‘e aholomub hDIIlDlD
ur_lt m ® E}L

prints
mntain

i::::fm;t? Amine .:: I repositaEy Sroindes
, Tmformatlon python® '_"
d hﬂln n : . t tu:l
na- >

s access codon ﬂal» sis genomes ESImulatlons

INTRODUCTION TO BIOINFORMATICS
BIOLOGICAL DATA COLLECTIONS

Katarzyna Kubiak, PhD, 30.09.2014




e

Lecture 1

Introduction to bioinformatics
0 Basic definitions
0 Scope of the course

Internet bio-data resources
0 NCBI
2 EBI
0 ExPASy
0 Sanger Institute
0 KEGG
2 BRENDA




- | UNDERSTAND, therefore | am!

Bioinformatics is entirely necessary for biotechnology in era of growing amounts
of biological data.




What does ,,data” mean in Bio-sciences?




Biological papers flood

600,000

- 600,000 Citations Added to
MEDLINE®
by Fiscal Year

Citations

- 100,000

-0

Fiscal Year (Oct. - Sep.)




Growth of GenBank

From 1982 to the present, the number of bases in GenBank has doubled approximately every 18 months

165,722,980,375 «¢—Base Pairs =®—Entries 174,108,750
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GenBank Data (release 203 - Aug 2014)

Uncompressed, the Release 203.0 flat files require roughly 652 GB
ftp:/ /ftp.ncbi.nih.gov/genbank /gbrel.txt



Growing understanding of complexity of life

NCBI Taxonomy new Nodes: 2014 NCBI Taxonomy new Nodes: all dates

MMMM MMMN
taxa taxa taxa taxa

Archaea Archaea 143 140

Bacteria 64 144 220 35 463 Bacteria 1370 2611 13318 819 18118
Eukaryota 812 2628 16941 1374 21755 Eukaryota 20436 67549 296479 22545 407009
Fungi 121 262 1379 57 1819 Fungi 1549 4618 29222 1104 36493
Metazoa 459 2066 9601 695 12821  Metazoa 14665 45477 144665 11390 216197
Z:idiplqm 182 213 5556 602 6553 Viri:';:'“" 2622 14667 113417 9788 140494
Viruses 33 34 102 0 169 Viruses 617 442 2349 0 3408

All taxa 918 2811 1409 22406 All taxa 22595 70749 312701 23364 429409



Definitions

According to National Institutes of Health (NIH):

~BIOINFORMATICS is:

research, development, or application of computational tools and
approaches for expanding the use of biological, medical, behavioral or
health data, including those to acquire, store, organize, analyze, or
visualize such data”

»COMPUTATIONAL BIOLOGY is:

the development and application of data-analytical and theoretical
methods, mathematical modeling and computational simulation techniques
to the study of biological, behavioral, and social systems”.
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Bioinformattics course

T |




Scope of the Bioinformatics course

PRACTICALS (30 hours)

LECTURES (15 hours)
MSc Natalia Kwiatos

Dr Katarzyna Kubiak
Tue 12:15-14:00

1 ECTS 2 credits
o Last lecture (25.Nov): TEST

Final mark =

sum of test & practical results

o 5 — after oral questioning

Mon -11:00
Wed 11:15-14:00

00 START: 6th of October

1 6 individual exercises

1 Small project in pairs finished with
presentation



The course website

http: / /bioinformatics.p.lodz.pl

0 Timetable with lectures/laboratoty topics

1 Weekly updated downloads:
o Whole lectures & printouts

0 Useful links
0 Now available: lectures from the last academic year
Passwords:

L1 INTRO; L2 DATA; L3 BLAST; L4 MULTI; L5 PROT; L6 GENE

All software used during this course is free available online
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Functional Genomics

> e

fe

Selzer - Marhofer - Rohwer

Applied
Bioinformatics

An Introduction

&) Springer

HWILEY-BLACKWELL

The course has no required textbook.

The lectures in this course correspond to a few chapters of Jonathan Pevsner Bioinformatics
and Functional genomics, Wiley-Blackwell, 2009. Author's lectures and additional
documents are there available on the publisher website (http://www.bioinfbook.org/)
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DEDCY GRDCVILILE INFORMATYKA = ZASTOSOWANIA

Paul G. Higgs, Teresa K. Attwood

Bioinfocrmatyka

Bioinformatyka
| ewolucja molekularna

WYDAWNICTWO NAUKOWE PWN

Baxevanis A. D., Ouellette B. F. F.: Bioinformatyka, PWN, 2004
UNRECOMMENDED

PG. Higgs, TK. Attwood, Bioinformatyka i ewolucja molekularna, PWN 2008
BASIC BUT MORE RELIABLE




Information sheet for the course

Course name

Goal

Learning outcomes

Code 0536 0015 01 ECTS credits:

Biocinformatics

1. The aim of the course is to enable students to acquire knowledge in the field of the
contents of biological databases (catalogs of sequences, structural and literature data,
catalogs of enzymes and model organisms) available online.

2. The aim of the course is to develop/ shape students' skills in usage of basic
bioinformatic freeware to solve typical problems in molecular biology and in
biotechnological experiments design.

Having accomplished the course a student will have been able to:

1 . Find in biological databases the scientific and patent literature and the biological
information on: genes and proteins sequences, genomes sequences, enzymes
properties, proteins structures, structural and functional patterns in protein domains,
taxonomic names of organisms.

2. Explain application of basic bicinformatic freeware, such as: BLAST with all subtypes,
PyMOL, Clustal, MUSCLE, Tcoffee, PrimerBLAST, NEBcutter, MFOLD, Glimmer,
GeneMark.

3. Explain the principles of applications (and relevant algorythms) computing pairwise
and multiple sequence alignment (FASTA, BLAST, megaBLAST, Clustal, MUSCLE,
Tcoffee, ProbCons) and choose appropriate scoring matrices, gap penalties and word
sizes in above mentionned applications according incoming data used as well as interpret
the results (clarify the minning of alignment score and evaluate parameters, finding
conservative regions/residues, conclude about relationship of aligned sequences).

4_Use online versions of basic bicinformatic freeware (BLAST with all subtypes, PyMOL,
Clustal, MUSCLE, Tcoffee, PrimerBLAST, NEBcutter, MEGA, MFOLD, Glimmer,
GeneMark, TaxPlot, mummer) choosing parameters in these programs properly to solve
typical issues in biological experiments design, their results interpretation and anlysis of
data from biological databases.

5. Explain application of algorithms using machine learning (especially using hidden
Markov model) in solving such bioinformatic problems as: ORF finding in DNA sequences
or domains in protein sequences.

6. Farmulate hypotheses about expected protein function based on bioinformatic analysis
of the sequence of unknown DNA fragment encoding this protein.

7. Explain how informatics methods are used in results analysis of DNA microarray
experiment (statistics, R project) and in proteomics (2D gels analysis, analysis of mass
spectrometry results).

