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The secondary structure is observed ina
localised portion of a profein.




Assignment of Secondary Structure

* Program
— DSSP (Sander Group)
— Stride (Argos Group)
— Pcurve

* DSSP
— 3 helix states (I=3,4,5 )
— 2 Sheets (isolated and extended)
— Irregular Regions



dssp

The DSSP program defines secondary structure, geometrical features and solvent
exposure of proteins, given atomic coordinates in Protein Data Bank format

Usage: dssp [-na] [-v] pdb_file [dssp_file]
Output :

24 26 E H < S+ 0] @ 132
25 27 R H < S+ 0] @ 125
26 28 N < 0 0 41
27 29 K 0 0 197
28 ! 0 0 0
29 34 C 0 0 73
30 35 I E -cd 58 89B 9
31 36 L E -cd 59 90B 2
32 37 V E -cd 60 91B 0
33 38 G E -cd 61 92B 0]




Automatic assignment programs

DSSP ( http://www.cmbi.kun.nl/gv/dssp/ )

STRIDE ( http://www.hgmp.mrc.ac.uk/Registered/Option/stride.html )
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Type of Secondary Structure Prediction

* Information based classification
— Property based methods (Manual / Subjective)
— Residue based methods
— Segment or peptide based approaches
— Application of Multiple Sequence Alignment

* Technical classification

— Statistical Methods
* Chou & fashman (1974)
* GOR
— Aurtificial Itellegence Based Methods
* Neural Network Based Methods (1988)
* Nearest Neighbour Methods (1992)
* Hidden Markove model (1993)
* Support Vector Machine based methods



Lim

J. Molecular Biology (1974) 88, 873.

Predicts: alpha helix, beta strand, irreguiar.
Accuracy: 80-85 %.
Based on: short-range and long-range interactions to stabilize

the secondary structures. Takes into account packing
issues.

Data (training) set: 25 proteins (structures known to date)
Test set: 25 proteins

Method:

1. predict secondary structure based on RULES developed from
known structures

2. plot schemes on primary protein sequence

3.  following known rules (1-6), locate helical regions

4 following known rules (1-8), locate beta regions




Chou Fasman

Biochemistry (1974) 13:2, 222.

Predicts: alpha helix, beta strand, beta (reverse) turn, none.
Accuracy: 77 %.

Based on: short-range and medium-range interactions play a
predominant role in determining secondary structure.

Data (training) set: 19 proteins (structures known to date)
Test set: 19 proteins

Method:
1. assign each residue helix potential, beta potential, turn potential
2. locate clusters of helix formers, helix breakers, etc.
H(a), h(a), I{a), i(a), b(a), B(a)
3.  search for helical regions (4 out of 6 H or h)
4, search for beta regions
5 search for turns







Chou-Fasman

First widely used procedure

If propensity in a window of six residues (for a helix) is above a
certain threshold the helix is chosen as secondary structure.

If propensity in a window of five residues (for a beta strand) is above a
certain threshold then beta strand is chosen.

The segment is extended until the average propensity in a 4 residue
window falls below a value.

Output-helix, strand or turn.



GOR method

arnier, Osguthorpe & Robson

Assumes amino acids up to 8 residues on each side influence the ss of
the central residue.

Frequency of amino acids at the central position in the window, and at
-1, .... -8 and +1,....+8 is determined for o,  and turns (later other or
coils) to give three 17 x 20 scoring matrices.

Calculate the score that the central residue is one type of ss and not
another.

Correctly predicts ~64%.



