


Protein Secondary Structure

Every protein assumes a specific shape and performs a specific function.
Protein secondary structure refers to regular, recurring arrangements in space of
adjacent amino acid residues in a polypeptide chain.

It is maintained by hydrogen bonds between amide hydrogens and carbonyl oxygens of
the peptide backbone.

The two most common secondary structural elements are a-helices and B-structures,
though beta turns and omega loops occur as well.
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From DNA to Cell Function
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Protein Secondary Structure Prediction

Research 1n protein structure and function 1s one of the most important areca
‘esearch 1n proteomics.

A key characteristic of the protein is the three-dimensional structure into which 11
“hain folds which 1s referred to as tertiary structure.

The information necessary for protein folding resides completely within the prir
structure.

The development of rapid methods of DNA sequencing coupled with
straightforward translation of the genetic code into protein sequences has amplifiec
irgent need for automated methods of interpreting these one-dimensional(1D), I1
sequence

Classifiers are used to efficiently to predict the protein secondary structure which :
o classify the three types of a-helix, B-sheet and C-coill in terms of 1
limensional(2D) structure.
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Levels of Protein Structure

Primary protein structure
is sequence of amino acids

Amino Acids

Secondary protein structure

local conformation
primarily stabilized by
hvdrogen bonding

Tertiary protein structure
three dimensional conformation

Quaternary protein structure

Combination of multiple
polypeptide chains




Protein Structure Prediction Tools

* Experimental Techniques
e X-ray Crystallography
* NMR

« Computational tools
« I-TASSER Online
- SOPMA
« PHYRE2
- MODELLER
- HHPred



I-TASSER

-TASSER is an online bioinformatics platform for predicting protein structure and function. It has
een developed by Zhang Lab (University of Michigan)

= @ zhanglab.ccmb.med.umich.edu/I-TASSER/ or Yy
Y 4 ; 1¢ P ; | ¢ e) UNIVERSITY OF MICHIGA!
Home Research CovID-19 Services Publications People Teaching Job Opening Mews Forum Lab Only

Online Services ’_“. =
“-TASSER

| Quark "% Protein Structure & Function Prodictions.

| LOMETS {The server completed predictions for 582565 proteins submitted by 139928 users from 151 countries or regions)
COACH {The template library was updated on 2020/11/22

COFACTOR I-TASSER (lterative Threading ASSEmbly Refinement) is a hierarchical approach to protein structure prediction and structure-based function annotation. It first identifies structural
MetaGO templates from the PDB by multiple threading approach LOMETS, with full-length atomic models constructed by iterative template-based fragment assembly simulations. Function
MUSTER insights of the target are then derived by re-threading the 30 models through protein function database BioliP I-TASSER (as "Zhang-Server’) was ranked as the No 1 server for protein

structure prediction in recent community-wide CASP7, CASP8, CASPY, CASP10, CASP11, CASP12, and CASP13 experiments. It was also ranked the best for function prediction in
CEthreader CASPS. The server is in active development with the goal to provide the most accurate protein structure and function predictions using state-of-the-art algorithms. Please report
SEGMER problems and questions at |-TASSER message board and our developers will study and answer the questions accordingly. (== More about the server ...)
FG-MD Structure models for the 2019-nCov Coronavirus genome by CI-TASSER Mew
ModRefiner
o [Queue] [Forum] [Download] [Search] [Registration] [Statistics] [Remove] [Potential] [Decoys] [News] [Annotation] [About] [FAQ]
DEMO 5 :
I-TASSER On-line Server (Miew an example of |- TASSER output):

SPRING

! COTH Copv and paste your sequence within [10, 1300] residues in FASTA format. Click here for a sample input:

 EEEEEEEE— >protein
BSpred MAKSSFKISNPLEARMSESSRIREKYPDRIPVIVEKAGQSDVPDIDKKKYLVPADLTVGO

| ANGLOR FVWWWRKRIKLGAEKATIFVFVENTLPPTAALMSATY EEHKDEDGF LYMTYSGENTFGSLT

VA



I-TASSER

= #@ zhanglab.ccmb.med.umich.edu/I-TASSER/

DEMO

SPRING

COTH

BSpred

ANGLOR

EDock

BSP-SLIM

SAXSTER

FUpred

ThreaDom

ThreaDomEx

EvoDesign

GPCRA-TASSER

MAGELLAN

BindProf

BindProfx

S551Pe

ResC

lonCom

STRUM

DAMpred

TM-5core

Th-align

MM-align

I-TASSER On-line Server (\View an example of [-TASSER output):

Copy and paste your sequence within [10, 1500] residues in FASTA format Click here for a sample input:

»protein
MAKSSFKISHNPLEARMSESSRIREKYPDRIPVIVEKAGQSDVPDIDKEKYLVPADLTVGD
FWYVVRKRIKLGAEKAIFVFVENT LPPTAALMSATY EEHKDEDGF LYMTYSGENTFGSLT
VA

Or upload the sequence from your local computer:

Choose File |Mo file chosen

Email: (mandatory, where results will be sent to)

Ijkmeher@cutm ac.in I

Password: (mandatory, please click here if vou do not have a password)

S |

ID: (optional, your given name of the protein)

’ _Option I: Assign additional restraints & templates to guide I TASSER modeling.

