BupTtyanHo npoeKkTupaHe Ha nekKkapcrBa



CERN

Drug design

Drug discovery is mostly portrayed as a linear, consecutive process that starts
with target and lead discovery followed by lead optimization and pre-clinical
In vitro and in vivo studies to determine if such compounds satisfy a number

of pre-set criteria for initiating clinical development

Target Discovery
2.5 years l 4%
Lead Generation & Lead Optimization

3.0 years 1 15%

Preclinical Development
1.0 years l 10%

Phase |, 1l & lll Clinical Trials

6.0 years l 68 %

FDA Review & Approval
1.5 years l 3%

Drug to the Market

14 years $ 880 million

(Source: PAREXEL, PAREXEL"S Pharmaceutical R&D Statical SourceBook, 2001, p96)
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CERN
Mpo6nemMbT Ha ronemuTe Yucna BbB papmMmauusaTa

% Wma okono 108° TeopeTnYHO Bb3MOXKHM ONOMNOrMYEeCcKn akTUBHU
BELEeCTBa,

> 1018 oT TAX Omxa mornu ga 6baaT BEPOATHM NEKAPCTBEHM NpenapaTu

> 107 ca U3BECTHM XMMUYECKN CbeOUHEHUS,

» 10° ca cbeanHeHus Ha nasapa,

> oule 10° cbeagnHeHnda ca B 6a3ute oT nHopmauua Ha oupmuTe,

» 10° ca xummnyecknTe BeLlecTBa B 6a3nte oT AaHHW Ha NEKAPCTBEHUTE
rpmu

> okoro 5x10% ca nekapcrtBarta Ha nasapa u

> 103 ca TbproBckM M3rogHu rnekapcTaa.
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University of Heidelberg

Drug Research is ....

-

the Search for a Needle in a Haystack
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Irrational vs Rational drug
design

Irrational Drug Discovery

High Throughput
Screening

—10% ligands per day

But: Hit Rate 10 per ligand .
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Screen

CERN
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Irrational vs Rational drug
design

Irrational Drug Discovery Structure-based Drug Design

High Throughput Screening

Active Ligand Active Ligand
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Drug Design

Finding the Right Key for the Lock

(N

=
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Choice of a protein target

Corporate databases Microbial
of compounds broths
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Random screening Structure of

protein—ligand
complex

" | ead compound — i .

Protein structure—hbased drug design cycle.

Lead compounds originate either from random screening of a few
hundred thousand compounds or from design. In the latter case,
synthesis can be bypassed by using docking of compounds available
commercially or in—house. Design is the result of docking, linking

and building, or any combination of the three. Due to the imperfections
of computer scoring only about 2% of the designed compounds pass

the first criterion to become a lead, namely having micromolar

affinity. Verification of the structure of the protein—lead complex

is essential. New rounds of structure—hased design are then performed
until a promising compound shows up for pre—clinical studies. Ax this
stage the structure is still useful: knovwledge of the essential protein—
ligand interactions dictates where structural modifications to improve the
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Drug design

Ligands Target

NH, NH, NH;
NH, NH, NH,

NH, NH,
'@ '® \
NH, NH,
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- Ligand Binding.

Ligand

Protein

Complex

Two Approaches:

1) Binding Free Energy Calculations
2) Empirical Scoring Functions
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| Computer Simulation - Basic Principles

or QM/MM
Potential

Molecular Mechanics Potential

v=2kS b 2t 2k €0 Z+

bonds angles

+ 2 X K;':!chos ﬂ¢_5:

dihedrals n=1

<
e

) 4[{"_] - {"—]LZ [&] Simulation -

ij

exploring the energy landscape
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MoneKynﬂpHa ANHaMUKa Ha NPOTeunH u JimraHg
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Binding of two proteins
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(i HIV-Protease

He 3psana n He nHdekumnosHa cpopma

Ha BUPYCHU HaCTULU 3peJ1VI BUpycH
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HIV-Protease




HIV-Protease




. HIV-1 protease bound to an inhibitor (shown in orange)
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CERN

Multiple sclerosis

Definition: MS is an autoimmune, chronic, inflammatory, demyelinating
desease that affects central neural system.

more common in women than in
men. MS primarily affects adults,
with an age of onset typically
between 20 and 40 years,

It affects about 2.5 million people
worldwide. ( In Bulgaria - 44,5
persons per 100 000).

