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Guided Inquiry • Skills Lab
Additional Lab 1 Making Models of Macromolecules
Problem
How do monomers join together to form polymers?
Introduction
A small number of elements make up most of the mass of your body. Two of these elements are oxygen and hydrogen, which are the elements in water. Add carbon to hydrogen and oxygen and you have the three elements in carbohydrates. Add nitrogen and sulfur, and you have the five elements in amino acids.
Each carbon atom can form four bonds with other atoms. This property allows carbon to form the long chains or rings that are the backbone of all large biological molecules. Most of these large molecules are polymers, which are built up from smaller units called monomers.
In this lab, you will make models of three carbohydrates—glucose, maltose, and starch. Then, you will make models of two amino acid molecules. Finally, you will join the amino acid molecules together to model a peptide bond and a polypeptide chain.

Skills Focus
Use Models, Compare and Contrast, Infer
Materials

• molecular model kit
Pre-Lab Questions
1. Review What do the lines in a structural formula represent? What does it mean when there are two lines between atoms in a structural formula?
2. Use Models In your molecular model set, what do the balls or beads represent? What do the sticks or tubes represent?
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3. Infer Why do you need models to visualize the structure of molecules?
Procedure

In most molecular model kits the “atoms” are color coded as follows: black for carbon, blue for nitrogen, red for oxygen, and white for hydrogen.

Part A: Models of Carbohydrates
Most organisms rely on carbohydrates for their main source of energy. Carbohydrates include simple sugars and their polymers.
1. Glucose is a simple sugar, or monosaccharide, which means that it is a sugar with only one ring. Use the structural formula in Figure 1 to make a model of glucose. Start by joining the atoms in the ring. Then, attach the rest of the carbon and oxygen atoms.
2. Complete the model by adding a hydrogen atom to every unfilled bonding site. Check your work against the formula in Figure 1.
[image: image1.png]


Figure 1 A simple sugar
3. Work with another group to make a model of a disaccharide, or two-ring sugar. Place your glucose models side by side as shown in Figure 2 on the next page. Remove the atoms that are circled in the formula. Use the atoms you remove to form a water molecule. A reaction in which water is removed from the reacting molecules is a dehydration reaction.
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Figure 2 Glucose molecules side by side

4. Join the glucose molecules by forming a bond between the oxygen atom on the left and the carbon atom on the right. You have made a model of the disaccharide maltose. Draw the structural formula for maltose in the space below.
Structural Formula for Maltose
5. You will need to work with another pair of groups to make the model of starch shown in Figure 3. Combine your maltose molecules in the same way you combined the glucose molecules in Steps 3 and 4.
Figure 3 Structural formula for starch
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Part B: Models of Proteins
Proteins control the rate of reactions in cells. They are also the building blocks for many cellular structures. Proteins consist of long chains of amino acids folded into complex shapes. All amino acids have an amino group (-NH2) and a carboxyl group (-COOH). What distinguishes one amino acid from another are the R-groups, or side chains.
6. Using the formula in Figure 4, construct a molecule of the simplest amino acid, glycine.

7. Make a second glycine molecule. Remove one of the hydrogen atoms from the carbon that is bonded to the nitrogen. Replace the hydrogen atom with a carbon atom that has three hydrogen atoms bonded to it. Check your work against the formula for alanine in Figure 4.
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Figure 4 Structural formulas for two amino acids
8. Place the amino acid models side by side with the glycine model to the left of the alanine model. Remove the OH from glycine’s carboxyl group and one hydrogen atom from alanine’s amino group. Connect the carbon on glycine to the nitrogen on alanine to form a peptide bond. Check your work against Figure 5.
9. Work with another group to make a model of a polypeptide. Apply the instructions from Step 8 for forming a peptide bond.
Figure 5 Peptide bond between glycine and alanine
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Analyze and Conclude

1. Draw Conclusions How many bonds can carbon, nitrogen, oxygen, and hydrogen atoms form?
2. Compare and Contrast What can you learn from your models that you cannot learn by looking at structural formulas?
3. Evaluate What could you do to your models of starch and of a polypeptide chain in a protein to make them more accurate?
4. Infer There are thousands of proteins in a human cell, but only about 20 different amino acids. Explain how so few building blocks can be used to make so many different proteins.
5. Infer When starch is digested, the bonds between the monomers in the starch molecule are broken. The breakdown of starch is an example of a hydrolysis reaction. What is a hydrolysis reaction? Hint: What atoms are needed to complete each broken bond between monomers?
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Extend Your Inquiry

Lipids are another type of macromolecule. Lipids are used to store energy and to build cell structures, such as membranes. Use Figure 2–15 on page 47 of your textbook to make a model of a lipid. How are lipids similar to starch and to polypeptides? How are they different?
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