Predicao de modificacoes
em proteinas



Modificacoes de proteina

e ORF o Ao representarmos uma proteina como

mmmm\\\\m uma SGQUénCia de caracteres

representando os seus aminoacidos

(estrutura primaria) estamos

representando apenas parte dos

elementos que compdes diversas

S ' P Madifcation proteinas que podem sofrer diversas
modificagdes como protedlise, glicosilagao,

fosforilacao, etc...

Phosphorylation

Membrane

Em varios casos tais modificagcdes podem
fornecer indicios importantes sobre
localizacio celular e funcao

Glycosylation




Modificacoes de proteina

* Diversas das modificacoes ocorridas nas
proteinas acontece através da acao
enzimatica de outras proteinas que
reconhecem motivos nas sequéncias
alvo

* Deste modo é possivel utiliza algoritmos
de reconhecimento de padroes para
reconhecer eventuais sitios de
modificacao em uma proteina estudada
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* Possui uma rede com varias camadas envolvidas na aquisicao de dados, processamento e resposta. O dados
da camada de aquisicao é enviado a camada de processamento, onde funcdes irdo gerar valores 1 ou 0
simulando o disparo ou nao de um neurdnio. A camada de resposta ird receber os diferentes sinais da
camada de processamento e por sua vez ird produzir um sinal 1 ou 0.

* Processos de treinamento para ajustar o peso de cada funcao sao realizados com seqiéncias com resposta
conhecida
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SIGNAL PEPTIDASE CLEAVES OFF
SIGMAL SEQUENCE, RELEASING
MATLUIRE PROTEIM INTO ER LUMEM

O transporte de proteinas para o lumen do reticulo endoplasmatico é realizado
por um aparato celular que reconhece um peptideo sinal na ponta amino-
terminal de uma proteina e transporta esta proteina através da membrana
separando o citosol do lumen do RE.

As proteinas transportadas para o RE serao secretada para fora da célula,
salvo se tiverem algum sinal de retencao.

Além disso, € somente no RE e golgi que ocorre a glicosilagao de proteinas.



SignalP

» Deteccao de peptideo sinal por dois
algoritmos diferentes: HMM e Neural
Networks

» Utilizacao de um conjunto de
treinamento real para estabelecimento
de parametros de deteccao

* Oferece ferramentas treinadas em
eucariotos e bactérias gram-positiva e
negativas



SignalP 3.0 Server

Signal rver predicts the presence and location of signal peptide cleavage sites in amino acid sequences from different organ ram-positive prokaryotes, Gram-negative prokaryotes, and eukaryotes. The method incorporat
of cleavage sites and a signal peptide/non-signal peptide prediction based on a combination of seve i z d hidden Markov models

rver. All the previo ions are available on line, for comparison and reference
New paper about using SignalP and other protein subcellular localization prediction metho

Locating proteins in the cell using TargetP, SignalP, and related tools
Olof Emanuelsson, S€ren Brunak, Gunnar von Heijne, Henrik Niglsen
Mature Protocois 2, 953-971 (2007).

e paper and supplementary information here

ackuound hriceabsiacis isinucons Quipat format

SUBMISSION

Paste a single seguence or several seguences in - format into the field below:

Submit a file in 4 format directly from your iocal disk:

Organism group Graphics
Eukaryot Meural networl No graphics
Gram-negative bacteria ) Hidden Markov mod: ) GIF (inling)
Gram-positive bacteria GIF (inling) and EPS (a:

Output format
Truncate each sequence to max du

We recommend that only the N-terminal part of each protein sequence
Enter 0 (zero) to ble truncation.




