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Comparative genomes analysis

Let's consider the example
of molecular targets search

for new antibacterial drugs



Requirements of “IDEAL” antimicrobial agent and to its target

Drug Target

Biomedical requirements

Effective suppression of growth and reproduction

of micro-organism Important for growth and reproduction

Lethality to pathogen Essential for survival

Definite antimicrobial spectrum Occurs 1n all target microbial species
and strains

Selectivity: minimal host toxicity Absent in host (human)

Selectivity: minimal alteration of normal microflora Absent in host's (human) symbiont
bacteria

Low risk of resistance Conserved in all target strains

Technological requirements
Target-based CADD Available 3D structure
Definite mechanism of action Known function

CADD. computer-aided drug discovery.
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Comparative genomes analysis

Additional data:
« Transmembrane domains

Proteins with known
Genome of target 3D structure

microorganism

* Protein function

Known ..
* Importance for surviving

antibacterial
targets

Genomes of different
strains of target

microorganism l w
/ 4

SPECIAL
SOFTWARE

Potential

Genomes of the BLAST targets

relative of
microorganisms

Human
genome , 4 i
Genomes of human Proteins related
symbionts to drug resistance

Medico-biological
requirements to targets

Technological requirements
to targets
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Target selection in genome of Mycobacterium tuberculosis

Mycobacterium tubercuiosis H37Rv

| ‘ 2882 proteins
3927 proteins No homologues ———

in human

|dentical both in
= M. tuberculosis H37Rv
and CDC15561 strains

1880 proteins

Similar to proteins from 752 proteins
> M. Jerpae TN,

267% of homology

114 proteins

Homologues in PDB, —_—
> 240% of identity
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Potential Targets Found in Genome of M. tuberculosis

Target no. Gene Target protein
1. infA Translation initiation factor IF-1
2. hupB Histone-like protein
3. rpod DNA-directed RNA polymerase (transcriptase) alpha chain
4. rpsD 30S ribosomal protein S4
5. rpsE 30S ribosomal protein S5
6. rpsH 30S ribosomal protein S8
7. bfr4 Bacterioferritin
8. kdtB Phosphopantetheine adenylyltransferase
9. gleB Malate synthase G
10. purE Phosphoribosylaminoimidazole carboxylase catalytic subunit
11. ruvA Holliday junction DNA helicase
12. trpB Tryptophan synthase beta chain
13. mscL Large-conductance mechanosensitive channel

Bioinformatics Platform Development

From Gene to Lead Compound

Alexis S. Ivanov, Alexander V. Veselovsky, .
Alexander V. Dubanov, Vladlen S. Skvortsov Methods Mol. Biol. 2006, 316, 389-431.
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Integral Pipeline “From Gene to Drug”
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What method of target validation to choose?

Dominant negative mutants Peptidomimetics

\ / RNAI
&5

> — Inhibitory peptides

Gene knockout

AN

Antisense RNA—
T~ Aptamers

/ \
Ribozymes

Monoclonal antibodies

Small molecule inhibitors

Loss-of-function strategies: Which way to go?
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Targets validation approaches

The main tasks of targets validation:
- maximal reduction in the number of potential targets

- obtainment of additional information for target
prioritization

1. Proteomic methods
2. Genomic methods

3. Target inactivation

BGRS-2008
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1. Proteomic methods of target validation

- Examination of target proteins expression

- Examination of Target Expression In Different Strains

- Analysis of protein-protein interactions

2D Electrophoresis Protein Peptldes
. -
C T O—> — / —
e - A =
Trypsm
Protein identification & mapping
Sequence Virtual Peptides
Genome |_ e s —
Database I. —
Virtual
Proteolysis
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2. Genomic methods of target validation

Target Gene Transcription [TargetmRNA ]—}‘ Translation I—}‘ Target Protein I
+ i +
...................
~Dom|nant NegatweMutants ++ Zinc Finger Proteins: :+ Ribozymes: :+ Antisense RNA
++ Gene Knockout gt RN {1 LassoRNA ;
SRS i Peptide nucleic acids (PNAs) i
mm— —

£+ Monoclonal Anibodies (mAb)
+ + Chromophore-Assisted Laser Inactivation (CALI) :
+ + Fluorophore-Assisted Light Inactivation (FALI)
* ' Smgle-chaln Fv antibodies (scFvs)

+ Intrabodies

g Aptamers

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
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2. Genomic methods of target validation

Target mRNA Translation Target Protein

Target Gene Transcription

‘IIIIIIIllIlIIIIIIIIIIIIIIIIII*

t+ Zinc Finger Proteins

IIIIIIIIIIIIII|IIIIIIIIIIIIIII'

(A) 12
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2. Genomic methods of target validation

Target Gene

Transcription

.."'\«___ BCUGNy___..

