Predikce sekundarnich
struktur proteinu
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Aminokyseliny

s podobnymi
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plnit v proteinu
stejné funkce -
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Hemoglobin S - vliv jediné
substituce

HbS (Glu6Val)

— deoxyHb je 50x
mene rozpustny
nez oxyHb

- dlouhé asociované
retézce



Kostra polypeptidoveho
retézce

Peptidova vazba - planarni
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#1oh a) Colored areas show sterically

allowed combinations of the ¢
! and y angles.

b) Observed values for all residue
types except for glycine. Each
point represents ¢ and y values
for an amino acid residue
in a well-refined x-ray structure.
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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 proteinové 3-D
struktury

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

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 konzervovangéjsi 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 dve varianty

* S dobrou presnosti Ize urcCit helix (jejich tvorba je je
urcena interakcemi ,kratkeho" dosahu), u 3 -listu
(interakce ,dlouhého” dosahu) uspésnost urcCeni 2D
struktury klesa

* Nektere programy pridavaji 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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e 3,, helix — obvykle na zacatku nebo
konci a-helixu

e n-helix — zridka, povazovan za malo
stabilni

e kolagen - levotociva sroubovice
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Porovnani 16 aa v typickych helixech

Vodikové mustky

'11ph a- he]jh

Pocet residui na otacku

Pocdet atomul na otocku

Vinuti (na 1 aa)

3/10-helix

Pi-helix

,,,ow

a-helix

3,0-helix n-helix

0; k Nivg 0; k Niss 0; k Niss
3.6 3 4.4
13 10 16
1.5 2.0 1.15
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Torze retézce 0°- 30°




Otacky (turns)
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3-otoCky

nejCastejsi H-vazby ob reziduum




Colls — smycky, neusporadané klubko

* VSe ostatni, co nespada mezi a-helix,
B-list Ci otoCky






B -vlasenka

otacka-helix

helix-
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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 struciures 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 m

associations
(Folds) N C N
4-helix bund/e Rossman fold greek key

Examples of larger H




Representativg p-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.
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B -struktury

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

(a)

(b)
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a -proteiny/ mouvy

e Strukturni proteiny - keratiny,
cytoskelet,...
— coiled-caoil
— Cctyrhelixovy svazek
(Four-Helix Bundle)
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Centralni jadro tvorené B -listy
obklopené a -helixy

e TIM barrel
e Rossmanuv fold

e Horseshoe fold - leucin-rich
motivy




. . o . .
Organizace proteinu — jedno- |
vicedomeénove proteiny

myoglobin pyruvatkinaza



Zinkovy prs
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 ¢asteéné

, . . Polar face
exponovany — {j. jedna 3
strana je otoCena dovnitr L .
. , i — 4 Hydrophobic
proteinu (hydrofobni), i face

druha ven (hydrofilni) N A

Potom pro 3.6 helix (a-helix)
plati, ze |, I+3, 1+4 & I+7 -té
reziduum miri na tutez
stranu. Jsou-li vSechna
hydrofobni Ci naopak
hydrofilni = zrejmé a -helix




Typicke znaky 3 -list

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

o |, 1+2, 1+4, 1+8 —té reziduum je polarni a
zaroven

o i+1, i+3, i+5 —té je
nepolarni

Second strand in CDS8

Polar face

.-"'-J !
| 4 6

Hydrophebic lace




Typicke znaky 3 -list

« Zcela zanoreny 3 -list (typicky u a /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 zkoumane reziduum — predpoved max.
60% spravnost, u B -listu do 40%

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 (a-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 2R
Leucine 1.21 1.30 0.59 -
Lysine 1.14 0.74 1.01 2R
Methionine 1.45 1.05 0.60
Phenylalanine 1.13 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 predpovézens HHHCHCCEEEECCHH
sekundarni struktury HHHHHCCEEEECCHH
do AA priloZeni ECCHHCEEEECCCEE
HHHHHCCCCEEECCH
HHHHCCCEEEECHHC

Konecna predpoved
Zalozena na konsensualni  HHHHHCCEEEECCHH

sekvenci



3. Generace — neuronove site

Hidden
Input
Output
Sekvence se znamou Trenink, prifazovani Aplikace nalezenych

sek. strukturou Vah jednotlivym funkcim  algoritmi na neznamou sekvenci
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Programové 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
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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.
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PSlpred

The PSIPRED Protein Structure Prediction Server
IIHHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

Input
Sequence

Choose
Prediction
Method

Filtering
Options

Submit
Seguence
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(5 Advanced Protein Secondary Structure Prediction Server. - Windows Internet Explorer,

c: .

g APSSP ;

* é' >
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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. S. (2000) Protein secondary 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:

