Predikce sekundarnich
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http://prowl.rockefeller.edu/

Hemoglobin S - vliv jediné
substituce

HbS (Glu6Val)

— deoxyHb je 50x
meéné rozpustny
nez oxyHb

- dlouhé asociované
retézce



Kostra polypeptidoveho
retézce




— Peptidova vazba - planarni (Uhel w je
180 )
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http://wiki.cmbi.ru.nl/index.php/Image:Torsionangles.jpg
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Ramachandranuv diagram

(a)

¥lat a) Colored areas show sterically

allowed combinations of the ¢
g and V¥ angles.

b) Observed values for all residue
types except for glycine. Each
point represents ¢ and V values
for an amino acid residue
in a well-refined x-ray structure.
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Ramachandranuv diagram




Vazby zprostredkovavajici vyssi
struktury

Vodikova vazba (H-mustek)

Nabite AK

Kontakty polarnich AK
Nepolarni / hydrofobni AK
Stacking — aromatické AK
Cystein / cystin — vazba S-S
Vazba iontu kovu




2-D struktury

Stabilni konformace polypeptidoveho
retezce

Dulezité pro udrzeni proteinoveé 3-D
struktury

Cca 50 % aa residui je soucasti a-helixu
nebo B-skladanych listu

Predikce sekundarnich struktur znamena
predpoved zda residuum spada mezi H
(helix), E (list) nebo C (smycCka)



Predikce 2D struktury

Dulezité pro klasifikaci proteinu
Separace domén a funkénich motivu

SS jsou mnohem konzervovangjsi nez
aminokyselinova sekvence

Predpoved SS predchazi obvykle jako
mezikrok pri predpovedi terciarni struktury
pri threadingovych metodach.



Predikce 2D struktury

* Rozlisujeme tri zakladni typy
— H — helix
— E — B-list
— C/(-) — smycCka/nahodné klubko (coil) — nékdy jsou rozliSovany
tyto dvé varianty

« S dobrou presnosti Ize urCit helix (jejich tvorba je urCena
interakcemi ,kratkeho" dosahu), u 3 -listu (interakce
,2dlouhého” dosahu) uspésnost urceni 2D struktury klesa

* Nektere programy pridavaiji i Cislo vyjadrujici
pravdépodobnost pro dany AK zbytek (napf. H 60% -
znamena, ze s 60% pravdepodobnosti se jedna o helix)



a-helix
stabilizace mezi rezidui i+4 a i-4 H-vazbami
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Bocni a horni pohled




Jiné helixoveé struktury

e 3,, helix - obvykle na zacatku nebo
konci a-helixu

e n-helix — zridka, povazovan za malo
stabilni

e kolagen - levotociva sroubovice



http://en.wikipedia.org/wiki/File:Collagentriplehelix.png
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Porovnani 16 aa v typickych helixech

alpha-helix 3/10-hehx
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a~helix 3,0-helix n=-helix
Vodikové mustky 0,k N,y 0, k N5 0, k Ni,5
Pocet residui na otacku 3.6 3 4.4
Pocet atomu na otoCku 13 10 16
Vinuti (na 1 aa) 1.5 2.0 1.15



B-list
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Figure 4-10 part 2of 2 Essential Coll Biology, 2. (€ 2004 Garland Science)



Antiparalelni B-list
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Paralelni B-list
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PootocCeni B-listu v realité

Torze retézce 0 - 30 na reziduum




Otacky (turns)
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3-otoCky

nejCastejsi H-vazby ob reziduum




Coils — smyeky, neusporadané klubko

* V/Se ostatni, co nespada mezi a-helix,
B-list Ci otoCky



3D vizualizace 2D struktur




Jednoduché motivy

helix-otacka-helix B -vlasenka

8 Helix 4

Helix 5




Jednoduché motivy

Reckv Kli¢ (areekkeyy  B-a—B motiv

&




Motivy - Domeény

e Kombinaci jednoduchych motivu jsou
tvoreny motivy
e Motivy vytvareji proteinové domeény
e Dle zastoupeni 2D struktur délime
proteiny na:
— a -proteiny
— B-proteiny
- a / B proteiny — kombinace B-a-B motivu
— minoritni skupiny - oddélené domény tvorene
jen a ci jen B strukturami, domény bohaté na
kovy,...