Target mRNA

Translation Target Protein

L]

i

: il
gl - 31

i A-U ¥

.+ Ribozymes: o _ATH -

{ ' "?C LIELNRE
L i \ LARAY: [ U —

{r‘“r f_;!;llillel: PLEELTELEE )
E VY
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2. Genomic methods of target validation

[ Target Gene ]—)

Translation Target Protein

Transcription [ Target mRNA

siRNA
l l l . Helicase
: “ C Target mRNA . Andrew Fire ) Craig C Mello
r— mnan cate Nobel Prize 2006

???

Helicase Nuclease . .
RISC : In phySIOIogy and
~ RNA-Induced Nuclease Nuclease .
Silencing Complex med iIcine

(] : 1] oo
|='='z7r aoog
Cellular
RNases
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2. Genomic methods of target validation

[ Target Gene ]-)[ Transcription ]—}[ Target mRNA Translation ‘ Target Protein I

!

L]
]
.................... T —

+ Antisense RNA
Lasso RNA .
++ Peptide nucleic acids (PNAS):

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

S(CHZ /00 - F}!H

-(CH2)R0H &N
-(CH2)HMH 3+
0

-(CHInCH3

Antisense RNA
RNA Lasso
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3. Target inactivation

Target Gene

CALI

Chromophore-Assisted
Laser Inactivation

Lazar irradiation

Dye moieiies '|"

f L
i fj Spacific ligand
!
{‘.\

o
".J{_?

Pralair Largst

Transcription

Target mRNA

Translation

Target Protein

FALI

Fluorophore-Assisted Light

Inactivation

ﬂﬂw %
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3. Target inactivation

Target mRNA Translation Target Protein
i

Transcription

S

[ Target Gene ]—}

- Monoclonal Antibodies (mAbs) :
+ + Chromophore-Assisted Laser Inactivation (CALI) :
1o fl isted Li [vation (FALI)

o4

)
)

I
L
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3. Target inactivation

Aptamers

Target mRNA

Target Protein

i
AN VRRRRRRRRRRRRRRA RN RRRRRRRTRRRE,

> * Monoclonal Antibodies (mAbs) :
Q_} 4 + + Chromophore-Assisted Laser Inactivation (CALI) :
;- A + + Fluorophore-Assisted Light Inactivation (FALI)

+ Single-chain Fv antibodies (scFvs)
+ + Intrabodies

i
#
Foaann 000 ORI T NN R R RN R R R E R R R R e R R R

BGRS-2008

19



Integral Pipeline “From Gene to Drug”

-----------------------------------
o o,

\
Genome-Based
Targets Search

i

J

Targets
Validation

Targets
Prioritization

.
.................................

Targets
Expression

Targets
Purification

Targets
Selection

J
. J

J

Protein Crystallography or NMR

A

N N C N

Analysis of Data Base Mining Affinity Chemical Biological
Binding Site De Novo Design Prediction Synthesis Assay
e g Affinity Chemical Biological
Lead Structure Modification ]—[Pre diction Synthesis Assay
- in silico
- in vitro or in vivo
BGRS-2008

New Target

Target 3D Structure SRRl BE]2R7LTe [T/ e] PDB

Combinatorial

Lead Compound =1 HTS Chemistry

Lead Optimization

Pre-Clinical Evaluation

Clinical Trials

Drug Manufacturing

20



16.06.08

Targets Prioritization

21



Integral Pipeline “From Gene to Drug”
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Sample of pure and native protein

16.06.08

Before Now
Biological material

Gene
Homogenization

Vector

Separation

Solubilization Microorganism

Separation
EXxpression

Purification

Fust protein purification using
special “lable”
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Popular «lables»

HisTag (6 x His)
+ Ni%* + NTA

Glutathione S-Transferase (GST)
o

Glutathione (tripeptide = Glu-Cys-Gly )

IIIII

dxHistidine-tag protesn binding to Ni-NTA resin
16.06.08 24



Potential Targets Found in Genome of M. tuberculosis

Target no. Gene Target protein
1 infA Translation initiation factor IF-1
2. hupB Histone-like protein
3 rpod DNA-directed RNA polymerase (transcriptase) alpha chain
4 rpsD 30S ribosomal protein S4
5. rpsE 30S ribosomal protein S5
6. rpsH 30S ribosomal protein S8
7 bfr4 Bacterioferritin
8 kdtB Phosphopantetheine adenylyltransferase PPAT
9. gleB Malate synthase G
10. purE Phosphoribosylaminoimidazole carboxylase catalyfic subunit
11. ruvA Holliday junction DNA helicase
12. trpB Tryptophan synthase beta chain
13. mscL Large-conductance mechanosensitive channel

