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Predslov

Co je to bioinformatika? Cim sa zaobera? Comu sa primarne venuje a ¢o
ponuka? Aky je jej zmysel?

Bioinformatika je vedna disciplina na rozhrani viacerych vednych
odborov, ktoré sa vzajomne prelinaju. Ide najma o prienik matematickych
odborov a tzv. odborov ,Life Sciences®, t.j. vied o zivej prirode. Je to teda
informatika a aplikovana matematika na jednej strane, doplnané na strane
druhej molekularnou biologiou, genetikou, genomikou, proteomikou,
biochémiou, pripadne mikrobiolégiou a dalSimi, ako napr. vypoctova
biologia, systémova biologia a teoreticka biolégia. V podstate ide o rieSenie
biologickych problémov na molekularnej trovni, ale samotna praca sa
vykonava sposobom in silico, t.j. ani in vivo (priamo na zivych organizmoch),
ani in vitro (v laboratoriu; ,v skimavke®), ale v laboratoériu ,virtualnom“ — na
pocitaci.

Pri bioinformatike ide o ¢asto o sofistikované ziskavanie, detailnu
analyzu, relevantnu vizualizaciu a spravnu interpretaciu zvac¢Sa mimoriadne
objemnych suborov biologickych dat, ktoré predstavuju nukleotidoveé
a aminokyselinové sekvencie DNA a RNA, resp. proteinov, ako aj terciarne
Struktary tychto biomakromolekul, hlavne proteinov. V SirSom ponimani
patri do bioinformatiky aj sStadium tdajov o aktivite a expresii génov, pricom
vyznamnou sUcastou bioinformatiky je predikcia Struktar proteinov a ich
funkcii, vyustujuca vo formulovani zaverov suvisiacich s evoluciou. Vysledky
bioinformatiky st vyuzivané experimenalne orientovanym vyskumom, ale aj
praxou, napr. v medicine a policii. V idealnom pripade vysledky ziskané
bioinformatickymi, t.j. in silico pristupmi moézu pomahat v experimentalnom
vyskume tym, Ze naznacuju smer jeho dalSieho postupu, ¢im jednoznacne
prispevaju k Setreniu finan¢nych zdrojov a skrateniu casu potrebného pre
dosiahnutie stanovenych cielov.

Ako je zrejmé z nazvu, tento ucebny text je zamerany na bioinformaticke

pristupy k stadiu proteinov.
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1. Pociatky genémovych sekvenaénych projektov

Pociatky genomovych sekvenaénych projektov spadaju do druhej polovice
90. rokov minulého storocia. ISlo, resp. ide o projekty zamerané na ziskanie
nukleotidovej sekvencie kompletného genéomu daného organizmu. Zisk tejto
informacie je v podstate nevyhnutnou, aj ked nie jedinou a dostacujucou
podmienkou, ktora umozni komletné porozumenie biologie organizmu.

Sekvenovaniu kompletnych genomov organizmov predchadzalo
sekvenovanie jednotlivych génov a vacsSich usekov DNA, ale potom najma
genomov virusov a organel. Prvym kompletne sekvenovanym bol bakteriofag
eX174 vroku 1977 s 35 386 bazovymi parmi (bp). Pre porovnanie: prvy
kompletne osekvenovany, samostatne existujuci organizmus, ktorym bola
vroku 1995 baktéria Haemophilus influeenzae, mal velkost genomu
1 830 837 bp (t.j. ~1,83 Mbp) a 1 743 génov kédujucich proteiny.

Preto, aby sa mohlo vobec pristupit k zacatiu sekvenovania
kompletnych genémov organizmov, bolo potrebné zhromazdit nemalé
financné prostriedky a dat dohromady aj obrovky Iudsky potencial. Jednym
z najvyznamnejSich udi, ktory sa pric¢inil o spustenie a uspech genémovych
sekvenacnych projektov, bol americky biotechnolog a vizionar Craig Venter,
zakladatel viacerych institacii (napr. The Institute for Genomic Research,
TIGR; ale aj in€), v ktorych sa uspeSne sekvenovali genomy. Okrem financii
a ludského potencialu boli sucastou rozvoja sekvenovania genomov aj
pokroky v pristupoch a pristrojovom vybaveni v oblasti ,Life Sciences,
najm& molekularnej biolégie, v zdokonalovani vypoctovej techniky
a programovych nastrojov, ako aj objavenie a rozmach internetu.

Najskor sa samozrejme pristupilo k sekvenovaniu prokaryotov, pretoze
maju mensi jednoduch$i genom v porovnani s eukaryotmi. Tiez boli medzi
prvymi sekvenované rozne modelové a Siroko vyuzivané mikroorganizmy, ako
napr. Bacillus subtilis a Escherichia coli, ale aj rozne patogény, ako samotny
prvy osekvenovany genom Haemophilus influeenzae (rozne infekcie az sepsy),
dalej napr. Helicobacter pylori (gastritidy), Borrelia burgdorferi (lymska
boreliéza), Mycobacterium tuberculosis (tuberkuloza), Treponema pallidum

(syfilis), Vibrio cholerae (cholera), Yersinia pestis (mor) a iné. Ako predstavitel



minimalistického genomu bola eSte v roku 1995 osekvenovana Mycoplasma
genitalium s velkostou genomu 580 070 bp (t.j. 0,58 Mbp) a iba 470 génmi.
Dalsim nemenej vyznamnym uspechom genomovych sekvenacnych
projektov bolo definitivnhe potvrdenie troch domén zivota v roku 1996 -
konkrétne domény Archaea - po osekvenovani prvého archeéonu
Methanococcus jannaschii, ktory produkuje metan. Archaebaktérie ako
samostatnu vyvojova vetvu prokaryotov — odliSnu od ,pravych“ baktérii —
objavil a popisal uz v roku 1977 americky mikrobiolog Carl Woese. DalSim
v poradi bol v roku 1997 sirany redukujuci archeon Archaeoglobus fulgidus.
Bezny prokaryoticky geném ma v hrubom pribliZzeni velkost okolo 2 Mbp
a obsahuje cca 2 000 génov; samozrejme to je iba velmi priblizny, aj ked
viac-menej realny odhad, pre ktory existuju vynimky nad aj pod nim. Prvou
osekvenovanou hubou - eukaryot, ale stale mikroorganizmus — bola v roku
1996 kvasinka Saccharomyces cerevisiae s S5 885 génmi a 12,07 Mbp.
U eukaryotickych organizmov pri narastajucej velkosti ich gendémov vo
vztahu k menej adekvatnemu narastu poctu ich génov treba uvazovat ich
exon-intronova organizaciu s nekodujucimi oblastami. V tomto smere je
mimoriadne zaujimavy genom cloveka, publikovany prvy raz v roku 2001,
ktorého velkost je ~2,91 Gbp, pricom dolny odhad poctu génov, ktoré koduju
proteiny, bol stanoveny na hranici 30 000. Pozoruhodné je, ze ak by bol
pocet 30 tisic génov cloveka teoreticky vztiahnuty na prokaryoticky genom (2

Mbp / 2000 génov), jeho velkost by mala byt iba asi 30 Mbp.

[lustracie prvych kompletnych sekvenaénych projektov:
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Fraser CM, ... & Venter JC (1995) The minimal gene
complement of Mycoplasma genitalium. Science
270: 397-403.
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C. elegans Sequencing Consortium (1998) Genome
sequence of the nematode C. elegans: a platform for
investigating biology. Science 282: 2012-2018.
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Arabidopsis Genome Initiative (2000) Analysis of the
genome sequence of the flowering plant Arabidopsis
thaliana. Nature 408: 796-815.
https://doi.org/10.1038 /35048692
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Gardner MJ, ... & Barrell B (2002) Genome sequence of
the human malaria parasite Plasmodium
falciparum. Nature 419: 498-511.
https://doi.org/10.1038 /nature01097

Chimpanzee Sequencing and Analysis Consortium
(20095) Initial sequence of the chimpanzee genome
and comparison with the human genome. Nature
437: 69-87. https://doi.org/10.1038 /nature04072

Warren WC, ... & Wilson RK (2008) Genome analysis of
e the platypus reveals unique signatures of evolution.
GENOME Nature 453: 175-183.
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Publikacia o sekvenovani genomu vcely je ilustraciou zapojenia
mnozstva autorov z 90 pracovisk celého sveta; nizSie je rozpisana aj ich

vzajona delba prace.
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Honeybee Genome Sequencing Consortium
(20006) Insights into social insects from
the genome of the honeybee Apis
mellifera. Nature 443: 931-949.
https://doi.org/10.1038 /nature05260

The Honeybee Genome Sequencing Consortium

Overall project leadership: George M. Weinstock!2, Gene E.
Robinson?’.9,13,14

Principal investigators: Richard A. Gibbs!2, George M. Weinstock!-2
Community coordination: George M. Weinstock (leader)!-2, Gene E.
Robinson (leader)7.9.13.14) Kim C. Worley (leader)!:2, Jay D. Evans*, Ryszard
Maleszka®, Hugh M. Robertson?.9:13.14  Daniel B. Weaver16

Annotation section leaders: Martin Beye!?, Peer Bork!8.19, Christine G.
Elsik20, Jay D. Evans*, Klaus Hartfelder2>, Greg J. Hunt?’, Hugh M.
Robertson’-9:13.14 ) Gene E. Robinson”.9:13.14 Ryszard Maleszka®, George M.
Weinstock!2, Kim C. Worley!-2, Evgeny M. Zdobnov!828

Caste development and reproduction: Klaus Hartfelder (leader)2>, Gro V.
Amdam?9, Marcia M. G. Bitondi?®, Anita M. Collins#, Alexandre S. Cristino30,
Jay D. Evans*, H. Michael G. Lattorff3!1, Carlos H. Lobo24, Robin F. A.
Moritz3!, Francis M. F. Nunes?24, Robert E. Page Jr2?9, Zila L. P. Simoes?2°,
Diana Wheeler32

EST sequencing: Piero Carninci (leader)33, Shiro Fukuda33, Yoshihide
Hayashizaki33, Chikatoshi Kai33, Jun Kawai33, Naoko Sakazume33, Daisuke
Sasaki33, Michihira Tagami33

Brain and behaviour: Ryszard Maleszka (leader)®, Gro V. Amdam?9, Stefan
Albert34, Geert Baggermans>, Kyle T. Beggs37, Guy Bloch38, Giuseppe
Cazzamali*!, Mira Cohen38, Mark David Drapeau*?, Dorothea Eisenhardt*3,
Christine Emore??, Michael A. Ewing!>, Susan E. Fahrbach#8, Sylvain Forét®,
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Sandra L. Rodriguez-Zas!?, Elad B. Rubin38, David B. Sattelle*4, David
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Rodrigo Velarde?, Peter Verleyen3>, Evy Vierstraete35, Michael R.
Williamson#!
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Tomoko Fujiyuki®4, Irene Gattermeier!”?, Tanja Gempel?, Martin
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Wilsons6

Comparative and evolutionary analysis: Hugh M. Robertson
(leader)7.9:13,14 ) Evgeny M. Zdobnov (leader)!828, Peer Bork!8.19, Christine G.
Elsik20, Karl H. J. Gordon“¢, Ivica Letunic!8

Funding agency management: Kevin Hackett®, Jane Peterson®>®, Adam
Felsenfeld>®, Mark Guyer>8

Physical and genetic mapping: Michel Solignac (leader)>®, Richa
Agarwala>?, Jean Marie Cornuet®®, Christine G. Elsik20%, Christine Emore?27,
Greg J. Hunt?7, Monique Monnerot>°, Florence Mougel®°, Justin T. Reese?20,
David Schlipalius??, Dominique Vautrin®6, Daniel B. Weaver!6
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Gillespie (leader)?1.62, Jamie J. Cannone®!, Robin R. Gutell®!, J. Spencer
Johnston?!

Gene prediction and consensus gene set: Christine G. Elsik (leader)29,
Giuseppe Cazzamalit!, Michael B. Eisen®3.4, Cornelis J. P.
Grimmelikhuijzen*!, Frank Hauser*!, Amanda B. Hummon!5, Venky N.
Iyer®3, Vivek Iyer¢>, Peter Kosarev®®, Aaron J. Mackey®’, Ryszard Maleszka®,
Justin T. Reese?0, Timothy A. Richmond!>, Hugh M. Robertson?.9:13.14 Victor
Solovyev®8, Alexandre Souvorov>?, Jonathan V. Sweedler!3.15, George M.
Weinstock!2, Michael R. Williamson*!, Evgeny M. Zdobnov18.28

Honeybee disease and immunity: Jay D. Evans (leader)?, Katherine A.
Aronstein®, Katarina Bilikova’?, Yan Ping Chen*, Andrew G. Clark”2, Laura
I. Decanini*, William M. Gelbart’3, Charles Hetru’4, Dan Hultmark’5, Jean-
Luc Imler74, Haobo Jiang’¢, Michael Kanost®!, Kiyoshi Kimura?’, Brian P.
Lazzaro”!, Dawn L. Lopez?*, Jozef Simuth’9, Graham J. Thompson”8, Zhen
Zou’6

BAC/fosmid library construction and analysis: Pieter De Jong (leader)”?,
Erica Sodergren (leader)!-2, Miklos Cstrds87, Aleksandar Milosavljevic!-2, J.
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2. GenBank a UniProt - zakladné sekvencné databazy

(,
GenBank

Uvodna web-stranka databazy GenBank:
http:/ /www.ncbi.nlm.nih.gov/genbank/

GenBank

Nucleotide -

|

GenBank *  Submit ¥ Genomes ¥ WGS w  Metagenomes * TPA » TSA v INSDC v  Other v

GenBank Overview

What is GenBank?

GenBank @ is the NIH genetic sequ database, an d coll of all publicly available DNA sequences (Mucleic Acids

Research, 2013 Jan:41(D1):036-42). GenBank is part of the International Nucleotide Sequence Database Collaboration, which comprises

the DNA DataBank of Japan (DDBJ), the European Nucleotide Archive (ENA), and GenBank at NCBI. These three organizations exchange
data on a daily basis.

A GenBank release occurs every two months and is available from the fip site. The release notes for the curent version of GenBank
provide detailed information about the release and netifications of upcoming changes to GenBank. Release notes for previous GenBank
releases are also available. GenBank growth statistics for both the fraditional GenBank divisions and the WGS division are available from
ics for both the traditional GenBank divisions and the WGS division are available from each release

each release. GenBank growth stai

An annotated sample GenBank record for a Saccharomyces cerevisiae gene demonstrates many of the features of the GenBank flat file
format.

Access to GenBank

There are several ways to search and retrieve data from GenBank.

+ Search GenBank for sequence identifiers and annotations with Entrez Nucleotide.

+ Search and align GenBank sequences to a query sequence using ELAST (Basic Local Alignment Search Tool). BLAST searches
CoreNucleotide, dbEST, and dbGSS independently; see BLAST info for more information about the numerous BLAST databases.

= Search, link, and download progr: lly using NCBI & 5

» The ASN.1 and flatfile fom'lats are available at NCBI's anonymous FTP server: fip:/fftp.ncbi.nlm.nih.govinchi-asn1 and

ftp:/iftp.ncbi.nlm.nih. gov/genbank.

GenBank Data Usage

The GenBank database is designed to provide and encourage access within the ifi ity to the most up-to-date and
comprehensive DNA sequence information. Therefore, NCBI places no restrictions on the use or distribution of the GenBank data. However,
some submitters may claim patent, copyright, or other intellectual property rights in all or a portion of the data they have submitted. NCBI is
not in a position to assess the validity of such claims, and therefore cannot provide comment or unrestricted permission conceming the use,
copying, or distribution of the information contained in GenBank.

Confidentiality

Some authors are concerned that the appearance of their data in GenBank prior to publication will compromise their work. GenBank will,
upon request, withhold release of new submissions for a specified period of time. However, if the accession number or sequence data
appears in print or online prior to the specified date, your seq will be rel d. In order to prevent the delay in the appearance of
published sequence data, we urge authors to inform us of the appearance of the published data. As soon as it is available, please send the
full publication data—all authors, title, journal, volume, pages and date--to the following address: update@ncbi.nlm.nih.gov

Privacy

If you are submitting human sequences to GenBank, do not include any data that could reveal the personal identity of the source. GenBank
assumes that the submitter has received any necessary informed consent authorizations required prior to submitting sequences.
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Databaza GenBank je geneticka sekvencna databaza v ramci NIH

(National Institutes of Health) na tzv. NCBI serveri (National Center for

Biotechnology Information). Je to anotovana kolekcia vSetkych verejne

dostupnych DNA sekvencii. V aktualnom vydani — august 2020 — GenBank

obsahuje viac ako 650 miliard baz v ~218

zaznamoch (Obr. 2.1).

GenBank and WGS Statistics
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Aug 1987
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Dec 1987

milionoch sekvencnych

GENBANK AND WGS STATISTICS

GenBank WGS
Bases Sequences Bases Sequences

680338 606
2274029 2427
3002088 3665
3323270 4135
3368765 4175
3689752 4393
4211931 4954
5204420 5700
5925429 6642
6765476 7416
8442357 8823
9615371 9978
10961380 10913
13048473 12534
14855145 14020
15514776 14584
16752872 15465

Feb 2018 253630708098 207040555 2608532210351 564286852
Apr 2018 260189141631 208452303 2784740996536 621379029
Jun 2018 263957884539 209775348 2944617324086 639804105

Aug 2018

260806936411 208831050 3204855013281 665309765

Oct 2018 279668290132 209656636 3444172142207 722438528
Dec 2018 285688542186 211281415 3656719423096 773773190
Feb 2019 303709510632 212260377 4164513961679 945019312
Apr 2019 321680566570 212775414 4421986382065 993732214
Jun 2019 329835282370 213383758 4847677297950 1022913321
Aug 2019 366733917629 213865349 5585922333160 1075272215
Oct 2019 386197018538 216763706 5985250251028 1097629174
Dec 2019 388417258009 215333020 6277551200690 1127023870
Feb 2020 399376854872 216214215 6968991265752 1206720688
Apr 2020 415770027949 216531829 7788133221338 1267547429
Jun 2020 427823258901 217122233 8114046262158 1302852615
Aug 2020 654057069549 218642238 8841649410652 1408122887

Obr. 2.1. Statistika databazy GenBank. Na grafoch vlavo je naznaceny narast dat — baz

(hore) a sekvencii (dolu) od roku 1983 priamo v databaze GenBank (modra farba), resp. ako

prirastky z projektov celogenémového sekvenovania — WGS (whole genome shotgun).

V tabulke vpravo su tdaje o poc¢te baz a sekvencii v databaze GenBank od roku 1982 (hore)

a tie isté idaje pre databazu GenBank a prirastky z projektov celogenémového sekvenovania

— WGS (whole genome shotgun) — od roku 2018 doteraz (dole).

Zdroj: https:/ /www.ncbi.nlm.nih.gov/genbank/statistics/
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GenBank je sucastou konzorcia INSDC (International Nucleotide
Sequence Database Collaboration), t.j. medzinarodnej spoluprace
nukleotidovych sekvencnych databaz:

(i) GenBank (v ramci NCBI - National Center for Biotechnology
Information, Bethesda, MD, USA);

(i) ENA - European Nucleotide Archive — pdévodne EMBL Nucleotide
Database (v ramci EBI — European Bioinformatics Institute, Hinxton,
UK);

(iiiy DDBJ — DNA DataBank of Japan (v ramci NIG — National Institute of

Genetics, Shizuoka, Japan).

Uvodna web-stranka konzorcia INSDC:

http:/ /www.insdc.org/

g \ <
—— L RTRTE 3 9 k. \ e . .
-\ i) International Nucleotide Sequence Database Collaboratio
SO N AN
ABOUT INSDC POLICY ADVISORS DOCUMENTS
International Nucleotide Seq Datab Collaboration
e Thelr { Nucleoti D Collaboration (INSDC) is a long-standing foundational initiative that
operates between DDBJ, EMBL-EBI and NCBI. INSDC covers the spectrum of data raw reads, through alignments and
ies to functional ion, enriched with i ion relating to and i
configurations.
p Data type DDBJ EMBL-EBI NCBI
e
NCBI Next generation reads | Sequence Read Archive Sequence Read Archive
Capillary reads Trace Archive European Nucleotide | Trace Archive
Annotated DDBJ GenBank
nnotated sequences Archive (ENA) enBan
Samples BioSample BioSample
Studies BioProject BioProject

Sekvencia v databaze je jednoznacne charakterizovana tzv. pristupovym
Cislom (Accession No.). Pristupové Cisla pre tu istu sekvenciu su vo vSetkych
troch nukleotidovych databazach - GenBank, ENA a DDBJ - rovnaké,
pretoze tieto tri databazy st obsahovo totozné. Rozdiel je len v ich vizualnom
spracovani a v tom, ze ich spravuju rozni kuratori v ramci roznych institacii.
Data v tychto troch databazach su rovnaké. V podstate je jedno, do ktorej
databazy su nové data vlozené najskor, kedze sa spolupraca, t.j. aj vzajomna

vymena dat, uskutoc¢niuje na dennej baze.
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Uvodna web-stranka databazy ENA:
https:/ /www.ebi.ac.uk/ena/

# EMBL-EB| ] £ Training @ Aboutus Q EMBL-EBI

Enter text search terms Search Q
Examples: hisione. BRODODSS
Enter accession View @

Examples: Taxon 9506, BNDOOUGS, PRIEB402

Rulespace

Message posted 2020-07-16.
We recommend that you subscribe to the ENA-announce mailing list for updates on services.

For SARS-CoV-2 data submissions, users should contact us in advance of submission at virus-dataflow@ebi.ac.uk for specific advice on optiens and to access the highest levels of support
We have also launched a Drag-and-Drop Data Submission Service (currently in Beta) suitable for certain SARS-Cov-2 submissions. We are inviting submitters to try this out. Please contact us

at the email above for details

European Nucleotide Archive
The European Nucleotide Archive (ENA) provides a comprehensive record of the world's nucleotide sequencing information, covering raw sequencing data, sequence assembly information and

functional annotation. More about ENA,

Access to ENA dala is provided through the browser, through search tools, through large scale file download and through the API.
4 - Tweets oy @enascavence ®
n [~
Submit Rulespace Support cNA ENA
== @enasequence
Get an introduction to ENA and our services
with the new ENA Quick Tour course, produced

Uvodna web-stranka databazy DDBJ — DNA Data Bank of Japan:

[S]

https://www.ddbj.nig.ac.jp/

,LDDB]  Services ¥ Login & Submit  Policies and Disclaimers  Contact Japanese

Bioinformation and DDBJ Center ~ BI-DDBI web ies v Custom Search [ Q|

Bioinformation and DDBJ Center provides sharing and analysis services for data from life science researches

and advances science.

Search & Submissions Downloads SuperComputer
Analysis ‘ E|I]
Statistics Activities Training About Us

al O =

V nukleotidovych databazach sa okrem samotnej nukleotidove;j
sekvencie nachadza aj jej preklad (,translation), t.j. aminokyselinova
sekvencia. V doésledku toho, Ze jeden najma dlhsi nukleotidovy usek moze
kodovat viac proteinov, jednoznacnejSim indikatorom danej sekvencie je tzv.
»protein_id“, ktoré predstavuje pristupové c¢islo konkrétnej aminokyselinovej

sekvencie v pod-databaze GenPept v ramci celej databazy GenBank.
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Zaznam v databaze GenBank pre DNA kuracej triozafosfatizomerazy

(pristupové Cislo: M11941; protein_id: AAA49095.1):

= NCBl Resources (¥ How To ¥ Sign in to NCBI
Nucleotide Nucleotide - w
Advanced Help
GenBank ~ Send to: = N
Change region shown -

Chicken triosephosphate isomerase (TIM) gene, complete cds

GenBank: M11941.1
FASTA  Graphics

Golo: [v
LOCUS
DEFINITION
ACCESSION
VERSION
KEYWORDS

SOURCE
ORGANISM

REFERENCE
AUTHORS
TITLE

JOURNAL
PUBMED
COMMENT
FEATURES
source

Customize view hd

Analyze this sequence
Run BLAST

CHKTIMA 3900 bp DNA linear VRT 28-APR-1993
Chicken triosephosphate isomerase (TIM) gene, complete cds.
M11941
M11941.1
D-glyceraldehyde 3-phosphate ketol-isomerase; triose-phosphate
isomerase.
Gallus gallus (chicken)
Gallus gallus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Archelosauria; Archosauria; Dinosauria; Saurischia; Theropoda;
Coelurosauria; Aves; Neognathae; Galloanserae; Galliformes;
Phasianidae; Phasianinae; Gallus.
1 (bases 1 to 3900)
Straus,D. and Gilbert,W.
Genetic engineering in the Precambrian: structure of the chicken
triosephosphate isomerase gene
Mol Cell Biol 5 (12), 3497-3506 (1985)
3837846
Original source text: Chicken embryonic muscle DNA.

Location/Qualifiers

1..3900

/organism="Gallus gallus"

/mol type="genomic DNA"

/db_xref="taxon:9031"

prim transcript 273..3198

CDS

exon

intron

exon

intron

exon

intron

exon

intron

exon

/note="TIM mRNA and introns"
join(324..435,1269..1392,1487..1571,1707..1839,2070..2155,
2292..2379,2634..2752)

/note="triosephosphate isomerase (EC 5.3.1.1)"
/codon_start=1

/protein id="AAA49095.1"
/translation="MAPRKFFVGGNWKMNGDKKSLGELIHTLNGAKLSADTEVVCGAP
SIYLDFARQKLDAKIGVAAQNCYKVPKGAFTGEISPAMIKDIGAAWVILGHSERRHVF
GESDELIGQKVAHALAEGLGVIACIGEKLDEREAGITEKVVFEQTKATIADNVKDWSKV
VLAYEPVWAIGTGKTATPQQAQEVHEKLRGWLKSHVSDAVAQSTRIIYGGSVTGGNCK
ELASQHDVDGFLVGGASLKPEFVDIINAKH"

<324..435

/note="triosephosphate isomerase (EC 5.3.1.1)"

/number=1

436..1268

/note="TIM, intron A"

1269..1392

/note="triosephosphate isomerase"

/number=2

1393..1486

/note="TIM, intron B"

1487..1571

/note="triosephosphate isomerase"

/number=3

1572..1706

/note="TIM, intron C"

1707..1839

/note="triosephosphate isomerase"

/number=4

1840..2069

/note="TIM, intron D"

2070..2155

/note="triosephosphate isomerase"
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https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
https://www.ncbi.nlm.nih.gov/pubmed/3837846
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=273&to=3198
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?location=324:435,1269:1392,1487:1571,1707:1839,2070:2155,2292:2379,2634:2752
https://www.ncbi.nlm.nih.gov/protein/212774
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=324&to=435
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=436&to=1268
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=1269&to=1392
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=1393&to=1486
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=1487&to=1571
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=1572&to=1706
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=1707&to=1839
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=1840&to=2069
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=2070&to=2155

intron

exon

intron

exon

ORIGIN

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841

ggggccecge
aggtcgegtyg
cagcttctga
agggggtggg
gcctataaaa
gcttcgegece
agatgaacgg
tctcggccga
cggcggggcece
aaccccgcgg
atcccaccct
gcgggggtcet
ctccgtccect
cgcccaacct
gagcgggttce
gtaacccgac
cggtttctcg
tctgcctgac
ggatagtagg
agcctccacc
aaggggccga
ccttacagag
tgatgcaaag
aggagagatc
ttgctctgga
aagatattgg
agtctgatga
aggcaggagg
ttaccttatt
aaggcctcgg
cggagaaggt
cttttctttg
cttgagggct
ggtctgcatg
ctcatgtata
tgcctatgag
agcaagggaa
gatggaacaa
tttcttttca
ctgatgctgt
ttgaggctgc
aaacatgaga
cagtcttacg
attgccattt
cactggtggc
tggggcttct
gtgaggagca
gcacgtctct
ctagctgtgce
gcagagtctc
cagtcaacct
tactgggggyg
gcctggcagce
aaatgagaag
tatacagata
gagttctgtc
aattcttaca
atcctctcac
ttcctcttgg
tcccactaat
agcctgcaca
gctgtggggt
caagtaggaa
gtggctaggg
ctaagatctg

2156..2291

/note="TIM, intron E"

2292..2379

/note="triosephosphate isomerase"
/number=6

2380..2633

/note="TIM, intron F"

2634..>2752
/note="triosephosphate isomerase"
/number=7

gagccgaaac tcgggcactg ccgcggtacg
gttctcgtgt gggggcgcac ggagcttcgg
ggaagggccg cggccatctc cgagcggagg
gagcgagccg gggggcgggg ctacgggggg
gcggccgccg cggctccecgtg ccgttgceccga
cgtcgcctce gccatggctc ccaggaagtt
cgacaagaag agcttgggcg agctcatcca
caccggtgag ggagggcgcg gtcgcagecg
cggcccggca ggggcacggg aaatgtcagg
cggggctaaa aataccgcga caccggatcc
cccctceecce cgccgecgec ggatgecggge
gcgggcccgg cccgcgagga gactgeggeg
ccgcgcggag ctgctgtccce cgcggeccccg
cgcgcccggg gtcgggggeg cgatatttgg
caggagcgtg cctagcctgc cgcggtgcceg
gctgcccttt tctccceccegt tcagcecttge
gctgggatgt ttccaaaggg ctcggtgtga
tcceecceecge tgacccecctgg agtgagtttce
gaggatgttc ctactctgtg ggtcccccaa
aagtgggggc tgggtggggg aggggggagyg
aggttgcgtg cagcttctat cccttggect
gtggtttgcg gagccccttc aatctacctt
attggagttg cagcacaaaa ctgttacaag
aggtgagccc aaagtgaaga ttaaagcaag
gatgtgagtc actaccttca tttgctttct
agctgcatgg gtgatcctgg gccactcaga
ggtgagagac tctggagtgg agaggtggta
agtgagcggt ttgtgggaaa ggtgggtaca
cctcttccat ccacagttga ttgggcagaa
tgtcatcgcec tgcattgggg agaagctgga
ggtctttgaa cagaccaaag ctattgctgg
gacagctggg aaatggctat tgtggccata
ttcagataca ttgctacaaa tgtttacaaa
ttccaggagg cttttttcca gatctgccat
ccttcttctt tcccctcaga taacgtgaag
ccagtttggg ctatcggaac tggtaaaact
aggtggctga tgaaatgact gtctgacccc
ggcagttcct tctttggaag ggaattgtat
ggctcaggag gttcatgaga agctgagagg
tgctcagtca actaggatca tctatggagg
acttactttc tttgcttgct gctgttgtac
ctaacagagc atgaagaacc acttactagc
attgatagaa taagaggtgg ttagtacctt
tgggtttgcc atgtctgaac tcttaatcct
aactgtaagg aactggcctc ccagcatgat
ctcaagccag agtttgtgga tattatcaat
gtcccttacg gttaagagca agaaactgaa
cggtacagag gcttcttctg aggctttcce
tgctaacccc caccaccttg ttggagtccc
ctttctgaac tggcaaaatc cttggttatc
ggccattgcc tctctctctt tgcagccctg
aagaaaaagg aaccaccatc ttctgcatct
ttagaccctt gtgagacacc ttacctcacc
gaaaaaaagt gtgtcctggt tattatttag
gactggagta ttttggcagt agctagctgc
tttataacct ttccctgggg gtcaatgtct
cccctccact tccttgttge tccaacaagt
tatacttctc acctagaaca ttcccacaga
ctgtatgagg attaacacgc tgcagtgcct
gagtgactct tcctgccact gacaccacac
agtgtgagca atggctgcag gctggtgtga
agtaataatc ctaaattaat tggcgaggct
agttggcctg aggaggaatg gagggcgtgce
gtgtgcagaa aagatgtttc aaaagtttaa
tggcttctgc aagcaaagtg ctcaaaaggc
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agcttccgta
tgcgggcttce
ccgceccggcet
tggggcttcg
ccttcgectg
cttcgtgggt
cacgctgaat
cacgtagcgc
gggcggcggg
ctgccgctga
agccccecggce
ggcggtgagg
tctctacggce
gccgaggtca
tacccgggtg
ggccgggtga
actggctgga
ccctecgetg
atgtcagcga
ggtggcctca
tctgatggat
gattttgccc
gtaccgaagg
cattgctttg
catcagccca
gcggaggcat
ccaaacagat
ggagcaggtc
ggtggctcat
tgagagagaa
taagagaaga
actgcctgtt
cagtggtcgc
tcccaacatg
gactggagta
gctactcccce
actcaagagg
gcaggatggt
ctggctcaaa
taaatgagtg
agcatgctct
ttgtttaggt
gcaagtttta
gttccctctt
gtggatggct
gcaaaacatt
gcaagaaggg
ccaccaccac
attagtgtga
tgttgagctg
cagggaggga
ttcagctcca
aatgtcctgt
aagcaattaa
agagggagca
tttttggttg
gttgcacagg
acctttattt
tccagtagcet
tggtggctge
ggccagatgg
gcctggceccag
tggtgaagat
acggttggag
ttctggggceg

cggagaaggg
gcgcccagtg
gccgaggccce
cgccccgecg
cgccgctgcet
ggcaactgga
ggcgccaagc
acgtcccgceg
gccgaaactt
agggcccecgce
cgccggcgcece
ggcctceggg
cccggcectge
cggcgctgcg
taatccgegt
gattcttgcc
ggcctggcte
tggagtcatt
gggcaggctg
gggctgggcec
gacctttctg
gccagaagct
gtgctttcac
cagagcaaac
gcaatgatca
gtttttggag
aattctgtga
tgactgccac
gctcttgctg
gctggcataa
aaactgactt
cctggcectte
ctttgtagaa
aggtgctgta
aggtggttct
aacaggtatt
tctccctgaa
tcagattcta
agccacgtgt
tatagtctct
gctcaagagg
aaatgggaga
cctctgtgtt
taggttcagt
tccttgttgg
aaagcagcct
accttgtgtt
aattattgtt
gcccatctca
ttagagccca
gggccactag
tccgcaagga
attgaacaat
ggacaaggtg
gggtgttcaa
ttacgttttt
tgcaacatgt
accgttgcag
gcaagggctg
tggctaggtg
tgaaactgct
agattcccat
agagcacgca
gaaaaagatc
tggctttagt


https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?from=2156&to=2291
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Zaznam v databaze GenBank pre mRNA kuracej triozafosfatizomerazy

(pristupové cCislo: M11314; protein_id: AAA49094.1):

= NCBI Resources ¥ How To Sign in to NCBI
Nucleotide Nucleotide - @
Advanced Help
GenBank « Send to: = N
Change region shown »

Chicken triosephosphate isomerase (TIM, D-glyceraldehyde 3-phosphate

. Customize view -
ketol-isomerase) mRNA, complete cds
GenBank: M11314.1
FASTA Graphics Analyze this sequence _
Run BLAST
Goto: (¥ Pick Primers
LOCUS CHKTIM 1303 bp mRNA linear VRT 28-APR-1993

DEFINITION Chicken triosephosphate isomerase (TIM, D-glyceraldehyde
3-phosphate ketol-isomerase) mRNA, complete cds.
ACCESSION M11314

VERSION M11314.1

KEYWORDS D-glyceraldehyde 3-phosphate ketol-isomerase; isomerase;
triose-phosphate isomerase.

