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_Protein bioinformatics Il

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
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“ ' Proteins

R=OM,

20 Aminoacids — primary structure:

(Frederick Sanger-1958 Nobel prize for insulin sequencing)

Primary structure
amino acid sequence

Secondary structure
Tertiary structure
Quaternary structure

Secondary structure
regular sub-structures

Tertiary structure
three-dimensional structure

Quaternary structure
complex of protein molecules

SEQUENCE=STRUCTURE="FUNCTION

1-letter
code

N < XE< A 01w 0O9ZTrXx—IO0MMON®>

3-letter
code

Tyr
Glx

Amino acid Possible codons
Alanine GCA, GCC, GCG, GCT
Asparagine or Aspartic acid AAC, AAT, GAC, GAT
Cysteine TGC, TGT
Aspartic acid GAC, GAT
Glutamic acid GAA, GAG
Phenylalanine TTC, TTT
Glycine GGA, GGC, GGG, GGT
Histidine CAC, CAT
Isoleucine ATA, ATC, ATT
Lysine AAA, AAG
Leucine CTA, CTC, CTG, CTT, TTA, TTG
Methionine ATG
Asparagine AAC, AAT
Proline CCA, CCC, CCG, CCT
Glutamine CAA, CAG
Arginine AGA, AGG, CGA, CGC, CGG, CGT
Serine AGC, AGT, TCA, TCC, TCG, TCT
Threonine ACA, ACC, ACG, ACT
Valine GTA, GTC, GTG, GTT
Tryptophan TGG
Stop codon TAA, TAG, TGA
Tyrosine TAC, TAT
Glutamine or Glutamic acid CAA, CAG, GAA, GAG




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  seauencesstructuresruncrion

o Conserved domain databases:
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Conserved domain search - CD (ncai)

:_': NCBl Resources ¥ How To [ jostovap My NCBl Sign Out

Conserved Conserved Domains V| 15559 X |w

Domains Advanced Help
Conserved Domains and Protein Classification OVERVIEW | SEARCH [HOWTO| HELF | NEWS | FTP | FUBLIGATIONS | DISCOVER

How to use CDD: examples

This page provides quick start guides for some common types of searches.
The CDD Help document provides detailed descriptions of the database content, search system, and display formats.
Once records of interest are retrieved, follow Entrez's "Links"” to discover associations among previously disparate data.

q * Identify the putative function of a protein sequence.

= Identify a protein’s classification based on domain architecture.

* Identify the specific amino acids in a protein sequence that are putatively involved in functions such as binding or catalysis, as mapped from conserved domain annotations to the query sequence.
* View a protein query sequence embedded within the multiple sequence alignment of a domain model.

» Interactively view the 3D structure of a conserved domain.

# Find other proteins with similar domain architecture.

® Interactively view the phylogenetic sequence tree for a conserved domain model of interest, with or without a query sequence embedded.




Conserved domain search - CD (ncai)

CD-Search Results: Concise Display
shows only the best scoring domain model for each region on the query sequence

Identifikator sekvence Délka sekvence SEU [0 omezent urovne small triangles
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Conserved domain search / NQO1

* NCBI Dacnl iIrras [v] A [+] _DSID‘-‘E

Sign Out

My NCBI

-
<3 NCBI

Help

[ ome | searcH | GUIDE | Structui , . . -
EE— Conserved domains on [gi| 118607 |sp|P15559.1|NQO1_HUMAN] view |Concise Results | @
Search fc RecName: Full=NAD(P)H dehydrogenase [quinong] 1; AltName: Full=Azoreductase; AltName: Full=DT-diaphorase; Short=DTD; AltName:
Full=Menadione reductase; AltName: Full=NAD(P)H:gquinone oxidoreductase 1; AltName: Full=Phylloquinone reductase; AltName: Full=Quinone
reductase 1; Short=QR1

Enter protein or nucleotide query as Protein Classification E

flavodoxin family protein (domain architecture ID 10495002)
flavodoxin family protein containing a flavodoxin-like fold domain, similar to Bradyrhizobium diazoefficiens FMN-dependent NADH-azoreductase 1, which catalyzes the reductive
cleavage of the azo bond in aromatic azo compounds to the corresponding amine

SE T BTG [ ] Zoom to residue level RELIEUERY Ll EES 4

1 =1 100 150 200 250 274
Query seq,
Specific hits
Superfanilies FMN_red superfamily
Search for similar domain architectures | @ Refine search | @
Submit - = =

List of domain hits ’

Name Accession Description Interval E-value
[+] Flavodoxin_2  pfam02525 Flavodoxin-like fold; This family consists of a domain with a flavodoxin-like fold. The family ... 5-212 4.06e-46
References:

A Marchler-Bauer A et al. (2017), "CDD/SPARCLE: functional classification of proteins via subfamily domain architectures.”, Nucleic Acids Res.45(0)200-3.
A Marchler-Bauer A et al. (2015), "CDD: NCBI's conserved domain database.”, Nucleic Acids Res.43(D)222-6.
I Marchler-Bauer A et al. (2011), "CDD: a2 Conserved Domain Database for the functional annotation of proteins.”, Nucleic Acids Res.39(D)225-9.
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Conserved domain search - SMAART

SMART MODE: e e )
5 | Search SMART |
- = NORMAL A rchitecture ESeARC SMAN T )
— . PR PU— bk . PO PV . GENOMIC Rmard‘
Letunic et al. (2017) Nucleic Acids Res doi: 10.1082/nar/gkx22 T OO'

Letunic et al. (2020) Nucleic Acids Res doi: 10.1082/nar/igkaa837

HOME SETUP FAQ ABOUT GLOSSARY WHATSNEW FEEDBACK
Select your default SMART mode

You can use SMART in two different modes: normal or genomic. The main difference is in the underlying protein database used. In Normal SMART, the database contains Swiss-Prot, SP-TrEMBL and stable Ensembl proteomes. In Genomic SMART. only the proteomes of completely sequenced genomes
used; Ensembl for metazoans and Swiss-Prot for the rest. The complete list of genomes in Genomic SMART is available here.

The protein database in Normal SMART has significant redundancy, even though identical proteins are removed. If you use SMART to explore domain architectures, or want to find exact domain counts in various genomes, consider switching to Genomic mode. The numbers in the domain annotation pages
be more accurate, and there will not be many protein fragments corresponding to the same gene in the architecture query results. Remember you are exploring a limited set of genomes, though.

o easily identify the mode you're in.