2



e

Lecture 1

Introduction to bioinformatics
O Basic definitions
Q Scope of the course

Internet bioinformatic resources
0 NCBI
2 EBI
0 ExPASy
O Sanger Institute
0 KEGG
2 BRENDA




Databases used in bioinformatics

=

E-L I°F

Sequence databases

' Structure databases

Interaction databases

| > Organism databases
_? Literature databases

"B B




Common websites with access to data and tools

EMBL-EBI




http: / /www.ncbi.nlm.nih.gov/
T

.-":_-; NCBI Resources (¥ How To (v

katarzynakubiak | My NCBI | Sig

National Center for Biotechnology Information Search All Databases ~ for

Resources
S . Welcome to NCBI
All Resources (A-Z) The Mational (;gnter for Bioteci'fnumg}fr Information adlva_nces Sc.ience and PubMed
T health by providing access to biomedical and genomic information. PubMed Central
DN..;’& 2 RN A More about the NCBI | Mission | Organization | Research | RSS Bookshelf
I Bt BLAST
Proteins Gene
Sequence Analysis Nuctgotkde
e e Protein
Genes & Express'rc—n GEO
Genomes Free Full Text, Over 1,500,000 articles Conserved Domains
l;‘ &M - from over 450 journals. Linked to PubMed Structure
s bk A, and fully searchable, PubChemn
Domains & Structures
e it __J!! .-F-:f:'_-:!.;
Taxonomy
Data & Software How To... November and October 02 Dac 2008
MNews




hitp://www.ncbi.nlm.nih.gov NAVIGATION

You are here: NCBI > National Center for Biotechnology Information

GETTING STARTED
NCBI Education

MNCBI Help Manual
NCBI Handbook

Training & Tutorials

RESOURCES
Chemicals & Bioassays
Data & Software

DNA & RNA

Domains & Structures
Genes & Expression
Genetics & Medicine
Genomes & Maps
Homology

Literature

Proteins

Sequence Analysis
Taxonomy

Training & Tutorials

Variation

Copyright | Disclaimer | Privacy | Accessibility | Contact

Mational Center for Biotechnology Information, U.5S. National Library of Medicine

8600 Rockville Pike, Bethesda MD, 20894 USA

POPULAR
PubMed

Nucleotide
BLAST

PublMed Central
Gene

Bookshelf
Protein

OMIM

Genome

SNP

Structure

FEATURED

Genetic Testing Registry
PubMed Health
GenBank

Reference Sequences
Map Viewer

Human Genome

Mouse Genome
Influenza Virus
Primer-BLAST

Sequence Read Archive

Write
NCEBI INFORMATION
About NCBI
Research at NCBI
NCBI Newsletter
NCBI FTP Site
NCBI on Facebook
NCBI on Twitter
NCBI on YouTube



http: / /www.ncbi.nlm.nih.qov  SEARCH
T

::_'j NCBI Resources [~ How To [+ katarzynakubiak | My NCBI | Sig

National Center for Biotechnology Information Search All Databases - for

Resources I

ol — Welcome to NCBI Popular Resources.

All Resources (A-Z) The National {;gnter for Bioteci'fnamg}fr Information adj.fa_nces Sc.ience and Publied

Pt health by providing access to biomedical and genomic information. PubMed Central

DNA & RN A More about the NCBI | Mission | Organization | Research | RSS Bookshelf
Wi R R BLAST

Proteins Gene

Sequence Analysis NUCE&_OMB

Genes & Express'rc—n GEQ

Genomes Free Full Text. Over 1,500,000 articles Conserved Domains

l;‘ &M - from over 450 journals. Linked to PubMed Structure

e R and fully searchable. PubChem

Domains & Structures

Genetics & Medicine M@?

Taxonomy

Data & Software How To... MNovember and October 02 Dec 2004

News




Entrez — an easy access to all NCBI databases

s
C2 NCBI e Entrez, The Life Sciences Search Engine

HOME | SEARCH | SITE MAP ' PubMed All Databases Human Gename GenBank Map Viewer | BLAST

Search across databases |beta globin| GO || Clear | Help

- Result counts displayed in gray indicate one or more terms not found

PubMed: biomedical literature

; : | = i 17 ]
citations and abstracts © |—21—]l| m Banls: ditev o o
PubMed Central: free, full t & 116 x OMIM: online Mendelian &
Joumnal articles = Inheritance in Man i1
|'§| w Site Search: NCBI web and FTP ATy |HDHE| ﬂ OMIA: online Mendelian 7
= sites i | |[none Inheritance n Animals -
]g“r"ﬂ:_lfr: ‘_jEtaﬂEid _'rn;c:rm?jt!'nn |— MeSH: detailed information about &
: about the journals indexed In . NLM's controlled vocabulary =
w u PubMed and other Entrez @/
databases

o , MNLM Catalog: catalog of books,
|?| 6 journals, and audiovisuals in the 7]
MLM collections
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Sign in to NCH

Publﬂled gov PubMed - | Search)

US Mafienal Library of Medicine

Mational Instiutes of Health Advanced Hel

PubMed PubMed ComMMONS

(9% |@

Featured comment - Sep 29
Subtyping #schizophrenia? Group of
genetics researchers critique GWAS
analysis, via G Breen (@psychgenomics)
1.usa.gov/1rubl6u

PubMed comprises more than 24 million citations for
biomedical literature from MEDLINE, life science

journals, and online books. Citations may include links
to full-text content from PubMed Central and publisher
web sites.

Using PubMed PubMed Tools More Resources
PubMed Quick Start Guide PubMed Maohile MeSH Natahase
MEDLINE = Medical Literature, Analysis, and Retrieval System Online

the world biggest life sciences bibliographic database contains citations form over
5,600 worldwide biomedical journals
MEDLINE also covers life sciences vital to biomedical practitioners, researchers, and

educators, including aspects of biology, environmental science, marine biology,

plant and animal science as well as biophysics and chemistry. Increased
coverage of life sciences began in 2000.



Boolean operators — e.g. literature search

]
1 AND 2
lipocalin AND disease
(60 results)
1 OR 2 lipocalin OR disease

(1,650,000 results)

lipocalin NOT disease
1 NOT 2 (530 results)



Search your query only in described fields

PubMed syntax:
»[AUTHOR]

» [ABSTRACT]
» [TITLE]

Affiliation [AD]
Article Identifier
ATD

All Fields [ALL]
Author [AU
Book [book

Comment Corrections

ISEM |ISBM

Issue [IP
Journal Title [TA]

Language [LA]

Corporate Author

[CN
Create Date [CRDT]

EC/BM Number [RN]

Editor [ED
Entrez Date [EDAT]

Filter [FILTER]

First Author Mame
1ALl

Full Author Name
FaLl

Full Investigator

Name [FIR
Grant Number [GR]

Investigator [IR]

Place of Publication

PL
PMCID & MID

Publication Date

Last suthor TLASTAUT [Pl
Location ID [LID] Publication Type
MeSH Date [MHDA] [PT]
MeSH Major Topic [MAJR] Secondary Source
MeSH Subheadings [SH] ID ISI
MeSH Terms [MH] Subset [SB
MNLM Unigue ID [JID] Substance Name
Other Term [OT] [NM]
owner Text Words [TW]
Pagination [PG] Title [TI]
Personal Name as Subject Title/Abstract
[PS] [TIAB]
Pharmacological Action MeSH  Transliterated Title
Terms [PA] [TT1
UIiD [PMID]
Volume VI




Query may be build by typing or with

~<Advanced search” tool

I s
PubMed Advanced Search

= Back to Publed

Search Box Limits Details Help |

Search | Preview

Search Builder =

 All Fields v AND ~ |Addto SearchBox |
ﬁg?;&g = Show Index ki
r

Book

Corporate Author
Create Date
EC/EM Mumber
Editor

Entrez Date

Filter

First Author T
Full Author Name

Full Investigator Name
Grant Number

ISEN

Investigator

lssue

Journal

Language

.....




