Uloha 8
Predikce terciarni struktury
proteinu




Terciarni struktura proteinu —‘

Konkrétni umisténi jednotlivych atomu
polypeptidového retézce v prostoru

Absolutni souradnice — x, v, z

pro N atomu je tfeba 3N souradnic

Relativni souradnice — vzdalenost, uhel, torzni Ghel

pro N atomu je tfeba 3N — 3 souradnic

Komplikovana hiearchie:

Sekundarni — (Supersekundarni) — Terciarni
Motivy — Foldy — Domény



Strukturni motivy

Zpusob razeni useku sekundarni struktury, napr:
e beta-vlasenka (beta-hairpin)
* Recky kli¢ (Greek key)

e beta-alfa-beta

* Helix-otacka-helix (helix-turn-helix)




Proteinové foldy

Vznikaji kombinaci nékolika motivu, napr.:
* Helix-bundle
* Rossmanuyv fold

* TIM-barrel h]” th

fItitmitin




Proteinové domény

* Proteinova doména je prostorove vymezeny
usek proteinu, obvykle s vlastni funkci

e Zname proteiny jednodoménoveé i
vicedoménové
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Metody urceni 3D struktury

* Rentgenova difrakce - nejvice struktur v PDB
* NMR
e Ostatni metody < 1%

M Electron Microscopy
M Solid-State NMR

® Hybrid

® Neutron Diffraction
M Fiber Diffraction

M Electron

Crystallography
W Solution Scattering

M X-ray ® Solution NMR = Other

W Other
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Databaze 3D struktur

* WWPDB (http://www.wwpdb.org)

RCSB PDB — Research Collaboratory for Structural Bioinformatics
Protein Data Bank

PDBe — Protein Data Bank Europe
PDBj — Protein Data Bank Japan
BMRB — Biological Magnetic Resonance Data Bank

* SCOP (http://scop.mrc-Imb.cam.ac.uk/scop/) — strukturni
klasifikace protein(

* CATH (http://www.cathdb.info/) - klasifikace proteinovych domén
z PDB

e EMDataBank (http://www.emdatabank.org/) - struktury z

elektronové mikroskopie



http:///
http://www.wwpdb.org/
http://scop.mrc-lmb.cam.ac.uk/scop/
http://scop.mrc-lmb.cam.ac.uk/scop/
http://scop.mrc-lmb.cam.ac.uk/scop/
http://www.cathdb.info/
http://www.cathdb.info/
http://www.emdatabank.org/

Formaty ulozeni 3D struktury

PDB (Protein Data Bank)
¢ PDB F||e Format (http://www.wwpdb.org/documentation/file-format)

* mmCIF File Format and PDB Exchange
Dictionary

* PDBML - XML File Format

memeer or Tre SIPIDIEB | @EMDaaBank
An Information Portal to Biological Macromolecular Structures

PROTEIN DATA BANK
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& As of Tuesday Mar 26, 2013 at 5 PM PDT there are 89212 Structures
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Molecule of the Month

Erythrocruorin
Hemoglobin comes in many shapes and sizes. In our blood, a hemoglobin with four chains carries
oxygen from the lungs to cells throughout the body. Some plants build 3 single-chain hemoglobin to
help protect sensitive nitrogen-fixing bacteria from oxygen, similar to the single chain myoglobin
that stores oxygen in our muscle cells. Some bacteria alsa make simple forms of hemaglobin to help
manage oxygen and other small molecules. Earthworms, however, are the champions when it
comes to building huge hemoglobins. They, and a few other types of invertebrate animals, build
anormous complaxes of hemoglobin to carry their oxygen, termed erythrocrusrins.