Normal mode

SMART MODE: Simple 'SMART MODE: . Simple
NORMAL Modular Bk Modular
GENOMIC Architecture GENOMIC Architecture
Research ....................................... Research
Tool Tool

ick on the images above to select your default mode.

Information about your selected mode is stored in a browser cookie. If you for whatever reason don't want/can't use cookies, access SMART through this page.

You can easily change modes later, by clicking on the links in the 'SMART MODE' header box, or in your personal preference settings (‘'SETUP' link in the menu):

Simple

Modular

. E : - _ Architecture
(PR P — P, . LFIL__ . el i 4 Reseal‘ch

Schultz et al. (1998) Proc. Natl. Acad. Sci. USA 95, 5857-5864 Tool

Letunigste=m004) Nucleic Acids Res 32, D142-D144 o9

HOME SETUP rAQ ABOUT GLOSSARY WHAT'S NEW FEEDBACK

SMART MODE:

T




Conserved domain search - SMAART

S imple
SMART MODE:
M odular
q B - - iy NORMAL A rchitecture
i w0 < ELELE Research
Letunic et al. (2017) Nucieic Acids Res doi: 10,1083/ T ool
Letunic et al. (2020) Nucleic Asids Res doi: 10.1

‘You may use either a Uniprot/Ensembl sequence identifier (ID) / accession number (ACC) or the protein sequence itself to perform the SMART
analysis service.

Sequence ID or ACC

keywords..
Search SMART

“You can search for proteins with combinations of specific domains in different species or taxenomic ranges. You can input the domains directly into
"Domain selection” box, or use "GO terms query™ to get a list of domains.

Domain selection

[ ; #, %2

| Sequence SMART || Reset |

HMMER searches of the SMART database occur by default. You may also find:

D Outlier nomologues and hOmO"EUES of known structure
PFAM domains
signal peptides
internal repeats

[ E #1,#2 9
Protein sequence GO terms query
[ #,%2 e
Taxonomic selection
If you wish to restrict your domain architecture query to a particular species or taxonomic class, start typing its name in the box, and select a match
from the popup list.
£ #1,#2

| Architecture query || Resetovat |

‘You can try an Advanced Query If you're familiar with SQL.




Conserved domain search - SMAART

e e £ SMART MODE: Simple kevwords_ '|
SETUP FAQ ABOUT GLOSSARY WHATS NEW FEEDBACK KEYWOrd S8 Search SMART

Domains within Homo sapiens protein NQO1_HUMAN (P15559)

NAD(P)H dehydrogenase [quinone] 1; The enzyme apparently serves as a quinone reductase in connection with conjugation reactions of hydroquinons involved in detoxification pathways as well as in biosynthetic processes such as the
vitamin K-dependent gamma-carboxylation of glutamate residues in prothrombin synthesis; Belongs to the NAD(P)H dehydrogenase (quinone) family.

|_ \Z| |E| |z|| Introns || SAVE | ‘ | Alternative representations: 1/2 | << | >> ||
a
ed
i
0 100 ‘200

Information Architecture Interactions Pathways PTMs Orthology

Length 274 aa

Source UniProt
database

NQO1_HUMAN, 9606 ENSP00000319788, P15558, ENSP00000319788.5, ENSP00000319788, BZR5Y8, BADNM7, B7ZAD1, Q86UK1, H3BNV2Z_HUMAN, H3BNVZ2, KiBKZ6_PANTR, K7BKZE6, A0AZ2I2YI80_GORGO,

Identifiers ,0n212v180, AOAZJ8Q3VT_PANTR, AUAZJ8Q3VT, H2QBF4 PANTR, H2QBF4, G3QLBY9_GORGO, G3QLEY

Source ENSG00000181019
gene

The SMART diagram above represents a summary of the results shown below. Domains with scores less significant than established cutoffs are not shown in the diagram. Features are also not shown when two or more occupy the same piece
f sequence; the priority for display is given by SMART > PFAM > PROSPERO repeats > Signal peptide > Transmembrane > Coiled coil > Unstructured regions > Low complexity. In either case, features not shown in the above diagram
are marked as 'overlap’ in the right side table below.




Conserved domain search - SMAART

SETUP FAQ ABOUT GLOSSARY WHATS NEW FEEDBACK Search SMART

Domains within Homo sapiens protein NQO1_HUMAN (P15559)

NAD(P)H dehydrogenase [quinone] 1; The enzyme apparently serves as a quinone reductase in connection with conjugation reactions of hydroguinons involved in detoxification pathways as well as in biosynthetic processes such as the
vitamin K-dependent gamma-carboxylation of glutamate residues in prothrombin synthesis; Belongs to the NAD(P)H dehydrogenase (guinone) family.

||Z\ |E| \:H Introns || SAVE | | | Alternative representations: 1/2 [ << |;||

ed

o 100 200

Infarmation Architecture Interactions Pathways ‘ PTMs ‘ Orthology

Posttranslational modifications

PTM annotation i1s taken from PTMcode, a resource of known and predicted functional associations between protein posttranslational modifications (PTMs).

There are 19 PTMs annotated in this protein:

PTM Count
@ Ubiquitination 14

#&  Acetylation 3

[l Phosphorylation 2

To see the full details, including possible functional associations between the PTMs, please visit the PTMcode annotation page for protein NQO1.
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Conserved domain search - InterPro

') InterPro Classification of protein families

Home * Search * Browse Release notes Download
Jlob ID @ iprscan3-R20230301-115158-0009-77866479-p1m |K
Length 274 amino acids
Actions W &l
Status «" finished
Expires @ Wed Mar 08 2023

Protein family membership
None predicted

r A .
Entry matches to this protein i L oJ =
' 200 220 240 2t0

1 1 ] [ 1 1 (] u
20 40 ED B0 100 120 140 160 180

4y 274

« Domain
IPRO03680
PBFO2525

D --.'.'.". U 00U
+ Homologous Superfamily =
Flavodoxin_fold Tl
G3D5A3.4050 360
5-211 SSF52213

* Unintegrated

- 305434050 35077 00023
. ——— precaos




Practical part

Try
CD / SMART/ InterPro
search

Find domains in your segunce



ER signal peptide prediction

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

@ D mMRNA

R Signal recognition particle (SRP)
vioosome binds to the signal peptide as it
emerges from the ribosome.
s'\%\nox\ ?cp'\'\d&.

