...where molecules become real TM

Teacher Notes

Activity Guide
Thank you for using our tools to help your students visualize the molecular world! The lessons and activities
that accompany the Molecules of Life©
students.
Remember that the plaster structures included in this collection are models. The real life structures are
implement this teaching tool in your classroom.
When teaching the concepts introduced in the Molecules of Life© you may want to use 3D Molecular Designs’
Water Kit©, DNA Discovery Kit©, Amino Acid Starter Kit© and Phospholipid & Membrane Transport Kit©.

Contents
Your Molecules of Life Collection© includes 18 items:
Placemat (1)
DNA (1 DNA polymer and 2 nucleotide monomers)
Carbohydrate (1 each of starch, glycogen and cellulose polymers and 2 glucose monomers)
Cell Membrane (1 Cell Membrane and 2 phospholipids)
Protein (1 aquaporin polymer and 2 asparagine monomers)
Ice (1 ice structure polymer and 2 water molecule monomers)
Five 8.5” x 11” individual workstation mats are available to download and print at 3dmoleculardesigns.
com/Teacher-Resources/Molecules-of-Life-Collection/Student-Workstation-Mats.htm. We recommend
laminating these mats for onging use.

Model Worksheet and Summary Table
your classroom. Have your students rotate through each station to explore the models and record their
observations on the Model Worksheet and Summary Table.

3D Molecular Designs
3dmoleculardesigns.com

3D Molecular Designs
3dmoleculardesigns.com

Teacher Notes
Page 1

Center for BioMolecular Modeling
cbm.msoe.edu

Center for BioMolecular Modeling
cbm.msoe.edu

...where molecules become real TM

Model Worksheet Teacher Key

Introduction
Despite the complexity of life on Earth, the most important large molecules found in all living things
(biomolecules) can be classified into only four main categories: carbohydrates, lipids, proteins and
nucleic acids. Three of these four classes of biomolecules – carbohydrates, proteins and nucleic acids – are
considered macromolecules because they form long, chain-like molecules called polymers. Polymers are
composed of repeating units of smaller molecules referred to as monomers. These monomer units are linked
together by covalent bonds. Lipids are a diverse group of hydrophobic molecules that interact with each
other through “hydrophobic interactions” rather than covalent bonds, and are not considered true polymers.
Generally, lipid molecules not large enough to be considered macromolecules.
Since all of these biomolecules interact in an aqueous environment, we have included water in the collection.
You will explore the structure of water and the four biomolecules featured in the collection. Each station has
an 8.5 x 11 individual workstation mat and models of the molecules. Some of the chemical structures of the
molecules are drawn on the mats. Although you do not need to memorize these structures, you will need to be
able to interpret the structures to complete the worksheet.
Some of the structures use chemical shorthand – if there is a bend
in the “stick” structure that is not labeled (see figure at right), it is a
carbon atom.
Although many of these molecules contain hydrogen atoms,
these atoms are not always drawn in the chemical structure on
the information sheets (see example below). To determine if a
hydrogen is present (but not drawn), keep in mind that carbon
forms four covalent bonds.
Please note that a single monomer or building block is highlighted
in green in each of the polymers or larger structures featured in the
Molecules of Life Collection©.
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Use the information on the 8.5 x 11 workstation mats to complete the questions below.