Full Article

Protein Structure Initiative Featured System

PDZ Domains
PDZ domains are specialists in protein recognition, but PS1 Biology researchers are revealing their
e DR

ke 7

1 RCSBPDB News Hide

Weekly | Quarterly | Yearly

3D visual
Symmetry

ation of Protein

New Jmol options align proteins
slong symmatry axes, sndess
proteins in polyhedrons, and
color by symmatry. mare
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HiuM f LI HHu
ATOH 8 HE ARG
ATOH 9 CZ2 ARG
ATOH 18 HH1 ARG
ATOH 11 HHZ2 ARG
ATOH 12 H TYR
ATOH 13 CA TYR
ATOH 14 C TYR
ATOH 15 0 TYR
ATOH 16 CB TYR
ATOH 17 CG TYR
ATOH 18 CD1 TYR
ATOH 19 CD2 TYR
ATOH 28 CE1 TYR
ATOH 21 CE2 TYR
ATOH 22 .2 TYR
ATOH 23 O0OH TYR
ATOH 24 H LYS
ATOH 25 CA LYS
ATOH 26 C LYS
ATOH 27 0 LYS
ATOH 28 CB LYS
ATOH 29 CG LYsS
ATOH 38 CD LYS
ATOH 31 CE LY¥YS
ATOH 32 HZ LYS
ATOH 33 H FRO
ATOH 34 CA PRO
ATOH 35 C FRO
ATOH 36 0 FRO
ATOH 37 CB PRO
ATOH 38 CG FPRO
ATOH 39 CD PRO
ATOH 48 H ASP
ATOH 1 CA ASP
ATOH 42 C ASP
ATOH 43 0 ASP
ATOH 44 CB ASP
ATOH 45 CG  ASP
ATOH 46 0D1 ASP
ATOH 47 0D2 ASP
ATOH 4 H TRP

e [ P ——

—L£H.dYD T 1L.¥HT SL.DF0 1.U8 SY.iL
-25.048 -12.736 G53.869 1.060 61.38
-24.813 -12.499 55.6014 1.80 61.72
-23.087 -12.448 G55.0865 1.80 61.65
-25.115 -12.328 56.126 1.80 63.61
-24.0855 -9.087 49.545 1.080 50.83
-23.096 -8.180 43.948 1.00 48.87
-21.688 -8B.689 49.281 1.060 47.84
-21.378 -9.123 58.279 1.080 47.98
-23.287 -6.680 49.481 1.80 47.56
-24.788 -6.147 49.2904 1.080 48.37
-25.123 -5.6308 48.867 1.00 49.08
-25.619 -6.188 58.332 1.60 4.M
-26.419 -5.156 47.889 1.80 48.83
-26.918 -5.787 58.168 1.608 508.24
-27.386 -5.192 48.936 1.00 49.98
-28.589 -4.719 A48.773 1.88 51.15
-20.837 -8.493 A48.178 1.080 46.89
-19.429 -B.849 48.248 1.080 45.81
-18.589 -7.576 48.327 1.680 43.61
-19.852 -6.586 47.921 1.60 42.48
-19.834 -9.623 46.986 1.00 47.08
-19.825 -19.894 46.763 1.80 49.32
-19.594 11,448 45.365 1.80 51.43
-20.847 -11.313 44.498 1.80 53.57
-21.783 -12.464 44 647 1.80 54.87
18 -17.364 -7.781 48.849 1.680 42.21
18 -16.466 -6.5780 49.049 1.00 48.92
18 -15.637 -6.218 47_.808 1.080 48.77
18 -14.486 -6.346 47.819 1.080 48.13
18 -15.542 -7.884 G58.158 1.080 48.95
18 -15.397 -B.529 49.837 1.088 42.18
18 -16.736 -8.954 49.308 1.080 42.99
11 -16.313 -5.778 W6.748 1.080 48.65
11 -15.646 -5.158 45.628 1.80 M1.65
11 -16.594 -4 117 45_ 854 1.66 48.11
11 -17.884  -4.241 45,194 1.80 48.53
11 -15.159 6174 44 567 1.80 42.62
11 -16.278 -6.799 43.791 1.80 45,99
11 -16.825 -7.814 44 274 1.80 58.77
11 -16.673 -6.360 42.684 1.080 49.06
12 -16.8484 -3.6875 44.451 1.608 38.94
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Ukol 1

Seznamte se s formatem .pdb - otevrete soubor
4AGT.pdb v textovém prohlizeci a uvedte:

» O jaky protein se jedna?