Directional information measure for the a-helical conformationt

Residue position}

Amino acid :
residue g p : (centm?,ts) 4 N ; |

-8 R g4 Jj—2 ] J+2 J+4 j+6 j+8
Gly -5 -10 -15 -20 -30 -4 -50 —60 —86 —-60 -5 —-40 =30 -20 -15 -—10 -5
Ala 5 10 15 20 30 40 50 60 65 60 50 40 30 20 15 10 5
Val 0 0 0 0 0 0 b 10 14 10 5 0 0 0 0 0 0
Leu 0 5 10 15 20 25 28 30 32 30 28 25 20 15 10 5 0
Ile 5 10 15 20 25 20 15 10 6 0 =10 -15 -—-20 -25 —=20 -10 —b
Ser 0 -6 =10 =15 -20 -2 -—-30 -—-3b -39 -3 =30 =25 =20 =15 =10 -5 0
Thr 0 0 0 -5 =10 -15 -—-20 —25 —26 -25 =20 =15 -10 -5 0 0 0
Asp 0 -5 =10 -15 -20 -15 -10 0 b 10 15 20 20 20 15 10 5
Glu 0 0 0 0 10 20 60 70 78 78 78 78 78 70 60 40 20
Asn 0 0 0 0 -10 -20 -30 —40 -51 —40 =30 =20 -10 0 0 0 0
Gln 0 0 0 0 b 10 20 20 100 -10 -20 -20 -10 -5 0 0 0
Lys 20 40 50 65 -~ 60 60 50 30 23 10 5 0 0 0 0 0 0
His 10 20 30 40 50 50 50 30 12 -20 =10 0 0 0 0 0 0
Arg 0 0 0 0 0 0 0 0 -9 =156 -20 -30 —40 -50 -50 -—-30 -10
Phe 0 0 0 0 0 b 10 15 16 15 10 b 0 0 0 0 0
Tyr -5 =10 -15 -—-20 -25 -30_-356 —40 —45 —-40 -3 -30 -2 -20 -16 -—-10 -5
Trp -10 -20 -—-40 =50 -50 -—10 0 10 12 10 0 -10 -5 -50 —40 -—-20 -10
 Cys 0 0 0 0 0 0 -5 =10 -13 =10 =5 0 0 0 0 0 0
Met 10 20 25 30 36 40 45 50 53 50 45 40 35 30 25 20 10

Pro -10 -20 -4 -—-60 -8 -—100 —120 -—140  -77 -—60 -30 -—-20 -1I0 0 0 0

@
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Garnier, Osguthorpe, Robson

J. Molecular Biology (1978) 120, 97.

Predicts: alpha helix, beta strand, beta (reverse) turn, coil.
Accuracy: 60 Y.

Based on: Based on single residue determination vs.
neighboring interactions determination.
Optimized for predicted protein to include expected
percentage secondary structure.

Data (training) set: 25 proteins (structures known to date)
Test set: 25 proteins

Method:
1.  evaluation of information state for each residue, each
conformational state
m=+8
| S:R,R,.. R ~ =>_ 1(S;R,,)
m=-8
locate conformation with highest content
variables: decision constant (optimized to experimental CD)
run constant (includes neighboring effects)
optional: homologous sequences
information content from each homolog is added
and divided by # homologs
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Protein |Alignments profile table
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Secondary Structure Prediction

* Application of Multiple sequence alignment
— Segment based (+8 to -8 residue)
— Input Multiple alignment instead of single seq uence
— Application of PSIBLAST

* Current methods (combination of)
— Segment based
— Neural network
— Multiple sequence alignment (PSIBLAST)
— Combination of Neural Network + Nearest Neighbour Method



PSIPRED

Uses multiple aligned sequences for prediction.
Uses training set of folds with known structure.

Uses a two-stage neural network to predict structure based on position
specific scoring matrices generated by PSI-BLAST (Jones, 1999)

— First network converts a window of 15 aa’s into a raw score of h,e (sheet),
c (coil) or terminus

— Second network filters the first output. For example, an output of
hhhhehhhh might be converted to hhhhhhhhh.