PubMed list of results

Pubmed-sﬂv PubMed ~ Fire AND Mello [AUTHOR] |

U5 Mational Library of Medicine

National Institutes of Heatth " JRSS Savesearch Advanced Help

Show additional filters ¢ Ile\i:%r.élg;',«_r Settings: [v¥] Summary, 20 per page, Sorted by Recently Added Filters: Manage Filters

Article types Send to: ew feature -

Review

More 5 te: 12 Try the new Display Settings option
esulls.: . _

Text Link to abstract Sort by Relevance

availability Protection from feed-forward amplification in an amplified RNAI

Abstract 1. mechanism.

Free full text

Full text Pak J, Maniar JM, Mello CC, Fire A. Titles with your search

Cell. 2012 Nov 9;151(4):885-99. doi- 10.1016/j.cell. 2012.10.0 terms
Publication PMID: 23141544 [PubMed - indexed for MEDLINEKC Free PMC Article (RNAI, Fire (see text) Mello].

dates Related citafions -anpakushitsu Kakusan Koso. 2006]
o years
10 i i ri i it ; See more...
years Ergonomic risks on the operational activities of firefighters from Rio de
Custom range... 2. Janeiro.
. . |

Species Vitan FC, _Franmscc-_ HS, Mell? MG. 4 free full-text articles in -
Other Animals Work. 2012;41 Suppl 1:5810-2. doi: 10.3233/WOR-2012-0959-5810. PubMed Central

PMID: 22317695 [PubMed - in process] .

Related citations Protection from feed-forward

Clear all amplification in an ampl [Cell. 2012]



MeSH Medical Subject Headings

B @ www.nchinlm.nih.gov/mesh C El*cll:}raz e ﬂ' E 4 # a

Resources (¥ How To ¥ Sign in to NCBI

MeSH vesH - [ searcn

-Lim'rls Advanced Help

.
L MeSH (Medical Subject Headings) is the NLM controlled vocabulary

” ; thesaurus used for indexing articles for PubMed.

Using MeSH More Resources
Help E-Utilities

Tutorials NLM MeSH Homepage




MeSH a database of scientific terms

MeSH MeSH - beta globin | s m
Save search Limits  Advanced Help
Display Settings: [v| Summary Send to: [V -
PubMed Search Builder '+
Resuits: 4

]  beta-Globins

1. Members of the beta-globin family. In humans, they are encoded in a gene cluster on
CHROMOSOME 11. They include epsilon-globin, gamma-globin, delta-globin and
beta-globin. There is also a pseudogene of beta (theta-beta) in the gene cluster. Adult
HEMOGLOBIN is comprised of two ALPHA-GLOBIN chains and two beta-globin

| Add to search builder |

chains. AND ~
Year introduced: 2009 ’ Search PubMed ]
]  Erythremia, Beta-Globin Type [Supplementary Concept]
2. Date introduced: November 5, 2012 Find related
data
]  Methemoglobinemia, Beta-Globin Type [Supplementary Concept] Database:
3. Date introduced: November 52012 Select -

[l beta-globin readthrough protein, Oryctolagus cuniculus [Supplementary Concept]

[ L) il v = =

N




MeSH as a tool for PubMed search

buildin
—

MeSH MeSH - |

Limits Advanced

Help

Display Settings: [~ Full

beta-Globins

Members of the beta-globin family. In humans, they are encoded in a gene cluster on CHROMOSOME 11. They includ
epsilon-globin, gamma-globin, delta-globin and beta-globin. There is also a pseudogene of beta (theta-beta) in the gen
cluster. Adult HEMOGLOBIN is comprised of two ALPHA-GLOBIN chains and two beta-globin chains.

Year introduced: 2009

PubMed search builder option
Subheadings:

chemistry
classification
cytology
deficiency
drug effects
etiology

immunology

isolation and purification
metabolism
pharmacology
physiology

therapeutic use
ultrastructure

administration and dosage
agonists

analysis

anatomy and histology
antagonists and inhibitors
biosynthesis

chemical synthesis genetics

Restrict to MeSH Major Topic.
Do not include MeSH terms found below this term in the MeSH hierarchy.

Send to:

ubMed Search Builder =

Add to search builder | AND ~
earch PubMed |

Tutorial

Related information
PubMed

PubMed - Major Topic
Clinical Queries

NLM MeSH Browser
PubChem Substance

Y



Common websites with access to data and tools

EMBL-EBI




http: / /www.ebi.ac.uk /

EMBL-EBI | Sery 1 Training | About us

The European Bioinformatics Institute

Part of the European Molecular Biology Laboratory

EMEL-EBI provides freely available data from life science experiments, performs

European Molecular Biology Laboratory

Visit =ViEL.org

EMBL

Popular
Research Visit us
Training EMBL
News Contacts
Events

M Animal Genome Informatics
Sep 29 2014 -0Oct 3 2014
Registration deadline: Aug 15 2014

™ di¥a Open Meeting - 29-20 September 2014

BLUEPRINT: new Taking the guesswork out  Advance in stem-cell Sep 25 2014 -Sep 30 2014

perspectives on white of genetic analysis technology Registration deadline: Sep 12 2014

blood cells Mew method by EMBL-EBI and Scientists revert human stem £ Argentinian Bioinformatics Workshop, 2014
W ajor intermationsl nkstve o Microsoft Research improves cells to pristine state Sep 30 2014 -Oct 1 2014

— = = = = = = = ———
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European sequence database

EMBL-EBI ervices | Research | Training

’ SEmrE e e feveness
B

Home Search & Browse Submit & Update Software About ENA Support

European Nucleotide Archive -

p o Submit and update
The European Nucleotide Archive (ENA) provides a comprehensive record of the world's nucleotide © Sequence submissions
sequencing information, covering raw sequencing data, sequence assembly information and functional o Genome assembly submissions
annotation. More about ENA - .

o Citing ENA data
o Rest URLs for data retrieval
o Rest URLs to search EMA

Access to ENA data is provided though the browser, through search tools, large scale file download and
through the API.

e ENA = European Nucleotide Archive is composed of:
S e 2L EMBL-Bank (European Molecular Biology Laboratory Bank)

[Advanced search | SRA (Sequence Read Archive )- NGS (Next Gen Sequencing) reads

Sequence Search Trace Archive — trace = raw data from automatic sequencers

Enter or paste a nucleotide sequence or accession number

IAdvanced search I




‘7. Europe PubMed

Europe PubMed Central (Europe PMC) offers free

A citation browser with text meanning functions

search for

Central

access to biomedical literature resources including:

(© Recent Activity

Q1 &

[d clipboard

In About...
+ PubMed abstracts (about 22 million) Cwverview
¢ Europe PMC full text articles (about 2.2 million, of which over 400,000 are Open ACcess)
« Patent abstracts (over 4 million European, US, and International) PubMed + paienf &
+ HNational Health Service (NH%) clinical guidelines . .
« Agricola records (500,000) agrlcul’rure literature
¢ Supplemented with Chinese Biological Abstracts and the Citeseer database. Contactus

Europe PMC is based on PubMed Central (FMC), developed at the MCBI in the LISA and is part of a network of PMC
International (PMCI) repositaries that also includes PMC Canada. It is suppaorted by 18 funders of biomedical
research, including charities and government organisations in the UK, Austria, and ltaly, led by the Wellcome Trust.

