
COMPUTER-ASSISTED DISCOVERY 

OF ANTI-INFECTIVE AGENTS

Vladimir Poroikov

Institute of Biomedical Chemistry 

of Rus. Acad. Med. Sci., Moscow, Russia

http://www.ibmc.msk.ru



Congratulations to the 15th Anniversary of ISTC !





Main Directions of Research

1. Postgenomic Technologies:

- Gen-, transcript-, prote-, metabol- OMICS;

- Bioinformatics;

- Systems / Cell Biology.

2. Nanobiotechnologies:

- To the reverse Avogadro number (10-24 М);

- Molecular detectors for medical diagnostics;

- Phospholipid system for drug delivery.

3. Computer-Aided Drug Design:

- Development of software and databases for CADD.

- Computer-aided search for new targets and ligands.

4. «Traditional» biochemistry.



Personnel:

235 people (156 researchers), 

including:

3 – Full Members of Rus. Acad. Med. Sci.; 

1 – Corresponding Member of Rus. Acad. Med. Sci.;

11 - Professors;

31 – Dr. Sci.;

72 – Ph.D.

59 (>35%) - <35 y.o.

Annually ~20 Ph.D. and graduate students.

12 requests for training from developing countries in 2008.



Modern Equipment for Postgenomic Studies



Grants and Programs

�Multidisciplinary Program «Proteomics for medicine 

and biotechnology».

� Federal Targeted Program «Research and 

development according to the priorities for 

development of scientific-technological complex on 

2007-1012».

� Russian Foundation of Basic Research.

� Programs and grants of Moscow Government.

�Grants of ISTC, IFTI, Welcome Trust, Royal Society, 

CRDF, INTAS, etc.

� Contracts and agreements with Russian and 

International companies.



Educational-Research Course «Bioinformatics 
and Computer-Aided Drug Discovery»



Department for Bioinformatics:

Bioinformatics Technologies         

(Head – Andrey Lisitsa, Dr.Sc.)

Molecular Graphics Based Drug Design   

(Head – Alexander Veselovsky, Dr.Sc.)

Structure-Function Based Drug Design   

(Head – Vladimir Poroikov, Prof. Dr.)

High-Performance Computations 

(Head – Vladlen Skvortsov, Ph.D.)



Clinical

Drug Targets to Drug Candidates

Accelrys



General Platform “From Genomes to Drugs”

Ivanov A., Veselovsky A., Dubanov A., Skvortsov V. Bioinformatics 
Platform Development. From Gene to lead Compound. Methods Mol. 
Biol., 2006, 316, 389-431.



Requirements to “Ideal” Antimicrobial Targets & Agents

Ivanov A., Veselovsky A., Dubanov A., Skvortsov V. Bioinformatics 
Platform Development. From Gene to lead Compound. Methods Mol. 
Biol., 2006, 316, 389-431.



Search for New Antimycobacterial Targets



Targets Identified in Mycobacterium Tuberculosis

Freiberg C, Wieland B, Spaltmann F, Ehlert K, Broet z H, Labischinski H.Identification of novel essenti al 
Escherichia coli genes conserved among pathogenic b acteria. J Mol Microbiol Biotechnol. 2001, 3(3):483 -489. 

Thanassi JA, Hartman-Neumann SL, Dougherty TJ, Doug herty BA, Pucci MJ. Identification of 113 conserved 
essential genes using a high-throughput gene disrup tion system in Streptococcus pneumoniae. Nucleic 
Acids Res. 2002, 30(14):3152-3162.

*

*



Phosphopantetheine Adenylyltransferase (PPAT) in Bacteria

4'-phosphopantetetheine + ATP PPi + 3'dephospho-CoA
PPAT

+ Pi

Coenzyme A

Penultimate and rate-limited enzyme of bacterial co enzyme A biosynthesis.



3D Structure Determination of PPAT

Expression, extraction and purification.

Institute of Bioorganic Chemistry of Rus. Acad. Sci. 

Crystal growth, X-ray structure determination.

Institute of Crystallography of Rus. Acad. Sci. 



