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_Protein bioinformatics 111

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
——— Finding all proteins that share a similar sequence
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
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BLAST ® Home Recent Resultz Saved Stralegies  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 supports 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 = Maore BLAST news...

Web BLAST

Human Mousa Rat Microbes
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The National Center for Biotechnology Information advances science and health by providing access to PubMed
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DNA & RNA BLAST

Domains & Structures Nucleotide

+ Tools: Analyze data using NCBI software Genome

* Downloads: Get NCBI data or software SNP

+ How-To's: Learn how to accomplish specific tasks at NCBI
Genomes & Maps + Submissions: Submit data to GenBank or other NCBI databases

Genes & Expression

Genetics & Medicine

Protein
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Sequence Analysis

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
rNCBI.’BLASTrbIastpsuuteStandardProtemBLAST

—. BLAST®
-

blastn blastp blastx thlastn thlastx

— Enter accession number(s), gi(s) or FASTA sequence(s)
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a5 using a protein query. more.... Resefpage Boolkmark

0r, upload file Prochazet...

Job Title

Enter a deseripiive title for your BLAST search

O Align two or more sequences

Choose Search Set

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

Organism

Optional | | [ Exclude .+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown.

E:::I:::r [ Models (XMXP) [ unculturedrenvironmental sample sequences

Entrez Query |
Optional

Enter an Entrez query to limit search

Program Selection
Algorithm

® blastp (protein-profein BLAST)
O PSLBLAST {Position-Specific lterated BLAST)
) PHILBLAST (Pattern Hit Initiated BLAST)

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

Search using Blastp (protein-protein BLAST)

|:| Show results in a new window



http://www.youtube.com/watch

a T m B I
N C B ‘ B L S £ hover fo see the title W click to show alignments « S.how Conserved Domains Alignment Scores <40 W40-50 [O50-80 [Qe0-200 [ ==200 (2]

100 sequences selected @ Putative conserved domains have been detected, click on the image below for detailed results.
National Library of Medicine wors vea. | - - s i
National Center for Biotechnology Information Spacific hits -

superfonilies Membrane—FADS-1 ke super-fomily

BLAST ® » blastp suite » results for RID-ZYHJKTA1013

Distribution of the top 100 Blast Hits on 100 subject sequences

<EditSearch | SaveSearch  Search Summary v o L ey

1 70 140 210 280 350
Job Title NP_005054.3 stearoyl-CoA desaturase [Homo...

RID ZYHJIKTA1013 Search expires on 03-02 19:34 pm Download All +

Program BLASTF @ Citation v

Database 0t See details ¥ Type common name, binomial, taxid or group name

Query ID lcl|Query_51026 + Add organism

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

. . x|
| Compare these results against the new Clustered nr database @ BLAST .
L I N Ill‘ J
LITTINDS
Graphic Summary Alignments Taxonomy E-Value (expecta ncy» I
Sequences producing significant alignments Download Select columns ¥ Sho
select all 100 sequences selected GenPept Graphics Distance tree of resguits  Miltiple alignfhent MSA Viewel
- Max  Total Query E Per. A
] I ] i
escllp 1on o rga ﬁ chom Score Cover|l value Ident | L Accession
v - v
stearoyl-CoA desaturase [Homo sapiens] Homo sapiens 748 748 100%) 0.0 100.00% 3 NP 005054 3
stearoyl-CoA desaturase [Homo sapiens] Homao sapiens T4T 74T 100%) 0.0 99 72% 3 AADZ2O870.1
stearoyl-CoA desaturase variant [Homo sapiens] Homo sapiens 746 746 100%) 0.0 99 72% 3 EADS2219 1
stearoyl-CoA desaturase varant [Homo sapiens] Homo sapiens T44  T44  100%) 0.0 09 72% 3 EADSG582 1




Descriptions Graphic Summary Taxonomy

Alignmentview| Paimise W | 9 |RE5’t°r€ defaults Dﬂwnlnad R

100 sequences selected 9

X Download v GenPept Graphics ¥ MNext <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(1931) 0.0  Compositional matrix adjust. 359/359(100%) 359/359(100%) 0/359(0%) Genome Data Viewer - aligned
genomic context
Query 1 MPAHLLOQDDISSSY TTTTTITAPPSRVLQNGGDELETMPLY LEDDIRPDIKDDIYDPTYE ob Identical Proteins - Identical

MPAHLLQDDISSSYTTTTTITAPPSRVLOQNGGDKLETMPLY LEDDIRPDIKDDIYDPTYK

Shjct 1 MPAHLLQDDISSSYTTTTTITAPPSRVLQNGGDKLETMPLYLEDDIRPDIKDDIYDPTYK 68 proteins to NP_005054.3

Query 61  DKEGPSPEVEYWVWRNIILMSLLHLGALYGITLIPTCKFYTWLWGVFYYFVSALGITAGAH 128
DEEGPSPEVEYVWRNITLMS LLHLGALYGITLIPTCKRY TWLWGYFYYFVSALGTTAGAH
Sbjct 61  DKEGPSPRVEYVWRNIILMSLLHLGALYGITLIPTCKFYTWLWGYVFYYFVSALGITAGAH 128

Query 121 RLWSHRSYKARLPLRLFLITANTMAFQNDVYEWARDHRAHHKFSETHADPHNSRRGFFFS 128
RLWSHRSYKARLPLELFLITANTMAFQNDVY EWARDHRAHHK FSETHADPHNSRRGFFFS
Sbjct 121 RLWSHRSYKARLPLRLFLITANTMAFQNDVYEWARDHRAHHKFSETHADPHNSRRGFFFS 188

Query 181 HVGWLLVRKHPAVKEKGSTLDLSDLEAEKLVMFQRRYYKPGLLMMCFILPTLVPWYFWGE 248
HVGWLLVRKHPAVEEKGSTLOLSDLEAEKLVMFORRYYKPGLLMMCFILPTLVPIWYFWGE




CBI/BLAST

—>change sequences (FASTA) names into organism only

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

Seubor l:lpravy Format  Zobrazeni MNapovéda

>Homo sapiens

MPAHLLODDISSSYTTTTTITAPPSRVLONGGDKLETMPLY LEDDIRPDIKDDIYDEFTYKDEEGESPEVEYVWRNIILMS
LLHLGALYGITLIPTCKFY TWLWGVEY YFVSALGI TAGAHRLWSHRSYKARLPLRLFLITANTMAFQNDVYEWARDHRAH
HKFSETHADPHNSRRGFFF SHVGWL LVRFKHPAVFERGSTLD LSD LEAEKLVMFORRYYKPGL LMMCFI LETLVEWYFWGE

Descriptions Graphic Summary Alignments

Taxonomy

TRONSVEVATF LRYAVVLNATWLVN SAAHLFGYRPYDKNISPRENILVS LGAVGEGFHNYHHSFPYDY SASEYRWHINET
TFFIDCMAALGLAYDRKKVSKAATLARTKRTGDGNYKSG

>Corilla gorilla gorilla

MPAHLLODDISSSYTTTTTITAPPSREVLONGGDKLETTPLY LEDDIRPDIKDDIYDPTYKDKEGESPEVEYVWRNI ILMS
LLHLGALYGITLIPTCKFY TWLWGVEY YF I SALGTI TAGAHRLWSHRSYKARLPLRLF LI TANTMAFONDVYEWARDHRAH

Sequences producing significant alignments

[ selectall 5 sequences selected

HKFSETHADPHNSRRGFFF SHVGWL LVRKHPAVKERGSTLD LSD 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 varant [Homo sapiens]

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

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

[] acylCoA desaturase [Hylobates moloch]

| | stearoyl CoA desaturase [Homo sapiens]

| | acyl-CoA desaturase [Momascus leucogenys]

-

FASTA (aligned seg

i GenBank (complet

Hit Table [text)

1lie Tabnla {00 n
E seqdump.txt — Poznamkovy blok

Soubor Upravy Format Zobrazeni MNapovéda

TFFIDCMAALGLAYDREKVSKAAT LARTHRTGDGNYKS

>Pan troglodytes

MPAHLLODDITAPPSRVLONGGDKLETTEFLY LEDNIRFDIKDDIYDFTYRKDRKEGPSPEVEYVWRNITLMS
LLHLGALYGITLIPFTCKFY TWLWGVEFY YFVSALGI TAGAHRLWSHRSYKARLPLRLFLITANTMAFQNDVYEWARDHRAH
HEKFSETHADFHNSRRGFFFSHVGWLLVRKHEAVEEKGSTLD LSD LEARK LVMFORRY YK TGLLLMCFILPFTLVEWYFWGE
TFONSVEVATF LRYAVVLNATWLVN SAAHLFGYRFYDKNI SPRENILVS LGAVGEGFHNYHHSFEYDY SASEYRWHINFT
TFFIDCMAALGLAYDREKVSKAAT LARTERTGDGNYKSG

»>Camelus ferus

MEPAHLLOEEISSSYTTTTTITAFPPSRVLONGGDKLEKTPLY LEEDIRPEMKDDIYDESYQDKEGPRPEVVYVWRNI ILMG
LLHLGALYGITLIPFTCKFY TFCWVLFY Y ITSALGI TAGAHRLWSHRSYKARLPLRVF LI TANTMAFQNDVFEWARDHRAH
HEFSETDADFHNSRRGFFFSHVGWL LVRKHEAVEEKGGLLD LSD LKAEK LVMFORRYYKPGI LLMCFIMPTLVEWY FWGE
TFOHS LY LATF LRYAVVLNVTWLVN SAAH LYGYRPYDKTINPRENILVS LGAVGEGFHNYHHSFEPYDY SASEYRWHINET
TFFIDCMAALGLAYDREKKVSKAAT LAKVERTGDGSYKSG