S‘\Q\no\\ CeConunition
?ow“’r'\c,\e_ €

—

SRP brings the ribosome to the ER
by binding to a receptor on the ER
evtosol

surface, The receptor is associated
m with other proteins that make a pore.

ER \umen
(in¥evion)

The ribosome resumes translating,
feeding the polypeptide though the
pore and into the ER lumen (interior).

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



Signhal peptides

SignalP

DTU Health Tech

Research

Publications

Education Collaboration ~ Services and Products News  About
SIEHIAN U 13 UAESTU UG LGS IULINIEL PIULEI IGHEUAES IVUEL Wit @ LULIUIUIUIGE TQHUUHT TSI TUL 3UULLUTEU PrEUIL LU
Behind the Paper: Check out the blog post about the SignalP 6.0 publication in the Nature Portfolio Bioengineering Community.
History paper: Click here to read "A Brief History of Protein Sorting Prediction”, The Protein Journal, 2019
Eukaryotic proteins: Remember, the presence or absence of a signal peptide is not the whole story about the localization of a protein! If
you want to find out more about the sorting of your eukaryotic proteins, try the protein subcellular localization predictor Deeploc. You

may also want to check whether proteins with signal peptides have GPI anchors that keep them attached to the outer face of the plasma
membrane using the predictor NetGPI.

Submission Instructions Data Article abstract FAQ Version history Portable Downloads

Submit data '

Sequence submission: paste the sequence(s) and/or upload a local file
Protein sequences should be not less than 10 amino acids. The maximum number of proteins is 5000.
The long output format might timeout for more than 100 entries.

Mirror Use SignalP 6.0 on BioLib if this server is heavily loaded.

>NP_000894.1 NAD(P)H dehydrogenase [quinone] 1 isoform a [Homo sapiens]
MVGRRALIVLAHSERTSFNYAMKEAAAAALKKKGWEYVESDLYAMNFNPIISRKDITGKLK
DPANFQYPA
ESVLAYKEGHLSPDIVAEQKKLEAADLVIFQFPLQWFGVPAILKGWFERVFIGEFAY TYAAMY
DKGPFRS
KKAVLSITTGGSGSMYSLQGIHGDMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQI
LEGWKK
RLENIWDETPLYFAPSSLFDLNFQAGFLMKKEVQDEEKNKKFGLSYGHHLGKSIPTDNQIK

ARK| ®




Probability

Signhal peptides

SignalP

Sequence
Prediction: Signal Peplide (Sec/SPI)

Protein type

Likelihood

SignalP 6.0 prediction: NP_000894.1_NAD_P_H_dehydrogenase__quinone__1_isoform_a_ Homo_sapiens_ &

O M Tt I T T Tt Tt T T T Tt T T e T I T T T I Tt T T T I T I T T Tt T I T T T il T I T T 1T -=- OTHER
0.8 -
0.6 -
0.4 -
0.2
0.0 1

0000000000000000000000000000000000000000000000000000000000000000000000

MVGRRALIVLAHSERTSFNYAMKEAAAAALKKKGWEVVESDLYAMNFNPI|ISRKDITGKLKDPANFQYPA

0 10 20 30 a0 50 60 70

Protein sequence

protein does not have signal peptide

Probability

Other [t

TAT signal peptide (Tat/SPI) TAT Lipoprotein signal

0002 08%92 00002 00001 0.0001

Downloads PNG J EPS § Tabular

SignalP 6.0 prediction: Sequence

00001

0.8

e
o

o
IS

0.2 4

0.0

—— Sec/SPIn
—— Sec/SPlh
Sec/SPI ¢
---Cs
O0000000000000000000000000000O00000O00OOD0OO0O0OO0O0O0O00O0O
ENRCLKANAKSCGECIQAGPNCGWCTNSTFLQEGMPTSARCDDLEAL
0 10 20 30 40 50 60 70

Protein sequence

Protein has signal peptide
(with certain probability)




Signhal peptides

. Simple
SMART MODE: M odular
NORMAL A rchitecture
LT kit PO A T GENOMIC R esearch
Schultz et al. (1888) Proc. Natl. Acad. Sci USA 95, 5857-5864 T 00'

Letunic et sl (2014} Nucleic Acids Res doi: 10.1083/nergkuB4s
HOME  SETUP FAQ ABOUT GLOSSARY WHAT'S NEW  FEEDBACK

0
You may use either a Uniprot/Ensembl sequence identifier (ID) / accession number (ACC) or the protein sequence itself to perform the SMART a

service.

Sequence ID or ACC

[ Examples: 1, #2

Protein sequence

MVAATVARRWLLLWARACAQQEQDFYDFEAVNIRGKLVSLEKYRGSVSLVVHVA
SECGET
DQHYRALQQLORDLGFHHENVLAFFCHOFGOOEPDSNKEIESFARRT Y SVSFEM
FSEIRV
TCTGAHPAFKYLAQT SGKEPTWNEWKY LVAPDGEVVGAWDPTVSVEEVREQITA
LVEELI
LLEREDL

| Sequence SMART || Reset |

HMMER searches of the SMART database occur by default. You may also find:

[ outlier h I
| PFAM domains

and h I of known structure

q V] signal peptides

[ internal repeats

'100

<

Architecture

Domain architecture analysis

Display all proteins with similar:

+ Domain organisation: Proteins having all the domains as the query in the same order. Additional domains are allowed.
+ Domain composition: Proteins with the same domain composition have at least one copy of each of domains of the query

The SMART diagram above represents a summary of the results shown below. Domains with scores less significant than establist
the priority for display is given by SMART > PFAM > PROSPERO repeats > Signal peptide > Transmembrane > Coiled coil > |
the right side table below.