There are three main classes off super-secondary structuresj all-a, all-p and

mixed a/p structures. Simple super-secondary structures consist of 2 to 3
secondary elements. These can be assembled into larger super-secondary
structures that are sometimes referred as "folds".

Secondary

Structure

Elements

Super-Secondary

Structure ﬂsﬂ m

L ™ C
Examples of larger
associations
(Folds) N C N

4-helix bundle Rossman fold greek key



Representativg pB-super-secondary structures pre illustrated in the following
pages. The super-secondary structures are represented by both their 3D

architecture and by their 2D schematic topological arrangement.

@ B-Hairpin

® Greek Key

@ [-Meander IUI



B -struktury

propeller blade
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B -struktury

e Greek key barel
e Jelly roll barel
e B -helix

(b)




a -proteiny/motivy

e Globinovy fold

e Membranove proteiny




a -proteiny/motivy & 0

e Strukturni proteiny - keratiny,
cytoskelet,...
— coiled-coil
- Ctyrhelixovy svazek .
(Four-Helix Bundle) ¢




a/ B motivy

Centralni jadro tvorené B -listy
obklopené a -helixy

e TIM barrel ——
e Rossmanuv fold

e Horseshoe fold - leucin-rich
motivy




. . ®) . .
Organizace proteinu - jedno- |
vicedomeénove proteiny

myoglobin pyruvatkinaza



Zinkovy prst

Vyskyt: transkripcni faktory
Nékolik typu — Zn atom je vazan AK
zbytky Cys a His .




Typicke znaky a -helix

1st helix in Myoglobin

2

Casto je helix astecné

Polar face

exponovany — tj. jedna 3.,

strana je oto¢ena dovnitf R S
. , ) — 4 Hydrophobic

proteinu (hydrofobni), A face

druha ven (hydrofilni) NS A

Potom pro 3.6 helix (a-helix)
plati, ze i, I+3, I+4 & I+7 -té
reziduum mifi na tutéz
stranu. Jsou-li vSechna
hydrofobni Ci naopak
hydrofilni = zrejmé a -helix




Typické znaky 3 -list

U 3 -listu se stridaji rezidua po 180 a pro
castecne zanoreny f3 -list plati analogicky:

o |, 14+2, 144, 1+8 —té reziduum je polarni a
zaroven

o |+1, 143, I+5 —té je
nepolarni

Second strand in CD38

Polar face

4 3
Hydrophoebic lace




Typicke znaky [3 -list

» Zcela zanoreny (3 -list (typicky ua /3
barelu) je tvoren radou nepolarnik AK

Chemotaxis protein CheY
Residues 81-88
Hydrophobic face

| Hydrophobic face




Predikcni algoritmy

1. generace: ab-initio, vychazela z fyzikalne-
chemickych vlastnosti a ze statistiky pro
jednotliva rezidua (Chou-Fasman, GOR
(Garnier, Osguthorpe, Robson))

2. generace: plus incorporation of more local
residue interactions, zahrnovala i vliv
nejblizsich AK na zkoumané reziduum —
%eo}jpovéd’ max. 60% spravnost, u 3 -listu do

o

3. generace: homology-base models, zahrnuje
navic multiple sequence alignment a vyuziva
skutecnosti, ze 2D struktura se zachovava dele
nez sekvencni podobnost — az 80%
spolehlivost (zavisi na metode)



Relative Amino acid Propensity Values for
Secondary Structure Elements Used in the Chou-Fasman

Methods
Amino Acid (ex-Helix) P (3-Strand) P (Turn)
Alanine 1.42 0.83 0.66
Arginine 0.98 0.93 0.95
Asparagine 0.67 0.89 1.56
Aspartic acid 1.01 0.54 1.46
Cysteine 0.70 1.19 1.19
Glutamic acid 1.51 0.37 0.74
Glutamine 1.11 1.11 0.98 @
Glycine 0.57 0.75 1.56 Rt (SS)
Histidine 1.00 0.87 0.95
Isoleucine 1.08 1.60 0.47 2 R
Leucine 1.21 1.30 0.59 . mgm
Lysine 1.14 0.74 1.01 2 Rt
Methionine 1.45 1.05 0.60
Phenylalanine 133 1.38 0.60
Proline 0.57 0.55 1.52
Serine 0.77 0.75 1.43
Threonine 0.83 1.19 0.96
Tryptophan 0.83 1.19 0.96
Tyrosine 0.69 1.47 1.14
Valine 1.06 1.70 0.50