»>0vis ar'i_es|

>g1113435426|gb|AAHO4579.1]| Ngol pr
MAARRAL IVLAHSEKTSFNYAMKEAAVEAL KKRGW
LSPDIVAEHKKLEAADLVIFQFPLOWFGVPATLKG
VHGDMNVILWPIQSGILRFCGFQVLEPQLVYSIGH
>gi]524939198 |ref | XP_005071892.1| B
MAVRRALTILLAHSERTSFNYAMKEAAVEAL KKKGW

MPAHLLOEEISSSYTTTTTITAPPSEVLONGGGKLEKTPLY LEEDIRPEMRDDIYDPTYQDKEGPKPKLEYVWRNI T LMG
LLHLGALYGITLIPTCKIYTFLWVLFY YVISALGI TAGVHRLWSHRTYKARLPLRVF LITANTMAFQNDVFEWSRDHRAH
HKFSETDADPHNSRRGFFF SHVGWL LVRKHPAVREKGAT LD LSD LRARK LVMFQREYYKPGVLLLCFILPTLVEWY LWGE
TFONSLFFATFLRYAVVLNATWLVNSAAHMY GYRPYDKTINPRENILVS LGAVGEGFHNYHHTFPYDY SASEYRWHINFT
TFFIDCMAATGLAYDRKKVSKAAVLARMKRTGEESYKSG

L5PDIVAEQKKLEAADLVIFQFPLHWFGVPAILKG
VHGDMNIILWPIQSGILHFCGFQVLEPQLVYSIGH
>g1]227430403 |ref |[NP_001153085.1| N

MAVRKALIILAHSEKTSFNYAMKEAAVEALKRRGWEVAVSDLYAMNFNPYVISRKDITGKLKDPGNFQYPAETALAYKEGR

LSPDIVAEQKKVEAADLVIFQFPLOWFGVPAILKG]
IHGDMNILLWPIQSGTLHFCGFQVLEPQLTYSIGH
>Q1|386781783 |ref |[NP_001247927.1| N

MVGKRAL IVL AHSERTSFNYAMKEAAVAAL KKKGWEVAESDLYAMNFNPIISRKDITGKLKDPANFOYAAESTLAYKEGR

L SPDIVAEQKKLEAADLVIFQFPLQWFGVPAILKG
IHGDMNVILWPIQSGILHFCGFOQVLEPQLTYSIGH
>gi 426242583 |ref |XP_004015151.1] P

MAVRKALIVLAHSERTSFNYAMKEAATEAL KRKGWEVTVSDLYAMNFNPYVISRKDITGKLKDPGNFQYPAETVLAYKEGR

LSPDIVAEQKKLEAADLVIFQFPLQWFGVPAILKGWFERVLVGEFAYKYAAMYDKGPFRNKKAVLSITTGGSGSMYSLHG

IHGDMNIILWPIQSGTLHFCGFQVLEPQLTYSIGHTPEDARVQILEGWKKRLENIWDEMPLYFAPSSLFDLNFOQAGFLMKKEVQDEQKSKKFGL SVGHHLGKSIPMDNQIKATK

>g1|30230685|gb|AAP20940.1| NAD(PIH
RRALIVLAHSERTSFNYAMKEAAAAAL KKKGWE VY]
DIVAEQKKLEAADLVIFQFPLOWFGVPATLKGWFE
DMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPAI

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

WFERVL IGEFAYTYAAMYDKGPFRNKKAVLSITTGGSGSMYSLQG
TPEDARIQILEEWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMEKKQVQDEQKSNKFGL SVGHHLGKSIPTDNOVKARK
AD(P)H dehydrogenase [quinone] 1 [Macaca mulatta]

WFERVFVGEFAYTLAAMYDKGPFQSKKAVLSITTGGSGSMYSLOG
TPADARIQILEGWKKRLENIWDETPLYFAPSS5LFDLNFQAGFLMEKEVQDEEKNKKFGL SVGHHLGKSIPTDNQIKARK
REDICTED: NAD(P)H dehydrogenase [gquinone] 1 [ovis aries]

dehydrogenase, quinone 1 [Homo sapiens]
ESDLYAMNFNPIISRKDITGKLKDPANFQYPAESVLAYKEGHLSP
RVFIGEFAYTYAAMYDKGPFRSKKAVLSITTGGSGEMYSLOGIHG
DARIQILEGWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMKKEVQDEEKNKKFGL SVGHHLGKSIPTDNGIKARK




Practical part

Try BLAST.

Download five similar sequences from
different organismes.




_Protein bioinformatics 111

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

Finding all proteins that share a similar sequence

Finding evolutionary relationships between proteins, drawing proteins’ family trees

—> Computing the optimal alighment between two or more protein sequences



Pairwise alignment

Global alignment — aligns full length sequence

Local alignment — aligns part of the sequences that fit best

(eg similar domains comparison, repetitive sequences...)
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global sequence alignment
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local sequence alignment
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Pairwise alignment- Global

EMBOSS Needle

Pairwise Sequence Alignment (PSA)

Job Dispatcher Help &Privacy Input form

Welcome te the new Job Dispatcher website. We'd love to hear your feedback about the new webpages!

Input sequence @

Parameters

Submit

EMEQSS Needle reads two input sequences and writes their optimal global sequence alignment to file.

Sequence type
@ Protein O DNA

Paste your sequence here - or use the example sequence

=Home sapiens

LSPDIVAEQKKLEAADLVIFQFPLOWFGVPAILKGWFERVFIGEFAY TYAAMYDKGPFRSKKAVLSITTGGSGSMYSLOG
IHGDMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQILEGWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMK
KEVQDEEKMKKFGLSYGHHLGKSIPTDNQIKARK

MVGRRALIVLAHSERTSFNYAMKEAAAAALKKKGWEVVESDLYAMNFNPIISRKDITGKLKDPANFQYPAESVLAYKEGH

| Zvoiit soubor LWL ERT]

Paste your sequence here - or use the example sequence

=Sus scrofa
MAVRKALIILAHSEKTSFMYAMKEAAVEALKRRGWEVAVSDLYAMNFNPVISRKDITGKLKDPGNFQYPAETALAYKEGR
LSPDIVAEQKKVEAADLVIFQFPLOWFGVPAILKGWFERVLIGEFAYTYAAMYDKGPFRNKKAVLSITTGGSGSMYSLQG
IHGDMNILLWPIQSGTLHFCGFQVLEPQLTYSIGHTPEDARIQILEEWKKRLENTWDETPLYFAPSSLFDLNFQAGFLMK

KQVQDEQKSNKFGLSVGHHLGKSIPTDNQVKARK

OUTPUT FORMAT @ MATRIX @ GAP OPEN @

GAP EXTEND ®

END GAF @

END GAFP OPEN @

‘ pair Y4 H BLOSUMé&2 A4 H 10

v |os

v “fabe

ME

Less options &

Title

@ sligmec_sequences: 2
#* 1: Homo
#* 20 Bus

® Matrix: EBLOS
# Gap_penalty:

® Extend_penalty: ©.5

# Length: 274
# Tdentity:

# Similarity:
i @aps:

& Score: 1326.8

Sus

Homo

Sus

Homo

Sus

Homo

Sus

Sus

Homo

Sus

UMB2
ig.@

245274 (B9._4%)
260274 (R4.9%)
@274 [ e.@x)

1

e

m
=

m
=

1@l

181

2e1

281

MVGRRAL TVLAHSERTSFNY AMKEAAANAL KKHEWEVVESDLYAMNFNPL
R R RN R R S R R P RN R AR
MAVRKAL TILAHSEKTSFNY AMKEAAV EALKRRGWEVAVSDLYAMNFNRY

ISRKDITEKLKDRANFOYPAESVLAYKERHLSPDIVAEQKKLEAACLYVIF
(RN R N R R P RN RN RN ERR R AR
ISRKDITEKLKDRENFOYPAET ALAYKERRLSPDIVAEQKKWEAACLVIF

QFPLOWFEVPALLKGWF ERVFIGEFAY TYAANYDKEP FREKKAVLEITTE
FEREEETRE T e ben e e e b e ez el
CFPLOWFEVPALLKGKFERVLIGEFAY TYAANYDKEPFRNKKAVLELTTE

GSESMYSLOEIHEDHNY ILWFIQSEILHFCEFQVLEPQLTYSIGHTRADA
PERETEEREE T s e e e e e e e e e e e il
GSESMYSLOGIHEDNNILLWFIQSETLHFCEFQVLERPQLTYSIGHTREDA

RIQTLEGWKKRLEN IWDETALYFAPSS LFOLNFQAGF LMKKEVDEEKNK
RN NN RN RN R RN R U RN R AR AR RO N e e
RIQILEEWKKRLEN IWDETPLYFAPSSLFOLNFQAGF LMKKOVEDEQKSN

KFELSVGHHLEKSIPTONQIKARK 274
FERETEERERE e rern=url
KFELSVGHHLEKSIPTONQVIKARK 274

iea

iea

258

238



Pairwise alienment- Local

#& EMBL-EBI home Research A& Training

¥

Lalign

Pairwise Sequence Alignment (PSA)

Results for Job ID: lalign-120240306-175812-0116-49168171-p1m

Job Dispatcher Help & Privacy Input form

Tool Output

Submission Details

Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages!