MS starts with formication of
limbs followed by muscle
weakness and ends with
complete disability.

The cause is UNKNOWN.
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CERN

Multiple sclerosis

Multiple sclerosis is a disease in which
the myelin (a fatty substance which
covers the axons of nerve cells)
degenerates.

T cells recognize myelin as
foreign and attack it as if it were
an invading virus. That triggers
inflammatory processes,
stimulating other immune cells
and soluble factors like cytokines
and antibodies. Leaks form in the
blood-brain barrier. These leaks,
in turn, cause a number of other
damaging effects such as
swelling, activation of
macrophages, and more
activation of cytokines and other
destructive proteins such as
matrix metalloproteinases. A
deficiency of uric acid has been
implicated in this process
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MS therapy

INF-B is the only which
Influences the disease
positively

Interferon O3HayeHue

It reduces anti inflammatory
cytokines and has an antiviral
effect

Interferon-alfa IFN - a

IFN-B suppresses the IFN-y Interferon-beta IFN - B
production and alpha tumor
necrotizing factor in the T cells.
IFN-y is an inhibitor of myelin
synthesis in the oligodendritic
cells

Interferon-gama IFN -y
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CERN

Interferon-Gamma

Activatior

Activation [

= IFN g.‘lmm:lI - B increase i
MEcrophage | secretion %_ 5 Cell acti'

o

Induction of class | ¢
Differ entiation MHC
Stope coll division

hIFNYy is a product of activated T
lymphocytes and natural killer (NK) _
cells that was originally described

as an antiviral agent it st 2oy

Stops cell division
Hematopoiesis stops T cell activation

Activation

Immunoregulatory actions of interferon gamma on the immune system

The biologically active form of hiIFNy is a
homodimer composed of two identical subunits of
143 amino acids each, related by a twofold
symmetry axis

Expression of biological activity
appears to be mediated through
binding to specific cell-surface
receptors
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CERN

Interferon Gamma

Active site

\

C-term C-term
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CERN

INF-y receptors
NH,

J 3‘
L Ala 1

IFN-vy is binding with two
receptors, called IFN-yRa — e
and IFN-yRpB.

23aa %%QQ 2423
L P
P P
JAK-1 Binding Site K g JAK-2 Binding Site
S |
P
221aa L 66aa
Y Q
D
Stat1 Binding Site K EIE
When Phosphorylated P E
H Y
~L

IFN-y peuenTtopu
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CERN

Cell membrane
Assembly of an active

receptor complex

JAK activation and
STAT1 docking site
formation

STAT1 recruitment,
activation and
homodimer formation

Active Active
JAKT1 + JAKZ, JAK1 + JAKZ,

Active STAT1
p—F

S Active STAT1 STAT1 phosphorylation,
BNy ngglear translo'cation
and initiation of gene
homodimer transcription
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CERN

Interferon-gamma and its alpha receptor

PDB ID: 1fg9

Residues connected by h-bonds
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CERN

INF-y simulations

GROMACS

J1. IlutoB Maprt — FOuu 2008




CERN

INF-y simulations
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CERN

INF-y C-term

D!

| domain (KTGRKRKR)

D2 domain (RGRR) o

RS
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INF-y C-term

Heparin derived oligosaccharide
Biochem J. 2004 November 15; 384(Pt 1): 93-99.

