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Povzetek

Pri razvoju novih zdravil se farmacevtska industrija vedno bolj obraca k
molekularnemu modeliranju, vedi, ki preu€uje lastnosti molekul tako, da
jih poustvari kot modele s pomo¢jo racunalnika in jih obravnava z
uporabo razli¢nih matematiénih pristopov.

Razvoj novih zdravil je dolgotrajen in drag proces, ki od ideje do
kon&nega izdelka obi¢ajno zahteva 10 ali ve¢ let napornega dela in

okroglo milijardo dolarjev.

Z uporabo novih matematiénih pristopov in modernih racunalnikov ga
skusamo skrajSati in poceniti, pri ¢emer nas zanimajo predvsem

molekule, vpletene v razvoj razli¢nih bolezni.

Na predavanju bomo predstavili novo razvita matemati¢na orodja, ki se

uporabljajo na podro¢ju razvoja novih zdravil.



Kaj je molekularno modeliranje?

Molekularno modeliranje je algoritmiéni zapis matemati¢nih relacij, ki

jih izlus¢imo iz obravnavanega realnega sistema.
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Molekularno modeliranje

Molekularno modeliranje je nepogresljivo pri teoretskih raziskavah v

naravoslovnih in tehni¢nih znanostih, kot so:
— kemija

— molekularna fizika

— strukturna biologija

— farmacija



Uporaba molekularnega modeliranja

Molekularno modeliranje se uporablja za reSevanje problemov:
— strukture in dinamike molekul

— snovi v gmoti

— kemijskih in biokemijskih reakcij

— razvoja novih zdravil

Razvoj metod molekularnega modeliranja je tesno povezan z razvojem

najmodernejSih racunalnikov.



Molekularno modeliranje v Sloveniji
e Uvajanje ra¢unalnistva v kemijo v Sloveniji za¢ne akad. prof. dr. Dusan HadZi

e Leta 1993 MZT ustanovi Center za molekularno modeliranje na Ki
(Vodja: prof.dr. DuSanka JaneZi¢)

e Namen centra je:
1. Vzdrzevati in izpopolnjevati vse skupine metod molekularnega modeliranja
2. Pomagati raziskovalcem pri uvajanju teh metod v razna podrogja
raziskovalnega dela

3. Nabaviti, vzdrzevati in razvijati potrebno programsko in strojno opremo za
molekularno modeliranje

4. Svetovati uporabnikom pri izbiri programske in strojne opreme potrebne za
molekularno modeliranje in izobraZevanje kadra

Sodelovanje pri reSevanju konkretnih problemov uporabnikov

Sodelovanje pri projektih MVZT oz. ARRS

Sodelovanje z univerzami in instituti

N o o

8. Sodelovanje z industrijo, predvsem kemijsko in farmacevtsko (LEK, KRKA)

e Leta 2009 KI ustanovi Laboratorij za molekularno modeliranje
(Vodja: prof.dr. DuSanka JaneZi¢)



Razvoj novih zdravil

Spremljanje zdravil
po prihodu na trg
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Razvoj novih zdravil
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Figure 2 | R&D model yielding costs to successfully discover and develop a single new molecular entity. The model
defines the distinct phases of drug discovery and development from the initial stage of target-to-hit to the final stage, launch.

Vir: Paul et al. Nature Reviews Drug Discovery 9, 203-214 (2010}
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Predstavitev razvoja nasih novih metod za molekularno modeliranje bioloskih

makromolekul. Predvsem:

Metode za doloditev vibracijskih frekvenc in normalnih nadinov gibanja

velikih sistemov

Split Integration Symplectic Method, metoda za numeriéno reSevanje

enacb za simulacijo molekulske dinamike

Distributed-Diagonal Force Decomposition Method, vzporedna metoda

za simulacijo molekulske dinamike

Force Decomposition Machine za hitro vzporedno ra¢unanje sil na

osnovi novo razvite DDFD metode

VRANA, vzporedene racunalniske arhitekture



Harmonska analiza velikih sistemov

Bernard R. Brooks, Du%anka JaneZi&, Martin Karplus, “Harmonic Analysis of Large Systems. |I. Methodology,” J. Comp.
Chem. 16, 1522-1542, 1995.

Du%anka JaneZi¢, Bernard R. Brooks, “Harmonic Analysis of Large Systems. |l. Comparison of Different Protein Models,” J.
Comp. Chem. 16, 1543-1553, 1995.

Du%anka Janezi¢, Richard M. Venable, Bernard R. Brooks, “Harmonic Analysis of Large Systems. Ill. Comparison with
Molecular Dynamics,” J. Comp. Chem. 16, 1554-1566, 1995.



Metoda SISM

Hamiltonsko funkcijo razcepimo kot

H = Hy + H, ; il
in uporabimo priblizek

At . At -
Nlt4+Aar =  exp 7LHO exp(AtLyy, ) exp 7LHO nlt + O(At?)

At je integracijski ¢asovni korak

1. Dus8anka JaneZi¢, Matej Praprotnik, Franci Merzel, “Molecular Dynamics Integration and Molecular Vibrational Theory. I.
New Symplectic Integrators” J. Chem. Phys. 122, 174101, 2005.