-120240305-175812-0116 49188171 -pim_asequence lalign-T20248306-175812-0416- 2316817
slignments

= p s BLSG f 42 g -2

0.0 -m & -m "F11 lalign-I26240366-175512-6416-49168471-pin_output.lav”

LALIGN finds internal duplications by calculating non-intersecting local alignments ¢ x. neang snd w. riller (2e90) adv. apsl. Mezh. 12:97

Query: lalign-120226586-175512-0116-459165171-pin_asaquence
Lrskome sapisns - N
Input sequence @ Sequence type Libeasy Seiien.Tasasesse.a7saz-stc-socatri-pin, Eazasence
. ~ 274 residues in 1 seguences
@ FProtein (O DNA

ETisTics: Lambdas ©.15950 K=8.0467%
888 seguences

Paste your sequence here - or use the example sequence

ers: BLSG matrix (15:-8),
Scan time: ©0.816

are

sroHona, 274 82 v

Nevybrin Zadny soubor s»5us sezofa

waterman-£zgert
85.2% identity

re: 1689: 465.9 bits: £(2) <
lar) in 274 aa overlap (1-2

e se 20 58 ¢
SFNYAMKEAAAAALKKKEM DLYAMNFNSTISRKOITERL

Paste your sequence here - or use the example sequence Homs  MVERRALT

SENYAMKEANVEALKAREWEVAVSDLYAMNFNPYISREDITEAL

sus
10 20 £ 28 £ s
) 50 %0 100 110 120
Homo  KDPANFQYPAESVLAVAEGHLSPDIVAEQKKLEAADLVIFQFPLNFEVRATLKONFERY
Parameters More options v CIiiIiiioiIiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiic
SuS  KDPGNFQYPASTALAYKEGRLSPDIVAEQKKVEAADLVIFQFRLGNFEVFATLKGAFERY
o £ %0 108 18 120
Submit Title:
130 120 150 158 178 158

b Homo  FIGEFAYTYAAMYDKGOFRSKKAVLSITTEGSESNYSLOGTHEDNNVILUPIQSEILHED

SUS  LIGEFAVTYAAMYDKGPFRNKKAVLSITTI

SMYSLQGIHEDMNILLWPIQS(

More example inputs



Pairwise alignment- Local (visualization

Lalign

Pairwise Sequence Alignment (PSA)

Job Dispatcher Help & Privacy Input form

Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages!

Results for Job ID: lalign-120240306-175812-0116-49168171-p1m

Tool Qutput

Tool Output

Visual Result (SVG)

Visual Result (PNG)

Visual Result (JPEG)

First Input Sequence

Resull Files

lalign-120240306-175812-0116-49168171-p1lm.out

lalign-120240306-175812-0116-49168171-plm.visual-svg

lalign-120240306-175812-0116-49168171-plm.visual-png

lalign-120240206-175812-0116-49168171-plm.visual-ipg

lalign-120240306-175812-0116-49168171-plm.asequence

Sus scrofa

230 4 /
200 4 //
o
1504
4
Lo 4
30+ /
T T T T T
S0 100 150 200 250
Homo spiens - 274 aa
— =(.0001 —_—] 3
Elh <000 <les02 =la+02




Practical part

ry pairwise alignment.
(global and local)

Hw:Compare ,your” sequence (human) with
sequence of the same protein from mouse
(Mus musculus).

How similar are these proteins?



Practical part - results

Global a. (Needle) Local a. (Laling) |

|gunon

E
=
[=]
§ 1304
4
* The best non-identicel alignments ars: ls-w bits E(1) ®_id =®_= g. v
# nligned_sequences: 2 splQ84569 |NQOL_MOUSE NAD(EJK dehydr [ 274} 1625 2521 6=-132 0.865 (5 1004
i _s& : g
-- 45 17.8 @45 9509 43
# 1: NQOL_HUMAKR --" - = £
- - 42 164 ©.85 8.375 {F / /
- - - =04
# 2: NQOA_MOUSE 1.‘/ - 10 15.6  ©.7¢ 0.211 {8 /
¥ Matrix: EBLDSUM&Z - 39 15.3 ©.B4 O_B38 Ve
# Gep_penalty: 10.8 - §9 5.2 G.54 @53 - - -
y P - 39 -3 @.54 @.269 sp|P1555%9|N001 aﬁmmumi}i dwaoéengase[qmﬁo
# Extend _penalty: 9.5 . 21453 ooos oo ozaz e -
. P 1 o233 Eix e - =la+02
Length: 274 +- 335 13.6 1 9.252 B.542 24
: . o -- 55 435 1 8.33%5 8.887 15
# Identity: 297,/274 (86.5%])
) -- 51 13.1 1 B.284 8.6%6 23

Similarity: 252,274 (92.89%])
GEps: 8/274 { @.8%)
1269.6

>»>5p|PAEES? [NQOL_HUMAN, 274 aa vs lalign-I20240402-073145-0734-84267820-pim. bsequence library

e
=»»Sp | 0864669 | NQO1_MOUSE MNAD(P}H dehydrogenase [guinone] 1 (274 =al

# wWatsrman-Eggert scors: 162&; 452.1 bits; < 6Ge-13Z
# 86.5% identity (97.8% similar] im 274 =a overlap (1-274:1-274)
jfz====================z==========z========
1@ 2@ 38 49 5@ 1]
_ . 50| P15 MVGRRALIVLAHSERTSFNYAMKEAAMAALKKKGWEVVESOLY AMNFNPIISRKOITGKL
NQOL_HUMAN 1 MVGRRALIVLAHSERTEFNYANKE ALAARAL KKKEWEVVESDLY AMMFNPL 58 A - e o .
e e LRRRETRETE = e c P == e et Sp|Q6a MAARRALIVLAHSEXTSFNYAMKEARVEALKKRGWEVLESOLYAMNFNRIISRNDITGEL
NQCOL_MOUSE 1 MAARRALIVLAHSEKTSFNYAMKEAAVEALKKRGWEVLESDLYAMMFNPL 58 19 28 38 48 e 5a
7@ 0] L] 180 118 120
NQCL_HUMAK 51 ISRKDITGELKCPANFGYPAESVLAYKEGHLSPDIVAEQKKLEAADLVIF 188 T —
(NN R N N S RN R RN R AR AR RN TDoTIIIIID IIIIIILIIIIIiIoIIiIiiiiiiiiiionc IR RS
NQGL_MOUSE 51 ISANDITEELKDSKNFQYPSESSLAYKEERLSPDIVAEHKKLELADLVIF 198 SP1Q64 KDSKNFQYRSESSLAVKEGRLSROTVAEHKKLEAADLYIFQFRLQWFEVRATL KEWFERY

7 aa 9@ lg@ 11@ iz@




Multiple sequence alignment (MSA)

=The alignment of more than two sequences

The goal of MSA is twofold:

> Aligning corresponding regions of the sequences

> Revealing positions that are conserved




An Example of Conserved Positions
The Serine Proteases Active Site

[————
CLPP_ECOLI E.col (40} ERVIFLTGQV----EDHMANLIVAQMLFLEAENPEKDIYLYINSFGGVITAGMSIYDTMQFIKPD-——-VSTIC (105)
CLP1 _MYXXA M.xan(26) DRIIMLGTPV-=-==NDDVANIIVAQLLFLESEDPDKGINLYINSFGGSVTAGLAIYDTMQYVKCP====VSTIC ( 91)

21223930 M.maz(27) MISLFGLPAYQSIDEEDAEQVLRWIRKY----—-RDYPLELILHTPGGQLHRSIQIARALKENHPKK----TRVLI ( 92)

15643678 T.mar (58) SISFLGFPVRRYIDIEDSEEILRAIKLTP----SDMPIDLILHTPGGLVLAAEQIARALKMHKGK-—=-==VTVFV (123)

15668307 M.jan(64) SIGLFGIFVYKFITIEDSEEILRAIRAAP----KDKPIDLIIHTPGGLVLAATQIAKALKAHPAE----TRVIV (12%) ] ]
18976612 P.fur(59) SIGFFGIPVYKFISIEDSEEVLRAIRMAP----KDKPIDLIIHTFGGLVLAATQIAKALKDHPAE----TRVIV (124) Actlve S Ite
22972030 C.aur(53) TMSLLGFPLVREYINIEDSEAVLRAIKMTD----RDIPIDLILHTFGGLVLAAEQIARALTKHAAK-—---VTVEV (118)

23050732 M.bar(75) AISLFGIPAYQYIDEEDAREQILRWIRKY--=--KDYPLELILHTPGGQLHSSIQIARALRRHSKN====TKVII

15964138 S.mel (50) HVARVAVTGLIQ---DDRELVERLERIADN--QSVKALIVTISSPGGTTYGGEVI YEAIRKVAEKKP-=-VVSD

17934547 A.tum(27) AIMAGGNQFRPALMNLAS YAPLLEKAFAVEDA----PAVAISLNSFGGSPVQARMI YNRIRQLAEEKDE
ey s e S

oy [e—] - =)
CLEP_ECOLI E.col (106)HGQRASHSAFLLTAGAKGKRFCLENSRVHIHQPLGGY -~~~ — gl ——— - = ——————
CLP1_MYXXA M.xan( 92)VGQARSHMGALLLLAGAKGKRYALPNSRINIHQFPLGC )= —-=—=-=====-=-—2
21228980 H.maz( 93) PHYSMSGGTIIALAADE- IWIDI':BRVIGP L
15643678 T.mar (124 ) PHYAMSGGTLI ALAADE - I IMDE N8P L.O-PQIGH=== ==
15668307 H. jan{lﬂﬁ}PﬂYhHSG-GTLIALAADK-
18976612  P.fur (125) PHYAHSGGTLI Rl
22972030 C.aur (119) PHYRMSG :
23050732 H.bar {IMD}PHYSH%GTIIALM\HE <
15964138 S.mel (117 ) RTLAASAGYLIALAGDR=IVAGETSITGSIG-VIFQY====~ PQVETLMDELGVSLESIKSRP