NMR characterization of the interaction
between the C-terminal domain of interferon-y

and heparin-derived oligosaccharides
Cécile Vanhaverbeke,*1 Jean-Pierre Simorre,* Rabia Sadir,T

Pierre Gans,*2 and Hugues Lortat-Jacobt

CHO80,
PDB ID: 1hpn OHQO“QQO‘.\‘@@
NHSG; NHS'U;
CH OS50,
@W@ "
00G CHOS0,
€ @Z@ d2
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CERN

INF-y C-term

Force field: GROMACS (gmx) Software used: GROMACS

Topology builders:

pdb2gmx (GRAMCS)
&

PRODRG2 (http://davapcl.bioch.dundee.ac.uk/programs/prodrg/)

Simulation box: cubic
with periodic boundary
conditions

J1. utoB
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INF-y C-term

Configuration 1 (close to D1)

T =1000 ps

J1. utoB




Configuration 1 (close to D1)

T = 2000 ps

J1. utoB




INF-y C-term




INF-y C-term

Configuration 1

T = 2000 ps

J1. utoB







GRID @ University of Sofia
# servers Services Archietcture CPU RAM Storage 0S
. 2 X 400MHz Scientific Linux CERN
1 vl 1686 Pentium I cE 7GB Release 3.0.8 (SLC)
2x2.2GHz
. AMD Athlon™ Scientific Linux CERN
1 Sis [ 64 X2 Dual - C2 250GB | pelease 3.0.8 (SLC)
Core
. 2 x 2.8GHz 160 GB Scientific Linux CERN
1 = bEb Xeon e (RAID1) Release 3.0.8 (SLC)
. 2 X 2.8GHz 160 GB Scientific Linux CERN
. WOK 1686 Xeon 1GB (RAID1) | Release3.0.8 (SLC)
. 2 X 1600MHz Scientific Linux CERN
. WN JHE AMD Opteron SLZE SO EIE Release 4.5 (SLC)
. 2x 2.1GHz Scientific Linux CERN
e i 1EE AMD Athlon Lee 10 GE Release 4.5 (SLC)
4 x 1.8GHz e
6 WN 686 Dual Core AMD 4GB 140G6B | Scientific Linux CERN
Release 4.5 (SLC)
Opteron™
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CERN

Computer Cluster — Physon Faculty of Physics

I =
1

4 compute nodes:

dual Intel Xeon E5335 (4 cores @ 2 GHz)

12 GB (16 GB @ node001) ECC DDR2-667 RAM
250 GB SATA2 HDD

2 x | Gbps Fast Ethernet

| x 20 Gbps 4x DDR InfiniBand

Scientific Linux 4.4 64-bit

Sun NI Grid Engine executives

NFS/NIS server:

Intel Core2 Duo E6600 (2 cores @ 2,4 GHz)
2 GB ECC DDR2-667 RAM

4 x 500 GB SATA2 HDD (total of 1,75TB in ZFS
RAIDZI array)

2 x | Gbps Fast Ethernet
Sun Solaris
Sun NI Grid Engine master
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CERN

Technical University

The Cluster

8 Xx AMD Opteron 64 DualCore Processors

8 x 2GB RAM

8 x 2¥160GB Hitachi SATA HDD

8 x Asus M2N-LR Mainboards

ViewSonic 22" WideScreen LCD

KVM Switch - DLink DKVM-8E

Network Switch - 24port 1GBit/s 3COM 3¢17300A

NANRNNNRNN
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CERN

BG Grid

T—— Romania

y ===\ GEANT

J1. utoB

e BGO5-SUGRID e

~alh i P
Sofia University . - i s N @x‘_\&
i ~ QT

Greece
Mop,enmpaHe Ha B3anMogeuncTBud Ha 6VIOJ'IOI'VILIHVI MOJ'IeKyJ'IVI
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OCHOBHM NPUHUNNN



CERN

MexaHuka

X (1) 3aKkoH 3a anKeHe

Velocity

Trajectory

YpaBHeHne Ha HoToH
2

- - d - S d —
[Location v(t) = —x(t) F—m—— X(t)
dt dx”
(a)
- YpaBHeHue Ha LpboaunHrep
11N
probability Wavef ; oVv h 2
avefunction, v ihe— = HV = —— V20 + V(r, )T
X ot 2m
\D AX.Ap = A /2  NpuHumn Ha XaiseH6epr
- BeposTHocT
' P(X,t):LP*(X,t)LP(X,t) cucremarta ga ce
Hamupa B (r,t)
(b) Low pr(_;babilit_\'