SOURCE Gallus gallus (chicken)

ORGANISM Gallus gallus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Archelosauria; Archosauria; Dinosauria; Saurischia; Theropoda;
Coelurosauria; Aves; Neognathae; Galloanserae; Galliformes;
Phasianidae; Phasianinae; Gallus.

REFERENCE 1 (bases 1 to 1303)

AUTHORS Straus,D. and Gilbert,W.

TITLE Chicken triosephosphate isomerase complements an Escherichia coli
deficiency

JOURNAL Proc Natl Acad Sci U S A 82 (7), 2014-2018 (1985)

PUBMED 3885220

COMMENT Original source text: Chicken breast muscle cDNA to mRNA.
FEATURES Location/Qualifiers
source 1..1303

/organism="Gallus gallus"
/mol type="mRNA"
/db_xref="taxon:9031"
CDS 118..864
/note="TIM"
/codon_start=1
/protein id="AAA49094.1"
/translation="MAPRKFFVGGNWKMNGDKKSLGELIHTLNGAKLSADTEVVCGAP
SIYLDFARQKLDAKIGVAAQNCYKVPKGAFTGEISPAMIKDIGAAWVILGHSERRHVF
GESDELIGQKVAHALAEGLGVIACIGEKLDEREAGITEKVVFEQTKATIADNVKDWSKV
VLAYEPVWAIGTGKTATPQQAQEVHEKLRGWLKSHVSDAVAQSTRIIYGGSVTGGNCK
ELASQHDVDGFLVGGASLKPEFVDIINAKH"
ORIGIN
1 ggggctacgg ggggtggggc ttcgcgccce gccggcectat aaaagcggcc gccgcggcetce
61 cgtgccgttg ccgaccttcg cctgcgccge tgctgcttcg cgcccgtcge ctccgceccatg
121 gctcccagga agttcttcgt gggtggcaac tggaagatga acggcgacaa gaagagcttg
181 ggcgagctca tccacacgct gaatggcgcc aagctctcgg ccgacaccga ggtggtttgce
241 ggagcccctt caatctacct tgattttgcc cgccagaagc ttgatgcaaa gattggagtt
301 gcagcacaaa actgttacaa ggtaccgaag ggtgctttca caggagagat cagcccagca
361 atgatcaaag atattggagc tgcatgggtg atcctgggcc actcagagcg gaggcatgtt
421 tttggagagt ctgatgagtt gattgggcag aaggtggctc atgctcttgc tgaaggcctc
481 ggtgtcatcg cctgcattgg ggagaagctg gatgagagag aagctggcat aacggagaag
541 gtggtctttg aacagaccaa agctattgct gataacgtga aggactggag taaggtggtt
601 cttgcctatg agccagtttg ggctatcgga actggtaaaa ctgctactcc ccaacaggct
661 caggaggttc atgagaagct gagaggctgg ctcaaaagcc acgtgtctga tgctgttgcet
721 cagtcaacta ggatcatcta tggaggttca gtcactggtg gcaactgtaa ggaactggcc
781 tcccagcatg atgtggatgg cttccttgtt ggtggggctt ctctcaagcc agagtttgtg
841 gatattatca atgcaaaaca ttaaagcagc ctgtgaggag cagtccctta cggttaagag
901 caagaaactg aagcaagaag ggaccttgtg ttgcacgtct ctcggtacag aggcttcttc
961 tgaggctttc ccccaccacc acaattattg ttctagctgt gctgctaacc cccaccacct
1021 tgttggagtc ccattagtgt gagcccatct cagcagagtc tcctttctga actggcaaaa
1081 tccttggtta tctgttgagc tgttagagcc cacagtcaac ctggccattg cctctctcte
1141 tttgcagccc tgcagggagg gagggccact agtactgggg ggaagaaaaa ggaaccacca
1201 tcttctgcat ctttcagctc catccgcaag gagcctggca gcttagaccc ttgtgagaca
1261 ccttacctca ccaatgtcct gtattgaaca ataaatgaga agg
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https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
https://www.ncbi.nlm.nih.gov/pubmed/3885220
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
https://www.ncbi.nlm.nih.gov/nuccore/M11314.1?from=118&to=864
https://www.ncbi.nlm.nih.gov/protein/212772

Zaznam v databaze GenBank/GenPept pre aminokyselinova sekvenciu

kuracej triozafosfatizomerazy (pristupové Cislo: AAA49095.1) — preklad z DNA

(pristupoveé cCislo: M11941):

& NCBI Resources ¥ How To ¥ Sign in to NCBI
Protein Protein v [ Search |
Advanced Help
GenPept = Send to: ~ .
Change region shown v

triosephosphate isomerase (EC 5.3.1.1) [Gallus gallus]

GenBank: AAA49095.1
Identical Proteins FASTA  Graphics

Customize view =

Analyze this sequence

Goto: ¥ Run BLAST

LOCUS AAA49095 248 aa linear VRT 28-APR-1993
DEFINITION triosephosphate isomerase (EC 5.3.1.1) [Gallus gallus].
ACCESSION AAR49095

VERSION AAA49095.1

DBSOURCE locus CHKTIMA accession M11941.1
KEYWORDS .

SOURCE Gallus gallus (chicken)

ORGANISM Gallus gallus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Archelosauria; Archosauria; Dinosauria; Saurischia; Theropoda;
Coelurosauria; Aves; Neognathae; Galloanserae; Galliformes;
Phasianidae; Phasianinae; Gallus.

REFERENCE 1 (residues 1 to 248)

AUTHORS Straus,D. and Gilbert,W.

TITLE Genetic engineering in the Precambrian: structure of the chicken
triosephosphate isomerase gene

JOURNAL Mol Cell Biol 5 (12), 3497-3506 (1985)

PUBMED 3837846

COMMENT Method: conceptual translation.
FEATURES Location/Qualifiers
source 1..248

/organism="Gallus gallus"
/db_xref="taxon:9031"

Protein 1..248
/name="triosephosphate isomerase (EC 5.3.1.1)"
Region 1..246

/region_name="PTZ00333"
/note="triosephosphate isomerase; Provisional"
/db_xref="CDD:240365"
Site order(11,13,95,165,171,211,230,232..233)
/site type="other"
/note="substrate binding site [chemical binding]"
/db_xref="CDD:238190"
Site order(11,14,45..47,49,52,64,82,85..86,97..98)
/site type="other"
/note="dimer interface [polypeptide binding]"
/db_xref="CDD:238190"
Site order (13,95,165)
/site type="active"
/note="catalytic triad [active]"
/db_xref="CDD:238190"
CDs 1..248
/coded by="join(M11941.1:324..435,M11941.1:1269..1392,
M11941.1:1487..1571,M11941.1:1707..1839,
M11941.1:2070..2155,M11941.1:2292..2379,
M11941.1:2634..2752)"
ORIGIN
1 maprkffvgg nwkmngdkks lgelihtlng aklsadtevv cgapsiyldf argkldakig
61 vaagqncykvp kgaftgeisp amikdigaaw vilghserrh vfgesdelig gkvahalaeg
121 lgviacigek ldereagite kvvfeqgtkai adnvkdwskv vlayepvwai gtgktatpgq
181 agevheklrg wlkshvsdav agstriiygg svtggnckel asghdvdgfl vggaslkpef
241 vdiinakh
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https://www.ncbi.nlm.nih.gov/nuccore/M11941.1
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
https://www.ncbi.nlm.nih.gov/pubmed/3837846
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
https://www.ncbi.nlm.nih.gov/protein/AAA49095.1?from=1&to=248
https://www.ncbi.nlm.nih.gov/protein/AAA49095.1?from=1&to=246
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=240365
https://www.ncbi.nlm.nih.gov/protein/AAA49095.1?location=11,13,95,165,171,211,230,232:233
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=238190
https://www.ncbi.nlm.nih.gov/protein/AAA49095.1?location=11,14,45:47,49,52,64,82,85:86,97:98
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=238190
https://www.ncbi.nlm.nih.gov/protein/AAA49095.1?location=13,95,165
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=238190
https://www.ncbi.nlm.nih.gov/nuccore/M11941.1?location=324:435,1269:1392,1487:1571,1707:1839,2070:2155,2292:2379,2634:2752

Zaznam v databaze GenBank/GenPept pre aminokyselinovi sekvenciu
kuracej triozafosfatizomerazy (pristupové Ccislo: AAA49094.1) - preklad
z mRNA (pristupoveé Cislo: M11314):

= NCBI Resources ¥ How To = Sign in to NCBI
Protein Protein -  Search
Advanced Help
GenPept ~ Send to: =
enrep enato Change region shown -

TIM [Gallus gallus]

GenBank: AAA49094.1
Identical Proteins FASTA  Graphics

Customize view >

Analyze this sequence

Go to: (%) Run BLAST

LOCUS AAA49094 248 aa linear VRT 28-APR-1993
DEFINITION TIM [Gallus gallus].
ACCESSION ARAR49094

VERSION AAA49094.1

DBSOURCE locus CHKTIM accession MI11314.1
KEYWORDS .

SOURCE Gallus gallus (chicken)

ORGANISM Gallus gallus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Archelosauria; Archosauria; Dinosauria; Saurischia; Theropoda;
Coelurosauria; Aves; Neognathae; Galloanserae; Galliformes;
Phasianidae; Phasianinae; Gallus.

REFERENCE 1 (residues 1 to 248)

AUTHORS Straus,D. and Gilbert,W.

TITLE Chicken triosephosphate isomerase complements an Escherichia coli
deficiency

JOURNAL Proc Natl Acad Sci U S A 82 (7), 2014-2018 (1985)

PUBMED 3885220

COMMENT Method: conceptual translation.
FEATURES Location/Qualifiers
source 1..248

/organism="Gallus gallus"
/db_xref="taxon:9031"

Protein 1..248
/name="TIM"
Region 1..246

/region_name="PTZ00333"
/note="triosephosphate isomerase; Provisional"
/db_xref="CDD:240365"
Site order(11,13,95,165,171,211,230,232..233)
/site type="other"
/note="substrate binding site [chemical binding]"
/db_xref="CDD:238190"
Site order(11,14,45..47,49,52,64,82,85..86,97..98)
/site type="other"
/note="dimer interface [polypeptide binding]"
/db_xref="CDD:238190"
Site order (13,95,165)
/site type="active"
/note="catalytic triad [active]"
/db_xref="CDD:238190"
CDs 1..248
/coded by="M11314.1:118..864"
ORIGIN
1 maprkffvgg nwkmngdkks lgelihtlng aklsadtevv cgapsiyldf argkldakig
61 vaaqncykvp kgaftgeisp amikdigaaw vilghserrh vfgesdelig gkvahalaeg
121 lgviacigek ldereagite kvvfeqgtkai adnvkdwskv vlayepvwai gtgktatpgq
181 agevheklrg wlkshvsdav agstriiygg svtggnckel asghdvdgfl vggaslkpef
241 vdiinakh
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https://www.ncbi.nlm.nih.gov/nuccore/M11314.1
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
https://www.ncbi.nlm.nih.gov/pubmed/3885220
https://www.ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.cgi?id=9031
https://www.ncbi.nlm.nih.gov/protein/AAA49094.1?from=1&to=248
https://www.ncbi.nlm.nih.gov/protein/AAA49094.1?from=1&to=246
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=240365
https://www.ncbi.nlm.nih.gov/protein/AAA49094.1?location=11,13,95,165,171,211,230,232:233
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=238190
https://www.ncbi.nlm.nih.gov/protein/AAA49094.1?location=11,14,45:47,49,52,64,82,85:86,97:98
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=238190
https://www.ncbi.nlm.nih.gov/protein/AAA49094.1?location=13,95,165
https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=238190
https://www.ncbi.nlm.nih.gov/nuccore/M11314.1?from=118&to=864

UniProt unip

Uvodna web-stranka databazy UniProt:
http:/ /www.uniprot.org/

advanced~ @, Search

BLAST Align Retrieve/ID mapping Peptide search SPARQL Help ~ Contact

The mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein seq and fi li
-" New UniProt portal for the latest SARS-
UniRef UniParc Proteomes CoV-2 coronavirus protein entries and
@ receptors, updated independent of the
‘] general UniProt release cycle.
Swiss-Prot (563,552) Sequence clusters Sequence archive Proteome sets iew SARS-CoV-2 Pros and
H Py Receptors
*@ Manually annotated o - . %
S & = P (S -
and reviewed. [ — a

Records with information NeWS

extracted from literature ~
and curator-evaluated Forthcoming changes

computational analysis. There are currently no changes planned

Supporting data
TrEMBL (195,104,019) UniProt release 2020_05
ATy PCK1 ing between g is and lip is |
e e oo Cross-references to CPTC, BMRB, PCDDB and SASBDB
) Literature citations Taxonomy
reviewed.
Records that await full . *'11 ‘ UniProt release 2020_04
manual annotation. Cross-ref, databases D T Inflammation: the Good, the Bad and the Ugly | Cross-
_ references to GlyGen and PathwayCommons | New
fé XXX @ automatic annotation system ARBA (Asso... .

News archive

Getting started Yo UniProt data Protein spotlight

Q Text search & Download latest release P . A Wasp's Sting

‘Our basic text search allows you to search all the resources Get the UniProt data fober 2020

available Nature has always inspired humans. We extract
4l Statistics .\ scents from flowers to make perfume, and use

% BLAST View Swiss-Prot and TrEMBL statistics , ‘E pigments from minerals to reproduce colours.

Find regions of similarity between your sequences e / We copy the streamlined bodies of birds to build
@ How to cite us planes, and mimic the toughness of spider silk

Sequence alignments The UniProt Consortium to design textiles. As our and t

Align two or more protein sequences using the Clustal Omega evolves, we have even reached a point where we are able to

program £ submit your data tamper with the very basics of Nature to twist it to our advantage...
Submit your ications and ion updates

L. Retrieve/ID mapping

Batch search with UniProt IDs or convert them to another type of s Programmatic access

database ID (or vice versa) Query UniProt data using APIs providing REST, SPARQL and Java
services

L peptide search
Find sequences that exactly match a query peptide sequence

Tools Core data Supporting data Information
BLAST Protein knowledgebase (UniProtkB) Literature citations About UniPrat
Align Sequence clusters (UniRef) Taxonomy Help
Retrieve/ID mapping Sequence archive (UniParc) Keywords FAQ
Peptide search Proteomes Subcellular locations UniProtkB manual

Cross-referenced databases Technical corner
Diseases Expert biocuration

UniProt
© 2002 - 2020 UniProt Consortium | License & Disclaimer | Privacy Notice

EMBL-EBI :

el%gﬁ'

State Secretariat for Education,

Main funding by: National Institutes of Health EMBL-EBI Research and Innovation SERI
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http://www.uniprot.org/

Databaza UniProt KnowledgeBase (UniProt KB) je centrom pre kolekciu
informacii o proteinoch so spravnou, konzistentnou a bohatou anotaciou
oich funkciach. Je spravovana v ramci EBI (European Bioinformatics
Institute), ktory predstavuje ,vlajkovu lod“ v oblasti bioinformatiky v Eurépe.

UniProtKB pozostava z dvoch zakladnych sucasti:

(i) SwissProt — manualne anotované zaznamy (recenzované zaznamy);
(i) TrEMBL - automaticky anotované, t.j. pocitacovo analyzované

zaznamy (nerecenzované zaznamy, ocakavajuce plnu anotaciu).

| BLAST Align Retrieve/ID mapping Peptide search SPARQL

8
Q search A
2|

P D
Help . Contact

UniProtkKB 2020_05 results

x

UniProtKB consists of two sections

The UniProt Knowledgebase (UniProtKB) is the central hub for the collection of functional

information on proteins, with accurate, consistent and rich annotation. In addition to capturing the

core data mandatory for each UniProtKB entry (mainly, the amino acid sequence, protein name or

description, taxonomic data and citation Information), as much annotation Information as possible Is
Unreviewed (TrEMBL) - Computationally analyzed added.

Records that await full manual annotation.

5 Gowlan-brot) 5

y
Records with Information extracted from literature and curator-evaluated computational analysis.

@ Help B UNIProtkB help video & Other tutorlals and videos . Downloads

Databaza UniProt povodne bola zalozena a existovala ako databaza
SwissProt a bola spravovana v ramci Swiss Institue of Bioinformatics na tvz.
Expasy serveri (http:/ /www.expasy.ch/, resp. http:/ /www.expasy.org/).

KedZze dominanciu ziskali databazy s nukleotidovymi sekvenciami
(GenBank, EMBL/ENA, DDBJ) - vdoésledku prevahy sekvenovania
nukleotidov pred sekvenovanim aminokyselin — k databaze SwissProt bola
vytvorena jej sucast TrEMBL, t.j. preloZzena EMBL nukleotidova databaza
(translated EMBL Nucleotide Database — TrEMBL). V sticasnosti pribudaju
data do databazy UniProt takmer vyhradne cez jej sucast TrEMBL, kedZze
aminokyselinové sekvencie sa neziskavaju priamo sekvenovanim proteinov,
ale prekladom nukleotidovych sekvencii. Treba si ale uvedomit, Zze EMBL
Nucleotide Database je v sucasnosti databaza ENA (European Nucleotide
Archive).

Pristupové Cislo sekvencie proteinu v databaze UniProt je odliSné od
pristupového c¢isla pre tu isti sekvenciu proteinu a jeho génu z databazy
GenBank (ENA a DDBJ). Pristupové cisla z nukleotidovych databaz, ako aj
¢islo ,protein_id“ z GenPept, su vSak sucastou kazdého zaznamu v databaze

UniProt v ¢asti ,,Cross-references®.
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UniProt zaznam pre tridozafosfatizomerazu (pristupové ¢islo P0O0940):

UniProtKB - P00940 (TPIS_CHICK) o=

Display NBUAST o E)Fomat @ Addtobaskel © Hatory QHelpvideo (7 Add a publication ' Feedback
P T e
Publications Gene TPI1
Feature viewer Organism | Galus gallus (Chicken)
Fasture table S’BI\ASI B Roviewed - Annotation score: S88®# - Experimental evidence at protein leveli
== Function

Iy that catalyzes the interconversion between dihydroxyacetone phosphate (DHAP) and D-glyceraldehyde-3-phosphate (G3P) In glycolysis and
0 gluconeogenesis. ¥ By simiarky «
pohone Itis also responsible for the prod of a reactive cy ‘modifies and can alter proteins, ONA and lipids. # By similarity ~

TN <.yt acivy

N =
S
dihydroxyacetone phosphate methylglyoxal phosphate.
T 0 o
. .
O . | HC -
T Y = i
e @ z00m & zo0m @ z00m

. 3-phosphate = phosphate € -

EC:5.3.1.1 # PROSITE-ProRule annotation ~
Source: Rhea. Show »

Pathway : glyeolysis
This protesn is invalved in step 1 of the subpathway that synthesizes D-glyceraldehyde 3-phosphate from * ation -
Froteins known Lo be involved in this subpatiway in this organism are:

step 1. Triosephosphate isomerase (TPTL)
This subpatiway is part of the pathway glycolysis, which is itself part of Carbohydrate degradation.

View all prateins of this organism that are known to be involved in the subpathway that synthesizes D-glyceraldehyd 3-phosghate from gly phosphate, the pathway nd in Carbohydrate degradation.
Pathway  gluconeogenesis

This protein is involved in ¥ hich is part of biosynthesis. # PROSITE-ProRule annotation ~

View all prateins of this organism that are known to b invoived in the pathway and in C:

Binding sitat 11 Substrate & Cambined sources ~ % 1 Publication | 1
Binding ata’ 13 Substrate ¢ Combined sources ~ % 1 Publcation ~ |

Actvn sitei 95 Electrophile @ Combined sources ~ # 1 Publiation 1
Active site! 165 Protan acceptor # Gombined sources « @ 1 Publication - 1

GO - Molecular function’
= methylglyoxal synthase activity # Source: UniProtke
 protein homodimerization activity # Source: UniProtka
 triose-phosphate isomerase activity # Source: UNIProtka
= ubiguitin protein igase binding ¥ Source: Ensembl
‘Complete GO annatation on QuickGO ...

GO - Biological process®
 glucaneogenesis # Source: GO_Central -
= glyceraldehyde-3-phasphate biosynthelic process # Source: UNIProtke.
= glycerel eatabolic process # Saurce: GO_Central +
= glycolytic process ¢ Source: GO_Cenral ~
= methylalyoxel biosynthetic process # Source: UniPratie:
‘Complete GO annatation on QuickGO ...

Keywords*

Molecular  Isomerase, Lyase
funetion
Biological process  Gluconsagenesis, Giycolysis
Enzyme and pathway databases
BRENDA!  5.3.1.1, 1306
Reactome’  R-GGA-152675, Gluconeogenssis
R-GGA-352882, Glycolysis
R-GGA-70171, Glycolysis

SABIORK'  PO0940
UniPattway'  UPAD0109;UER00189
UPAO0138

Names & Taxonomy

Protein names'  Recommended name:
Triosephosphate isomerase (EC:5.3.1.1 # PROSITE-Profule annotation « )
» Short name:TIM
Alterative name(s):
+ Methylglyoxal synthase # By similarty «  (EC:4.2.3.3 # By simiarty « )
« Triose-phosphate isomerase
Gene names'  Name:TPI1
Organsm'  Gallus gallus (Chicken)
Taxcnomic 9031 (NCBI)
identifier
Taxonome ineage!  Eukaryota » Metazoa » Chordata » Craniata » Vertabrata » Euteleostomi » Archelosauria » Archosaurla » Dinosauria » Saurischin » Theropoda » Coelurosauria » Aves » Neognathae > Galloanserse » Gallformes
» Phasianidae » Phasianinae » Gallus B8
Proteomes
UP000000539 Component': Chromosome 1

Subcellular location

ER—

Other locations
Cytoplasm @ ¥ PROSITE-ProRule annotation «

Manual annctation |1 Automatic computational assertion

Keywords - Cellular component'
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Zaznam z databazy UniProt pre triozafosfatizomerazu (pokracovanie):

Display Cytoplasm
Pathalogy & Biotech:
Publications. Mutagenesis
Feature key Position{s) o Actions | Graphical
Feature viewer [T —— a5 H—+ N: Reduces activity 5000-fold. & 1 Publication - [ !
Feature table Mutaganasis' 165 E — D: Reduces activity 300-fold.  # 1 Publication ~ I 1

PTM / Processing*

Molecule processing

Actions | Graphical view

Expression

Gene expression databases.
Bges'  ENSGALGOOOD0D14526, Expressed in skeletal muscle tissus and 14 ather tissues

Interaction

Subunit structure
Homadimar.
# PROSITE -Brofule annceation - # 1 Publication ~

¥

GO - Molecular function
= protein homodimerization activity # Source: UniProtkB.
« ubiguitin protein ligase binding @ Souree: Ensembl
Complete GO annatation on QuickGO ...
Protein-protein interaction databases
BioGRID: 676684, 1 interactor
IntAct!  POOS40, 1 interactar
STRING'  5031.ENSGALPODOD0023386

Structure*

s

15Q7 X-ray 2854 2-248 PDBE

18sD X-ray 290 A A/B 2-248 PDBe

155G X-ray 2904

2-248 PDBe

15Us X-ray 2704 A/B 2-248 PDBe

1swo X-ray 171 A A8 1-248 PDBe v
Secondary structure
1 EEE N S EEESES D B B ==
Legend: | Helix | Turn || Beta strand || PDB Structure known for this area
Show mora detalls
3D structure databases

BMRE’ P00S40

SMRi P00S4D

MocBsse!  Search..

POBeKB! Search...
Miscellancous databases
EvolulionaryTraca!  PO0S4D

Family & Domains
Sequence similarities
Belongs to the triosephosphate isomerase family. # Curated

Phylogenomic databases
NG KOG1643, Evkaryors
GeneTree:  ENSGTO0330000013354
HOGENOM: CLU 0242512 0.1
InParancid®  PDOS40

X' K01803
OMA:  QEVCGAL
OmoDe®  1272577m2759

PhylomeD8'  POOS40
TreeFam:  TF300829

‘Family and domain databases
€004 00311, TIM, 1 it
Gens30¢  3.20.20.70, 1 hit
HAMAP: MF_DO147_8, TIM_B, 1 hit
IaePro’ View protein in InterPro

SUPFAM! SSF51351, SSFSI35L, 1 hit

TIGRFAMs'  TIGROO41S, tim, 1 hit

PROSITE!  View protsn in PROSITE
PSD0171, TIM_1, 1 hit
PSS51440, TM 2, 1 bt
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Zaznam z databazy UniProt pre triozafosfatizomerazu (pokracovanie):

Display Sequence'
Secuence stas': Complee.
incaons Sequence processing': The displayed sequence is further processed into a mature form.
Foonireviowd P00940-1 [UniParc] & FASTA i Add to basket Jengtic 46
«Hide Mass (Da)
Feature table Last modified: January 23, 2007 - v2
Checksum:' AFCC258E574DE982
10 20 30 40 50 > =
NAPRKEFVGG AKLSADTEVY
0 70 % % 100
ARQKLDAKIG VAAQNCYKVP KGAFTGEISP AMIKDIGAAW VILGHSERRH
120 130 140
VFGESDELIG QKVAHALAEG LGVIACIGEX LDEREAGITE KVVFEQTKAT
160 170 180 150 200
AQEVHEKLRG
210 220 230

AQSTRITYGG SVIGGNCKEL ASQHDVDGFL VGGASLKPEF VDIINAKH

Experimental Info

Feature key Position(s) | Description P e —— fergth
‘Sequence conflict 17 - 18 DK — KR AA sequence (PubMed:4463937). # Curated 2
‘Sequence conflict’ 29 N+ D A sequence (PubMed:4463937). 4 Curated | 1
‘Sequence conflict 145 - 146 EQ — QE AA sequence (PubMed:4463937). & Curated ] 2
‘Sequence conflict: 194 S - T AA sequence (PubMed:4463937). & Curated | 1
Sequence conflict 202 - 204 QST — VQS AA sequence (PubMed:4463937). & Curated I 3
Sequence databases

Seloctthalnk  M11314 MRNA Transiation: AAR4S094.1
destnations:  M11941 Genomic DNA Translation: AAA49095.1
@eve

Oocsntonk:
Ovoay:
PIR!  A23448, ISCHT
RefSeq' NP_990782.1, NM_205451.1

Genome annotation databases
Ensembi

ENSGALT 2; ENSGALF ENSGALC 26
ENSGALTO0D00071768; ENSGALPODODO044536; ENSGALGO0000014526
GeneD’ 396435

KEGG! gga:396435

Similar proteins

PO0940 Triosephosphate isomerase (Fragment) B MELGA .00 8s UniRef100_POCS40

Trosephosphate isomerasa (Fragment) . EURML -0 a1
“

Full view

Cross-references

‘Sequence databases
Select the ik M11314 mANA Translation: AAA49094.1

Gestrators:  M11341 Genomic DNA Translation: AAA49095. 1
@emon
Ooentars!
Ovoes
PIR'  A23448, ISCHT
RefSeq' NP_990782 1, NM_205451.1
30 structure databases
Select the ok PDB entry Method Resolution (A) Chain Positions. POBsum
estraors 15PQ Xeray 216 B 2248 B
©rose! 15Q7 Xeray 285 a® 2208 8]
Oncse pos: 1550 Xeray 290 B 2248 1
Oron' 155G Xeray 290 N8 2-240 8]
15US  Xeray 27 B 2-248 ]
15WO  Xeray FEA am 1-248 1)
15W3 Xy 203 N8 1-248 =]
1SW7  Xeray 222 B 1-248 O]
1M Xeray 2.50 N8 2248 1
P8 Xeray 190 3 2248 O]
1TPC Xerny 190 n 2248 [B]
1T Xeray 1.80 172 2248 (O]
1P Xeray 190 B 2248 8]
TPV Xeray 190 B 2248 O]
W Xeray 190 B 2248 1]
P61 Xeray 134 B 1248 ]
BTIM  X-ray 250 B 2248 O]
BMRE'  POOS40
SMR! PO0S40

ModBase'  Search
POBe-KB'  Search.