2. Matej Praprotnik, Du$anka Janezi¢, “Molecular Dynamics Integration and Molecular Vibrational Theory. Il. Simulation of
Non-Linear Molecules” J. Chem. Phys. 122, 174102, 2005.

3. Matej Praprotnik, Dusanka JaneZi¢, “Molecular Dynamics Integration and Molecular Vibrational Theory. Ill. The IR
Spectrum of Water”, J. Chem. Phys. 122, 174103, 2005.



Vzporedna metoda SISM

Nadaljne izboljSave novo razvite metode SISM smo dosegli z njeno

implementacijo na vzporednih racunalnikih.

Vzporedna metoda SISM se v vzporednem nadinu obnasa enako kot
vzporedna leap-frog Verlet metoda: pohitritev doseZemo zaradi povecanja

integracijskega koraka.

1. Urban Borstnik, Milan Hodo%¢ek, DuSanka Janezi¢, “Improving the performance of molecular dynamics simulations on parallel
clusters”, J. Chem. Inf. Comput. Sci., 44, 359-364, 2004.

i¢, “Fast Parallel Molecular Simulations”, Croat. Chem. Acta, 78, 211-216,
2005.



SISM za mikrovalovno katalizo
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Urban Bren, Matej Praprotnik and Du3anka JaneZi¢, Rotational Motion and the Solvation Properties od Water - Implications for the
use of Microwave lrradiation JCP, Submited, 2012



Distributed Diagonal Force
Decompostion Metoda

IzboljSana metoda porazdelitve sil za vzporedno radunanje atomskih interakcij
Uporablja manj procesorjev v danem bloku
Ima manjSe komunikacijske zahteve

Ima dinamiéni load balancing

Blocks

Blocks

Urban Borstnik, Tim B. Miller, Bernard R. Brooks, DuSanka JaneZi¢: The Distributed Diagonal Force Decomposition Method
for Parallelizing Molecular Dynamics Simulations, J. Comput. Chem.,32, 3005-3013, 2011.



Force Decompostion Machine

e Zgradili smo specialno “force decomposition machine” za hitro vzporedno ra&unanje sil na osnovi novo razvite Distributed

Diagonal Force Decompostion metode
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Urban Borstnik, Tim B. Miller, Bernard R. Brooks, Du3anka JaneZi¢: Implementation of the Force Decomposition Machine
for Molecular Dynamics Simulations, Submitted, 2012.



VRANA

VRANA (Vzporedni Ra&unalnik za Akceleracijo Numeri¢nih Algoritmov)

*VRANA 1 (1998): 4 X 2 Intel Pentium 11 400 MHz; Ring

*VRANA 2 (1999): 16 Intel Pentium Il 450 MHz; Torus

*VRANA 3 (1999): 32 Intel Celeron 466 MHz;Torus

*VRANA 4 (2000): 32 Athlon 700 MHz;Hypercube

*VRANA 5 (2001): 16 X2 AMD Athlon MP-1600-;Hierarchical Hypercube
*VRANA 6 (2002): 8 X2 AMD Athlon MP-1900+;Hierarchical Hypercube
*VRANA 7 (2002): 2 MD-GRAPE Il Computers;Gigabit Link

*VRANA 8 (2003): 64 x 2 AMD Athlon MP-2200;Hierarchical Hypercube
*VRANA 9 (2005): 64 x 2 AMD Opteron 242;Gigabit Switches

VRANA 10 (2006): 37 X2 AMD Dual-core Opteron 265;Gigabit Switches
VRANA 11 (2007): 46 X 8 Intel XEON 1.9 GHz; Gigabit Switches
VRANA 12 (2010): 77 X 8 Intel XEON 2.3 GHz; Gigabit Switches
VRANA 13 (2011): 14X 16 + 12X 32 AMD 2.0 GHz; Gigabit Switches




Vzporedne simulacije na hamiltonskih kubi€nih grafih

o Predstavili smo razred medsebojno
povezanih ra¢unalniskih mrez za vzporedno
racunanje simulacije MD na hamiltonskih
kubi¢nih grafih.  Analiza komunikacijskih
poti pokaZe, da so hamiltonski kubi&ni grafi

F14 primerni kandidati za vzporedne racunalniske
topologije, ki omogocajo hitro komunikacijo
in s tem hitrejSe vzporedno ralunanje
simulacije MD.

iy

F16 F20A

AT

Interconnection Networks for Parallel Molecular Dynamics
Simulation Based on Hamiltonian Cubic Symmetric Topology”, J. Math. Chem., 45, 372-385, 2009.