Water
Life happens in water. The amount of water in the human body ranges from 50%-75% depending on a
number of factors including gender and age.
1. Examine a water molecule. What is the empirical formula for water?
H2O
_____________________________________________________________________________
2. What colors represent each of the atoms present in the water molecule model?
Red represents the oxygen while white represents the hydrogen.
_____________________________________________________________________________
_____________________________________________________________________________
3. Water molecules are polar molecules. Polarity refers to the partial positive charge (+)
and partial negative charge (-) that a molecule has when electrons are unequally shared
between two or more atoms. Molecules that have these partial charges are referred to as
polar molecules. Predict which part of the water molecule has the partial positive charge and
which part has the partial negative charge.
The electrons in each covalent bond between the oxygen and each hydrogen are
_____________________________________________________________________________
unequally shared. Electrons are closer to the oxygen, giving the oxygen portion of the
_____________________________________________________________________________
water molecule a partial negative charge and the hydrogen portion of the water molecule
_____________________________________________________________________________
a partial positive charge.
_____________________________________________________________________________
4. Examine the model of the crystal structure formed when water freezes. Which atoms interact
with each other in this structure?
The partial negative charge of the oxygen is attracted to the partial positive charge of the
_____________________________________________________________________________
hydrogen.
_____________________________________________________________________________
5. What type of bonds form between the water molecules?
Hydrogen bonds form between water molecules.
_____________________________________________________________________________
6. Propose an explanation for why solid water (ice) is less dense than liquid water.
Due to the polar nature of water, the molecules of water are not as tightly packed in solid
_____________________________________________________________________________
water (ice) as they are in liquid water. Therefore, in a given volume of ice there are fewer
_____________________________________________________________________________
water molecules than in the same given volume of water.
_____________________________________________________________________________
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Carbohydrates
Carbohydrates, commonly known as sugars and starches, are energy-rich molecules that provide fuel for
the body. The simplest carbohydrates are called monosaccharides or simple sugars. Monosaccharides
are the monomers from which more complex carbohydrates are built. Two monosaccharides covalently bond
to form a disaccharide. Carbohydrate macromolecules composed of many monomeric units are polymers
called polysaccharides.
1. Identify the name of the monomer featured in the Molecules of Life Collection©.
The monomer can be identified as glucose.
_____________________________________________________________________________
2. Examine the example monomer (monosaccharide) of a carbohydrate. What atoms compose
this monomer and what are their corresponding colors?
Red represents oxygen. Gray represents carbon.
_____________________________________________________________________________
3. What is the ratio of these atoms to each other? Keep in mind that the hydrogens are not
shown in the 3D model and they are not drawn on the carbons in the stick structure.
6 carbons: 12 hydrogens: 6 oxygen
_____________________________________________________________________________
4. How is this monomer produced?
Glucose is a carbohydrate that plants build from carbon dioxide and energy from the sun in a
_____________________________________________________________________________
process called photosynthesis.
_____________________________________________________________________________
5. Which linear polymers are composed of these monomers?
The linear polymers composed of these monomers is cellulose or starch.
_____________________________________________________________________________
6. In what form is glucose stored in a human?
Glucose is stored as a branched polymer known as glycogen.
_____________________________________________________________________________
7. Which of the complex carbohydrates is used to store glucose in plants?
Glucose can be stored as starch or cellulose in plants.
_____________________________________________________________________________
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8. How many carbons make up the ring structure of
the carbohydrate monomer?
Five.
_____________________________________________
9. Using the carbon numbering system shown at right
and the structural formula for the disaccharide on
the large placemat and/or individual workstation mat,
which carbons are involved when one monomer
links to a second monomer?
The fourth carbon of one glucose links to
_____________________________________________
the first carbon of the next glucose.
_____________________________________________
_____________________________________________
10. What molecule is given off when two monosaccharides (monomeric units) covalently
bind to form a disaccharide?
Water is given off in a dehydration synthesis reaction (condensation reaction).
_________________________________________________________________________
11. Compare and contrast the physical structures of starch, cellulose and glycogen. Make
note of where the sixth carbon of the glucose - highlighted with a yellow dot - is located.
Based on your observations, explain why these structures are different even though all of
them are composed of glucose monomers.
Various answers may include:
_________________________________________________________________________
Starch is a straight chain of monomers which ultimately form a tightly curled structure
_________________________________________________________________________
with the yellow dot carbons oriented in the same way. Cellulose is a straight chain
_________________________________________________________________________
of monomers which form a slightly twisted structure with the yellow dot carbons
_________________________________________________________________________
alternating in their position. Glycogen is composed of several branched chains of
_________________________________________________________________________
monomers.
_________________________________________________________________________
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Lipids
Lipids are a heterogeneous group of hydrophobic biomolecules that resemble one another more in their
solubility properties than in their chemical structures. They include fatty acids, triglycerides, steroids,
glycolipids and phospholipids.
1. Examine the phospholipid molecule model in the Molecules of Life Collection© and identify the
different types of atoms found in the molecule and their associated colors.
Red represents oxygen. Gray represents carbon. Orange represents phosphorus.
_____________________________________________________________________________
2. Explain the chemical property exhibited by the tails of the phospholipid model.
The tails of the phospholipid are composed of mostly carbon and are therefore hydrophobic.
_____________________________________________________________________________
3. Explain how the chemical property of the head of is different from that of the tails.
The head of the phospholipid contains a phosphate group making this portion of the
_____________________________________________________________________________
molecule polar and hydrophilic. Molecules which contain both a hydrophobic and a
_____________________________________________________________________________
hydrophilic portion are referred to as amphipathic.
_____________________________________________________________________________
4. What might cause the kink in the phospholipid tail?
_____________________________________________________________________________
The kink is caused from a double bond between the carbons.
_____________________________________________________________________________
5. What important cellular structure is formed by these molecules?
The cell membrane is formed by phospholipids.
_____________________________________________________________________________
_____________________________________________________________________________
6. Describe the orientation of the phospholipid molecules as they spontaneously assemble into
a lipid bilayer in an aqueous environment.
The hydrophilic heads of the phospholipid orient to the outside while the hydrophobic tails
_____________________________________________________________________________
are found on the inside of the bilayer structure.
_____________________________________________________________________________
Why aren’t phospholipids considered to be true polymers?
Phospholipids are not composed of covalently bonded repeating monomeric units.
_____________________________________________________________________________
7.