Protein-protein interaction databases.
BGRID! 676684, 1 interactor
ImAct’  PO0940, 1 intaractor

STRING' 9031, ENSGALPOO00023396

Proteomic databases
PmDb'  POOS40
PRIDE!  POOS40

Genome annotation databases.
Ensembi’  ENSGALTOD000023442; ENSGALPO000D023396; ENSGALGO0000014526
ENSGALT00000071768; ENSGALPOO000044536; ENSGALGOD000014526
GenelDi 396435
KEGG' gga:396435

Organism-specific databases.
cToi 7167

Phylogenomic databases
SINOG'  KOG164, Eukaryota
GenaTree' ENSGT00390000013354
HOGENOM:  CLU 024251 2 0.1
InParancid’  PO0S40

KO KO1803
OMA'  QEVCGAL
OmneDB*  1272577at2759

PhylomeDB¢  PO0S40
Treefam'  TFI00829
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Zaznam z databazy UniProt pre triozafosfatizomerazu (dokoncenie):

Display Enzyme and pathway databases

o

Public: 13 ’
e

Feature viewer

Feature table
SABIO-RK

R-GGA-352882, Glyeolysis
R-GGA-70171, Giycolysis
R-GGA-70263, Glucaneogenesis
FOD940

- [

PRO'  PRiPODS4D

B
TN o e s

G ] Bee  ENSGALGOO000014526, Expressed in skelstal muscle tissuz and 14 other tissues

(IR iy anc qomain atabases

3.20.20.70, 1 hit

MF_00147_8, TIM_B, 1 hit
View protein in InterPro
IPROL3785, Aldolase TIM
IPRO35390, TIM_sF
1PRO22895, TrioseP_lscase b
IPRODDESZ, Triosephosph:
1PRO20851, Triesephosph:
PTHR21139, PTHR21139, 1 hit
Wiew protein in Pfam
PFOO121, TIM, 1 hit
$5F51351, SSF51351, 1 hit

Gana3D
HAMAP®
IntarPro:

PANTHER'
Pham

SUPFAM

TIGRFAMS
PROSITE! Vi

ProloNat:  Search,
MoniDB®  Search...

Entry information

Enry rame* TRIS_CHICK
Accassion Primary (citable) accession number: PO0S40
Entry history Integrated into UniProtk8/Smiss-  July 21, 1986

prot:

Last sequence update January 23, 2007

Last modified: October 7, 2020

This is version 162 of the entry and version 2 of the sequence. See complete history.
Enry status Reviewed (UnIProtkB/Swiss-Prot)
Annotation program Chordata Protein Annotation Program

Miscellaneous

Keywords - Technical term
30-structure, Direct protsin sequencing, Referance protome

Documents
« PATHWAY comments
Index of metabolic and biosynthesis pathways
« PDB cross-refarences
Index of Protein Data Bank (POB) cross-references.
+ SIMILARTTY comments
Index of protein domains and families

Tools Core data

Supporting data

State Secretariat for Education,
Research and Innovation SERI

Main funding by: National Institutes of Health EMBL-EBI

Information

Pre pracu so sekvenciami — aj nukleotidovymi, aj aminokyselinovymi —

sa pouziva ich zapis v tzv. FASTA formate v textovom subore. V nom je kazda

sekvencia uvedena v prvom riadku znakom ,>“, za ktorym je jej nazov (napr.

vhodna skratka), priCom samotna sekvencia zacina na nasledujucom riadku:

>sp|P00940 | TPIS_CHICK Triosephosphate isomerase OS=Gallus gallus 0X=9031 GN=TPI1 PE=1 SV=2

MAPRKFEFVGGNWKMNGDKKSLGELIHTLNGAKLSADTEVVCGAPSIYLDFARQKLDAKIG
VAAQNCYKVPKGAFTGEISPAMIKDIGAAWVILGHSERRHVFGESDELIGQKVAHALAEG
LGVIACIGEKLDEREAGITEKVVFEQTKAIADNVKDWSKVVLAYEPVWAIGTGKTATPQQ
AQEVHEKLRGWLKSHVSDAVAQSTRIIYGGSVTGGNCKELASQHDVDGFLVGGASLKPEF

VDIINAKH
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3. Zaklady bioinformatickej — in silico — analyzy proteinov

Zaklady prace pri bioinformatickej analyze sekvencii proteinov, tzv. in silico
analyze, mozno ilustrovat na nasledujucom vzorovom priklade. Ide
o porovnanie 7 sekvencii enzymu triozafosfatizomeraza, pochadzajucich

z roznych zastupcov baktérii, archeonov a eukaryotov (tab. 3.1).

Tabul'ka 3.1. Zoznam Studovanych triézafosfatizomeraz.

C. Zdroj Skratka UniProt Dizka
Bacteria

1  Escherichia coli Escco POA858 255

2  Nostoc sp. PCC 7120 Nossp Q8YP17 241
Archaea

3  Pyrococcus furiosus Pyrfu P62002 228

4 Sulfolobus solfataricus Sulso Q97VMS8 227
Eucarya

S  Saccharomyces cerevisiae Sacce P00942 248

6 Arabidopsis thaliana Arath Q9SKP6 255 (61-315)

7  Homo sapiens (izoforma 1) Homsa P60174 249

Cely postup prace mozno zosumarizovat ako zadanie v nasledujucich

krokoch:

(1) Vytvorte si prie¢inok ,, TIM“.

(2) Vsetkych 7 sekvencii TIM zhromazdite z databazy UniProt do vstupného
suboru (,TIM.txt“) vhodného pre program Clustal-Omega.

(3) Na EBI serveri zrovnajte sekvencie TIM v programe Clustal-Omega:
http:/ /www.ebi.ac.uk/Tools/msa/clustalo/

a ziskajte dva subory: (i) format ALIGNMENT - ,Clustal with character
counts“ (subor: ,TIM_aln.txt“); a (ii) format Pearson/FASTA (subor:
»TIM_fas.txt“); ); dodrzte vstupné poradie sekvencii (input order).

(4) Subor ,TIM_aln.txt“ otvorte v editovacom programe (napr. MS-Word)
a v zrovnanych sekvenciach zvyraznite zltym podfarbenim
aminokyselinové zvySky aktivheho miesta (AsnlO, Lys12, His95
a GluleS v sekvencii triozafosfatizomerazy zo  Saccharomyces
cerevisaiae); subor ulozte ako dokument TIM_aln.doc.
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(5) Na EBI serveri v ramci nastroja Simple Phylogeny:
http:/ /www.ebi.ac.uk/Tools /phylogeny/simple_phylogeny/

vypocitajte subory pre dva evolucné stromy pre TIM: (i) s uvazovanim
medzier v sekvenciach - podmienka ,Exclude gaps“ je vypnuta: ,off*
(subor ,TIM_off.txt“); (ii) a s ich ignorovanim - podmienka ,Exclude
gaps“ je zapnuta: ,on“ (subor ,TIM_on.txt“). Oba subory pocitajte na
zaklade finalneho suboru zrovnania sekvencii vo formate
Pearson/FASTA - ,TIM_fas.txt“ (ktory je obsahovo zhodny so suborom
zrovnania vo formate ,,Clustal with character counts“ — ,TIM_aln.txt®).

(6) Vypocitajte hodnoty konsenzualnej dizky (CL), sekvenénej identity (SI)
a sekvencnej podobnosti (SS).

(7) Vypocitané evolucné stromy zobrazte v programe iTOL (Interactive Tree
of Life; https://itol.embl.de/) — napr. v rezime ,display mode“ ako
scircular (t.j. kruhovy typ stromu), vlozte ako exportované obrazky
(napr. PNG) do suboru ,TIM_aln.doc“, porovnajte a zapiSte diskusiu
celej prace.

Priprava vstupného suboru

Po vytvoreni priecinku (,TIM“), do ktorého sa budu - kvoli prehladnosti —
ukladat vsSetky udaje, je potrebné vytvorit si tzv. vstupny subor so
sekvenciami. Tento subor (,TIM.txt) je subor textového typu, pricom vsSetky
sekvencie v nom ulozené musia byt v tzv. FASTA formate (obr. 3.1). Pre
jednoduché ziskanie sekvencii su vtomto konkrétnom pripade udané
pristupové Ccisla (Accession Nos.) z databazy UniProt pre vSetkych 7
Studovanych triozafosfatizomeraz (tab. 3.1). Sekvencie by samozrejme mohli
byt ziskané aj z nukleotidovej databazy (GenBank/ENA/DDBJ), ak by boli
zadané pristupové Ccisla z tychto nukleotidovych databaz, pripadne tzv.
GenPept ,protein_id“ c¢isla (pre subory obsahujuce iba aminokyselinové
sekvencie). V kazdom pripade — akymkolvek sposobom sa sekvencie ziskaju —
vo vstupnom subore sa musia ulozit vo FASTA formate a subor musi byt
textovy subor, t.j. obsahuje iba text (nemodze to byt napr. sibor programu

MS-Word ulozeny ako ,dokument® — subor typu ,DOCY).

Zrovnavanie sekvencii
V dalSom kroku je potrebné vykonat samotné zrovnanie sekvencii. Na to je
mozné vyuzit rdzne zrovnavacie programy, vacSinou volne dostupné na

internete. Jednym z nich je aj program Clustal-Omega.
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>Escco
MRHPLVMGNWKLNGSRHMVHELVSNLRKELAGVAGCAVATIAPPEMYIDMAKREAEGSHIM
LGAQNVDLNLSGAFTGETSAAMLKDIGAQYIIIGHSERRTYHKESDELIAKKFAVLKEQG
LTPVLCIGETEAENEAGKTEEVCARQIDAVLKTQGAAAFEGAVIAYEPVWAIGTGKSATP
AQAQAVHKFIRDHIAKVDANIAEQVIIQYGGSVNASNAAELFAQPDIDGALVGGASLKAD
AFAVIVKAAEAAKQA

>Nossp
MRKIVIAGNWKMFKTQAESQEFLKEFLPALEETPQEREVLLCVPFTDLAILSQSLHGSLV
QLGAQNVHWAENGAYTGEISGPMLTEIGVRYVIVGHSERRQFFGETDETVNLRLQAAQKY
GLTPILCVGETKQORDSGETESLIVSQLDKDLINVDQTNLVIAYEPIWAIGTGDTCETTE
ANRVIGLIRSQLKNSDVPIQYGGSVKPNNIDEIMAQPEIDGVLVGGASLEAASFARIVNY
L

>Pyrfu
MAKLKEPITIAINFKTYIEATGKRALEIAKAAEKVYKETGVTIVVAPQLVDLRMIAESVET
PVFAQHIDPIKPGSHTGHVLPEAVKEAGAVGTLLNHSENRMILADLEAAIRRAEEVGLMT
MVCSNNPAVSAAVAALNPDYVAVEPPELIGTGIPVSKAKPEVITNTVELVKKVNPEVKVL
CGAGISTGEDVKKAIELGTVGVLLASGVTKAKDPEKAIWDLVSGIIKE

>Sulso
MKPPIIIINFKAYENSFGDKAVNLGKKIEKISKEYSVEITILSTPATMIYRMSQEVDLPIY
AEHVDPVPLGAFTGAILPEMVKDAGAKGTLINHSERRLRADEIDDVLKRTKKLGLKSILC
VDRYELVYPFSLLKPDAILIEPPELIGTGVSVSKAKPEVITRAVDEIRKSEGIYLIAGAG
ITTGEDVYKALKLGAHGIGVASAVMKAKEPEKVVEDFITSALRAISS

>Sacce
MARTFFVGGNFKLNGSKQSIKEIVERLNTASIPENVEVVICPPATYLDYSVSLVKKPQVT
VGAQNAYLKASGAFTGENSVDQIKDVGAKWVILGHSERRSYFHEDDKFIADKTKFALGQG
VGVILCIGETLEEKKAGKTLDVVERQLNAVLEEVKDWTNVVVAYEPVWAIGTGLAATPED
AQDIHASIRKFLASKLGDKAASELRILYGGSANGSNAVTFKDKADVDGFLVGGASLKPEF
VDIINSRN

>Arath
AGSGKFFVGGNWKCNGTKDSIAKLISDLNSATLEADVDVVVSPPEVYIDQVKSSLTDRID
ISGONSWVGKGGAFTGEISVEQLKDLGCKWVILGHSERRHVIGEKDEFIGKKAAYALSEG
LGVIACIGEKLEEREAGKTFDVCFAQLKAFADAVPSWDNIVVAYEPVWAIGTGKVASPQQ
AQEVHVAVRGWLKKNVSEEVASKTRIIYGGSVNGGNSAELAKEEDIDGFLVGGASLKGPE
FATIVNSVTSKKVAA

>Homsa
MAPSRKFEFVGGNWKMNGRKQSLGELIGTLNAAKVPADTEVVCAPPTAYIDFARQKLDPKI
AVAAQNCYKVTNGAFTGEISPGMIKDCGATWVVLGHSERRHVFGESDELIGQKVAHALAE
GLGVIACIGEKLDEREAGITEKVVFEQTKVIADNVKDWSKVVLAYEPVWAIGTGKTATPQ
QAQEVHEKLRGWLKSNVSDAVAQSTRIIYGGSVTGATCKELASQPDVDGFLVGGASLKPE
FVDIINAKQ

Obr. 3.1. Vstupny subor so sekvenciami pripravenymi na zrovnavanie. V tomto konkrétnom

pripade — podla zadania — napr. ,TIM.txt“. Je to zapis v tzv. FASTA formate; typ suboru je

textovy (t.j. iba text). Kazda sekvencia je uvedena v prvom riadku znakom ,>“, za ktorym sa

nachadza jej nazov (napr. vhodna skratka, ale moéze to byt aj napr. pristupové C¢islo

z databazy, apod.), priCom samotna sekvencia zacina na nasledujicom riadku. To sa

opakuje pre vSetky sekvencie.
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Program Clustal-Omega je vyuzitelny online ako ,nastroj“ cez web-
stranky Eurdopskeho ustavu pre bioinformatiku (EBI). Prostredie programu
Clustal-Omega je uzivatelsky privetivé a na obsluhu jednoduché.

Z jedného a toho istého vstupného suboru (v zmysle zadania; obr. 3.1)
sa pripravia dva subory so zrovnanymi sekvenciami:

(i) subor typu ALIGNMENT, v ktorom su sekvencie zrovnané v blokoch po
60 pozicii, pricom na konci kazdého bloku su udané cCiselné pozicie
prislusnych aminokyselinovych zvyskov z jednotlivych sekvencii (subor
»TIM_aln.txt)“ — obr. 3.2;

(ii) subor typu Pearson/FASTA, v ktorom su sekvencie zrovnané vzdy kazda
jedna samostatne acela vjednom kuse; tento subor je podobny
vstupnému suboru (je to FASTA format sekvencii), ale s tym rozdielom,
ze sekvencie su uz zrovnané, t.j. zarovnané na rovnaku (tzv.
konsenzualnu) dizku asa vnich povkladané medzery (subor:
»TIM_fas.txt“) — obr. 3.3.

V prvom pripade treba v programe zvolit podmienku cez ,Output
format“ ako ,Clustal with character counts“, kym v druhom pripade je to
podmienka ,Pearson/FASTA“. Oba subory su obsahovo identické, t.j. rozdiel
medzi nimi je len formalny - predstavuju rozdielne formy zapisu. Cez
podmienku ,More options“ a ,Order“ je vhodné zvolit ,input order” (t.j. nie
“aligned”), aby sa v zrovnani dodrzalo vstupné poradie sekvencii.

Subor zrovnania typu ,ALIGNMENT“ je vhodnejsi pre pouzivatela, napr.
pre dalSiu analyzu a pripadnu editaciu, ako aj pre pripravu obrazkov. Subor
zrovnania vo formate ,Pearson/FASTA®“ potom sluzi v dalSej praci ako
vstupny subor pre vypocet evoluécného stromu, resp. evoluénych stromov.

Pri praci - editacii — zrovnania vo formate ,ALIGNMENT®, napr. pri
identifikacii a zvyraznovani urcitych Specifickych ¢rt jednotlivych sekvencii —
ako mozu byt funkcéne doélezité aminokyselinové zvysSky alebo nejaké
konzervované sekvencné regiony, apod. — je potrebné sa spravne v zrovnani
orientovat. Treba napr. rozliSovat medzi poziciami v zrovnani a poziciami
jednotlivych zvySkov v prislusnych sekvenciach. Taktiez treba — napr. ak su
zadané nejaké konkrétne aminokyselinové zvySky — vzdy tieto pozicie spravne

identifikovat v sekvencii z daného zdroja (organizmu), aby nedoslo k chybam
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a zavadzajucim interpretaciam. Toto sa tyka zvySkov AsnlO, Lys12, His95
a Glul65 v sekvencii triozafosfatizomerazy zo Saccharomyces cerevisaiae —
pre konkrétny pripad 7 Studovanych triozafosfatizomeraz (tab. 3.1) — zvysSky
treba identifikovat s ohladom na dané aminokyseliny (t.j. N, K, H a E), ich
pozicie v sekvencii (t.j. nie pozicie v zrovnani) a s ohladom na ich zdroj
(Saccharomyces cerevisiae). Az potom je mozné pristupit k pripadnému
zvyrazneniu koresSpondujucich zvyskov v danej pozicii pre vSetky ostatné

zdroje v ramci celého Studovaného stuboru (obr. 3.4).

Internetové prostredie programu Clustal-Omega na EBI serveri:
http:/ /www.ebi.ac.uk/Tools/msa/clustalo/

EMBL-EBI

Clustal Omega

Input form | Web services | Help & Documentation < Share ; ® Feedback

Multiple Sequence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments

STEP 1 - Enter your input sequences

Enter o paste a set of PROTEIN ~ sequences in any supported format:

Or. upload afile: [ Prehfadavat_ | Nie je zvoleny sibor.

STEP 2 - Set your parameters

(i) ClustalW with character counts

—
The default settings |ciu tsers and, for that i
D (i) Pearson/FASTA
o e

nexus

OUTPUT FORMAT | Caustany win enarsctar counts

FrvLe
STEP 3 - Submit y( ce e
mmmmm

] Be notified by emi_ -

to be notified by email when the results are available)

EMBL-EBI Sel earch | Training | Industry  about us NN

Clustal Omega

Input form . Web services | Help & Documentation =X Share ® Feedback

Togls > Multiple Sequence Alignment > Clustal Omega

Multiple Seguence Alignment

Clustal Omega is a new multiple sequence alignment program that uses seeded guide trees and HMM profile-profile techniques to generate alignments.

STEP 1 - Enter your input sequences

Enter or paste a set of PROTEIN - sequences in any supported format:

Or. upload afile: | Prehfadavat. | Nie je zvoleny stbor.

STEP 2 - Set your parameters

OUTPUT FORMAT  Clustal w/o numbers v

DEALIGN INPUT SEQUENCES MBED-LIKE CLUSTERING GUIDE-TREE MBED-LIKE CLUSTERING ITERATION NUMBER of COMBINED TERATIONS
no - yes - yes ~ default(0) -
MAX GUIDE TREE ITERATIONS. MAX HMM TERATIONS ORDER

default - default - aligned [~]

aligned

STEP 3 - Submit your job

[0 Be notified by email (Tick this box if you want to be notified by email when the resulis are available)

INPUT — usporiadanie

sekvencii v poradi zo
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Escco
Nossp
Pyrfu
Sulso
Sacce
Arath
Homsa

Escco
Nossp
Pyrfu
Sulso
Sacce
Arath
Homsa

Escco
Nossp
Pyrfu
Sulso
Sacce
Arath
Homsa

Escco
Nossp
Pyrfu
Sulso
Sacce
Arath
Homsa

Escco
Nossp
Pyrfu
Sulso
Sacce
Arath
Homsa

Obr. 3.2. Zrovnanie vo formate ALIGNMENT - ,Clustal with character counts®, t.j. zrovnanie

—---MRHPLVMGNWKLNGSRH-—---- MVHELVSNLRK-ELAGVAGCAVAIAPPEMYIDMAK
—-—-MRKIVIAGNWKMFKTQA-—-—-—-- ESQEFLKEFLPALEETPQEREVLLCVPEFTDLAILS
MAKLKEPITIAINFKTYIEATGKRALEIAKAAEKVYK-——-—-- ETGVTIVVAPQLVDLRMIA
—-—-MKPPITIIINFKAYENSFGDKAVNLGKKIEKISK-—---- EYSVEITLSTPATMIYRMS
—--MARTFEFVGGNFKLNGSKQ—-—-—--— SIKEIVERLNT-ASI-PENVEVVICPPATYLDYSV
—AGSGKFEVGGNWKCNGTKD——-—-—-— SIAKLISDLNS-ATL-EADVDVVVSPPEVYIDQVK
MAPSRKFEVGGNWKMNGRKQ--——-- SLGELIGTLNA-AKV-PADTEVVCAPPTAYIDFAR

* o K

REAEGSHIMLGAQNVDLNLSGAFTGETSAAMLKDIGAQYITIGHSERRTYHKESDELIAK
OSLHGSLVQLGAQNVHWAENGAYTGEISGPMLTEIGVRYVIVGHSERRQFFGETDETVNL
ESVE---IPVFAQHIDPIKPGSHTGHVLPEAVKEAGAVGTLLNHSENRMILADLEAATIR-
QEVD---LPIYAEHVDPVPLGAFTGAILPEMVKDAGAKGTLINHSERRLRADEIDDVLK-
SLVKKPQVTVGAQNAYLKASGAFTGENSVDQIKDVGAKWVILGHSERRSYFHEDDKFETIAD
SSL-TDRIDISGONSWVGKGGAFTGEISVEQLKDLGCKWVILGHSERRHVIGEKDEFIGK
OKL-DPKIAVAAQNCYKVTINGAFTGEISPGMIKDCGATWVVLGHSERRHVFGESDELIGQ

* o kK . . K e e kkk Kk . .

KFAVLKEQGLTPVLCIGETEAENEAGKTEEVCARQIDAVLKTQGAAAFEGAVIAYEPVWA
RLOAAQKYGLTPILCVGETKQQORDSGETESLIVSQLDKDLIN---VDQTNLVIAYEPIWA
---RAEEVGLMTMVCSNNPAVS———--—-——-— AA-——————————— VAALNPDYVAVEPPEL
—-—-—-RTKKLGLKSILCVDRYELV-—-=-=--——- Yp-——————————- FSLLKPDAILIEPPEL
KTKFALGQGVGVILCIGETLEEKKAGKTLDVVERQLNAVLEE--VKDWTNVVVAYEPVWA
KAAYALSEGLGVIACIGEKLEEREAGKTEFDVCFAQLKAFADA--VPSWDNIVVAYEPVWA
KVAHALAEGLGVIACIGEKLDEREAGITEKVVFEQTKVIADN--VKDWSKVVLAYEPVWA

* . .« K . * %

IGTGKSATPAQAQAVHKFIRDHIAK-VDANIAEQVITIQYGGSVNASNAAELFAQPDIDGA

IGTGDTCETTEANRVIGLIRSQLKN-—————— SDVPIQYGGSVKPNNIDEIMAQPEIDGV
IGTGIPVSKAKPEVITNTVELVKKVN---—--— PEVKVLCGAGISTGEDVKKAIELGTVGV
IGTGVSVSKAKPEVITRAVDEIRKS——-—-——-- EGIYLIAGAGITTGEDVYKALKLGAHGI

IGTGLAATPEDAQDIHASTIRKFLASKLGDKAASELRILYGGSANGSNAVTFKDKADVDGE
IGTGKVASPQOQAQEVHVAVRGWLKKNVSEEVASKTRITIYGGSVNGGNSAELAKEEDIDGF
IGTGKTATPQQAQEVHEKLRGWLKSNVSDAVAQSTRITIYGGSVTGATCKELASQPDVDGF

* kK x . * . *

LVGGASLKADAFAVIVKAAEAAKQA-——- 255
LVGGASLEAASFARIVNYL---—-=-————-— 241
LLASGVTKAKDPEKAIWDLVSGIIKE--- 228
GVASAVMKAKEPEKVVEDFITSALRAISS 227
LVGGASLK-PEFVDIINSRN-———-—-—-——-— 248
LVGGASLKGPEFATIVNSVTSKKVAA---— 255

LVGGASLK-PEFVDIINAKQ-—-—-=-————-— 249

51
52
55
52
51
52
53

111
112
111
108
111
111
112

171
169
148
145
169
169
170

230
222
202
198
229
229
230

v blokoch s pocitanim zvySkov. V tomto konkrétnom pripade — podla zadania — napr.

,TIM_aln.txt“. Sekvencie su zrovnané v blokoch po 60 pozicii, priCom su v nich povkladané
medzery, aby bola maximalizovana ich podobnost. Identické a podobné koreSpondujtce

zvySky su zvyraznené symbolmi ,*

[43

aminokyselin v prislusnom bloku a v prislusnej sekvencii.
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>Escco

-—--MRHPLVMGNWKLNGSRH---—-- MVHELVSNLRK-ELAGVAGCAVAIAPPEMYIDMAK
REAEGSHIMLGAQNVDLNLSGAFTGETSAAMLKDIGAQYITITIGHSERRTYHKESDELTIAK
KFAVLKEQGLTPVLCIGETEAENEAGKTEEVCARQIDAVLKTQGAAAFEGAVIAYEPVWA
IGTGKSATPAQAQAVHKEFIRDHIAK-VDANIAEQVITIQYGGSVNASNAAELFAQPDIDGA
LVGGASLKADAFAVIVKAAEAAKQA—-——-

>Nossp

——-MRKIVIAGNWKMFKTQA--—--- ESQEFLKEFLPALEETPQEREVLLCVPFTDLAILS
QSLHGSLVQLGAQNVHWAENGAYTGEISGPMLTEIGVRYVIVGHSERRQFFGETDETVNL
RLOAAQKYGLTPILCVGETKQQORDSGETESLIVSQLDKDLIN---VDQTNLVIAYEPIWA

IGTGDTCETTEANRVIGLIRSQLKN-—-=-—-——— SDVPIQYGGSVKPNNIDEIMAQPEIDGV
LVGGASLEAASFARIVNYL-—-—-—-—-—-—-=-—

>Pyrfu

MAKLKEPITIAINFKTYIEATGKRALEIAKAAEKVYK-—-—--— ETGVTIVVAPQLVDLRMIA
ESVE---IPVFAQHIDPIKPGSHTGHVLPEAVKEAGAVGTLLNHSENRMILADLEAAIR-
—---RAEEVGLMTMVCSNNPAVS-——————— AA-—-—————————— VAALNPDYVAVEPPEL
IGTGIPVSKAKPEVITNTVELVKKVN-————— PEVKVLCGAGISTGEDVKKAIELGTVGV

LLASGVTKAKDPEKAIWDLVSGIIKE---

>Sulso

———-MKPPIIIINFKAYENSFGDKAVNLGKKIEKISK-—---- EYSVEIILSTPATMIYRMS
QEVD---LPIYAEHVDPVPLGAFTGAILPEMVKDAGAKGTLINHSERRLRADEIDDVLK-
-——RTKKLGLKSILCVDRYELV-=-==—=——— YP-——————————= FSLLKPDAILIEPPEL
IGTGVSVSKAKPEVITRAVDEIRKS-————-—-—- EGIYLIAGAGITTGEDVYKALKLGAHGI
GVASAVMKAKEPEKVVEDFITSALRAISS

>Sacce

—--MARTFFVGGNFKLNGSKQ—-——-- SIKEIVERLNT-ASI-PENVEVVICPPATYLDYSV
SLVKKPQVTVGAQNAYLKASGAFTGENSVDQIKDVGAKWVILGHSERRSYFHEDDKFIAD
KTKFALGQGVGVILCIGETLEEKKAGKTLDVVERQLNAVLEE--VKDWTNVVVAYEPVWA
IGTGLAATPEDAQDIHASIRKFLASKLGDKAASELRILYGGSANGSNAVTFKDKADVDGEF
LVGGASLK-PEFVDIINSRN-—-—-——-————

>Arath

-AGSGKFFVGGNWKCNGTKD—---—- SIAKLISDLNS-ATL-EADVDVVVSPPEFVYIDQVK
SSL-TDRIDISGONSWVGKGGAFTGEISVEQLKDLGCKWVILGHSERRHVIGEKDEFIGK
KAAYALSEGLGVIACIGEKLEEREAGKTFDVCFAQLKAFADA--VPSWDNIVVAYEPVWA
IGTGKVASPQOAQEVHVAVRGWLKKNVSEEVASKTRIIYGGSVNGGNSAELAKEEDIDGE
LVGGASLKGPEFATIVNSVTSKKVAA-—-

>Homsa

MAPSRKFEFVGGNWKMNGRKQ—-——-- SLGELIGTLNA-AKV-PADTEVVCAPPTAYIDFAR
QKL-DPKIAVAAQNCYKVTNGAFTGEISPGMIKDCGATWVVLGHSERRHVFGESDELIGQ
KVAHALAEGLGVIACIGEKLDEREAGITEKVVFEQTKVIADN--VKDWSKVVLAYEPVWA
IGTGKTATPQQAQEVHEKLRGWLKSNVSDAVAQSTRITIYGGSVTGATCKELASQPDVDGF
LVGGASLK-PEFVDIINAKQ-—-———————

Obr. 3.3. Zrovnanie sekvencii vo formate Pearson/FASTA. V tomto konkrétnom pripade —

podla zadania — napr. ,TIM_fas.txt“. Je to zapis v tzv. FASTA formate, t.j. rovnhakom, ako sa

pouziva pre pripravu vstupného suboru (obr. 3.1). Rozdiel je v tom, ze tu uz st sekvencie

zrovnané, t.j. st v nich povkladané medzery v snahe maximalizovat podobnost medzi

sekvenciami. Je to formalne odliSny, ale obsahovo identicky stibor so zrovnanim vo formate

ALIGNMENT (obr. 3.2).
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Escco —-—--MRHPLVMGNWKLNGSRH----- MVHELVSNLRK-ELAGVAGCAVAIAPPEMYIDMAK 51

Nossp —-—-MRKIVIAGNWKMFKTQA-—-—--- ESQEFLKEFLPALEETPQEREVLLCVPFTDLAILS 52
Pyrfu MAKLKEPITIAINFKTYIEATGKRALEIAKAAEKVYK-—-—-- ETGVTIVVAPQLVDLRMIA 55
Sulso —-—-MKPPIITINFKAYENSFGDKAVNLGKKIEKISK-—-—-—-- EYSVEIILSTPATMIYRMS 52
Sacce —-—-MARTFFVGGNFKLNGSKQ-—-—--- SIKEIVERLNT-ASI-PENVEVVICPPATYLDYSV 51
Arath -AGSGKFFVGGNWKCNGTKD-—--—-- SIAKLISDLNS-ATL-EADVDVVVSPPEFVYIDQVK 52
Homsa MAPSRKFEVGGNWKMNGRKQ—-—-—--— SLGELIGTLNA-AKV-PADTEVVCAPPTAYIDFAR 53

* o K

Escco REAEGSHIMLGAQNVDLNLSGAFTGETSAAMLKDIGAQYITIIGHSERRTYHKESDELIAK 111
Nossp QOSLHGSLVQLGAQNVHWAENGAYTGEISGPMLTEIGVRYVIVGHSERRQFFGETDETVNL 112
Pyrfu ESVE---IPVFAQHIDPIKPGSHTGHVLPEAVKEAGAVGTLLNHSENRMILADLEAAIR- 111
Sulso QEVD---LPIYAEHVDPVPLGAFTGAILPEMVKDAGAKGTLINHSERRLRADEIDDVLK- 108
Sacce SLVKKPQVTVGAQNAYLKASGAFTGENSVDQIKDVGAKWVILGHSERRSYFHEDDKEIAD 111
Arath SSL-TDRIDISGONSWVGKGGAFTGEISVEQLKDLGCKWVILGHSERRHVIGEKDEFIGK 111
Homsa QOKL-DPKIAVAAQNCYKVTINGAFTGEISPGMIKDCGATWVVLGHSERRHVFGESDELIGQ 112

* o kK . .« K e e kkk Kk . .

