LabArchives is invested in supporting digital learning and Open Educational Resources (OER).
Hundreds of labs and protocols are available through Lab Builder, our open source library.

To find out more and to gain free
access to our complete library of
content, please visit our website
to sign up for an account.

Lab Builder, by LabArchives, also
offers OpenStax textbooks at no
cost inside of your LabArchives
account. Build a complete course
using the LabArchives notebook
platform, course management
tools, and our open digital library.
Please contact Support with any
questions on how begin
implementation in to your
course.

To stay up to date on all things
LabArchives and read about our
numerous success stories, please visit
our Blog.

Labs – General Biology: Biological Molecules

Biological Molecules Lab
Susan Burran, PhD
Assistant Professor of Biology
sburran@daltonstate.edu
Department of Life Science
Dalton State

David Desrochers, PhD
Associate Professor of Biology
ddesrochers@daltonstate.edu
Department of Life Science
Dalton State

Attribution
Burran, Susan and DesRochers, David, "Principles of Biology I Lab Manual" (2015). Biological
Sciences Open Textbooks. 3 is licensed by CC BY SA 4.0
You must give appropriate credit, provide a link to the license, and indicate if changes were
made. You may do so in any reasonable manner, but not in any way that suggests the licensor
endorses you or your use. For detailed information on various Creative
Commons type licenses for the content which appears here go
to www.creativecommons.org.
Instruction Level
•

High school

•

Undergraduate lower division (Freshman, Sophomore)

Topic
•
•
•
•
•

Simple Sugars
Lipids
Proteins
Starches
Benedict’s Test

•
•
•
•

Lugol’s Test
Paper Test
Sudan IV Test
Biuret’s Test

Instruction Type
•

Traditional

Timeline
•

Procedure: 2 hours

Learning Objectives
•

Students will perform tests for the presence of simple sugars, starches, lipids, and
proteins in an unknown sample.

Labs – General Biology: Biological Molecules

Introduction
Background
Biological systems are made up of four class of macromolecules: carbohydrates, lipids,
proteins, and nucleic acids (nucleic acids will be covered separately later).

Carbohydrates
Carbohydrates are the most abundant macromolecules on earth, and the source of
immediate energy needs living systems. Carbohydrates also participate in defining the
structure of cells and living systems. There are 3 general chemical groupings for
carbohydrates: monosaccharides, disaccharides, and polysaccharides.
Monosaccharides, also referred to as simple sugars, are made up of a single sugar molecule.
The major example of a monosaccharide is glucose (C6H12O6)(C6H12O6). Other
monosaccharides include isomers of glucose, such a fuctose and galactose, Monosaccharides
are transported in the blood of animals, broken down to produce chemical energy inside the
cell, and can also be found within other macromolecules, such as nucleic acids.
Disaccharides are composed of two single monomers of sugar linked together. Examples of
disaccharides are maltose (glucose +
glucose) and sucrose (glucose + fructose).
Disaccharides are broken down into their
subunits for use inside living systems.
Polysaccharides are polymers, or long
chains of sugar monomers linked together,
and they are stored inside the cell for
future energy use. In plants, the major
storage polysaccharide is starch, while in
animals it is glycogen. Plants also contain
cellulose which is the most abundant of all
carbohydrates. Cellulose is found in the
plant cell wall, where it provides structure
and support to the plant cell.

Chemical structures of sugars
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Lipids
Lipids are nonpolar macromolecules; thus, they are insoluble in water. They include oils and
fats, phospholipids, and steroids. Fats and oils are triglycerides, and are composed of
glycerol and 3 fatty acids. A fatty acid is a long chain of carbon-hydrogen (C-H) bonds, which
a carboxyl group (-COOH) at one end. Fatty acids can be classified as saturated or
unsaturated. Fatty acids are saturated when they do not contain any double bonds between
the carbons, and unsaturated when they contain double bonds. An example of a saturated
fat is butter, while an example of an unsaturated fat is vegetable oil.
Phospholipids are found primarily in the cell membranes of living systems, of which they are
the major component. Structurally, a phospholipid contains a hydrophillic head and a
hydrophobic tail. The head of the phospholipid contains a phosphate group, while the tail is
typically a diglyceride. The cell membrane is a double layer of phospholipids, in which the
tails are turned inwards, and the heads are exposed to the intracellular and extracellular
environments.
Steroids are lipids that are
typically made up of fused
hydrocarbon rings. Each type
of steroid is different in the
type of chemically active
functional groups that it
contains. Examples of
steroids include cholesterol,
estrogen, and testosterone.
Cholesterol is also the
precursor for other steroids,
such as testosterone and
estrogen. Some vitamins,
such as Vitamin D, are also
classified as steroids.