Graf teoreticne matrike v kemiji

MATHEMATICAL
CHEMISTRY
MONOGRAPHS
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GRAPH THEORETICAL
MATRICES in CHEMISTRY

e

KRAGUJEVAC, 2007

Mathematical Chemistry Monographs, No. 3

Graph Theoretical Matrices in Chemistry

D. Janezic
A. Milicevié
S. Nikoli¢
N. Trinajsti¢

Publisher: University of Kragujevac and
Faculty of Science Kragujevac, ki izdaja tudi revijo
MATCH (IF(2007) = 2.5)

2007, VI +195 pp. Hardcover
ISBN: 86-7828-071-9
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Predstavitev razvoja nasih novih metod za molekularno modeliranje bioloskih

makromolekul. Predvsem:

e LSA (Local Structural Alignement) - algoritem za napovedovanje
proteinskih vezavnih mest s pomocjo lokalnih strukturnih podobnosti

e ProBiS (Protein Binding Sites) - algoritem za iskanje strukturno
podobnih proteinskih vezavnih mest na osnovi lokalnih strukturnih

podobnosti

e ProBiS (Protein Binding Sites) - spletni streZnik za iskanje strukturno

podobnih proteinskih vezavnih mest



Problem maksimalne klike grafa

Razvili smo algoritem za iskanje maksimalne klike v neusmerjenem grafu, ki

je do 10-krat hitrejSi od primerljivih algoritmov.

Neusmerjeni graf G=(V,E); V je mnoZica vozli¥¢ in je E mnoZica povezav. Maksimalna klika je
popolnoma povezan podgraf danega grafa z maksimalnim Stevilom vozlis¢.

Uporabili smo ga za napovedovanje vezavnih mest na proteinih.
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1. Janez Konc, Dusanka Janezi&, “An Improved Branch and Bound Algorithm for the Maximum Clique Problem,” MATCH, 58,
569-590, 2007.

2. Janez Konc, Du3anka Janezi&, “A Branch and Bound Algorithm for Matching Protein Structures”, Lecture Notes in
Computer Science, 4432, 399-406 2007.



Napovedovanje vezavnih mest na proteinih

Primer dveh proteinov, ki tvorita proteinski kompleks. Serin proteaza je
obarvana sivo, inhibitor serin proteaze je obarvan oranzno. Vezavno mesto
na sivem proteinu je obarvano rdede.

A protein-protein complex

Inhibitor of serine proteases

Serine protease



Maksimalna klika

Maximum clique

Gl x G2 algorithm . .
Product graph > Maximum clique

\

Two protein graphs

Proces iskanja maksimalne klike v produktnem proteinskem grafu, dobljenem iz dveh
proteinskih grafov G1 in G2. Funkcionalne skupine so ozna&ene z DO, AC, ACDO, Pl in AL ter
predstavljajo donor vodikove vezi, akceptor vodikove vezi, meSan tip, to je akceptor in donor
vodikove vezi, aromatsko skupino in alifatsko skupino. Pois¢emo maksimalno kliko v
produktnem grafu, ki predstavlja najvecjo skupno podstrukturo v obeh proteinskih grafih.

Nejc Carl, Janez Konc, Blaz Vehar, Dusanka JaneZi¢, “Protein binding site prediction by local structure alignment,” J. Chem. Inf.
Model., 50, 1906-1913, 2010.



Input
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Napovedovanje vezavnega mesta na testnem proteinu. Predstavljene so $tiri variante LSA

algoritma. Optimalna varianta, podé&rtana rdece, je LSA 2.

Nejc Carl, Janez Konc, Blaz Vehar, DuSanka JaneZi¢, “Protein binding site prediction by local structure alignment,” J. Chem. Inf.

Model., 50, 1906-1913, 2010.




LSA Algoritem

Prikaz vezavnih mest napovedanih z vsako od stirih metod kombiniranja lokalnih strukturnih
podobnosti - LSA 1-4 - na 8 podenoti heterotrimera proteina G (PDB koda: 1got). Povrsina
proteina je obarvana modro, kristalografsko doloéeno vezavno mesto, zeleno. Stranske verige
aminokislin, ki so bile del napovedanega vezavnega mesta, rumeno.

Nejc Carl, Janez Konc, Blaz Vehar, Dusanka Janezi¢, “Protein binding site prediction by local structure alignment,” J. Chem. Inf.
Model., 50, 1906—-1913, 2010.



ProBiS - Protein Binding Sites

Query structure

cluster similar &

PDB enerate surfaces| Nr-PDB Alignments
(00,000 W (23,000 local structural ?ﬁ;%bc?ﬁe
structures) structures) allgnments

Shematska predstavitev priprave nr-PDB baze, konverzija proteinov v

povriinsko reprezentacijo in predstavitev ProBiS rezultatov v bazi (MySQL).

Janez Konc, Dusanka Janezi&, ProBis algorithm for detection of structurally similar protein binding sites by local structural
alignment. Bioinformatics, 26, 1160-1168, 2010.



ProBiS Algoritem

A B C

00 query protein
nr-PDB é’ steps A-»D ~23,000x

ProBiS algoritem se od drugih pristopov razlikuje po tem, da je povsem
neodvisen od aminokislinskega zaporedja proteina in zvitja glavne verige.

Janez Konc, Dusanka Janezi¢, ProBis algorithm for detection of structurally similar protein binding sites by local structural
alignment. Bioinformatics, 26, 1160-1168, 2010.