’ Option IT: Exclude some templates from [-TASSER template library.

> Option ITT: Specify secondary structure for specific residues.

Eeep my results public (uncheck thiz box if vou want to keep your job private, and a key will be azsigned for you to access the resultz. We received numerous requests from user

their key to access result. To save your time, please keep results public, or ensure you remember the key if yvou choose to keep job private)

| Run I-TASSER || Clear form |
(Please submit a new job only after vour old job is completed)
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8 npsa-prabiibep.fr/tmp/5782121d4108.simpa%6

ndary structure prediction program

= strand . = other

ructure prediction without homologues

18 2@ 38 4 5@ oad
MEKITIYDLAELSGVSASAVSAT LNGNWKKRRISAKLAEKVTRIAEEQGYATINRQASHMLER
- - -hhhHHHHHH . . .HHHHHHHHH . . . HHHHHHHHHHHHHHHHHHHH . . . . HHHHHHHHH

1421221822112332012222212442112223455444544433]1 2430000823443

e &a e 189 11e 1:2a
SKKSHVIGMIIPKYDNRYFGSIAERFEEMARERGLLPIITCTRRRPELEI EAVEAMLSWQ
H.HHHHHbbb. .. .... HHHHHHHHHHHHHHH. . . bbbbb. . . . . HHHHHHHHHHHHHH.

@e1eloealze23453108002455566654422640244212223111233344445281

138 14a 158 168 17e 1za
VDIWNWVVATGATHNPDKISALCQQAGYVPTYNLDLPGSLSPSYISDNY GGAKAL THKILANSAR
..bbbb. ... HHHHHHHHHH. .. .bbbb......... ] TSN HHHHHHHHHHHHH .

@le23025567302443323147648218145754541111444541822343343111@

1@ 2aa 21e 229 238 244
RRGELAPLTFIGGRRATITPASVYAASTMRIASWGLACRRRIFWLPAIRKATLRTACRSG
...... bbbb............bb....bbkb......HHHHHH. . . .HHHHHHHHHH. .

@1331983436845421160343200122181109133216080001211100122531623

258 268 2ve
LAARRRCCRGYLLTRRYPHKGLCAGCRRIWN

I-TASSER



& 8@ npsa-prabiibcp.fr/cgi-bin/secpred_simpad6.pl
2A94 in: [AnTheProt (PC), Download...] [HELP]

1a 28 38 48 15 Ga ia

| | | | | | |
JLAELSGVSASAVSAT LNGNWKKRRISAKLAEKVTRIAEEQGYAINROASMLRSKKSHVIGHMI
1hhhhcCChhhhHhhhhcCChhhhhhHHHHHHHHHHHHH K “hhhhhHHHHhchhhhheze
FGSIAERFEEMARERGLLPIITCTRRRPELEIEAVKAMLSHOVDLNYATGATNPDKISALCO

1hhhHHHHHHHHHHh - CCeeEEec o c cChhhhHHHHHHHHhhc c c e Ee c CCCCHhhHHHHHH
ILDLPGSLSPSVISDNYOGAKAL THEILANSARRRGELAPLTFIGGRRATITRPASVYAASTMR
=2 CCCCCceecl hhhhHHHHHHhRh- eEEECC CCCceecccoes
_RRRIFWLPAIRKATLRTACRSGLAARRRCCRGYLLTRRYPHKGLCAGCRRWY
“hhhhhhcccchhhhhhHHhheCcoooce —ceecl! cCCoece

= length : 278

5 helix (Hh) : 118 is 43.54%

helix (Gg) : 8 is @.e0k

=] 53¢ (Ii) : @ is 8. 0e%

bridge (Bb) : @ is 8.2e%

wded strand (Ee) : 33 is 12.18%

turn (Tt) @ is 8. Ba%

region (5s5) : @ is 8. 0e%
om coil (Cc) = 119 is 43.91%
zuous states (?) @ iz 8.00%
~ states - 1 is 8.37%

I-TASSER




I-TASSER

c 8 npsa-prabi.ibcp.fr/cgi-bin/secpred_simpa96.pl

- g o s
~idge (Bb) : @ is 8.28%
2d strand (Ee) : 33 is 12.18%
Irn (Tt) : @ is e.eak
=gion (55) = @ is 8.88%
coil (Cc) : 119 is 43.91%
s states (2) @ i=  @.00%
states : 1 is 8.37%
T T T T
Il il ‘IIIIIII‘HHHHHHHIII‘HHIIIII I ‘IIIIIHHHHHIIII‘H‘IIIIIIIII"IIIIII‘HHHHHHIII|IIIH“IIIIIIIIIIIIHIIIIHHIIIIIIHHHIIIIHHHHHIIIIIIIIIIIIIHIIIIIIIIIIIIIIIII
1 1 1 1
168 158 288