Europe PMC is developed by the European Bioinformatics Institute, The University of Manchester (Mimas and
MaCTeM), and the British Library.

Reasons to use Europe PMC as your primary biomedical information resource:

Itis free, comprehensive, fast and reliable.

All of the abstracts and aricles can be accessed through one search box.

You can sort the search results by publication date, relevance, ar the number oftimes an article has been
cited.

Links to public databases such as LniProt, Protein Data Bank (FOBe), and the European Mucleotide Archive
(EMA) are provided.

Through textmining technolagies, you can highlight and browse keywords such as gene names, organisms
and diseases.

Search 40,000 biomedical research grants awarded to the 18,000 Pls supported by the Europe PMC
funders.

Foadtest new tools based on Eurape PMC content in Europe PMC labs.

In Europe PMC plus, Pls supported by the Burope PMC funders can link grants to publication information,
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Senescence marker protein 30 deficiency increases Parkinson's pathology by impairing

astrocyte activation.
(PMID23122412)

KimH3, Son TG, Park HR, Lee Y, Jung ¥, Ishigami A, Lee J

Meurobiol Aging [2013, 34(4):1177-1183]

Cited: 0 times

Vitamin C-related nutrient-nutrient and nutrient-gene interactions that modify folate

status.
(PMID:22527288)

Lucock M, Yates £, Boyd L, Maylor C, Chaoi JH, Mg X, SkinnerV, Wai K, Khao J, Tang S, Eoach P,

YWeysey M
Eur J Mutr [2013, B2(2):569-582]
Cited: 0 times

PanG, a New Ketopantoate Reductase Involved in Pantothenate Synthesis.

(PMID:23243306)

Miller CH, Lovullo ED, Kijek TM, Fuller J&, Brunton JC, Steele SP, Taft-Benz SA, Richardson AR,
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J Bacteriol [2013, 195(5):965-976]

Cited: 0 times
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Pan(G, a New Ketopantoate Reductase Involved in Pantothenate Synthesis. (© Recent Activity (3 clipboard

(FMID:23243308)
(:) Back to Results

Abstract Citations @ BicEntities @ Related Articles @

N Formats . .
Link to publisher
Miller CHN, Lu:l'.fulln:l. ED, .r{uek TH, Fuller JR, Brunton JC, Steele SP Tﬂﬁ-.Een:«_j DA, chhﬂrdsun.AH. Kawula .TH Abstract websi're, access
Department of Microbiology and Immunology, School of Medicine, University of Merth Carclina, Chapel Hill, North
Carolina, USA. Full Text o depends on
Journal of Bacteriology [2013, 195(5).985-578] . . .
! Active if avaiable |ror domane you use

Type: Journal Article

DOl 10.1128/)B.01740-12 @ Export citatioh (RIS) @

o Email citation
Abstract Highlight Terms @

Gene Ontology(2) || Diszases(t) [¥] GenesProtzinzz) (V] Specizz(15) V] Chemicsizig)

Pantothenate, commaonly referred to as vitamin B(5), is an essential molecule in the metabolism o
living organisms and forms the core of coenzyme A. Unlike humans, some bacteria and plants are
capable of de novo biosynthesis of pantothenate, making this pathway a potential target for drug
development. Francisella tularensis subsp. tularensis Schu 54 is a zoonotic bacterial pathogen
thatis able to synthesize pantothenate butis lacking the known ketopantoate reductase (KPR)
genes, pankE and ilvC, found in the canonical Escherichia coli pathway. Described herein is a gene : : —
encoding a novel KPR, for which we propose the name panG (FTT1388), which is conserved in all text meaning ophons after

sequenced Francisella species and is the sole KPR in Schu 54. Homologs of this KPR are checking the box
present in other pathogenic bacteria such as Enterococcus faecalis, Coxiella burnetii, and . .
Clostridium difficile. Both the homologous gene from E. faecalis ¥583 (EF1861) and E. coli panE appropriate category is

functionally complemented Francisella novicida lacking any KPR. Furthermore, panG from F. h. hl. h1‘ d . dff t
novicida can complement an E. coli KPR double mutant. A Schu 54 ApanG strain is a pantothenate ighlighteéd In dirteren
auxotroph and was genetically and chemically complemented with panG in trans or with the colour

addition of pantolactone. There was no virulence defect in the Schu 54 ApanG strain compared to
the wild type in a mouse model of pneumaonic tularemia. In summary, we characterized the
pantothenate pathway in Francisella novicida and F. tularensis and identified an unknown and
previously uncharacterized KPR that can convert 2-dehydropantoate to pantoate, PanG.

Read Article at asm.org (Subscription reguired) .7
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COMPOSITION CONTAINING COLLAGEN PEPTIDE FOR IMPROVING (® Recent Activity [ clipboard
SKIN CARE
(PAT - US2011160137) 9 Backto Resuits

Formats

KIM JEONG KEE, LEE JI HAE, YANG MI SUK, LEE JI EUN, KIM WAN Gl

AMOREPACIFIC CORP Abstract

Patent: Patent Appl. Publ. within the TVPP - United States Patent at EPO 7

Application: US200913060825 on 2009/08/27 POF

Publication: 2011/06/30
Export citation (RIS)@

Abstract Highlight Terms @ Email citation
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The present invention relates to an oral composition for improving the beauty of the skin, which Abstract is q|wqys available and
exhibits the effects of reducing skin wrinkles and inhibiting wrinkle formation. The compaosition

contains a collagen peptide and at least one selected from the group consisting of elastin protein, ||nked to 1'he equcenef —_— EPO ‘S
hyaluronic acid and vitamin C. Particularly, the composition contains the collagen peptide, the .
elastin protein, hyaluronic acid and vitamin C atthe optimum ratio, and when it is taken into the browser (European Patent Offlce)
human body, it has no side effect, maximizes the biosynthesis of collagen in the skin dermal layer,

shows excellent in vivo retention rate, and exhibits the effects of inhibiting skin wrinkle formation,

maintaining or improving skin elasticity and moisturizing the skin. Thus, the composition will be

useful as a health functional food for improving the beauty of the skin and preventing skin aging.

Priority number:

« KR20030083759
« WO2009KR04793
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Cited documents
Inventor|s): KIM JEOWG KEE [KR]; LEE JIHAE [KR]; Y ANG MI SUK [KR]; LEE JI EUN [KR]; KIM WWaN Gl [KR] =

Citing documents
INPADOC legal status Applicant(s): AMOREPACIFIC CORP [KR] =

INPADOC patent family - international: AGTKS&/65; AG1QT9/00; A61Q19/08

- cooperative:  AG1KE365; AG1KEG4; AGIKEESE; AGIKEIGTE; AGTKE/TI56; AGT1Q1300; AG1IE]0E

Quick help Application number: US200912080825 20090827

=+ Whatdoez &1 A2 A2 and B
stand for after a European
publication number? Also published as: [ KR20100025500 (A} D WO2010024608 (A2} [ WO2010024808 (A3) [ JP2012501320 (A)
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= Why are some sidebar options
deactivated for certain
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= Why do | sometimes find the
abstract of a corresponding
document?
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"patent translate” button?

