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MOLECULAR MODELLING EXERCISES  

 
Chapter 2 
 
Exercise 2.1  The decapeptide of alanine 
 
Introduction 
In this exercise, we will build the structure of a decapeptide (Fig 1) and study its secondary 
structure (textbook sections 17.5 and 2.2). 
 

 
 
 

 
 
Figure 1  A decapaptide made up of alanine residues. 
 
 
Instructions 
It is suggested that you attempt to carry out the following instructions yourself before 
following the more detailed Procedures that follow. You may find the file entitled Common 
Operations for ChemBio3D a useful guide on how to carry out various operations.  
 
PART A 
Create the structure of decaalanine by entering the text H(Ala)10OH in the main window. 
Calculate the steric energy of the unminimised structure, and rotate the structure to identify 
the helical shape and the orientation of the side chains. Reveal any intramolecular hydrogen 
bonds that are present and the atoms involved. Show the structure in both Stick format and 
Ribbon format. Introduce residue labels and identify the position of the fifth alanyl residue.  
 
PART B 
Open the ChemDraw file for decaalanine into Chem3D and measure its steric energy without 
minimisation. Show whether any hydrogen bonds are present. Carry out an energy 
minimization and describe the resulting structure. 
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PROCEDURES 
There are various approaches that you can use to tackle these molecular modelling exercises. 
The following procedures illustrate how you might tackle this particular exercise, but they are 
not meant to be prescriptive. Note also that the results obtained may vary depending on the 
computer and the version of ChemBio3D or Chem3D used. For example, the specific 
conformations obtained from energy minimisation may differ, as may quantitative results 
such as steric energies. 
 
1. Create the decapeptide structure made up of alanine residues in ChemBio3D or 
Chem3D. 
*Open ChemBio3D or Chem3D. 
*From the File menu choose New to open a new window in ChemBio3D 
*Choose the text tool and click in the main window to produce a text box. 
 *Type H(Ala)10OH in the text box, then press return on the keypad. 
The structure of the decapeptide of alanine is constructed as an alpha helix (Fig. 2). Do not 
energy minimize this or the structure will become distorted. 
 
2. Calculate the steric energy.  
*From the Calculations menu, choose MM2, then Compute Properties.  
*Select Pi Bond Orders and Steric Energy Summary, and click Run.  
The value for the steric energy appears in the bottom window as 80.2 kcal/mol. 
 
3. Describe the structure of the decapaptide. 

*Rotate the molecule  to see the viewpoints given in figure 2.  
The molecule is an alpha-helix. Notice that the peptide backbone forms the helix and that the  
alanine side chains point outwards from the axis of the helix.  
 
 

    
 
Figure 2  The helical shape of the decapeptide from different viewpoints. 
 
4. Show any intramolecular hydrogen bonds that may be present. 
*From the View menu, choose Model Display, then Show Hydrogen Bonds. Select Show All.  
The intramolecular hydrogen bonds are shown as dashed lines between different peptide 
bonds. Each hydrogen bond is between the NH proton of a peptide bond with the carbonyl 
oxygen of the third peptide bond along the axis (Fig. 3). 
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Figure 3  Representation showing intramolecular hydrogen bonds. 
 
 
5. View the structure in Stick format. 
Change the model to a stick format and study it from side on and end on.  
*From the View menu, choose Model Display, then Display Mode. Select Sticks.  
This representation can reveal the hydrogen bonding more clearly (Fig. 4).  
 

  
 
Figure 4  The decapeptide in Stick format from two different viewpoints (hydrogen bonds 
shown as dashed lines).  
 
6. View the structure in ribbon format. 
*Choose Model Display from the View menu, then select Display Mode. Select the Ribbons 
option.  
The program identifies the alpha helix formed by the peptide backbone as shown below (Fig. 
5). Note that the side chains are not shown. The isolated atoms at either end of the helix are 
the H and OH that complete the NH2 and COOH groups at each end of the structure. These 
atoms have not been included in the ribbon representation. Note that the intramolecular H-
bonds are no longer visible in this representation. 
 

   
Figure 5  Ribbon representation of the decapeptide from different viewpoints. 
 
7. Show the amino acid labels  
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*From the View menu, choose Model Display, then select Show Residue Labels. The 
alanine residues are now identified (Fig. 6). 
 

 
Figure 6  Ribbon representation of the decapeptide with residues identified. 
 
8. Highlight the region of the decapeptide that represents the fifth alanine residue in 
the sequence. 
*Open the Model Explorer table (available in the left margin).  
*Expand Fragment-1 by clicking on the + sign. This now shows entries for the ten alanine 
residues.  
*Click on Ala5 and you will see the relevant region of the helix highlighted (Fig. 7). 
 

  
Figure 7  Ribbon representation with Ala-5 highlighted. 
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PART B 
Other forms of helix are possible for peptides. For example, a thinner, more expanded helix is 
possible if the peptide bonds are hydrogen bonded to the neighbouring peptide bond instead 
of the third peptide bond (Fig. 8). However, this form of helix is rarely found in proteins. We 
will now create this type of helix. 
 

 
              
Figure 8 An extended, ‘thinner’ helical structure. 
 
1. Create the unminimised structure of decaalanine from its ChemDraw structure. 
*From the File menu, choose Open, then select the ChemDraw file for decaalanine. Click Open. 
 
2. Calculate the steric energy of the unminimised structure, and show intramolecular 
bonds. 
*From the Calculations menu, choose MM2, then Compute Properties.  
*Select Pi Bond Orders and Steric Energy Summary, and click Run.  
The value of the steric energy appears in the bottom window as 82.6 kcal/mol. 
*From the View menu, choose Model Display, then select Show Hydrogen Bonds. Select 
Show All. No hydrogen bonds are revealed.  

* Use the rotate tool  to investigate the structure side on and end on (Fig. 9). 
 

   
Figure 9   The unminimised structure of decaalanine. 
 
3. Energy minimize the structure and note the final steric energy. 

*Energy minimize the structure by clicking on the MM2 icon .  
You will see the chain slowly stretching into a more linear form. As it does so, hydrogen bonds 
are formed between neighbouring peptide bonds and are displayed as they form (Fig. 10). 
The minimization takes several minutes (about 12 000 iterations), and the final steric energy 
is given in the bottom window as -67. 4 kcal/mol. 
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Figure 10  The energy-minimised structure of decaalanine viewed side on and end on. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