Can obtain a Q3 value of 70-78% (may be the highest achievable)



3-state model: Helix (H), Strand (E), Loop (L)

(E) BZtpavd, vov— (H) a-HeME, (A)Aoon
LOXOA LVTEPOYTIOVE AOYOA LVTEPAYTIOVG VOV—-PEYLAQP LVTEPAYTLOVC

SEQ KELVLALYDYQEKSPREVTMKKGDILTLLNSTNKDWWKVEVNDRQGFVPAAYVKKLD
SS EEEE E E E EEEEEE EEEEEE EEEEEEHHHEEEE







Tight turns

Type No. of residues H-bonding
§-turn 2 NH(1)-CO(i+1)
Y-turn 3 CO(1)-NH(i+2)
B-turn 4 CO(i)-NH(i+3)
o-turn 5 CO(1)-NH(i+4)
T-turn 6 CO(®)-NH(i+5)




Prediction of tight turns

* Prediction of B-turns
* Prediction of B-turn types
* Prediction of y-turns
* Prediction of a-turns

* Use the tight turns information,
mainly B-turns in tertiary structure
prediction of bioactive peptides



Existing B-turn prediction methods

* Residue Hydrophobicities (Rose, 1978)

* Positional Preference Approach
— Chou and Fasman Algorithm (Chou and Fasman, 1974; 1979)
— Thornton’s Algorithm (Wilmot and Thornton, 1988)
— GORBTURN (Wilmot and Thornton, 1990)
— 1-4 & 2-3 Correlation Model (Zhang and Chou, 1997)
— Sequence Coupled Model (Chou, 1997)

* Artificial Neural Network
— BTPRED (Shepherd et al., 1999)
(http://www.biochem.ucl.ac.uk/bsm/btpred/ )

BetatPred: Consensus method for Beta Turn prediction (Kaur and Raghava
2002, Bioinformatics)

http://www.imtech.res.in/raghava/betatpred/
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http://www.biochem.ucl.ac.uk/bsm/btpred/)

INPUT DATA

FDB code: 1ah7

Filemame: lah7 .t

Amine Ackd WEAEDEHEEGVYVNSHLWIVNRAIDIMEENTTLVEQDPEVAQLNEWRTELENG

Sequences IYTAADYENPYYDNSTFASHFYDPDNGETYIFFAEQAEETGAEYFELAGESY
KEKNEDMEQAFFYLGLSLHYLGDYNOQPFMHAANFTNLSYPOGFHSEYENEVYDT
IEDPDMNYEVYVTDPDGNGY WNWEGTNPFEEWIHGAAVVAEQDYSGIVNDNTEDWFEFY
KEKAAVSOQEYADKEWRAEVTPMTGERLMDADEYVTAGYIQLWFDTYGDR

Predicted AMMARAAONMMAANMARAAON N ANARAAANIAAANMARAAN MO AAANOAN AN RAARANRAAN

tarns/nonfurns: AnnrnannaaRnitidinanitiinnAnAraAAMnBAARMRAARARiiiinARARMAARRARARR
nonoooonooonononnoanononononoononnoanoonannoenAaifiiifinnonnnoanononnnn
AMMEBABAAOAN A BEANARARAR AR ANEARANM A AAMARBAANNMBIBEAAANBAAANERAANNABA RN
nnnn

EVALUATION RESULTS

Chou=Fasman algorithm
(original parameters)y

~ Thernton’s algerith
{original p::amtmn;

GORBTURN

|1-4 & 2-3 Correlation Model
{original parameters)

Sequence Coupled Model
{original parameters

ETPRED




BetaTPred2: Prediction of B-turns in proteins
from multiple alignment using neural network

Harpreet Kaur and G P S Raghava (2003) Prediction of B-turns in proteins
from multiple alignment using neural network. Protein Science 12, 627-634.

Two feed-forward back-propagation networks with a single hidden layer are used where
the first sequence-structure network is trained with the multiple sequence alignment in
the form of PSI-BLAST generated position specific scoring matrices.

The initial predictions from the first network and PSIPRED predicted secondary
structure are used as input to the second sequence-structure network to refine the
predictions obtained from the first net.

