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Curs 10 — Predictia proprietatilor unei proteine pe baza secventei de
aminoacizi
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Relevanta structuri primare

Desi structura tridimensionala a unei proteine ofera informatii complete legate de proprietatile specifice, metodele de determinare
a acesteia (care?) sunt relativ costisitoare si nu au un succes garantat (proteinele transmembranare sunt dificil de cristalizat sau
solubilizat). Pe de alta parte, tehnicile de secventiere a acizilor nucleici sunt relativ accesibile si au dus la acumularea unui numar
urias de secvente de ADN/ARN din care pot fi extrase usor secventele de aminoacizi.

Daca tinem cont de faptul ca structura primara este cea care dicteaza structura tridimensionala a
unei proteine, atunci analiza structurii primare ar putea oferi informatii legate de proprietatile
proteinei de interes. Tipurile de informati ce pot fi extrase relativ usor din analiza structurii primare a
unei proteine in acest moment se clasifica in:

1.Proprietatile fizico-chimice simple: masa moleculara, pl, indice de stabilitate, indice GRAVY;
2.Numarul si ordinea structurilor secundare;

3.ldentificarea zonelor trans-membranare;

4.Modelarea structurii tridimensionale complete.

Indiferent de tipul lor, toate aceste informatii au caracter predictiv si ofera un punct de plecare ce
trebuie verificat experimental. Informatiile sunt insa extrem de utile deoarece permit prioritizarea si

orientarea demersului experimental.

Ex.: Identificarea genelor pentru transportul nicotinei. Paenarthrobacter nicotinovorans este o bacterie ce degradeaza nicotina
datorita prezentei unui megaplasmid ce contine 165 gene. Pentru ca acest alcaloid sa patrunda in celula trebuie sa fie transportat de
un sistem de transport transmembranar. Analiza secventei de aminoacizi celor 165 de proteine codificate de megaplasmid arata ca 8
proteine au zone transmembranare. Deci cel mai probabil, una dintre aceste gene este responsabila de transportul nicotine. De la 165
de proteine candidate ca transportori au nicotinei, o simpla analiza ce dureaza cateva minute cu costuri O reduce lista de candidati la
8.
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1. Calcularea proprietatilor fizico-chimice simple:

ProtParam

Calcularea proprietatilor fizico-chimice simple are la baza o serie de operatii matematice simple ce tin
cont de numarul si tipurile de aminoacizi dintr-o secventa polipeptidica precum si de proprietatilor
cunoscute ale acestora. Site-ul ExPASy (https://www.expasy.org) al Swiss Institute of Bioinformatics
ofera numeroase programe de investigare a secventelor printre care si programul ProtParam
(https://web.expasy.org/protparam/).
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IT infrastructure

NEXPASY

Bioinformatics Resource Portal

Query all databases ||

'4 SIB resources
[21 External resources - (No support from the ExPASy Team)

Databases

H UniProtKB « functional information on proteins « [more]

u UniProtKB/Swiss-Prot « protein sequence database * [more]

£ STRING - protein-protein interactions + [more]

£ SWISS-MODEL Repository « protein structure homology models « [more]
&3 PROSITE * protein domains and families « [more]

“ ViralZone « portal to viral UniProtkB entries * [more]

u neXtProt « human proteins * [more]

4 CAZy - Cl on of carbohydrat enzymes * [more]

[Z4| CSDB * Carbohydrate Structure Database * [more]

& EMBnet services * bioinformatics tools, databases and courses * [more]
H ENZYME + enzyme nomenclature * [more]

[_’7 Glyco3D + 3D structures of glyco-related molecules « [more]

“ GlyConnect * Integrated glycodata platform « [more]

21 GlyTouCan - international glycan structure repository « [more]

2 HAMAP « UniProtKB family classification and annotation « [more]
&Y iPtgxDBs « integrated proteogenomics search databases « [more]
[Z4 MatrixDB + protein-glycosaminoglycan interactions « [more]

H MetaNetX + Metabolic Network Repository & Analysis * [more]

PR AIADERAINR « MIADE Anriimant adifinn « fmaral

% | search help

Tools

H SWISS-MODEL Workspace * structure homology-modeling + [more]
“ Vital-IT « life science informatics initiative « [more]
£ swissDock * protein ligand docking server * [more]