Confidently predicted domains, repeats, motifs and features:

Name Start a End E-value
signal peptide 1 18 N/A A
Pfam:UDPGT 19 523 8e-64




Practical part

search for signal peptide in
your sequnce



Prediction of transmembrane helices

> ()

{ } {m} {\{\{\{x{»iz

\\\\W{

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
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CENTERFO
RBIOLOGI

CBS >» CBS Prediction Servers »>> TMHMM

TMHMM Serverv. 2.0

CONTACT

RESEARCH cBS
GROUPS PREDICTION
SERVERS

INTERNAL

Prediction of transmembrane helices in proteins

SUBMISSION

Submission of a local file in FASTA form

OR by pasting sequence(s) in FASTA for

Output fermat:

® Extensive, with graphics
@] Extensive, no graphics
O one line per protein

Other options:
[l use old model (version 1)

Restrictions:
At most 10,000 sequences and 4,000,000 a

Confidentiality:
The seq es are kept cor

and wi

TMHMM result

HELP with output formats

no TM helix

CBS

DATA

SETS

CBS
BIOINFORMATICS
TOOLS

# WEBSEQUENCE
# WEBSEQUENCE
# WEBSEQUENCE
# WEBSEQUENCE
# WEBSEQUENCE
WEBSEQUENCE

Length: 274

Number of predicted TMHs: ©

Exp number of AAs in TMHs: ©.20324

Exp number, first 6@ AAs: ©

Total prob of N-in: 0.04315
TMHMM2 . @ outside 1 274

TMHMM posterior probabilities for WEBSEQUENCE

08

08

probability

04

02

I L L 1

50 100 150 200

transmembrane

250

outside

PUBLICATIONS

ces
COURSES

EDUCATION

OTHER
BIOINFORMATICS
LINKS

[+
INdas WOIS0I0IE ¥O4 ¥ILNID

E\

TMHMM result

HELP with output formats five predicted TM helices

WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE
WEBSEQUENCE

O CE R

Length: 321

Number of predicted TMHs: 5

Exp number of AAs in TMHs: 108.47546
Exp number, first 60 BAs: 21.62676
Total prob of N-in: 0.05151
POSSIBLE N-term signal sequence

TMHEMMZ . 0 outside 1 34
TMHMMZ . 0 TMhelix 35 57
TMHEMMZ . 0 inside 58 63
TMHMM2 . 0 TMhelix [ 86
TMHMMZ . O outside 87 95
TMHMMZ . 0 TMhelix 96 118
TMHMMZ . 0 inside 119 179
TMHMMZ . 0 TMhelix 180 202
TMHMMZ . 0 outside 203 216
TMHMMZ . 0 TMhelix 217 236
TMHMMZ2 . 0 inside 237 321

TMHMM posterior probabilities for WEBSEQUENCE

06

probability

04

\"\ |‘.1I\..| il ‘

50 100 150 200 250

transmembrane inside outside

.\|,_..........._..‘|. ‘||_,n.m..‘ —

—

300



TOPCONS ¥

-

Submitted: 2018-03-05 15:59:14
AR LS LA Status: Finished

Waiting time: 0 sec
Running Time: 0 sec
Results of your prediction with jobid: rst_BKOIKK

Download

References
Zipped folder of your result can be found in rst BKOIKK.zip

News
y 1 ) Dumped prediction in one text file can be found in query.result.txt
I EEET S The sequence(s) you submitted can be found in query.raw.fa
Example results '

Old TOPCONS Predicted topologies and predicted AG values:
HElp = Inside == Quiside TM-helix (IN->0UT) TM-helix (OUT->IN) [l Signal peptide
e Ay Consensus prediction of membraneg TOPCONS mr
eptides i ]
e pep Your recent jobs: OGTOPUS | L
Please paste your amino acid sequences in FASTA format | Results Queued 0 Philius mar -
Download Allowed characters: "ABCDEFGHIKLMNPQRSTUVWYZX=", {  New query Running 0 PolyPhobius s
(Sequences should be no shorter than 10 amino acids) « Submitted: 2018-03-1 | Finished 5
References Batch WSDL API . us: Finishad Failed 0 SCAMPI | 1
N » Waiting time: 1 sec SPOCTOPUS mwr —
News Downloa * Running Time: 28 sec
Results of your prediction wit
Server status References Zipped folder of your result ¢ PDB-homology = ***No homologous TM proteins detected***
E I It: News L
xample resuits Dumped prediction in one te: © Sz Zbiisso 15
- - * A 1?2
Old TOPCONS S EETE The sequence(s) you submitted can be found in query.raw.fa
Help Example results
Old TOPCONS predicted topologies and predicted AG values:
= A Alternatively, upload a text file in FASTA format upto 100
Your recent jobs: ¥, Up Prochazet P Help = Inside == Outside 10 TM-helix (IN->0UT} [ ] Thi-helix (OUT-»IN) I Signal peptide
Queued 0 . , ) | TOPCONS u al
Running 0 Job name (optional): Your recent jobs: _ —
Finished 5 OCTOPUS
Failed 0 Email (recommended for batch submissions): Queued 0 Philius — 1 _— 1
Running 0 PolyPhobius s s
Force run (do not use cached results): O Finished 25 SCAMPI - —
Failed 0
SPOCTOPUS 1 5
| Submit || Clear ‘ ‘ Generate example input |
@© Arne Elofsson




Phobius

\-\olm &. -
N
S % Phobius
%93 o @9 A combined transmembrane topology and signal peptide predictor

Phobius prediction

Prediction of UNNAMED
ID  UNNAMED
FT  TOPO_DOM 1 33 NON CYTOPLASHIC.
i FT  TRANSMEM 34 57
Norlmlal CDnSt,ra!HEd PD|yPhObiUS Instructions FT  ToPo_poM 58 63 CYTOPLASHIC.
prediction  prediction —————— T/ FT TRAEMEMN & 34
FT  TOPO_DOM 85 95 NON CYTOPLASHIC.
FT TRANSMEM 96 118
FT  TOPO_DOM 119 180 CYTOPLASHIC.
= = FT  TRANSMEM 181 202
N 0 rm a I red I ctl 0 n FT  TOPO DOM 283 213 NON CYTOPLASMIC.
FT  TRANSMEM 214 234
FT  TOPO_DOM 235 320 CYTOPLASHIC.
I

Paste your protein sequence here in Fasta format:

Phobius posterior probabilities for UNNAMED

©

Or: Select the sequence file you wish to use | Zvelit soubor | Nevybran Zadny soubor

Select output format:

Posterior label probability

O Short
O Long without Graphics
® Long with Graphics

| Odeslat || Resetovat |

50 100 150 200 290 300

transmenbrane cytoplasmic == non cytoplasmic =——— signal peptide =———

The probability data used in the plot is found here. and the gnuplot script is here.
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PROTTER-figure!

-creates figure from the UniProt data

mO_I_I_ER version 1.0 I help | manual l Wollscheid Lab

Welcome to Protter — the open-source tool for visualization of proteoforms and interactive integration of annotated
and predicted sequence features together with experimental proteomic evidence!
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PROTTER-figure!