Escco KFAVLKEQGLTPVLCIGETEAENEAGKTEEVCARQIDAVLKTQGAAAFEGAVIAYEPVIWA 171
Nossp RLOAAQKYGLTPILCVGETKQQORDSGETESLIVSQLDKDLIN---VDQTNLVIAYEPIWA 169
Pyrfu -—--RAEEVGLMTMVCSNNPAVS———-———--— AA-——————————— VAALNPDYVAVEPPEL 148
Sulso -—-RTKKLGLKSILCVDRYELV-—-=—-———--— YP-——————————= FSLLKPDAILIEPPEL 145
Sacce KTKFALGQGVGVILCIGETLEEKKAGKTLDVVERQLNAVLEE--VKDWTNVVVAYEPVWA 169
Arath KAAYALSEGLGVIACIGEKLEEREAGKTFDVCFAQLKAFADA--VPSWDNIVVAYEPVWA 169
Homsa KVAHALAEGLGVIACIGEKLDEREAGITEKVVFEQTKVIADN--VKDWSKVVLAYEPVWA 170

* o .« K . * *

Escco IGTGKSATPAQAQAVHKEFIRDHIAK-VDANIAEQVIIQYGGSVNASNAAELFAQPDIDGA 230

Nossp IGTGDTCETTEANRVIGLIRSQLKN-—--—-——-— SDVPIQYGGSVKPNNIDEIMAQPEIDGV 222
Pyrfu IGTGIPVSKAKPEVITNTVELVKKVN-—-—-—-—-— PEVKVLCGAGISTGEDVKKAIELGTVGV 202
Sulso IGTGVSVSKAKPEVITRAVDEIRKS————-—-—— EGIYLIAGAGITTGEDVYKALKLGAHGI 198

Sacce IGTGLAATPEDAQDIHASIRKFLASKLGDKAASELRILYGGSANGSNAVTFKDKADVDGFE 229
Arath IGTGKVASPQOQAQEVHVAVRGWLKKNVSEEVASKTRIIYGGSVNGGNSAELAKEEDIDGE 229
Homsa IGTGKTATPQQAQEVHEKLRGWLKSNVSDAVAQSTRIIYGGSVTGATCKELASQPDVDGE 230

* kK k . * . *

Escco LVGGASLKADAFAVIVKAAEAAKQA-—-—-- 255
Nossp LVGGASLEAASFARIVNYL-—-———-—-—-——-— 241
Pyrfu LLASGVTKAKDPEKAIWDLVSGIIKE--- 228
Sulso GVASAVMKAKEPEKVVEDFITSALRAISS 227
Sacce LVGGASLK-PEFVDIINSRN-—-—-=-—-—-——-— 248
Arath LVGGASLKGPEFATIVNSVTSKKVAA--- 255

Homsa LVGGASLK-PEFVDIINAKQ-———-—-—-——-— 249

Obr. 3.4. Zrovnanie vo formate ALIGNMENT - ,Clustal with character counts®, t.j. zrovnanie
v blokoch s pocitanim zvyskov, prevedené do textového editora (napr. MS-Word; t.j. subor je
ulozeny ako dokument). V tomto konkrétnom pripade — podla zadania — napr. , TIM_aln.doc®.
V stibore je mozné robit formalne upravy, napr. farebné zvyraznenia funkéne dolezitych

aminokyselinovych zvyskov, konzervovanych sekvencnych regiéonov, apod.
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Konsenzudlna dizka

Na zaciatku mé kazda sekvencia svoju vlastnu dizku vyjadrenti poctom
aminokyselinovych zvySkov. Pri zrovnavani sa vyhladavaju konzervované
pozicie — bud identické alebo aspon podobné - ktoré su usporiadané
v zrovnani pod sebou, t.j. dostant sa na koreSpondujuice pozicie. Aby sa
maximalizoval pocet koreSpondujucich pozicii, do jednotlivych sekvencii sa
zrovnavacim programom vkladaju tzv. medzery (,gaps®), ktoré su
reprezentované v zrovnanych sekvenciach pomlckami.

Konsenzualna dizka (,consensual length“; CL) je dizka sekvencii po ich
zrovnani. Minimalne sa rovna dizke najdlhs§ej sekvencie zo suboru sekvencii,
ktoré su zrovnavané, ale len v tom jedinom pripade, ak by sa do nej nevlozila
ani jedna medzera. Zvycajne sa pri zrovnavani sekvencii vlozia medzery aj do
najdlhsSej sekvencie (najmé ak sekvencie nie su velmi podobné), preto je
konsenzualna dizka spravidla vzdy vaésia ako je dizka najdlhsej sekvencie.

Pre vzorové zadanie 7 Studovanych triozafosfatizomeraz (tab. 3.1) je

hodnota konsenzuéalnej dizky: CL = 269 (napr. obr. 3.2, resp. obr. 3.3).

Sekvencna identita
Sekvencna identita (,sequence identity“; SI) je vyjadrena ako suma vSetkych
identickych pozicii (program Clustal-Omega ich oznacuje symbolom ,*9),

vztiahnuta k hodnote konsenzualnej dizky. Udava sa v percentach.

Z (%)
S) [ p— x 100 (%)
CL

Pre vzorové zadanie 7 Studovanych triozafosfatizomeraz (tab. 3.1) je

hodnota sekvencnej identity: SI = (20/269) x 100 = 7,44 %.

Sekvencéna podobnost

Sekvencna podobnost (,sequence similarity; SS) je definovana ako suma
vSetkych identickych, aj podobnych pozicii (program Clustal-Omega ich
oznacuje symbolmi ,*, resp. ,:“ a ,.“), vztiahnuta k hodnote konsenzualne;j

dizky. Udava sa tiez v percentach.
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Z(*+:+))
SS = X 100 (0/0)
CL

Pre vzorové zadanie 7 Studovanych triozafosfatizomeraz (tab. 3.1) je
hodnota sekvencnej podobnosti: SS = [(20+27+16)/269] x 100 = (63/269) x
100 = 23,42 %.

Je potrebné si uvedomit, Zze hodnota sekvencnej identity je vzdy menSia,
maximalne rovna hodnote sekvencnej podobnosti, pretoze sekvencna
podobnost zahtna aj podobné, aj identické aminokyselinové zvysky
v zrovnani.

Z praktického hladiska napr. hodnoty SI=7,44% a SS=23,42% pre
vzorové zadanie 7 Studovanych triozafosfatizomeraz (tab. 3.1) znamenaju, ze
na 100 pozicii v sekven¢nom zrovnani je v priemere 92 pozicii, v ktorych sa
toleruje zmena aminokyseliny pri sucasnom zachovani funkcie enzymu
(triozafosfatizomerazy). Inymi slovami, sekvenénu identitu pod 10% mozno
povazovat skor za nizku, aj ked si je potrebné tiez uvedomit, ze funkcéne
dolezité zvysky (ktorych vSak nebyva vela — napr. pri enzymoch su to zvysky
katalytickej masSinérie, pripadne par dalSich zvykov aktivnheho miesta)
ostanu pri takejto nizkej hodnote konzervované. Zaroven, aj pri nizkej
hodnote sekvencnej identity, moze byt hodnota sekvencnej podobnosti
relativnhe vysoka; ¢o je aj pripad Studovanych 7 triozafosfatizomeraz zo

vzorového zadania, kde sa hodnota sekvencnej podobnosti blizi k 25%.

Vypocet evolucnych stromov

Pokial ide o vypoclty evolué¢nych stromov, tieto sa pocitaja na zaklade
zrovnanych sekvencii. Existuje viacero pristupov, na ktorych su vypocty
evoluénych vztahov zalozené (napr. metody UPGMA, Neighbour-joining,
Maximum likelihood, Maximum parsimony a Minimum evolution). Pre ticely
ziskania prvotnych skusenosti s uskutocnovanim zakladnej bioinformatickej
analyzy proteinov je dostacujuce oboznamit sa pripravou evoluc¢nych
stromov v ramci balika programu Clustal na serveri EBI, t.j. v ramci

programu Simple Phylogeny. Tento ponuka vypocet stromov dvomi
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jednoduchsimi metédami, a to klastrovacie metody UPGMA (,Unweighted
Pair Group Method with Arithmetic Mean”) a Neighbour-joining (metoda
spajania susedov). Z nich bude pouzivana prave Nieghbour-joining metoda,
ktora je predvolenou metédou v programe Simple Phylogeny.

Vstupnym suborom pre vypocet evolucnych stromov je zrovnanie vo
formate Pearson/FASTA (obr. 3.3), z ktorého sa v dvoch postupnych krokoch
ziskaju dva evolucné stromy, resp. ich subory (tab. 3.2):

(i) subor stromu zalozeny na uvazovani pozicii s medzerami v zrovnhanych
sekvenciach (subor ,TIM_off.txt)“ — do vypoctu sa beru vsSetky pozicie

vV zrovnani;

(ii) subor stromu zalozeny na ignorovani pozicii s medzerami v zrovhanych
sekvenciach (subor ,TIM_ on.txt)* - do vypoctu sa neberu pozicie

v zrovnani, v ktorych sa nachadaju medzery.

V prvom pripade treba v programe zvolit podmienku ,Exclude gaps“ ako
,off — t.j. treba ju vypnut, kym v druhom pripade je treba tito podmienku
zvolit ako ,on“ — t.j. treba ju zapnut.

Pre zrovnavané sekvencie, ktoré maju vysoky stupen sekvencnej
podobnosti (identity), t.j. pri zrovnavani bolo do nich vloZzenych malo
medzier, stromy pocitané s uvazovanim pozicii s medzerami a sich
ignorovanim z toho istého zrovnania si budu velmi podobné. Pokial vSak
sekvencie vykazuju nizky stupen vzajomnej podobnosti, t.j. ich zrovnanie
obsahuje vela pozicii s medzerami, stromy moéozu byt hodne odlisné. Ide o to,
ze ak sa v sekvenénom zrovnani nachadza prili§ vela pozicii s medzerami, pri
vypocte evoluc¢ného stromu s ich ignorovanim moze sluzit ako zaklad pre
vypocet stromu len malo pozicii zrovnania v porovnani s jeho celou, t.j.
konsenzualnou diZkou. To znamena, Ze pri vypocte evoluéného stromu
s uvazovanim pozicii s medzerami sa bera do uvahy aj podobnosti, aj
rozdiely v sekvenciach, kym pri vypocte stromu zalozenom na ignorovani
pozicii s medzerami sa pozornost sustreduje skor na to, co dané sekvencie
spaja, t.j. ¢o maju spolocné (podobné) — co je konzervované u vSetkych
sekvencii z daného Studovaného suboru - za sutcasného mozného
ignorovania vacsiny rozdielnych ¢t medzi sekvenciami. Treba pripomenut,

ze obidva pristupy maju takto svoje vyhody, aj nevyhody.
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Internetové prostredie programu Simple Phylogeny na EBI serveri:

http:/ /www.ebi.ac.uk/Tools/phylogeny/simple_phylogeny/

# EMBL-EBI  Services ~ Research  Training  Industry  Aboutus Q EMBL-EBI Hinxton ~

Simple Phylogeny

[USCHIMN  \Web services | Help & Documentation ® Feedback | <3Share

Tools = Phylogeny > Simple Phylogeny

Simple Phylogeny

This tool provides access to phylogenetic free generation methods from the ClustalW2 package. Please nofe this is NOT a multiple sequence alignment fool. To perform

a multiple sequence alignment please use one of our MSA tools

STEP 1 - Enter your multiple sequence alignment

Enter or paste a multiple sequence it in any supported format

Or, upload a file: | Prehladavat.. | Nie je zvoleny stibor.

STEP 2 - Set your Phylogeny options
TREE FORMAT DISTANCE CORRECTION EXCLUDE GAPS CLUSTERING METHOD PLM.

- off -
on
[ Be notified by email (Tick this box if you want to be notified by email when the results are available)

off

Default v

Neighbour-joining v

STEP 3 - Submit your job

Tabul'ka 3.2. Vypocitané subory evolu¢nych stromov.

TIM_off.txt

TIM_on.txt

(
Escco:0.26481,

(
Nossp:0.31843,

(
Pyrfu:0.30106,
Suls0:0.27483)
:0.19220)
:0.02373,

(
Sacce:0.24481,

(

Arath:0.19143,
Homsa:0.18760)
:0.04340)
:0.04189);

(
(
Escco:0.25239,

(
Sacce:0.22289,

(

Arath:0.18242,
Homsa:0.17644)
:0.03309)
:0.04785)
:0.02512,
Nossp:0.30981,

(
Pyrfu:0.29665,
Sulso:0.26316)
:0.21172);
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Uvodna web-stranka programu iTOL (interactive Tree of Life)
https://itol.embl.de/
ITOL ;35550%  Treeoflie  Upload  Sharingdata  Help ~

| \.»\x\‘\(\\\\\:::\\,\\\\\\\&‘,}}_{f\\}{\‘\‘X‘;\JsiiE‘a‘liiiifiii!f!!
‘\\\\ IR A\ %4 R

i G
Wi, oy

T W

| .

AT

Wy,

/4
i W%,
Ly "
r{r' /////Z// // /////%
Welcome to iTOL 4

7
Interactive Tree Of Life is an online tool for the display, annotation and *

- e
7 Z:
= Z
= =
= ==\
. e er
management of phylogenetic trees. . o T
Explore your trees directly in the browser, and annotate them with various = =
e =
types of data. == E
@000
— = T )

weznanil

<
Manage Annotate
Organize your trees into workspaces and projects.
and access them from any browser. Simply drag and
drop multiple tree files onto a project to upload them
all at once

18 dataset types. Full control over branch colors,
widths and styles. Individually adjustable label fonts.
sizes and styles.

Export

Create high quality vector or bitmap figures for your
publications. Direct WYSIWYG export of what is

displayed on the screen
Prostredie programu iTOL pre nacitanie suboru evolu¢ného stromu:
|Tol_ Forki e Tree of Life _ Sharing data
Upload a new tree

Help ~

Login
instructions.

Use this page to upload and visualize a new phylogenetic tree. It should be in a plain text file and in a supported format (Newick, Nexus or PhyloXML).
Dataset

You can also use _jplace files generated by RaxML or pplacer, or .qgza trees generated by QIIME 2. Please check the help pages for detailed

Trees uploaded anonymously will be stored for 30 days, and are not protected from modifications by other users. If you want to keep them private and
protected, or have multiple trees to visualize, we recommend creating an iTOL personal account. If you already have an account, please login first.
and other tati

and dataset template files. Example tree and annotation files are available for download.
Upload a new tree

Tree name:

1 should be dragged and dropped directly onto the interactive tree. Please check the help pages for detailed instructions
optional

QZA files).

Tree text:

Paste your tree into the box below, or select a file using the Tree file selector. You can also simply drag and drop the tree file onto the page (only a regular plain text file, not QIIME
Tree file:

Prehl'adavat’... | Nie je zvoleny s(ibor.

Upload
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Prostredie programu iTOL — moznosti zobrazenia evolu¢ného stromu:

ITO

Tree scale: 0.1 ————

TreE O Lift

& 2e PO®

InTERACTIVE

Tree of Life m Sharing

Help Login  Register
2 Controls IS
a. Basic | Advanced & Datasets = Export
i Circular | Normal  Unrooted
& Display mode
& Parameters 210 - ° rotation|350 - °arc
Invert = No
4’03‘7 Branch lengths Use gnore
0
Labels Aligned At tips off
Label rotation Q ot
Label alignment Left Right
Label shift o
Escco Label font  Arial Add
Font style |70 el (B4
Branch lines 4 px [l ¥| cuved | Moemal
Branch gradients On off
.3
‘Aﬂ‘“g Dashed lines 03 Z|# v
Save/restore view Reset all
%
OC‘
@
£
[
<

Citation: Letu 1d Bork (2019) Nucleic Acids Res dol: 10.1093/narigkz238 | Privacy Policy

Moznosti, pri exportovani suboru obrazku evolué¢ného

stromu:

Controls A

Basic Advanced Datasets Export

Format  PNG: Portable Network G v

Resolution | 120 | DPL

Export area Screen Full image

Colored ranges legend ©n  Off

Legend title |Colored ranges

If the download did not start
automatically, please click here.

Reset all

Save/restore view

Pre vzorové zadanie 7 Studovanych triozafosfatizomeraz (tab. 3.1) su

obidva evolucné stromy - pocitané na zaklade zrovnania s uvazovanim

pozicii s medzerami, aj s ich ignorovanim - znazornené na obr. 3.5. Oba

stromy su v podstate velmi podobné. Na stromoch su tri zoskupenia (klastre)

triozafosfatizomeraz z tychto organizmov: (i) archeéony — Pyrococcus furiosus

(Pyrfu) a Sulfolobus solfataricus (Sulso);

(i) eukaryoty — Homo sapiens

(Homsa), Arabidopsis thaliana (Arath) a Saccharomyces cerevisiae (Sacce); a

(iii baktérie — Escherichia coli (Escco) a Nostoc sp. PCC 7120 (Nossp).

Sekvencie eukaryotickych triozafosfatizomeraz su si evidentne viac podobné

(pribuzné) ako dvojica archealnych tridzafosfatizomeraz, i ked obe dvojice

tvoria na evolu¢nych stromoch vzajomne najblizSie pribuzny par sekvencii.
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Obr. 3.5. Ilustracie evoluénych stromov. V lavej ¢asti obrazku su tzv. kruhové (,circular)
typy a v pravej ¢asti su tzv. pravouhlé (,rectangular) typy zobrazenia evolu¢nych stromov.
V prvom pripade je dolezitd aj samotna dizka vetiev (je tam udana mierka, ktorej dizka
udéava zmenu 0,1 aminokyseliny na dané miesto), kym v druhom pripade dizka vetiev je len
pomerna (jej dizka nema redlny vyznam). Zobrazené subory su konkrétne subory pre
vzorové zadanie 7 Studovanych tri6zafosfatizomeraz, t.j. (a) TIM_off.txt“ a (b) ,,TIM_on.txt“.
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4. HCA - metoda analyzy hydrofobnych klastrov

Metoda analyzy hydrofobnych klastrov — HCA (,Hydrophobic Cluster
Analysis“) — bola vyvinuta a predstavena ako nova metoda na porovnanie
a zrovnavanie sekvencii proteinov v roku 1987 (obr. 4.1). Je to metoda
pouzitelna iba na aminokyselinové sekvencie. Jej podstatou je dvoj-rozmerna
reprezentacia sekvencie proteinu, v ktorej obraze su urcené hydrofébne
klastre; pricom tieto dvoj-rozmerné vzory rozlozenia hydrofébnych
aminokyselinovych zvyskov sluizia dalej na porovnanie sekvencii.

K vyhodam metody HCA patri, ze: (i) nevyzaduje k svojej realizacii
vykonnu vypoctova techniku; (ii) je vhodna aj na analyzu vzdialene
pribuznych proteinov (t.j. pri vysokom stupni ich divergovanosti); (iii) je
senzitivnejSia ako bezné zrovnavacie programy (napr. Clustal-Omega, apod.);
a (iv) mozno ju vyuzit aj pri absencii udajov o terciarnej Struktuare
Studovanych proteinov. Na druhej strane si vSak jej spolahlivé vyuzitie
vyzaduje ziskat vacSiu rutinu a prax, ako pri praci s beznymi programami na
zrovnavanie sekvencii. Na obr. 4.2 su titulné stranky publikacii, v ktorych

bola HCA metoda predstavena po niekolkych rokoch tispesSného pouzivania.

Volume 224, number I, 149-155 FEB 05299 November 1987

Hydrophobic cluster analysis: an efficient new way to
compare and analyse amino acid sequences

C. Gaboriaud, V. Bissery, T. Benchetrit ~ and J.P. Mornon

Groupe Cristaliographie et Simulations Interactives des Macromolecules Biologigues, Laboratoire de
Minéralogie-Cristallographie, CNRS UA09, Universités P6 et P7, Ti6, 4 place Jussieu, 75252 Paris Cedex 05 and
* Département de Chimie Organigue, UA498 CNRS, U266 INSERM . UER des Sciences Pharmaceutiques et Biologiques.
4 avenue de ['Observatoire, 75006 Paris, France

Received 24 September 1987

A new method for comparing and aligning protein sequences is described. This method, hydrophobic cluster

analysis (HCA), relies upon a two-dimensional (2D) representation of the sequences. Hydrophobic clusters

are determined in this 2D pattern and then used for the sequence compansors. The method does not require

powerful computer resources and can deal with distantly related proteins. even if no 3D data are available.

This is illustrated in the present report by a comparison of human haemoglobin with keghacmoglobin, 2

comparison of the two domains of liver rhodanese (thiosulphate sulphurtransferase) anc a comparison of
plastocyanin and azurin.

Protein sequence comparison; Conformation homology: Protein structure prediction

Obr. 4.1. Uvodna publikacia vo FEBS Letters z roku 1987 o metéde HCA.
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Biochimie (1990) 72, 555-574 555
© Société frangaise de biochimie ct biologie moléculaire / Elsevier, Paris

Hydrophobic cluster analysis: procedures to derive structural
and functional information from 2-D-representation of protein sequences

L Lemesle-Varloot!, B Henrissat?, C Gaboriaud'3, V Bissery!, A Morgat!4, JP Mornon*!

ILaboratoire de Minéralogie-Cristatlographie, Universités Paris 6 and 7, CNRS URA 09, T16, 4 place Jussieu, 75252 Paris Cedex 05;
2Cenire de Recherches sur les Macromolécules Végétales, CNRS, Univeisizé Josepli Fourier, BP 53X, 38041 Grenoble;
3Institut de Chimie des Substances Naturelles, CNRS, 91190 Gif-sur-Yveite;
4Service de Modélisation Moléculaire, Cenire de Recherches Rhone Powlenc Santé, 13 quai Jules Guesde, 94403 Vitry-sur-Seine Cedex, France

(Received 28 June 1990; accepted 11 July 1990)

Summary - Hydrophobic cluster analysis (HCA) [15] is a very efficient method to analyse and compare protein sequences. Despite its effecti-
veness, this metho-f is not widely used because it relies in part on the experience and training of the user. In this article, detailed guidelines as
to the use of HCA are presented and include discussions on: the definition of the hydrophobic clusters and their relationships with secondary
and tertiary structures; the length of the clusters; the amino acid classification used for HCA; the HCA plot programs; and the working strategies.
Various procedures for the analysis of a single sequence are presented: structural segmentation, structural domains and secondary structure
evaluation, Like most sequence analysis methods, HCA is more efficient when several homologous setﬁ:lences are compared. Procedures for
the detection and alignment of distantly related proteins by HCA are described through several published examples along with 2 previously
unreported cases: the S-glucosidase from Ruminococcus albus is clearly related to the B-glrcosidascs from Clostridium thermocellum and
Hansenula anomala although they display a reverse organization of their constitutive domains; the alignment of the sequence of human GTPase
activating protein with that of the Crk oncogene is presented. Finally, the pertinence of HCA in the identification of important residues for
structure / function as well as in the preparation of homology modelling is discussed.

protein sequences / protein structure / alignment / sequence comparisons / secondary structure / homology detection

CMLS, Cell. mol. life sci. 53 (1997) 621-645
1420-682X/97/080621-25 § 1.50 +0.20/0 I . .
© Birkhiiuser Verlag. Basel, 1997 CM Ls Cellular and Molecular Life Sciences

Review

Deciphering protein sequence information through
hydrophobic cluster analysis (HCA): current status and
perspectives

I. Callebaut®, G. Labesse?, P. Durand®, A. Poupon®, L. Canard®, J. Chomilier*, B. Henrissat"

and J. P. Mornon™*

“Systemes Moléculaires et Biologie Structurale, LMCP, CNRS URA 09, UP6/UP7, Case 115, 4 place Jussieu,
F-75252 Paris Cedex 05 (France), Fax +33 1 44 27 37 85, e-mail: Isabelle.Callebaut@lmep jussieu.fr
°Centre de Recherches sur les Macromolécules Végétales**, CNRS, BP53, F-38041 Grenoble Cedex 9 (France)

Obr. 4.2. Titulné stranky publikacii v ¢asopisoch Biochimie a Cell. Mol. Life Sci. z rokov
1990, resp. 1997, v ktorych boli sumarizované pokroky v pouzivani met6édy HCA.
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Teoretické zaklady a postup jednotlivych krokov veducich k ziskaniu

HCA obrazu sekvencie proteinu je vysvetleny na obr. 4.3.
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Obr. 4.3. Popis jednotlivych krokov veducich k ziskaniu HCA obrazu sekvencie proteinu.
VSeobecna aminokyselinova sekvencia (linearna; 1D) je znazornena s farebne zvyraznenymi
hydrofébnymi zvySkami. Vybranym aminokyselinam (Gly, Pro, Thr a Ser) st priradené
§pecialne symboly. VSetky aminokyselinové zvysSky st rozdelené na hydrofébne (hodnota , 1)
a hydrofilné (hodnota ,0“). Sekvencia je nasledne zapisana (navinuta) na Spiralu a zobrazena
pozdiz valca, ktory je potom prerezany paralelne so svojou osou (2D). Takto vzniknuty
dvojrozmerny diagram je duplikovany v snahe obnovit celkové okolité prostredie kazdej
aminokyseliny. Hydrofébne zvysky nie su distribuované nahodne, ale tvoria klastre, ktoré su
zvyraznené programom pomocou obkreslenia. Pozicie hydrofobnych klastrov mézu
koreSpondovat s poziciami pravidelnych elementov sekundarnej Struktury (a-helixy a -
vlakna), ¢o je znazornené na koreSpondujicej experimentalnej terciarnej Struktare (3D).
Upravené podla Callebaut et al. (1997).
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Okrem identifikacie pripadnych koreSpondencii medzi sekvenciami
vzdialene pribuznych proteinov, mozno metodu HCA - ale len v urcCitom
zjednoduSenom priblizeni — vyuzit aj na cCiastocnu predikciu sekundarnej
Struktury proteinov. Je to v désledku toho, ze tvary hydrofébnych klastrov
moze koreSpondovat s pravidelnymi elementami sekundarnej struktary, ako
su a-helixy a B-vlakna. Horizontalne pretiahnuty tvar hydrofobneho klastra
moze indikovat pritomnost a-helixu, kym vertikalne pretiahnuty tvar klastra

moze byt spojeny s existenciou B-vlakna v Struktare proteinu (obr. 4.4).

270 280 290 300 310 320 330

a-helix p-vlakno

Obr. 4.4. Ilustracia horizontalneho a vertikalneho hydrofébneho klastra v HCA obraze
sekvencie proteinu, ktora moze naznacovat a-helix, resp. f-vlakno v jeho Struktuare.

Pre lepSiu vizualizaciu a ulahc¢enie identifikacie koreSpondencii medzi
analyzovanymi sekvenciami proteinov, Styri vybrané aminokyseliny maju
Specialne symboly: glycin — 4; prolin — *; treonin — [J; a serin — [.

V metode HCA je 20 aminokyselin rozdelenych do dvoch hlavnych tried:
(i) hydrofébne; a (ii) hydrofilné a/alebo indiferentné k ich prostrediu. Toto
rozdelenie je urobené arbitrazne, kvoli zjednodusSeniu a moznosti analyzovat
potencialne hydrofobne klastre, aj ked nie celkom odpoveda realite.
V skutoc¢nosti ma kazda aminokyselina svoju vlastnua hodnotu
hydrofobnosti, resp. hydrofilnosti, a to aj v zavislosti od podmienok merania.

Pre globularne proteiny plati, Ze prevazne hydrofobne aminokyselinové
zvySky tvoria vnutorné jadro proteinu, kym prevazne hydrofilné zvysky tvoria
povrch (ochrana jadra pred vodou a ionmi). Toto rozdelenie je désledkom

entropickych a entalpickych sil, ktoré Zenu proces k tvorbe hydrofébnych
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klastrov (interakcii) vo vnutornych oblastiach proteinu. Hydrofébne

interakcie su jednym zo zakladov udrziavania terciarnej Struktury proteinu.

Hydrofobne aminokyseliny su uprednostnované vo vnutornych castiach

pravidelnych elementov sekundarnej Struktury (a-helix a B-list), priCom sa

menej vyskytuju v nepravidelnych elementoch sekundarnej Struktary

(slucky a ohyby).

Na zaklade pozorovani, skusenosti a vypoctov bolo 20 aminokyselin
rozdelenych v metéde HCA nasledovne:

(i) silne hydrofobne aminokyseliny (Val, Ile, Leu a Phe) — s hodnotou HCA:
,1“ — ktoré su hnacou silou tvorby hydrofobnych, vnutornych casti
elementov sekundarnej Struktury;

(ii stredne hydrofobne aminokyseliny (Met, Trp a Tyr) - rovnako
s hodnotou HCA: , 1 — kazda so svojimi Specifickymi vlastnostami;

(iii) vSetky ostatné aminokyseliny (Gly, Ala, Ser, Thr, Cys, His, Pro, Asp,
Glu, Asn, Gln, Lys a Arg) — s hodnotou HCA: ,0“ — su povazované za

hydrofilné, resp. nie hydrofébne.

Usek bohaty na serin a treonin

40 150 10
| | | I

Obr. 4.5. Predikcia medzidoménovej oblasti proteinu — tisek bohaty na treonin a serin.

Aminokyselina prolin, ktora ¢asto prerusuje sekundarne Struktury, je
povazovana za zvySok prerusSujuci hydrofébne klastre. Cystein neprerusuje
klastrové spravanie aminokyselin v proteinoch, ale tvori S-S mostiky. Zvysky
treonin a serin casto maskuju svoju polaritu a ich zvySena pritomnost moze
signalizovat hrani¢né oblasti domén v proteinoch (obr. 4.5). Kyselina
asparagova a kyselina glutamova su na opacnej strane spektra ako valin,

leucin, izoleucin a fenylalanin.
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Metéda HCA - priprava HCA obrazu sekvencie proteinu — je dostupna
na internete: https://mobyle.rpbs.univ-paris-diderot.fr/; v ramci ,Programs*

postupom cez ,Structure” — ,Prediction“ — ,2D Structure“ - ,HCA®.

RPBS Web Portal fquesy

[more] Welcome Forms Data Bookmarks Jobs Tuterials

Programs
® Drugs Vol 1
o Peplies Welcome to Mobyle, a portal for bicinformatics analyses
© Sequence
Structure
Test 0810612020 On August 12-13th, the Mabyle portal wil be unreachable for electric power supply maintenance starting from 8:00am GMT+1. Expecled downtime of 24

— hours but may be subject to extension. We are sorry for any Inconvenience
@ Data formats 0311172020 On March 13th-15th, the Mobyle portal will be unreachable for network maintenance starting from 4:00pm GMT+1. We are sorry for any inconvenience.
& Howtocite
@ Overview 1210512019 Proteo3Dnet enhanced by connection to ELM and better on-line interactive graph exploration
@ PDBInput

091172019 following electric power supply failure. We are sorry for any inconvenience.
Registratio

@ Regletration 08/05/2019 following server malfunction. We are sorry for any inconvenience.
@ Stepbystep

Services Help Pages 0712212019 On August 12-13th, the Mabyle portal wil be unreachable for electric power supply maintenance starting from 8:00am GMT+1. Expecled downtime of 48
@ BC3earch hours but may be subject to extension. We are sorry for any Inconvenience
o ’mrk[’““;“‘ 07/07/2019  Proteo3Dnet (formerly MS2MODELS), a service dedicated to probing protein interaction networks by proteomics and structural data integration, is now available.
@ fpocket
@ Frog2 05/29/2019 following server maintenance. We are sorry for any inconvenience.
& HHalign-KE
@ InterEvDock2 05/242019 On May 27th, the Mobyle portal will be unreachable for server maintenance starting from 10:00am GMT+1. We are sorry for any inconvenience.
& MTiAutoDock/MTiOpenScreen
© PatchSearch NRINRIZINAG lunutar trainina eaccinn  lina R.Ath at RPRS -
@ Proteo3Dnet Credits
@ PCE
© FEF-FOLD Mabyle is a platform developed jointly by the Institut Pasteur Biokagy IT Center and the Ressource Parisienne en Bioinformatique Structurale.
.'4 PEP-FOLD3 More information about this project can be found here.
@ PEP-SiteFinder
@ pepATTRACT
@ SABBAC
@ SAFrag
@ SolyPep
@ Yakusa
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o Simulation
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https://mobyle.rpbs.univ-paris-diderot.fr/

Nasledujuci

priklad ilustruje pripravu HCA obrazu sekvencie

polygalakturonazy z Aspergillus niger, sekvencia ktorej je ulozena v databaze

UniProt pod pristupovym cislom: P26214.

