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BaHKku (6a3un) paHHUX — Le:

QKoneKu,i'l'

A

CTPYKTYpPOBaHUX
in,e KCOBAHUX || pae moxnusicts nposeneHHs nowyky 3a

3agaHnMK KpuTepiamm (3okpema, MiCTUTb Tabnuuo 3aronoBKiB Ta iHLWi
AECKPUNTOPU — aHrII1. MOHATTSA “searchable”)
nepiognyHo

OHOBJIHOEMUX || NONOBHIOOTLCS HOBUMM AAHUMM, SKi BKITIOYAKOTHLCS

B HOBI BUNycku (penisun) 6aHka

KpOC'pECbepOBaHVIX || micTutb nepexpecHi rinepnocunants Ha

iHdbopmauito B iHWKX BaHkax gaHmx. OcTaHHe Aaae 3MOry B3aEMHOI
iHTerpauil pisHopigHux, ane B3aEMOMOB’A3aHNX AaHuX Ta 06’egHye
ICHYIOU GaHkM JaHnX B €4MHY iHPOPMAaLINHY cucTemy

aOaHuUXx



BaHKn AaHHUX 0O0OB’A3KOBO MICTATb B cebe
TaKOXX HaOIp NporpamMHuNX IHCTPYMEHTIB, SKi

@ 3a6e3MneyyIoTh :

AOoCTyn 0o 6aHka AaHUX Ta BUKOHAHHSA 3anuTiB
(NoLYKOBUKX Ta iH.);

OHOBMNEHHSA iHpopMaLil B DaHKy;

noJaBaHHA HOBOI iHpopmauil;

BUAarieHHs noMunKoBol/3acTtapinol iHndbopmauil.



HaunyacTilwle, Ta cama IHopmMauisa ICHYE B
@olsme dopmaTax y pizHux b6asax gaHuXx, i PisHi
cepBepu HagawTb Ti cami AaHi, ane pisHUMK
BiNbL-MeHLU OPYXeNnooHMMU CTOCOBHO
KopuctyBada criocobamu.

Bubip 6asn pgaHux 3anexuTtb Big XapakTepy
PO3B'A3yBAHOI NpPoOremMn 1M Big nNepcoHanbHUX
nepeBar KopucTyBaua.

Bubip cepBepa MoXe HaBiTb 3aBiCUTW Big 4acy
0oowu " 3aBaHTaXXEHOCT] (KINbKOCTI
KOpUCTyBauiB)



EsoAtouis 6a3 AaHUX

® Books, articles 968 -> 1985
® Computer tapes 1982 ->1992
® Floppy disks 1984 -> 1990

e CD-ROM 1989 ->?

® FTP 1989 ->?

® On-line services 1982 -> 1994
® WWW 1993 ->?

e DVD 2001 ->?



CTpyKTYypHa Knacumikauisa 6aHKIB
@), -BaHnx

' Bci icHytodi Bl MoxyTb Oyt KnacudikoBaHi
NeBHUM YMHOM, 30KpeMa IX Nigpos3ainarTh:

Ha NepBUHHI Ta BTOPUHHI (noxigHi) b,
Ha apXiBHI, KypoBaHi Ta aBTomaTn3oBaHi b/l.

TakoXX I[HKONMM B OKPEMUU Knac BUAOINAKTb
IHTEerpoBaHi 6a3n gaHux.



ApXIBHI
54
OApxnaHl bl xapakTtepusylTbCA TUM, WO BC4H
' BignoBiganbHICTb 3a IHdbopMauito, sKa
MICTUTBCA B  UMX 0asax, neXxutb Ha

OocnigHuKax, Wo 11 TyT PO3MILLYHOTb.

[locToBIpHICTL Ui€l IHdOpMAaLil BU3HAYAETLCS
NOOPOCOBICHICTIO caMunx OOCnigHuKIB, dhaxisLi,
LLIO OpraHi3oBylOTb | nNiaTpumytoTb Ui Bl He
HecyTb BIOMNOBIAANBHOCTI 3@ IXHIM  BMICT.
TunoBnmn  npuknagamm  apxisBHux bl €
GenBank, ProteinDataBank.