17934547 A.tum( 57)EDVAASGGYMIALAGDE-IIADPTSIVGSIG-VVSGGE-—--- FGFPEMLRKI GVERRVYTAGEN I
foosee] = =)
P R SRR | ]

CLPP_ECOLI E.col (148)----EIHAREI LKVEGRMNELMALHT-~-~~~ GQSLEQIERDT----- ERD-RFLSAPEEVEY (196)
CLP1_MYXXR M.xan(134)----DIQAKEILRLRSYINGLIVENT------ GHTIERIERKDT----- ERD- YFMSR (182)
21228980 H.maz (157 ) ----DISRKALRLTRNVAKELLEGKIQPD-GKEDRLEEVVEKLVSG-ENIHSTP LR {213)
15643678 T.mar (185) ----DIAEKAI RQVKEFVVEILSDKV-----SKEKAEKIADKLCSG- YWTHD YF EKLREM (237)
15668307 M.jan(1%1)=----DIAKKAINQVONEVYNLLEKDKY====~ GEEKAKELSKILTEG-RWTHD YJITVEEAKEL (243)
18976612 P.fur (186)----DVAKKAI KQVQDFLYDLLEKDKY====-= GEEKARELAQILTEG-RWTHIMFITVEHAREL (238)
22972030 C.aur (180)----DIAEKAI RQVERTVCELLRDKM-—-—--PVERREEVAHTLASG-VWTHO YPITVSEAREL (232)
23050732 M.bar (205)=---DVSRKALKFTRNVAKELLEGKIQPGPAGESRLDEVVEKLVSG-EMIHSTPLSAGEAKKI (262)
15964138 S.mel (185) DEARAMIQAMIDDSYGWEVDLVAERRK======= LPRPEALALADGRIFTGRQALEGKLVDEL (240)

17934547 A.tum(165)EGDIDYLESLQVEIHNVFIDMVKMRRG-----SKLK--GDDALFSGLFWTGMRGLDLGLIDGL (220)
] ] o]




‘II

_Evolution in a Nutshel

Amino acids mutate randomly

Mutations are then selected (accepted) or counter-selected (rejected)

If a mutation is harmful, it is counter-selected
° It disappears from the genome

° You never see it

Mutations of important positions (such as active sites) are almost always harmful

You can recognize important positions because they never mutate!

MSAs reveal these conserved positions



An Example of Conserved Positions
The Serine Proteases Active Site

[————
CLPP_ECOLI E.col (40} ERVIFLTGQV----EDHMANLIVAQMLFLEAENPEKDIYLYINSFGGVITAGMSIYDTMQFIKPD-——-VSTIC (105)
CLP1 _MYXXA M.xan(26) DRIIMLGTPV-=-==NDDVANIIVAQLLFLESEDPDKGINLYINSFGGSVTAGLAIYDTMQYVKCP====VSTIC ( 91)

21223930 M.maz(27) MISLFGLPAYQSIDEEDAEQVLRWIRKY----—-RDYPLELILHTPGGQLHRSIQIARALKENHPKK----TRVLI ( 92)

15643678 T.mar (58) SISFLGFPVRRYIDIEDSEEILRAIKLTP----SDMPIDLILHTPGGLVLAAEQIARALKMHKGK-—=-==VTVFV (123)

15668307 M.jan(64) SIGLFGIFVYKFITIEDSEEILRAIRAAP----KDKPIDLIIHTPGGLVLAATQIAKALKAHPAE----TRVIV (12%) ] ]
18976612 P.fur(59) SIGFFGIPVYKFISIEDSEEVLRAIRMAP----KDKPIDLIIHTFGGLVLAATQIAKALKDHPAE----TRVIV (124) Actlve S Ite
22972030 C.aur(53) TMSLLGFPLVREYINIEDSEAVLRAIKMTD----RDIPIDLILHTFGGLVLAAEQIARALTKHAAK-—---VTVEV (118)

23050732 M.bar(75) AISLFGIPAYQYIDEEDAREQILRWIRKY--=--KDYPLELILHTPGGQLHSSIQIARALRRHSKN====TKVII

15964138 S.mel (50) HVARVAVTGLIQ---DDRELVERLERIADN--QSVKALIVTISSPGGTTYGGEVI YEAIRKVAEKKP-=-VVSD

17934547 A.tum(27) AIMAGGNQFRPALMNLAS YAPLLEKAFAVEDA----PAVAISLNSFGGSPVQARMI YNRIRQLAEEKDE
ey s e S

oy [e—] - =)
CLEP_ECOLI E.col (106)HGQRASHSAFLLTAGAKGKRFCLENSRVHIHQPLGGY -~~~ — gl ——— - = ——————
CLP1_MYXXA M.xan( 92)VGQARSHMGALLLLAGAKGKRYALPNSRINIHQFPLGC )= —-=—=-=====-=-—2
21228980 H.maz( 93) PHYSMSGGTIIALAADE- IWIDI':BRVIGP L
15643678 T.mar (124 ) PHYAMSGGTLI ALAADE - I IMDE N8P L.O-PQIGH=== ==
15668307 H. jan{lﬂﬁ}PﬂYhHSG-GTLIALAADK-
18976612  P.fur (125) PHYAHSGGTLI Rl
22972030 C.aur (119) PHYRMSG :
23050732 H.bar {IMD}PHYSH%GTIIALM\HE <
15964138 S.mel (117 ) RTLAASAGYLIALAGDR=IVAGETSITGSIG-VIFQY====~ PQVETLMDELGVSLESIKSRP

17934547 A.tum( 57)EDVAASGGYMIALAGDE-IIADPTSIVGSIG-VVSGGE-—--- FGFPEMLRKI GVERRVYTAGEN I
foosee] = =)
P R SRR | ]

CLPP_ECOLI E.col (148)----EIHAREI LKVEGRMNELMALHT-~-~~~ GQSLEQIERDT----- ERD-RFLSAPEEVEY (196)
CLP1_MYXXR M.xan(134)----DIQAKEILRLRSYINGLIVENT------ GHTIERIERKDT----- ERD- YFMSR (182)
21228980 H.maz (157 ) ----DISRKALRLTRNVAKELLEGKIQPD-GKEDRLEEVVEKLVSG-ENIHSTP LR {213)
15643678 T.mar (185) ----DIAEKAI RQVKEFVVEILSDKV-----SKEKAEKIADKLCSG- YWTHD YF EKLREM (237)
15668307 M.jan(1%1)=----DIAKKAINQVONEVYNLLEKDKY====~ GEEKAKELSKILTEG-RWTHD YJITVEEAKEL (243)
18976612 P.fur (186)----DVAKKAI KQVQDFLYDLLEKDKY====-= GEEKARELAQILTEG-RWTHIMFITVEHAREL (238)
22972030 C.aur (180)----DIAEKAI RQVERTVCELLRDKM-—-—--PVERREEVAHTLASG-VWTHO YPITVSEAREL (232)
23050732 M.bar (205)=---DVSRKALKFTRNVAKELLEGKIQPGPAGESRLDEVVEKLVSG-EMIHSTPLSAGEAKKI (262)
15964138 S.mel (185) DEARAMIQAMIDDSYGWEVDLVAERRK======= LPRPEALALADGRIFTGRQALEGKLVDEL (240)

17934547 A.tum(165)EGDIDYLESLQVEIHNVFIDMVKMRRG-----SKLK--GDDALFSGLFWTGMRGLDLGLIDGL (220)
] ] o]




Gathering Sequences with BLAST

The most convenient way to select your sequences for comparison is to use a BLAST server

»Homework 4 : 1) Find and download five similar sequences.