» Jakou technikou byla struktura ziskana?

>\ kterém casopisu byla struktura publikovdna?

» Kolik retézcl proteinu obsahuje kompletni struktura?

» Kolik usekl struktury helixu obsahuje kazdy monomer
daného proteinu?

» Je ve strukture pritomen néjaky kov?




ofe ° ‘
In silico predikce 3D struktury

* Ab initio

 Homologni modelovani

* Threading (,,naviékani“)




1) Ab initio - Quark

* Nevyzaduje existenci homologniho proteinu

* Predikuje 2D strukturu, modeluje fragmenty a
kombinuje je navzajem

* Nizka spolehlivost zejm. pro vétsi proteiny

QUARK http://zhanglab.ccmb.med.umich.edu/QUARK/

o

© o QMK ONLINE .
O e |

A S
\;\L K\\
J

@5~
\l


http://zhanglab.ccmb.med.umich.edu/QUARK/

QUARK Ab Initio Results for Job Q12270

Submitted Primary Sequence

>Length 71
HVFEFMNAFMVHAQAARRELADOY PHLANAE LS AT LGELWR LLNEVEREPFVEEAERLEVOHRRDHFDYRY
12345678001234567600123456780801234567890123456T800123456T808012345678901

Predicted Secondary Structure

*C-coil;H-helix;E-sheet;T-beta turn

HVEEPMNAFMVRAOALARERRLADOY PHLANAELSETLGRLWELLNEVEREPFVEEAERELEVOHERDHPDYRY
CITT I CHHHHHHHEHHHHHHHEAT T T TCHEHHHHHHHEHHHRCCHEHHHHHHHHHHHHHHHEHAHTTTTTT
123456T7890123456TR080123450TR90123456 7800123456 7800123456T78090123456T85801

Download Predicted 3-state Secondarv Structure Tvpes
Download Predicted Starting Beta-trn Position

Download Predicted Real-value Phi-angle
Download Predicted Real-valuie Psi-angle

Download Distance Profile from Fragments
Download Clustered Torsion Angle Pairs from Fragments

Predicted Solvent Accessibility

*0-buried to 9-exposed

HVFEPMNAFMVWARAARERLADDY PHLANAELSETLGELWELLNEVERRPEFVEEAERLEVOHERDHPDYEY
34420110100002101220143124121120020013004312321122013203301220353123143
1234567800123456780801234567809012345678001234567T80901234567800123456780801




Download Model 1 Download Model 2 Download Model 3




2) Homologni modelovani

e Vyuziva skutecnosti, ze dva proteiny ze stejné
rodiny a s podobnou sekvenci maji i podobnou
3D strukturu

* Nutno znat strukturu homologniho proteinu =
templat

SWISS-MODEL http://swissmodel.expasy.org/

(@ SWISS-MODEL



http://swissmodel.expasy.org/

Ukol 2

» Pokuste se vytvorit model struktury pro
zadany protein pomoci serveru SWISS-MODEL
(http://swissmodel.expasy.org/). Pouzijte
automaticky mod.

Sekvence proteinu[Penicillium camemberti]:

MPSNGAHDIVFRTSIAACNSNSRLRVYMODVLGKIRESKYEDKWSNGTEKN
VIASAKLYSPVACTSSELDNIRVYYLSTENIMKDMAYDKSKGWHEGNLGKK
RFMTAPYSNLAACNLKGPGMTISVYCQIADNTIQEYGVKDDGNWEKMSNLG
LAMPGTDIACTVLKTSEPKIRVYFOHMEHGI IEKCYDNKHGWYDGAAKEFPK
VOPRTSIACTSYMAGSETLGIRVEFNAANMVLEMVYDGMSWTEGHEHADCI

PGTQIACIS



http://swissmodel.expasy.org/

: T —
Swiss-Model

Welcome to SWISS-MODEL

SWISS-MODEL is a fully automated protein structure homology-modelling server, accessible via the ExPASY web server, or from the program DeepView (Swiss Pdb-
Wiewer). The purpose of this server is to make Protein Modelling accessible to all biochemists and molecular biologists worldwide.