SighalP-Neural networks

SionATETN resuits « Escore S - relacionado a
probabilidade do aminoacido
pertencer a sequéncia sinal

SignalP-HH prediction {euk networks): Sequence

* Escore C - probabilidade de ser
o sitio de clivagem. Posicao
indicaria a primeiro aminoacido
da proteina madura

 EscoreY - deriva da combinacao
dos escores S e C. Tende a ser
maximo no ponto de clivagem

* Media de S- media do valor do
escore S no peptideo sinal

»Seqguence length = 70
# Measure Position Value Cutoff signal peptide?
max. C 27 0.497 0.32 YES
max. Y 27 .589 0.33 YES . . 7 .
max. S 8 .979  0.87 YES ® Media D- Media do valor médio
1-
1_

mean 5 L8289 0.48 YES

6 olm0s  0.4s  vee de S e valor maximo de Y

D

# Most likely cleavage site between pos. 26 and 27: MER-TS




SignalP- HMM

Signa1e-ms resuit: * Deteccao de
pontas amino e
carboxi terminais
e regiao
hidrofobica.

SignalP-HMM prediction (euk models):

Cleavage prokb.

h=-region prob.

Fositiaon

»Sequence
Prediction: Signal peptide

S5ignal peptide probability: 0.642

S5ignal anchor probability: 0.259

Max cleavage =site probability: 0.173 between pos.




Performance do SignalP

Version lea site (Y-score Discrimination {iSP_,.-"'11r>11-c~lP"}

Hl@,ﬂalP 1 NN

ignificant improvement was
nd discrimination values
ate neural network and hidden Markov

model, 1‘e51::ect.1vel}-'. R.esu]ts. are ba.sed on ﬁve-to]cl Cross ‘\-"El.llda.tlDll for all SignalP versions




Glicosilacao de proteinas

» Adicao de oligossacarideos a cadeia
protéica em posicoes definidas

* Processo é especifico ocorrendo em
apenas algumas proteinas e somente no
RE e Golgi (portanto proteinas
citoplasmaticas nao estao a principio
sujeitas a este tipo de modificacao)

* Ligacao de carboidratos pode ter diversos
propodsitos: Reconhecimento celular,
adesao, entre outras



Glicosilacao N-ligada de
proteinas

Glicosilagao N- ligada liga-se no grupo NH, do

asparagina
b Ocorre apenas em motivos Asn-Xaa-Ser/Thr,
onde Xaa € qualquer aminoacido menos
g prolina

Neste tipo de glicosilagao um oligossacarideo
s3 inteiro contendo 14 residuos de acucar &

bt adicionados a cadeia lateral do aminoacido
Glicosilagao ocorre no reticulo endoplasmatico
e modificacdes na cadeia de oligossacarideos
ocorre no RE e Golgi

N-linked GlcMAc



NetNGlyc

ylation sites in human prote ing artificial neural networks that examine the sequence context of Asn-Xaa-Ser/Thr sequons.

C ismeios Ouiput forma Absiact

SUBMISSION

NetNGlyc 1.0 Server

Faste a single sequence or several sequences in £ A format into the field below:

Submit a file in £ format directly from your local disk:

Alternatively, type in Swiss-Prot ID/AC fe.q. CBG_HUMAN)

Generate graphics [T show additional thresholds {0.32, 0.75, 0.90) in the graph(s)

By default, predictions are done only on the Asn-Xaa-SerThr sequons (incl. Asn-Pro-SerThr)

[T] predict on all Asn residues - use this only if you know what you are doing!

Clear fields

urrently not checked by the MetNGly:

Cytopl

Restrictions: At most 2,000 sequences and 200,000 amino acids per submission; each sequence not more than 5,000 amino acids.
Confidentiality: The sequences are kept confidential and will be deleted after processing.

Ferramenta de predicao de sitios de N-glicosilacao

Utiliza redes neurais

Nao € possivel prever a cadeia de oligonucleotideos resultantes
Treinada em proteinas de humano



NetNGlyc

Hame: Sequnence Length: 1045

MEGARWREVEPWVS LSCLCLCLLPHVVPGTTEDTLITGSETPAPVTSTGSTTATLEGOSTAASSRTSNOD ISASSONHOTE
STETTSEAQTDTLTOMMTSTLFSSPSVHNVMETVTOETAPPDEMT TSFPSSVTNTLMMTSETITMTTSTDSTLGNTEETS