ProBiS - Biotin Carboxylase Homodimer
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ProBiS - TATA-box binding protein
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ProBiS - Web Server : http://probis.cmm.ki.si
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Janez Konc, Du%anka JaneZi¢, ProBis: a web server for detection of structurally similar protein binding sites. Nucleic Acids Res., 38,
W436-W440, 2010.



ProBiS Link: RCSB PDB & CCL

ProBiS streznik (http://probis.cmm.ki.si) je bil na povabilo avtorjev PDB
baze (Protein Data Bank, http://www.rcsb.org) uvricen na listo orodij za
analizo proteinskih struktur na RCSB Protein Data Bank spletni strani:

http: //www.rcsb.org/pdb/static.dop?general .information /web_links /structure_classification.html

Tu so na enem mestu zbrani najbolj uspesni programi, ki se uporabljajo za
klasifikacijo novih, e neopredeljenih proteinov, predvsem tistih, iz projektov

strukturne genomike.

Zaradi izjemne odmevnosti RCSB spletne strani, so na povabilo CCL
(Computational Chemistry List) spletne strani, web server ProBiS uvrstili

tudi na seznam racunalniskih orodij za analizo proteinov:

http://www.ccl.net /chemistry/links/software /index.shtml.



ProBiS - 2012 Web Server
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ProBiS - Ligands - Web Server
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ProBiS - Ligands - Web Server

%‘ ProBiS ij.:

Protein Binding Sites Detection
As of Mar 13, 2011 your protein is compared with 27408 structures

‘SUBMIT ANOTHER STRUCTURE | HELP

PoBiS requires Java..

Binding Sites ] Proteins

INudBicmiﬂsI&nﬂl Drms

| Reset View | | Download PDB File Containing Viewed Structures |

Molecules in the Jmol Viewer (left mouse-click to expand]

Jmol

" Falnred noens strichirs fasummestrie unit and hinksnicsl assembiies)

Mi&

KA

‘ 3KSE, chain 64 similar structures

o
T T |

Ligands
© Back to Binding Cd 12
Sites
1 Zn*?
zmcion
Zap in Jmol h

Recalculate the Page With a Different Set of Parameters 7




ProBiS - Ligands - Web Server

% Praais “g ands Protein Binding Sites Detection

As of Mar 09, 2011 your protein is compared with 27406 structures.

SUBMIT ANOTHER §

ICTURE | HELP

| 1YTF, chain [ : 44 similar structures ‘

lons

Ligands

@ Back to Binding
Sites

PROTEN (TRANSCRITION FACTORIA-TORZ
Snm

&

Binding Sites IDvms(ns Proteins Iu.ueu:m Nucleic acids Ism Small D
molecules  molecules

| Reset view | | Downioad PDB File Containing Viewed Structures |

Molecules in the Jmol Viewer _(left mouse-click to expand)

Recalculate the Page With a Different Set of Parameters 7
Colored query structure (asymmetric unit and biological assemblies) | 1 NiA WA
. = ¢ <7 ) Set the filter mode: O Strict © Neutral © Loose & Other
Number of fingerprint residues: [2 E-value: [0.0001  Surface pateh size: [10 Surface vectors angle:
General transcription factor iib 5 © Hideal (%) el 5 = =

15708 Surface patch RMSD: [2

, The recalculation of the page with different parameters can take some
=2 Protein (transcription factor iia - toa2 subunit) 1 ® Hideall [%) {iine, Mbamide. do not ormas anv hin o dick the bagk bution | Recalculate! |




ProBiS - Ligands - Web Server

% Prnais ligands Protein Binding Sites Detection

As Of Mar 09, 2011 your protein is compared with 27406 structures

SUBMIT ANOTHER STRUCTURE | HELP requires Java.

‘ 1YTF, chain Q : 44 similar structures j

i |
S ok

Binding Sites

s | lons

Jmol Options.

I Subtract nucleic aci.
< View all nucleic acid.
© Reset View |

Download

! Binding sites residues  rinding ke or ADMLE TATA-BOX DHACO....

Resize By

“J ...number of ligands
“J...number of residues

Jmol
Binding Sites Ipmezns IM.neicmlﬂsISmBJI D ons
molecules
| Reset View | | Download PDE File Cantaining Viewed Structures |
Molecules in the Jmol Viewer (lsft mouse-click to expand)
Recalculate the Page With a Different Set of Parameters ?
Colored query structure (asymmetric urnit and biological assemblies) | 1 A NIA
Set the fiter mode: © Stict © Neutral O Loose © Other
- Number of fingerprint residues: [2 Ewvalue: [0.0001  Surface patch size: [10 Surface vectors angle!
Swd General transcription factor iib 5 ® Hideal [x) — - =
5708 Surface patch RMSD: [2
The recaiculation of the page Wi different parameters can take some [~
=Y Protein (ranscription factor ia - toa2 subunit) T o Hideal (%) . MBS, B0 ik e ey Ky Or K S Bk Bt | Recalcuiate! |
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ProBiS-Database

4 ProBis - Database of Pro

Prot

€ | @ tyr.cmm.kisi/beta
lea
Introduction

* If you are new to ProBIS-
Database. you can watch the
introductory video available here.