KypoBaHi
54
OBMlCT 3anucie KyposaHux B[l BKW3Ha4aeTbCH
' criedianbHUMM  ekcneptamMu (Kypatopamu), SKi
be3nocepeaHb0  POPMYIOTL  IHpOpMaLUiNHE
HaNOBHEHHS LInX OaHKiB OAaHUX.
HaginHicTb/A0CTOBIPHICTb iIHdpopmauii B
KypoBaHux B[l 3Ha4yHO BULLE, HDK B apXiBHUX.
Hanbinblwl BigOMMM NpuKrnagomMm KyposaHol b/l
byB baHk SwissProt, ska micTMB 3anucm LWoO0
aMiHOKMUCIOTHUX nocnigoBHOCTEN (3apa3 ue
yacTuUHa UniProtKnowledgeBase, LLIO
aHOTYETbLCA | NePEBIPAETLCA BPYUHY



ABTOMATUYHI

\ b

OBMmicT aBTOMaTUYHUX %,EI,, 9K BMOHO 3 Ha3BW,
' TeHepyeTbCA 3a [O0MNOMOrod  KOMM KOTEPHUX
nporpam i Beb-cepBiciB HA OCHOBI iHpopMalLliil,
LLIO MICTUTBCA B apxiBHUX (piglle KypoBaHUX)
bO. TwnoBum npuknagom asTomMaTuyHol b/l
byna 6a3a amMiHOKMCNOTHUX MNOCiAOBHOCTEN
TrEMBL, 3anmcm B 4Kin  doopmyBanucs
aBTOMatTM4HO  Ha  OCHOBI  HYKNEeOoTUOHUX
NocnigoOBHOCTEN (MPHK abo k[QHK),
PO3MIiLLLEHNX B baHky HYKNeOoTUOHNX
nocnigosHocten EMBL.



I[HTerpoBaHi
54

OIHTerpOBaHl ba3n pgaHux MICTATb PI3HOPIOHY
' IHbopMaUito (apxiBHY, KypOBaHYy, 3reHepoOBaHY
aBTOMAaTU4HO), AKa NigdbnpaeTbCca 3a NPUHLINMOM
CUCTEMATU30BAHOIo OMNuUcy MeBHUX OIONOrNYHMX
00'eKkTiB. TNoBMMKU NpuUKNagamMn iHTErpoBaHUX
ba3 paHux € crneuianidoBaHi reHoMHi 6asu,
KOXKHA 3  SKMX  NpUCBSMEHA  OKPEMOMY
bionorivHomy Buay: TAIR (reHOM pe3syLuKu
Arabidopsis  thaliana), FlyBase  (reHom
Opo3odoinm) Ta iH.



MepBUHHI

Y . EA
- Olig nepBuHHMUMK Baszamun gaHuX, AK Mpasurnio,

' po3ymitoTb 6a3un, Aki MicTaTb ©6e3nocepeqHi
pes3ynsraTu MOJIEKYNAPHO-DIONONYHMX
eKCMepPUMEHTIB, 30Kpema naHi Loao0
nocnigoBHocten  Giononimepie  (OiNkKiB  Ta
HYKNEIHOBMX KWUCIMOT) Ta IX NPOCTOPOBUX
CTPYKTYp (B aTOMapHoOMy macLuTabi).



BTOPUHHI

BTopuHHI  abo, I'IO)%ﬂli B wmictatb T.3B.
npouecoBaHy iIHdpopMmaLito, TOOTO,
' iHdbopMmalLlito, ika BUHUKAE B pe3ynbtaTi 00poOKu
| aHanisy BMICTY MepBUHHMX ©0a3 OaHux, 4K
BiAOyBalOTbCA 3a NEBHUMMU MnpaBunamun. Takmm
yuMHoM, Ui Bl Mmictatb  BigdINbLTPOBaAHY
IHpopMaLito NPO NEBHI BNACTUBOCTI BIoNOrivYHmMX
monekyn. lpuknagamn BTOpUHHUX B € 0a3sn
OaHUX CTPYKTYpHOI knacudikauil 6inkis SCOP
Ta CATCH, 6a3n paHux OIinkoBuX AOOMEHIB
SMART, Pfam, ProSite, reHomHa 0asa gaHux
Ensembl Ta iH.