The final network yields an overall prediction accuracy of 75.5% when tested by seven-
fold cross-validation on a set of 426 non-homologous protein chains. The corresponding
Qpred., Qobs. and MCC values are 49.8%, 72.3% and 0.43 respectively and are the best
among all the previously published B-turn prediction methods. A web server
BetaTPred? (http:/www.imtech.res.in/raghava/betatpred?/) has been developed based
on this approach.
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position specific scoring First level: Second level:
matrix Sequence to structure Structure to structure
from a multiple Input: position specific matrix ~ Input: output from first net +
sequence alignment (21 units per window position) secondary structure
{by PSI-BLAST) window size 9 {4 units per window position)
Hidden layer: 10 units window size 9

pasition specific Output: Tunit(1 or 0) Hidden layer: 10 units

scoring matrix PSIPRED predicyions utput from first net (1 or 0)

Con
-384 269 -5 Heli
57 -78 0 -i6l : Stran
189 366 <66
=237 218 -ME
-14% -4 10T
213 -7 206 Prediction
68 337 output
27 67 s ® (B-turn or
=399 .29] ; nonturn)
-451 383
-198
-265
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Hingle sequence

Farsi
neiwork

Second
nciwork

Multiple alignment

Firsi
network

Second
network

{JJ (i iv)
{Jp Fared
Qﬁl ihs

MO

Tl.6 0.7

44.1 £ 1.3

ST.32+£ 206

.31 £ 001

T43=1.0
(Fdh = 1.4)
484 £ 1.7
(48.6 = | .H)
T1.2x210)
(70 = 200
(bl =1011]
(041 =001

T35z 1.5

47.2x 1.9

0l 5z 22

(37 = (L0

T55+1.7
(758 + 1.6)
498 + 2.0
(4990 + | .4
T2.3+ 2.6
(708 = 2.0
a3 = (L0
(43 = (L0 )

Walues in parentheses comespond o the prediction resulis obtamed by
excluding the proteins that were used to develop PSIPREELDRD method.

Harpreet Kaur and G P S Raghava (2003) Prediction of B-turns in

proteins from multiple alignment using neural network.
12, 627-634.




BetaTPred2: Prediction of B-turns in proteins using neural
networks and multiple alignment

Bioinformatics Centre, IMTECH, Chandigarh

DG it sequence) MR I | o ot e e
Input Sequence Format: free_format

Filename: zlix Tnout data a5
SUBMISSION FORM Query Sequence: TKEQRILRYVQQNAKPGDPQSVLEAIDTY sgmittedh
CTQKEWAMNVGDAKGQIMDAVIREYSPS ¥
. . LVLELGAYCGYSAVEMARLLQPGARLLT the uwser
Target/name of protein (°P“°“a~‘):_ 2 MEMNPDYAAITQOMLNFAGLQDEVTILN

GASQDLIFQLEEEYDYVDTLDMVYFLDHWE
DEYLFDTLLLEKCGLLEEGTVLLADNVYIV
PGTPDFLAYVRGSSEFECTHYSSYLEYMK

Input Sequence Format 2 VVDGLEKAIYQGFS

E-mail address: harpreet @imtech.res.in
Upload sequence file _ or paste data in box PREDICTION RESULTS
UeTY sequence
Sequence TEEQRILRYVQQNARPGDPQSVLEATDTYCTORKEWAM suhmitied hy the user
Zecondary Structure  CCCHHHHHHHHHHCCCCCCHHHHHHHHHHHHCCCCCCCCC
Turn BResiduss nnnnnnnnnnannnnttttnnnnnnnnnnnntttttttnn
Secondary structure
Seguence DAKGOIMDAVIREYSPELVLELGAYCGY SAVEMARLLOPG redicted by PSIPRED
Secondary Structure  HHHHHHHHHHHHHCCCCEEEEECHHHHHHHHHHHHHCCC predicted by
Turn Residues NMNNARANNNAARANNINANNANNANDARRRRNANANtEE H: helix, E: strand,
C: coil
B Sequence ARLLTMEMHEDYARI TOOMLNFAGLODEVTILNGASQDLI Output
Secondary Structure CEEEEEEECHHHHHHHHHHHHHCCCCCCEEEEECCHHHHH
Turn Residues tnnnnnnnnnnnnnanInnnnnnnonnnnnnnnnRnnnnn
—Inai : i i Predicted tuwrn/monturn
Please enter your E-mail address: [ ] i you want to eceive Sequence POLKKKYDVDTLDHVFLDHWKDRYLPDTLLLEKCGLLRRG |~ o
Secondary Structure  HHHHHCCCCCCCEEEEECCCHCCCCCHHHHHHHCCEECCC, | p-turn
Turn Rasidues nnnnntttttinononnntttttnnnonnnnnnnnnnttt n: non p-tarn
Submit
Sequence TVLLADNVIVPGTPDFLAYVRGSSSFECTHY SSYLEYHEY
Secondary Structure  CEEEECCCCCCCCHHHHHHCCCCCCCCCEEEEEHHHHHHH
Turn BResidues tnnnntttttttnnnnnnnntttttttnnnnnnnnnnnnn