PDE ID | Search |

ProBiS-Databhase Access

ProBis-Database i a repository for structurally similar protein binding sites analysis of the
proteins of known structures in the Protein Data Bank (PDB). Structures of each of the

ding Sites Detection
As of Nov 26, 2011 your protein is compared with 29318 structures

HOME | HELP

ProBiS-Database in Brief

[elick on the slideshow to see static picture]

non-redundant PDE entries, currently 20318 of them, are locally structurally aligned to all
other proteins in this database, Using ProgIS local struetural alignment algorithm. Non-
redundancy to > 95% sequence identical structures ensures that all the structural variability
in the PDB is thoroughly covered. The structural similanity scores of each amino acid

Citation

* Konc.d, Cesnik,T., Trykowska
Konc,J,, Penca,M., Janezic,D.
ProBiS-Database: Pre-calculated
Binding Site Similarities and

position in the alignment is calculated

The ProBiS-Database Widget

Local Pairwise af
PDB Structures. J. Chem. Inf.
Mod., submitied. The ProBiS-Database Widget provides access to the local structural similarity profile for

Related Citations

Widget:

+ Kone,J. and Janezic.D. ProBiS
algorithm for detection of
structurally similar protein binding
sites by local structural alignment.
Bloinformatics 2010, 26, 1160-
1168,

Lo

+ Konc,J. and Janezic,D. ProBiS: A
weh server for detection of
structurally similar protein binding
sites. Nucleic Acids Res. 2010,
38, WA36-W440,

+ KoncJ. and Janezic,D. Protein-
protein binding-sites prediction by
protein surface structure
conservation. J. Chem. Inf. Mod.,
2007, 47, 940-944.

L5

« Konc,J. and Janezic,D. An
improved branch and bound
algorithm for the maximum clique
problem. MATCH Commun
Math. Comput. Chem.. 2007, 58.
569-590.

i

a protein chain. You can try the fully funetioning example below!

Usage:

To embed in your own website, copy/paste the following

ProBiS-Database line to your HTML code.

PDB ID: | Chain

D: |

<seripe type="text/javascript®
="heep: //tyr .cam.ki . si/bera/unstable/newbin/pu/?

158pxatitle-color=423fasgbody-

Color=whitesnoke"></sCript>

Su

Options:

The ProBiS-Database Widget is highly customizable to
best fit within your site. There are a number of options
you specify to customize the widget. You can omit any of
these options, and the widget will use default values.

+ width - Specify the width of the widget (ex.
150px). The default width is 280px.

title-color - Specify the color of the title and
borders in html hex form (ex. #faa). The default is
orange.

body-color - Specify the color of the body in htmi
hex form (ex. whitesmoke). The default is
whitesmoke.

The ProBiS-Database RESTful Web Service Interface

The ProBiS-Database features RESTful (REpresentational State Transfer) Web
Services to make our data easily accessible from your scripts. ProBiS-Database
contains data only for non-redundant PDB chains. This means that you have to use
representative non-redundant PDB & Chain IDs as queries (see examples below).

1

Asp196

smelconrols @ Mg2+ binding site

o bt 9 S et | Spaceth 1 5pin

Rexot viow

Variable

Structurally conserved residues (red) correspond
with a binding site.

Contact

Your suggestions, questions, comments, or bug
reports will help us to improve this sitet

Name:

Comment:

p
| Submit

Janez Konc, Tomo Cesnik, Joanna Trykowska Konc, Matej Penca and Du3anka JaneZi&, ProBiS-Database: Pre-calculated Binding
Site Similarities and Local Pairwise Alignments of PDB Structures JCIM, Submited, 2011.




ProBiS-Database

Toggle <= Labels o Hetero = Spacefill = Spin

Structurally Conserved

| Reset View | | Download PDB File Containing Viewed Structures |

| search |

5CYT, Chain E : 155 similar structures

Rank Alignments

32
33
34
35
36
a7
38
39
a0
a1
42
43
a4
45
46
47
a8
a9
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66

View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View

Details

Chain
3mk7.B
451c.A
Iw2l.A
2dow.B
1ppe.Q
2zbo.K
30a8.D
3I70.0
1cBs.A
3dr0.A
1zrt.D
3dmi.A
3cpb.A
laBc.A
1h32.A
2gc?.D
2zxy.A
1cor.A
imzd.A
Tdvv.A
3cud.A
2xts.B
igu2.B
Iflc.A
lyig.A
1nir.A
2c8s.A
lwve.D
3b47.A
3dp5.A
1c75.A
2qjy.E
3mk7.M
1e52.A
3cx5.0

Selection
Name
Cytochrome ¢ oxidase, cbb3-type, subunit
Cytochrome c551
Cytochrome oxidase subunit i
Cytachrome cl

Cytochrome c1, heme protein, mitochondri

Cytochrome c6

Soxx

Mitochondrial cytochrome 1, heme proteir,
Cytochrome c6

Cytochrome ¢6;