Priority number(s): KRZ0080083758 20080827 ; WO2005KR047E3 20080827

Translate this text into III

| Chinese EI E Eeswenrict tra R atvl G

The present invent 2n for improving the beauty of the skin, which exhibits the effects of reducing skin wrinkle
and inhibiting wrinkle formation. The composition containg a collagen peplide and at least one selected from the group consisting of elastin
protein, hyaluronic acid and vitamin C. Particularty, the composition contains the collagen peptide, the elastin protein, hyalurenic acid and
vitamin C at the optimum ratio, and when it is taken into the human body, it has no side effect, maximizes the biosynthesis of collagen in the
skin dermal layer, shows excellent in vivo retention rate, and exhibitz the effects of inhibiting =kin wrinkle formation, maintaining or improving
skin elasticity and moisturizing the skin. Thus, the composition will be useful as a health functional food for improving the beauty of the skin
and preventing skin aging.
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Biotechnology = subclass C12

ORGANIC CHEMISTRY (such compounds as the oxides, sulfides, or oxysulfides of carbon, Co7
cyanogen, phosgene, hydrocyanic acid or salts thereof C01 ; products obtained from layered

base-exchange silicates by ion-exchange with organic compounds such as ammonium,

phosphonium or sulfonium compounds or by intercalation of organic compounds C01B33/44 ;

macromolecular compounds C08 ; dyes C09 ; fermentation products C12 | fermentation or

enzyme-using processes to synthesise a desired chemical compound or composition or to separate

optical isomers from a racemic mixture C12P ; production of organic compounds by electrolysis or

electrophoresis C25B83/00 , C25B7/00)

ORGANIC MACROMOLECULAR COMPOUNDS; THEIR PREPARATION OR CHEMICAL cos
WORKING-UP; COMPOSITIONS BASED THEREON (manufacture or treatment of artificial

threads, fibres, bristles or ribbons D01) [C9410]

DYES; PAINTS; POLISHES; NATURAL RESINS; ADHESIVES; MISCELLANEQU S Co9
COMPOSITIONS; MISCELLANEOUS APPLICATIONS OF MATERIALS

PETROLEUM, GAS OR COKE INDUSTRIES; TECHNICAL GASES CONTAINING CARBON C10
MONOXIDE; FUELS; LUBRICANTS; PEAT

ANIMAL AND VEGETABLE OILS, FATS, FATTY SUBSTANCES AND WAXES; FATTY ACIDS C11
THEREFROM; DETERGENTS; CANDLES (edible il or fat compositions AZ23)

BIOCHEMISTRY; BEER; SPIRITS; WINE; VINEGAR; MICROBIOLOGY; ENZYMOLOGY; C12
MUTATION OR GENETIC ENGINEERING

SUGAR OR STARCH INDUSTRY (polysaccharides, e.g. starch, derivatives thereof C08B ; malt C13
C12C)

SKINS; HIDES; PELTS; LEATHER C14
METALLURGY OF IRON C21
METALLURGY (of iron C21); FERROUS OR NON-FERROUS ALLOYS; TREATMENT OF ALLOYS Cc22
OR NON-FERROUS METALS (production of metals by electrolysis or electrophoresis C25)

COATING METALLIC MATERIAL; COATING MATERIAL WITH METALLIC MATERIAL (by c23

metallising textiles DOGM11/83 ; decorating textiles by locally metallising D06Q1/04); CHEMICAL
SURFACE TREATMENT, DIFFUSION TREATMENT OF METALLIC MATERIAL; COATING BY
VACUUM EVAPORATION, BY SPUTTERING, BY |ON IMPLANTATION OR BY CHEMICAL
VAPOUR DEPOSITION, IN GEMERAL (for specific applications, see the relevant places, e g. for
manufacturing resistors HO1C17/06); INHIBITING CORROSION OF METALLIC MATER

INMCRUSTATION IN GENERAL (treating metal surfaces or coating of metals by electral —
electrophoresis C250 | C25F) SUBCLASSES numbers



More precise calssification - subsubclasses

VWINE; OTHER ALCOHOLIC BEVERAGES; PREPARATION THEREOF (beer C12C) c126 [
PASTEURISATION; STERILISATION; PRESERVATION; PURIFICATION; CLARIFICATION; C12H [
AGEING

VINEGAR; ITS PREPARATION ciz2J [0
PITCHING OR DEPITCHING MACHINES; CELLAR TOOLS (cleaning of casks B08B%/00) c12L [
APPARATUS FOR ENZYMOLOGY OR MICROBIOLOGY (installation for fermenting manure ci1zm [

AD1C3/02 ; preservation of living parts of humans or animals A01MNA/02 ; physical or chemical
apparatus in general B01; malting or mashing apparatus C12C1/00 ; brewing apparatus C12C13/00 ;
fermentation apparatus for wine C12G; apparatus for preparing vinegar C12J1/10) 1
MICRO-ORGANISMS OR ENZYMES; COMPOSITIONS THEREOF (biocides, pest repellants or @
attractants, or plant growth regulators, containing micro-organisms, viruses, microbial fungi, -
enzymes, fermentates or substances produced by or extracted from micro-organisms or animal

material ADTMNE3/00 ; food compositions A21, AZ3; medicinal preparations AB1K; chemical aspects

of, or use of materials for, bandages, dressings, absorbent pads or surgical articles AB1L; fertilisers

C05); PROPAGATING, PRESERVING OR MAINTAINING MICRO-ORGAMISMS (preservation of

living parts of humans or animals A0TN1/02); MUTATION OR GENETIC ENGINEERING; CULTURE

MEDIA {micro-biological testing media C12Q)

FERMENTATION OR ENZYME-USING PROCESSES TO SYNTHESIZE A DESIRED CHEMICAL c12p [
COMPOUND OR COMPOSITION OR TO SEPARATE OPTICAL ISOMERS FROM A RACEMIC

MIXTURE (fermentation processes to form a food composition A21 | AZ3 ; compounds in general,

see

the relevant compound class, e.g. C01, CO7 ; brewing of beer C12C ; producing vinegar C12J ;

processes for producing enzymes C12N3/00 ; DNA or RNA concerning genetic engineering, vectors,

e.g. plasmids, or their isolation, preparation or purification C12MN15/00)

MEASURING OR TESTING PROCESSES INVOLVING ENZYMES OR MICRO-ORGANISMS c12q [0
(immunoassay GO1M33/53); COMPOSITIONS OR TEST PAPERS THEREFOR; PROCESSES OF

PREFPARING SUCH COMPOSITIONS; COMDITION RESPONSIVE CONTROL IM

MICROBIOLOGICAL OR ENZYMOLOGICAL PROCESSES

PROCESSES USING MICRO-ORGANISMS Cc12R [
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"Bioinformatic” websites