>sp|P26214|PGLR2_ASPNG Endopolygalacturonase-2 OS=Aspergillus niger

MHSFASLLAYGLVAGATFASASPIEARDSCTFTTAAAAKAGKAKCSTITLNNIEVPAGTT
LDLTGLTSGTKVIFEGTTTFQYEEWAGPLISMSGEHITVTGASGHLINCDGARWWDGKGT
SGKKKPKEFFYAHGLDSSSITGLNIKNTPLMAFSVQANDITETDVTINNADGDTQGGHNTD
AFDVGNSVGVNIIKPWVHNQODDCLAVNSGENIWEFTGGTCIGGHGLSIGSVGDRSNNVVKN
VTIEHSTVSNSENAVRIKTISGATGSVSEITYSNIVMSGISDYGVVIQQODYEDGKPTGKP
TNGVTIQDVKLESVTGSVDSGATEIYLLCGSGSCSDWTWDDVKVTGGKKSTACKNEPSVA

SC

Sekvenciu — ako text — je potrebné vlozit ako vstupny udaj (,query®)

a vysledky, t.j. HCA obraz sekvencie proteinu, je mozné ziskat ako ,PDF“

alebo ,PostScript® subor, ato bud v ¢ierno-bielej verzii alebo farebom

prevedeni.
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Vstupna sekvencia:

Aspergillus niger

>sp|P26214|PGLR2_ASPNG Endopolygalacturonase-2 OS

MHSFASLLAYGLVAGATFASASPIEARDSCTFTTAAAAKAGKAKCSTITLNNIEVPAGTT
LDLTGLTSGTKVIFEGTTTFQYEEWAGPLISMSGEHITVTGASGHLINCDGARWWDGKGT

SGKKKPKFFYAHGLDSSSITGLNIKNTPLMAEFSVQANDITETDVTINNADGDTQGGHNTD
AFDVGNSVGVNITIKPWVHNQDDCLAVNSGENIWEFTGGTCIGGHGLSIGSVGDRSNNVVEKN

VITIEHSTVSNSENAVRIKTISGATGSVSEITYSNIVMSGISDYGVVIQODYEDGKPTGKP
TNGVTIQDVKLESVTGSVDSGATEIYLLCGSGSCSDWTWDDVKVTGGKKSTACKNEPSVA

sC

Vysledny HCA obraz sekvencie v ¢ierno-bielej a farebnej verzii:

=3
=
=3
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5. BLAST - nastroj na vyhl'adavanie sekvencnych podobnosti

Uvodna web-stranka nastroja BLAST:

https:/ /blast.ncbi.nlm.nih.gov/

Information

BLAST @ Home  RecentResults  Saved Strategies  Help
Basic Local Alignment Search Tool O
BLAST finds regions of similarity between biological sequences. The program The RefSeq Select data-set consists of a representative or “Select” transcript for
compares nucleotide or protein sequences to sequence databases and every protein-coding gene.
calculates the statistical significance. Learn more
Tue, 13 Oct 2020 12:00:00 EST More BLAST news...
Web BLAST
BLAST Genomes
Enter organism commen name, scientific name, or tax id
Human Mouse Rat Microbes
Standalone and API BLAST
‘ Download BLAST Use BLAST API Use BLAST in the cloud
L] GetBLAST databases and executables mm Call BLAST from your application Start an instance at a cloud provider
Specialized searches
Find proteins highly similar Design primers specific to Compare two sequences Find conserved domains in
toyour query your PCR template across their entire span your sequence
(Needleman-Wunsch)
Search immunoglobulins Search sequences for vector Find sequences with similar Align seguences using
and T cell receptor contamination conserved domain domain and protein
sequences architecture constraints
Establish taxonemy for
uncultured or
environmental sequences
BLAST is a registered trademark of the National Library of Medicine Support center  Mailing list &

NCBI
National Center for Biotechnology Information, U.S. National Library of Medicine
8600 Rockville Pike, Bethesda MD, 20894 USA

\@; TS0

MEDICINE.

Policies and Guidelines | Contact
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BLAST (,Basic Local Alignment Search Tool“) je internetovy nastroj, ktory
hlada regiony lokalnej podobnosti medzi sekvenciami. Program porovnava
nukleotidové alebo aminokyselinové sekvencie k sekvenénym databazam
a pocCita Statisticki vyznamnost zhody. BLAST mozno pouzit na odvodenie
funkénych a evoluénych vzajomnych vztahov medzi sekvenciami, ako aj ako
pomocku pri identifikovani génovych a proteinovych rodin. BLAST bol
originalne vyvinuty a predstaveny vedeckej komunite v roku 1990; jeho
domovska web-stranka je v ramci systému Entrez na serveri NCBI.

K zakladnému programovému vybaveniu patria Standardné typy
BLASTn a BLASTp, ktoré prezeraju nukleotidové databazy s pouzitim
zaujmovej sekvencie (,query“) nukleotidovej, resp. proteinové databazy
s pouzitim zaujmovej sekvencie (,query“) aminokyselinovej. Ako query je
oznacovana sekvencia, o BLAST ktorej je zaujem, t.j. mozno ju povazovat aj
za dopytovu sekvenciu, pripadne ziadanku. K dalSim zakladnym programom
patria aj programy BLASTx a tBLASTn, ktoré prehladavaju proteinové
databazy pouzijuc prelozeny nukleotidovy dopyt, resp. prelozené
nukleotidové databazy pouzijuc aminokyselinovy dopyt. Prostredie BLAST

ponuka aj rozne Specializované vyhladavania.

Proteinovy BLAST

Samotny proteinovy BLAST mozno realizovat okrem zakladného
Standardného algoritmu aj ako tzv. PSI-BLAST (,Position-Specific Iterated®),
PHI-BLAST (,Pattern Hit Initiated) a DELTA-BLAST (,Domain Enhanced
Lookup Time Accelerated®).

BLAST ponuka velké moznosti, ako zamerat prehladavanie databaz so
znamymi sekvenciami. Je mozné blastovat query, ktora predstavuje celu
sekvenciu alebo len jej cast. Tiez je v ponuke vyber databaz - ako
prednastavena je databaza Non-redundant protein sequences (oznacena ako
»,nr‘), ktorej volba by mala zabezpecit, ze ziskané vysledky nebudu zbytocne
redundantné, t.j. nadbytoc¢né (duplicitné) v dosledku viacerych zaznamov pre
ta istu sekvenciu, napr. aj pre ten isty zaznam v databazach GenBank

a UniProt. DalSou skvelou moznostou je ponuka zamerat prehladavanie len
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na vybrany taxon, resp. taxony (pripadne aj na celé riSe Bacteria, Archaea
alebo Eucarya), ako aj moznost ich vylucenia z prehladavania.

Délezitym parametrom je ,Max target sequences”, ktorym je mozné
obmedzit pocet sekvencii, ktoré budu zobrazené vo vysledkoch; ich hodnotu
je mozné nastavit od 10 do 5 000 (v nedavnej dobe to bolo este 20 tisic).

Pri opakovanom blastovani s tou istou sekvenciou, ale pri meneni
podmienok a parametrov, je velmi vyhodnou funkciou moznost ,Show
results in a new window“, t.j. moznost zobrazit vysledky v novom okne
monitoru.

Vysledky, ktoré poskytuje BLAST, su Standardne zloZené z troch, resp.
Styroch casti: (i) opisy (,descriptions®); (ii) graficky suhrn (,graphic
summary“); (iii) zrovnania (,alignments®); a v sucasnosti aj (iv) taxonémia
(,taxonomy*). Za jeden z najdolezitejSich vysledkov BLASTu mozno povazovat
potencialnu identifikaciu konzervovanych domén v sekvencii blastovaného
proteinu, najma, ak je malo informacii o jeho moznej funkcii.

Statisticka vyznamnost zhody sa udava ako skoére zrovnania — hodnota
S (,alignment score®), ktorého vysSia hodnota znamena vysSiu podobnost
medzi sekvenciami. DalSou hodnotou charakterizujucou vyznamnost zasahu
pri blastovani je hodnota E (,expectation®), ktora predstavuje pocet réoznych
zrovnani so skore ekvivalentnym alebo lep$§im ako to, pri ktorom sa oc¢akava,
ze sa pri vyhladavani v databaze vyskytne nahodne. V pripade hodnoty E
plati, Ze ¢im nizSia je jeho hodnota, tym vysSia (vyznamnejSia) je hodnota S,
a teda aj samotného zrovnania. Pre najvyznamnejSie zasahy sa E hodnota
limitne blizi k nule, naopak moze dosahovat hodnoty az v jednotkach.

V samotnych zrovaniach BLASTu sa dopytova sekvencia (query)
nachadza v 1. riadku, kym zachytena sekvencia (oznacovana ako ,subject” —
skr. ,sbjct‘) sa nachadza v 3. riadku. V strednom riadku medzi query
a subject su zvyraznené identické (,identities“) a podobné (,positives®)
aminokyselinoveé zvysSky, pricom prvé su udavané pismenom danej identickej
aminokyseliny a druhé znamienkom plus (+). Délezité je uvedomit si aj to, ze
tzv. prvy zasah, (,the first hit“) je spravidla samotna query, t.j. blastovana
sekvencia (ak uz pochadza z databaz); pokial sa teda neblastuje s unikatnou

(novou) sekvenciou, ktora sa v databazach eSte nenachadza.
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Uvodna web-stranka pre proteinovy BLAST:

Center for Biotechnology Information

BLAST ° 5 blastp suite

Standard Protein BLAST
blastn | blastp | blastx | tblastn | tblastx |

BLASTP programs search protein databases using a protein query. more.
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear Query subrange &
From

To

Or, upload file Prehladavat... | Nie je zvoleny sbor @

Job Title

[¢

Enter a descriptive title for your BLAST search (&)

[T] Align twe or more sequences &

Choose Search Set

Database Non-redundant protein sequences (nr) @
Organism
o i D exclude -+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &
Exclude [T Models (¥7%P) L Non-redundant RefSeq proteins (WP) [ L sample seq
Optional

Program Selection

Algorithm uick BLASTP (Accelerated protein-protein BLAST)

lastp (protein-protein BLAST)

SI-BLAST (Position-Specific lterated BLAST)

HI-BLAST (Pattem Hit Initiated BLAST)

) DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &

Search database nr using Blastp (protein.protein BLAST)

[] show resuits in a new windaw

Igorithm parameters

BLAST is a registered trademark of the National Library of Medicine

- nacitanie sekvencie — query:

PNCEI BLAST/ blastp suite Standard Protein BLAST
blastn | blastp | blastx | fblastn | thlast

BLASTP programs search protein databases using a protein query. more...

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) & Clear  Querysubrange &
STTLTLGLLAGIALEEL UETDREL pn
HLALYCEETARGL IR T BT = From
. T TTARMGIRIY] [
y; To
TDREERIAL saiem -
I DU ™
Or, upload file Brhinds a
Job Title

Enter & desariptive title for your BLAST search &)

DAI\gn two or more sequences &)

Choose Search Set

Database Non+edundant protein sequences [or)  » &

Organism
Optional Dexclude +

Enter organism commen name, binomial, or tax id. Gnly 20 top taxa will be shown. &

Exclude
Optional

Entrez Query
Optional

D Models (XM/XP) D Uncultured/environmental sample sequences

Enter an Entrez query to limit search &

Program Selection
Algorithm

lastp (protein-protein BLAST)

7) PSLBLAST (Position-Specific terated BLAST)

() PHLBLAST (Pattern Hit Inttiated BLAST)

) DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

Show results in a new window

(+lAlgorithm parameters
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- vyber databazy:

. BLAST®
>

Home RecentResults  Saved Strategies  Help

VHCBI! BLAST! blastp suite Standard Protein BLAST

blastn blastp blastx tblastn thlastx

BLASTP programs search protein databases using a protein query. more.
Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) W Clear Query subrange &4
STTLILALLAGSALEF] =) IETIREL
TSN LAL Y CEEAEL INET T TEET From
I TTANANGIETVIDEAPNEISEAE
T To
IOK DAL ALIMGDEL Gsinen -
T
Or, upload file 9@
Job Title
Enter a desoiptive title for your BLAST search &3
DAIign two or more sequences W
Choose Search Set
Database [ Non-redundant protein sequences i) =] &
Organism i
Opticnal Reference proteins [refseq_protein) [ Exclude (+
UniProt KB/ Swiss-Prot{swissprot) 23 id. Only 20 top taxs will be shown. &)
Patented protein sequencesipat)
Exclude Protein Data Bank proteins(pdb) Ental sample sequences
Optional Metagenomic proteinsieny_nr)
Entrez Query
Optional

Enter an Entrez query to limit search &

Program Selection

Algorithm ) blastp (protein-protein BLAST)

PSLBLAST (Position-Specific terated BLAST)
PHLBLAST (Pattern Hit Initiated BLAST)

© pELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST sigorithm &)

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

D Show results in a new window

[+lAlgorithm parameters

- vyber parametra maximalneho poctu zobrazenych sekvencii:

Program Selection

oo 2 blastp (protein-protein BLAST)

PSHBLAST (Position-Specific terated BLAST)

PHIBLAST (Pattern Hit Intiated BLAST)
(©) DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST slgorithm &3

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

D Show results in 2 new window

(S Algorithm parameters
General Parameters

Max target 100 j

sequences 153 ximum number of aligned sequences to display &
Short queries ally adjust parameters for short input sequences &
Expect 500 !

threshold 1000

Word size mﬂ

Max matches in ] ™

aquery range

Scoring Parameters

Matrix BLOSUMEZ »

Gap Costs Exstence: 11 Bension: 1w &

‘Compositional Condtional compositional score matrix adjustment 4
adjustments

Filters and Masking
Filter [ Low complexity regions. &
Mask Dr.lask for lookup table only &2

[T Mask mwer case letters. &

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

l:l Show results in 2 new window

55



Vysledky: (i) opisy; (ii) graficky suhrn;

U.S. National Library of Medicine

National Center for Biotechnology Information

N

@)
BLAST °» blastp suite » results for RID-6C2B3GEK016

<Edit Search Save Search

Search Summary v

Job Title Protein Sequence

RID 6C2B3GEK016 Search expires on 03-1017-16pm  Download All ¥
Program BLASTP@  Citation ¥

Database nr o Seedetails v

Query ID Icl|Query_27272

Description None

Molecule type amino acid

Query Length 718

Otherreports  Distance tree of results Multiple alignment MSAviewer @

(iii) zrovnania; a (iv) taxonomia:

Home RecentResults Saved Strategies Help

@ How to read thisreport? B BLAST Help Videos )Back to Traditional Results Page

Filter Results

Organism only top 20 will appear

[ ] exclude

‘ Type common name binomial, taxid or group name |

=+ Add organism
Percent Identity E value Query Coverage
‘ to ‘ ‘ to ‘ ‘ to

Graphic Summary Alignments Taxonomy
Sequences producing significant alignments Download Manage Columns ~  Show
selectall 100 sequences selected GenPept Graphics Distance tree of results Multiple alignment
- Max Total Query E Per.
Description Score Score Cover value  Ident Accession
RecName: Full=C AltlName: Full=C Short=CGTase: Flags: Precursor [B 1465 1465 100% 0.0 100.00% P309201
alpha-amylase [P: 1464 1464 100% 0.0 99.86% WP 1549602271
alpha-amylase [P. 1463 1463 100% 0.0 99.72% WP 1549848471
alpha-amylase [P. 1460 1460 100% 0.0 99.58% WP 0909174951
alpha-amylase [P 1459 1459 100% 0.0 99.30% WP 1454150551
(11) Graphic Summary Alignments Taxonomy
49 hover to see the title W click to show alignments Show Conserved Domains Mlignment Scores <40 4050 [50-80 [H80-200 M>200 @
100 sequences selected @ Putative conserved domains have been detected, click on the image below for detailed results.
1 10 200 300 o st om0 210
sord 0o ! i ! ! H ! H
» active site Y Y Y Y r site 1
Catalytic sits | ry charchrbindinp it 2
Ca binding site )4 Y
specific hits
Superfanilies AmyAc_family superfamily 1 _ar ‘ IPT supsranily | BNV surerfanily |
Distribution of the top 100 Blast Hits on 100 subject sequences
1 100 200 300 400 500 500 700
(. . .) Descriptions Graphic Summary Taxonomy
Alignmentview | Pairwise v| @ Download
100 sequences selected @
& Download v GenPept Graj ¥ Next <aDescriptions
RecName: Full=Cyclomaltodextrin glucanotransferase; AltName: Full=Cyclodextrin-glycosyltransferase; Short=CGTase; Flags: Precursor
[Bacillus circulans]
Sequence ID: P30920.1 Length: 718 Number of Matches: 1
See 1 more title(s) v
Range 1: 1 to 718 GenPept Graphics Related Information
Score Expect Method Tdentities Positives Gaps Identical Proteins - Identical
1465 bits(3793) 0.0  Compositional matrix adjust. 718/718(100%) 718/718(100%) 0/718(0%) proteins to P30%20.1
Query 1 MFOMARRAFLSTTLT: LPFLPASAVY, TNRQSFSTDVIYQVFTDRFL 60
MFOMARRAFLSTTLT: LPFLPASAVY, TNEQSFSTDVIYQVFTDRFL
(iV) Descriptions Graphic Summary Alignments

4994 sequences selected @
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Identifikované konzervované domény v ramci grafického sthrnu:

Taxonomy

Descriptions Graphic Summa Alignments

& hover to see the title W click to show alignments Show Conserved Domains

4994 sequences selected @

Alignment Scores  [j<40 [40-50 [0J50-80 [@80-200 [>=200

Putative conserved domains have been detected, click on the image below for detailed results.

f 1 0 s “w s o e
i ! ! ! i ! ! i
Query seq. actim site i Y Y A A Y Y site 1
T — \ sharch-binding site 2
Ca binding site 444 N A
e s
Superfanilies AmyAc_family superfamily Palt_smlase C su | BT supersanily | ORI swperfandly

Graficky suhrn - identifikované konzervované domény a skore zrovnania:

T
-

Home = RecentResults ~Saved Sirategies  Help

MICBI/ BLAST/ blastp suitel Formatting Results - MY3DPDEVD1R

Edit and Resubmi  Save Search Strategies  » Formatting options ~ » Download

VWMHUW fo read this page  Blast report description

Protein Sequence (718 letters)
QueryID Idl[7433 Database Name nr
Description lane Description All non-redundant GenBank CDS transl; PDB+ PRF exduding | samples from
Molecule type amino acid WGS projects
Query Length 718 Program ELASTP 2.2.28+ P Citation
Other reports: P 3earch Summary [Taxonomy reports] [Distance tree of results] [Related Structures] [Multiple alignment]
EGraphic Summary
(5)Show Conserved Domains
Putative conserved domains have been detected, click on the image below for detailed resulfs.
1 it m n " 5 W m
h\||\\||\|I\\|\\||\\I\\||I
Query seq.
acir st | Y i st sie L
antalybic sibe § hwchbinding site 2
Ca binding site
Specific hits LETTHORN [PT_CGTD
Distrbution of 100 Blast Hits on e Guery Sequence
[House overto ses he deine, ik to snow gt |
Color key for alignment scores
0 a5 [PUSOSONN 000 >=00
Query
I 1 | | | I | ]
1 100 200 300 400 500 600 700
Koniec grafického suhrnu, zaciatok opisov a v nich prvy zasah:
© Descriptions
Sequences producing sign ficantalignments:
Select: All None Selected:0
1} Alignments. o
osscrpion <oore s e | v | | AcEes5on
B 1465 1465 100% 0.0
O 1412 1412 100% 0.0
B 1388 138 ss% 00
B 1305 135 es% 00
B ve2 From KRy Stupture Ansivsis Combined With St Direstes = *00blECGTIA Crai A Vstorisse Compiex Of Presondiionss C ane21TCGTIA Chsind 1395 1395 95% 0.0
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Koniec opisov, zaciatok zrovnani a v nich prvy zasah:

egion [Glasiecols sp 4H-57+ES 143 143 60% 4833 28% YE 004z

143 143 80% de3d

retein HUPREF3447 05298 [Bastereies sisisipienys V1T 12088 145 145 3% Sens

142 142 50% Se3d

142 142 60% Se3d

48] >1p2|CEFETTS1| T Alpha-amylasePutstive

Al hypotheticsl protein AN3402.2 [Asperaillus nid s 142 200 65% Se-33

143 143 57% Ge3d

142 142 6e% 633

142 142 67% 6e33

s [Aspergilus fuminaius AI?53] >gh|EALETITO 1| st s oy o 5 143 143 57% 7e3d B 745208

al orotein OXYTRI 05325 [Oxytricha tifalax] >gblEY7893% 1| hypothetioal crotein OXYTRI 01278 [Oxytricha tifalix 142 142 S6% 7e-33 29% ESToeE

G alignments
Moownioad ~ GenPent Graphics ¥ Next & Descriptions
Rechame: Full=C ; Althame: Full=Cyclodex : Shor=CGTase; Flags: Precursor

Sequence ID: splP30820.1ICDGT1 BACCI Length: 718 Number of Matehes: 1

B See 1 more tiie(s) _
Related Information

Range 1: 1 o 718 Gersapt Graghize

score Expect Method Taentitis
1465 bits(3793) 0.0 C: matrix adjust. 718/718[100%} rls/ns[mn%] n/::s(n%]
query 1 e

MEA AL STTLTLGL LA AL PFL PASKTADEDT, RS TV ¥ UETIREL

Sejet | MEGMAAPLETTLTLELLMGSALPFLEASAVYADEUTAVTNEGSESTIVIY(VETIRL 60

query &1 120
‘DGPTSR TCRLIL FOSG0WSGL LRI ESLL G TALAL g PUENIEAT
Sojee 61 DEHPRNPICAAVDATCOHLILYCEDRLGL INININTESILEVIALALI,PENTEMT 120

query 131 100
36 TNTR G D ADEH T NE VG T L PN, T XA LRI DEABUET B
Sejes 121 DNBGTNIMAGIOADENEYCTADR L IITHBHCIKIVIDEARFTSNE 130

Query 181 210
DTS FAZNGRL YOG LG VTN TN FE VeGP S LENG [ERNL YULADENERAT
Sojes 181 TOTSFARNGRLYTHGTLVEGYTNDTHCYERINGESDPSSIENGTFNLITEADFVRANT 240

3
D PO [HL L GG L8 A HaMBL G AR ST FTFGENELE AT
Sojes 291 TORYFRTATRLALOMETIETRTAVRMEL S SR STTREREFTEERTLERAD 300

Query 01 ADNIDEMESGUSLLIER: remsraLDSNETY s 260

Shjco A01 ADNTDFAVESGMELLDFAEHSAVANVEADNTSM/AIDMINSTATOYRINDVIETIN 360

Query 61 EMDRFRTSARERLEQALAFILTERGUPAITYCTEQYLICHGOSDNMMISESHSTT 420
EIMIRPRTSAVNIRRLE AL PTLTERGVE [TYTEQELTGNCDP IR AR SESRETT

e a6 z

Query 421 AENVISHLAPLANSHPALAYGSTQUUMDNIVYVYENKFEGRSVAVATINLSTIASITG 430
LN SHL AP PA LAY ST RN VERE GRS VA A NRULSTSASITE

Prvy zasah v zrovnaniach - zrovnanie query samej so sebou:

=lAlignments

Eloownload ~ GenPept Graphics

Rechame: Full=Cyclomaltodextrin glucanotransferase; AltMame: Full=Cycladextrin-glycosyltransferase; Shoi=CGTase; Flags: Precursor
Sequence 10: pIP30920.1ICDGT1 BACC| Length: 718 Number of Matches: 1

B See 1 more title(s)

Range 1: 1 to 718 G=nfept Graphics

Score Expect Method Identities Positives Gaps
1465 bits(3793) 0.0 Compositional matrix adjust. 718/718(100%) 718/718(100%) 0/718(0%)

Query 1  MEGMAFRAFLSTTLTLGLLAGSALPELEASAVYADPLTAVINKRSESTIVITQVETOREL &0
MECMAFRAFLSTTLTLELLAGSAL PELPASAVY ADPTTAVIHEQIESTIVI Y QVETOREL
Sqes 1 MECMAFRAFLETTLTLELLAGS AL PFLPASAVYADPITAVINEQIFSTIVIYQUVEIOREL €0

fuery €1 DENEINNPTSARYDATCINLFLYOSEDWQELINKININYESTLEVTALWISOEVENIFAT 120
DENESNRET S ALY DA T SN H L Y O DS L IR IR Y ESDLEVTALWI 20 EVENT EAT
Sbjet €1 DENEIRNPTSAAYTATCINLHLYOSEDWQELINKININYESTLEVTALWISOEVENIFAT 120

Query 1I1  INYSCUTHTAYHSYWARDFFRHTHEYPSTMADFNLITTAHARSIRIVIDFAPHHTIEAME 180
INY S5 TRT AYEC YRR DF RN THE Y PETMADPQHL [TTARARE IRTVIDFAFRETSPAME
Sbgct  1E1  INYSGVTRTAYHEYWARDFRRTHEYPSTMADFNLITTARRRSIRIVIDFAPHHTSEAME 180

Query 181 TOTSFAERGRLYDRETLVECYTROTHEY FHENGESDESSLERCIYFRLYDLADFREREAT 240
IOl AERER L Y INC T LV TN THE Y FEENCC S DE S LERNC I YFRL YDLADERENNAT
Sbjct 1Bl TOTSEAERGRLYDNCTLVCCYTRDTHEYFIENGCSDESSLENCIYFNLYDLADEREREAT 240

Query 24l IDEYFRDAIRLWLIMGVDCIRVIAVEEMPLEW RS WMES [YARFEVETECEWELGSARSD 200
IDEY FRDA TELHLIMEVDE IR VDA EHMPLER M S Y AHRPVET PEEWELEIARID
Spjet 24l  IDEYFRDAIFLWLIMGVDCIRVIAVFEMPLEAORSMES [YARFEVET ECERELGSARSD 200

Query 301 ADNTDFANESEMSLLDFBFHIAVENUFRDNTSHMYALDSMINSTATDYNQUEDOUTEIIN 360
ADNTDEANE ML LD FR RS A VRN ERONT SHMY AL TSI RS TATD YR VKD UTE IR
Sbjet 301  ADNTDEANHSEMSLLTDFRFRSAVENVERDNTSHMYALTSMINSTATOYRGUKDUTEIIN 360

Query 361 HOMORFRTSAVNNRRLECALAFTLTSREVEFAIYYCTEQYLTEREOEINRARMESESHITT 420
HOMDRERT SAVHHRRLEGALAFTLTSREVPA I Y Y ETEGY LTEREDEDNBARMPSESHETT
Sbjct 36l HOMORFRTSAVNHBRLEQRALAFTLTESRGVEAIYYCTEGYLTENSOPINBARMEPSESHSETT 420

Query 421 APWVISHLAPLBRSHPAIAYGETOORWINNDVYVYERRFCHSVAVVAVKBNLITSASITE 480
ANV LSRLAPLE RSN DA LAY e T B W I NNV Y VY ERRFCRSVAVVAVERELETSASITE
Sbjct 421 AFRVISHLAPLBHSHEAIAYGSTQRWIKKDVYVYERRFCHSVAVVAVKBNLITSASITE 480

Query 4Bl LSTSLPTGEYTDVLCCVLNCHNITSTRGSINNETLARCATAVWQYTIAETIPTICHVEEY 540
LETELPTEEY TV LEEVLNENN [ T3 THCE INNF T LARCAT AR YT TAETTPTICHUGEY
Spjet 4Bl LETSLPTGSYTDVLGGVLNCHNTSTRGSINNETLARCATAVWQYTTAETIPTICHVEEY 540

Query 541 MCEPENVWTIDERCECSTRETVYECTTAVICARAITSHEDTQIEVTIPSVARCNYAVEVAR &0
MEREEN VT IDERE P E S THET VY ST TAVTEAA I TSHEDT QIR T I ESVAAERY ATVH AR
Sbjct 541  MERPERVVTIDGRZPESTRETVYPSTTAVIGAAITIHEDTQIRVTIESVARGHYAVEVAE 600

Query 601 SCVHSKAYRNETILTEDGVTVEEVVERASTTLEQHLYLTCHVAELERASTESTAICEAFN 660
BEVRENAYRNET ILTEDG TV Vv VHRASTTLEgHLY LTERVAELERASTESTAICEAER
Sbct 601 SCVHSHAYRNETILTEDVIVREVVENASTILSQHLYLTCHVAELENASTESTAICEAEN 660

Query 66l QUIBQYETWYYLVIVPACKILEFRFERINGETITHESCENHTFTTPASCTAIVIVIWG 718
QUIEQYPTWY YDV SVEACRGLE FREFFFNGET ITHESCENET FTTEASCTATVTVRRG
Sbjet 66l QUIBQYPTWYYLVIVPAGK]LEFRFERFNGETITRESGENHTFTTPASCTAIVIVERG 718

58



Na porovnanie — n-ty zasah (vo vSeobecnosti):

BiDownload ~ GenPept Graphics

alpha-amylase [Cryptococcus flavus]
Sequence 10: gblABSYE457 1] Length: 831 Number of Matches: 1

Range 1: 31 to 506 GzrPept Graphics
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Blastovanie s jednotlivou doménou proteinu:

Display

- zaznam z databazy UniProt; doména E — region 615-718

Family & Domains’

Publications

Domain' 532 - 612 IPT/TIG
Feature viewer .
Domain'! 613 - 718 CBM20 & PROSITE-ProRule annotation «
Feature table
Region
Feature key Position(s) | Description
Region'’ 35-172 Al
Names & Taxonomy .
Region’ 134 - 135 Substrate binding
Subcellular location Regioni 173 -236 B
Pathology & Biotech Region? 227 - 230 Substrate binding € By similarity
PTM / Processing Region ! 237 - 440 A2
. Region 266 - 267 Substrate binding
Xpression
Region'’ 441 -528 C
Interaction .
Region 529 - 614 D
STuche Region' 615 - 718 E

59



Vlozenie query pri neuplnej sekvencii — dve moznosti postupu:

- vlozi sa len konkrétny uisek sekvencie (napr. region 615-718)

VNCEI BLAST blastp suite Standard Protein BLAST

blastp it

Enter Query Sequence

BLASTP programs search protein databases using a protein query. more..

