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PROJECT #3: DRUG DESIGN 
Course: Structural Bioinformatics II. GINF5002. Fall 2007 
Instructor: Vladyslav Kholodovych, PhD 
Posted on November 27

th
, 2007 at http://www2.umdnj.edu/~kholodvl 

 

Due Date: 12am Sunday December 16th 2007 
 
Only electronic submission will be accepted. 
Submit via email to kholodvl@umdnj.edu  
The report should be either a word or a pdf file attachment. 
ABSOLUTELY �O EXTE�SIO� TO THE PROJECT DUE DATE OR LATE 
ACCEPTA�CE WILL BE GRA�TED!  
Whatever stage of the project you are a report should be submitted for evaluation by the time 
indicated above.  
The report should be written in the form of a scientific manuscript and contain all major 
sections, proper citations for methods, materials and software used. As an example consult the 
Author Guide of the Journal of Medicinal Chemistry (link is provided on the project webpage).  

 
Project outline: 

I. Analysis 
II. Method selection 
III. Throughput screening: Search for the Hit 
IV. Design of a new drug: convert the Hit to a Lead series 
V. Evaluation of a new drug 

 
Project #3 is thought as a logical carry-over of the work done for the project #2 (homology 
modeling). You will keep on working with your model of kinase PfPK6 created earlier.  
 
In Step I and Step II you will work, however, with a template crystal structure, whereas on Steps 
III through V deal with your homology model of PfPK6. 
 
Step I: Analysis 
Work with the X-ray structural template that you used for the homology modeling. Use a molecular 

viewer like rasmol, molmol, DeepView, GRASP, Sybyl, MOE, etc. to view the structure and map out the 

active site. Draw a cartoon of the active site showing the positions of the principal amino acid residues/side 

chains and their interactions (hydrogen bonds, hydrophobic interactions, salt bridges, shape complimentarity, 

etc).  

 

Fig.1. An example shown here is a schematic view of a 

binding pocket cartoon created with LigPlot for the protein-

ligand complex 1M13.  
 

LigPlot is available on all Linux boxes. Manual is 
accessible on line at 
http://www.biochem.ucl.ac.uk/bsm/ligplot/manual/index.html 
 

PostScript files *.ps generated by LigPlot can be viewed with 

kghostview on Linux. 
 

IMPORTA"T: Cartoon is not necessary to be created in a fancy 

program. Even handwritten scheme is acceptable if you manage to 

show a ligand structure and surrounding residues.  

 

Even if your starting point for Project #2 was different, I still recommend using CDK2/ATP 
complex 1QMZ for Analysis and Method selection steps. 
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Step II. Method selection 
Different docking algorithms may work better with proteins of one chemical family whereas 
produce less accurate results for another one. To find out which of the methods that have been 
run previously for tutorials is the most accurate for kineses family, dock a ligand from a template 
X-ray structure back to the protein and overlay your docking results with the ligand from the 
original complex. Choose the best method and use it later in a throughput screening. Support 
your decision with necessary cartoons of ligands overlays, tables, and a discussion of the ligand 
placement/orientation. 
 
If you use CDK2/ATP complex 1qmz, dock only adenosine part of ATP. 

P O

O

O P O

O

O

N

O

N

N

O

O

N

N

P

O

O

O O

 

N

O

N

N

O

O

N

N

O

Adenosin

ATP

 
IMPORTA�T! RMSD has to be calculated in the same manner over all results from different 
docking methods. For example, if you calculate RMSD for GOLD docking in Sybyl based 
only on a carbon pairs overlay, you need to do the same comparison for Dock results as well.  

 
Step III. Throughput screening: Search for the HIT 
Download a molecular database molbank.tar from the project webpage 
www2.umdnj.edu/~kholodvl/files/molbase.tar 
 
Cherry-pick (randomly) 2 molecules from the database and dock them with the best docking method 
selected on the previous step to the homology model of PfPK6. 
Analyze docking results and pick the best HIT. Why is this molecule a better hit than others? How is 
it oriented relatively to the principal amino acid residues of the binding site? How many points of 
interaction (H-bonds, hydrophobic contacts) does it have? Support your observation with proper 
pictures and a brief discussion.  
 
Step IV. Design of a new drug: convert the Hit to a Lead series 
Based on your analysis in step III, design 2 new analogues of the hit. Use isosterism principles for 
substituents and bioisosterism strategy in replacement of certain functional groups in the molecule.  
Make at least one analogue of the hit more flexible by breaking one of the ring systems. 
Dock new analogues to the PfPK6 model.  
 
Step V. Evaluation of a new drug 
Analyze the docking results from Step IV and conclude whether or not you accomplished the task 
of making a better drug. Is the binding energy/fitness score of the new molecules higher or lower 
than the corresponding values for the hit? Do the lead compounds interact with the principle amino 
acids of the binding site? Do they gain/lose any point of interaction? Does the ring breakage help 
the molecule to accommodate better in the binding site? Provide necessary pictures, tables to 
illustrate your conclusions. Suggest future directions. 
 
Submit your report in J. Med. Chem. format.  
 

Your project will be graded as follows: 
 
 

70%--Content/logical flow/completeness  

10%--Organization 

10%--Figures (clarity and content) 

10%--References 
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PROJECT #3. DRUG DESIGN 
 

FLOWCHART 
 

 
I. Analysis  
X–ray crystal structure of 
template complex 

II. Method selection 
Dock ATP with DOCK, 
and GOLD. 
Select the best method 

III. Throughput screening 
Dock 2 molecules from 
the database to PfPK6. 
Select the Hit. 

IV. Design of a new drug 
Create 2 new analogues 
of the hit. Dock a new 
lead series to PfPK6  

V. New drug evaluation 

Analyze new lead site 
interactions. Conclusions. 
Future directions 

X-ray crystal 
structure 

PfPK6  
model 

2 dockings 

2 dockings 

2 dockings 