EMBL-EBI




ExPASyY: proteomic server — bioinformatics resource

Bioinformatics Resource

/
@uery all databases El I ¥  search §
\

Home About Contact

Visual Guidance ExPASY is the SIB Bicinformatics Resource Portal which provides access to scientific databases Popular resources
Littnanrin and soflware tools (ie, resowrces) in different areas of life sciences including proteomics, _
w genomics, phylogeny, systems biology, population genetics, transcriptomics etc. (see Categories in & UniProtkB
& the left menu). On this portal you find resources from many different SIB groups as well as external &9 SWISS-MODEL
enomics institutions
] +% STRING
structural bisinformatics . PROSITE
systemns biology Featuring today
phvlogeny/evolution _ 5
.0 Latest News v
population genetics '##
Predict interaction specificity in bacterial aae = %
transcriptomics signalling {two-component systems) W ) MetaNetX is available - 20130222
= 7 [details] - A new Systems Biology website called
E B8
Blophises MetalletX has been added
imaging
ITinfrastructure eee i <> EasyProt is available - 20130206
- A new mass spectrometry tool called
drug design EasyProt has been added

Resources A..Z

LinksfDocumentation

H £ thi rtal? [WMare news] [SI1B news]
ow to use thnis po ]

+ Features and updates
« New to EXPASY
» Experienced ExPASy users  what is different



ExPASy offers an easy access to numerous
bioinformatic tools

& — C [ www.expasy.org/proteomics

| Query all databases |E| | X  search help

F
Visual Guidance J_I SIB resources }

L1 External resources - (No support from the ExPASy Team)
Cateqgories
Deidbonen o

protecmics

protein sequences and identification H UniProtkB = functional information on proteins = [more] E SWISS-MODEL Workspace = structure homology-modeling
mass spectrometry snd 2-DE dats B UniProtKB/Swiss-Prot - protein sequence database - [mare] - - [mare]

protein charscterisstion and function & STRIMG - protein-protein interactions = [more] & SwissDock + pratein ligand docking server « [more]

families, patterns and profiles BN SWISS-MCODEL Repasitory - protein structure homology
models « [more]

B PROSITE - protein domains and families = [more]
B ViralZone - portal to viral UniProtkB entries - [mare]

e 2Z|P = Prediction of leucine zipper domains = [more]
post-ransisticnal moaitcation

& &

3aff « find user-defined patterns in protein sequences « [more]

protein structure

B2

AfCompldent « protein identification by aa

protein-protein interaction e
composition = [more]

iy seme s & neXtProt = h ins -
Ierity zesrch/zl t nextProt = human proteins = [more] _ _ _ N _
Gt D e B AACompSim = amino acid composition comparison = [more]
genomics LT = e - . <

— _ “ ENIBHaE sani e et Sonls datshasas Snid [or Agadir = Prediction of the helical content of peptides = [more]
structural bioinformatics courses = [more] EX ALF - simulation of genome evolution « [maore]
systems biology EX ENZYME - enzyme nomenclature » [more] 2 Alignment tools « Four tools for multiple alignments = [more]
phylagenylevalution BN GlycoSuiteDB - glycan database » [mare] BN AlIAIl = protein sequences comparisens = [more]
poDiiahon Geneics H GPSDE « gene and protein synonyms = [more] Zf APSSP « Advanced Protein Secondary Structure

" ; B HAMAP « UniProtiB family classification and annotation Prediction « frmore]

transcriptomics = [mare] Ascalaph = Malecular modeling software = [mare]

biophysics EX Metahlaty - Metabalic Network Repository & Analysis « [more] big-Pl = predict GPl modification sites = [mare]
EX MIAPEGelDB = MIAPE document edition = [more]

EX IyHits = protein domains database and tools = [mare]

imaging Biochemical Pathways » Biochemical Pathways = [more]

BLAST = sequence similarity search » [more]

BLAST (UniProt) - BLAST search on the UniProt web
site = [mare]

IT infrastructure

() ) FRRE

EX PANDITplus » protein families and domains resources « [more]

drug design
¢ ¢ B PaxDb - protein abundance database - [more]

4

BLAST - MCBI = Biological sequence similanty search = [muore]

[Z4 BLAST - PBIL - BLAST search on protein sequence
databases * [more]

Resources A..7 B Prolune - Popular science articles (in French) = [mare]

BN Pratein Model Portal = structural information for a
protein = [more]

Links/Documentation

. . . : 2 i
BN oratain Snntlicht « Infarmalhe writtén reviews nn Cr Blast2Fasta « Blast to Fasta conversion [mnre]



I'-il

&

]

UniProt is the most comprehensive, centralized protein sequence catalog, it
consists of 3 databases:

1 Swiss-Prot best-annotated protein database at Swiss Institute of
Bioinformatics

1 The Translated EMBL (TrEMBL) Nucleotide Sequence Database Library
provides automated annotations of proteins not in Swiss-Prot

1 PIR (Protein Information Resource) Protein Sequence Database curated by
experts from Georgetown University

B

EMBL-EBI & °. PIR




UniProt — protein sequence database

c | |. - obraz

Sl Bl & A8

UniProt $

BLAST Align

(546,238)

TI"EM BL
(82, 125,39?)
B Autoina tically

annotated and not
reviewed.

Retriev

g/ID Mapping

- Welcome to the new UniProt website! We hope you enjoy the new design. If you're not quite ready yet, you can sl go back to the old site.

he mission of UniProt is to provide the scientific community with a comprehensive, high-quality and freely accessible resource of protein
equence and functional information.

UniRef

Sequence clusters

UniParc

Sequence archive

L
{l.-*’.

(¥

Supporting data
Literature citations Taxonomy Subcellular locations
5 s 2]

Cross-ref. databases Diseases Keywords

e XX

<y

b R
__w - L

Help Contact

Advanced -

News v [ &
Ubiguitin caught at its own game | il
Mew human vanant types available
on the FTP site

UniProt release 2014 08

Lark or owl? PER2 is the answer |
Cross-references to CCDS and
GeneReviews | UniParc cross-
references with protein and gene
names | FTP ...

UniProt release 2014_07

MNews archive
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e

Introduction to bioinformatics
Q Basic definitions

Q Scope of the course

Internet bio-data resources
a NCBI
Q EBI
O ExPASy
0 Sanger Institute
0 KEGG
2 BRENDA




http: // www.sanger.ac.uk

S ——

sanger e wvwsonae o B o >

institute

Home Research Bl 00l e Work & study About us

Mouse Zebrafish Data Software Databases Technolegies  Talks & training

Scientific resources

As part of its own research or as part of collaborative projects, the Wellcome Trust Sanger Institute produces raw data such as
DNA sequences, develops databases such as Ensembl, and generates biological resources such as embryonic stem cells.

These are available from these pages with the minimum of conditions. You can find out how to access our technologies: most often this is through
collaboration. You can also access a catalogue of our research papers and other science publications.

Quick access to resources in the following areas:

Cancer genome project
Mouse resources

Zebrafish rezources
Xenopus tropicalis resources

Related Links

Institute software programs dewveloped Y Collections of analysed data, such as Projects
AGGCT for genome analysis, such as Artemis the Ensemnbl genome browser and the Academic Faculty
for bacterial genomes, as well as DMNA DECIPHER database of chromosame
; :
TCCGA sequence production and file formats rearrangements Work and study
more » more > The Gencme Campus

What we do
The Wellcome Trustid

Data download Services & technologies
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http: // www.sanger.ac.uk

wellcome trust Search  www.sanger.ac.uk [~ for B

sanger

institute

Home Research Bl 00l e Work & study About us

Mouse Zebrafish Data Software Databases Technolegies Talks & training

Scientific resources

As part of its own research or as part of collaborative projects, the Wellcome Trust Sanger Institute produces raw data such as
DNA sequences, develops databases such as Ensembl, and generates biological resources such as embryonic stem cells.