Start Modelling

SWISS-MODEL has recently had a face lift! You can still access the familiar version here.

Protein Structure Bicinformatics Group -

c/o Prof. Torsten Schwede ﬁ _BIDZENTRUM

Swiss Institute of Bioinformatics Swiss Institute of Universitat Basel

Biozentrum, University of Basel Bioinformatics The Center for Molecular Life Sciences
Klingelbergstrasse 50/70

CH-40356 Basel / Switzerland

help-swissmodel@unibas.ch

When you publish or report results using SWISS-MODEL, please cite the relevant publications:
« Arnold K., Bordoli L., Kopp J., and Schwede T_ (2008). The SWISS-MODEL Workspace: A web-based environment for protein structure homology modelling.
Gioinformatics, 22,193-201.
« Kiefer F, Armold K, Kinzli M, Bordoli L, Schwede T (2009). The SWISS-MODEL Repository and associated resources. Nuclelc Acids Research. 37, D3&7-D392.
« Guex, M. Peitsch, M.C_; Schwede, T. (2008) SWISS-MODEL and Swiss PdbViewer. Automated comparative protein structure modeling with SWISS-MODEL and
Swiss-PdbViewer: A historical perspective. Elecirophioresis, 30{81), 5162-5173.
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Swiss-Model

F %IE,EE.':;TUH 8W|88—MODEL Modelling Tools Repository

The Center for Moleoolar Lide Sciences.

Start a New Modelling Project o

Target Sequence: F Target

(Formal must be Fasta,

Target S5WARNRIDLFARGRGGELIHNWFDNGEWNYWENLGGILT SSPRAVSWEFNRIDVVCRGT DNAMY HEWWDGS SWSGFENLGGRLT 170
Clustal, Promod,

plain string, or & valid Target SAPTICSWAPNRLDCFARGTDNQLHHRWWDGS SWSQWERLGGSLT SGPGAVSWGPNRIDVFARGRNNT LI EEWANGT SWSQWEDL 255
uniprotks 40 -2z get GGFLTSARCAS SROQNRIDVEARGRNNRLMYKYWDG SRS DI E GOV ASEFVVSNGSSIVERICRIENVIRIEE. = -
Reset Form

- Upload Target Sequence File_..

Project Title: Untitlied Project

Email: Optional Supported Inputs @

Sequence -

Search For Templates Build Model Uniprot AC -

Target-Template Alignment

1

By using the SWISS-MODEL server, you agree to comply with the following terms of use and o cite the d

4

Upload Template

4

Deepview Project




Swiss-Model

Nékolik templatu, nékolik modeld

4 ?'f.'?f"ﬂ"" SW'SS-MODEL Modelling Tools Repository Documentation Login Create Account

i b Bt i St
i= All Projects

Untitled Project created: today at 18:00

Summary  Templates @) m

Model Results e Orderby:| GMQE v
Oligo-State® Ligands GMQE@ QMEAN4©
Homo-dimer (matching prediction) 2xFUCY A 076  -621'¢ A

2 X SUGAR (ALPHA-L-FUCOSE)

Ligand 2 in contact with- Chain A - R25, E37, L69, 172, Y88, W94
Ligand 8 in contact with- Chain B - R25, E37, LES, 172, Y88, W94