3. Generace - Homology-based
methods

MSA

l

Predikce sekundarnich struktur pro kazdou sekvenci

l

fitovani predpovezens HHHCHCCEEEECCHH
sekundarni struktury HHHHHCCEEEECCHH
do AA prilozeni ECCHHCEEEECCCEE
HHHHHCCCCEEECCH
HHHHCCCEEEECHHC

Konecna predpovéd
ZaloZzena na konsensualni  HHHAHCCEEEECCHH

sekvenci



3. Generace — neuronove site

Hidden
Input
OQutput
Sekvence se znamou Trénink, pfifazovani Aplikace nalezenych

sek. strukturou Vah jednotlivym funkcim  algoritmd na neznamou sekvenci



Hydrophobic cluster analysis 4p
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Programove baliky

AGADIR - An algorithm to predict the helical content of peptides

APSSP - Advanced Protein Secondary Structure Prediction Server

GOR - Garnier et al, 1996

HNN - Hierarchical Neural Network method (Guermeur, 1997)

HTMSRAP - Helical TransMembrane Segment Rotational Angle Prediction

Jpred - A consensus method for protein secondary structure prediction at University
of Dundee

JUFO - Protein secondary structure prediction from sequence (neural network)
nnPredict - University of California at San Francisco (UCSF)
Porter - University College Dublin

PredictProtein - PHDsec, PHDacc, PHDhtm, PHDtopology, PHDthreader, MaxHom,
EvalSec from Columbia University

Prof - Cascaded Multiple Classifiers for Secondary Structure Prediction
PSA - BioMolecular Engineering Research Center (BMERC) / Boston
PSlpred - Various protein structure prediction methods at Brunel University
SOPMA - Geourjon and Deléage, 1995

SSpro - Secondary structure prediction using bidirectional recurrent neural networks
at University of California

DLP-SVM - Domain linker prediction using SVM at Tokyo University of Agriculture
and Technology



http://www.embl-heidelberg.de/Services/serrano/agadir/agadir-start.html
http://imtech.res.in/raghava/apssp/
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_gor4.html
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_nn.html
http://biotechnology.tbzmed.ac.ir/htmsrap/index.htm
http://www.compbio.dundee.ac.uk/~www-jpred/
http://www.meilerlab.org/view.php?section=0&page=6
http://www.cmpharm.ucsf.edu/~nomi/nnpredict.html
http://distill.ucd.ie/porter/
http://cubic.bioc.columbia.edu/predictprotein/
http://www.aber.ac.uk/~phiwww/prof/
http://bmerc-www.bu.edu/psa/request.htm
http://bioinf.cs.ucl.ac.uk/psipred/
http://npsa-pbil.ibcp.fr/cgi-bin/npsa_automat.pl?page=npsa_sopma.html
http://www.igb.uci.edu/tools/scratch
http://www.tuat.ac.jp/~domserv/cgi-bin/DLP-SVM.cgi
http://www.tuat.ac.jp/~domserv/cgi-bin/DLP-SVM.cgi
http://www.tuat.ac.jp/~domserv/cgi-bin/DLP-SVM.cgi

Predikce obsahu helixu ve strukture — Agadir

(http://www.embl-heidelberg.de/Services/serrano/agadir/agadir-start.html)

EMBL WWW Gateway to AGADIR. Service

A service from the Serrano’s group

August 6th 2003: A new version of AGADIR has been implemented.

Thanks for visiting the Agadir service.