Structures of lipids
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Proteins
Proteins are polymers of amino acids. Amino acids are small molecules that contain an
amine (−NH2)(−NH2), a carboxyl acid (−COOH)(−COOH), and a side chain (R). There are
twenty naturally occurring amino acids, and each amino acid has a unique sidechain or Rgroup. Amino acids are connected by peptide bonds to form protein polymers.
This gives rise to different levels of structure for proteins. The primary (1º) structure of a
protein is made up of a string of amino acids connected via peptide bonds. The secondary
(2º) structure of the protein is formed by the coiling and folding of the 1º structure, due to
hydrogen bonding. At this level, structures called alpha-helices and beta-sheets structure.
Some proteins have a quaternary (4º) structure, which includes the assembly of multiple
individual subunits to form the functional protein.
Proteins have numerous biological functions. The common types of proteins that are found
in biological systems are enzymes, antibodies, transport proteins, regulatory proteins, and
structural proteins.

Structures of amino acids
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Pre-Lab Assignment
1. Purpose Statement: In one or two sentences, specifically describe the purpose of the
day's experiment/lab work. What are you trying to learn or achieve, and how?
2. How does the chemical structure of a lipid, carbohydrate and a protein differ?
3. What are some examples of carbohydrates?
4. What are some biological functions of proteins?

Procedure
Safety
•

Wear gloves and safety goggles!

Protocol
Part 1: Testing for simple sugars
•

Benedict's solution turns orange-brown in the presence of simple sugars.

Test samples: distilled water, glucose, starch, orange juice, regular soda, diet soda, unknown
*shake the starch before using it.
1. Fill a beaker about halfway with water and bring it to a gentle boil on the hot plate.
2. Label tubes
3. Add ~2 mL sample to the tube (~0.5 inch)
4. Add ~2 mL (0.5 inch) Benedict's solution and swirl to mix
5. Record the color in the table in the Results Section.
6. Put the tube in the water and heat for 3 minutes.
7. Use test tube clamps to remove tubes from heat and record color.
8. Dispose of waste in waste beaker.
9. Record results in the corresponding table in Results Section.
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Part 2: Testing for Starch
•

Lugol's reagent (IKI solution) turns dark blue/black in the presence of starch.

Test samples: distilled water, glucose, starch, orange juice, regular soda, diet soda, unknown.
*shake starch before using
1. Label tubes
2. Add ~3 mL samples (~0.75 inch) and record color in the Results Section.
3. Add 9 drops Lugol's reagent and swirl to mix
4. Record results in the corresponding table in the Results Section.
Part 3: Testing for Lipids
A. Paper Test
•

Paper turns translucent (gets a grease spot) in presence of lipids.

Test samples: distilled water, vegetable oil, cream and unknown.
1. Put a drop of each substance on a brown paper towel. Rub in the cream.
2. Put the towel off to the side and let it sit for 10 minutes.
3. Record the appearance of the bag where you placed the spots in the table in the
Results section.
B. Sudan IV test
•

Two layers form in the presence of lipids. Red dye concentrates in the top layer.

Test samples: distilled water, vegetable oil, cream and unknown.
1. Label tubes
2. Add 3 mL (~0.75 inch) distilled water to each tube.
3. Add 3 mL (~0.75 inch) of sample to the tube (total of 6 mL per tube.)
4. Add 9 drops of Sudan IV and shake (must mix well)
5. Add 2 mL (0.5 inch) water
6. Record results in the corresponding table in the Results section.
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Part 4: Testing for Proteins
•

Biuret's reagent turns dark blue-purple in the presence of peptide bonds.

Test samples: distilled water, starch, egg albumin, glucose, regular soft drink, unknown
*shake starch before using
1. Label tubes
2. Add 1 mL (0.25) sample to tube
3. Add 10 drops Biuret's and swirl to mix
4. Wait 2 min, then record color.
5. **Dispose of Biuret waste in container**
6. Record results in the corresponding table in the Results Section.

Results
Part 1: Test for Simple Sugars

Tube

Sample

1

water

2

glucose

3

starch

4

orange juice

5

regular soda

6

diet soda

7

unknown

Initial Color

Color After Heat

Conclusion
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Part 2: Testing for Lipids

Tube

Sample

1

water

2

glucose

3

starch

4

orange juice

5

regular soda

6

diet soda

7

unknown

Initial Color

Color after Heat

Part 3: Testing for Starch
A: Paper Test

Sample
Water
Oil
Cream
Unknown

Appearance after drying

Conclusion

Conclusion
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B: Sudan IV Test

Sample

Appearance after Sudan IV

Conclusion

Water
Oil
Cream
Unknown

Part 4: Testing for Starch

Tube

Sample

1

Water

2

Starch

3

Egg Albumin

4

Glucose

5

Regular Soda

6

Unknown

Initial Color

Color After Biuret

Conclusion
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Post-Lab Assignment
1. Identity of Unknown: Look back over the unknown sample from each of the previous
tests. Based on the data, what combination of macromolecules is present in the
unknown mixture?
2. What are the monomers that makeup carbohydrates?
3. What are the monomers that compose proteins?
4. What are the monomers that makeup lipids? (Trick question)
5. Which test could you use to distinguish between diet and regular soda? What would
the test detect?
6. What is the Biuret test actually detecting? Be specific as possible.
7. Each test included a sample that was just water. Why is it important to include a wateronly sample for each test?

