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„Protein bioinformatics II“
Retrieving protein sequences from databases (Uniprot: FASTA formate)

Computing amino-acids compositions, molecular weight, isoelectric point, and other parameters (SMS)

Prediction of proteases cutting (PeptideCutter)

Predicting elements of protein secondary structure, signal peptide, transmembrane helix

Finding 3-D structure and the domain organization of proteins

Finding all proteins that share a similar sequence and Classifying proteins into families 

Finding evolutionary relationships between proteins, drawing proteins’ family trees

Computing the optimal alignment between two or more protein sequences

…



Proteins

SEQUENCE➪STRUCTURE➪FUNCTION

(Frederick Sanger-1958 Nobel prize for insulin sequencing)

20 Aminoacids  – primary structure:

Secondary structure
Tertiary structure
Quaternary structure



Protein domain
▪ region of a protein's polypeptide chain that folds independently from the rest

▪ forms a compact folded three-dimensional structure

▪ many proteins consist of several domains
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Conserved domain search
◦ Conserved domain databases:

 NCBI/CDD

 

 SMART

 EMBL/InterPro

 Pfam

SEQUENCE➪STRUCTURE➪FUNCTION



Conserved domain search - CD (NCBI)



Conserved domain search - CD (NCBI)

Identifikátor sekvence Délka sekvence Menu pro omezení úrovně 
zobrazovaných detailů



Conserved domain search / NQO1



Conserved domain search - SMART



Conserved domain search - SMART



Conserved domain search - SMART



Conserved domain search - SMART



Conserved domain search - InterPro



Try 
CD / SMART/ InterPro 

search

Find domains in your sequnce

Practical part 



ER signal peptide prediction
Endoplasmic reticulum signal peptide: 15-60 amino acids on protein N-terminus

https://www.khanacademy.org/science/biology/gene-expression-central-dogma#central-dogma-transcription



Signal peptides
SignalP



Signal peptides
SignalP

protein does not have signal peptide

Protein has signal peptide
(with certain probability)



Signal peptides



search for signal peptide in 
your sequnce

Practical part 



Prediction of transmembrane helices
Transmembrane proteins:

Amino acid Hydrofobicity
◦ various programs – different alghoritms – different results

◦ Topological predictions (estimation of in and out topology)



Prediction of transmembrane helices
Profile of amino acids hydrofobicity

Window size: 19 (21)

Cut off: 1.5 (1.6)



TMHMM

no TM helix

five predicted TM helices



TOPCONS



Phobius



CCTOP



PROTTER-figure!
-creates figure from the UniProt data



PROTTER-figure!
-creates figure from the UniProt data

-uses UniProt ID:

UGT1A6 (P19224 )

Desaturase (O00767)

(prepro) insulin (P01308)



PROTTER-figure!



Prediction of transmembrane helices

ProtScale

TMHMM

TOPCONS

➢  Always try more programs!



Try more programs.

Does your sequence have any TMHs?
and/or signal peptide?

Practical part 



„Protein bioinformatics I“
Retrieving protein sequences from databases (Uniprot: FASTA formate)

Computing amino-acids compositions, molecular weight, isoelectric point, and other parameters (SMS)

Prediction of proteases cutting (PeptideCutter)

Predicting elements of protein secondary structure, signal peptide, transmembrane helix

Finding 3-D structure and the domain organization of proteins

Finding all proteins that share a similar sequence and Classifying proteins into families 

Finding evolutionary relationships between proteins, drawing proteins’ family trees

Computing the optimal alignment between two or more protein sequences

…



Searching for similar sequences
Similarity x Homology

BLAST: Basic Local Alignment and Search Tool

Finds regions of similarity between biological sequences. The program compares nucleotide or 
protein sequences to sequence databases and calculates the statistical significance. 

     Similarity matrix:

 „Leucine is more similar to Isoleucine than Histidine“



NCBI/BLAST http://blast.ncbi.nlm.nih.gov/Blast.cgi

http://blast.ncbi.nlm.nih.gov/Blast.cgi


NCBI/BLAST http://blast.ncbi.nlm.nih.gov/Blast.cgi

http://blast.ncbi.nlm.nih.gov/Blast.cgi


NCBI/BLAST

http://www.youtube.com/watchBLAST

Enter accession number(s), gi(s) or FASTA sequence(s)

http://www.youtube.com/watch


NCBI/BLAST

E-value (expectancy)
Links



NCBI/BLAST

E-value (expectancy)

Odkazy



NCBI/BLAST

√

√

√

→change sequences  (FASTA) names into organism only



NCBI/BLAST (reference proteins)

http://www.youtube.com/watchBLAST

Enter accession number(s), gi(s) or FASTA sequence(s)

http://www.youtube.com/watch


Try BLAST.

Download five similar sequences from 
different organisms.

Practical part 



1) How many times will be the whole sequence cut by trypsin?

2) Does your sequence have a typical domain?

3) Does your sequence have transmembrane helix?

4) Does your sequence have ER retention signal?  

5) Find and download five similar sequnces.

E.g use „výstřižky“

➢Compile in „one note“ (or word, or pdf)

➢Submit via Moodle

Homework 3

„snipping tool“



Homework 3 - example
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