ﬂ 2ZIP - Prediction of leucine zipper domains * [more]

21 30f5 « find user-defined patterns in protein sequences * [more]

“ AACompldent « protein identification by aa composition * [more]

n AACompSim * amino acid composition comparison « [more]

24 Agadir + Prediction of the helical content of peptides * [more]

& ALF - simulation of genome evolution « [more]

i~ Alignment tools « Four tools for multiple alignments + [more]

ﬂ APSSP « Advanced Protein Secondary Structure Prediction « [more]
[_’7 Ascalaph * Molecular modeling software « [more]

[Z1 big-PI « predict GPI modification sites « [more]

“ Biochemical Pathways « Biochemical Pathways « [more]

2 BLAST - sequence similarity search « [more]

“ BLAST (UniProt) « BLAST search on the UniProt web site « [more]
27 BLAST - NCBI - Biological sequence similarity search [more]

ﬂ BLAST - PBIL * BLAST search on protein sequence databases * [more]

71 RiactdEacta « Riact tn Eacta rnnuarcinn « fmaral

Home About Contact

& ProtParam - protein physical and chemical parameters * [more]

Protein Identification and Analysis Tools on the ExPASy Server;
Gasteiger E., Hoogland C., Gattiker A., Duvaud S., Wilkins M.R., Appel R.D., Bairoch A.; (In) John M. Walker (ed): The Proteomics Protocols Handbook,
Humana Press (2005); pp. 571-607
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1. Calcularea proprietatilor fizico-chimice simple:

ProtParam

Parametrii calculati de ProtParam:

1.Masa moleculara Mw functie de secventa — suma maselor moleculare a tuturor aminoacizilor din
secventa data; este exprimata in Dalton (Da); utila pentru localizarea unei proteine pe un gel SDS-
PAGE;

Unde ma astept sa fie localizata pe gelul SDS-PAGE din imagine proteina cu secventa:
MSSLALNENEDGCGLLAKLMATVRPEFRPEIVIPAPGSLVENTEPCRIDECERQRTVK
GFCKSHYKRWLDQGRPEWESFLASPGPLPVGDGPLAACTVTWCRFGSARRGLCVSHHG
FFSRSSETDVIKWLATLSPEPVIERPECRLAFCDLWAQGNSPLCLNHKSRWHATIGAPD
IDEFVARCESVGLDRFDFRCLADRPQLRLELQHAMQCRHDERRASTRSSVVTPVIRLV
SDSGVTSLLDWNLDOWAAFYTAGRVGRSHRHNGQLAFLRFAYTRLEDLVAGTGWESEY
SRDAWALHRLGYTDTRGTLREFDKIPQPWLRPLAKRFIRWRLTSGREITQGRVDILALN
RFAAFLAAPSPTPTARTASTAASWNASSPSSPGTNGQ

ProtParam: Molecular weight: 43263.17 Da
Theoretical pl: 8.93

2.Compozitia atomica — calculeaza procentual ponderea fiecarui tip de atom din molecula proteica;
3.Compozitia de aminoacizi — calculeaza procentual ponderea fiecarui tip de aminoacid din molecula
proteica;
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1. Calcularea proprietatilor fizico-chimice simple:

ProtParam

4. pl — punctul izoelectric — valoarea de pH a unei solutii in care molecula proteica data nu se
deplaseaza in camp electrostatic deoarece sarcina sa electrica de suprafata este zero; ProtParam
calculeaza valoare pl luand in considerare valorile pKa ale aminoacizilor determinate practic la o
concentratie de 9.2M sau 9.8M uree si 15°C sau 25°C; util pentru localizarea unei proteine pe un gel
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Commassie Blue Stain bacteria 2D Gel Electrophoresis

Electrophoresis 1993, /4, 10231031
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Prediciton of focusing positions from amino acid seguences 1023

The focusing positions of polypeptides in immobilized
pH gradients can be predicted from their amino acid
sequences

The focusing positions in narrow range immobilized pH gradients of 29 poly-
peptides of known amino acid sequence were determined under denaturing
conditions. The isoelectric points of the proteins calculated from their amino
acid sequences matched with good accuracy the experimentally determined p/
values. We show the advantages of being able to predict the position of a pro-
tein of known structure within a two-dimensional gel.