AGADIR
| I | | 1
20r — * An algorithm to
. Peptide 1 MHNTRSFHRIDVHEARELLQRPDTVLLDCRHPSDFRAGHTAGASPLGDYNADDHVLNIAKH
. predict
3 the helical Peptide 2 RPVLIYCYHGNASOMRAQLFADFGFAEVYSLDGGYEAWREVHT PANSQLTEALQCWLMAD
M — content of
I:,:'El 4 o pep tides Feptide 3 EFPAADIHARTRDGVIPLMRAAGEGDPARVAELLAAGADPHORNNDGHQALNFACVSENL
5 @ Description Peptide 4 DILDLLVAVGAHLNHQNDNGAT CLMY AR SAGKTAVVERLLAFGADRSLLSLDDFTALDMR
1 I:I @ Software upgrades i e - —_—
@ Application Peptide 5 ANLECLNLLRETPRRIKAVT
' .
|:| ! - Instructions Check the autput
bkl 1 1

|:| 2 |:| 4 |:| E I:l New Version

August 6th, 2003

Fesidue Mumber tesidue Level Helix Cotiait
. Submit to l I I |_1 +
"5“- Agadir 0 2 .
W0 3
% 4 .
10 5
i

Residue Numhber




PSlpred

The PSIPRED Protein Structure Prediction Server
IIHﬁIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Input
Sequence

Choose
Prediction
Method

Filtering
Options

Submit
Sequence




conf : 101000=n000=000mEinnnd0=00000000000anaant
— > ————>— 5

CCCCCCEEEEECCCEEEEECCCEEEEEEECCCCCEEEHHH
MSTPGAQOQVLFRTGIAAVNSTNHLEVYFOQDVYGSIRESLY
| | | |

Fred:

Fred:
Bl
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cont: {130005000030505000300000000000300000000t
Pred: —— o> > ——>—

CEEEEEEECCCCCCEECEECCCCEEECCCCCEEEEEEECT
Ah: NTLOQEFAYDEGTGWYNGGLGGAKFOVAPYECIAAVFLAGT
| | | |

Fred:
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9 !
| ] )

—>

helix

atrand

coll

Conf s E|:.:|:| ]]E = confidence of predicticn
- +
Prad: predicted seccndary structure

AA: Largst seguence




{= Advanced Protein Secondary Structure Prediction Server - Windows Internet Explorer

€T 120

File:
C'o'-_’E =things+
S PSSP S

i‘:? g »

als -
R e e e E e R e I - — - — - -

APSSP: Advanced Protein Secondary Structure Prediction Server

Dr. G P S Raghava, Scientist & Head , Bioinformatics Centre
Institute of Microbial Technology, Sector 39A, Chandigarh, INDIA

This server allow to predict the secondary structure of protein's from their amino acid sequence. This is an advanced version of our PSSP server, which participate in CASP3 and in CASP4 PSSP is also
part of CAFASP2. Raghava, G. P. 5. (2000) Protein secondarv structure prediction using nearest neighbor and neural network approach. CASP4: 75-76. This server is also participating in world-wide
Live-Bench competition EVA, so vou can get the perfomance of methods including APSSP from EVA Server. This server is also part of Meta II Prediction server. Please visit, ExPASv Tools for more
protein structure prediction tools.

Request Form

Target'name of protein (0pti0nal):|
Paste vour sequence data here:

ATOGVFILPANTRFGVIAFANS ST QT VHNVLVHNETAATFSGQSTHNAVIGTQVLNSGS
SGEVOVOVSVNGRPSDLVSAQVILINELNFALVGSEDGT DNDYNDAVVV INWEFLG

Please Select the Format of vour Sequence (File or Paste)
@ Single sequence - amino acids only

Plese Ester s Bt | Vétsina programu ma
e e s s v e el i uzivatelsky jednoduché
[ Run predictions! rOZ h ra n Il

Contact Email Address: raghava@imtech.ernet.in

Dione €D Internet OO0 v



) NPS@ : GOR4A SECONDARY STRUCTURE PREDICTION RESULTS - Mozilla Firefox

Soubor I.:lprgvg,r Zobrazit Historie Zalozky Mastroje Mapovéda
@ A c Q l:: % | httpe//npsa-philibcpfr/cgi-bin/secpred_gord.pl

2 Mejnavitévovang)si W Jak zacit - Prehled zprav = http:/fwww.nchinlm...,

L

http:/www.glycoscie...

=* CHMI Radar Departme...