= f U x AU dr CpefgHa CTOMHOCT Ha A

A — pm3nyHa BennymHa
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CERN
Knacundyecka MexaHuka KBaHTOBa MexaHuka
A Ss- ® A
Epot n=3
n=2
n=1 h o
n=0
g
<<
nT, ET, mT, h>0
d_r P Hioron Teopema Ha d<I> _ <p>
dt m Eperdpect dt m
dp — dV(x) d{p) <dV>
dt dx dt dax
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CERN

MonekynHa mexaHuka

» MonekynHa MexaHW4YHO OMnMcaHue Ha CTPYKTYpUTe — noxeaT
OCHOBaH Ha Knacu4yeckata MexaHuka

» [1pocTn ypaBHeHUAa onmnceally NnoTeHUmana Ha
B3aMMOLAENUCTBME MeXOY aTOMUTE B MOJIEKYNNTE U MeXay
MOMEKYNMHNTE B3aUMOOENCTBUA - MONENYNHO-MeXaHU4YHO
CUNOBO Mnone

» MeTopq 3a MMHMMU3NPaAHE Ha eHeprusaTa Ha MONEKYHU
CUCTEMU Ype3 BapupaHe Ha reoMeTpudaTa

» MeTopn 3a npecmdaTaHe Ha BpemeBaTa eBOJIIoLMA Ha aToOMUTe
N MOJIEKYITHUTE CUCTEMU - MOJSieKynHa anHammka (M)

1. INuTos MopgenupaHe Ha B3aumogencTBmst Ha GUONOrMYHN MONEKYN



CERN
MoviekyiHA TUHAMUKA

YpaeHueHusi Ha HOMoOH 3a sidpama

F = m X'n: VRnV(Xl’XZ’”.’XN)

n n

HucneHo unmeepupaHe

x () = xn(to)+ )'(n(to)(t—to)+ %x’j(t-to)2

\Y (xl, X,y Xy ) - lMTomeHuyuanHa eHepausi

« [TlapameTpuanpaHe Ha NoTeHUnanHaTa eHeprua — MONeKysiHo-
MEeXaHW4YHO CUIIOBO Morne

20 ’XN): Z‘4Vk(X; pk)

k
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CERN
MoJieky/iHAa TMHAMUKA

YncneHo nHTerpupaHe Ha ypaBHeHudaTa Ha HIOTOH

- - - = (08, (at)
XX ZAL) = X, (@XF v MAN DA tatF s At AL
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CERN

Mooernu

yacmuuume

yacmuuu 6 cucmemama

» Xapaxmepu3zupam ce om npupooama Ha 63auUMOo0eliiCmeUAMa MeHcoy

» U3znonzeam ce KOHcepeamueHu ()eyuacmutmu CU/iu — U3NBJ/IHEH € 3dKOHA 3a
3ana3zedHe Ha enepcusima u cuiama, Oeﬁcmeama Ha eOHa yacmuua e
cynepno3uuusa om cuiume, C Koumo u oelicmeam 6CAKa eOHa om Opyzume

—_— 8 _— —
f, = —=U (x;,x,)
O X.

Fo=> f,
j=1

1+
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i

v

A

—_— — —

Xeq = (xl,xz,..., X\ ),

TaKaBa qcC

e

Fi= O3a Vi
ce Hapu4a
pasHoBecHa mouxa
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filxy,xs) = —k(ay — a9+ d),
‘]L‘2($1j wg) == k($1 — X9 —|— d)
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CERN

m Ul — 1 y X
L2 JEZ, r
\ 2 ) \fé,y ) / '!;:1 \ / /.1 \
r J2
- | _
3a n-yacmuuyu :
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¢ YucneHo uHTerpmpaHe Ha ypaBHEHUETO Ha ABUXeHUe Suao,
- SRR
Anropuntbm Ha Onnep s 1

Ha4yanHu ycnoeus

mx = f(x) mu f(x)  x(0)= 2

Paduyc eexmopa u x(t+h) ~ x(t)+ hu(t)
ckopocmma csied h

cmbnka h u(t+ h) =~ u(t)+ —f(l(f))

rre
Anroputbm Ha Bepne
v+ h)—22()+ 2L — h)
h*
2l 4+ h) ~22(l) —a(l —h)+ h7 (1))
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