Cytochrome c1

Cytochrome c6

Cytochrome ¢

Ferrocytochrame ¢-552

Diheme cytochrome ¢

Cytachrome ¢

Cytochrome ¢552

Cytochrome €551

Cytochrome c550

Cytochrome c551

Cytochrome c family protein

Cytochrome

Cytochrome ¢

Cytachrame c549

Quinchemoprotein alcohol dehydrogenase
Nitrite reductase

Cytochrome ¢-|

4-cresol dehydrogenase [hydroxylating] oyt
Methyl-accepting chemotaxis protein
Cytochrome c family protein

Cytochrome ¢-553

Cytochrome c1

Cytochrome ¢ oxidase, cbb3-type, subunit
Cytochrome-c552

Cytochrome c1, heme protein, mitochondri

Hot

»

*

Q

HOME | HELP

Z-Score
B -
223
2.20
219
217
215

202
201

199
197
1.96
195
190
187
1.86
1.85
185
1.85
184
184
184
180
177
b B}
174
173
b U7 |

Local structural similarity web page for cytochrome c query protein



ProBiS-Database

L € | ® tyremmkisi/beta/un SCYT.R | A

(b) ‘

5CYT, Chain E : 155 similar structures

Similar Proteins | Detall ‘ Selection

B Query Protein O Atigned Protein |
Name: CYTOCHROME C  Name: PROTEIN (CYTOCHROME F)

PDB ID: 5CYT PDB ID: 1CI3

Chain ID: R Chain ID: M

PFAM: PF00034 PFAM: PF01333

Select Alignment:

o Alignment No. 1

Alignment No. 1

Back to top

Query Protein Aligned Protein
Res. Name Res. ID Chain ID Res. Name Res. ID Chain ID
cvs 4 R .
ALA 5 R =
GLN 6 R
CcYs 17 R
HIS 18 R —
PHE 10 R
VAL 11 R —
VAL 28 R —
MainJeol 2-Score; 1.23
Downicad Ali Alignment Score: 4.68

- E-value: 1.8E-6
Download PDEB of Superimposition \ Vertices: 22

o | RMSD:27

Surt. Vectar. Angle: 1.14

Legend:

— quivalent and similar physical-chemical

- ... Structurally not equivalent, but similar physical-chemical properties.

Toggle ) Labels / Aligned residues ¥ Hetero - CPK colors
].,“'3‘ Chain M | To calculate the coordinates superimposition. use the following transformation on
All. No. 1 | Alighed Vertices: 22 | E-value: 0.0000018 | RMSD: 2.7 A Rligned protsin:
e = X2' = (-9.80)*X2 + (-0.13)*Y2 + (-0,44)*72 + (53.09)
Back to Query | | Downioad PDB File Containing Viewed Structures ¥2' = (-0.08)*X2 + (-0.9)"Y2 + (0.84)"Z2 + (46.55) |
22 = (-6.45)*X2 + (0.43)*Y2 + (0.79)*22 + (54,71) ~]

4]

Similar binding sites in protein structures of different Pfam families - cytochrome



ProBiS-Database

1TO2, Chain E : 36 similar structures

' Similar Proteins ‘ ils | Selection
@ Previous 29/36 Next @ Tl

ProBis found 1 local structural alignment of 1TO2.E with 1AZZ.A.

M Query Protein [ Atigned Protein
Mame: SUBTILISIN BPN' Mame: COLLAGENASE
PDB ID: 1TO2 PDB ID: 1AZZ

Chain ID: E Chain [D: A

Pfam: PF0OD082 Pfam: PFO0D8S

Select Alignment:

e Alignment No. 1

Alignment No. 1

Back to top
Query Protein Aligned Protein
Res. Name Res. ID Chain ID  Res. Name Res. ID Chain ID
GLY 166 E
TYR 167 E
PRO 168 E
VAL 20 E
SER 204 E
ILE 205 E
GLN 206 E
SER 207 E
THR 208 E
ASP 32 E —
HIS G4 E —
LEU 96 E == L
ALA 152 E =
ASN 155 E ===
jmol SER 271 E ==
MET 222 E ==

Toggle ¥ Labels ¥ Aligned residues  Hetero ! CPK colors

Z-Score: LT

1to2, Chain E ] lazz, Chain A | Download Alignment as XML | Alignment Score: 5,73
L i :

E-value: 7.78E-11

Ali. No. 1 | Aligned Vertices: 20 | E-value: 7.78e-11 | RMSD: 1.5 A | Download PDB of Superimpasition | ;arg%esl 250
| Back to Query | | Download PDE File Containing Viewed Structures | Surf. Vector. Angle: 1.35

4]

Detection of Convergent Evolution in PDB structures - subtilisin and trypsin



ProBiS-Database

Jmol
Toggle - Labels ¥ Hetero | Spacefill | Spin | Asymmetric Unit v
Variable Structurally Conserved

[T T - TS S - ]