Reference points for comparisons of 2-D gel maps 529

Reference points for comparisons of two-dimensional
maps of proteins from different human cell types
defined in a pH scale where isoelectric points correlate
with polypeptide compositions

A highly reproducible, commercial and nonlinear, wide-range immobilized pH
gradient (IPG) was used to generate two-dimensional (2-D) gel maps of
[“S]methionine-labeled proteins from noncultured, unfractionated normal
human epidermal keratinocytes. Forty one proteins, common to most human
MM hemm A e B T ahs M b tar i mEw it aaeo

Tn calcularea Mw si pl programul ProtParam nu tine cont de eventualele modificari post-traducere
ale proteinelor (PTM: acetylation, myristoylation; palmitoylation, prenylation, alkylation,
glycosylation, hydroxylation, etc). Proteinele ce contin aceste modificari vor avea mase molare si
valori pl diferite fata de cele teoretice calculate de ProtParam si deci vor migra diferite pe gelurile de

poliacrilamida.
5/13/24

Curs X- Predictia nroprietatilor proteinelor



1. Calcularea proprietatilor fizico-chimice simple:

ProtParam

5. Coeficientul de extinctie — cantitatea de lumina pe care proteina de interes o absoarbe la 280 nm;
este utila pentru a putea masura direct cu precizie concentratia unei proteine purificate folosind un
spectrofotometru;

ProtParam calculeaza acest parametru tinand cont de faptul ca absorbtia la 280 nm a unei catene
polipeptidice este dependenta de numarul de resturi de tirozina (Y), triptofoan (W) si cistina (doua
resturi de C legate printr-o punte disulfurica) dupa fromula:

Coef Extinctie Prot (280 nm) = Nr(Y)*Ext(Y) + Nr(W)*Ext(W) + Nr(Cistina)*Ext(Cistina); unde

Coef Extinctie Prot (280 nm) — coeficientul de extinctie molara la 280 nm exprimat in M1 cm; Nr(...)- numarul de resturi de
aminoacizi; Ext(Y) = 1490; Ext(W) = 5500; Ext(Cistina) = 125;

Exemplu de rezultate din ProtParam:

Extinction coefficients:

Extinction coefficients are in units of M1 cm-l, at 280 nm measured in water.

Ext. coefficient 79700
Abs 0.1% (=1 g/1) 1.842, assuming all pairs of Cys residues form cystines

Ext. coefficient 78950
Abs 0.1% (=1 g/1) 1.825, assuming all Cys residues are reduced
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1. Calcularea proprietatilor fizico-chimice simple:

ProtParam

6. Timpul de injumatatire estimat (In vivo half-life) — timpul necesar pentru ca jumatate din
cantitatea de proteina de interes dintr-o celula sa dispara dupa ce a fost sintetizata;

PrOtPa ram Calculeazé acest pa rametru pornind de Ia a$a Table 1 The N-end rule in E. coli and S. cerevisiae

numita regula a capatului N-terminal (N-end rule) — timpul de Halflife of Xl
injumatatire a unei proteine depinde de natura aminoacidului | ., « E of R
N-terminal. Regula s-a stabilit pe baza unor observatii \ . o
. o o . . . I Arg 2min 2min
experimentale ce au aratat ca viteza de inactivare metabolica a 1y 2 min 3 min
. ope s . o . Pl 2mi 3mi
unor beta-galactozidaze artificiale difera functie de ., - -
aminoacidul terminal si de organismul in care sunt exprimate ;if 32:3 ]f;::::
in limite foarte mari — 100 h pana la mai putin de 2 minute. k]iis 10 3 min
Ile >10h 30 min
Asp >10h 3 min
REVIEW Glu >10h 30 min
Asn >10h 3min
The N-end rule pathway of protein degradation Gln >10h 10 min
Cys >10h >30h
Alexander Varshavsky* Ala >10h - }()h
Ser >10h >30h
Division of Biology, California Institute of Technology, Pasadena, CA 91125, USA Thr =>10h >130h
Gly >10h >30h
Val >10h >30h
Pro ? >5h

The N-end rule relates the in vivo half-life of a protein to the identity of its N-terminal residue. -
Similar but distinct versions of the N-end rule operate in all organisms examined, from mammals Met >10h >30h
to fungi and bacteria. In eukaryotes, the N-end rule pathway is a part of the ubiquitin system.