Comparison of 3D Structure of PPAT

Active Site

Green – original structure (1.6 Å)  ; Yellow – 1TFU.pdb (1.99 Å)  



Virtual Screening of Ligands by Docking 



Docking of Ligands to PPAT Active Site



Biological Activity Testing in Vitro with BIACORE 3000

• High sensitivity.
• Small amount of sample. 
• Fast analysis.
• Good performance.
• Different optical chips.

Advantages:



First Hits Active Against PPAT Are Identified 



To overcome the resistance:

• Search for inhibitors of protein-protein interactions 

(multisubunit proteins, protein complexes).

• Analysis of M.tubeculosis interactome.

• Analysis of host-pathogen interactions.

• Search for ligands acting on multiple targets.



Search for New Hits Among the Available Samples





Search for Multitargeted Antibacterial Agents



Computer-Aided Discovery of New HIV-1 Integrase 

Inhibitors ISTC/BTEP/BII Project # 3197/111/Q-257

The purpose of the project is to find new 

efficient inhibitors of HIV-1 integrase on the 

basis of the latest technologies in bioinformatics 

and computer-aided drug discovery. 

Duration:  April 1, 2005 – March 31, 2008



Participating Institutions

Institute of Biomedical Chemistry of RAMS (IBMC), 
Moscow (leading organization – computer-aided drug 
discovery)

Institute of Organic Chemistry of RAS (IOC), Moscow 
(chemical synthesis of potential compounds)

Institute of Physical-Chemical Biology of MSU (IPCB), 
Moscow (testing of potential compounds in vitro)

National Cancer Institute, NIH, Frederick, MD 
(molecular modelling, testing in cell culture)



Background and Experience: IBMC

Computer-aided finding and 

optimization of new pharmaceuticals:

- development of methods & programs;

-applications.

(Vladimir Poroikov team)

Lagunin A.A., Gomazkov O.A., Filimonov D.A., et al. (2003). J. Med. 
Chem., 46 (15), 3326-3332.

Geronikaki A., Dearden J., Filimonov D., et al. (2004). J. Med. Chem., 47 
(11), 2870-2876.

Akimov D.V., Filimonov D.A., Prikazchikova T.T., Gottikh M.B., Poroikov 
V.V. (2005). 51 (3), 335-340.



Background and Experience: IOC

Development of methods of organic 

synthesis and preparation of chemical 

compounds; synthesis of compounds 

from very different chemical classes.

(Svyatoslav A. Shevelev team)

Shevelev S.A. and Dalinger I.L. (1998) Russ. J. Org. Chem, 34(8), 1071-1080.

Shevelev S.A., et al (2002) In: Combustion of Energetic Materials, (Eds.) 

K.K. Kuo, L.T. DeLuca, Begell House, Inc., NY, USA, 62-70.



Background and Experience: IPCB

Study of molecular mechanisms 

of viral integration, development 

of assays and testing of HIV-1 

integrase inhibitors.  

(Marina B. Gottikh team)

Isolation and purification of natural compounds 

from marine worms Polychaeta as a source for 

new biologically active substances.

(Ludmila A. Elyakova group)



Background and Experience: 
NCI-Frederick, NIH, USA

Molecular modelling of HIV-1 full-

length integrase 3D structure and its 

inhibitors; computer-aided search for 

new HIV-1 integrase inhibitors.

(Marc C. Nicklaus team)   

Cell-based assaying of HIV-1 integrase inhibitors.

(Vinay K. Pathak team) 



1. Computer prediction of HIV-1 integrase inhibitors.
2. Isolation and determination of the structure of peptide integrase 

inhibitors from marine worm Polychaeta.
3. Molecular modeling of HIV-1 integrase interaction with inhibitors.
4. Development of methods, synthesis and preparation of potential 

HIV-1 integrase inhibitors.
5. Experimental testing of hits identified by computer methods and 

preparations obtained from marine worm Polychaeta.
6. Computer-aided optimization of structure & properties of HIV-1 

integrase inhibitors.
7. Experimental testing of the most prospective compounds in HIV 

infected cell cultures.
8. Preparation of reports, publications, and materials for IP 

protection.

Tasks Specified by the Workplan



The Main Results (04/01/2005 – 03/31/2008)

� A database with information about known HIV-1 integrase inhibitors was 
created, our computer system was trained using new data that increased the 
accuracy of prediction.

