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ABSTRACT

The purpose of this work was to develop and evaluate molecular model-
ing exercises and projects suitable for students in a course in Medicinal Chem-
istry.  
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INTRODUCTION

Prof. Gary Earl has taught a Medicinal Chemistry course at Augustana Col-
lege, and plans to do so again.  Thus this project has a future and develop-
mental orientation.  The interests of medicinal chemistry overlap those of bio-
chemistry, but include distinctive aspects such as interaction of drugs with re-
ceptor sites at the molecular level, and computer-aided drug design. (Balbes
1994).

METHODS

Tools suitable for getting started in molecular modeling at the PC level in-
clude HyperChem and PC Spartan (Caffery 1998, Hehre 1998).  Chime is also
useful for visualization and display on the web (Viste 1999).  Isis Draw skc files
are also compatible with HyperChem.

RESULTS AND DISCUSSION

Several instructive exercises were developed.
1. Select a specific protein, and download its structure, in the Protein Data

Bank (Brookhaven 1999).  At present the PDB includes 8677 proteins, 654
nucleic acids, and 12 carbohydrates, with additional structures added
weekly.

2. Visualize the structure of the protein by two or more methods.  Chime and
HyperChem are particularly recommended.  In this project dozens of struc-
tures were downloaded from the PDB.  An example is the structure of
acetylcholinesterase, which has the ID Code  2ACE in the PDB.
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3. Build several smaller polypeptides in HyperChem, selecting the amino acid
sequence and type of secondary structure (alpha helix or beta pleated
sheet).  Caffery suggests bradykinin, which is produced as a result of a
wasp sting (Caffery 1998, p. 24).  

4. Build a portion of a DNA double helix in HyperChem, such as CGCCGC-
CGC.  Note hydrogen bonds.

5. Build a small carbohydrate in
HyperChem, such as the disac-
charide maltose.  This was read-
ily accomplished using
ChemPlus with HyperChem.

Figure 1. 2ACE acetylcholin-
esterase, Chime Figure 2. 2ACE acetylcholinesterase,

HyperChem 

Figure 3. Bradykinin,  arg-pro-pro-
gly-phe-ser-pro-phe-arg alpha helix
in HyperChem Figure 4. CGCCGCCGC
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6. Carry out a small literature
search to identify several com-
pounds which are effective as
general anesthetics or local
anesthetics.  Examples include
diethyl ether, methoxyflurane,
and novocaine.  Build several
structures in HyperChem.

7. Explore geometry optimization
of the smaller structures, or of
selected regions of large struc-
tures, using molecular mechan-
ics or semiempirical molecular
orbital methods such as AM1.

8. Build a small molecule such as
ascorbic acid, Vitamin C.  opti-
mize geometry and carry out
molecular orbital calculations in
HyperChem or PC Spartan, us-
ing semiempirical methods such
as AM1, or ab initio methods
such as 3-21G*.  Examine atom-
ic charges, dipole moment, and
a map of electrostatic potential.
(Hehre 1998, p. 220).

9. Investigate a case of a medici-
nal drug molecule docked at a
receptor site.  An interesting
case is provided by an anti-
Alzheimer’s drug docked near
the active site of acetyl-
cholinesterase (ACHE).  Three
such cases are available in the
Protein Data Bank.  Tacrine is
the experimental drug bound to
the ACHE enzyme in
pdb1acj.ent.  E2020 (Aricept) is
bound to the ACHE enzyme in
pdb1eve.ent.  In pdb1vot.ent,
Huperzine A is bound. Fig. 9
shows the residues near Aricept
(E2020) in pdb1eve.ent.  Hyper-
Chem was used to select the
E2020 molecule and the nearby
residues, and show only them.
It was found that interaction of
the pi electrons of aromatic por-

Figure 5. Maltose, α-D-glucopyra-
nosyl-(1-4)-α-D-glucopyranose

Figure 6. Novocaine

Figure 7. Vitamin C

Figure 8. Vitamin C electrostatic 
potential
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tions of E2020 with nearby aro-
matic rings appeared to be sig-
nificant in the docking of the
E2020.

10. A simple system of two ben-
zene molecules was investigat-
ed as an analog of one aspect
of the docking of E2020 in
ACHE.  Geometry optimization
was carried out through an AM1
molecular orbital calculation in
HyperChem.  The highest occu-
pied molecular orbital (HOMO)
is shown as well.

11. The docking of pairs of
polypeptides was found to be a
challenging problem of current
interest.  Docking two polypep-
tides is at the upper end of
what might be a reasonable ex-
ercise in this exploration of
medicinal chemistry.  Some ini-
tial work has been done with
GRAMM software. (Katchalski-
Katzir, E. et al., 1992; Vakser, I.
A., 1995, Vakser, I. A., 1998).  A
sample exercise related to the
previous discussion is the dock-
ing of a type of snake venom
on acetylcholinesterase. The experimental structure is available in the Pro-
tein Data Bank as pdb1mah.ent. 

Figure 9. E2020 (Aricept) bound to
acetylcholinesterase

Figure 10. TwoC6H6 in AM1

Figure. 11. HOMO of two C6H6 in-
AM1

Figure 12. Snake venom on mouse
ACHE, in pdb1mah.ent (HyperChem
display)
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CONCLUSION

HyperChem and PC Spartan have proved to be useful tools for molecular
modeling in medicinal chemistry.  The work with which this project has been
concerned has led to a particular interest in docking small molecules such as
drugs and portions of larger molecules which can approximate receptor sites.
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