QMEANdm -6.21 | oot uatty Evernate orebitnn i Wi hreharn e of DR Yirsties

s EmI__W 300 ;| E————

aratom [ A -3.95 W’WW i

Solvation R i | -3.89 i

Torsion IR i | -4.00

Template Seqldentity Coverage Description

dagt1.A 46.01% I FUCOSE-SPECIFIC LECTIN FLEA v
Model-Template Alignment ~

Aodel_01:aMM
Model 01:

v w3
1oiel_C: TABYSNLAACNLKG PGMTISVYCQIADNTIQEYGVKDDGNWEKMSNLGLAMBGTDIACTVLKTSE _-—

Model 01: EGMTISVYCQIADNTIQEYGVKDDGNWEKMSNLGLAMPGTDIACTVLKTSE  PKIRVYFQHMEHGIIEKCYDNKHGWY DGAAKFEKV
LG Sy B \ CDG-[WRECINLESALPGTE 2 ¥TDYNC S TRIWE(T DOLY rHH £ DRL 2

4age.1.avapysIAATSLE
uodel_01:2 QERTSTACTSYMAGSETLGLRVEE _ GMSWTEGHFHADCIPGTQIACIS 284

Model 01:B

o PRH- —N N- -I B _- E _

Oligo-State @ Ligands GMQE® QMEAN4©
m Homo-dimer (matching prediction) 1XSFUY v 076  -BE5R W
—




Oligo-State® Ligands GMQE® QMEAN4©
Homao-dimer (matching prediction) 2 X FUC® A 0.76 62117 A
2 X SUGAR (ALPHA-L-FUCOSE)

Ligand 2 in contact with: Chain A : R25, E37, L&9, I72, Y88, W94

Ligand 8 in contact with: Chain B : R25, E37, LE9, 172, Y88, W94

ovMeanslRT T W 6.21 . st sty e Campatn o e s 08 e
o RS on .Ju“n”v“nfu‘\/Ww i :

sovaton il M -3.89 r P
Torsion T T -4.00 i ’

Template Seq ldentity Coverage Description

4agt.1.A 46.01% | | FUCOSE-SPECIFIC LECTIN FLEA ~
Oligo-state Method Seq Similarity Range Coverage
homo-dimer X-ray, 2.00 A 0.43 2-264 1.00

Ligand Added to Model Description

FUC iy SUGAR (ALPHA-L-FUCOSE)

FUC v SUGAR (ALPHA-L-FUCOSE)

FUC * - Binding site not conserved. SUGAR (ALPHA-L-FUCOSE)

FUC » - Binding site not conserved. SUGAR (ALPHA-L-FUCOSE)

FUC * - Clashing with protein. SUGAR (ALPHA-L-FUCOSE)

FUC » - Binding site not conserved. SUGAR (ALPHA-L-FUCOSE)

FUC * - Binding site not conserved. SUGAR (ALPHA-L-FUCOSE)

FUC - Binding site not conserved. SUGAR (ALPHA-L-FUCOSE)

FUC * - Binding site not conserved. SUGAR (ALPHA-L-FUCOSE)

FUC - Binding site not conserved. SUGAR (ALPHA-L-FUCOSE)

FUC-NAG-NDG * - Clashing with protein. SUGAR (3-MER)

FUC-NDG - Binding site not conserved. SUGAR (2-MER)

NA * - Not biclogically relevant. SODIUM ION



3) Threading

 Modelovani pri nizké homologii s proteiny se
znamou strukturou

* Porovnava moznost prilozeni sekvence na
proteiny znamych foldu

Phyre?2 http://www.sbg.bio.ic.ac.uk/phyre2/



http://www.sbg.bio.ic.ac.uk/phyre2/

Phyre2

ARDLVIPMIYCGHGY mmmp — —

PSI-Blast

Very powerful — Hidden Markov
able to reliably detect extremely Model DB of
remote homology

Routinely creates accurate models even
when sequence identity is <15%

3D-Model

ﬁ

HMM-HMM

matching

\

ARDL--VIPMIYCGHGY
e AFDLCDLIPV--CGMAY

Sequence of known structure



Subscribe to Phyre at Google Groups

) R— - —
Y 02

Visit Phyre at Google Groups

Protein Homology/analog¥ Recognition Engine V 2.0

What's New in Phyre2

a1 W ] houser@mail municz
Optional Job description =]