These are available from these pages with the minimum of conditions. You can find out how to access our technologies: most often this is through
collaboration. You can also access a catalogue of our research papers and other science publications.

Quick access to resources in the following areas:

Cancer genome project
Mouse resources

Zebrafish rezources
Xenopus tropicalis resources

Software Databases Related Links
Institute software programs developed Collections of analysed data, such as Projects
AGGCT for genome analysis, such as Artemis the Ensembl genome browser and the Academic Faculty
for bacterial genomes, as well as DMNA DECIPHER database of chromosame
. : v
TCCGA sequence production and file formats rearrangements Work and stud
more ¢ more » The Genome Campus

What we do
The Wellcome Trustid

Data download Services & technologies




Model organisms

BACTERIA: Escherichia coli K-12
4.6 Mb genome sequenced in 1997

YEAST: Saccharomyces cerevisiae (12.5 Mb)
First Eukaryotic genome sequenced (in1996)

PLANT: Arabidopsis thaliana (125 Mb)
First plant (second Eukaryotic) genome sequenced in 2000

FRUITFLY: Drosophila melanogaster (137 Mb)
model for genetics; sequencing finished in 2000

NEMATODE: Caenorhabditis elegans (100.2 Mb)
first multicellular animal sequenced (in 1998), exacly 595 somatic cells,
transparent body

FISH: Danio rerio (1.8Gb 1)
short generation time, large amount of progeny, well annotated genes

MAMMAL: Mus musculus sequenced in 2002 (3 Gb)
Rodents diverged from primetes ~80MYA and share most genes with
humans



Example of model organism webpage

m Genom. | Blast / Blat | Y VormMart | Batch Seguences Markers | Genetic Maps
| WormBase Release WS198 | :

Sanger WormBase Mirror . Master is
at www.wormbase.org

Find: | Any Gene B3l Search |

[C] Exact match [_| Results as XML [| Literature Search Wormbase Suggest

Web Site Directory News and Notes

Release Notes New/Changed Genes, release notes & October 25, 2008: New release of WormBase: W5195
WormBase has been updated to the W5195 release of the database.
General Searches WormBase Class Browser, Wormbase & October 08, 2008: Martin Chalfie wins Nobel Prize for GFP in C. elegans
Query Language Search, ACGL Search Martin Chalfie {with Osamu Shimomura and Roger . Tsien) has won the 2008
Mobel Prize in Chemistry for pioneering the use of GFP in C. efegans. This is the
Sequences C. elegans Genome, C. briggsas Genome, third Mobel Prize awarded for research on C. efegans in the last six years.
Gene, Blast / Blat, &-PCR, Gene Ontology, Synteny Viewer, * September 26, 2008: Award-winning C. elegans biologists.
Cis-Elements (CisOrtho), Wictor Ambros and Gary Ruvkun (with Dravid Baulcombe) have won the Albert
Lasker Basic Medical Research Award for work on small regulatory RNAs, while
Cells and Gene Expression Cell and Pedigree, MNeurons, Susan Mango has won a MacArthur Fellowship for work on the genomics of
Expression Fattern. Expression profile 0rganogenesis.
* September 23, 2008: New release of WormBase: W5194
Genetics, Strains, and Phenotypes Genetic interval, WormBase has been updated to the W3194 release of the database.
Rearrangements, Clone, Allele, SNPs, Markers, and Strains, ¢ Old News.

Strain Report, Phenotypes, RNA




U] [ = fUER

awwesfiolg saauas asnop 23nsu] J2bues ayy wod) suiesys asnow FIsSnbey
|EL0d S00n0521 25N0[ N0 Wwod) S|ge|ieae 2ue elep adAjousyd pue saul (|22 2snop

ejep adAjouayd pue saul] asnop]

adAj sounosaa Aq ssanoy

*530UN053) SN0 JNOGE UOIIELLIOJUI 210U 10} STOEIU0T BT

‘Bupabeey-susab pue Buussubus swosowosyd o) suojoan Dugabie;

JO u01oE||00 pim-awousd v - TEaS W) 20dN0sad DU==Ulbug SW0s0WoID pUe UoIH=25U] OlUSDeqn]y)
"5||122 53 6ZT Ul SUOKEINLW

[puoipasul pabfel-Foe| pasuUs]2RIBYD 000 0T UEY] 340w - THIDIS) =0Jnosay ded] =025 s3njhis0] J2bues
"S[|22 53 9718450 VI suopeInw pazsbiey

|euoiyipuos ajessuab o suadid Gunnabiey suab Jnoybnoayl-ybiy v - BUGS03E] 5020 Jnagonoigs goiH

e bl it [ awwesboid a2inosaa Aq ssanoy
ENOL0Ey SWouan S

Joeload swouab Jaoued

4 saow
EERI NI E
ol YElE e ‘eqEp
AJINIB4 JIWUSpEYY idAjousyd pue ‘saUl| 2SN0W JUBINW 'S)|30 (53) Wais owwosiquus paiabaey ‘sioppan Bunsbiey susb
spaloig ‘sTpg Dulpnjoul ‘siojeloge||oo S31 40 3INJISUT 3Y LUOL) S80IN05sad 8snow Jolew 0] S58008 paugiun
s)jur] palejoy jejtod 204n0s3d 3sNoW

*ZSEISIP UBLLNY 10y

[uopoor *Arign dicxEm} [EPOW B SB 2SN0OLW 34 UD SND0J SLUEBS] YoJESS3d 55INI5UT SY3 JO XI5 - S8U0JEJI00E| JoJEs504 3500
*30ILU pUE ‘S||30 53 JUBINW ‘Si0joaa

‘sawousb se yons ‘|jeuaiew Jo adAl AQ paios||00 SS0UNODSEL BSN0OW INg - 047 800nosa] AQ s=e00y
‘Buiddesy suab

se yons ‘swwelboid 118y) AQ pa108||02 S80JN0SAJ SSNOW inD - SIOWEI001d S00n05a] AQ 558007

*ZlayDieasal 0] a|gqe|ese
Algai] sa0unossl asay] Burdew 01 Pa1EDIpSp 51 pUR SJUEINW 3snow Buisuapeleys pue Bugesaust
‘sjuelies Buuaaoosip ‘sawousb ssnow Bupusnbas vl sjou pes| e sAe|d aynyysul Jsbueg sy

“SI3YIIEDSS] ISN0W J0) Sa1inasal jexfojoig
pue Jijsual ‘yNg 5 enpisur sebues syl 03 ssa108 dojs-aue saA10 afed saounosad siy |

S221N0Sal a5N0 |4




KEGG

1 Kyoto

Encyclopedia
of Genes and
Genomes

1 Extremely
useful for
methabolic
pathways —

focused
searches

KEGE Horme
Introduction
Chrmry jmw
Emlmase roies
Current siatictics

KEGG Identifiers
Pathway maps
Brit= Mizrarchiss

KEGGE XML

KEGGE API

KEGG FTP

KegTools

B

K
& Inpsnsss

KEGG: Kyoto Encyclopedia of Genes and Genomes

A grand challenge in the post-genomic era is & compléebe computer
representation of the cell, the organism, the ecosystéem, and the
bivsphere, which will enasble computastional prediction of higher-lewvsel
complexity of cellular processes snd organism behaviors from geEnomic
and moleculsr information. Towsrds this end we have been developing &
bivinformatics resource named KEGG &5 part of the research projects of
the Kanehisa Laboratories in the Bioinformetics Center of Kyoto Whiversity
&nd the Human Genome Center of the University of Tolopo.