EEREEBEBEEYNEFNNEBRREBEBERENSEEEBRESE

Rank Alignments

View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View
View

‘ Details
Chain
1jmo.C
1y47.B
2cih.A
3a68.B
2fkz.G
3gvy.A
1jgec.A
1s3q.G
2vzb.B
2hbj.A
1413
2y3q.E
3g7c.A
3p8c.B
2qqy.A
2a06.5
3k20.A
2ic6.A
2huj.A
Isr.A
3kit.C
1i1q.A
3oll.B
2j69.B
3tiz.A
3cpm.A
Lcii.A
3ipx.A
2q7LA
1f5.A
1vsi.B
1I5w.B
2nnw.A
2ysu.B

3K6C, Chain m : 75 similar structures

Selection

Name
Protein (four-helix bundle model)
Dueferri (df2)|
Ferritin heavy chain
Ferritin-4, chloroplastic
Bacterioferritin
Bacterioferitin|
Bacteriaferritin
Ferritin|
Putative bacterioferritin-related protein
Exosome complex exonuclease rrpé
Dnak suppressor protein
Bacterioferritin|
Oceludin
Nck-associated protein 1
Sigma b operan
Ubiquinol-cytochrome ¢ reductase comple
Putative uncharacterized protein
Nucleocapsid protein|
Lin2004 protein
Sporulation response regulatory protein|
Vimentin
Anthranilate synthase component |
Estrogen receptor beta
Bacterial dynamin-like protein|
Malate dehydrogenase.
Peptide deformylase, chloroplast|
Colicin ia
Dna gyrase, a subunit
Protein trai
Preprotein translocase seca subunit|
Pantoate-heta-alanine ligase
Maltodextrin phosphorylase|
Nop5/nop56 related protein
Colicin-e2

Hot

Z-Score
2is
269
2.54
239
229
226
228
210

199 |*

o8
1.96
1.96
1.96
183
182
1.85
184
176
1.74
174
173
e
171
170
1.69
1.68
1.68
1.66
185
164
164
1863
163
1.58

| Reset View | Download PDB File Containing Viewed Structures |

Functional annotation of uncharacterized proteins - putative binding site




ProBiS-Database

3K6C, Chain m : 75 similar structures

Similar Proteins ‘ L | Selection
W Query Protein Aligned Protein -
Mame: UNCHARACTERIZED PROTEIN NED167 Name: BACTERIOFERRITIN .
PDB ID: 3K6C PDB ID: 2FKZ
Chain ID: H Chain ID: G
Pram: Pfam: PF00210
Select Alignment:
s Alignment No. 1
o Alignment No. 2
« Alignment No, 3
s Alignment No. 4
Alignment No. 1
Back to top
Query Protein Aligned Protein
Res. Name Res. ID Chain ID  Res. Name Res. ID Chain ID
SER 26 H =
LEU 27 H =
GLU 28 H —
GLU 30 H ==
LEU 31 H —
ALA 3 H —
VAL 34 H =
Asp 35 H -
TYR 37 H ==
HIis 55 H ==
56 H —
58 H =i
5 H —
60 H o=
62 H ==
63 H —
64 H —
Jmol 67 H -
Toggle o Labels ¥ Aligned residues o Hetero | CPK colors 68 H ==
3k6e, Chain H 2fkz, Chain G £t 2
) 3 1 Alignment Score: 7.02
—_— E-value: 1.04E-9
Ali. No. 1| Aligned Vertices: 40 | E-value: 1.042-0 | RMSD: 0.7 A | Download PDB of Superimposition | Vertices: 40
o RMSD: 0.7
| Back to Query | | Download PDB File Containing Viewed Structures | Surf. Vector. Angle: 1.14 |
-

Functional annotation of uncharacterized proteins - superimposition of putative binding site in query protein and known Fe2+



Uporaba ProBiS orodij za razvoj novih zdravil

e Hemagglutinin
e ProBiS in proteinske to¢kovne mutacije

e Sodelovanje s farmacevtsko tovarno LEK



ProBiS - Hemagglutinin primer

F ProBi

SUBMIT ANOTHER STRUCTURE | HELP ProBiS requires J.

s Protein Binding Sites Detection
As of Dec 12, 2010 your protein is compared with 26807 structures

L 3HTP_AB, Chainl : 17 similar structures ]

3httA PAGWLLGNPECDLLLTANAWSYIIETSNSE-!
1rv0J [AGWLLGNPECDLLLI-SSW:

2wrhH VAGWLLGNPECDLLL
1rvxG [AGWLLGNPECD-LLP-
3gbnA [AGWLLGNPECDLLLTASW-SY-VETSNSE--
3lzgA
3kudr |
2wriG
1jsmA
3gbmA

19sdA
1hata
itigA
3m53E
3eykR
2rfthd

G-F-N

~D--DYQS-RS-LSS5--

Jmol
Jmol controls @
O show labels ¥l Show hetero O spacefill O spin
Asymmetric Unit 1]

>

|~

Variable Structurally conserved < Previ Next > [ show fingerprint residues @

Download files Set the filter mode: O stric ® Neutral O Loose O Other

o S |1 IS Y (S . S [

* Query structure 3HTP_AB with conservation scores in beta factors. Get Number of fingerprint residues: |5 E-value: |1.000e-04
PDB here. . § >

* Structure based sequence alignment and conservation scores. Get Surface patch size: |10 Surface vedtors angle: |1.5708
text file here, Surface patch RMSD: [2

.