_____________________________________________________________________________
8. Simulate the diffusion of water through the lipid bilayer by dropping one of the water molecule
models into the membrane model. Did the water diffuse through the membrane?
What properties of water and phospholipids may explain what you have observed?
The water does not easily diffuse through the membrane. The hydrophobic tails of the lipid
_____________________________________________________________________________
may impede the passage of the polar water molecules.
_____________________________________________________________________________
_____________________________________________________________________________
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Proteins
Proteins are an important class of biomolecules fundamental to almost all of the dynamic functions in living
organisms. The structural sophistication of these macromolecules determine the vast array of functions
performed by this group which include structural support, transport of substances, protection against disease,
response to stimuli, movement, and metabolic catabolism and anabolism.

1. Identify the monomeric unit of a protein.
The monomeric unit of a protein is an amino acid.
_____________________________________________________________________________
2. About 20 different amino acids, each with a distinct shape and chemical property, comprise
the proteins in the body. Examine the structure of the amino acid model included in the
Molecules of Life©. Which atoms compose this monomer and what are their associated
colors?
Red represents oxygen. Gray represents carbon. Blue represents nitrogen.
_____________________________________________________________________________
_____________________________________________________________________________
3. Identify the specific monomer featured in the collection.
Asparagine is the specific amino acid monomer featured.
_____________________________________________________________________________
4. What is the specific protein polymer featured in the collection?
The polymer is aquaporin.
_____________________________________________________________________________
5. How does the length of this protein compare to the height of the phospholipid bilayer?
Aquaporin spans the thickness of the phospholipid bilayer.
_____________________________________________________________________________
_____________________________________________________________________________
6. Detach the magnet-docked portion of the protein by placing your thumb under the green
monomer and gently lifting up. Examine the inside of the protein. What is the function of this
protein?
Aquaporin is used to transport water across the phospholipid bilayer.
_____________________________________________________________________________
_____________________________________________________________________________
7. What occurs at the purple water molecule position?
The water molecule “flips” at this position.
_____________________________________________________________________________
_____________________________________________________________________________
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8. Describe how the water molecules orient themselves as they are being transported into the
cell.
Water enters the channel from the extracellular side with the oxygen pointing down. It
_____________________________________________________________________________
flips over near the center of the channel and exits with the hydrogen pointing down. Note:
_____________________________________________________________________________
Some aquaporins – including the aquaporin featured in this model collection – transport
_____________________________________________________________________________
water unidirectionally from extracellular to intracellular. Other aquaporins transport water
_____________________________________________________________________________
unidirectionally in the opposite direction (intracellular to extracellular).
_____________________________________________________________________________
_____________________________________________________________________________
9. Approximately how many amino acid monomers compose this protein?
200 to 300 amino acids compose the 13 different variants of aquaporin.
_____________________________________________________________________________
_____________________________________________________________________________
10. Examine the polypeptide structure drawn on the workstation mat. How are the monomers
linked together to form the polypeptide? What substance is given off in this linking monomers
together?
Monomers are linked together by the covalent peptide bond formed between the carboxyl
_____________________________________________________________________________
group of one amino acid and the amine group of the second amino acid. Water is given off in
_____________________________________________________________________________
a dehydration synthesis (condensation) reaction.
_____________________________________________________________________________
_____________________________________________________________________________
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Nucleic Acids
Nucleic acids are macromolecules responsible for storing and transmitting the code that enable living
organisms to reproduce their complex components from one generation to the next.
1. Identify the atoms and their associated colors found in the nucleic acid monomer model in
the Molecules of Life Collection©.
Red represents oxygen. Gray represents carbon. Blue represents nitrogen. White
_____________________________________________________________________________
represents hydrogen. Orange represents phosphorus.
_____________________________________________________________________________
2. What is the monomeric unit of a nucleic acid?
The monomeric unit is a nucleotide.
_____________________________________________________________________________
_____________________________________________________________________________
3. What are the three constituent parts of this monomer?
A sugar, a phosphate group and a nitrogenous base compose a nucleotide.
_____________________________________________________________________________
_____________________________________________________________________________
4. Identify the four different types of monomers of DNA.
Adenine, thymine, guanine and cytosine are the four different types of monomers of DNA.
_____________________________________________________________________________
_____________________________________________________________________________
5. Which part of the monomer differs between each of the different types?
The nitrogenous base differs between each type of monomer.
_____________________________________________________________________________
_____________________________________________________________________________
6. Identify the specific monomer model featured in the collection.
Deoxyadenosine monophosphate is the specific monomer.
_____________________________________________________________________________
_____________________________________________________________________________
7. There are two families of nitrogenous bases. The pyrimidines have one six-membered ring
of carbon and nitrogen atoms while the purines are larger with a six-membered ring fused to
a five-membered ring. Identify the type of nitrogenous base depicted in the monomer model?
How can you tell?
The monomer in the model is a purine because the structure is composed of a six-membered
_____________________________________________________________________________
ring and a five-membered ring.
_____________________________________________________________________________
_____________________________________________________________________________
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8. Examine the DNA model included in the Molecules of Life©. Focus on the end of the molecule
with the green highlighted monomer. Using the model and the workstation mat, determine
which nitrogenous base pairs with the green highlighted monomer. What type of nitrogenous
base is found in this monomer? How can you tell?
A cytosine pairs with the green highlighted guanine. Cytosine is a single six-membered ring
_____________________________________________________________________________
that hydrogen bonds to guanine with three hydrogen bonds.
_____________________________________________________________________________
_____________________________________________________________________________
9. Examine the chemical structures drawn on the Molecules of Life© workstation mat. What type
of bond holds the complementary base pairs together?
Hydrogen bonds hold the complementary base pairs together.
_____________________________________________________________________________
_____________________________________________________________________________
10. Which parts of the monomer comprise the sides of the double helix?
The sides of the double helix are comprised of alternating sugar and phosphate groups.
_____________________________________________________________________________
_____________________________________________________________________________
11. Compare the orientation of the phosphate group on each side of the DNA molecule.
Phosphate groups are pointed downward on one side of the DNA molecule while they are
_____________________________________________________________________________
pointed upward in the complementary strand.
_____________________________________________________________________________
12. Two complementary strands of DNA wrap around each other to form a double helix.
Observe the DNA model. In which direction does the helix turn?
The helix is considered to be a “right-handed” helix.
_____________________________________________________________________________
_____________________________________________________________________________
13. How many base pairs are found in one turn of the helix?
Ten base pairs are found in one turn of the helix.
_____________________________________________________________________________
_____________________________________________________________________________
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Using the information you have gathered, complete the following table.
Biomolecule →