158

IHIII‘III I‘H Il ‘
\HMHHHHHHM \HHnMHM [0l
168

h a scale value of 3 and over (uppercase letters) are predicted at better than 80%

sult file (text): [SIMPASS]

1157.41.100.27. Last modification time : Sun Nov 22 18:41:10 2020. Current time : Sun Nov 29 18:41:10 2020



SOPMA

= C 8 npsa-prabi.ibcp fricgi-bin/npsa_automat.pl?page=npsa_sopma.html

— PRABI-GERLAND
l' b L RHONE-ALPES BIOINFORMATIC POLE GERLAND SITE

Institute of Biclogy and Protein Chemistry
Péle Bhéne Alpes de Bioinformatique

¥ Services 7= Teaching 21 Publications ¢/>Links

PMA SECONDARY STRUCTURE PREDICTION METHOD

ict] [NPS@ help] [Original server]

ice name (optional) :| |

protein sequence below : help

TYDLAELSGVSASAVSAILNGNWKKRRISAKLAEKVTRIAEEQ
RQASMLR
IVIGMIIPKYDNRYFGSIAERFEEMARERGLLPIITCTRRRPELE]
\MLSWQ
'VATGATNPDKISALCQQAGVPTVNLDLPGSLSPSVISDNYGG
HKILANSAR
APLTFIGGRRATITPASVYAASTMRIASWGLACRRRIFWLPAIR +
TACRSG z

-width :
=D

neters

r of conformational states :| 4 (Helix, Sheet, Turn, Coil) +

ity threshold : |8




SOPMA

c @ npsa-prabiibcp.fricgi-bin/secpred_simpa%é.pl

PA96 result : UNK_ 1545150

_evin JM, Garnier ! {1988) Improvements in a secondary structure prediction method based on a search for local sequence homologies and its use as a building tool. Biochim. Biophys. Acta 955, 283-295
PAZ6 in: [AnTheProt (PC) , Download...] [HELP]

18 28 {5} 4@ 58 6@ 7a

| | | | | | |
DLAELSGVSASAVSAT LNGNWKKRRISAKLAEKVTRIAEEQGYAINRQASMLRSKKSHYIGHMI
thhhhhcCChhhhHhhhhc CChhhhhhHHHHHHHHHHHHHh cCCchhhhhHHHHhC hhhhhees
'YFGSI#ERFEEHARERGLLPIITCTRRRPELEIEAUKAHLSHQUDHVV%TGATNPDKIS#LCQ

' hhhhHHHHHHHHHHh - CCeeEEec o c cChhhhHHHHHHHHhhC ccesEe c CCCCHRhHHHHHH
MLDLPGSLSPSVISDNYGGAKALTHKILANSARRRGELAPLTFIGGRRATITPASWVYAASTMR
eecCCCCCCCceecCCCCChhhhHHHHHHhhhcceCCoceEEEcCCCccccCClceaccccee
WCRRRIFWLPAIRKATLRTACRSGLAARRRCCRGYLLTRRYPHKGLCAGCRRIWV
chhhhhhcccchhhhhhHHhheCoocccccccCCeoeecCCCccllellecocel
e length : 278
=
@ helix (Hh) : 118 is 43.54%
helix (Gg) : @ is 9.e0%
elix i @ is 0.0k
i bridge (Bb) 8 is 8. Ba%
nded strand (Ee) 33 is 12.18%
 turn [ @ is 8. 0e%
| region [55) = @ is 8.00%
lom codil (Cc) 119 is 43.91%
)

8 is 8.ee%

- e

guous states (?



SOPMA

o 8 npsa-prabi.ibcp.fr/cgi-bin/secpred_simpa96.pl

elix (Hh) : 118 is 43.54%
ix (Gg) : 8 iz @.e0%
X B B 8 i= e.00%
idge (Bb) : 8 iz  ©.08%
d strand (Ee) : 33 is 12.18%
rn GIERE 8 iz 9.pe%
gion (55) = 8 is  ©.00%
coil fLe) 119 is 43.91%
us states (?) : @ iz ©.e8%
tates - 1is 8.37%

‘NHHH‘HHHHHHNHMMH ‘|||||HHHHHHM‘mn|||||||"nuuHHHH‘HH|||||||HHnnnnun“nnHH||||||HHH||||HHHH"|||||||||||||H|||||||||||||||||
1 1 1 1
188 158 208

158

1 a scale value of 3 and over (uppercase letters) are predicted at better than 80%

sult file (text): [SIMPASE]



Measures of prediction accuracy

dindex
Qindex: (Qhelix, Qstrand, Qcoil, Q3)

- percentage of residues correctly predicted as a-helix, 3-strand,
coil, or for all 3 conformations.

Q3 _ correctly predicted residues
B number of residues

Q3 _ Npredicted . 100

N observed




Measures of prediction accuracy

relation coefficient

pa-na—ua-Oa

Co

C.=1(=100%)

- \/([I/la-l-lxla][na +0a] [pa-H/la] [pa-l-Oa])

True positive

P

False positive

(overpredicted)

0,

True negative

n,

False negative

(underpredicted)

u,