2 NPS@ : GOR4 SECONDARY STRU... x | | | PSIPREDView Graphical Results % | ¥ cd785ecdbeecSS05.psi_l.jpg (JPEG 0. =

10 20 30 40 20 &0 70

I I I I I I I
PFTEFLYTSEIAATSWAAT GEROQRVY FODLNGEIREAQRGGDN PWT GGSSQNVIGEARKLFSPLAAVIWES

eecchhhhhhhhh hhhhhhh hhhhh hhheeehhhhhhhhh
AL IRVYCVHNE DN I LSEFVYDGSEN L TGRLGSVEVEVGSNSELARLOWGGSESAPPNIRVY YQESHGS
eeeEEEE eeEEER eeee eee eeeeee eEEEER
GESIHEYVHSGEN T AGASFGSTVEGIGIGATAIGPGRLEIYYQATDNEIREHCWD SNSWYVEEESASASH
ccgececegceccEce egcege egcegcees cgcegcgaeceeceesee hhh
GVSIAAT SWGSTPHIRVYWEGREELYELRAYGESWHNT PGRIKDASRFTPSLPDTFIAANSSGHNIDISVEFR
eegeeee gegeee hhhheeee eges egeeee
QRSGVSLOOWOWISGEGWS IGAVVET GTPAGH
e EEEECEEEER eEEEER ee
Sequence length : 312
GOR4
Alpha helix (Hh) - 40 i=s  12.82%
310 helix (Gg) 0 is=s 0.00%
Pi helix (Ii) 0 is 0.00%
Beta bridge (BLx) 0 is 0.00%
Extended =strand (Ee) : 122 i=s 39.10%
Beta turn (TT) 0 is 0.00%
Bend region [Z=) : 0 is 0.00%
Random coil (Cco) 150 i= 48.08%
Ambigous states (7) 0 is= 0.00%
Cther states 0 is 0.00%
T T T T T T
(1 T e e T
| | | | | |
=1} 1@ 158 =35 258 jegse]

AT T

L

Helix

I

Hotovo




) cA785ecdbeecs505.psi_Ljpg (JPEG obréizek, 612x792 bodd) - Mozilla Firefox

Soubor l:lprgv}r Zobrazit Historie Zalozky Mastroje Mapovéda

@ - c Y | # http://bicinf3.cs.ucl.ac.uk/psiout/cd785ecdbeecs505.psi_1.jpg il ' Google
£ Nejnav”stéﬂ.ruvanéjii,Jakzafit Prehled zprav = http:/www.ncbi.nlm.., || httpy/fwww.glycoscie.. = CHMI Radar Departme...
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GOR4 result for : UNK_ 78160

L]

Abstract GOR secondary structure prediction method version IV, J. Gamier, ].-F. (ibrat, B. Eobson, Methods in Enzymology B F. Doolittle Ed., vol 266, 340-3533, (19%6)

View GOR4 in: [AnTheProt (PC) . Download. . ] [HELP]
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Sequence length : 1849
GOR4
Alpha helix (Hh) = 13 i=s 6.88%
319 helix (Gg) = 0 i=s 0.00%
Pi helix [Ii) : 0 i=s 0.00%
Beta bridge [Bk) : 0 is 0.00%
Extended strand (Ee) : 60 is 31.75%
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Rozsireni moznosti 2D predikce

Vedle predpovedi 2D struktury je
rovnéz analyzovana

— Pristupnost pro solvent

- Predpovéd transmembranoveého
helixu
e Urceni zda je/neni transmembranovy

e Podil hydrofobnich fetézcu (AK zbytkl) na
povrchu — umoznuje postihnout i CastecCné
zanorené membrany
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Rozsireni moznosti 2D predikce

SSpr08 (http://scratch.proteomics.ics.uci.edu/)

Nepouziva pouze zakladni tri typy 2D struktury (helix, p-list a
ostatn(?, ale vyuziva kompletni klasifikaci dle DSSP (Database of
Secondary Structure Assignments) - tj. 8 typu struktury:

: alpha-helix
: 31p-helix
n-helix (extremely rare)
: extended strand
: beta-bridge
: turn
: bend
: the rest

On-Hdomom—@o I

Vysledna presnost cca 63%



SSpro8 — ukazka vystupu

S55pro and 55prof predictions (http://www.igb.uci.edu/tools/scratch/)
* See below for notes!
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Query length: 166