MDHRKARVLPAGHYCPSLGIWSSQVGSVRSSVPPSIR
RHERLREKMRRRLESGDKWFSLEFFPPRTAEGAVNLI

GLETILHMTCCHQRLEEITGHLHKAKQLGLKNIMALR



Gathering Sequences with BLAST

—>change sequences (FASTA) names into organism only

Descriptions Graphic Summary Alignments Taxonomy .
| *seqdump (1).txt — Poznamkovy blok — ] ®
Soubor Upravy Format Zobrazeni Mapovéda
- - - - L v >Homo sapiens
SEqUE“ms pdeUCJHE 5|gn|ﬁcant al'gnments ﬁ Download Select columns Shul'lNPAI{LLQDDISSSY'l'l'l'l'l'ITAPPSKVLQNGCH)KLETHPLYLEDDIRPDIM)DIYDPTYRDKEGPSPKVEYWRNII[HS
LLHLGALYGTTLTPTCKFYTWLWGVFYYFVSALGT TAGAHRLWSHRSYKARLPLRLFLT TANTMAFQNDVYEWARDHRAH
HKFSET PFSHVGHLL TLDLSDLEAEKLVMPQRRYYKPGLLMMCF T LETLVEWYFWGE
D lect all ||JL Multiole ali TFQNSVFVATFLRYAVVLNATWLVNSAAHLFGYREYDKNT SPRENT LVS LGAVGEGFHNYHHSFPYDY SASEYRWHTNET
select a 5 sequences selected 15 Ultiple Al N1 TPPTDeMAALGLAYDRKKVSKAAT LARTKRTGDGNYKSG
iy FASTA (complete sequence) T T 7 |>Gorilla gorilla gorilla
| i = A MPAHLLODDTSSSYTTTTTITAPPSRVLONGGDKLETTPLY LEDD TREDTKDD TYDPTYKDKEGPSPKVEYVHRNT TLMS
L : F - er. ] LLHLGALYGTTLIPTCKFYTWLWGVFYYFI SALGI TAGAHRLWSHRS YKARLPLRLF LI TANTMAFQNDVYEWARDHRAH
DES[:HDTIDH FP'STP' '{allgﬂ Ed SEQUEHCE'S] k HKFSET FFSHVCWLL TLDLSDLEAEKLVMFQRRYYKPCGLLLMCFILPTLVEWYFWGE
- | [ value Ident L & TR ONSVEVATFLRYAVVLNATHLVNSAAHLFGYREYDKNT S PRENT LVS LGAVGEGFHNYHHS FEYDY SASEYRWHINET
i GenBank (complete sequence) | ¥ N A LA ROV STARTLAR KR GDGHICS
\/ stearoyl-CoA desaturase [Homo sapiens] . 0.0 100.00% 35MPAHLLODDITAPPSRVLONGGDKLETTPLYLEDNIRPDIKDDIYDPTYKDKEGPSPKVEYVWRNIILMS
Hit Table [te_‘-ﬂ;} LLHLGALYGITLIPTCKEY TWLWGVFY Y FVSALGITAGAHRLWSHRSYKARLPLRLFLI TANTMAFQNDVYEWARDHRAH
— ; o HKFSET FFSHVGWLL TLDLSDLEAEKLVMPQRRYYKTGLLLMCFILETLVEWYFWGE
|_| stearoyl-CoA desaturase [Homo sapiens] Hit Table [CS"I} 0.0 99.72% 33 rONSVFVATFLRYAVVLNATWLVNSARHLFGYRPYDKNTSPRENI LVSLGAVGEGFHNYHHS FPYDY SASEYRWHINET
- TFPIDCMAALGLAYDRKKVSKAAT LARTKRTGDGNYKSG
[] stearoyl-CoA desaturase variant [Homo sapiens] 1 0.0 99.72% 3g>Canelus ferus
— . T MPAHLLQEEISSSYTTTTTITAPPSRVLONGGDKLEKTPLY LEED IRPEMKDD I YDPSYQDKEGPKEKVVYVHRNL TLMG
— ) ) ) seqdump.txt - Poznamkovy blok LLHLGALYGITLIPTCKEYTFCHVLFYY I SALGITAGAHRLWSHRSYKARLPLRVF LI IANTMAFQNDVFEWARDHREH
| | stearoyl-CoA desaturase varant [Homo sapiens] 4 P oy HKFSETDADPHNSRRGFFF SHVGWL LVEKHPAVKEKGGLLD LSDLKAEKLVMFQRRYYKPGI LLMCE IMPTLVEWYFWGE
Soubor Upravy Format Zobrazeni Napovéda gg}l{sumwmvmwmwwummmnLvsmnvcmmnmsrmtsnszmmw
vV acyl-CoA desaturase [Gorilla gorilla gorilla >g1[13435426]gb| AAHD4570. 1] Ngol protein [Mus musculus] >gi71059897|emb|CAT18492.1] NGol [Mus mUSCUTUS] |soyie aries]
- MAARRAL IVL AHSEKTSFNYAMKEAAVEAL KKRGWEVL ESDLYAMNFNPIISRNDITGELKDSKNFQYPSESSLAHKEGR MPAHLLQERTSSSYTTTTTITAPPSRVLONGGGKLEKTPLY LEED TRPEMRDDIYDPTY QDKEGPKPKLEYVWRNTTLMG
(] SCD isoform 1[Pango abeli] L5SPDIVAEHKKLEAADL VIFQFPLQWFGVPATL KGWFERVL VAGF AYTYAAMYDNGPFQNKKTLLSITTGGSGSMYSLAG LLLEALYGTTLIPTCKTY TP LHVLEYYVTSALGT TAGVHRLWSHRTYKARLPLRVFLTTANTMAPQNDVFEWSROHRAH
_ — VHGDMNVILWPIQSGILRFCGFQVLEPQLVYSIGHTPPDARMQILEGWKKRLE TVWEETPLYFAPSSLFDLNFQAGF LMKKEVQEEQKKNKE GLSVGHHLGKST | jepopnr PFSHUGHLI ATLDLSDLRAEKLVMFQRRYYKPGVLLLCF TLETLVEWYLHCE
o >gi|524939198 |ref | XP_005071892.1| PREDICTED: NAD(P)H dehydrogenase [quinone] 1 [Mesocricetus auratus]
[] stearoyl-Cod desaturase [Pongo abelii MAVRRALILLAHSERTSFNYAMKEAAVEAL KKKGWEVDE SDLYAMNFNPYISRKDITGKLKDSENFQYTLESTLAYKEGR $g§£§zmm$gmm5ﬂ§; TLVSLGRS FEADYSASE
- LSPDIVAEQKKLEAADLVIFQFPLHWFGVPAILKGWFERVLVAEFAYTYATMYDKGPFKNKKALLSITTGGSGSMYSLHG
— . . VHGDMNIILWPIQSGILHFCGFQVLEPQLVYSIGHTPPDARTQILEGWKKRLETVWDETPLYFVPSSLFDLNFQAGFLLKKEVQEEQKKNRFGL SVGHHLGKSIPADSQIKARK
L] SCD protein [Homo sapiens] =>gi]227430402 |ref |[NP_001152085.1| NAD(P)H dehydrogenase [quinone] 1 [sus scrofa]
MAVRKALTITLAHSEKTSFNYAMKEAAVEALKRRGWEVAVSDLYAMNFNPVISRKDITGKLKDPGNFQYPAETALAYKEGR
. L5PDIVAEQKKVEAADLVIFQFPLQWFGVPAIL KGWFERVL IGEF AYTYAAMYDKGPFRNKKAVLSITTGGSGSMYSLAQG "
'\/ EY' Coh desaturase IPaﬂ h’ﬁq@}'@] IHGDMNILLWPIQSGTLHFCGFOQVLEPOLTYSIGHTPEDARIQILEEWKKRLENIWDETPLYFAPSSLFDLNFOQAGFLMKKQVODEQKSNKFGL SVGHHLGKSIPTDNOVEKARK &
- >g1 386781783 |ref |NP_001247927.1| NaD(P)H dehydrogenase [quinone] 1 [Macaca mulatta]
[ ] acyl-CoA desaturase [Hylobates moloch] MVGKRAL IVL AHSERTSFNYAMKEAAVAAL KKKGWEVAE SDLYAMNFNPIISRKDITGKLKDPANFQYAAESTLAYKEGR 9.1
- LSPDIVAEQKKLEAADLVIFQFPLOQWFGVPAILKGWFERVFVGEFAYTLAAMYDKGPFQSKKAVLSITTGGSGSMYSLOG
— . IHGDMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQILEGWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMEKKEVQDEEKNKKFGL SVGHHLGKSIPTDNQIKARK
|_| stearoyl CoA desaturase [Homo sapiens] >gi|426242583 |ref |XP_004015151.1| PREDICTED: NAD(P)H dehydrogenase [quinone] 1 [ovis aries]
MAVRKALIVLAHSERTSFNYAMKEAATEAL KRKGWEVTVSDLYAMNFNPVISRKDITGKLKDPGNFQYPAETVLAYKEGR
| . LSPDIVAEQKKLEAADLVIFQFPLOQWFGVPAILKGWFERVLVGEFAYKYAAMYDKGPFRNKKAVLSITTGGSGSMYSLHG 5
] &cyl-CoA dessturase [NOMASCUS IBUCCOENYS] THGDMNIILWPIQSGTLHFCGFQVLEPQL TYSIGHTPEDARVQILEGWKKRL ENTWDEMPLYFAPSSLF DL NFQAGFLMKKEVQDEQKSKKFGL SVGHHLGKSIPMDNQIKATK Al

>g130230685|gb|AaP20940.1| NAD(P)H dehydrogenase, quinone 1 [Homo sapiens]
RRALIVLAHSERTSFNYAMKEAAAAAL KKKGIWEVVE SDLYAMNFNPIISRKDITGKLKDPANFQYPAESVLAYKEGHLSP
DIVAEQKKLEAADLVIFQFPLQWFGVPATLKGWFERVF IGEFAYTYAAMYDKGPFRSKKAVL STTTGGSGSMYSLQGIHG
DMNVILWPIQSGILHFCGFQVLEPQLTYSIGHTPADARIQILEGWKKRLENIWDETPLYFAPSSLFDLNFQAGFLMKKEVQDEEKNKKFGL SVGHHLGKSIPTDNGIKARK




http://multalin.toulouse.inra.fr/multalin/

Alienment: MultAlir!

Multiple sequence alignment by Florence Corpet

Published h using this should cite:
"Multiple sequence alignment with hierarchical clustering"
F. CORPET, 1988, Nucl. Acids Res., 16 (22), 10831-10890

il (|
DR Tomen [ 2 |

@ Sequence data

Cut and paste your seq) here below. @

>gil|1343542€ |gb | RRHO4578.1| Ngol protein [Mus mu=culus]
>gi| 71055387 |emb |CAT18452.1| Ngol [Mus musculus] A
MAARRALIVLAHSERTSFNYAMREAAVEALKERGREVLESDLYAMNFNE I ISRNDITGELEDSENFQYES
EZZLIHKEGR
L3PDIVAEHEKLERADLVIFOFPLOWFGV PRI LEGHFERVLVAGFAY TYRAMYDNGPEQNERTLLIITIG
GIEIMYILOG
VHEOMNVILKPIQSGILRFCGEFQVLEPQLVY SIGHT PPOARMOILEGKEERLETVKEETPLYFAPSILED
LNFQAGELME
KEVQEEQRENKEGLIVEHHLGR I IPADNQIRARE v
zample sequences) >gi | 524535158 | ze£ |XP_005071852.1| PREDICTED: KAD(P)E dehydrogenasze
or select a file: Prochazet ..