MYPFFDHPFNYTHTYATHEDFVCPYFLDY YNNSODDYKNFRGENYDFEDTEENTIENENT
EETEYEGLFRAWNPWHNLGGNIT SGLGASSWARNRETDL.FARGRGSELTHNWFDHGEWH
YWENLGGILT S5PKAVSWGEFNRTI DVVCRGT DHAMYHENWDGES SWSGFENLGERL.TSAP
TICSWAPNRLDCFARGT DNQIL.HHKWNWDGSSWESOQWEATLGGSLT SGPGAVSWNGEFNRIDVE

1 id S K ARGRMNTLIHEWWNGT SWEQWEDLGGFLT SAPCASSRGONRIDVEFARGRNNRIMYE YW
Amino Acid LELE DESRWSDWI FLOGY LT SEFVSVSRNS 55 INVEFAEGPRENVIERIYS

G E Rl Normal @ Intensive O
T [Eremlen




Phyra?

Job Status

#1511 houser@mail.muni.cz

Job Description [#:]8

WG G R ] Bae/42ede312f90d

D51 Mon Feb 4 14:20:24 GMT 2013

Estimated total processing time: 2.2 hours + 1.9 hours [

Your job has entered the queue.... Waiting for job to start.

171 jobs running 0 jobs queued

This page auto-refreshes every 30 seconds until job completion .... e



Summary

Model (left) based on template diofza

Top template information

Fold:6-bladed beta-propeller
Superfamily:Fucose-specific lectin
Family:Fucose-specific lectin

Confidence and coverage
Confidence: Coverage:

255 residues ( 76% of your sequence) have been
modelled with 100.0% confidence by the single
highest scoring template.

Interactive 3D view in Jmol

Image coloured by rainbow N — C terminus

Sequence analysis

Wiew PSl-Blast Pseudo-Multiple Sequence Alignment

Secondary structure and disorder prediction

I



diofza
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Fold:6-bladed beta-propeller

20 Superfamily:Fucose-specific lectin
Family:Fucose-specific lectin
PDB header:photosynthesis

13 Chain: A: PDB Molecule:ycf48-like prote
PDBTitle: crystal structure of ycf48 from |
PDB header:lectin

16 Chain: A: PDB Molecule:psathyrella veld
PDBTitle: 2.6a crystal structure of psathy
with n-acetylglucosamine
PDB header:hydrolase

14 Chain: A: PDB Molecule:extracellular siz

PDBTitle: crystal structure of aspergillus f




Analyza 3D struktur

Uréeni strukturnich prvku (sekundarni
struktura, motivy, foldy) a zarazeni do
prislusnych nadrodin

Povrchy — pristupnost pro solvent,
hydrofobicita, analyza kavit a tunelu

Vazebna mista — predikce funkce

Interakce (protein-protein — 4D, protein-DNA,
protein-ligand) — plochy, energie, vazby

Homology — hledani, porovnavani



V 4 ﬁ
Zobrazeni 3D struktury

e Zobrazovaci SW: PyMol, Jmol, RasMol, VMD,
Chimera, Cn3D,...

spheres, surface sticks/balls and sticks cartoon/ribbon




Ukol 3

» Zpracujte strukturni model v programu PyMol:

* Otevrete homologni model a originalni
templat (model01.pdb, 4agt.pdb)

e Zobrazte obé struktury jako cartoon a jako
sticks a ulozte jako obrazek s vysokym
rozliSenim (1200x1200 dpi)

* Extrahujte retezce A, provedte alignment

* Porovnejte strukturu vazebného mista v okoli
ligandu Fuc910, 920 a 950 v retézci A
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Doplnkova literatura a dalsi zdroje

http://www.wikipedia.org ©

http://www.proteinstructures.com/

http://cssb.biology.gatech.edu/resources#tservices

http://www.ebi.ac.uk/services/structures

Odborné clanky ve studijnich materialech
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