the
resulting alcohol yield.
You are asked to increase productivity in a beer brewery.

Choose one of the following roles and related activity:
• plant molecular biologist: sketch out your research plan to increase
maltose production via barley plant genetics
http://phymap.ucdavis.edu:8080/barley/
Barley Genome Mapping Project
•
•
•

marketing team member: describe an advertising scheme you might
use to dissuade criticism of GM(Genetically Modified) food
environmental engineer: describe three environmental factors that
impact the success of processing the beer,
consumer advocate: provide a list of potential health and safety
concerns

List your resources for the work above.
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Scenario 3.

Alpha-amylase inhibitors, weight loss, and beans
Any calories that are absorbed and are not used by the body for energy are
stored as glycogen and body fat. A gram of starch, when digested and
absorbed, provides 4 calories.
When trying to lose weight, dieters limit the amount of starch in their diet.
The usual amounts of starchy foods, such as potatoes, bread, beans, corn
and pasta, are reduced.
Starch provides from 500 to 700 calories per day in the average American
adult diet. Individuals may consume as much as 1,500 or more calories per
day from starch contained in their foods. However, starch is a large
molecule that cannot be absorbed if it is not first broken down. Undigested
starch will pass on through the digestive tract.
An over-the-counter product is Phase'oLean Starch Blocker.
http://www.wholehealth.com/index.cfm?fuseaction=category.di
splay&category_id=192&gclid=CLPDq6zrjpwCFQG7sgodD15qQQ
Each tablet contains a minimum of 25,000 AIU's (alpha-amylase inhibiting
units) consisting of unique plant extracts, including phaseotein from legumes.
These extracts are said to inhibit the absorption of up to 100 grams of
starch by blocking the enzyme alpha-amylase.
•
•

Would you take alpha-amylase inhibitor (AIU) tablets in order to lose
weight? Explain.
Do bean plants make the alpha-amylase inhibitor (AIU) phaseotein in
order to lose weight? Provide an alternative explanation.
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Scenario 5.

Enzyme replacement therapy: Should you try increasing
your own levels of alpha-amylase?
There are a number of over-the-counter products that contain enzymes
that aid in the digestion of proteins, starches, fats and dairy foods. For
example, Lactaid® contains the enzyme lactase for helping the digestion
of dairy products.
•

Do you have any concerns about enzyme replacement therapy?
Explain.

Another commercial product, Digestol®, is advertised as an all-purpose
digestive aid. http://www.kramerlabs.com/index.asp?template=digestol

The product contains the following enzymes:

•

Enzyme

For

Amount

Papain
Bromelain
Lactase
Amylase
Lipase

Protein
Protein
Dairy
Starch
Fats

50mg
50mg
35mg
25mg
25mg

Support or reject claims made by the manufacturer on the
efficacy of this diet aid. Provide evidence and identify your
sources.
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Scenario 8.

So what can I learn about biology from alphaglucosidases?
Alpha-glucosidases are starch degradation enzymes that can hydrolyze
various glycosidic bonds found in starch, maltose and even glycoproteins.
These enzymes are found in a wide variety of organisms such as plants, fungi
and mammals, but not in prokaryotes.
•
•

Why don’t prokaryotes have alpha-glucosidases?
Are plants, fungi and mammals more closely related to each other than
to prokaryotes?

Arabidopsis thaliana, is a well-known plant with a short life cycle and small
genome(first plant genome to be completely sequenced). Working with
Arabidopsis thaliana, Monroe (1998) identified 3 different forms of the
enzyme located in the endoplasmic reticulum, the apoplast (outside the
plasma membrane) and the chloroplast.
•
•
•

Why are alpha-glucosidases found in subcellular structures where
starch is not found?
Does the molecular structure vary for alpha-glucosidases found in
different parts of the cell?
Is there a relationship between molecular structure and physiological
function of various forms of alpha-glucosidase?

Other studies have reported that acidic alpha-glucosidase could prevent or
delay infection by fungal conidia.
•

Suggest how the acidic alpha-glucosidase enzyme could act as a
fungicide.
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Scenario 9.