= Main entry point to the KEGG web service
KEGGZ KEGG Tabde of Contents Updal= moles Help

& Deta-oriented entry points

PR PRt T 9 KEGE PATHWAY Pathway maps and pathway mogule==s Pathway maps

Femdback

KEGG BRITE Funclional fierarchies and oniclegies Brile M=amchi=s
DEGET/ LirkDE KEGGE DISEASE Human dis=ases Diseas= ca==ificalion
% KEGGE DRUG Drugs ATC drug classification
KEGG ORTHOLOEY KO system and ortholog annotation KO system
KEGGE GEMES Cenes and prof=ins

KEGG GEMOME Gemomes - KEGS oroganisms
KEGG COMPOUND Chremicel compounds  Compoernd classification
KEGGE GLYCAM Shrcams

» KEGG REACTION  Rescticns

& Organism-specific entry points

MEGG Orgénisms  Seiect | Organism | [B2] (=xampie) nea

= Analysis bools

KEGG Mapper %

KEGG PATHWAY and BRITE mapping tocls

KEGG Atlas Nawvigation ool o explore KBGGE global maps
HAAS KEGS aviomatic anmoialion s=nner
BLAST/SFASTA Seguenoe. simwlanty z=arch

SIMCOMP Chemical struclure similanty ===rch

PathPred Biotdegradation/ Dicsynthess pathway prediction



Besides searches with key words you can choose

a pathway from the list...
I

1. Metabolism

1.1 Carbohydrate Metabolism
Glycolysis / Gluconeogenesis Enzymes
Citrate cycle [TCA cycle) Compounds with biological roles
Pentose phosphate pathway
Pentose and glucuronate interconversions
Fructose and mannose metabolism
Galactose metabolism
Ascorbate and aldarate metabalism
Starch and sucrose metabolism
Amina sugar and nuclectide sugar metabalism
Pyruvate metabolism
Glyoxylate and dicarboxylate metabolism
Propanoate metabolism
Butanocate metabolism
C53-Branched dibasic acid metabolism
Inosital phosphate metabaolism
1.2 Energy Metabolism
Oxidative phosphorylation
Photosynthesis Photosynthesis proteins
Photosynthesis - antenna proteins
Carbon fixation in photosynthetic organisms
Reductive carboxylate cycle in photosynthetic bacteria
Methane metabolism
Mitrogen metabolism
Sulfur metabolism
1.2 Lipid Metabolism
Fatty acid biosynthesis Lipids
Fatty acid elengation in mitochondria Lipid biosynthesis proteins
Fatty acid metabolism
Synthesis and degradation of ketone bodies
Stercid biosynthesis
Primary bile acid bicsynthesis
Secondary bile acid biosvnthesis



Green boxes = enzymes active in selected organism
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BRENDA at the Institute of Biochemistry and Bioinformatics
at the Technical University of Braunschweig, Germany

€& @ v brenda-enzymes.org/index.php c I: il - obraz PAlHrB 4+ &8 =

gD * s login [ history  [F] all enzymes
%Y BRENDA*||

The Comprehensive Enzyme Information System

goto... =

&y BREMDA home

Welcome to the new BRENDA website!!

Enzymatic data are extracted from primary literature and critically evaluated by

qualified scientists.

T =

| add searchfield | | delete searchfield | | startsearch |

=}’ Classic view #> Substructure Search jﬁ?i Sequence Search g, Functional Enzyme Parameters
Fulltext Search \ﬂ? TaxTree Explorer ﬁ? Genome Explorer ED EnzymeDetector
'P Advanced Search EC Explorer ﬁ Ontology Explorer BKM Biochemical Reactions

Use of this online version of BRENDA is free for academic research only. Commercial use or download access requires a license. See terms of use.
Release 2014.2 [July 2014)

@i BRENDA EH Information Help Contribute Download BRENDA Contact and E] ERENDA on
home Professional Impressum Facebook



Enzyme name search

% BRENDA || o

The Comprehensive Enzyme Information System Bioinformatics

-~

Search Enzyme Names (Synonyms)

alcohol dehydrogenase  {contains |+ | Search |show 10 ~ results clear
[¥] Recommended Name: exact -
EC Number: exact -

lfl_fl-_: amino acid sequences 0= comprehensive online version .&:: show the catalyzed reaction
Resulis 1 - 10 of 98

::j. m::; download this result as tab stop separated velues
{Excel, Opendffice) format Tﬁ
EC Number [Recommended Name| Synonyms Commentary

Alﬂll} 1 1 1 alcohol dehydrogenase  alcohol dehydrogenase

m

A @DM alcohol dehydrogenase  alcohol dehydrogenase (NAD)
-‘&'@DM alcohal dehydrogenase  alcohol dehydrogenase 1 -
,&Iﬂlljw alcohol dehydrogenase  alcohol dehydrogenase 3 -
A@DM alcohol dehydrogenase  alcohol dehydrogenase | -
éﬂ_ﬂlﬁw alcohol dehydrogenase  alcohol dehydrogenase I -
élﬂllﬂw alcohol dehydrogenase  Alcohol dehydrogenase-B2 -



Record in BRENDA may be limitted to organism of
interest, there are some text minning tools avaible

g . SRENDA i

The Comprehensive Enzyme Information System

EC 1.1.1.1 - alcohol dehydrogenase

Information on EC 1.1.1.1 - alcohol dehydrogenase:

E PRINT
Mark a special word or phrase in this record:

Select one or mare organisms in this recard: PR GETE =
Acetobacter pasteurianus
Acinetobacter calcoaceticus
ABTORYIUM pernix

Alligator mississippiensis -

— Show additional data

@ Do notinclude text mining results
Include AMENDA (text mining) results™" (more...)
Include FRENDA results"=*" (AMENDA + additional results, but less precise; more...)

7 please login to have access to the AMENDA and FRENDA data

EC NUMBER | COMMENTARY

1.1.1.41 -

RECOMMENDED NAME |GeneOntology No.
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Take-home messages

Bioinformatics help scientists to understand their laboratory results
and to keep their research up to date

Biological data is collected in databases, most of them are freely
available online

Data in bioinformatics may be: scientific publications, sequences &
structures of macromolecules, organism — focused information,
metabolic pathways etc...

There are bioinformatics websites enabling the access to all these
kinds of information (such as NCBI, EBl and ExPASYy)

Metabolic information is gathered by such databases as
and ; specialized enzymatic database is called
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NEXT WEEK:

LECTURE 2:

- Thank you for your attention

PRACTICAL 1: LITERATURE SEARCH Mon 06.Oct 8:30; WED 08.Oct 11:15

PAIRWISE SEQUENCE ALIGMENT Tue, 07.Oct, 12:15