ATOGVFILPANTRFGVIAFANSSGT QT VIVLVNNETAATFSGQSTNNAVIGT QVLNSGS
SGEVQVQVSVNGRPSDLVSAQVILTHNELNFALVGSEDGT DNDYNDAVVVINWELG

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

Plse Bt you B | Vétsina programu ma
S —— uiivatelsky jEd noduché
[ Run predictions! FOZ h ra n Il

Contact Email Address: raghava@imtech.ernet.in

Done 0 Internet +‘ 100% -
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Fred: CCCCCCEEEEEECCCCCEEEEEECCCCCEEEEECCCCCEER
AR ETVEGTGIGATAIGEGRELEIYYOQATONE IEEHCWDSHS WY

170 120 120 200
cent: 11100=33000035309333033930330000009a03000t
Pred: % g — _ =D

Fred: ECCEECCCCCCCCEEEECCCCCCEEEEEEECCCCEEEEEE
AR WVEGESAEASACVETAN T EWEETENIEY Y WOEGEEELTEALL

21n 220 220 240

FenF o JmTATA=AARAE A RARAARA=AARnm A Am A A Am A Aan






9 NPS@ : GOR4 SECONDARY STRUCTURE PREDICTION RESULTS - Mozilla Firefox
Soubor I.:Iprgw Zobrazit Historie Zdloiky MNastroje Mapovéda

gEv c N | & | httpe//npsa-pbil.ibcp.fr/cgi-bin/secpred_gord.pl R ' Goog

£ Nejnavitévovanéjsi 8 Jak zadit = Prehled zprév = http://www.nchi.nlm....

http:/fwww.glycoscie.. = CHMI Radar Departme...

—_

GOR4 result for : UNK_78160

Abstract GOR secondary structure prediction method version IV, . Gamier, J-F. Gibrat, B. Robson, Methods in Enrymology B F. Doolittle Ed., vol 266, 540-333_ (1904)

View GOR4 in- [AnTheProt (PC) . Download .. ] [HELP]

10 20 30 40 20 &0 70

I I I I I I I
SDVDIEAQDAGOTLVOVISTIPSGETWVATIQLESOYRYFDEFVFENVSPT S5G5VLVAQMAPOSGEVYGSHY

hhhhcoeeeeeee eEeee EEEEe EEEEe EEEEEe
SGSGHNGHDLGGGEF Y GY SEARWMC LW PANRSGPS SETGLY GTCELMN LGS SAVEPSVI SHLFAPTAYENE
EEEECERERREEEE EcEEEREe e
PGYRNVEEGCCQEIRGLASSIQFAFALAGEHNVEQNT DT FNGET IRV Y GWH
ee hhhhhhhhh EEEEEEEe
Sequence length : 185
GOER4
Alpha helix (Hh) - 13 is &.88%
310 helizx (Gg) - 0 is=s 0.00%
Pi helix (Ii) - 0 i= 0.00%
Beta bridge §=1=3 0 is= 0.00%
Extended strand (Ee) : 60 i= 31.75%
Beta turn [(Tt) @ 0 is= 0.00%
Bend region (S=) 0 is= 0.00%
Random coil [Ty o 1le i= &1.38%
Imbhigous states (7) : 0 is= 0.00%
Cther =tates : 0 i=s 0.00%

T T T T T T T T
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) cc37c2ab403027b.psi_Ljpg (JPEG obrizek, 612x792 bodi) - Mozilla Firefox

Soubor L:Iprgv}r Zobrazit Historie Zdloiky MNastroje Mapovéda

@ - 2y | % | http://bicinfl.cs.ucl.ac.uk/psiout/cc37c2fab403027b.psi_.jpg 77+ | Gl Goog
£ Nejnavitévovanéjsi  Jak zadit Piehled zprav = http://www.nchinlm... | | http://www.glycoscie.. = CHMI Radar Departme...

= http:/fwww.igb.uci...r/sql_predict.cgi < £ cc37c2fab403027b.psi_Ljpg UPE... x

Cont: 111010030a==a0000113=030000730009000000

Fred: Ty T

Fred: CCCCCCCCCCCCEEEEEEECCCCCEEEEEECCCCEEEEER
AR: SOVDIERQDRGOTLAVVISIPSGETWYVAIQLES QTRYEFDE

1o 20 30 40

Y S s 11 o 1
Pred: —» > =

Fred: EEECCCCCCCCCEEEEEECCCCCCEECCCCCCCCCCCCCE
A VEENVEPTSSGSWLVAQMAPDSGGYVYGENYSGEGWEHD LG

a0 a0 70 a0

ARS8 P e T o e T e
Fred: 4§

Fred: CCCCCCCCCCCEREEECCCCCCCCCCCCCEEERREECCCE
AR GEGEFYGYSEARMWHCLWELWESGESSE TG LYGTCELMNLNG

20 lon 11n 1zn

GPSY e 1 s e e e e e e

Fred: D i ] :I i !
Fred: CCCCCHERHHCCCCCCCCCCCCCCCCCHHHHHHHCCHHEHA
AD: SSAVPSVTSHLFAPTAYEWERGY ANVGGCCOEIRGLASST

1z0 140 150 lan

Cont : Jaa0laaa000000903a000000000 0
Fred: e

Fred: HHHHHHCCCCCCCCCCCCCCCEREEEEECC
An: QFAFPALAGGHVEONTDTENGGTIEWVYGWH

170 10

Lugand:

O .. ConE: L:] ]][ = =znEiden=s =E pradickica

- +
L Prad: pradicksd zwmondory zkcuzkucs

= czil AA: bocgek xegqumnce
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Rozsireni moznosti 2D predikce

Vedle predpovéedi 2D struktury je
rovnéz analyzovana

Pristupnost pro solvent
Predpoved transmembranového

nelixu

e Urceni zda je/neni transmembranovy

e Podil hydrofobnich Fetézcu (AK zbytkd) na
povrchu — umoznuje postihnout i castecné
zanorené membrany
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Rozsireni moznosti 2D predikce

SSPro8 (nttp://mww.igb.uci.eduftools/scratch/ )

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

H: alpha-helix

G: 34,-helix

I: n-helix (extremely rare)
E: extended strand
B: beta-bridge

T: turn

S: bend

C: the rest

Vysledna presnost cca 63%



SSpro8 — ukazka vystupu

S55pro and 55pro8 predictions (http://www.igb.uci.edu/tools/scratch/)
* See below for notes!

Query name: srpZl cer

Query length: 166

Prediction:

SVEPIDNYITHSVRELFEVNPSQITLESISYRPPTQRT DTEVSFRTHNSHLSLNYKFTTHES
CCCCCCCCCCCCEEEEEECCCCCEEEEECCCCCCCCCCEEEEECCCCCCEEEEEECCCCE

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

EEEEECEE-CEE-C-—ECEEECEEEE—EECEEECEEECREECEEECEEECEREECEREEERE
EEEE-EEE-EE-—E-—E-EEECE-—E-EECEEECEEECEEE-EEECEE-EREE-E-EEEEE
EEEE-EEE-EE-—E-—E-EEECE-—E-EECEEECEEECE—E-EEEEEE-E-E-E—EEEEE
EEEE-EE-—E-——E-—E-EEECE---—EECEEECEEECE-E-EEEEEE-E-E-E-EEEEE
EEEE-EE-————————— E-——E———————— EECEEEEEREE-——EE—E-———— E-E-—EEE-

EDVSRLLSALGPRGVSITPGEIER TASERENNEIKESSEREIEGESIQDIVGLATLIVHNT
HHHHHAAHACCCCCCECCCCHHHHHAHAARACCCCECCCCCCCCCCHAHHARAAAAAACC
HHHHHAHAHAHAH. .T. .EE . TTHHHHHHHHAHATTEEEE . .HH.TT . . HHHHHHHAHEEEE .
e e e ettt R
————— e

EC-EE——CEEECCCEECECEEECECEEEECEEECECEEEECEEEEECEE—CEE—E———EE
EC-EE——CEEEECE—E—ECEE—CE—EECECEEEECECEEEECEEEEE—EE————————— ee
EC-EE——CEEEEEE—E—CECEE—CE——EEEECEEE—CEEEEE—EEEE—EE————————— =
EC-EE——CE—EECE—E—ECEE—CEE——EEECEEEE—CEEEEE—EEEE—EE——"—""—"—"————
ec——g——cg——ece—Ee——cEeE—EE——EE£ECEEEE—CEEEEE—EEE——E——"""""—"—"———
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Rozsireni moznosti 2D predikce

Predikce 3D struktury?
Viz. Dalsi prednaska:

3-D topologie proteindg,
predpoved’ 3-D struktury,
threading



Porovnani vysledku predikce se skute¢né
zjistenou strukturou.

Benchmark EVA (http://cubic.bioc.columbia.edu/eva/)
— prubé&zné testovani existujicich serveru
— v soudasnosti v provozu pres 300 tydndu...
— testovani 2D i 3D predikce
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Dle benchmarku EVA v soucasnhosti na
prednich mistech:

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

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

— SABLE
(http://sable.cchmc.org/ )
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Vv 2D struktura - vzajemneé usporadani AK
jednotek proteinu (a-helix, B-list)

Vv 3D struktura - celkové rozmisténi
atomu proteinu v prostoru

Vv Strukturni motivy - na rozhrani mezi
2D a 3D, vznikaji kombinaci 2D struktur
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v Rada programii vyuzivajicich rozdilné
pristupy — pouziti zavisi na vstupnich
datech a ucelu

V¥ Neexistuje univel;zélm’legogralm - nejleps|
je kombinace vysledku 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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