Genetic disease and the human alpha-glucosidase gene
Glucose is a major source of energy for the body. It is stored in the form of
glycogen in both the liver and muscles and later released with the help of
enzymes. Persons affected by glycogen storage disease (GSD) have an
inherited defect in one of the enzymes responsible for forming or releasing
glycogen as it is needed by the body during exercise and/or between meals.
There are nine types of GSD known at this time.
Read the following brochure written by a mother whose son inherited an
infantile form of Pompe’s Disease which reduces glycogen storage function
to less than 2% of normal. This is an autosomal recessive disorder that is
always fatal.
POMPE'S DISEASE: A Guide for Families
http://www.agsd.org.uk/
•
•

Construct a family pedigree to use to explain the genetic basis of
this disorder.
Choose two known alpha-glucosidase mutations and explain why the
enzyme doesn’t function normally.

Resources

Clinical Genetics Site:
http://ghr.nlm.nih.gov/condition=pompedisease
NiceZyme View of ENZYME: EC 3.2.1.3
http://www.expasy.ch/cgi-bin/nicezyme.pl?3.2.1.3
Online Mendelian Inheritance in Man
http://www.ncbi.nlm.nih.gov/omim/
Note: Names used for this disease:
Glycogen Storage Disease Type II (GSD II)
Acid Maltase Deficiency
Pompe Disease
Lysosomal alpha-glucosidase Deficiency
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Appendix A: Getting Started with Glycosidases
What does a glycosidase look like?
How does a glycosidase break down starch?
Conservation of active sites
Notes on a bioinformatics approach in industry including the use of
sequence data to look for similar structure and function in other
proteins.

What does a glycosidase look like?
The alpha-amylases contain eight alpha-helices and eight beta-strands in
beta alpha/beta alpha order. Only six of each are shown in the following
illustration for simplicity.

Beta-alpha barrel structure

The alpha-helices provide rigidity to the catalytic sites and substrate
binding sites which are contained within the beta-strands.

12

PDB file: View down the substrate binding site of the amylase 1hny

See also: Alpha/Beta Topologies
http://www.cryst.bbk.ac.uk/PPS95/course/8_folds/alph_bet_w
nd.html#barrels

How does a glycosidase break down starch?
If we look at the alpha-amylase enzyme, we can find both the catalytic sites
and the substrate binding site. The amino acid sequence of alpha-amylases
may vary, but there are specific aspartic acid and glutamic acid units found
in the beta-strand region of alpha-amylases responsible for the catalysis of
glycosidic bond cleavage. Other amino acid units such as histidine shown in
step 1. of the following starch hydrolysis are necessary for enzyme activity
involved in establishing conformation and binding of the substrate.
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Steps in enzymatic hydrolysis of starch.
1. Acid catalyzed nucleophilic displacement. One aspartic acid acts as the
nucleophile, while the other aspartic acid is the acid catalyst. Note that His
296 and His 122 both form hydrogen bonds to the substrate to hold it in
place.
.
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2. Acid catalyzed hydrolysis of the link between the substrate
polysaccharide and the enzyme (a carbohydrate protein ester link).

3. The end products are the two fragments of the substrate polysaccharide
and the freed enzyme.
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Conservation of active sites and catalytic sites
Not only alpha-amylases, but also beta-amylases and starch
debranching enzymes such as the pullulanases and isoamylases also
contain the beta/alpha barrel domain including the same catalytic
amino acids. The mechanisms differ, but the relatedness of these
enzymes is clear. Amino acid sequences of the beta-strands are well
conserved within this family of enzymes. This provides a rationale for
using the glycosidases to investigate the evolutionary relationships
between organisms.

Highlighted amino acid sequences D (Aspartic acid 197), E (Glutamic acid
233) and D (Aspartic acid 300) are the catalytic sites.