@ Seq imput format: [Auto v

@ For nucleotidic sequences, vou must change the Symbol comparison Table (see below) @

[ Start Mulalin1 ][ Clear Entire Form |

? ituti ix: PAM/BL M
Optional Parameters Substitution matrix /BLOSU

@Result page format: v

The sequence alignment will be displayed as |a coloured Image v
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Multalin result page
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Table 9-7

Patterns of Conservation in Multiple
Sequence Alignments

Amino Acid

Characteristic

LG.C.-Auzaville

Go directly to Alignment
Multalin wersion 5.4.1
Copyright I.N.R.A. France 1088, 1281, 10894, 1996

Fublished research u!:\.ng this sofrware should cite
Muleapl t with hi hical o

F. CORFET, 1988, ﬁu.:l Bcids Res., 16 ([22), 10881-10830

Sywbol comparison table: [

Gap weight: 12

Gap length weight: 2

Consensus levels: high=S0% low=30%

Conzenzus =ymbols:

! is anyome of IV

$ is anyone of 1M

# iz anyone of FY

£ iz anyone of NDQEEZ

M3E: 274  Check: O "

Name: gill34354261gk Len: 274 Check: €705 Weight: 1.23

Name: gi|524939188|r Len: 274 Check: €867 Weight: 1.23

Name: gil2272304031r Len: 27% Check: €661 Weight: 0.89

Kame: gil8262425831z Len: 274 Check: 5108 Weight: 0.88

Name: gi|386€781782|r Len: 274 Check: 4013 Weight: 0_8%

Name: gila0Z30€8Sigh Len: 274 Check: 4150 Weight: 0.89

Fame: Consensus Len: 274 Check: 4506 Weight: 0_00

i
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il HAARRAL TVL AHSEKTSFHY mGIE\.LESDLVI'IHNFHPlHRNIIIIGEI.HDSKNFWPSESELMKEH!LSPI"JEHKI’LEHMLJIFEFPLEHFE\.PRILKWFEWLJlﬁFﬂ\’TI‘ﬂ

£i 15249391981 rof IXP_  HAVRRAL ILLAHSERTSFHYRHKERRVERAL KKKGHEVDESDL YAHNFHP Y ISRKI TGKLKDSENFOYTLESTLAYKEGRL SPI YAEQKKLEARDL VIFOF PLHHFGYPAIL KGHFERVL VREFAYTYRA
gil???‘ﬁmﬁlrefl-’_ nmmm LTLAHSEKTSFMYRRKEAAYERL KRRGHEYAYSOL YAHNEHPYTSRKDT TGKLKOPGNFOYPAE TALAYKEGRLSPOTYAE nmn ARDL YTFOFPLOMFGYPRTLKGUF ERVL |II'| ﬂm'il
142624958 HAVRKAL TVL AHSERTSFNYAHKEARTEAL KRKGHEY TVSDL YAHNFHPYTSRKDTTGKL KOPGHFOYPAETYL AYKEGRL SPDTYAEQKKL EARDL VTF OF PLQHFGYPATL KGHF ERVL VGEFAYK!
11386781783 1ref IHNP_ NUMRLIVLMSERTSFWRNI{'ERRWRLKKKGIE\.HE‘SDLVI'IHNFIIPlISRkIIIIGHKI]P!INFWHHESTLMKEH!LSPIIIJKDKK'LEHII]LJIFEFPLEHFG\.PﬂILkﬂIFEWFJEFH\’TLH
i 130230685 | eh I RAPZ0 RRALTVLAHSERTSFHYARKERRRAAL KKKGHE Y YESDL YARNFHP TTSREDT TGKL KOPANFOYPAESYLAYKEGHL SPT VAEQKKL EARDL VIFOFPLONFGYPATLKGHFERVETGEFAYTYRA
Consensus  noverAL vl ANSERTSEMPARKEARweRL KKKGHEY , cSOLYAMNENPE  TSRROTTGKLKOp. NFOYpak s . LigKE GrL SPOTYAEGKKLEARDLYTFOF PLQHFGYPRILEGHF ERYL ! geFRYEYR

131 140 150 160 170 180 190 200 210 220 230 240 250 260

£ 113435426 1 ghIRANOA  AHYDNGPPONKKTLLST TTGGSGSHYSLOGYNGORNY TLMP TOSGTLRF CRFOVLEPOLYYS TGH TPPIARKD TLEGHKKRLETVMEETPLYFAPSSLEDLKFOAGELHIKEYOEE QRENKFGLSYGHHL
plSMﬁﬁl‘]BlmPlﬁP THYDKGPFKNKKALL STTTGGSESHYSTHGYHGDHHT TLMPTOSGTLHFCGFOYLEPQLYYSTGHTPPOARTO 1L EGHEKRL ETYMDETPLYFVPSSLFDLNFOAGFLLKKEYOEE QRIHRFGL SYGHHL

g WP _ STTTGGSESHYSLOGTHGONHILL MPTQSG TLHFCGFOYLEPOLTYSTGHTPENARTOTL EEKKRL EIMDETPL YFAPSSLFDLNFOAGFLHKKOYODEQKSHEFGLSYGHHL
&1 1426242583 Iref 1XP_  ANYDKGPTRNKKAYLSI T TGGS6SHY SUHGIHGOHHIILMP LOSG TLHF CGFOYLEPOLTY SIGH TPEDARYO ILEGHKKRL ENIHDENPLYF APSSLFDLNFOAGELI GLSVGHHL
tJ.ISWJ'Bl?ﬂMNFIH’_ ARYDKGPTASKKAYLS T TGGSESMYSUAGIHGOMNY ILMP LOSGTLHF CRFAVLEPAL TYSTGH TPADARINILEGHKKRL ENTHDETPLYF APSSLFDLNPAAGELAEKEYQOEE KMKKF GLSVEHHL
i | 0230685 1 gh 1A ARYDKGPPRSKKAYLST TTGGSGSAYSLAGTHGOMHY TLMP TOSGTLHF CRFOYLEPQLTYS TGHTPRADARTOTLEGHKKRL ENTHDETPL YFAPSSLFOLNFOAGL MKKEYODEEKMKKFGLSYGHHL

Ememc aMYDkGPF ,nkKaul STTTGGSGSHYSLqG | HGDHHI LLMPIOSGALhFCGFOYLEPQLL YSTGHTP, DAR, QILEgHKKRL Enl MSELPLYF aPSSLFDLNFOAGFLSKK $VQSE K  nkFGLSVGHHL
261 270 274
]

i 113435426 | gh | AAH0A EK'SIPHIIIDIHFK
%1 1524939198 Iref 1XP_  GESIPADSOIKARK
211227430403 1rof INP_  GESIPTONOVERRK
i | 42624250 lref 1XP. GRSIPHONOIKATK
gi 386781783 Iref INP.  GKSTPTDHOIKARK

b GKSIP
Consengus  GKSIP.,Onl! KAck

Available files:
-Seguence Input file
~Cluster file

~Results as a fasta file

-Results a3 a text page (msf]

rm
-Resnlts as postecript page(=) with ESPript (protein anly )
-Aliznment and tree deseription (rfd) Get a better view of your protein family : phylogenetic tree, pruned tree and subtrees, ised coloured alig and £]
- Reznlts as an html page (needs to enable style sheets)

-Results as a text page wath colowr indicztions (need a text editor) @

-Results as a gif image

WY, F

Itis common to find conserved tryptophans. Tryptophan is a large
hydrophobic residue that sits deep in the core of proteins. It plays
an important role in their stability and is therefore difficult to
mutate. When tryptophan mutates, it is usually replaced by
another aromatic amino acid, such as phenylalanine or tyrosine.
Patterns of conserved aromatic amino acids constitute the most
common signatures for recognizing protein domains.

G,P

Itis common to find conserved columns with a glycine or a proline
in a multiple alignment. These two amino acids often coincide
with the extremities of well-structured beta strands or alpha
helices. (For more on these structures, see Chapter 11}

Cysteines are famous for making C-C (disulphide) bridges.
Conserved columns of cysteines are rather common and usually
indicate such bridges. Columns of conserved cysteines with a
specific distance provide a useful signature for recognizing pro-
tein domains and folds.

H, S

Histidine and serine are often involved in catalytic sites, espe-
cially those of proteases. Conserved histidine or a conserved
serine are good candidates for being part of an active site.

K,R D E

These charged amino acids are often involved in ligand binding.
Highly conserved columns can also indicate a salt bridge inside
the core of the protein.

Leucines are rarely very conserved unless they're involved in
protein-protein interactions such as a leucine zipper.




Alignment: Clustal Omega

Clustal Omega

Multiple Sequence Alignment (MSA)

Job Dispatcher Help & Privacy Input form

Welcome to the new Job Dispatcher website. We'd love to hear your feedback about the new webpages! X

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments between three or more sequences. For the alignment of
two sequences please instead use our pairwise sequence alignment tools.