TAGTESSTPVTSAVSITAGOEGOSRTTSWRTSIQDTSAS SONHWTRSTOTTRESQTS TLTERTTSTPSFSPSVHNVTGTV
SORTSPSGETATSSLCSVTHTSMMTSER LI TVTTSTGSTLGHPGETSSVEVTGS LMPVTSAALVTVDPEGOSPATFSRTST
QODTTAFSENHQTQOSVETTEVSQINTLNTLTPVT TSTVLS SPSGFNPSCTVSOETFPSGETTIS SPSSVSNTFLVTSEVER
MPISRDSTLGHNTEETSLSVSGTISAT TSEVSTIWWSD T LSTALSPSSLPPEISTAFHTOOSEGAET TGRPHERSSFSPGV
SQEIFTLHETTTWPSSFSSEGHTTWSOTELPSTSTGAATRLVTGHNPSTGAAGTI PRVPSEVSATGEPGEPTTYSSHSTTL
PETTGAGADTOWTQETGTTCEALLSSPSY SWTOMIKTATSPSSSPMLDRATSOOITTAPSTHHSTIHSTSTSPOESPAVS

ORGHTOAPOTTOESOTTRSVSPMTDTETVT TPGSSFTASGHS PSEIVPODAPTI SAATTFAPAPTGDGHTTQAPTTALQA
TPSSHDATLGPSGGTSLEKTGALTLANSVVS TPGGPEGOWT SASASTSPDTAAAMTHTHQAES TEASGOTOTSEPASSGS

RTTSAGTATPSSSGASGTTPSGSEGISTSCETTRFSSNEPSRDSHTTOSTTELLSASASHGATPVSTGMASSIVPGTFHPT
LESEASTAGRPTGQSSPTSPSASPOETAAT SRMAQTORTRTSRGSDTIS LASQATDTFSTVEPTPPSITSSGLTSPQTQTH
TLSPSGSGETFTTALISHATPLEPVTYASSASTGHT TPLEVTDAS SVSTGHATPLPVT SPSSVSTGHTTPLEVTDASSVST

* Sequéncias em

azul indicam
motivos NXS/T

Residuos em
vermelho
indicam aquele
acima do limiar
gque sao preditos
como
glicosilados



NetNGlyc

Sao consideradas
Potential Jury positivas sequencias com
agreement result ) .
potencial acima de 0.5

260 NTSM
365 NPSG
525 NPST

g2z mEST 0. * Jury agreement- lista o
578 WATE O numero de redes neurais
que apresentam
resultado concordante

com resultado

MetHGlyc 1.8: predicted N-glycosylation sites in Segquence

al
Threshold

* Pro-X1 -indica que existe
uma prolina na posicao
X, e que portanto existe
baixa probabilidade

deste ser um sitio

autentico

sylation potential

H-glyco:




NetNGlyc

glycosylated sites:

+ Potential :

++ Potential : .5 AND Jury agreement (9/9) OR Potential>0.T75
+++ Potential : 7o AND Jury agreement
++++ Potential : .50 AND Jury agreement

and non-glycosylated sites:

— Potential < 0.5
—— Potential < 0.5 AND Jury agreement (all nine < 0.5)
——— Potential < 0.32 AND Jury agreement

* Sistema de escore do NetNGlyc



Glicosilacao O-ligada de

O-linked GalNA¢ .
@ N-acetylgalactosamine

@ Galactose

@ sialic acid

Glicosilagao O- ligada liga-se no grupo OH da Serina ou Treonina
Adicao de carboidratos acontece no Golgi

Apenas um monossacarideo adicionado por vez.