Turn Dihedral angles (")
Type O Wi b2 Wi
I -6l -30) 90 0
. 60 30 90 0
- 60 120 80 0
I 60 -120 -8 0
v 6l 10 53 17
Vial 60 120 90 0
Via2 120 120 60 0
Vib -135 133 -13 [60
-60 -30) -120 120

VIl
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http://www.imtech.res.in/raghava/betaturns/

Query
title
(optional)

Name of target protein. It is optional

Input
sequence
format

PI:IH'I TEXt = Sequence Format

Query

sequence:

OR

Filename

Please

enter your|f
E-mailfk

address:

F-mail address

Paste vour seqguence here

‘ PREDICTION RESULTS

Sequence PLEKHSGDHGSYWEAGDSAFDSRYEAS
Secondary Structure CCCCCCCCCCCCCCCCCCCCCCCCCC
Turn Residues nnttttttttnnttttttttnnnnnn
Turn Types O T P

Turn Types IV II II I

Turn Types | |

Turn Types II

Turn Types

Turn Types

Turn Types

Turn Types


http://www.imtech.res.in/raghava/betaturns/
http://www.imtech.res.in/raghava/betaturns/
http://www.imtech.res.in/raghava/betaturns/
http://www.imtech.res.in/raghava/betaturns/
http://www.imtech.res.in/raghava/betaturns/
http://www.imtech.res.in/raghava/betaturns/
http://www.imtech.res.in/raghava/betaturns/

gamma turn 104 Invarse gamma




http://www.imtech.res.in/raghava/gammapred

Harpreet Kaur and G P S Raghava (2003) A neural network based method for
prediction of y-turns in proteins from multiple sequence alignment

12, 923-929

Sequence
Flain Text »becondary structure
~ Gamma Turn Residues

Sequence
Secondary structure
Ganma Turn Residues

Sequence
Secondary Structure

Turn Residues

- Sequence
Fun Predict Secondary structure
Gamma Turn Residues

YPREDICTION RESULTS

ADTIVAVELDTYPNTDIGDPRYPHIGIDIKSVREKKTAKWNHONGKVGIAHI TYNSVDER
COCEEEEEEECCCCCCCCCCCCCEEEEEECCCCCCEEEECCCCCCCEEEEEEEEECCCCE

0999

LR AW YPNADEATVS Y DVDLDNVLPEWVRVCL SASTCLY KETNT TL WS F T SKLK RN ST
EEEEEEECCCCEEEEEEECCHHHHCCCEEEEEEEECCCCHHHHEEEEERHHHRACCCCCC

HETNALHENFNOF SKDOKDLILOGDATTCTDGNLELTRVE SNGSPQGESVERALE YAPVH
COCCCCCEEECCCCCCCCCEEEEECCEECCCCCEEEECCCCCCCCCCCCEREEEECCCER

099

IWESSAVVASFEATFTFLIKSPDSHPADGIAFF ISNIDSSIPSGSTGRLLGLEPDAN
CECCCCCCCEEEEEEEEEEECCCCCCCCEEEREEECCCCCCCCCCCCCECCCCCCCC

9999999 RRR]: - SRRRRR: - R
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http://www.imtech.res.in/raghava/alphapred/

Harpreet Kaur and G P S Raghava (2003) Prediction of o-turns in proteins
using PSI-BLAST profiles and secondary structure information. .