Enter accession number(g), gi(s), or FASTA sequence(s) & Clear Query subrange &
STIL JGEAFRQUL
y From
To
o dise Prehladavat_. | &
Job Title “
Enter a desaiptive title for your BLAST search &)
DAI\gn two or more sequences W
Choose Search Set
Database Mon{edundant protein sequences fir) &
Organism
Optional [ Excude +
Enter organism comman name, binomial, of tax id. Only 20 top taxa will be shown, &
Ch‘t:ludle [T Models pawiP) [C] Uncutturedrenvironmental sample sequences
ptional
Entrez Query
Opticnal

Enter an Entrez query to limit search &)

Program Selection

Algorithm 9 blastp (protein-protein BLAST)

PSILBLAST (Position-Specific terated BLAST)
PHEBLAST (Pattern Hit Intiated BLAST)

) DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose 2 BLAST algorithm &

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

Show results in a new window

- alebo sa vlozi cela sekvencie a vyznacia sa hranice (,Query subrange®)

MNCEI BLAST/ blastp suite Standard Protein BLAST

blastp tx

Enter Query Sequence

BLASTP programs search protein databases using a protein query. more

Enter accession number(s), gi(g), or FASTA sequence(s) & Clear Query subrange &
STTLTLALLAGIALEFL 5 T i
TEARYDATCENLKL Y CEINOEL IR T 1EATI — From o153
TTAIAHETETIIOF) toesrnm ||
DIEERDAL =] To 718
EEMEEL -
I
Or, upload file
Job Title
Enter a descriptive title fi BLAST search &
DAIign two or more sequences &)
Choose Search Set
Database MNon‘edundart protein sequences (o) + &
Organism
Optional [Clexclude (+
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &3
E‘“{’_'““f [l Models paviacey ] uncukured/environmental sample sequences
ptiona
Entrez Query
Optional

Enter an Entrez quesy to limit search )

Program Selection

Algorithm lastp (protein-protein BLAST)

'S-BLAST (Position-Specific kerated BLAST)
HFBLAST (Pattern Hit Initiated BLAST)

) DELTA-BLAST (Domain Enhanced Lookup Time Accelerated BLAST)
Choose a BLAST algorithm &

Search database Non-redundant protein sequences (nr) using Blastp (protein-protein BLAST)

Show results in a new window
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Detailny popis konkrétneho vysledku — n-ty zasah:

BlDownload v GenPept Graphics

alpha-amylase [Halomonas sp. KM-1]
Sequence ID: ref|ZP 10778855.1| Length: 587 Number of Matches: 1

Range 1: 485 to 583 GenPept Graphics

Score Expect Method Identities Positives Gaps
51.6 bits(122) 1e-05 Compositional matrix adjust. 32/104(31%) 52/104(50%) 9/104(8%)

Query €15 TGDQVTVREVVNNASTTLGONLYLTGNVAELGNWSTGSTAIGPAFNQVIHQYPTWYYDVS 674
++ VvV F N 4T LGQHY+TG+  LGNWS N YPTW +
Sbjct 485 SDENVSVTFTCANGTTELGQSVYVTGSNQALGNWSPAEALKLEPVN----- YPTWSGTFN 539

Query €75 VPAGKQLEFEFFEEN----GSTITWESGSNHTFTTPASGTATVT 714
1P TE+E K+t S+W+tGHN+ T 4G+ T
Sbhjct 540 MPENANTEWKCIRRSETEPESMLEWQPGNNNLLETGQTGSTVST 583

Mozno povedat, ze blastovana doména (usek sekvencie 615-718), resp.
jej potencialny homolog, sa nachadza v a-amylaze z Halomonas sp. KM-1 na
C-konci proteinu, kedze koreSpondujuce useky su 615-714 (takmer cely

usek) a 485-583 (dizka sekvencie ,subject” je 587 zvyskov).

protein/enzym
zdroj proteinu/enzymu

(organizmus)
/ P
Downloaﬁi/b(enPept Graphies’
pristupové €islo

alpha-amylase [Halomonas SMM-'H —— 7 prislusnej databézy
Sequence ID: ref|ZP_10778855.1] Length: 587 eMlumber of Matches: 1 ; proteinuenzymu

(aminokyselinovej sekvencie)

Range 1: 485 to 583 GenPept Graphics

Score Expect Method Identities Positives Gaps
51.6 bits(122) 1e-05 Compositional matrix adjust. 32/104(31%) 52/104(50%) 9/104(8%)

‘:j;‘,'.: ++ ViV F N 4T LGQHHY+TG+  LGNWS N YP +
Sbjct ¢485:\ SDENVSVTFTCANGTTELGQSVYVTGSNQALGNWSPAEALKLEPYN-——-- YPTWQGTFN 539

qqqqq

s
. .

------

+ +E+K Kt+ S+ Wt G+ T 46+ T I charakteristika
Sbict 540 MPENANIEWKCIKRSETEPESMLEWQPGNNNLLETGQTGS {583} Zrovhania

''''''

koniec koreSpondujucich
zadiatok kore$pondujucich usekov
usekov
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6. PDB, modelovanie a porovnavanie Struktar proteinov

Uvodna web-stranka databazy PDB - Protein Data Bank:

http:/ /www.rcsb.org/

RCSB PDB  Deposit ~ Searc!
[="= 170383 Biological
5 P D B Macromolecular Structures
Enabling Breakthroughs in
Advanced Search | Browse Annotations

Visualize + Analyze v Download v Leam v More ~

(=g
PROTEIN DATA BANK Researchand Education

EPDE $oroe 7T mee (G Ete

A Structural View of Biology

This resource is powered by the Protein Data Bank archive-information about the
3D shapes of proteins, nucleic acids, and complex assemblies that helps
students and researchers understand all aspects of biomedicine and agriculture,
from protein synthesis to health and disease.

October Molecule of the M

# Deposit

As a member of the wwPDB, the RCSB PDB curates and annotates PDB data.

Q Sear

The RCSB PDB builds upon the data by creating tools and resources for
research and education in molecular biology, structural biology, computational

Ll Visualize biology, and beyond.

Analyze
& Download

CORONAVIRUS

W Leamn

Capsaicin Receptor TRPV
Latest Entries As of Tue Oct 27 2020 Features & Highlights m Publications ~

7JLQ

cryo-EM structure of human ATG9A in LMNG
micelles

J1PDB ata Glance 170383 Structures

About  AboutUs | Citing Us | Publications

Help ContactUs = Help Topics

49693 Structures of Human Sequences

Building Advanced Searches
Attribute options are now searchable to
help users build a query.

Sequence Alignments in Search
Results

For Sequence Similarity searches,
display search results as "Polymer
Entities" to view amino acid
mismatches.

Build Customize Tabular Reports of
PDB Data

After searching for a set of structures,
create a table of information by
selecting the columns of your choice.
Tables can be saved in CSV or JSON
formats.

Usage & Privacy

Service Disruptions November 3-10
Select features will be inaccessible or

retired in preparation for the December
9th of legacy APIs »

American Public Health Association
Film Festival

The video Fighting Coronavirus with
Soap has been selected to be screened
along with other films and PSAs in the
COVID-19 session » 10/25/2020

PDB Turns 49

Today is the anniversary of the 1971
announcement of the PDB. wwPDB is
celebrating by looking ahead to golden
anniversary symposia and events
planned for 2021 » 10/20/2020

_ Happy Birthday, Irving Geis 2%

12430 Nucleic Acid Containing Structures

More Statistics

RCSB PDB (citation) is hosted by

Glossary F{U’I‘GERS I ucC SanDiego SDSC l LK‘JSF

RCSB Partners  Nucleic Acid Database RCSB PDB is a member of the @PI:’)B EMDeResource

wwPDB Partners RCSBPDB PDBe PDBj BMRB

RCSB PDB is funded by the N

Foundation (DBI-1832184]
I and National Institute

(DE-SC0019749), and the Nation: National Insti
of the National Institute: under grant RO1GM133198.

Protein Data Bank (PDB) je databaza, v ktorej si uchovavané vyrieSené
terciarne Struktury najmé& proteinov, ale aj dalSich velkych biologickych
(DNA a RNA).
National Laboratory (USA) ako zdroj digitalnych dat s otvorenym pristupom

molekul PDB vznikla vroku 1971 vramci Brookhaven

v ramci celej biologie a mediciny. Do dneSnej internetovej podoby presla
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v roku 2003 ako tzv. ,Worldwide PDB“ ktora spravuje cely archiv PDB
a zabezpecuje, ze cela databaza je volne a verejne dostupna pre vsSetkych
uzivatelov bez obmedzeia. V sucasnosti predstavuje jeden 2z hlavnych
globalnych zdrojov experimentalnych dat, ktoré st nevyhnutné pre vedecké
badanie a objavy.

Vyriesit terciarnu Strukturu proteinu znamena vyrieSit — t.j. poznat —
koordinaty v priestore (x, y, z) — t.j. poziciu — pre vSetky atomy, ktoré tvoria
molekulu proteinu. NajdolezitejSie su 4 atomy — dusik (z -NH2 skupiny), alfa-
uhlik a karboxylovy uhlik s kyslikom (z -COOH skupiny), ktoré tvoria kostru
polypeptidového retazca. Samozrejme, pre presné urcCenie terciarnej
Struktary proteinu je potrebné urcit koordinaty aj ostatnych atéomov
z postrannych retazcov vSetkych aminokyselinovych zvySkov. Presnost
vyrie§enia §truktiry proteinu — tzv. rozliSenie — sa udava v jednotkach ,A“
(1010 m). Velmi dobré (detailné) Struktary proteinov su vyrieSené pri
rozliseni 1-2 A; pri rozliseni pod 1 A sa stavaju ,viditelné“ aj atémy vodika,
ktoré su prili§ malé a ich pozicia sa pri horSom rozliSeni (t.j. vySSeej hodnote
LA neda urcit. Treba si uvedomit, ze S§truktira proteinu je uréena
(vyrie§end) tym lepSie (presnejsie), ¢im je hodnota rozliSenia udana v ,A“

nizsia; samotné rozliSenie je tym vacSie, ¢im je hodnota ,,A“ nizSia.

ATOM 1 N ALA A 1 -8.065 17.989 -10.906 1.00 0.00 N
ATOM 2 CA ALA A 1 -7.235 16.799 -11.163 1.00 0.00 Cc
ATOM 3 C ALA A 1 -8.117 15.784 -10.473 1.00 0.00 (o
ATOM 4 O ALA A 1 -8.999 16.398 -9.862 1.00 0.00 (0]
ATOM 5 CB ALA A 1 -6.004 16.975 -10.304 1.00 0.00 (o

Obr. 6.1. Ukazka zapisu koordinat pre aminokyselinu Alal v retazci ,A“ a-amylazy
z Aspergillus oryzae, ktoré sti v PDB ulozené pod PDB kédom: 2TAA. Zapis pre alanin je
tvoreny S5 riadkami: N, Ca (CA), C, O a CB (CB).

Terciarne Struktury st v PDB ulozené v stiiboroch, ktoré maju pridelené
tzv. PDB kody (podobne ako pristupové cislo v sekvenénych databazach;
sAccession No.“). Minimalny pocet riadkov v PDB subore pre jednu
aminokyselinu je 4, t.j. Styri atomy: N, Ca a C(O) uvedené vysSie (obr. 6.1),
tvoriace kostru retazca; to vSak plati pre glycin, ktory nema postranny
retazec. To znamena, ze PDB subory su vo vSeobecnosti velmi velke, kedze

napr. priemerny protein s 500 aminokyselinovymi zvySkami musi obsahovat
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viac ako 2 000 riadkov ,ATOM“ s koordinatami; 2 000 riadkov by mal subor
vtedy, keby bol protein tvoreny iba samymi glycinmi (t.j. iba 4 riadky na
jeden zvysSok). Pritom v kazdom PDB subore sa nachadza aj mnoho
poznamok (,REMARKS®); a vacSina Struktur obsahuje na jednu molekulu
proteinu niekolko stoviek molekul vody (su vyrieSené ako pozicie atéomu
kyslika z molekuly H20).

Detaily k terciarnej Strukture proteinov, k organizacii PDB suboru
proteinu v PDB, ako aj k teoretickym zakladom predikcii sekundarne;j
a terciarnej Struktury proteinov su uvedené v ucebnom texte ,Proteinovy
dizajn“, ktory je dostupny online na adrese Univerzity sv. Cyrila a Metoda

v Trnave: http:/ /fpv.ucm.sk/images/ucebne_texty/Proteinovy_dizajn.pdf.
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Obr. 6.2. Porovnanie narastu dat v priebehu troch poslednych rokov v sekvenénej databaze
GenBank a v §truktirnej databaze PDB. Dochadza k neustale narastajucemu rozdielu
medzi poznanim sekvencii a poznanim Struktuar.

Moznosti predikcie terciarnych Struktur proteinov poskytuju potencial
spomalit nepriaznivy trend enormného narastu sekvencnych dat oproti

omnoho pomalSiemu narastu Strukturnych dat v PDB (obr. 6.2).
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V nasledujucej casti budu predstavené, resp. popisané jednotlivée
praktické kroky pri ziskani vhodného modelu terciarnej struktury proteinu,
interpretacii vysledkov modelovania, ako aj nasledného porovnania Struktury
modelu s realnou Strukturou proteinu, ktory je k nemu homologicky, t.j.
ktory by mohol, ale aj nemusel byt pouzity pri modelovani ako jeho templat.

Pre predikciu Stuktary proteinov existuju rozne servery; jednym z nich
je server Phyre2, kde je mozné ziskat model tzv. induktivhou metédou
rozpoznania Struktury (,fold recognition®). Principom je, Ze program
vyhladava v PDB struktary homologickych proteinov, ktoré maju ¢o najvyssi
stupen sekvencnej podobnosti s proteinom, o predikciu Struktury ktorého je
zaujem. Tieto homologické proteiny sluzia ako Struktirne templaty (vzory).
To znamena, ze vysledkom - v pripade, Ze existuje dostatok experimentalne
urcenych terciarnych Struktar homologickych proteinov — je teoreticky tolko
modelov, kolko templatov je v PDB identifikovanych.

Phyre2 spravidla poskytuje maximalne 20 modelov; v pripade vacSieho
poctu identifikovanych vhodnych templatov program poskytne ziskané data
bez strukturnych koordinat modelov.

Pre vyuzitie a spravnu interpretaciu vysledkov je doélezité vziat do tivahy
niekolko nasledujucich poznamok:

(i) v stlpci hned vedla poradového ¢isla (,Template“) st zapisané PDB
kody pouzitych templatov, napr. ,d1lcyga2“ a ,dlkula“ znamena, ze
PDB kody su ,,1CYGY, resp. ,,1KULY;

(ii) stlpec ,Alignment Coverage® je velmi dolezity, pretoze udava, aka
cast sekvencie bola modelovana; ¢im blizSie k 100%, tym lepSie;

(iii) cez stlpec ,3D Model“ je mozné ziskat koordinaty (t.j. terciarnu
Strukruru) modelu sekvencie na danom prekryve s templatom
(alignment coverage); je dolezité si Strukturu vhodne ulozit;

(iv) stipec ,Confidence“ udava pravdepodobnost (0-100%), Ze templat
a modelovana sekvencia su homology; neudava presnost modelu;

(v) predposledny stipec ,% i.d.“ znamena sekvenénu identitu v ramci
daného sekven¢ného prekryvu; ,% i.d.“ a ,Alignment Coverage“ su
spolu najdolezitejSimi hodnotami pre vyber vhodného modelu;

(vij  posledny stipec obsahuje struény popis templatu.
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Uvodna web-stranka serveru Phyre2:

http:/ /www.sbg.bio.ic.ac.uk/~phyre2/

Standard Mede | Login for job manager, batch processing, Phyre alarm and ather advanced options Retrieve Phyre Job Td

Subscribe to Phyre at Google Groups

' Email: Subscribe
:j [ ] \ / "7 {\2 Visit Phyre at Google Groups
2

W Follow @Phyre2server

Protein Homology/analog¥ Recognition Engine V 2.0
= O & NF
R 22 |
Position opening

If you are interested in joining the Phyre development team, please contact Prof. Michael Sternberg for further
information.

Other Resources

Missense3D: Analyse structural impact of missense variants

PhyreRisk: A dynamic database to view human sequences and structures and map genetic variants

Cambridge 2019 Workshop | Qlder Workshaps | Phyre2 paper

E-mail Address
Optional Job description

Amino Acid Sequence B

Or try the sequence finder

(UGG GREGS S Normal @ Intensive O
B EEE R T e =1 [NOT for Profit O | FOR Profit (Commerdial) O | Other @ |

Phyre Search | Reset

3806023 submissions since Feb 14 2011

Fetch

Phyre is now FREE for commercial users!
All images and data generated by Phyre2 are free to use in any publication with acknowledgement

Please cite: The Phyre2 web portal for protein modeling, prediction and analysis
Kelley LA et al. Nature Protocols 10, 845-858 (2015) [paper] [Citation link]

& .
informatics Group, Imperial Callage, London 3 o Ry o Imperial College
Kelle, Hichssl Stembera E"?q I London
Lol G R Kisoom *sBBSRC

Phyre2 is part of Genome3D

Na zaciatku je potrebné vlozit aminokyselinova sekvenciu proteinu

(alebo jej cast), o predikciu terciarnej Struktary ktorého je zaujem. Je

vyhodné si tuto predikciu nejako vhodne nazvat (,Job description®)

— napr.

mozno pouzit nazov proteinu, pristupoveé cislo z databazy GenBank alebo

UniProt, pripadne rozsah aminokyselinovej sekvencie pri predikcii jej Casti,

apod. Pre bezné pripady uplne postacuje normalny sposob modelovania

(,modelling mode“: ,Normal®); t.j. nie ,Intensive®.
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Ako vidno nizsie, vysledky, ktoré poskytuje server Phyre2, su v podstate
velmi rozsiahle. V tomto konkrétnom pripade bola modelovana C-terminalna
cast proteinu genetonin-1 (pristupové cislo z databazy UniProt: 095210)
v useku Gly260-His358. Tato cast koreSponduje so Skrob-viazucou doménou
z rodiny CBM20 (,carbohydrate-binding module family 20 mikrobialnych
amylolytickych enzymov.

Vysledky modelovania zo serveru Phyre2:

Phyre Home Retrieve Phyre Job Id Fetch

T stefan. Janecek@savba.sk
=T Genethonin_1_UniProt_095210_G260_H258
H \ ) o 2 T Tue Oct 27 13:55:00 GMT 2020
\ ) [T 0] 28d699f81c8a925¢
1 [ ‘ L T2 GSQQVSVRFQ ... Download FASTA
TR normal
BTN 27 days Renew for 30 days

Download zip of
‘ all results

Model (left) based on template d1cyga2

Top template information
Fold:Prealbumin-like
Superfamily:Starch-binding domain-like
Family:Starch-binding domain
| Confidence and coverage]
Confidence: Coverage: (ETTI
94 residues ( 95% of your sequence) have been modelled
with 100.0% confidence by the single highest scoring
template.
Interactive 3D view in JSmol
For other options to view your downloaded structure offline
see the FAQ

Image coloured by rainbow N — C terminus
Model dimensions (R): X:32.036 ¥:35.314 7:42.900

downlé
View PAT-Biact PosadoMulbipis Saquanca Aigament] 1 3 ,(:'I‘;’d

version

and disorder prediction [Show]

Detailed te inforr [Hide]
=N
&4 @0
= e
Fold:Prealbumin-like
-binding domaln-ik
] dicyga? Family:Starch-binding domain
Of1 Al t ¥
Fold:Prealbumin-like
h-binding domain-lik
2 dikula_ > - Family:Starch-binding domain
o0 lignment m
|
Fold:Prealbumin-like
Superfamily:Starch-binding domain-like
- dicgta2 p . Family:Starch-binding domain
rolnl nment
== PR R investigator
Fold:Prealbumin-like
Superfamily:Starch-binding domain-like
“ dighoa? = Family:Starch-binding domain
L PHINS . e fvest
Fold:Prealbumin-like
Superfamily:Starch-binding domain-like
5 d3bmva2 7oy Family:Starch-binding domain
PDB header:hydrolase
Chain: A: PDB Molecule:glucoamylase;
& c6ihvA PDBTitle: crystal structure of penicillium oxalicum glucoamylase
ol Alignment

9
§
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Vysledky modelovania zo serveru Phyre2 (pokracovanie):

k7]

Superfamily:Starch-binding domain-like
Family:Starch-binding domain

31

Fold:Prealbumin-like

Superfamily:Starch-binding domain-like
Family:Starch-binding domain

29

PDB header:hydrolase

Chain: A: PDB Molecule:glucoamylase;
PDBTitle: glycoside hydrolase family 15 glucoamylase from hypocrea

29

Jecorina
PDB header:hydrolase

Chain: B: PDB Molecule:glucoamylase p;
structure of resinae

Fold:Prealbumin-like

Superfamily:Starch-binding domain-like
Family:Starch-binding domain

21

PDB header:hydrolase
Chain: B: PDB

lesterase 5;
PDBTitle: crystal structure of cbm20 domain of human putative2
5 (kiaa1434)

2

Chain: D: PDB Molecule:beta-amylase;
PDBTItle: beta-amylase from bacillus cereus var. mycoldes in complex

26

with2 glucose
PDB header:hydrolase

Chain: A: PDB Molecule:laforin;
PDBTitle: structure of a product bound phosphatase

PhO™: Run Investigator

29

PDB holder‘qivcosvﬁrmdemse
Chain: A: PDB Mol

(e.c.2.4.1.19) (cgtase)

PhE: Run lnvestigator

25

PDB header:hydr

PDBTitle: five-domain alpha-amylase from bacillus stearothermophilus, 2
maltose/acarbose mmp(ex

24

[ shydrolase
Chain: A: PDB Molecule:sex4 glucan phosphatase;
PDBTItle: structure of a plant phosphatase

™

Run Investigator

28

PDB header:transferase
Chain: A: PDB

glycosyl from
em1 mutant s77p with a

inhibitor

PR - o Invostigator

28

PDB header:transferase
Chain: A: PDB
PDBTitle: crystal structure of gamma-cgtase from alkalophilic bacillus
clarkii2 at 1.65 angstrom resolution

PHgM) Run Investigator

21

Fold:Immunoglobulin-like beta-sandwich
Superfamily:E set domalns
Family:AMPK-beta glycogen binding domain-like

PHO®S Run Investigator

27

PDB header:transferase
Chain: A: PDB
PDBTitle: crystal structure of alpha-cgt from paenibacillus macerans at
1.72 angstrom resolution

26

PDB header:glycosyltransferase
Chain: B: PDB Mol

w616a mutant from bacillus2
clrculans strain 251

23

PDB header:transferase/protein binding

Chain: B: PDB Molecule:protein sip2;
PDﬂTlﬂe'chvmweofﬂ\eMﬂwﬁmcwdmes cerevisiae
ampk2 homolog snf1

Fold:Immunoglobulin-like beta-sandwich
Superfamily:E set domains
Family:AMPK-beta glycogen binding domain-like

Fold:Immunoglobulin-like beta-sandwich
Superfamily:E set domains
Family:AMPK-beta glycogen binding domain-like

7 Alignment
8 Alignment
9 & {""?f" Algnment
10 ‘i’%’ ‘Akgament
n ¢ ‘\"{’"‘“1 Algnment
12 L Z\ZO!VJ[L Alignment
13 o0 Algnment
1 Sl o e
15 ¢ ‘\‘Y‘[‘A» ‘Ahgrment
15 Clobod Aignment
17 SmeA Algnment
18 ‘-'-’5*9‘-[“4\ Alignment
19 ClEms ‘Abgnment
20 dl;’ 1 E’m Aignment
2 oA et
2 citemB. Algoment
23 c2alvB Alignment
24 d2aivbr Algnment
25 diz0nal Alignment
26 d120mb1 Alignment
27 cabzyC_ Alignment

Fold:Immunoglobulin-like beta-sandwich
ily:E set domains
Family:AMPK-beta glycogen binding domain-like

PDB header:transferase
Chain: C: PDB Molecule: 1,4-alpha-glucan-branching enzyme;
PDBTItle: crystal structure of human glycogen branching enzyme (gbe1)
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Vysledky modelovania zo serveru Phyre2 (pokracovanie, prerusenie: 27->46):
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Vysledky modelovania zo serveru Phyre2 (pokracovanie; dokoncenie):

Fold:Ferredoxin-like
81 d1t95a3 Alignmant not modelled 24 Superfamily:EF-G C-terminal domain-like
protein AF0491, C-terminal domain
— Fold:Ferredoxin-like
82 dipdacd Alignment not modelled 24 chhmlv EF-G C-terminal domain

PDB
8 cgbA oy ot modeliad 43 Chain: A: PDB m«m monooxygenase subunit b2;

84 clyewl Alignment not modelled 13 Chain: I: Wl methane b subunit;

8 diebal Aacpment ot modelled 12 Superfamily:gamma-Crystalin-lke

Chain: £ PDB deoxy|-threo-5 ate ketol-
mmmm"dmmmmmmz
ketol-isomerase from enterococcus faecalls

86  clywkE Alignment not modelled 16

87 dida3a2 Alignment not modelled 39 Mvdllnfd Intein domain
Family:PI-Pful Intein middle domain

B Fold:Nucleotidyltransferase
88 d2bava2 Alignment not modelled 13 Superfamily:Nucleotidyltransferase
Family:RNA editing terminal urldyl transferase 2, RET2, catalytic domain

—— Fold:Supernatant protein factor (SPF), C-terminal domain
89  diolma2 Alignment not modelled 19 Superfamily:Supernatant protein factor (SPF), C-terminal domain
proteln factor (SPF), C-terminal domain
Fold:gamma-Crystallin-like
90  dlammal Alignment not modelled 9 Superfamily:gamma-Crystallin-like
Family:Crystallins/Ca-binding development proteins

like beta-sandwich

91 dibf2al Algnment not modelled 13 Superfamily:E set domains

Family:E-set domains of sugar-utilizing enzymes

Fold:gamma-Crystallin-like

92 dlprsa2 Alignment not modelled 17 Superfamily:gamma-Crystallin-like
Family:Crystallins/Ca-binding development proteins

— PDB header:hydrolase

93 c2axcA_ Alignment not modelled 31 Chain: A: PDB Molecule:colicin e7;
PDBTitle: crystal structure of cole7 translocation domain
— Fold:gamma-Crystallin-like
94  dimBual Alignment not modelled 12 Superfamily:gamma-Crystallin-like

Family:Crystallins/Ca-binding development proteins

PDB header:viral protein

Chain: E: PDB Molecule:major capsid protein I1;
% it FTIED s 17 pDBTitle: pentamer structure of major capsid protein I of human
papilloma virus2 type 11

Fold:gamma-Crystallin-like
96 dinpsa Alignment not modelled 22 Superfamily:gamma-Crystallin-like
Family:Crystallins/Ca-binding
— Fold:Double-stranded beta-helix
97 diywkal Mignment not modelled 15 Superfamily:RmiC-like cupins
Family:Kdul-like

PDB header:oxidoreductase

Chain: I: PDB Molecule:pmob;

PDBTitle: crystal structure of particulate methane monooxygenase
(pmmo) from2 methylocystis sp. strain m

98 arfrl lignment not modelled 16

% Qo ¥ not modefled 10 mdnmenfmajormmﬂ protein 11 of human

PDBTitle: penta
papilloma virus2 type 18

Generate superposition of selected models |

Binding site prediction

Automated 3DLigandsite submission is temporarily suspended due to server load. However you may submit models directly to 3DLigandSite HERE

Phyre is now FREE for commercial users!
All images and data generated by Phyre2 are free to use in any publication with acknowledgement
Please cite: The Phyre2 web portal for protein modeling, prediction and analysis.
Kelley LA et al.. Nature Protocols 10, 845-858 (2015)[pdf] [Citation link]

If you use the binding site predictions from 3DLigandSite, please also cite:
3DLigandSite: predicting ligand-binding sites using similar structures.
‘Wass MN, Kelley LA and Stemberg M] Nudlefc Acids Research 38, W469-73 (2010) [PubMed]

© Siructural Groug
Imperial College London Template detection: HHpred 1.51 T Imperial College
Lawrence Kelley, Michael Sternberg Secondary structure prediction: Psi-pred 2.5 "W London
Distlaimer Disorder prediction: Disopred 2.4

Teims and Conditions Transmembrane prediction: Memsal S\

Multi-template madeling and b nit: Poing 1.0

Vysledky modelovania ostavaju na serveri Phyre2 dostupné priblizne 1
mesiac; v kazdom pripade je najlepsSie si ich stiahnut zo servera a ulozit vo
vlastnom pocitaci — na to je mozné vyuzit tlacitko na titulnej strane hned pod
hlavickou: ,Download zip of all results“. Je velkou vyhodou, Ze vysledky po
rozbaleni su k dizpozicii v Uplne totoznej forme aj vizualnom spracovani tak,

ako boli v originali na serveri.
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Vysledky modelovania zo serveru Phyre2:

zobrazené su rozkliknuté vysledky zrovnania sekvencie modelovaného
proteinu (,Query Sequence”) a sekvencie proteinu, ktorého Struktura bola
pouzita ako templat (,Template sequence”) v ramci daného sekvenc¢ného

prekryvu (,Alignment Coverage®);
- toto zrovnanie je zalozené na Strukture (,structure-based alignment®);

- konkrétny templat: ,d1cgta2“ (1CGT); usek sekvencie: Gly582-Trp683.

Return to main results Retrieve Phyre Job Id Fetch

TR Genethonin_1_UniProt_095210_G260_H258
Confidence S Tue Oct 27 13:55:09

| GMT 2020
[ Rankf

J| ) I[w \/ [\' 1\2 TS 1% el et £

Template [i){si]eP
Prealbumin-  Starch-binding Starch-binding
Scop : Pl .
like domain-like domain

[ Resolution W]
[ e R (0] X:35.400 ¥:30.555 7:31.247

Show / Hide 55 confidence

Show / Hide Conservation and Alignment quality

- Insertion relative to template
Deletion relative to template

DCataIvtic residue from the CSA

Detailed help on interpreting your alignment

Query Sequenc
Template Sequence
Template Known Secondary structure |

-1 PLHYNKDGF WS HSTF
AFNQVI HQYPTWYYDVS

Template Predicted Secondary . mmEmm
structure : R
N =0 . o s . o . 6. . 0
- o n

0 . )

S S S
Query Sequence LPADTVVEWKFVLVENGGV TRWEECSNRFLETGHEIZDKVVHAWW
TemlalESuenceVPAEKQLEFKFFKKNIG?TITWESESNHTFTTP%ST375«7V7VNW
TT— S . SS—mmp— S 5 —sm—— S5 =
Template Predicted Secondary ___
structure

o1 . 50 . = & . &0

FASTA pairwise 3D Model in
alignment PDB format

View in JSmol

Send structure to FirstGlance for more viewing options

Phyre is now FREE for commercial users!
All images and data generated by Phyre2 are free to use in any publication with acknowledgement

Please cite: The Phyre2 web portal for protein modeling, prediction and analysis
Kelley LA et al. Nature Protocols 10, 845-858 (2015) [paper] [Citation link]

® Structural Bisinformatics Group, Imperial Callege. London

Lawrence Kelley, Michael Sternberg EI i Ir

Disdlsimer

Terms and Conditions v LED/. 23BBSRC
Phyre2 is part of Genome3D

Imperial College
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PDB stranka s nacitanymi tidajmi pre PDB kod: 1CGT (templat):

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

I D) 170383 Biological

e —— o e veancutss
el £EDE §rororn: )]s (g fteo GYyoo
—
3D View Annotations Experiment sequence
~ _ TEVEIS R @ Download Files ~
< Biological Assembly 1 @ ) B Display Files

] = F\ ‘ = Macromolecular Structures
| D Enabling Breakthroughs in ;
PROTEIN DATA BANK Research and Education Advanced Search | Browse Annotations

1CGT

STRUCTURE OF CYCLODEXTRIN GLYCOSYLTRANSFERASE REFINED AT 2.0
ANGSTROMS RESOLUTION

DOI: 10.2210/pdb1CGT/pdb

Classification: GLYCOSYLTRANSFERASE
Organism(s): Bacillus circulans
Mutation(s): No €@

Deposited: 1992-06-10 Released: 1934-01-31
Deposition Author(s): Klein, C_, Schulz, G.E

Experimental Data Snapshot wwPDB Validation & 3D Report  Full Report
Method: X-RAY DIFFRACTION Metric Percentile Ranks Value
Resolution: 2.00 A Clashscore I [k
R-Value Work: 0.166 Ramachandran oulliars M | ——]

@ 3D View: Structure | Electron Density | R-Value Observed: 0.166 Sickechain outliers MR —

Ligand Interaction

Global Symmetry: Asymmetric - C1 @
Global Stoichiometry: Monomer - A1 @

Find Similar Assemblics This is version 1.2 of the eniry. See complete history.