� Computer experiments performed with virtual compound databases provided 
the basis for selection of the most prospective hits. 

� 227 compounds were selected as hits, synthesized by IOC or purchased from 
different vendors.

� Most of compounds were tested in enzyme assays in vitro on inhibition of 3’
processing or/and strand transfer.

� 39 compounds were identified as HIV-1 integrase inhibiting agents (IC50<100 
µµµµM). 

� The most active compounds have IC50 values in the micromolar and sub-
micromolar range; 

� The discovered compounds belong to the chemical series, in which HIV-1 
integrase inhibiting activity had never been found before; thus, these 
compounds can be considered as New Chemical Entities (NCEs).



Extending of the project – BII # Q-257 

To increase the IP value, it is necessary to design, synthesize and test 
more derivatives from this chemical series, as well as to investigate in 
more details their mechanism of binding. 

The tasks of this project, which is considered as the “with-cost” extension 
of the currently ongoing ISTC/BTEP project # 3197/111, are specified 
below.

1. Rational computer-aided design of new derivatives from the 
discovered chemical series with putative HIV-1 integrase inhibiting 
activity.

2. Development of methods, synthesis and preparation of potential HIV-
1 integrase inhibitors.

3. Experimental study of HIV-1 integrase inhibiting activity and their 
mechanism of binding in in vitro and cellular culture assays.

4. Preparation of reports, publications, and materials for IP protection.



The main results (04/01/2008 – 12/31/2008)

�Sixteen new derivatives were synthesized and seventeen compounds
were tested on the HIV-1 integrase inhibiting activity in in vitro
enzymatic assays. Seven compounds were found to be active in 
micromolar range. Based on the structure of active compounds 
discovered in the framework of the project, a few samples were 
purchased by NCI from ChemNavigator and tested for their HIV-1 
integrase inhibiting activity in in vitro enzymatic assays. Three 
compounds appeared to be active in micromolar range.

�Mechanism of action of HIV-1 integrase inhibitors from this chemical 
class was studied, It was concluded that this class of compounds: (1) 
inhibits 3’-processing as they act with an almost the same activity on 
both reactions catalyzed by HIV-1 integrase; (2) binds to the active 
center of the HIV-integrase and impedes its interaction with the DNA 
substrate. 



�Computer-assisted methods were applied by IBMC for finding and 
optimization of potential HIV-1 integrase inhibitors. In the framework 
of the project 162 new chemical compounds were synthesized by IOC 
and 81 commercially available samples were purchased from different 
vendors for testing on HIV-1 integrase inhibiting activity. 

�All these compounds were tested by IPCB on the HIV-1 integrase 
inhibiting activity in in vitro enzymatic assays (3’-processing and/or 
strand transfer reaction). Taking into account that for active 
compounds some repeated studies were executed, the total number of 
tests equals to about 460.

�Thirty six chemical compounds were found to be inhibitors of 3’-
processing and thirty one compounds – inhibitors of strand transfer 
reaction in concentrations less than 100 µµµµM. 

Summary (I)



�IC50 values of the most potent compounds were no more than 10 µµµµM for 10 
molecules (3’-processing inhibition) and 15 molecules (ST inhibition). The 
majority of the discovered compounds belong to the chemical series, in which 
HIV-1 integrase inhibiting activity had never been found before, and can be 
considered as New Chemical Entities (NCEs). 

�To provide more detailed information about the mechanism of binding for this 
class of compounds additional experiments were executed by IPCB. It was 
concluded that this class of compounds: (1) inhibits 3’-processing as they act 
with an almost the same activity on both reactions catalyzed by HIV-1 
integrase; (2) binds to the active center of the HIV-integrase and impedes its 
interaction with the DNA substrate. 

�Ten the most potent compounds were prepared in necessary quantities and 
tested by NCI in HIV-1 infected cell culture assays. This class of compounds 
was confirmed to be active against HIV-1 infected cell culture. Their EC50, 
CC50 and SI values were determined. In the best cases (IOCh-18-48, IOCh-18-
131) the selectivity index value appeared to be about 3, which is rather low for 
further development of this class of compounds as a potential drugs.

Summary (II)
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We are open for new collaborative projects:
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