Ubiquitin is a 76-residue protein whose covalent conjugation to other proteins plays a role in Appro.\lilllﬂtc in vivo half-lives of x—ﬁgﬂl pl’DtCillS in E. coli at

36 °C (Tobias et al. 1991) and in S. cerevisiae at 30 °C (Bachmair &
Varshavsky 1989). A question mark at Pro indicates its uncertain
status in the N-end rule (sce the main text).

many biological processes, including cell growth and differentiation. I discuss the current
understanding of the N-end rule pathway.
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1. Calcularea proprietatilor fizico-chimice simple:

ProtParam

7. Indexul de instabilitate (instability index)- indica gradul de stabilitate al proteinei de interes in-
vitro. Analiza statistica a 12 proteine labile si 32 proteine stabile a demonstrat ca exista aproximativ
400 de dipeptide specifice a caror frecventa este semnificativ diferita in proteinele stabile in-vitro fata
de cele instabile. Pe baza tipului si numarului de dipeptide se calculeaza un index specific fiecarei

proteine ce are semnificatia: Procin Engneriog oL 502 . 155161, 199

- 3 i i i i Correlation between stability of a protein and its dipeptide
Daca lndexul este mai mic de 40’ prOtema este composition: a novgl approach for predicting in vivo stability of a
cel mai probabil stabila in-vitro; protein from its primary sequence

- Daca indexul este mai mare de 40, proteina
este cel mai probabil instabila in-vitro; Kunchur Guruprasad, B.V.Bhasker Reddy and proeos. The awisical sy

possibility of its use in predicting

Centre for Cellular and Molecular Biology. Hyderabad - 500 007, India would be unstable (or stable) in

'To whom correspondence should be add

8. Indexul alifatic (aliphatic index) — se defineste ca fiind volumul relativ ocupat de catenele laterale
alifatice ale aminoacizilor (alanina, valing, isoleucina si leucina); cu cat acest index are o valoare mai

mare, cu atat proteina va fi mai stabila la temperatura; Mok, Bk (1962) 357, 100128

9. GRAVY (grand average of hydropathicity) — un index

ce tine cont de hidrofobicitatea si caracterul hidrofil al A Simple Method for Displaying the Hydropathic
aminoacizilor din catena polipetidica; valori ale acestui

index mai mici 0 de indici o proteina globular3, valori e

mai mari de 0 indic3 proteine membranare. University of California, San Diego, La Jolla, Calif. 92093, U.S.A.

( Received 8 August 1981, and in revised form 25 January 1982)
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2. Predictia numarului s1 ordinii structurilor secundare

Scopul este de a stabili daca un aminoacid dat dintr-o structura proteica face parte dintr-un o-helix,
o structura B-pliata sau dintr-o bucla (coil sau loop).

Metodele de predictie a structurilor secundare se clasifica in:

1.Metode de prima generatie — aparute in anii 60-70; au la baza alinieri de secvente inrudite cu
structuri cunoscute si stabilirea predilectiei (propensity) unor aminoacizi de a face parte dintr-o
structura secundara specifica sub forma unei probabilitati;

2.Metode de generatia a doua — au fost utilizate intens pana in anii 90; au dezvoltat conceptul de
predilectie a aminoacizilor spre o anumita structura secundara si l-au extins catre sectiuni de
aminoacizi cu lungime cuprinsa intre 3-51 resturi; in calculul probabilitatii ca un anumit aminoacid
sa faca parte dintr-un structura secundara anume se tine cont de predilectia pe care o are intreg
segmentul pentru acea structura;

Indiferent de modalitatea practica de implementare, cele 2 tipuri de metode au o acuratete de pana
la 60% (apartenenta la o SS specifica este indicata corect pentru 6 din 10 aminoacizi si gresit pentru 4
din 10 aminoacizi). Aceasta acuratete redusa se explica prin:

-interactiunile locale (dintre aminoacizii vecini) contribuie cu aproximativ 65% la generarea structurii
secundare a unei proteine, restul de 35% fiind realizat de interactiuni dintre structuri secundare;
-Legaturile de H implicate in formarea structurilor B-pliate se realizeaza intre aminoacizi amplasati la
distante mari in catena.
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2. Predictia numarului s1 ordinii structurilor secundare