Biological assembly 1 assigned by authors.
Lerature

Macromolecule Content

Structure of cyclodextrin glycosyltransferase refined at 2.0 A resolution.
» Total Structure Weight: 74.65 kDa @

« Atom Count 5857 @ Klein, C., Schulz, G.E.
« Residue Count: 684 @ (1991) J Mol Biol 217: 737-750

« Unique protein chains: 1

PubMed: 1826034 EXEEEED
DOI: 10.1016/0022-2836(91)90530-]
Primary Citation of Related Structures:
1CGT

PubMed Abstract:

The previously reported structural model of cyclodextrin glycosyliransferase (EC 2.4.1.19) from Bacillus circulans
has been improved. For this purpose the known sequence was built into an electron density map established by
multiple isomorphous repla ... @

Vzajomné porovnanie terciarnych Struktar bude ukazané na porovnani
modelu C-terminalneho useku proteinu genetonin-1 (bol namodelovany tsek
sekvencie Ser261-Trp355 z celkového useku Gly260-His358) s realnou
Struktarou Skrob-viazucej domény z rodiny CBM20, ktora je pritomna
v enzyme cyklodextringlukanotransferaza z Bacillus circulans (usek
templatu: GlyS82-Trp683). Z vysledkov Phyre2 bol teda zvoleny model ¢. 3 —
,dlcgta2“ (PDB kod: 1CGT) s charakteristikou: 94% pokrytie sekvencie,
100% istota a 31% sekvencna identita na danom prekryve. Treba povedat, ze
rovnako kvalitné vysledky boli poskytnuté aj pre model ¢. 1 — ,d1cyga2“ (PDB
kod: 1CYG; cyklodextringlukanotransferaza z Bacillus stearothermophilus).
Model ¢. 3 vSak bol zvoleny kvoli dostupnosti literatary, v ktorej bola

terciarna Struktara enzymu popisana (PubMed ID: 1826034).
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Pre samotné porovnanie Struktur je potrebné pripravit si koordinaty aj
modelu, aj templatu. Struktira modelu sa ziska ulozenim z vysledkov
Phyre2 serveru ako model ¢. 3. Struktura templatu sa ziska z databazy PDB
podla kodu 1CGT. Tento subor vSak obsahuje koordinaty pre celu molekulu
cyklodextringlukanotransferazy (684 zvySkov), takze pre dalSiu pracu je
vyhodné si z PDB suboru vystrihnut len koordinaty pre cast struktury, ktora
sluzila ako templat (a ktora v podstate predstavuje celu Skrob-viazucu
doménu typu CBM20 tohto enzymu), t.j. usek Gly582-Trp683.

Takto boli pripravené dva subory Struktur v PDB formate: (i) model ¢. 3
C-terminalnej oblasti 'udského genetoninu-1 - ,dlcgta2_3.pdb“, t.j. Gsek
Ser261-Trp355 (vo vysledkoch Phyre2 je uz upravené cCislovanie Ser2-Trp95;
pricom ¢islica ,3“ v nazve suboru naznacuje, ze to je model ¢. 3); a (ii)
Struktara Skrob-viazucej domény z cyklodextringlukanotransferazy z Bacillus
circulans — ,1CGT_CBM20.pdb“, t.j. tisek Gly582-Trp683.

Na porovnavanie terciarnych Struktur proteinov je tiez mozné vyuzit
rozne programy, pripadne servery; jednu z dobre etablovanych moznosti
predstavuje server MultiProt. Pre uskutoCnenie porovnania Struktar je
potrebné si subory porovnavanych Struktur ulozit do ZIP suboru. Po nacitani
su serverom poskytnuté vysledky vo forme zrovnania sekvencii zaloZzenom na
Strukture, priCom porovnanie je charakterizované dvomi parametrami: (i)
poctom koreSpondujucich Ca atéomov (,Alignment Size“); a (ii) hodnotou
odchylky RMSD (,root mean square deviation“) — v jednotkach ,A“ ktora
udava mieru priemernej vzdialenosti medzi koreSpondujucimi Ca atomami.
Dve porovnavané Struktury proteinov su si tym viac podobné, t.j. ich
vzajomna Strukturna superpozicia (prekryv; ,structure overlay“; ,structural
superimposition) je tym lepSia, ¢im vysSSi je pocet koreSpondujucich Ca
atomov a ¢im mensSia je hodnota odchylky RMSD. Pocet koreSpondujucich
Ca atomov je vzdy mensi, resp. moze byt maximalne taky velky, ako je pocet
Ca atomov mensej porovnavanej molekuly proteinu.

MultiProt sever poskytuje spravidla viacero vysledkov, z ktorych je
potrebné vzdy zvolit tie, ktoré splfaju kritéria o ¢o najvaé§om moZnom poéte
koreSpondujucich Ca atomov a ¢o najnizSej hodnote odchylky RMSD. Pre

pripad Strukturneho porovnania modelu C-terminalnej oblasti genetoninu-1
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arealnej Struktury Skrob-viazucej domény z rodiny CBM20 pritomnej
v cyklodextringlukanotransferaze su to vysledky v 1. riadku, t.j. ,Alignment
Size 93 a ,RMSD“ 0,59 A. Pocet koresSpondujucich Ca atémov
v porovnavanych proteinovych molekulach bol 95 pre C-terminalny region
genetoninu-1 (subor: ,dlcgta2_3.pdb“) a 102 pre Skrob-viazucu doménu
(stubor: ,1CGT_CBM20.pdb“). Pre uvedené vysledky superpozicie (prekryvu)
je nakoniec potrebné stiahnut zo serveru subor ,aligned.pdb®, v ktorom su
ulozené koordinaty oboch proteinovych molekul po ich vzajomnej

superpozicii a ktory je mozné vo vhodnom programe zobrazit (obr. 6.3).

Uvodna web-stranka serveru MultiProt:

http:/ /bioinfo3d.cs.tau.ac.il/MultiProt/

_ e F
L] - - :
MultiProt ~ n;ﬁ&
_(‘ ] 1.‘:‘ :
[Back to Home Page]
PDB IDs separated by a space: (e.g. 1adj:A 1hc7:A 1v95)
Upload zip file of pdb structures: Prehladavat... Nie je zvoleny stbor.
Accuracy (in Angstroms): 3
Sequence Order: Yes® Noo

Odoslat’ Clear

Vysledky zo serveru MultiProt:

S

MultiProt

Protein Number of C-alpha atoms
ICGT _CBM20 102
dlcgta2 3 95

Number of aligned molecules : 2

Allgnment RMSD Molecules PDB

Size alignment
93 0.59 1CGT CBM20dlcgta2 3 aligned.pdb
15 1.84 1CGT _CBM20 dlcgta2 3 aligned.pdb
15 2:11 ICGT_CBM20 dlcgta2 3 aligned.pdb

74


http://bioinfo3d.cs.tau.ac.il/MultiProt/

Zovnanie sekvencii generované serverom MultiProt:

Multi

Number of aligned molecules : 2

4

059 1CGT_CBM20 dlegta2_3 aligned pdb

Alignment syntaxis: ChainlD. AminoAcidCode.ResidueNumber

A D 383 Q3

AV 585 Vs

AV 587 v7

A F 589 F9

AV 591 V11

A N 593 Y 13

A S 595 T 15

AT 597 T 17

A G 399 V19

A N 601 F 21

A Y 603 A 23

A T 605 T 25

A N 607 D 27

A A 609 E 29

A L 611 L 31

A A 620 R 33

A G 622 N 35

A A 624 Y 37

A N 626 P 39

AV 628 H 41

A H 630 N 43

A Y 632 D 45

AT 634 F 47

AY 636 5 49

A D 638 S 51

A S 640 B 53

AP 642 P55

A G 644 D 57

A Q 646 Vv 59

A E 648 E 61

A K 650 K 63

A F 652 V 65

A K 654 vV 67

A G 656 G 70

A T 658 v 72

A T 660 R 74

A E 662 E 76

A G 664 CcC78

A N 666 N 80

A T 668 F 82

A T 670 E 84

AP 672 G 86

AT 676 D 89

AT 678 V91

A T 680 H 93

A N 682 W 95
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(©)

Obr. 6.3. Znazornenie (a) modelu C-terminalnej oblasti ludského genetoninu-1 a (b)
terciarnej Struktary §krob-viazucej domény z rodiny CBM20 cyklodextringlukanotransferazy
z Bacillus circulans. Elementy sekundarnej Struktary — B-vlakna — st zobrazené ako
tyrkysové §ipky. (c) Strukturny prekryv (znazorneny stereo; polypeptidovy retazec ako liniova
stuha) modelu potencialnej Skrob-viazucej domény z genetoninu-1 (tyrkysova) a realnej
§krob-viazucej domény z cyklodextringlukanotransferazy (oranzova). Selektované zvysky
(modré pre genetonin-1; ¢ervené pre cyklodextringlukanotransferazu) st délezité pre
funkciu vazby a-glukanov pre Skrob-viazuce domény z rodiny CBM20. Zobrazené
v programe WebLabViewerLite (Molecular Simulations, Inc.).
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7. Praktické ulohy a cvicenia

7.1. Sledovanie velkosti genomov r6znych mikroorganizmov

Zadanie

Na zaklade PubMed ID cisiel pre jednotlivé literarne zaznamy, zistite
a navzajom porovnajte velkosti kompletnych genomov vybranych
mikroorganizmov, ako aj doplnte dalSie idaje do tab. 7.1:

- Casopis, v ktorom bola §tudia uverejnena;

- rok vydania;

- doménu prokaryotov — bud Bacteria alebo Archaea;
- velkost genomu v bazovych paroch;

- pocet génov kodujucich proteiny (ORF).

Tabul'ka 7.1. Priklady organizmov s kompletne sekvenovanym genémom.

€. Mikroorganizmus PubMed Casopis Rok Doména Velkost genému ORF
1 Haemophilus influenzae 7542800
2 Mycoplasma genitalium 7569993
3  Methanococcus jannaschii 8688087
4  Helicobacter pylori 9252185
5  Escherichia coli 9278503
6  Bacillus subtilis 9384377
7  Archaeoglobus fulgidus 9389475
8  Borrelia burgdorferi 9403685
9  Mycobacterium tuberculosis 9634230
10 Treponema pallidum 9665876
11 Thermotoga maritima 10360571
12 Deinococcus radiodurans 10567266
13 Vibrio cholerae 10952301
14 Yersinia pestis 11586360
15 Shewanella oneidensis 12368813
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7.2. In silico analyza triozafosfatizomerazy

Zadanie

Vykonajte  bioinformatickii  analyzu enzymu  triozafosfatizomeraza
pochadzajuceho zo 40 roéznych zdrojov zahrnajucich baktérie, archeony
a eukaryoty podla tab. 7.2.

(1)
(2)

(3)

(4)

(S)
(6)

(7)

Vytvorte si priec¢inok ,, TIM*.

VSetkych 40 sekvencii TIM zhromazdite z databazy UniProt do
vstupného suboru (,TIM.txt“; textovy subor) vhodného pre program
Clustal-Omega.

Na EBI serveri zrovnajte sekvencie TIM v programe Clustal-Omega —
http:/ /www.ebi.ac.uk/Tools/msa/clustalo/ - ziskajte dva subory:
»LTIM_aln.txt“ (alignment ,with character counts) a , TIM_fas.txt (format
Pearson/FASTA); dodrzte vstupné poradie sekvencii (input order).

Subor ,TIM_aln.txt“ otvorte v programe MS-Word a v zrovnanych
sekvenciach zvyraznite zltym podfarbenim aminokyselinové zvySky
aktivneho miesta (AsnlO, Lysl2, His95, Glul65 v sekvencii
triozafosfatizomerazy zo Saccharomyces cerevisiae); subor ulozte ako
dokument , TIM_aln.doc“.

Vypocitajte hodnoty CL, SI a SS.

Na EBI serveri vramci programu Simple Phylogeny -
http:/ /www.ebi.ac.uk/Tools/phylogeny/simple_phylogeny/ -
vypocitajte dva evoluc¢né stromy pre TIM - s uvazovanim medzier
v sekvenciach (,TIM_off.txt“) a s ich ignorovanim (,IIM_on.txt) — na
zaklade finalneho suboru , TIM_fas.txt“.

Vypocitané evoluéné stromy zobrazte v programe iTOL (interactive Tree
of Life; https://itol.embl.de/), vlozte ako exportované obrazky (napr.
PNG) do suboru ,TIM_aln.doc“, porovnajte a zapiSte diskusiu celej
prace.
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Tabul'ka 7.2. Zoznam Studovanych tri6zafosfatizomeraz.

C. Zdroj Skratka UniProt Dizka
Bacteria
1  Agrobacterium tumefaciens Agrtu Q8UEY3 256
2  Nostoc sp. PCC 7120 Nossp Q8YP17 241
3  Bacillus anthracis Bacan Q81X76 251
4 Bifidobacterium longum Biflo Q8G6D5 267
S  Borrelia burgdorferi Borbu Q59182 253
6 Chlamydia pneumoniae Chlpn Q9Z6J6 254
7  Deinococcus radiodurans Deira Q9RUPS 244
8  Escherichia coli Escco POAS858 255
9  Haemophilus influenzae Haein P43727 263
10 Mycobacterium tuberculosis Myctu POWG42 261
11 Mycoplasma genitalium Mypge P47670 244
12 Neisseria meningitidis Neime Q9JW31 251
13 Salmonella typhimurium Salty Q8ZKP7 255
14 Staphylococcus aureus Staau QS5SHHP3 253
15 Streptococcus mutans Stcmu P72484 252
16 Streptomyces coelicolor Strco Q97520 258
17 Synechocystis sp. PCC 6803 Synsp Q59994 242
18 Thermotoga maritima Thtma P36204 255 (400-654)
19 Vibrio cholerae Vibch Q9KNRI1 257
20 Yersinia pestis Yerpe Q8ZJK9 255
Archaea
21 Aeropyrum pernix Aerpe Q9YBR1 223
22 Archaeoglobus fulgidus Arcfu 028965 223
23 Haloarcula marismortui Haama Q5v4J7 215
24 Halobacterium salinarium Habsa Q9HQS4 214
25 Methanopyrus kandleri Mepka Q8TUT9 226
26 Methanosarcina mazei Mesma Q8PXE2 222
27 Pyrobaculum aerophilum Pybae Q8ZX28 227
28 Pyrococcus furiosus Pycfu P62002 228
29 Sulfolobus solfataricus Sulso Q97VMS8 227
30 Thermoproteus tenax Thpte Q8NKN9 226
Eucarya
31 Arabidopsis thaliana (mouse-ear cress) Arath Q9SKP6 255 (61-31595)
32 Aspergillus nidulans (fungi) Aspni P04828 249
33 Caenorhabditis elegans (nematode) Caeel Q10657 247
34 Drosophila melanogaster (fruit fly) Drome P29613 247
35 Gracilaria verrucosa (red alga) Grave P48492 250
36 Homo sapiens (human; isoform 1) Homsa P60174 249
37 Oryctolagus cuniculus (rabbit, isoform 1) Orlcu P00939 249
38 Oryza sativa (rice) Orysa P48494 253
39 Pan troglodytes (chimpanzee) Pantr P60175 249
40 Saccharomyces cerevisiae (yeast) Sacce P00942 248
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7.3. Bioinformaticka analyza pektolytickych enzymov z rodiny GH28

Zadanie

Vykonajte bioinformatickti analyzu pektolytickych enzymov z rodiny GH28
pochadzajucich z 25 roznych zdrojov zahrnajucich baktérie a eukaryoty
podla tab. 7.3.

(1)
(2)

(3)

(4)

Vytvorte si priecinok ,,GH28¢.

VSetkych 25 sekvencii pektolytickych enzymov zhromazdite z databazy
UniProt do vstupného suboru (,GH28.txt“; textovy subor) vhodného pre
program Clustal-Omega.

Na EBI serveri zrovnajte sekvencie enzymov z rodiny GH28 v programe
Clustal-Omega — http://www.ebi.ac.uk/Tools/msa/clustalo/ - ziskajte
dva subory: ,GH28_ aln.txt“ (alignment ,with character counts®)
a ,GH28_fas.txt“ (format Pearson/FASTA); dodrzte vstupné poradie
sekvencii (input order).

Subor ,GH28_ aln.txt“ otvorte v programe MS-Word a v zrovnanych
sekvenciach zvyraznite zltym podfarbenim konzervované sekvencné
regiony (udané pre tri reprezentativne sekvencie nizSie); subor ulozte
ako dokument ,GH28_aln.doc*.

Konzervované useky vybranych clenov rodiny GH28:

Protein ¢&. 4: Aspni_PG 178 _NTD 201_DD 222 GHG 256_RIK Y291

Protein ¢&. 21: Asptu XGH 205_NTD 228 DD 250_SHG 284 _GIK Y322

Protein é&. 22: Aspac_RG 193 _GLD 215 DE 237_SGG 269 MIK w302

(5) Vypocitajte hodnoty CL, SI a SS.

(6) Na EBI serveri vramci programu Simple Phylogeny -
http:/ /www.ebi.ac.uk/Tools/phylogeny/simple_phylogeny/ -
vypocitajte dva evoluéné stromy pre enzymy zrodiny GH28 -
S uvazovanim medzier v sekvenciach (,GH28_off.txt%) asich
ignorovanim (,GH28_ on.txt“) - mna zaklade finalneho suboru
,OH28 fas.txt“.

(7) Vypocitané evolucné stromy zobrazte v programe iTOL (interactive Tree

of Life; https://itol.embl.de/), vlozte ako exportované obrazky (napr.
PNG) do suboru ,,GH28_aln.doc“, porovnajte a zapiSte diskusiu celej
prace.
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Tabul'ka 7.3. Zoznam §tudovanych pektolytickych enzymov z rodiny GH28.

C. Enzym Zdroj Risa Skratka EC UniProt
1 Polygalakturonaza Erwinia carotovora Baktérie Erwca_PG 3.2.1.15 P26509
2 Polygalakturonaza Ralstonia solanacearum Baktérie Ralso_PG 3.2.1.15 P20041
3 Polygalakturonaza Thermotoga maritima Baktérie Thema_PG 3.2.1.15 QI9WYRS8
4 Polygalakturonaza Aspergillus niger Huby Aspni_PG 3.2.1.15 P26214
S Polygalakturonaza Aspergillus parasiticus Huby Asppa_PG 3.2.1.15 P49575
6 Polygalakturonaza Claviceps purpurea Huby Clapu_PG 3.2.1.15 P78607
7 Polygalakturonaza Fusarium moniliforme Huby Fusmo_PG 3.2.1.15 Q07181
8 Polygalakturonaza Kluyveromyces marxianus Huby Kluma_PG 3.2.1.15 013478
9 Polygalakturonaza Penicillium expansum Huby Penex PG 3.2.1.15 059925
10 Polygalakturonaza Saccharomyces cerevisiae Huby Sacce_PG 3.2.1.15 P47180
11 Polygalakturonaza Actinidia deliciosa Rastliny Actde_PG 3.2.1.15 P35336
12 Polygalakturonaza Lycopersicon esculentum Rastliny Lyces_PG 3.2.1.15 P0O5117
13 Polygalakturonaza Malus domestica Rastliny Maldo_PG 3.2.1.15 P48978
14 Polygalakturonaza Phaedon cochleariae Hmyz Phaco_PG 3.2.1.15 097400
15 Exopolygalakturonaza Erwinia chrysanthemi Baktérie Erwch_EPG 3.2.1.82 P15922
16 Exopolygalakturonaza Ralstonia solanacearum Baktérie Ralso_EPG 3.2.1.82 Q53241
17 Exopolygalakturonaza Yersinia enterocolitica Baktérie Yeren_EPG 3.2.1.82 068975
18 Exopolygalakturonaza Aspergillus tubigensis Huby Asptu_EPG 3.2.1.67 Q00293
19 Exopolygalakturonaza Fusarium oxysporum Huby Fusox _EPG 3.2.1.67 074255
20 Pelova polygalakturonaza Zea mays Rastliny Zeama_PPG 3.2.1.67 P26216
21 Xylogalakturonanhydrolaza Aspergillus tubigensis Huby Asptu_XGH 3.2.1.- Q9UUZ2
22 Ramnogalakturonaza Aspergillus aculeatus Huby Aspac_RG 3.2.1.- Q00001
23 Ramnogalakturonaza A Aspergillus niger Huby AspniA_RG 3.2.1.- P87160
24 Ramnogalakturonaza B Aspergillus niger Huby AspniB_RG 3.2.1.- P87161
25 Ramnogalakturonaza Botryotinia fuckeliana Huby Botfu_RG 3.2.1.- pP87247
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7.4. Bioinformaticka analyza a-amylaz z rodiny GH13

Zadanie

Vykonajte bioinformaticku analyzu a-amylaz z rodiny GH13 pochadzajtucich
z roznych zdrojov, ktoré na zaklade sekvencnej podobnosti patria do viac ako
10 podrodin tejto rodiny podla tab. 7.4.

(1)
(2)

(3)

(4)

()

(6)

(7)

Vytvorte si priecinok ,,GH13“.

VSetkych 28 sekvencii a-amylaz zhromazdite z databazy UniProt do
vstupného suboru (,GH13.txt, textovy subor) vhodného pre program
Clustal-Omega.

Na EBI serveri zrovnajte sekvencie enzymov z rodiny GH13 v programe
Clustal-Omega — http://www.ebi.ac.uk/Tools/msa/clustalo/ - ziskajte
dva subory: ,GH13_aln.txt“ (alignment ,with character counts®)
a ,GH13_fas.txt“ (format Pearson/FASTA); dodrzte vstupné poradie
sekvencii (input order).

Subor ,GH13_aln.txt“ otvorte v programe MS-Word a v zrovnanych
sekvenciach zvyraznite tri konzervované sekvencné regiony (KSR) okolo
katalytickych zvysSkov: Asp227 (bez signalneho peptidu — 21 zvyskov:
206), Glu251 (230) a Asp318 (297) (pocitanie v a-amylaze z Aspergillus
oryzae; regiony su: GLRIDTVKH, EVLD a FVENHD). Zaroven
skontrolujte, ¢i st sekvencie vSetkych a-amylaz spravne zrovnané, t.j. ¢i
pre kazdu z 28 sekvencii boli identifikované vSetky tri katalytické zvysSky
(v selektovanych KSR). Tiez rovnako zvyraznite dalSie Styri KSR:
S56_GFTAIWITP (zaciatok regionu v sekvencii a-amylazy z Aspergillus
oryzae s uvazovanim signalneho peptidu: Gly77), 117_DVVANH
(Asp138), 173_LPDLD (Leu194) a 323_GIPIIYAGQ (Gly344); subor ulozte
ako dokument ,GH13_aln.doc“. Ak niektoré KSR nie su spravne
zrovnané, je potrebné zrovnanie sekvencii manualne upravit a tieto
zmeny nasledne preniest do zrovnania vo formate Pearson/FASTA
(subor ,GH13_fas.txt“), ktory bude sluzit na vypocet evoluécného stromu.

Vypocitajte hodnoty CL, SI a SS - z finalneho zrovnania (po pripadne;j
manualnej uprave).

Na EBI serveri vramci programu Simple Phylogeny -
http:/ /www.ebi.ac.uk/Tools/phylogeny/simple_phylogeny/ -
vypocitajte dva evoluéné stromy pre enzymy zrodiny GH13 -

S uvazovanim medzier v sekvenciach (»,GH13_off.txt%) a sich
ignorovanim (,GH13_on.txt“) - mna zaklade finalneho suboru
,GH13_fas.txt“.

Vypocitané evolucné stromy zobrazte v programe iTOL (interactive Tree
of Life; https://itol.embl.de/), vlozte ako exportované obrazky (napr.
PNG) do suboru ,,GH13_aln.doc“, porovnajte a zapiSte diskusiu celej
prace.
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Tabul'ka 7.4. Zoznam Studovanych a-amylaz z rodiny GH13.

C. Organizmus UniProt Skratka Dizka Podrodina
1 Aspergillus oryzae POC1B3 Aspor_1 499 13_1
2 Saccharomycopsis fibuligera D4P4Y7 Sacfi_1 494 13_1
3 Bacillus amyloliquefaciens P00692 Bacam_5 514 13_5
4 Halothermothrix orenii B8CZ54 Halor_5 623 13_5
5 Hordeum vulgare P00693 Horvu_6 438 13_6
6 Oryza sativa P17654 Orysa_6 434 13_6
7 Pyrococcus woesei Q7LYT7 Pyrwo_7 460 13_7
8 Thermococcus hydrothermalis 093647 Thehy_7 457 13_7
9 Drosophila melanogaster P08144 Drome_15 494 13_15
10 Tenebrio molitor P56634 Tenmo_15 471 13_15
11  Gallus gallus Q98942 Galga_24 512 13_24
12 Homo sapiens (sliny) P04745 Homsa_24 511 13_24
13  Aeromonas hydrophila P22630 Aerhy 27 464 13_27
14  Xanthomonas campestris Q56791 Xanca_27 475 13_27
15  Bacillus subtilis Q45520 Bacsu_28 477 13_28
16  Lactobacillus amylovorus Q48502 Lacam_28 953 13_28
17  Pseudoalteromonas haloplanktis P29957 Pseha_32 669 13_32
18 Streptomyces limosus P09794 Strli_32 566 13_32
19  Halothermothrix orenii Q8GPLS8 Halor_36 515 13_36
20  Dictyoglomus thermophilum P14899 Dicth_36 499 13_36
21 Uncultured bacterium DO9MZ14 Uncba_37 639 13_37
22 Photobacterium profundum Q6LIAS Phopr_37 687 13_37
23 Roseburia sp. A2-194 Q3LB10 Rossp_41 1674 13 41
24  Micrococcus sp. 207 Q06812 Micsp_41 1104 13_41
25  Bacillus aquimaris G8IJA7 Bacaq_xx 512 XX
26 Geobacillus thermoleovorans G8N704 Geoth_xx 511 XX
27  Haloarcula hispanica Q4A3E0 Halhi_yy 433 vy
28  Natronoarchaeum philippinense ~ AOA285N7G2 Natph_yy 511 A
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7.5. Analyza enzymov z rodiny GH28 pomocou metédy HCA

V sekvencii polygalakturonazy z Aspergillus niger (Aspni_PG) identifikujte
useky 18 _NTD, 41_DD, 62_GHG, 96_RIK a zvySok Tyrl131. Potom k nim
najdite koreSpondujuce useky v sekvenciach xylogalakturonanhydrolazy
z Aspergillus tubigensis (Asptu_XGH) a ramnogalakturonazy z Aspergillus
aculeatus (Aspac_RG). Vysledky dajte do suvisu s vysledkami in silico
analyzy pektolytickych enzymov z rodiny GH28, najmd s ohladom na ich
konzervované useky (zadanie ¢. 7.3, bod ¢. 4).

Aspni_PG

90 100

110 120 130 140 150 160 170 180

100 110 120 130 140 150 160 170 180

110 120 130 140 150 160 170 180
| | | | | |
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7.6. Analyza hémovych katalaz pomocou metédy HCA

Teoéria

Hémové peroxidazy su oxidoreduktazy odpovedajuce na rdzne formy
oxidacného stresu. Trieda Class I hémovych peroxidaz obsahuje tri skupiny
enzymov: (i) katalazy-peroxidazy (CP); (ii) askorbat-peroxidazy (APX); a (iii)
cytochrom c peroxidazy (CCP). Katalaza-peroxidaza (CP) je jedinym enzymom
skupiny, ktory ma kataldzovu aktivitu, t.j. je schopny aj oxidovat, aj
redukovat H2O>. Ostatné nekataldzové enzymy (APX a CCP) dokazu peroxid
vodika len redukovat. K funkcii hémovych peroxidaz je potrebna prosteticka
skupina - iony Fe vo forme hému. Hém je viazany dvomi His zvySkami: tzv.
vzdialena strana vazbového zoskupenia — blizSie k N-koncu proteinu (His87
v CP z Archaeoglobus fulgidus) a tzv. blizka strana vazbového zoskupenia -
dalej od N-konca proteinu (His249 v CP =z Archaeoglobus fulgidus).
V sekvencii vSetkych clenov triedy Class Ihémovych peroxidaz su tri
konzervované regiony, ktoré obsahuju funkéne esencialne aminokyselinové
zvySky (v CP z Archaeoglobus fulgidus): (i) His87 (vzdialena strana):
79_PLFIRLAWHSAGSYR _93; (ii) His249 (blizka strana):
242 _VALIAGGHAFGKC_254; a (iii) Asp359 (vodikova vézba s His249):
353_PRMLTADLALRF_364. CP obsahuju v porovnani s APX a CCP duplikat
celej katalytickej domény (st zhruba 2x dlhSie). Original, t.j. katalyticky
aktivna cast proteinu, sa nachadza v N-terminalnej casti, kym duplikat,
ktory je katalyticky neaktivny, sa nachadza v C-terminalnej oblasti molekuly.
Duplikat je katalyticky neaktivnhy preto, ze aj ked obsahuje vSetky tri
konzervované regiony, His ligandy su substituované inymi zvySkami.

Zadanie

(1) Vytvorte na ploche Vasho pocitaca priecinok s nazvom ,,HCA®.

(2) Z databazy UniProt ziskajte sekvencie enzymov: (i) katalaza-peroxidaza
z Archaeoglobus fulgidus (UniProt: 0O28050); (ii) askorbat-peroxidaza
z Arabidopsis thaliana (cytosolic; Q05431); (iii) askorbat-peroxidaza
z Arabidopsis thaliana (thylakoid-bound; Q42593); a (iv) cytochrom c
peroxidaza zo Saccharomyces cerevisiae (P00431).

(3) Pomocou aktualneho HCA-servera vytvorte na internete HCA obrazy
vSetkych Styroch sekvencii hémovych peroxidaz a ulozte ich do
priec¢inku ,HCA“ vo formate PDF.

(4) Na vytlacenom HCA obrazku Studovanych hémovych peroxidaz
identifikujte a farebne vyznacte: (i) tri konzervované sekvencné regiony
(KSR) obsahujuce His87, His249 a Asp359 v HCA obraze CP z A.
fulgidus (Arcfu_CP.txt); (ii) tri KSR (t.j. oblasti koreSpondujuce His87,
His249 a Asp359) voboch APX aCCP (Arath_APX, Arath APXT
a Sacce_CCP); a (iii) oblasti koreSpondujuce His87, His249 a Asp359
v C-terminalnom duplikate katalytickej domény CP z A. fulgidus.
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7.7. Analyza Skrob-viazucich domén pomocou metody HCA

Teoéria

Skrob-viazuca doména (starch-binding domain; SBD) je klasifikovana ako
tzv. modul z rodiny CBM20, t.j. ,carbohydrate-binding module family 20
Tato doména umoznuje amylolytickému enzymu viazat a degradovat surovy
(nezmazovateny) Skrob. CBM20 sa moze nachadzat v a-amylazach, pB-
amylazach a glukoamylazach z baktérii, archeonov, kvasiniek a vlaknitych
hub, ktorych katalytické domény su navzajom sekvencne nepodobné; ale
napr. aj vrastlinnych 4-a-glukanotransferazach. U zZivoCichov moze byt
sucastou  glukanfosfatazy laforin, pripadne aj doteraz  blizSie
necharakterizovaného proteinu genetonin-1, priCom u oboch funguje skor
ako glykogén-viazuca domeéna (glycogen-binding domain; GBD). Sekvencne
pribuzna doména SBD/GBD typu CBM48 sa moze nachadzat aj v dalSich
regulacnych proteinoch, ktoré su zapojené do regulacie metabolizmu Skrobu
u rastlin (protein-4 nadbytku Skrobu; SEX-4) a glykogénu u zivocichov
(sucast B-podjednotky AMP-aktivovanej proteinovej kinazy; AMPK}).