Catalytic sites Aspartic acid 197, Glutamic acid 233, and Aspartic acid 300
in the alpha-amylase 1hny. Note the green Chloride ion near the sites.
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Notes on a bioinformatics approach in industry including the use
of sequence data to look for similar structure and function in
other proteins…
To an industrial organic chemist specializing in starch modification for
food products, bioinformatics is a routine part of the work. Major steps
in this process include:
1. Literature review
Find out what structural information such as molecular weight, active
sites, 3-D structure, and substrate interaction site (where the
enzyme attacks the substrate) is available for a specific starch
hydrolyzing enzyme. References available on site probably include
“industry standards such as:

Starch: Chemistry and Technology.
Whistler, BeMiller & Paschall, Eds. 1984.
San Diego: Academic Press.
Starch: Properties and Potential, Galliard,
Ed. 1987. New York: John Wiley & Sons.

See also: http://www.starch.dk/isi/profile/home.asp
International Starch Institute
Additional literature searches such as NERAC professional searches
are also routine.
2. Using the research literature above, correlate the amino acid
sequence with active sites and 3D structure
•

establish location of the amino acids that control both the
catalytic sites and the substrate binding sites
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3. Compare sequence data and test for homology in order to:
•

determine if there are other enzymes with similar sequences

•

look for new sources of an enzyme with similar activity

•

determine sequences that are responsible for desired
physical properties such as temperature stability, pH
stability, and metal ion requirements (some need Ca ions).

4. Develop a genetic engineering strategy for generating
"economically viable" enzymes. If an enzyme of interest is in a
"bug" that is difficult to culture in sufficient quantities,
investigate the potential of cloning by inserting nucleic acid
sequence (DNA) for the enzyme into more easily cultured "bug"
already in production.
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Appendix B: Tools for molecular investigation and the
visualization of enzymes
Looking for enzymes… it’s so E.C.
Visualization: See more with pdb files
Protein Explorer: Seeing is believing!
Biology Workbench provides super fast multiple access and saves your
sessions with data sets

It’s so EC…

Enzyme functions are classified by E.C. numbers:
• E.C.1. Oxidoreductases. [ 1013 PDB entries ]
• E.C.2. Transferases. [ 1370 PDB entries ]
• E.C.3. Hydrolases. [ 3035 PDB entries ]
• E.C.4. Lyases. [ 400 PDB entries ]
• E.C.5. Isomerases. [ 299 PDB entries ]
• E.C.6. Ligases. [ 140 PDB entries ]
(Enzyme Data Bank, v.25.0. July 1999)

Solving the problem of synonyms: Besides providing essential
information on enzyme classification, E.C. numbers are very useful for
doing searches when variations of enzyme names are encountered.
Listed below are the E.C. numbers of several starch hydrolyzing
enzymes further characterized by their mode of action:
• Alpha-amylases (EC number 3.2.1.1) hydrolyze starch by
cleaving alpha 1,4 linkages randomly within the chain (endo
mechanism)
• Beta-amylases (EC number 3.2.1.2) hydrolyze starch by
cleaving alpha 1,4 linkages producing maltose units from the
non-reducing end ( exo mechanism)
• Amyloglucosidases (EC number 3.2.1.33) hydrolyze starch by
cleaving glucose units from the non-reducing end (exo)
• Pullulanases (EC number 3.2.1.41) and isoamylases (EC number
3.2.1.68) are debranching enzymes that hydrolyze starch by
cleaving alpha 1,6 linkages (specific so not referred to as
either endo or exo)

19

Visualization: See more with pdb files
Structural data files for many of the
glycosidases are readily available from
the Protein Data Bank. All pdb files have
unique 4 character names that include
numbers and letters. The Protein Data
Bank Education page provides a good
introduction to the international
repository for 3-D molecular structure
data. It is found at:
http://www.rcsb.org/pdb/education.html
View down the substrate
binding site of the amylase

1hny

“Our vision is for the PDB to enable scientists worldwide to gain a
greater understanding of structure-function relationships in biological
systems," Helen Berman, Rutgers, is principal investigator for the PDB project.
JMOL: http://jmol.sourceforge.net/
PyMOL: http://pymol.org
SwissPDB Viewer: http://spdbv.vital-it.ch
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