Input sequence@ Sequence Type

rotein (O
Protein () DNA RNA

Paste your sequence here - or use the example sequence

P

Nevybrin Zadny soubor | Use the example I | Clear sequence I Mare example inputs

Parameters OUTPUT FORMAT ®

‘ ClustalW with character counts v




Alignment: Clustal Omega

Results for Job ID: clustalo-120240306-1 -0875-65691984-p1m
Alignments Tool Output Guide Tree Phylogenetic Tree Reszults Wiewers Reszult Filzs Submission Details
COLOR SCHEME LEGEND
clustal? ARNDCOQEGHILKMFPSTWYVBXZ
Nightingale SEEEEENENEENEE EEEEE
6 sequences & s @ B In @ 1 w0 B 0 ;0 0
i
EVEY

sU M .
CROCUT -

LEMU

MACAC

[HOM

A -




Alignment: Clustal Omega

Jab Dispatcher Help & Privacy

Welcome to the new Job Dispatcher i

Alignments

Nightingale

aliphatic
aromatic

Clustal Omeg’ ™

charged

Multiple Sequence Alignms cinema

clustal
clustal2
helix

1 hydro

lesk
mas

Iback about the new webpages!

nucleotide
polar
g';’fi':;’e italo-120240402-080501-0218-54145465-p1m
serine_threoning
strand wide Tree Phylogenetic Tree Results Viewsrs Result Files Submission Details
taylor
L LEGEND
negative A4 ::

6 SeqUBI"ICES 20 40 a0 B0 [ 120 140 153 180 200 pal 240 260

1 100

sU MAVRKAL I | LAHSEKTSFNYAM AVEBALKRRG AVSELYAMNFNPY I SRKR | TGKLKRPGNFQYPARTALAYKEBGRLSPR | V KKVEAARLY |
CROCUT - | ARRAL IVLAHART TSFNHAM AVBALKSKG! TVSELYAMNFNPY | SRRE | TGTLKRPGNFQYPARSVLAYKBGRLSPR |V KKL LV
LEMU MAARKAL I'VLAHSER TSFNHAM ALBALKKKGWEVAVSELYAMNFNP | 1 SKKB | TGKLKBPENFQYPVESVLAYKBGRLSPE 1V KKL] LV
MAGAC MVGKRAL I VLAHSBRTSFNYAM AVAALKKKG SHLYAMNFNP | | SRKB | TGKLKBPANFQYAARSTLAYKEBGRLSPH |V KKLEAABLY
HoM MVGRRAL I'VLAHSERTSFNYAM AAAAL KKKG! SELYAMMNFNP | | SRKH | TGKLKEPANFQYPARSVLAYKEGHLSPR IV KKL L'u"v
Ra MVGRRAL I VLAHSERTSFNYAM AAAALKKKGW SELYAMNFNPI ISR | TGKLKEPANFQYPARSVLAYKEGHLS IV KKL| LV

Negative amino acids (aspartic acid-D, glut acid — E)



Alignment: Clustal Omega

Jab Dispatcher Help & Privacy

Welcome to the new Job Dispatcher i

Alignments

Nightingale

aliphatic
aromatic

Clustal Omeg’ ™

charged

Multiple Sequence Alignms cinema

clustal
clustal2
helix

1 hydro

lesk
mas

Iback about the new webpages!

nucleotide
polar
g';’fi':;’e italo-120240402-080501-0218-54145465-p1m
serine_threoning
strand wide Tree Phylogenetic Tree Results Viewsrs Result Files Submission Details
taylor
L LEGEND
negative A4 ::

6 SeqUBI"ICES 20 40 a0 B0 [ 120 140 153 180 200 pal 240 260

1 100

sU MAVRKAL I | LAHSEKTSFNYAM AVEBALKRRG AVSELYAMNFNPY I SRKR | TGKLKRPGNFQYPARTALAYKEBGRLSPR | V KKVEAARLY |
CROCUT - | ARRAL IVLAHART TSFNHAM AVBALKSKG! TVSELYAMNFNPY | SRRE | TGTLKRPGNFQYPARSVLAYKBGRLSPR |V KKL LV
LEMU MAARKAL I'VLAHSER TSFNHAM ALBALKKKGWEVAVSELYAMNFNP | 1 SKKB | TGKLKBPENFQYPVESVLAYKBGRLSPE 1V KKL] LV
MAGAC MVGKRAL I VLAHSBRTSFNYAM AVAALKKKG SHLYAMNFNP | | SRKB | TGKLKBPANFQYAARSTLAYKEBGRLSPH |V KKLEAABLY
HoM MVGRRAL I'VLAHSERTSFNYAM AAAAL KKKG! SELYAMMNFNP | | SRKH | TGKLKEPANFQYPARSVLAYKEGHLSPR IV KKL L'u"v
Ra MVGRRAL I VLAHSERTSFNYAM AAAALKKKGW SELYAMNFNPI ISR | TGKLKEPANFQYPARSVLAYKEGHLS IV KKL| LV

Negative amino acids (aspartic acid-D, glut acid — E)



Alignment: Clustal Omega

Results for Job ID: clustalo-120240306-

Guide Tr

Tool Output

-0875-65691984-p1lm

34-p1lm

Submission Details

. B CLUSTAL .4} multiple sequence zlignment
Nightingale
Sus MAVRKALITL AHSEKTSFNYAMKEAAVEALL KRARGWEVAVSDLY AMNFNPYISRKDITEKL [-1=] ————
crocuta - IARRALIVLAHAETTSFNHANKEARVEALKSK VSOLYAMNFNRVISRRDITETL B =
Lemux MAARKAL IVLAHSERTS FRHANKDANL EAL KKKGNEVAVS LY AMNFNFT ISKKDITEKL 50
Macaca MVGKRAL TVLAHSERTSFNY ANKEARVAAL KKKGNEVAESDLY AMNFNFI ISRKDITEKL 50
[Homa MVGRRAL IVLAHSERTSFNY ANKEARARAL KKK ESDLYAMNFNRIISRKDITEKL 50
Pan MVGRRAL IVLAHSERTSFNYANKEALAAAL KKKCNEVVESDLY AMNFNFI ISRKDITEKL 50 AA VIA L L F ITGERL PGNF P A ALA GRLSPDIVA Lvi,
S Tk T ik Tk T ik s bk kT Wi T i VAAVEAL L F ITGTL PGNF P A VLA GRLSPDI VA LV I
VALEAL L F ITGEL P F P VLA GRLSPDIVA LV
sus KDPENFQYPAETALAYKEGRLSADTVASQKKVEAADL VIFQFPLOWFEVRATLKEWFERY 130 VAVAAL L F ITGEL FANF A A TLA GRL3P VA LW 1
trocuta LAYKEEALSPOIVAE DLVIFQFPLOWFEVPATLKEWFDRY 119 VAAMAL L F ITGEL FANF P A VLA GHLSP IVA LV -
Lemuz DLVIFQFPLYWFEVPATLKEWF 129 VAAAAL L E ITGEL PANE PA VLA GHLSPDIVA Lvi1
Macaca DLVIFQFPLOWFEVPATILKGHF 120
[Homo DLVIFQFPLQWFGVPAILKGKF: 129
Pan JYPAESVLAYKEGHLSPDIVASQKKLEAADLVIFQFOLQWFEYRATLKEWFERY 120
WIk mWEA WD AAARAR D - e
sus LIGEF AVTYAANYDKERFRNKKAVLSITTGESESHYSLOGIHEDMNILLWPIQSGTLHFC 188
crocuta LIGEFAYTYAANYDNERFRNKKTVLSITTGESESHYSLOGIHEDMNI ILNPIQSGTLHFC 179
Lemux LIGEF AYSYAANYDKERFRNKKTLLSITTGESESHYSLOGVHEDHNVILNPLQSGTLHFC 188
Macaca FUGEF AYTLAANYDKERFQSKKAVLSITTGESESHYSLOGIHEDMNVILNPIQSGILHFC 188
[Homa FIGEFAVTYAANYDKERFRSKKAVLSITTGESESHYSLOGIHEDMNVILNPIQSGILHFC 188
Pan FIGEFAVTYAANYDKERFRSKKAVLSITTGESESHYSLOGIHEDMNVILNPIQSGILHFC 188
IlA mAm D AARAR AR Ae A AR AR AR AR A AR AR R AR AR A AR s R
sus GFQULERQLTYSIEHTREDARIQILEEWKKLENIWDETRLYFARSSLFDLNFQARFLIK 240
crocuta QLTYSIEHTPVDARIQILDGWKKR BLYFARSSLFDLNFQAEFLIK 239
Lemux QLTYSIEHTPADARIQILAGWKKS PLYFARSSLFDLNFQARFYNK 240
Macaca QLTYSIEHTPADARIQILEGWKKS BLYFARSSLFDLNFQAEFLIK 240
[Homa ERQLTYSIGHTRADARIQILEGWKKALE 240
Pan ERQLTYSIGHTRADARIQILERWKKALENIWDETPLYFARSSLFDLNFQAGFLIK 240
™
sus QvgoEg BLSVEHHLEKSIPTONQVKARK
crocuta EQKNKKFGLSVEHHLEKSIPADNQIRARK
Lemux EVQDEQKNKKFELSVEHHLEKSIPTONQIKARK 274 * . .
Macaca KKFELSVEHKLEKSTATONQTKARK ( ) Conserved amlno aclds
[Homa =vg KKFGLSVEHHLEKSIPTONQIKARK 2

Pan

KKFGLSVGHHLEKSIPTONQIKARK 274

(:) amino acids with similar size and hydrophobicity

(.) amino acids with similar size or hydrophobicity




Alignment: Clustal Omega

Results for Job ID: clustalo-120240306-151352-0108-64863764-p1m /

Alignments Tool Qutput Guide Tree Phylogenetic Tree

Phylogenetic Tree (
|,
Sus:@.25566,
Crocuta:9.85857)
IE_DB63Y,
Lemur :8.84835,
C
Macaca:@8.82251,
{
Homo: 8. 80888,
Pan:8.B836E)
:@.91833)
t@_B33TTN;

Phylogram




Phylogenetic Tree

This is a Neighbour-joining tree without distance corrections.