Cuery title
{optional)

Input sequence
format

Flain Tex

uery sequence:
(see above for all
valid formats)

R

Hpload Sequence
file

% PREDICTION RESULTS

Sequence
Secondary Structure
Alpha Turn Residues

Sequence
Secondary Structure
Alpha Turn Residues

equeance

Please enter
yvour E—mail
address:

Secondary Structure
Alpha Turn Residues

Sequence
Secondary Structure
Alpha Turn Residues

TETTSFLITKFSPDQONLIFQGDGY TTKEKLTLTKAVKNTVGRALY SSPT
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1) First model has no secondary structure (¢ = ¥ = 180°) information
2) Regular Secondary structure states predicted by PSIPRED.

3) Regular and irregular (turns) secondary structure predicted by
BetaTPred2.

Steps Involved
* Dihedral angles assigned based on secondary structure
* Side chain angles based on dihedral angles using rotamer library
* Building tertiary structure from internal coordinates

* Energy Minimization using AMBER
Peptide

Extended PSIPRED PSIPRED
(¢ =¥ =180°). +
BetaTPred?2

Prediction of Tertiary Structure of bioactive Peptides



Model Averaged backbone root mean deviation (A)

before EM & DS affer EM & DX

| 10.8 59
11 R 4.9
111 5.0 4.2

“EM and DS denote energy minimization and dvnamics simulations
respectively,




* Regular Secondary Structure Prediction (o-helix B-sheet)
— APSSP2: Highly accurate method for secondary structure prediction
— Participate in all competitions like EVA, CAFASP and CASP (In top 5 methods)
— Combines memory based reasoning ( MBR) and ANN methods
* Irregular secondary structure prediction methods (Tight turns

— Betatpred: Consensus method for B-turns prediction
* Statistical methods combined
* Kaur and Raghava (2001) Bioinformatics

Bteval : Benchmarking of B-turns prediction
* Kaur and Raghava (2002) J. Bioinformatics and Computational Biology, 1:495:504
— BetaTpred2: Highly accurate method for predicting B-turns (ANN, SS, MA)

* Multiple alignment and secondary structure information
* Kaur and Raghava (2003) Protein Sci 12:627-34

— BetaTurns: Prediction of B-turn types in proteins

* Evolutionary information
* Kaur and Raghava (2004) Bioinformatics 20:2751-8.
— AlphaPred: Prediction of o-turns in proteins
* Kaur and Raghava (2004) Proteins: Structure, Function, and Genetics 55:83-90

— GammaPred: Prediction of y-turns in proteins
* Kaur and Raghava (2004) Protein Science; 12:923-929.
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BhairPred: Prediction of Supersecondary structure prediction
— Prediction of Beta Hairpins
—  Utilize ANN and SVM pattern recognition techniques
—  Secondary structure and surface accessibility used as input
—  Manish et al. (2005) Nucleic Acids Research (In press)
. TBBpred: Prediction of outer membrane proteins
—  Prediction of trans membrane beta barrel proteins
—  Prediction of beta barrel regions
—  Application of ANN and SVM + Evolutionary information
—  Natt et al. (2004) Proteins: 56:11-8
ARNHpred: Analysis and prediction side chain, backbone interactions
— Prediction of aromatic NH interactions

Kaur and Raghava (2004) FEBS Letters 564:47-57 .

SARpred: Prediction of surface accessibility (real accessibility)
—  Multiple alignment (PSIBLAST) and Secondary structure information
—  ANN: Two layered network (sequence-structure-structure)
—  Garg et al., (2005) Proteins (In Press)

. PepStr: Prediction of tertiary structure of Bioactive peptides

Performance of SARpred, Pepstr and BhairPred were checked on CASP6 proteins
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