Superposition of the query structure with - (Cluster ID -). Get PDB
here.

This process can take a few seconds. Meanwhile, do
not press any key or click the back button.

( ProBiS © 2009 Janez Konc J




ProBiS - Hemagglutinin primer

Table 1. PDB structures used in conserved residues prediction using ProBiS.

PDB

Subtype ID_CHAIN Strain Complexed with
H1 3AL4 KL  A/CALIFORNIA/04/2009(H1N1) -
3M6S_GH A/DARWIN/2001/2009(H1N1) -
2WRG_HI A/BREVIGMISSION/1/1918(H1N1) -
2WRH_HI A/MALLARD/ALBERTA/35/1976(H1N1) -
3HTO_AB A/MWDK/JIX/12416/2005(H1N1) -
3HTP_AB A/MWDK/JIX/12416/2005(H1N1) LSTa
3HTQ_AB A/MWDK/IX/12416/2005(H1N1) LSTc
3GBN_AB A/SOUTH CAROLINA/L/1918(H1N1) Fab CR6261
1RVZ AB A/PUERTORICO/8/34(H1IN1) LSTe
1RVO_HI  A/SWINE/IOWA/30 LSTa
H2 2WR0_B  UNIDENTIFIED INFLUENZA VIRUS -
2WR7_ B  A/SINGAPORE/1/1957(H2N2) -
2WRF_F  A/CHICKEN/POTSDAM/4705/1984(H2N2) LSTc
3KU3_AB  A/JAPAN/305/1957 (Q226, G228) -
3KU5_AB  A/JAPAN/305/1957 (L226, S228) -
H3 1EC8_A A/AICHI/68 (H3N2) Fab BH151
2VIU_A A/X-31(H3N2) -
H5 1JSM_A A/DUCK/SINGAPORE/3/97 -
2FKO0_A ANIETNAM/1203/2004(H5N1) -
3FKU_A Not mentioned Neutralizing antibody F10
3GBM ANIET NAM/1203/2004(H5N1) Fab CR6261
H7 1TI8_A A-TURKEY-ITALY-02 -
3M5H_A  A/ENVIRONMENT/NEW YORK/30732- -
1/2005(H7N2)
H9 1JSD_A A/SWINE/HONG KONG/9/98 -




inmn primer

ProBiS - Hemagglut

(C) Pocket Finder (D) Discovery Studio

(B) Q-Site Finder




ProBiS - Hemagglutinin primer

Monomer Hemagglutinin H1

[T B B-Factor Values SN

Conserved Avidity F10 - H1

-

»
<A

_‘ _Y F10 antibody
B 4

4

a

- // /

Multiple Sequence Alignment

L stem region of H1

5 ¥
s
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v
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ProBiS in proteinske tockovne mutacije

Nejc Carl, Milan Hodos¢ek, Janez Konc, Bernard R. Brooks, and DuSanka JaneZi¢, Interaction Free Energy Calculation of
Protein point Mutations, In preparation.



ProBiS in proteinske tockovne mutacije

K\ lazeA

lazeB

Nejc Carl, Milan Hodos¢ek, Janez Konc, Bernard R. Brooks, and DuSanka JaneZi¢, Interaction Free Energy Calculation of
Protein point Mutations, In preparation.



ProBiS in proteinske tockovne mutacije

Nejc Carl, Milan Hodos¢ek, Janez Konc, Bernard R. Brooks, and DuSanka JaneZi¢, Interaction Free Energy Calculation of
Protein point Mutations, In preparation.



Sodelovanje s farmacevtsko tovarno LEK




Prihodnost

e Se naprej ostati med vodilnimi strokovnjaki v svetu na podro&ju razvoja
molekularnega modeliranja.

e Se naprej prena%ati svoje znanje na mlajge generacije preko raziskovalnih
in pedagoskih aktivnosti - mentorstev.

e Se naprej uspesno poucevati na Univerzi na Primorskem, Fakulteti za

matematiko, naravoslovje in informacijske tehnologije.



Journal of Chemical Information and Modeling
An American Chemical Society Publication

CHEMICAL INFORMATION
MODELING

http://pubs.acs.org/
JCIM IF(2010) = 3.822

# 2/94 v kategoriji Computer Science, Information Systems

Dusanka Janezi¢, Associate Editor

National Institute of Chemistry, Hajdrihova 19, SI-1000 Ljubljana, Slovenia
E-mail: dusa®jcim.acs.org



Zahvale

Gredo predvsem
e moji ljubedi druzini
® mojim izjemnim sodelavcem
e mojim odli¢nim prijateljem
e in prijaznim financerjem

ter vsem vam za izkazano pozornost.
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ProBiS na You Tube