Branch length: ® Cladogram O Real

a0 Phylogenetic Tree

GOAT ' This is a Neighbour-joining tree without distance corrections.
HORSH
Equus:

Panthe
e n Branchlength: O Cladogram @ Real

Tree Rendering results

[ MUOWISE_ATP-chependenil_translocase_ ABCHE | _OS=Mus_musculus_OX= 10000 _G
e RAT_ ATP-dependeni_iranslocase_ ABCBI_08=Ratius_norvegicus OX=1011
Leanur_calla
Hoano_sapoena
Macaca_nomesrina
1 [I‘alih.‘ra ko OX=968% GN=ABCBI_PE=4_SV=I
e s _catus
1 [Hl"JI{HI-. ATP binding cassene_sublamily_B_member_ | _O0S=Equus_caballu

=

Equus_asinus

GOAT




Practical part

Try multiple alignment using five
similar sequences from different
organisms. (Hw4-1)




,advanced” phylogeny analysis

V A et . ‘ATorMmMartion
S:-g pour la Genomiquetet
f‘ STELIcCLirale
"L
Home Phylogeny Analysis Blast Explorer Online Programs Your Workspace Documentation Downloads Contacts

Phylogeny.fr
Robust Phylogenetic Analysis For The Non-Specialist

ol




,advanced” phylogeny analysis

intormatior

:'.'l" pour la genomuqgueset
L o Striucturale
o M

Home Phylogeny Analy:

— "One Click" Alignment Curation Phylogeny Tree Rendering
"Advanced" "One Click" Mode MUSCLE = Gblocks = PhyML = TreeDyn

"A la Carte" |

‘ 1. Overview | ‘ 2. Data & Settings | | 3. Alignment | ‘ 4. Curation | ‘ 5. Phylogeny | ‘ 6. Tree Rendering

Tree Rendering results

1 ( Mus_musculus
Rattus_norvegicus

Homo_sapiens
0.96 Sus_scrofa
Bos_taurus

003



Practical part

Try building the phylogeny tree using
phylogeny.org

Compare the trees



3-D protein structure: PDB

RCSB PDB Deposit + Search+ Visualize ~ Analyze ~ Download + Leam ~ More «

An Information Portal to
m‘, P D B 128330 Biological Search by PDB ID, author, macromolecule, sequence, or ligands
D

Macromolecular Structures
PROTEIN DATA BANK Advanced Search | Browse by Annotations

u 1i u ! u & | Bl Wordwide
EMDataBank n|:||:] mecaon SlructuralBiology Prorein Daa Bank
|uu| a8 mu umx DATRBASE KﬂUW|EdQEDE.SE Foundaten

14 Structures 2 Unreleased Structures 10 Citations 12 Ligands
Search Parameter: # Refine Search

Text Search for: ngol and TAXONOMY is just Homo sapiens (human)

Refinements ©  Currently showing 1 - 14 of 14 Displaying 25 Results

ORGANISM
View: Reports: ® Download Files
Homo sapiens only (14)

v

Detailed V] Select a Report Release Date: Newest to Oldest  [v/]

pra ctical example

NAD(P)H dehydrogenase [qu ... (13) 5FUQ View File [V

Ribosyldihydronicotinamid .. (1)

Refine Query CRYSTAL STRUCTURE OF THE H80R VARIANT OF NQO1 BOUND TO
DICOUMAROL
TAXONOMY Medina-Carmona, E., Fuchs, J.E. Gavira, J.A., Salido, E., Palomino-Morales, R. Mesa-Torres,

1 11 -, m e 'S 0 T K1



Practical part

Try PDB.

Find out if your sequence has a 3D
structure.



Enzyme database: Brenda
% BRENDA ||

Classic view The Comprehensive Enzyme Information System

=p] login 5 history [5] all enzymes
Contact

A new class EC 7, Translocases, is available, now. Read more about EC 7 at the IUBMB.

|Please enter a search term
EC Browser

[Enzyme, Ligand v| [contains vl &]-1 Oxidoreductases (9651 organisms) @m} @ B

add search field | delete search field I start search I ¢- 2 Transferases (6622 organisms) '
[i]- 3 Hydrolases {10604 organisms) '

Text-based queries Structure-based queries Explorer $. 4 Lyases (5111 organisms) m EB ]
= Full-text Search = Ligand Structure Search = Enzyme Classification [".r‘.l' 3 Isomerases (2083 organisms) m @ ‘
= Advanced Search = Metabolic Pathways = TaxTree $— G Ligases (1547 organisms) ﬁm m '
= Enzyme & Disease = Enzyme Structures = Protein folding: .
o EEE [ﬁ- T Translocases (966 organisms) m m .

TSIV Ldass U uiygaiimzines)

These enzymes catalyse the movement of ions or molecules across membranes or their separation within

Visualization Pret | mmembranes, the reaction is designated as a transfer from side 1 to side 2 because the designations in and
W out, which had previously been used, can be ambiguous. The subclasses designate the types of
= Word Maps = | . . . ..
« Genomes . | |components transferred and the sub-sub-classes indicate the reaction processes that provide the driving

= Functional Parameter force for the translocation.

Statistics
= Metabolic Pathways




Protein Interactions
[ veson o o | mwsm

@ STRI NG Search Download Help My Data

There are several matches for NQO1".
Please select one from the list below and press Continue to proceed.

CONTINUE ->

organism protein

'm| Homo sapiens NQO1 - 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

("] Homo sapiens TCF7L1 - Transcription factor 7-like 1; Participates in the Wnt signaling pathway. Binds 1o DNA and acts as a repressor in the absence of
CTNNBT, and as an activator in its presence. Necessary for the terminal differentiation of epidermal cells, the formation of keratohyalin
granules and the development of the barrier function of the epidermis (By similarity). Down-regulates NQO1, leading to increased mitomycin
c resistance; TCF/LEF transcription factor family /a.k a. TCF3, Hs.516297, transcription factor 7 like 1f

O STRING CONSORTIUM 2020 ABOUT INFO ACCESS CREDITS
m SIB - Swiss Institute of Bicinformatics Content Scores Versions Funding
. . _ ) References Use scenarios APIs Datasources
CPR - Novo Nordisk Foundation Center Protein Research
Contributors FAQs Licensing Partners
EMBL - European Molecular Biology Laboratory Statistics Cookies/Privacy Usage Software

-
ITUULLEST 1 LUITITLUTT WL LUTUYaniuil 1 Saciivis Ul Dy ulivyuin ivis mivuiveu il USivATTILauull Jauiways as won a3

in biosynthetic processes such as the vitamin K-dependent gamma-carboxylation of glutamate residues in
prothrombin synthesis (By similarity). trembl:Q914B4:72%identity; 81% similarity InterPro: NAD(P)H dehydrogenase
(guinone) InterPro:IPRO03680; NADHdh_2. Pfam:PF02525; Flavo [..]

["] Balaenoptera acutorostrata NQO1 - NAD(P)H dehydrogenase [quinone] 1



Protein Interactions

> STRING

ADK

Interaction

® NQO1 [ENSPO0D003 19788

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

Evidence suggesting a functional link:

Neighborhood in the Genome:

Gene Fusions:

Cooccurence Across Genomes:
Co-Expression:
Experimental/Biochemical Data:
Association in Curated Databases:
Co-Mentioned in PubMed Abstracts:
Combined Score:

® ADK [ENSPO0000286621]

Adenosine kinase; ATP dependent phosphorylation
of adenosine and other related nucleoside analogs
to monophosphate derivatives. Serves as a potential
regulator of concentrations of extracellular
adenosine and intracellular adenine nucleotides;
Belongs 1o the carbohydrate kinase PfkB family

none / insignificant.
none / insignificant.
none / insignificant.
none / insignificant.

yes (score 0.869). Show
none / insignificant.
yes (score 0.527). Show

0.935

T T O T IO WC I TCRTC ST T PTOTCTI

O Viewers

Nodes:

7 7 s

"% Analysis >

Search Download Help My Data
CRYZ
NFE2L2 P4
Information . .
Nuclear factor erythroid 2-related factor 2; : :
Transcription activator that binds to antioxidant ] : :

response (ARE) elements in the promoter regions
of target genes. Important for the coordinated up-
regulation of genes in response to oxidative stress.
May be involved in the transcriptional activation of
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Network nodes represent proteins

splice isoforms or post-transiational
muodifications are collapsed, i.e. each node
represents all the proteins produced by a single,
protein-coding gene locus.
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some 30 structure is known or predicted




Look into the specific databases

Does your protein have any interaction partners?

Is your protein an enzyme? Find E.C. (Hw)




_Protein bioinformatics 111

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

Finding all proteins that share a similar sequence

Finding evolutionary relationships between proteins, drawing proteins’ family trees

Computing the optimal alignment between two or more protein sequences



Homework 4

Work with ,,your” protein.

1) Identify and download five similar sequnces.

2) Compare your sequence with the ,same” sequence from mouse, how identical are they?
2) Prepare multiple alignment of the five sequences, snip the phylogeny tree.
4) Is there a 3D structure? Snip one figure.

5) Is your protein an enzyme? Find E.C.

E.g use ,vystFizky” E ,shipping tool“

»Compile in ,,one note” (or word, or pdf)
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SUMMARY AND EXAMPLES




Ex1: DHRS/

Find two human DHRS7 sequences: DHRS7B (AAH09679.1) and DHRS7C (AAI47025.1)

Run pairwise alignment. How identical are these two proteins?




Ex2: NQO1 isoforms

Find in Uniprot sequences of human NQO1 isoforms and align them.

How many isofroms are there?

Compare the output to description of each isoform, is it correct?




Ex3: sequence identification

What is the proposed function of unknown protein? (Ex3 in Moodle)

What organism does it come from?

Does the ,,unknown sequence” have any transmembrane helices?
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