Prediction:

SVEPIDNYITHNSVRLFEVHNPSQILEFSISYRPPTQETDTEVSFRTHNSHLSLNYEFITHES
CCCCCCCCCCCCEEEEEECCCCCEEEEECCCCCCCCCCEEEEECCCCCCEEEEEECCCCC

...... TEEESEEEEEEE.TT.EEEEEE.........EEEEEEE....EEEEEEE...5.
——————————— R e
—————————— e s et
________________ +___________________________________________

ECEECEEEE—CEE—E——CECECEEECE—CECECEEECECEECECEEECECEEEEEEEEEEE
ECEE—EEE—EE——E——E£-CECEE-—C-ECECECEEECECEEE—CEEEEE—EEE—CE—EEEEE
ECEE—EEE—EE——E——E£—-EECEE-—C-EEECECEEEEECE—E—CEEEEE—E—E—E—EEEEE
EcEE—EE——E———E——E£-EEEEE—-———EEECECEEEEECE—E—CEEEEE—E—E—E—EEEEE
ecegeg—ege————————-— e-———g-——————- ecegeeecege———eEe—E8—————E-—&£——gee-—

EDVSRLLSALGPRGVSITPGEIER TAQSKEENNEIRESSERIEGESIQDIVGLATLIVHT
HHHHHAHHACCCCCCECCCCHHHHAHHARHACCCCECCCCCCCCCCHHAAHARAARAACC
HHHHAAHAAH. .T. .EE. TTHHHHAHAHAHHTTEEEE . .HH.TT . . HHHHHAHHHEEEE .
s e FHFrrrrrrd——
————— e e St SETEI S SURU I

EC—EE——CECEEEECECEEECEEECEECEEEECEEEEECEEEECEEEEEE—EEE—E———EE
Ec—gEE——CECcEEEE—E—EEEE—EE—CEEEEECEEEEECEEEEEEEE—EE—(———————— ee
Ec—gcE——CECEEeEE—E—EEEC—EE——CEEEEEEE—EECEEE—EEEE—EE—(————————— e
ec—gEe——CE—EEeEeE—E—EEEEC—EE——CEEEECEE—EEEEEE—EEEEREE—(——————————
eg——E8——gcg——Eee—E——EEC—EE——CcEEeEcECcEE—EEEEEE—EEE——E————————————




Benchmark — porovnani
. o
algoritmu

Porovnani vysledku predikce se skute¢né
zjistenou strukturou.

Benchmark EVA (http://www.pdg.cnb.uam.es/eva/)
— prubézné testovani existujicich serveru
— v provozu cca 10 let...
— testovani 2D i 3D predikce
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per-residue accuracy (Q3)
per-segment accuracy (SOV)



Benchmark

Dle benchmarku EVA v soucasnosti na
prednich mistech:

— PROFsec
(http://cubic.bioc.columbia.edu/predictprotein )

— PSIpred
(http://insulin.brunel.ac.uk/psiform.html )

— SABLE
(http://sable.cchmc.org/ )



http://cubic.bioc.columbia.edu/predictprotein
http://insulin.brunel.ac.uk/psiform.html
http://sable.cchmc.org/

Zopakovani / shrnuti

Vv 2D struktura - vzajemné usporadani AK
jednotek proteinu (a-helix, B-list)

v 3D struktura - celkové rozmistéeni
(@) .
atomu proteinu v prostoru

Vv Strukturni motivy - na rozhrani mezi
2D a 3D, vznikaji kombinaci 2D struktur



Zopakovani / shrnuti

v Rada programi vyuZivajicich rozdilné
pristupy — pouziti zavisi na vstupnich
datech a ucelu

V¥ Neexistuje univerzéln(!'uerogra,m - nejleps|

je kombinace vysledktl z vice programu

VPredikce 2D struktury je do znacné
miry spolehliva - zejmena pro proteiny
s a-helix; vzrusta pri podobnosti
s proteinem se znamou strukturou



Most natural polypeptide chains contain between 50 and 2000 amino acid

residues. Shorter chains are called oligopeptides or simply peptides. The
following histogram shows the length of the proteins in the E-coli proteome.
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