Resulta em cadeias que normalmente sao curtas



NetOGlyc

MNRFFWIVIQCTILLVIICNLNTMEAT SANSRTHGAT STAKPAASTPPRALAATSTIKPTVITKPSPAKPARSNTAKPARS
TPEEKPHDERAVLAARAVPIVLGVIGEVIGFILOQYIAS

* Neste algoritimo a
acessibilidade do
residuo é
computado para
predicao de
glicosilacao
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Predicao de ancoras GPI

cleawved C-terminal

CYTOSOL COOH -~ peptide

glycosylphosphatidylinositol COOH

protain bound
1o mambrang
=" by GPl anchor

Processos no RE ligam covalentemente uma ancora de
glicosilfosfatidilinositol (GPI) a regiao C-terminal de algumas proteinas de

membrana
Proteina é exportada a membrana plasmatica onde ficam expostas ao

ambiente externo
Em alguns casos sob a acao de uma fosfolipase especifica a proteina pode
ser liberada da membrana



big-Pl Predictor

Learning Set (Please, tick one radiobutton and select the parametrization/taxonomic range)

@ Metazoa

Frotozoa

To the taxon selection: If none of the taxanomic ranges apply, trv both in independent runs. If the results agree, vour protein appears GPI-anchored. Otherwise, interpret the result in vour experimental context ... -) We appreciate an e-mail with
your feedback at Birgit Eisenhaber@nt. imp.univie.ac.at.

To the biological context condition: For being GPI-lipid anchor modified, the protein has to enter the endoplasmic reticulum in eukaryotes. Please, verify the biological context of your query protein, whether this condition is fulfilled in your case.
Typically, the existence of a signal peptide leader is sufficient.

Protein segquence (FASTA-format, standard coding of the 20 natural amino acids, none ambignouns letters, no more than 500 amino acids per line):

RUN PREDICTION | [RESET




big-Pl Predictor

Table III. Sequence properties of the C-termunal propeptide near the -site

Position relative Protozoa Metazoa
to the w-site

-11.-1 Unstructured region ns red region
0 Ser (44%). Asp. Asn, Ala,  Se Gly. Asn, Asp.
Gly Cs
Similar to position 0 Tiny (Gly, Ala, Ser)
Ser + Ala (94%) Ala + Gly a)

Hydrophobic Hydrophobic

Onset of hydrophobic Onset of hydrophobic region
region

up to about ® + 25, up to about @ + 31, mostly
mostly Leu Leu

- Ser + Thr + Ala (60%)

protein to be GPl-anchored

ER lumen

GFPI1 moiety

ER membrane

cyloplasma




big-Pl Predictor

Output of the prediction tool:

Duery =sequence Query (length 148 amino acids):

MLSHAELLLS LAMASTAT.GIL. WSHS5555VIV VESSDATIAG WNDTATPAPEP SS5AAPIFYNS
TATATQYEVY SEFTTYCPEP TTEFWVIHGATF TVIAPTTLTI THCPCTIEEFP TSETSVSS5TH
DVETHNSHARW RARATPGALGL AGRVMMIL

Best predicted site is shown in red.

Prediction of potent : nal GPI-Modification Sites

Use of the prediction function for METAZOR

Potential GPI-modification site was found.

Cualicy of the sitce E B

Sequence position of the omega-site : 127

Score of the best =site E 8.96 (PValue = 3.017322e-04)




big-Pl Predictor

Total Score

Components of

Profile Score

Term Contents and Windows of DE in Region [-11..
Term Hydrophilicity of N-terminal Region [-11..1]
Term Penalty for low Profile Score in Region [0..2]
Term Volume Limitation [-1..42

Term Volume Compensation (-

Term Volume Compensation

Term Backbone Flexibility

Term Propeptide Length

Term Hydrophilicity of Spacer Region [3..E8]

Term Volume Limitation [3..8

Term Penalty for charged AAs in Spacer Region [3..
Term Backbone Flexibility [3..8]....

Term Penalty for low Profile Score in Region [10..
Term Hydrophobicity of Tail [10..end]

Term Hydrophobicity of Tail [2&..end]

Term Even Distribution of Hydrophobicity [9..end]
Term Penalty for polar Windows in Region [10..end]
Term Penalty for S5GC-Windows in Region [10..end]
Term ! LWVI Contents [10..end]

Term

s L R = O

=1 m
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