-creates figure from the UniProt data

please enter a UniProt protein accession:

by accession

¢ load example

+ submit

Prot ID

-uses Un

or, alternatively you can

UGT1A6 (P19224)

m enter a list of proteins

It file
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= share = open in UniProt
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PROTTER-figure!

by accession please enter a UniProt protein accession: enter a custom protein sequence or multiple sequences in FASTA format:
T A — | e AR i A Oy
v submit | ¢ load example | by sequence RLWSHRSYKARLPLRLFLIIANTMAFOQNDYYEWARDHRAHHKFSETHADPHNSRRGFFFS

HVGWLLVRKHPAVKEKGSTLDLSDLEAEKLVMFORRYYKPGLLMMCFILPTLVPWYFWCE
or, alternatively you can: TFQNSVFVATFLRYAVVLNATWLVNSAAHLFGYRPYDKNISPRENILVSLGAVGEGFHNY
: : HHSFPYDYSASEYRWHINFTTFFIDCMAALGLAYDRKKVSKAAILARIKRTGDGNYKSG

& enter a list of proteins

= load a proteomics result file | v submit | @ loadexample = load FASTA file
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Prediction of transmembrane helices

output for user
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> Always try more programs!




Practical part

Try more programs.

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



_Protein bioinformatics |1“

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.

The BLOSUMG62 similarity matrix

. . . .
Slmllarlty matrlX' A BCDETFGHTIZ KTLMNPQRTSTVWIXZY 2
. A 4-2 0212 0-2-1-1=1=12-1=1=1 1 0 0=3-1<2=-1
B-2 6-3 6 2=-3-1-1-3-1-4=3 1 0-2 0-1-3-4-1-3 2
cC 0-3 9-3 2 -3 -3 -3 -3 1 -2 2
6 6 -1 - 1 0
4 2 2 1 0 1 1
F<2=3<=2<3=3 6-3-1 0<3 -3 2

G 0 =1=3=1=2=3 6=2=4 =2=4=3 0 =2=2=2 0 =2=3=2=1=3=2
H=2-1=-3-1 0-1-2 8=3-1=3=2 1-2 0 0-1=-2=3-2=1 2 0

,Leucine is more similar to Isoleucine than Histidine” | @ & i i il i i

1 <2 =1 =1 =3

N-2 1«3 1 0-3 0 1-3 0-3-2 6=2 0 0 1 0=3-4-1-2 @




N C B ‘/B I_AST http://blast.ncbi.nlm.nih.gov/Blast.cgi

m National Library of M & jostovap

BLAST ® Home Recent Resultz Saved Strategies  Help

Basic Local Alignment Search Tool
ElasticBLAST 1.0.0 is Now available!

ElasticBLAST version 1.0.0 has support for faster
cheaper disks at AWS and better supporis Kubernetes
on GCP!

BLAST finds regions of similarity between biological sequences. The
program compares nucleotide or protein sequences fo sequence
databases and calculates the stafistical significance. Learn more

Mon, 08 Jan 2023 = Maora BLAST news...

Web BLAST

Human Mousa Rat Microbes



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

N C B ‘/B I_AST http://blast.ncbi.nlm.nih.gov/Blast.cgi
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National Center for
Biotechnology Information

NCBI Home Welcome to NCBI
Resource List (A-Z)

Popular Resources

The National Center for Biotechnology Information advances science and health by providing access to PubMed
All Resources biomedical and genomic information. Bookshelf

_ Chemicals & Bioassays About the NCBI | Mission | Organization | Research | NCBI News PubMed Central
Data & Software Publled Health

DNA & RNA BLAST

Domains & Structures MNucleotide

+ Tools: Analyze data using NCBI software Genome
: o + Downloads: Get NCBI data or software SNP
[ emEaleLE + How-To's' Leam how to accomplish specific tasks at NCBI

Genomes & Maps + Submissions: Submit data to GenBank or other NCBI databases

Genes & Expression

Gene
Protein

Homol
omology PubChem

_ Proteins | NCBI'YouTube ch

e T —

NCBI Announcements

Learn how to get the most out of NCBI
Taxonomy tools and databases with video tutonals
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NCBI Video: Submitting manuscripts on
MNIHMS



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

http://www.youtube.com/watchBLAST

NCBI/BLAST

Home  Recent Results = Saved Strategies  Help

<. BLAST®
-

rNCBHBLAST,I’bIastpsmtestandardpmte"'lBLAsT

blastn blastp blastx thlastn thlastx

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

p-mnnn.u.xm%m SFNYAMRELAVELLKKRCWEVLESDLYAMNFNPIISRNDITGELEDSENF]

ESSLAHKEGRLSPDIVEEHKKLERADNLVIFQF PLOWFGVPAILEGWFERVLVAGFAYTYARMYDNGD

=N v T[]

KEILLSITTCGSGSMY SLOGVECDMNVILWPIQSCILRFCGFQVLEPQLVYSIGHTPPDARMOILES

5 using a protein query. more. .. Resefpage Bookmark

Or, upload file Prochazet...

Job Title

Enter a descriptive tifle for your BLAST search

O Align two or more sequences

Choose Search Set

Database | Mon-redundant protein sequences (nr) ' |

Organism
Optional | | O Exclude .+

Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown.

Exclude

P [ models (XMIXP) [ unculturedrenvironmental sample sequences

Entrez Query |
Optional

Enter an Entrez query to limit search

Program Selection
Algorithm

® blastp (protein-protein BLAST)
O PSILBLAST {Position-Specific terated BLAST)
) PHI-BLAST (Pattern Hit Initiated BLAST)

O DELTA-BLAST {Domain Enhanced Lookup Time Accelerated BLAST)
Cheose a BLAST algorithm

Search using Blastp (protein-protein BLAST)

|:| Show results in a new window

farameters



http://www.youtube.com/watch

a T “_*“M S I
N C B ‘ B L S 4y hover to see the titte W click to show alignments « S.how Conserved Domains Alignment Scores <40 W40-50 [O50-80 [@e0-200 [N==200 (2]

100 sequences selected @ Putative conserved domains have been detected, click on the image below for detailed results.
National Library of Medicine e von. L - L i L
National Center for Biotechnol Infarmation Specific hits -

Superfanilies Membsrare—k ADS:

Gke super-family

BLAST ® » blastp suite » results for RID-ZYHJKTA1013

Distribution of the top 100 Blast Hits on 100 subject sequences

Save Search  Search Summary v o N

1 70 140 210 280 350
Job Title NP_005054.3 stearoyl-CoA desaturase [Homo...
RID ZYHJIKTA1013 Search expires on 03-02 19:3¢ pm Download All v
Program BLASTP @ Citation v
Database nr See details v Type common name, binomial, taxid or group name
Query ID lcl|Query_51026 e —
Description NP_005054.3 stearoyl-CoA desaturase [Homo sapiens] Percent Identity E value Query Coverage
Molecule type amino acid to to to
Query Length 359
Other reports  Distance tree of results Multiple alignment MSA viewer @ m

| Compare these results against the new Clustered nr database @

Graphic Summary Alignments Taxonomy E-Value (expecta ncyp_l

Sequences producing significant alignments Download ™ Select columns ~ Sho§ [ 100V | @
select all 100 sequences selected GenPept Graphics Distance tree of resulis  Myltiple alignfnent MSA Viewel
- N Max | Total | Queny E Per.
] i S fific M
=SSl CIBNHIE NAME o core Score Cover] value | Ident L Accession
v v b - v
stearoyl-CoA desaturase [Homo sapiens] Homo sapiens T48 748 100%) 0.0 Q00.00% 3 NE 005054 .3
stearoyl-CoA desaturase [Homo sapiens] Homao sapiens 747 74T 100%) 0.0 98 72% 3 AAD28870.1
stearoyl-CoA desaturase variant [Homo sapiens Homo sapiens 746  T46  100%) 0.0 99 72% 3 EADS2219 1
stearoyl-CoA desaturase varant [Homo sapiens] Homo sapiens T44 744 100%) 0.0 99 72% 3 EADS6582 1




Descriptions Graphic Summary Taxonomy

Alignmentview| Paimise W | a |RE5tGre defaults Downlnad "

100 sequences selected 9

X Download v GenPept Graphics ¥ Next <4 Descriptions

stearoyl-CoA desaturase [Homo sapiens]
Sequence ID: NP_005054.3 Length: 359 MNumber of Matches: 1
See 2 more title(s) v See all [dentical Proteins(IPG)

Range 1: 1 to 359 GenPept Graphics Related Information
— — Gene - associated gene details
Score Expect Method Identities Positives Gaps i )
748 bits(1921) 0.0  Compositional matrix adjust. 359/359(100%) 359/359(100%) 0/352(0%) Genome Data Viewer - aligned
genomic context

Query 1 MPAHLLQDDISSSYTTTTTITAPPSRYLQNGGDKLETMPLYLEDDIRPDIKDDIYDPTYE 60 Identical Proteins - Identical

MPAHL LODDISSSYTTTTTITAPPSRVLQNGGDK LETMPLYLEDDIRPDIKDDIYDPTYE teins to NP 0050543
sbjct 1 MPAHLLQDDISSSYTTTTTITAPPSRYLQNGGDKLETMPLYLEDDIRPDIKDDIYDPTYE 60 proteins to WF_ :

Query 61  DKEGPSPEVEYWVWRNIILMSLLHLGALYGITLIPTCKFYTWLWGVFYYFVSALGITAGAH 128
DEEGPSPEVEYVIWRNITLMS LLHLGALYGITLIPTCKRY TWLWGVFYYFVSALGTITAGAH
Sbjct 61  DKEGPSPKVEYWVWRNIILMSLLHLGALYGITLIPTCKFYTWLWGVFYYFVSALGITAGAH 128

Query 121 RLWSHRSYKARLPLRLFLITANTMAFQNDVYEWARDHRAHHKFSETHADPHNSRRGFFFS 128
RLWSHRSYKARLPLELFLITANTMAFQNDVY EWARDHRAHHK FSETHADPHNSRRGFFFS
Sbjct 121 RLWSHRSYKARLPLRLFLITANTMAFQNDVYEWARDHRAHHKFSETHADPHNSRRGFFFS 188

Query 181 HVGWLLVRKHPAVKEKGSTLDLSDLEAEKLVMFQRRYYKPGLLMMCFILPTLVPIWYFWGE 248
HVGWL LVREHPAVEEKGS TLOLSDLEAEK LVMFQRRYYKPGLLMMCFILPTLVPIWY FWGE




CBI/BLAST

—>change sequences (FASTA) names into organism only

| *seqdump (1).bct — Poznamkovy blok - m} *

Soubor Upravy Format Zobrazeni MNapovéda
>Homo sapiens
MPAHLLODDISSSYTTTTTITAPPSRVLONGGDKLETMELY LEDDIRPDIKDDIYDPTYKDKEGESPEVEYVWRNITILMS
LLHLGALYGITLIPTCKFY TWLWGVEFY YFVSALGI TAGAHRLWSHRSYKARLPLRLFLITANTMAFONDVYEWARDHRAH
HKFSETHADPHNSRRGFFF SHVGWLLVRFKHPAVKERGSTLDLSD LEAEKLVMFORRYYKPGLLMMCFI LETLVEWYFWGE

Descriptions Graphic Summary Alignments

Taxonomy

TFONSVEVATF LRYAVVLNATWLVN SAAHLFGYRPYDFNISPRENI LVS LGAVGEGFHNYHHSFEYDY SASEYRWHINET
TFFIDCMAALGLAYDRKKVSKAAT LARTKRTGDGNYKSG

>Gorilla gorilla gorilla

MPAHLLODDISSSYTTTTTITAPPSEVLONGGDKLETTPLY LEDDIRPDIKDDIYDPTYFDEKEGPSPRVEYVWRENIILMS
LLHLGALYGITLI PTCKEY TWLWGVEY YF I SALGI TAGAHRLWSHRSYKARLPLRLF LI TANTMAFONDVYEWARDHRAH

Sequences producing significant alignments

[ selectall 5 sequences selected

HKFSETHADPHNSRRGFFF SHVGWL LVRFKHPAVFERGSTLDLSD LEAEKLVMFORRYYKPGLLLMCFI LETLVEWYFWGE

ﬁ Download *TFONSVFVATFLRYAVVLNATWLVNSAAHLFGYRPYDKNISPRENILVSLGAVGEGFHNYHHSFPYDYSASEYRWHINFT

ﬂ‘ FASTA (complete =

Description
v

stearoyl-CoA desaturase [Homo sapiens]

| | stearoyl-CoA desaturase [Homo sapiens]

| | stearoyl-CoA desaturase vanant [Homo sapiens

| | stearoyl-CoA desaturase varnant [Homo sapiens]

acyl-CoA desaturase [Gorilla gorilla gorilla
| ] SCDisoform 1 [Pongo abeli)

| | stearoyl-CoA desaturase [Pongo abelii
[] SCD protein [Homo sapiens]

acyl-CoA desaturase [Pan froglodytes]