3. Metode de generatia a treia — integreaza modele matematice ale mecanismelor specifice de
evolutie a proteinelor;

S-a observat ca 67% de aminoacizi dintr-o proteina pot fi inlocuiti fara ca structura tridimensionala sa
sufere modificari majore. Tn acelasi timp modificarea unui numar mic de aminoacizi cheie pot
destabiliza complet o structura tridimensionala. Explicatia acestui paradox este ca in cadrul unei
familii de proteine cu structuri similare, evolutia a explorat toate posibilitatile de aranjare a
aminoacizilor ce nu au interfera cu formarea structurii secundare. Alinierile secventelor de
aminoacizi ce fac parte din aceeasi familie proteica indica modul specific de inlocuire a

aminoacizilor in evolutie si ofera informatii structurale. e — Vot Acds R, 199,24 No 17 350-340

. . o . . Gapped BLAST and PSI-BLAST: a new generation of
Metodele de generatia a treia se bazeaza pe algoritmi de protein database search programs

Stephen F. Altschul*, Thomas L. Madden, Alejandro A. Schéffer!, Jinghui Zhang,

aliniere ale secventelor modificati precum PSI-BLAST (POSitioNn- zneng znang?, webb witer and avia . Lipman
Specific Iterative (PSI)-BLAST) si au 0 acuratete mai mMare de b e o o e s o v vonms oot festsch

Institute, National Institutes of Health, Bethesda, MD 20892, USA and 2Department of Computer Science and
7 O(y Engineering, Pennsylvania State University, University Park, PA 16802, USA
0.

Received June 20, 1997; Revised and Accepted July 16, 1997

Exemple de programe de predictie pentru SS de generatia a
t re i a : '-‘? :i\ 3? 4\? g‘i 60 .,T

MSSLALNENEDGCGLLAKLM
hHHHHEHH
QGRPEWESFLASPGPLPVGD

1.PHD — primul program de predictie a SS cu o acuratete mai

mare de 70%;  https://npsa-prabi.ibcp.fr/NPSA/npsa_phd.htm ;"
2.PSIPRED — http://bioinf.cs.ucl.ac.uk/psipred/ oz

3.Jpred 4 - http://www.compbio.dundee.ac.uk/jpred/

Rezultate tipice de predictie a structurii secundare - PHD
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3. Identificarea zonelor trans-membranare

Proteinele membranare pot fi:

a. atasate pe suprafata membranei celulare prin intermediul unui fosfolipid;

b. ancorate in membrana celulara prin intermediul unei portiuni ce contine aminoacizi nepolari;

c. integrate in membrana, traversand membrana prin intermediul unor domenii transmembranare.

= S N

( Y@/ ©) (2) 5

Proteine atasate Proteine ancorate

O

Proteine integrate
Functie de structura secundara a zonei transmembranare, proteinele integrate se clasifica in doua clase:
-TMH (trans-membrane helices) — proteine integrate prin domenii alcatuite exclusiv din una sau mai
multe structuri helicale (1-2 din figura). Tn cazul proteinelor TMH cu multiple helix-uri acestea sunt
grupate intr-un manunchi si unite prin bucle intra- sau extra-citoplasmatice ;
-TMB (trans membrane [(3-strands barrels) — pori transmembranari ce contin exclusiv structuri B-pliate
grupate intr-o structura asemanatoare unui butoi si unite prin bucle intra- sau extra-citoplasmatice (3

din figura).
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3. Identificarea zonelor trans-membranare

Datorita conditiilor specifice deosebit de uniforme (in raport cu citosolul) din membrana celulara,
procesul de identificare si predictie a zonelor transmembranare este deosebit de robust si se bazeaza
pe urmatoarele observatii experimentale:

-zonele transmembranare contin predominant aac. nepolari hidrofobi;

-helix-urile transmembranare au intre 12-35 aminoacizi lungime (grosimea membranei celulare);
-majoritatea proteinelor TMH respecta asa numita regula a “sarcinilor pozitive in interior” ce se refera
la distributia aminoacizilor pozitivi (K si R) — buclele ce conecteaza doua helix-uri transmembranare
amplasate spre interiorul celulei contin mai multe sarcini pozitive decat cele amplasate in exterior;