Pure and active PPAT < Institute

of Bioorganic Chemistry

from M. tuberculosis (Moscow)

BGRS-2008

25



Integral Pipeline “From Gene to Drug”
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Protein crystallography

Protein Crystal

Diffrsction Paiem

X-rmy Heam

Diffraction Procass

16.06.08

Diffraction Paltern from NSLS
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Potential Targets Found in Genome of M. tuberculosis

Target no. Gene Target protein

1. infA Translation initiation factor IF-1

2. hupB Histone-like protein

3. rpod DNA-directed RNA polymerase (transcriptase) alpha chain

4. rpsD 30S ribosomal protein S4

5. rpsE 30S ribosomal protein S5

6. rpsH 30S ribosomal protein S8

7. bfr4 Bacterioferritin

8. kdtB Phosphopantetheine adenylyltransferase PPAT

9. gleB Malate synthase G

10. purE Phosphoribosylaminoimidazole carboxylase catalytic subunit

11. ruvA Holliday junction DNA helicase

12. trpB Tryptophan synthase beta chain

13. mscL Large-conductance mechanosensitive channel

Pure and active PPAT ey opente

from M. tuberculosis rystafiograpny

(Moscow)
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PPAT from M. tuberculosis

Institute

of Crystallography  —m——pp Crystal Structure of PPAT
(Moscow) from M. tuberculosis

BGRS-2008
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Integral Pipeline “From Gene to Drug”
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Set
[ of ligands ]
i

Strategy of Computer-Aided Drug Design

Initial Data Analysis

New Target

Homeologue
3D Structure Ne| 3D Structure

Target

Yes Yes

No 3D Model ]

3D Structure
Analysis

SisEssEsaaaIRRARINEIRRSRER

Experimental Methods

) (=]

Binding Site

Lead Search
(Database Mining) VYos

Binding Site
Medel

Pharmacophore,
Deocking

Ligand-Based
Drug Design

Lead
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L e P
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HIV Protease

INACTIVE FORM - MONOMER
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Integral strategy of PPl inhibitors screening

Alanine scanning

!

Selection of Hotspots

!

Chemical Virtual Screening
Database »  (Database Mining by Molecular Docking)

|

Precise docking &
Molecular Dynamics Simulation

bl T
(Toleits> B'Z’; sg;,f,al

Experimental High Throughput Screening (HTS)
(Optical biosensor Biacore)

BGRS-2008



Virtual screening of HIVp inhibitors of dimerization

NCI DATABASE
~ 250,000 compounds

CPScore
Autodock top list
top list ~ 1000
~ 10,000 compounds
compounds
Autodock / CPScore
cross list

~ 200 compounds

TOP HITS
12 compounds for experimental testing

BGRS-2008
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Top hits from virtual screening of HIVp inhibitors of dimerization

BGRS-2008
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Manual selection from lab collection some compounds looked like Top hits

|
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Integral Pipeline “From Gene to Drug”
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Biological testing in vitro

High sensitivity

Very small samples
Short time of analysis
Different optical chips
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2h. Sensor surfaces

= A wide selection of sensor surfaces
o maximize application flexibilicy

= Highest quality sensor surfaces to
minimize non-specific binding and
give excellent reproducibilicy
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In vitro assay for inhibitors of HIVp dimerization

#1 -#2, RU

o
o

N
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N
o
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1 2@4 5 6 7 8 911 12 13 14 15 16 17 18
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In vitro assay for HIVp inhibition

v The ability of selected compounds to inhibit HIVp was assessed with

chromogenic peptide substrate:

H-Lys-Ala-Arg-Val-Tyr-p-nitro-Phe-Glu-Ala-Nle-NH,

v' Spectrophotometric assay - AA (300 nm) is proportional to HIVp activity

0,04 -

A A (300 nm)

0,024

Control

(10)

(3)

BGRS-2008

Ligands
concentration is
10-°M
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Inhibitor of HIV protease dimerization

Institute Institute
of Biomedical Chemistry RAMS of Bioorganic Chemistry RAS
(Moscow) (Moscow)
Inhibitor #10 Pure and active HIV-1
protease
Institute
of Crystallography

(Moscow)
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Thank you for attention!
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