Zadanie

Na HCA zobrazeni vysSie spomenutych enzymov a proteinov identifikujte ich
Skrob-, resp. glykogén-viazucu doménu. Vo vSeobecnosti ma doména vo
vSetkych pripadoch priblizne 100 aminokyselinovych zvyskov, priCom sa
moze nachadzat ako na N-, tak aj na C-konci proteinovej molekuly, pripadne
aj vo vnutri proteinového retazca. Pri identifikacii si pomozte nasledovnymi
charakteristickymi sekvenénymi ¢rtami SBD typu CBM20 z amylolytickych
€nzymov:
N-koniec domény
~ 30 zvyskov
LG-W
~15 zvySkov
P-W
~ 15 zvySkov
K
~ 10 zvyskov
W----N
~ 15 zvyskov

C-koniec domény
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Streptomyces griseus a-amylase
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7.8. Analyza a-glukozidaz s vyuzitim nastroja BLAST

Teoéria

Enzym oligo-1,6-glukozidaza (OGLU), EC 3.2.1.10, patri medzi glykozidové
hydrolazy. Ako a-glukozidaza katalyzuje hydrolyzu a-1,6-glukozidovych
vazieb v a-glukanoch. V ramci a-amylazovej enzymovej rodiny GH13 tvori
tzv. oligo-1,6-glukozidazova podrodinu spolu s niekolkymi dal§imi
pribuznymi enzymovymi Specificitami. Tieto enzymy su prevazne
mikrobialneho povodu. Bolo zistené, ze k oligo-1,6-glukozidaze a enzymom
z jej podrodiny existuju u vysSSich organizmov (Zivocichy az cicavce)
sekvencne podobné proteiny, ktoré tvoria tazké retazce heteromérnych
transportérov zodpovednych za prenos aminokyselin cez bunkova
membranu, tzv. proteiny rBAT a 4F2hc antigén. Oligo-1,6-glukozidaza je
multidoménovy enzym, zloZzeny z troch domén (obr. 7.8): (i N-terminalna
katalyticka doména A; (ii) doména B v¢lenena v katalytickej doméne; a (iii) C-
terminalna doména C. Transportné proteiny maju podobné usporiadanie
domeén svojich proteinovych molekul, ale maju navySe N-terminalnu doménu
(N-term.) a transmembranovy segment (TM). Doména A v proteinoch rBAT
a 4F2hc nemusi obsahovat katalytické zvySky nevyhnutné pre funkciu a-
glukozidaz. Protein 4F2hc navySe neobsahuje ani doménu B.

Bacillus cereus oligo-1,6-glucosidase

| Domain C |

Homo sapiens rBAT

Obr. 7.8. Schéma oligo-1,6-glukozidazy a proteinov rBAT a 4F2hc.

Zadanie

(1) In silico analyza a-glukozidaz z oligo-1,6-glukozidazovej podrodiny
pomocou nastroja BLAST. Query: OGLU z Bacillus cereus (UniProt:
P21332; dizka: 558); maximalny pocet zachytenych sekvencii: 500.

(2) Vytvorte si priec¢inok ,BLAST_OGLU*“.

(3) Z databazy UniProt ziskajte aminokyselinova sekvenciu OGLU (vysledok
ulozte).

(4) So sekvenciou danej OGLU vykonajte Standardny proteinovy BLAST
(Max. target sequences: 500); kompletné vysledky ulozte.
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(6)

(7)

(8)

()

(10)

(11)

(12)

V predpripravenych vysledkoch ziskanych pomocou nastroja BLAST
(Max. target sequences: 5000) dostupnych na web-stranke:
http://imb.savba.sk/~janecek/UCM//Tretiaci/ BLAST/OGLU/OGLU_BLAST_5000.htm
identifikujte dalSich 21 enzymov/proteinov (¢. 2-22; tab. 7.8) a doplnte
vSetky prislusné udaje (vzorova tabulka je tiez k dispozicii):
http://imb.savba.sk/~janecek/UCM/Tretiaci/BLAST/OGLU/OGLU_Tabulka_vzor.doc
Udaje pre 4F2hc antigén a rBAT proteiny (¢. 23, 24 a 25; tab. 7.8)
doplnte priamo z databazy GenBank (predpripraveny BLAST pre 5000
zachytenych sekvencii ich neobsahuje).

VSetkych 25 sekvencii zhromazdite z databaz GenBank a/alebo UniProt
do vstupného suboru ,,OGLU.txt“.

Na EBI serveri zrovnajte sekvencie v programe Clustal-Omega - ziskajte
dva subory: ,OGLU_aln.txt“ (alignment ,with character counts®)
a ,OGLU_fas.txt“ (format Pearson/FASTA); dodrzte vstupné poradie
sekvencii (input order).

V zrovnanych sekvenciach, t.j. v subore ,OGLU_aln.txt“ ulozeného ako
dokument suboru ,,OGLU_aln.doc“, Zltym podsvietenim (ak su pritomné)
farebne zvyraznite charakteristické konzervované sekvencné regiony
(udané v sekvencii oligo-1,6-glukozidazy z Bacillus cereus), priCom sa
zvlast zamerajte na pritomnost, resp. nepritomnost troch katalytickych
zvySkov (najméd u transportnych proteinov; hrubo oznacené kurzivou):
44_GIDVIWLSP ... 98_DLVVNH ... 167_QPDLN ... 195_GFRMDVINF ...
251_MTVGEMPG ... 324_YWNNHD ... 360_GTPYIYQGE.

Na EBI serveri vramci programu Simple-Phylogeny vypocitajte dva
evolucné stromy pre Studované enzymy a proteiny — s uvazovanim, resp.
s ignorovanim medzier v sekvenciach ,OGLU_off.txt“ a ,OGLU_on.txt".
Evolu¢né stromy zobrazte v programe iTOL (,circular®), exportujte ako
PNG subory a vlozte pod zrovnanie do suboru ,OGLU_aln.doc”.

Pre zrovnané sekvencie (alignment) zistite konsenzualnu dizku (CL),

vypocitajte sekvenc¢nu identitu (SI) a podobnost (SS) a vysledky spolu
s diskusiou celej prace slovne zapiste.

V priecinku ,BLAST_OGLU*“ budu uloZené nasledovné subory:

(a) cely html subor OGLU z databazy UniProt (,OGLU_seq.htm®);

(b) Vase vysledky z BLASTu (html subor: ,OGLU_BLAST.htm“, Max.
target sequences: 500);

(c) doplnena tab. 7.8 s 25 zdrojmi (DOC subor: ,OGLU_Tabulka.doc®);
(d) vstupny subor s 25 sekvenciami (textovy subor: ,,OGLU.txt%);
(e) zrovnania sekvencii (subory: ,OGLU_aln.txt“ a ,,OGLU_fas.txt%);

(f) zrovnanie vo formate ALN (,OGLU_aln.doc“) so Zlto zvyraznenymi
konzervovanymi regionmi a Cervenou inverziou zvyraznenymi
pripadnymi katalytickymi zvySkami (podla bodu 9), vlozenymi
obrazkami evoluc¢nych stromov (podla bodu 10) a pod tym hodnoty
CL, SI a SS a diskusia evolu¢nych stromov;

(g) vypocitané subory (nie obrazky) evolu¢nych stromov (,OGLU_off.txt“
a ,OGLU_on.txt%).
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Tabul'ka 7.8. Zoznam Studovanych sekvencii a-glukozidaz.

C. Zdroj enzymu Enzym Skratka EC Pristupové éislo Dizka Skore
1 Bacillus cereus Oligo-1,6-glukozidaza Bacce_OGLU 3.2.1.10 sp P21332 558 1152
2 Oligo-1,6-glukozidaza Bacth_ OGLU 3.2.1.10 sp P29094

3 Oligo-1,6-glukozidaza Grbha_OGLU 3.2.1.10 gb ENH95997.1

4 Oligo-1,6-glukozidaza Anbfl OGLU 3.2.1.10 gb GAC90225.1

5 Oligo-1,6-glukozidaza Bacsu_OGLU 3.2.1.10 gb AAG23399.1

6 Trehaléza-6-fosfat hydrolaza Anbfl T6PH 3.2.1.93 gb GAC89934.1

7 Trehal6za-6-fosfat hydrolaza Gebst_T6PH 3.2.1.93 gb BAE45038.1

8 Oligo-1,6-glukozidaza Bacco_OGLU 3.2.1.10 sp Q45101

9 Oligo-1,6-glukozidaza Clocl_OGLU 3.2.1.10 gb ENZ09185.1

10 Alfa-glukozidaza Labpe_AGLU 3.2.1.20 gb CCC16900.1

11 Oligo-1,6-glukozidaza Clobo_OGLU 3.2.1.10 gb ENZ38195.1

12 Oligo-1,6-glukozidaza Arbgl OGLU 3.2.1.10 gb BAC78840.1

13 Alfa-glukozidaza Gebst_AGLU 3.2.1.20 gb BAA12704.1

14 Glykozidaza Jabli_ GLY 3.2.1.- gb AAZ39207.1

15 Glykozidaza Rucgn_GLY 3.2.1.- gb CCG93502.1

16 Alfa-glukozidaza Pecpe_AGLU 3.2.1.20 sp P43473

17 Oligo-1,6-glukozidaza Weith_ OGLU 3.2.1.10 gb CCC56207.1

18 Oligo-1,6-glukozidaza Enbpu_OGLU 3.2.1.10 gb CAZ90594.1

19 Hypoteticky protein Cloha_HYPO - gb ENY93903.1

20 Alfa-glukozidaza Stcau_AGLU 3.2.1.20 gb ENM74527.1

21 Oligo-1,6-glukozidaza Bacsp_OGLU 3.2.1.10 sp P29093

22 Oligo-1,6-glukozidaza Rhisp_OGLU 3.2.1.10 gb CCF21491.1

23 4F2hc antigén (isoform 2) Homsa_4F2 - gb AAA35489.1 e
24 rBAT protein Salsa_rBAT -—— gb ACN60293.1 —
25 rBAT protein Homsa_rBAT -—- gb AAA35500.1 -—-
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7.9. Analyza Skrob-viazucej domény amylaz s vyuzitim nastroja BLAST

Teoéria

Enzym cyklodextringlukanotransferaza (CGTaza), EC 2.4.1.19, patri medzi
transferazy. Katalyzuje hydrolytické Stiepenie a-1,4-glukozidovych véazieb
(napr. v Skrobe), priCom sucasne prenasa (transferazova aktivita) molekulu
glukézy s naslednou tvorbou cyklického sacharidu (cyklodextrinu). Vo
vSeobecnosti cyklizuje cast a-1,4-D-glukanového retazca tvorbou a-1,4-D-
glukozidovej vazby. CGTaza je multidoménovy enzym, ktory sa najcastejSie
sklada z piatich domén (obr. 7.9). Na C-konci svojej proteinovej molekuly
obsahuje tzv. Skrob-viazucu doménu (starch-binding domain; SBD), ktora je
klasifikovana ako tzv. modul z rodiny CBM20, t.j. ,carbohydrate-binding
module family 20“ Tato doména umoznuje enzymu viazat a degradovat
surovy (tepelne neupraveny) Skrob. CBM20 sa moze nachadzat aj v a-
amylazach, B-amylazach a glukoamylazach. Hoci tieto jednotlivé amylazy
obsahuju sekvenc¢ne nepodobné katalytické domény, na svojich C-koncoch
mozu mat odpovedajucu SBD typu CBM20. Doména SBD typu CBM20 a jej
homoloég z rodiny CBM48 sa moézu nachadzat napr. v glukanfosfatazach
zapojenych do regulacie metabolizmu glykogénu u zivocichov (protein laforin)
a Skrobu u rastlin (tzv. protein nadbytku Skrobu 4 — SEX-4), pripadne ako
sucast B-podjednotky AMP-aktivovanej proteinovej kinazy (AMPK).

(e

— Vdoména A - katalyticka doména C doména D domeéna E - SBD

Obr. 7.9. Schéma CGTazy (SP, signalny peptid).

Zadanie

(1) In silico analyza Skrob-viazucich domén z rodiny CBM20 pomocou
nastroja BLAST. Query: SBD CGTazy z Bacillus circulans (UniProt:
P30920; dizka: 718; SBD: 613-718); maximalny pocet zachytenych
sekvencii: 250.

(2) Vytvorte si priecinok ,BLAST _CBM20“.

(3) Z databazy UniProt ziskajte aminokyselinova sekvenciu SBD z danej
CGTazy (vysledok ulozte).

(4) So sekvenciou danej SBD vykonajte Standardny proteinovy BLAST
(Max. target sequences: 250); kompletné vysledky ulozte.

(5) Na vyber databazy si (bud sami alebo po dohode s vyucujucim) zvolte
niektord  vhodnu  kombinaciu pre ,Organism“ a ,Exclude®
z nasledovnych  moznosti pri vyluceni taxonu ,Paenibacillus
(taxid:44249)“: ,Bacteria (taxid:2)“; ,Archaea (taxid:2137)% ,Plants
(taxid:3193)%; ,Viridiplantae (taxid:33090)¢; ,Eucarya (taxid:2759)%;
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(6)

(7)

(8)

()

(10)

(11)

(12)

Srungi (taxid:4751)%; ,Fungi/Metazoa group (taxid:33154)“; ,Metazoa
(taxid:33208)“ a Mammals (taxid:40674).

Vo vysledkoch ziskanych BLASTom identifikujte (na zaklade tab. 7.9)
dalsich 29 enzymov/proteinov spomedzi CGTaz, pripadne a-amylaz, -
amylaz a glukoamylaz, ako aj dalSich pribuznych hypotetickych
enzymov a proteinov (t.j. dohromady so vstupnou SBD 30), ktoré budu

obsahovat motiv SBD (~ 100 aminokyselinovych zvyskov) podla
nasledovného vzoru: ~30 aa ... 1g-W ... ~15aa ... p-W ... ~15 aa ... fKf ...
~10 aa ... W----n ... ~15 aa (C-koniec domény). Pozadované udaje -

extrahované z vysledkov BLASTu — vhodne ulozte do tab. 7.9.

Vsetkych 30 sekvencii SBD - vystrihnutych z pévodnych sekvencii
celych enzymov a proteinov — zhromazdite z databaz GenBank a/alebo
UniProt do vstupného suboru ,SBD.txt“.

Na EBI serveri zrovnajte sekvencie SBD v programe Clustal-Omega —
ziskajte dva subory: ,SBD_aln.txt“ (alignment ,with character counts®)
a ,SBD_fas.txt“ (format Pearson/FASTA); dodrzte vstupné poradie
sekvencii (input order).

V zrovnanych SBD sekvenciach, t.j. v subore ,SBD_aln.txt“ ulozeného
ako dokument suboru ,SBD_aln.doc“, zltym podsvietenim farebne
zvyraznite charakteristické konzervované zvysky (ak su pritomné): ~30
aa ... lg-W ... ~15aa ... p-W ... ~15aa ... fKf ... ~10 aa ... W----n ... ~15
aa (C-koniec zrovnania).

Na EBI serveri vramci programu Simple-Phylogeny vypocitajte dva
evolucné stromy pre SBD - s uvazovanim, resp. s ignorovanim medzier
v sekvenciach ,,SBD_off.txt“ a ,SBD_on.txt“. Evoluc¢né stromy zobrazte
v programe iTOL (,circular), exportujte ako PNG subory a vlozte pod
zrovnanie do suboru ,,SBD_aln.doc”.

Pre zrovnané SBD sekvencie (alignment) zistite konsenzualnu dizku
(CL), vypocitajte sekvencnu identitu (SI) a podobnost (SS) a vysledky
spolu s diskusiou celej prace slovne zapiSte.

V priec¢inku ,BLAST _CBM20“ budu ulozené nasledovné subory:

(a) cely html subor CGTazy z databazy UniProt (,CGTase.htm);

(b) Vase vysledky z BLASTu (html subor: ,SBD_BLAST.htm“; Max. target
sequences: 250);

(c) vyplnena tab. 7.9 s 30 zdrojmi SBD identifikovanymi v BLASte (DOC
subor: ,SBD_Tabulka.doc);

(d) vstupny subor s 30 SBD sekvenciami (textovy subor: ,SBD.txt“);

(e) zrovnania SBD sekvencii (subory: ,SBD_aln.txt“ a ,SBD_fas.txt“);

(f) zrovnanie vo formate ALN (,SBD_aln.doc“) s farebne zvyraznenymi
konzervovanymi zvySkami (podla bodu 9), vlozenymi obrazkami
evoluénych stromov (podla bodu 10) a pod tym hodnoty CL, SI a SS
a diskusia evolu¢nych stromov;

(g) vypocitané subory (nie obrazky) evoluc¢nych stromov (,SBD_off.txt“
a ,SBD_on.txt9).
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Tabul'ka 7.9. Zoznam sekvencii Skrob-viazucich domén z rodiny CBM20 (pripadne CBM48).

Skratka Enzym/protein Zdroj UniProt/GenBank E-hodnota Skore Dizka SBD

(@l

Bacci_ CGT CGTaza Bacillus circulans P30920 718 613-718

O oONOULHA WN =~
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7.10. Predikcia a porovnavanie terciarnej struktuary proteinov

Teoéria

Protein:

a-amylaza z Haloarcula hispanica z rodiny glykozidovych hydrolaz GH13;
UniProt Acc. No.: Q4A3EOQ;

dizka: 433 aminokyselinovych zvyskov;

Struktura je zlozena z troch domeén: (i) doména A — katalyticka TIM-
barelova doména: cast A1 — Met1-Asnl136 a cast A2 — Ala193-Ser355; (ii)
doména B — v pozicii medzi vlaknom 33 a helixom a3: His137-Ser192;

a (iii) doména C — antiparalelna -sendvicova C-terminalna doména:
Gly356-Glu433;

potencialne katalytické zvysky: Asp217 (katalyticky nukleofil), Glu245
(donor proténov) a Asp308 (stabilizator prechodového stavu).

Zadanie:

(1)
(2)

(3)

(4)

Vytvorte si priec¢inok ,Haloarcula“.

Pre sekvenciu a-amylazy z Haloarcula hispanica vykonajte predikciu
terciarnej Struktiry metédou rozpoznania potencialnej terciarnej
Struktury (tzv. »fold recognition®) na serveri Phyre2:
www.sbg.bio.ic.ac.uk/phyre2/. VSetkych 20 ziskanych modelov ulozte
ako PDB subory ,AAMY_Halhi_xxxx_1.pdb“, ,AAMY_Halhi_xxxx_2.pdb“,
..., »AAMY_Halhi_xxxx_20.pdb“;, kde ,xxxx“ je PDB kod terciarnej
Struktary templatu a ¢isla 1-20 su poradové Cisla jednotlivych modelov.

Vyberte si 7 modelov (nie prvych 7 modelov v poradi) terciarnej
Struktury a-amylazy z Haloarcula hispanica a zobrazte ich v programe
WebLabViewerLite pri vypnuti atomov ako ,solid ribbon“ pricom
jednotlivé domény farbite nasledovne: doména A — modra, doména B -
cervena adoména C - zelena. Potom 2zobrazte katalytické
aminokyselinové zvysky ako ,stick® a farbite ako ,element®. VSetkych 7
zobrazenych modelov sa pokuste kvoli vizualnemu porovnaniu
naorientovat podobne a ulozte ako ,*.msv“ aj ,*.gif*, resp. ,*.jpg“ subory.

Mate k dispozicii, resp. ziskajte:

(a) koordinaty 3 modelov terciarnej Struktury a-amylazy z Haloarcula
hispanica, ziskané metédou homologického modelovania (Phyre2
server); tieto subory oznacte: ,AAMY_Phyre_1HVX.pdb®,
SAAMY_Phyre_3BLP.pdb“ a ,AAMY_Phyre_1MWO.pdb*;

(b) koordinaty 3 experimentalne urcenych terciarnych Struktuar
realnych a-amylaz z Bacillus stearothermophilus (PDB: 1HVX),
z Homo sapiens (PDB: 3BLP) a Pyrococus woesei (PDB: 1MWO);
tieto subory oznacte: ,AAMY_1HVX.pdb“, ,AAMY_3BLP.pdb“
a ,AAMY_1MWO.pdb*.
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()

Vytvorte si 9 prieCinkov a v nich 9 ZIP suborov obsahujucich vsetky
prislusné dvojice Struktur modelu a-amylazy z H. hispanica a realnej
Struktury podla nasledovného ¢lenenia:

: AAMY_Phyre_1HVX.pdb a AAMY_1HVX.pdb;

: AAMY_Phyre_1HVX.pdb a AAMY_3BLP.pdb;

: AAMY_Phyre_1HVX.pdb a AAMY_1MWO.pdb;
: AAMY_Phyre_3BLP.pdb a AAMY_1HVX.pdb;

: AAMY_Phyre_3BLP.pdb a AAMY_3BLP.pdb;

: AAMY_Phyre_3BLP.pdb a AAMY_1MWO.pdb;

: AAMY_Phyre_1MWO.pdb a AAMY_1HVX.pdb

: AAMY_Phyre_1MWO.pdb a AAMY_3BLP.pdb

: AAMY_Phyre_1MWO.pdb a AAMY_1MWO.pdb.

OCoOoONONUTLPH~WN

Na serveri MultiProt: http://bioinfo3d.cs.tau.ac.il/MultiProt/ podla
poziadaviek (,upload a ZIP file of PDB structures®) spravte postupne
vzajomné prelozenia vSetkych 9 dvojic Struktar a poskytnuté udaje
zapiSte do tab. 7.10 — hodnotu RMSD a pocet koreSpondujucich Ca
atomov (v zatvorke):

Tabul'ka 7.10. Superpozicie modelov a-amylazy z H. hispanica s templatmi.

AAMY_Phyre_1HVX.pdb AAMY_Phyre_3BLP.pdb  AAMY_Phyre_1MWO.pdb

AAMY_1HVX.pdb
AAMY_3BLP.pdb
AAMY_1MWO.pdb

(7)

Vsetkych 9 prelozenych struktur (PDB alignment) spolu s prisluSnym
zrovnanim (Alignment size) a vysledkami ulozte s nazvom ZIP suboru
(napr. ,1_overlap.pdb“, ,1_alignment.htm® a ,1_vysledky.htm“ - ako
kompletnu web-stranku; atd.). Zrovnania vizualne prezrite s ohfadom
na funk¢éne dodlezité zvysky (udané nizSie) a preklady zobrazte
v programe WebLabViewerLite pri vypnuti atomov ako ,solid ribbon“
a farbite vzdy jednu Strukturu tyrkysovou a druhtu oranzovou farbou.
Potom zobrazte katalytické a funkcéne dolezité aminokyselinové zvysky —
ako ,stick“: (i) a-amylaza z Haloarcula hispanica — His137, Arg215,
Asp217, Glu245, His307 a Asp308; (i) a-amylaza z Bacillus
stearothermophilus - His106, Arg232, Asp234, Glu264, His330
a Asp331; (iii) a-amylaza z Homo sapiens — His101, Argl95, Aspl197,
Glu233, His299 a Asp300; a (iv) a-amylaza z Pyrococus woesei -
His111, Argl96, Aspl98, Glu222, His288 a Asp289; a farbite vzdy
modrou v tyrkysovej Strukture a fialovou v oranzovej Strukture. Vsetky
zobrazenia ulozte ako prislusné ,*.msv“ a ,*.gif%, resp. ,,*.jpg”“ subory.
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7.11. Projekt kompletnej bioinformatickej analyzy proteinu/enzymu

sAcc_No“ predstavuje pristupové Ccislo (accession No.) Tubovolného
proteinu/enzymu z databazy UniProt.

(1) Ulozte kompletny subor pre Vas protein/enzym 2z databazy UniProt
(http:/ /www.uniprot.org/) ako HTML subor: ,Acc_No.html“ (kompletna
web-stranka).

(2) Identifikujte tento protein/enzym v databaze GenBank
(http:/ /www.ncbi.nlm.nih.gov/genbank/) a ulozte kompletny subor pre
jeho gén (,genomic DNA“), ako aj preklad (,translation“; ,protein_id“)
ako HTML subory: ,GenBank Acc_No.html“ a ,GenPept_Acc_No.html“
(kompletné web-stranky). Najdite v literature publikaciu, v ktorej bola
popisana sekvencia Vasho proteinu/enzymu a subor ulozte ako PDF
subor: ,Acc_No.pdf“.

(3) So sekvenciou Vasho proteinu/enzymu vykonajte Standardny
proteinovy BLAST (Max. target sequences: 500;
http:/ /blast.ncbi.nlm.nih.gov/Blast.cgi) a vysledky ulozte ako HTML
subor: ,Acc_No_BLAST_500.html“ (kompletna web-stranka). Vo
vysledkoch BLASTu identifikujte dalsich 39 pribuznych
proteinov/enzymov do tabulky (nazov: ,Tabulka §tudovanych
proteinov/enzymov“; ulozena ako DOC subor: ,Acc_No_Table.doc“),
v ktorej budu nasledovné stipce: (i) ,Cislo“; (i) ,Zdroj“
(proteinu/enzymu); (iii) ,Skratka“; (iv) ,UniProt“ (accession No.); (v)
,GenBank“ (accession No.); (vi) ,Dizka“ (proteinu/enzymu); a (vii)
sokore“ (z BLASTu). To znamena, ze Vas protein/enzym bude ¢. 1
v tabulke a pod nim bude dalSich 39 proteinov/enzymov usporiadanych
podla klesajuceho skore z BLASTu. Pokial sa to bude dat, pokusite sa

spektra organizmov (Archaea, Bacteria, Eucarya).

(4) Sekvencie vSetkych 40 proteinov/enzymov porovnajte, to znamena, ze:
(i) pripravite vstupny subor (,Acc_No_input.txt“); (ii) na EBI serveri
(http:/ /www.ebi.ac.uk/) sekvencie zrovnate v programe Clustal-Omega
— ziskate dva subory: ,Acc_No_input_aln.txt“ a ,Acc_No_input_fas.txt“ —
zrovnania vo formate ,alignment (Clustal with character counts)
a ,Pearson/FASTA“, (iiij na EBI serveri vramci programu Simple-
Phylogeny vypocitate dva evoluéné stromy pre Studované

proteiny/enzymy - S uvazovanim medzier v sekvenciach
(»Acc_No_input_off.txt“) a s ich ignorovanim (,Acc_No_input_on.txt%); (iv)
zrovnanie VO formate yalignment® ulozte ako DOC

(»Acc_No_input_aln.doc“) a v nom zvyraznite zltym podfarbenim funkcne
dolezité zvysky (napr. katalytické zvysSky, pripadne zvysSky aktivneho
miesta) identifikované bud z databazy UniProt alebo z literatury,
pripadne z vysledkov BLASTu, dalej pod zrovnanim budu zapisané
hodnoty konsenzualnej dizky (CL), sekvenénej identity (SI) a sekvenénej
podobnosti (SS), vlozené obrazky evoluénych stromov (napr. ako PNG)
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(5)

(6)

(7)

ziskané v programe iTOL (interactive Tree of Life; https://itol.embl.de/)
a ich slovna diskusia.

Pre sekvenciu Vasho proteinu/enzymu vykonajte predikciu sekundarnej
Struktury metédou GOR-IV (na serveri http://npsa-prabi.ibcp.fr/).
Kompletné vysledky =z predikcie serveru wulozte ako HTML subor:
sAcc_No_2D_GOR4_results.html“ (kompletna web-stranka). Pravidelné
elementy ziskanej predpovedanej sekundarnej Struktary (t.j. iba H a E,
t.j. a-helix a B-list) zapiSte pod aminokyselinova sekvenciu a ulozte
v riadkoch po 60 pozicii do textového suboru: ,,Acc_No_2D_GOR4.txt“ (1.
riadok - poradové Ccislo v sekvencii: 10, 20, 30, atd; 2. riadok -
aminokyselinova sekvencia; a 3. riadok — predikcia H, resp. E — pod
prislusnym zvySkom).

Pre sekvenciu Vasho proteinu/enzymu vykonajte predikciu terciarnej
Struktury metédou rozpoznania terciarnej Struktuary (tzv. ,fold
recognition“) na serveri Phyre2: http://www.sbg.bio.ic.ac.uk/phyre2/.
Po prezreti vysledkov vyberte jeden najlepsi model a ulozte ho ako PDB
subor: ,Acc_No_3D_Phyre2_template.pdb (namiesto ,template“ bude
vzdy v nazve suboru PDB-kod templatovej terciarnej Struktury, podla
ktorej bol model Vasho proteinu/enzymu ziskany). Vas vyber modelu
z vysledkov  predikcie zdovodnite (podlfa ,alignment coverage®,
sconfidence“, ,% i.d.“ a ,template information®) v textovom subore:
sAcc_No_3D_Phyre2_template.txt“, kde bude aj informacia, kolko
templatov bolo identifikovanych a kolko modelov bolo skutocne
pripravenych, ako aj www adresa, kde sa na Phyre2 serveri docasne
nachadzaju kompletné vysledky predikcie Vasho proteinu/enzymu.
Z databazy PDB (http://www.rcsb.org/) ziskajte koordinaty terciarnej
Struktury templatu a ulozte ako PDB subor:
sAcc_No_PDB_template.pdb“. Obe Struktary, t.j. aj model Vasho
proteinu/enzymu, aj templat zobrazte v programe WebLabViewerLite
ako pohlad na kompletnu terciarnu Struktaru pri zobrazeni ,solid
ribbon“ (pri sucasnom vypnuti atéomov) a funkéne dolezité
aminokyselinové zvySky (napr. katalytické, resp. zvySky aktivneho
miesta) zobrazte ako ,stick“ a farbite ako ,element“ — subory ,,*.msv“: (i)
Vas model - ,Acc_No_3D_Phyre2_template.msv“; a (i templat -
~Acc_No_PDB_template.msv“.

Pripravte si ZIP subor ,Acc_No_MultiProt.zip“ so Struktirou Vasho
modelu a jeho templatu a na serveri MultiProt
(http:/ /bioinfo3d.cs.tau.ac.il/MultiProt/) podla poziadaviek servera
spravte vzajomnu superpoziciu oboch Struktur. Poskytnuté udaje —
hodnotu RMSD a pocet koreSpondujucich Ca atomov (v zatvorke) —
zapiSte do textového suboru ,Acc_No_MultiProt_results.txt“. Ziskané
vysledky  ulozte nasledovne: (i) stranku s vysledkami ako
s<Acc_No_MultiProt_results.html“ (kompletna web-stranka); (ii) zrovnanie
sekvencii zalozené na  Struktare - alignment size“ ako
~Acc_No_MultiProt_alignment.html“ (kompletna web-stranka); a (iii)
prelozené  Struktary - ,PDB alignment® ako PDB subor
»Acc_No_Multiprot_overlap.pdb“. Obe prelozené Struktury zobrazte
v programe WebLabViewerLite ako: (i) celkovy pohlad na kompletnu
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(8)

terciarnu Struktuaru pri zobrazeni ,solid ribbon® (pri sicasnom vypnuti
atomov) s funkéne doélezitymi aminokyselinovymi zvyskami (napr.
katalytickymi, resp. zvySkami aktivheho miesta) ako ,stick® (subor
~Acc_No_Multiprot_overlap.msv®); a (ii) detailny pohlad (priblizenie) na
oblast s funkéne doélezitymi zvySkami v zobrazeni proteinu/enzymu ako
yline ribbon“ a selektovanymi zvySkami ako ,stick® (subor
»<Acc_No_Multiprot_overlap_detail.msv®). Model Vasho proteinu/enzymu
farbite tyrkysovou farbou a Struktaru templatu farbite oranzovou
farbou, pricom funkéne délezité zvysky farbite modrou farbou v modeli
a cervenou farbou v template.

Vysledky tohto projektu budu pripravené ako ZIP, ktory bude obsahovat
tieto subory:

(a) Acc_No.html

(b) GenBank_Acc_No.html

(c) GenPept_Acc_No.html

(d) Acc_No.pdf

() Acc_No_BLAST_500.html

(f) Acc_No_Table.doc

(g) Acc_No_input.txt

(h) Acc_No_input_aln.txt

(i) Acc_No_input_fas.txt

j) Acc_No_input_off.txt

(k) Acc_No_input_on.txt

() Acc_No_input_aln.doc

(m) Acc_No_2D_GOR4_results.html
(n) Acc_No_2D_GOR4.txt

(0) Acc_No_3D_Phyre2_template.pdb
Acc_No_3D_Phyre2_template.txt
Acc_No_PDB_template.pdb

(r)  Acc_No_3D_Phyre2_template.msv
(s) Acc_No_PDB_template.msv

(t) Acc_No_MultiProt.zip

(u) Acc_No_MultiProt_results.txt

(v) Acc_No_MultiProt_results.html

(w) Acc_No_MultiProt_alignment.html
(x) Acc_No_Multiprot_overlap.pdb

(y) Acc_No_Multiprot_overlap.msv

(z) Acc_No_Multiprot_overlap_detail.msv
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