TMHMM posterior probabilities for WEBSEQUENCE
1.2

- in cazul in care intre doua helix-uri transmembranare — — — —
exista zone globulare acestea au in general mai putin de . /\\ ﬂ f
60 de resturi si respecta regula “sarcinilor pozitive ini? 06 } ﬂ \
interior”’ ; oo |

- zonele globulare dintre doud helix-uri transmembranare |}/ |||\‘ L” i

e

20 40 60 100 120 140 160

mai mari de 60 resturi nu respecta regula “sarcinilor
pozitive in interior”’;
Exemple de programe pentru identificarea zonelor transmembranare:
- Topred2 - http://sbcb.bioch.ox.ac.uk/TM noj/TM noj.html
- TMpred - https://embnet.vital-it.ch/software/TMPRED form.html
- HMMTOP - http://www.enzim.hu/~tusi/hmmtop/
- TMHMM - http://www.cbs.dtu.dk/services/TMHMM-2.0/
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http://sbcb.bioch.ox.ac.uk/TM_noj/TM_noj.html
https://embnet.vital-it.ch/software/TMPRED_form.html
http://www.enzim.hu/~tusi/hmmtop/
http://www.cbs.dtu.dk/services/TMHMM-2.0/
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TABLE 29.1. Availability of Prediction Methods?

Method Type Server Program
ACCpro acc www.ics.uci.edu/~baldig/scratch/index.html Gianluca Polls
FKNNacc acc hinja.ssu.ac.kr/FKNNacc Julian Lee
PHDacc acc www.predictprotein.org/ Guy Yachda:
PROFacc acc www.predictprotein.org/ Guy Yachdas
SABLE acc sable.cchmc.org Jarek Meller
ASP sec+  www.predictprotein.org/ Malin Younz
COILS sec www.predictprotein.org/ Andrei Lupa:
HMMSTR sec+  www.bioinfo.rpi.edu/~bystrc/hmmstr/ Chris Bystro®
server.php
Porter risec distill.ucd.ie/porter Gianluca Por oo
PROFphd sec www.predictprotein.org/ Guy Yachdz
PSIPRED sec insulin.brunel.ac.uk/psiform.html David Jones
SABLE sec sable.cchmc.org Jarek Meller
SAM-T99sec  sec www.cse.ucsc.edu/research/compbio/ Kevin Karp o ‘
HMM-apps/T99-query.html
SSpro2 sec promoter.ics.uci.edu/BRNN-PRED Pierre Bald:
Gianluca =0
YASPIN sec zeus.cs.vu.nl/programs/yaspinwww Jaap Herinz:
B2TMR tmb gpcr.biocomp.unibo.it/biodec Rita Casad
BOMP tmb www.bioinfo.no/tools/bomp Ingvar Eidham
PROFtmb tmb www.predictprotein.org/ Henry Bigelow
TMB-HUNT  tmb www.bioinformatics.leeds.ac.uk/~andy/ Andrew Garmm
betaBarrel/ AACompPred/aaTMB_Hunt.cgi DR Westheust
HMMTOP tmh www.enzim.hu/hmmtop Gibor E. Tesul
MEMSAT tmh insulin.brunel.ac.uk/psipred David Jone:
MINNOU tmh minnou.cchmce.org Jarek Melles
PHDhtm tmh www.predictprotein.org/ Guy Yachds
Phobius tmh phobius.cgb.ki.se Erik Sonnhasms
SOSUIL tmh sosui.proteome.bio.tuat.ac.jp/sosuiframe0.html Takatsugu =
SPLIT tmh www.mbb.ki.se/tmap/index.html Davor Jure
TMAP tmh www.mbb.ki.se/tmap/index.html Bengt Perssm
TMHMM tmh www.cbs.dtu.dk/servicess TMHMM-1.0 Anders K=o
TMpred tmh www.ch.embnet.org/software/TMPRED_ Philipp Bucue
form.html
TopPred2 tmh www.sbc.su.se/~erikw/TopPred22 Gunnar voe

“Acronyms: prediction of: acc—solvent accessibility; sec—secondary structure; tmb—transmembran:

strands; tmh—transmembrane helices.
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