[] acyl-CoA desaturase [Hylobates moloch]

| | stearoyl CoA desaturase [Homo sapiens]

| | acyl-CoA desaturase [Memascus leucogenys]

-

FASTA (aligned seg

i GenBank (complet

Hit Table (text)

I lie Tabala (o
j seqdump.txt — Poznamkovy blok

Soubor Upravy Format Zobrazeni MNapovéda

>g1113435426|gb|AAHO4579.1]| Ngol pri
MAARRAL IVLAHSEKTSFNYAMKEAAVE AL KKRGW
LSPDIVAEHKKLEAADLVIFQFPLQWFGVPAILKG
VHGDMNVILWPIQSGILRFCGFQVLEPQLVYSIGH
>g1]524929198 |ref | XP_005071892.1| B
MAVRRALTILLAHSERTSFNYAMKEAAVEAL KKKGW

TFFIDCMAALGLAYDREKKVSKAATLARTKRTGDGNYKS

>Pan troglodytes

MPAHLLODDITAPPSRVLONGGDKLETTPLY LEDNIRPDIKDDIYDPTYKDKEGPSPEVEYVWRNITLMS
LIHLGALYGITLIPTCKFY TWLWGVE Y YFVSALGI TAGAHRLWSHRSYKARLPLRLFLITANTMAFONDVYEWARDHRAH
HKFSETHADPHNSRRGFFF SHVGWL LVRKHPAVREKGSTLD LSD LEAFKLVMFORRYYKTGLLIMCFI LPTLVEWYFWGE
TFRONSVEVATE LRYAVVLNATWLVN SAAHLFGYRPYDKNI SPRENI LVS LGAVGEGFHNYHHSFEYDY SASEYRWHINET
TFFIDCMAALGLAYDREKVSKAAT LARTKRTGDGNYKSG

>Camelus ferus

MPAHLLOEEISSSYTTTTTITAFPPSRVLONGGDKLEKTELY LEEDIRFEMKDDIYDESYQDKEGEPRPEVVYVWRNI I LMG
LLHLGALYGITLIPTCKFY TFCWVLFYYITSALGI TAGAHRLWSHRSYKARLPLRVFLITANTMAFQNDVFEWARDHRAH
HEKFSETDADFHNSRRGFFFSHVGWLLVRKHEAVEERGGLLDLSD LKAERK LVMFORRYYKPGI LLMCFIMPTLVEWY FWGE
TFOHS LY LATF LRYAVVLNVTWLVN SAAHLYGYRFYDKTINPRENI LVS LGAVGEGFHNYHHSFEYDY SASEYRWHINET
TFFIDCMAALGLAYDREKVSKAAT LAKVERTGDGSYKSG

>0vis ar:'i_esl
MPAHLLOEEISSSYTTTTTITAPPSRVLONGGGKLEKTELY LEEDIRFEMRDD IYDFTYQDKEGPRPELEYVWRNI T LM
LLHLGALYGITLIPTCKIYTFLWVLFYYVISALGI TAGVHRLWSHRTYKARLPLRVFLITANTMAFQNDVFEWSRDHRAH
HEKFSETDADFHNSRRGFFFSHVGWLLVRKHEAVREKGATLDLSD LRARK LVMFORRY YK PGVLLLCFILPFTLVEWY LWGE
TFONS LFFATF LRYAVVLNATWLVN SAAHMY GYREFYDKTINFRENI LVS LGAVGEGFHNYHHTFEFYDY SASEYRWHINFT
TFFIDCMAATGLAYDREKVSKAAVLARMKRTGEESYKSG

L5SPDIVAEQKKLEAADLVIFQFPLHWFGVPAILKG
VHGDMNIILWPIQSGILHFCGFQVLEPQLVYSIGH
>g1]227430403 |ref |[NP_001153085.1| N

MAVRKALIILAHSEKTSFNYAMKEAAVEALKRRGWEVAVSDLYAMNFNPVISRKDITGKLKDPGNFQYPAETALAYKEGR

LSPDIVAEQKKVEAADLVIFQFPLOWFGVPAILKG)
IHGDMNILLWPIQSGTLHFCGFQVLEPQLTYSIGH

>g1|386781783 |ref |NP_001247927.1| NaD(P)H dehydrogenase [quinone] 1 [Macaca mulatta]

MVGKRALIVLAHSERTSFNYAMKEAAVAAL KKKGW

LSPDIVAEQKKLEAADLVIFQFPLOWFGVYPAILKGWFERVFVGEFAYTLAAMYDKGPFQSKKAVLSITTGGSGEMYSLQG
IHGDMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQILEGWKKRLENIWDETPLYFAPSSLFDLNFOQAGFLMKKEVQDEEKNKKFGL SVGHHLGKSIFTDNQIKARK

>0 1426242583 |ref | xP_004015151.1] P
MAVRKALIVLAHSERTSFNYAMKEAATEAL KRKGW

L5SPDIVAEQKKLEAADLVIFQFPLOWFGVPAIL KGWFERVLVGEFAYKYAAMYDKGPFRNKKAVL SITTGGSGSMYSLHG
IHGDMNIILWPIQSGTLHFCGFQVLEPQLTYSIGHTPEDARVQILEGWKKRLENIWDEMPLYFAPSSLFDLNFQAGFLMEKKEVQDEQKSKKFGL SVGHHLGKSIPMDNOQIKATK
dehydrogenase, quinone 1 [Homo sapiens]
ESDLYAMNFNPIISRKDITGKLKDPANFQYPAESVLAYKEGHLSP
RVFIGEFAYTYAAMYDKGPFRSKKAVLSITTGGSGSMYSLOGIHG
DARIQILEGWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMKKEVQDEEKNKKFGL SVGHHLGKSIPTDNGIKARK

>g1|30230685|gb|AAP20940.1| NAD(PIH
RRALIVLAHSERTSFNYAMKEAAAAAL KKKGWEVVI
DIVAEQKKLEAADLVIFQFPLOWFGVPATLKGWFE
DMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPAI

TPPDARTQILEGWKKRLETVWDE TPLYFVPSSLFDLNFQAGFLLKKEVQEEQKKNRFGL SVGHHLGKSIPADSQIKARK
AD(P)H dehydrogenase [quinone] 1 [Sus scrofal

WFERVLIGEFAYTYAAMYDKGPFRNKKAVLSITTGGSGSMYSLOG
TFEDARIQILEEWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMKKQVQDEQKSNKFGLSVGHHLGKSIPTDNQVEKARK

EVAESDLYAMNFNPIISRKDITGKLKDPANFOQYAAESTLAYKEGR

REDICTED: NAD(P)H dehydrogenase [quinone] 1 [ovis aries]
EVTVSDLYAMNFNPVISRKDITGKLKDPGNFOQYPAETVLAYKEGR




http://www.youtube.com/watchBLAST

CBI/BLAST (reference proteins

My NCi

L
<. BLAST®
- isn 0u

Home  Recent Results = Saved Strategies  Help

rNCBHBLAST,I’bIastpsmtestandardpmte"'lBLAsT

blastn blastp blastx thlastn thlastx

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

mRIL'ﬂLIULRHSEKI SFNYAMEERRVERTLKKRGNEVLESDLYAMNFNEITISENDITGELEDSENFQ
ESSLAHKEGRLS PDIVAEHKKLERADLVIFQF PLOWFGVEPATLEGHWFERVLVAGFAYTYRARMYDNGE

=N v T[]

KEILLSITTCGSGSMY SLOGVECDMNVILWPIQSCILRFCGFQVLEPQLVYSIGHTPPDARMOILES

5 using a protein query. more. .. Resefpage Bookmark

Or, upload file Prochazet...
Job Title

Enter a descriptive tifle for your BLAST search

O Align two or more sequences

Standard
Database — = e
—— P+ Reference proteins (refseg_prosein) ¥ @
Organism MNon-redundant protein sequences (nr)

Cational R=fieq Sslzct proteins (refseg_select) E: |:| Exziugs
Reference proteins (refseq_prodein) By will be shown e
Maodsl Organisms {landmark) .
Exclude | UniProtk Bl Swiss-Prot{swissprot) [WF}[_| Uncultured/environmental sample sequances
e Patented protein sequences(patsa)
Protein Data Bank proteins{pdb)
Metagenomic proteins{=nv_nr)
Program Selectior Transcriptome Shotgun Asssmbly protsins {isa_nr

-~

® blastp (protein-protein BLAST)
O PSILBLAST {Position-Specific terated BLAST)

Algorithm

O PHI-BLAST (Pattern Hit Initiated BLAST)

O DELTA-BLAST {Domain Enhanced Lookup Time Accelerated BLAST)
Cheose a BLAST algorithm

Search using Blastp (protein-protein BLAST)

|:| Show results in a new window

farameters



http://www.youtube.com/watch

Practical part

Try BLAST.

Download five similar sequences from
different organismes.




Homework 3

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.

. y
E.g use ,vystrizky“ E »Snipping tool

»Compile in ,,one note” (or word, or pdf)
»Submit via Moodle



Homework 3 - example

v Trypsin 33

DU3 [T 2L T | SETe FAG ABout GLossaRy ¥
Domains within Homo sapiens protein NQO1_HUMAN (P15559)

MADFF dupwsvganmme ppanonal ¢

2) | ——

= Annotane, NON.TM PROTEIN se(sec/sel] =
M
24

anué
= Number of predicted TMHs 0
& Exp number of AAs in TMHs 0000000 an—
3) # Exp mmber, first 60 AAs 0.000000
» Total prob of Nm 0463689
outsade

2 postence sxehadulines

>Mazazs mmlaza

MU RAL VL AR SERT 3TN YAMKE AR VAR LI GHEVAE SDLYAMNENF I I SRED ITGHLXDPANT QYAAE STIAVIEGR
IEGT NI LRF I Q56 LEPOGEQVLE PQLT Y S IGHT PADAR T QT LEGREGRLEN TWDE TPLY FAPSSLEDLNE QAGE LMK
KEVQDEEKNHHEGLSVGHELGKS IFTINQ THARK

Prabability

>ins cxeds
QEHVEAADLV I PQF PLOWE GVEAT LHGWEERVL IGEFAY T YAAMYDHGE! ITTGGSGMYSLOG
I I L LN IQSG T LG QUL POl T Y S IGH T PEDAR I I L PG R LEN INDE TPLYFAPSSLFDLNFCAGE LMK XXX EX XK KX X R XA RN X AKX XXX RN XX AR XA KR EX R A XXX XXX AKX XXX N AXX XXX A X KX XK KXX XXX XK X
HOUQDE CHINHFGLSVGHELGKS IPTDNQUEARK : !
o » “ @

>Bos aurms Protein sequence

SENYAMFEAR I AL KRKEVTVSDLY AMNENEVI SAKD I TG DEGHEQYPAE TVLAYEEGR
LS PDIVAE QM LEAADIV ] FOE P L oW GUPA T LN EERVL IGE FAYHYARMY DHGR FRIGHAVLS ITTGE 56 MY SLHG
RGN I LRPIQSGT LEPOGEQULE PQLTYS I GHT PEDARVO T LEGREGRLEN TWDEMPL YFAPSSLEDLNEQAGE LMK
HEVQDE QHSHHEGLSVGEELGHS IRNDNQIHATK

Sar mmacelss

VEALKKRGWEVLE SDLYAMNENPIISRNDITGE LKDSKNEQYPSESSIAYHEGR
ATLHGWEERVLVAGEAYT YAAMYINGE!

LSPDIVAEHKKLEAAD!
VEGIMNVI LWPIQSGI LRFCGE QVLE POLVY S IGHT PPDARMO I LEGWIMRLETVMEE TPLYFAPSSLFDLNFQAGF LMK
HEVQEE GHHNHPGLSVGHRLGKS IPADNQIFARK

>3lligazer zipenasis

MAANFALIVLANAEKT SENHAMKDAXN

LS SDIVAECHHLEAA DLV I FOF P LOWFGUP AT LKGWE DRV TGGFAY SYASMYDOGR POV S FTTGGAGMYTING

IONGT LYPOGEQULE PQIAYS IGHT PEDVRSQ I LMGHFERLGS INEEKPLSEVPSSSFEMSEHGGIFLE
PPINQUEACRK

SREDITGHPHDPMNEN AWEEGR

AETQE
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