Water

Carbohydrate

Lipid

Protein

Nucleic Acid

Atoms commonly found
in the molecule

hydrogen, oxygen

carbon, hydrogen,
oxygen

carbon, hydrogen,
oxygen, phosphorus
(sometimes nitrogen)

carbon, hydrogen,
oxygen, nitrogen
(sometimes sulfur)

carbon, hydrogen,
oxygen, nitrogen,
phosphorus

Composed of
monomers?

NO

YES

NO

YES

YES

N/A

monosaccharide
(glucose)

N/A

amino acid
(asparagine)

nucleotide
(deoxyadenosine
monophosphate)

N/A

starch, cellulose,
glycogen

N/A

aquaporin

DNA

If composed of
monomers, monomeric
component
If composed of
monomers, example
polymer
If not composed of
monomers, example
building block
If not composed of
monomers, featured
structure

water molecule

N/A

phospholipid

N/A

N/ A

ice crystal lattice

N/A

plasma membrane

N/A

N/A

Distinguishing features
of each biomolecule

empirical structure is
H2O

ratio of carbon,
hydrogen and oxygen
is CH2O; often a ring
structure

long chains that are Repeating amino acid
mostly carbon and
backbone:
hydrogen
N - C - C=O

Function(s)

regulates body
temperature,
lubricates joints,
carries nutrients and
oxygen to cells,
dissolves minerals,
protection

store energy, provide
structural support to
plants

transport, defense,
receptor, structural
support, hormones,
enzymatic catalysis,
movement
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