P

'HeszanexxHo  Big  Tvny  0aHKy  OaHuXx,

danmcu/ctatrti OaHKy MICTATbL MeBHI  nong
(MeTagaHi), Wo O03BOSIAKTL IHOEKCYBATU BMICT
baHKa OaHMX 3a NEBHUMU  KPUTEPISIMU,
30IMCHIOBATU 3annuTu ao baHKa Ta
3abesnedyBatu OOMIH  IHOpPMAUIED  MiX
PI3HOPIAHUMW BaHKaMn JaHKUX.



Tunosi

Accession Number OOyAfkanbLHUK igeHTUdIKATOP
P QﬁTaTTi, Ao3Bonsie hpopMyBaTU LUBUAKI 3anNUTU 0 Hel

. Source Tala6o Taxonomy [ onucye 6ionoriyHuii 06
‘EKT Ta MOro cucteMaTtnuyHe noJsioXKeHHH,
Annotation [0 KOPOTKMMA ONUC TOrO, WO BacHe
MICTUTbCSA B CTaTTI

Reference [0 nocunaHHA Ha nitepatypHi Ta IHWI
axepena iHdpopmawnit

KeyWords [0 Knwo4yoBI MNMOHATTA Ta TepMiHU, LWO
MaloTb 6e3nocepeaHe BIAHOLWEHHA A0 CTATTI

Cross-reference 0 nocunaHHA Ha iHWI 6a3n gaHuXx,
AKI MICTATb CYMDKHY iH(hopMmauito.



OcHoBHble 6MouMHPopmaTUueckmne 6a3bl AaHHbIX

= OcHoBHble BA nocaepoBaTeAbHOcTen: EMBL,
GeneBank, UniProt, SwissProt.
[1lpounsBoaHbie PFAM,PROSITE, INTERPRO, dbEST, dbSNP.......

= BA 3D-cTtpykTyp: PDB.
[MpounsBoaHble SCOR CATH, RNABase.....

= BA u3HUMKAONEAUU, B KOTOPbIX MOAPOGHO

ONnMMCaHbI (I)YHKLI,MM reHoB M mMX I'IPOAYKTOB .
KEGG, BIOCYC, ENZYME,TC-DB,
REACTOME.......

= OHTOoAOrIMM : GO, OBO, HUGO......



Categories of databases for Life Sciences

® Sequences (DNA, protein)

® Genomics

® Mutation/polymorphism

® 3D structure

® Protein domain/family (> tols)

® Proteomics (2D gel, Mass Spectrometry)
® Metabolism

® Bibliography

® ‘Others’ (Microarrays, Protein protein interaction...)



Sequence databases

1. DNA/RNA
2. Proteins



Ideal minimal content of a sequence database entry

» Sequences ||

» Accession humber (AC) (unigue identifier)
+ Taxonomic data

+ References

- ANNOTATION/CURATION

* Keywords

» Cross-references

» Documentation



Sequence Databases: some « technical » definitions

® Data storage management:
o flat file: text file, human readable
° relational database (e.g., Oracle, Postgres)
° object oriented database

® Format:
o Fasta, RAW
> GCG
> NBRF/PIR
o MSF....



Sequence database : example
SWISS-PROT (protein db) (flat file)

. ID EPO_HUMAN STANDARD; PRT; 193 AA.
Accession number AC  P01588; QOUHAO; Q9UEZ5; Q9UDZO;
DT 21-JUL-1986 (Rel. 01, Created)
DT 21-JUL-1986 (Rel. 01, Last sequence update)
DT 20-AUG-2001 (Rel. 40, Last annotation update)
DE Erythropoietin precursor.
GN EPO.

Taxonomy 82 zomo sapi?ns (Hu.mal:l) . . . . . .
ukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
oc Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo.
(0)4 NCBI_TaxID=9606;
RN [1]
RP SEQUENCE FROM N.A.
Reference RX MEDLINE=85137899; PubMed=3838366;
RA Jacobs K., Shoemaker C., Rudersdorf R., Neill S.D., Kaufman R.J.,
RA Mufson A., Seehra J., Jones S.S., Hewick R., Fritsch E.F.,
RA Kawakita M., Shimizu T., Miyake T.;
RT "Isolation and characterization of genomic and cDNA clones of human
RT erythropoietin.";
RL Nature 313:806-810(1985).
Anno*a‘ﬁons cc -1- FUNCTION: ERYTHROPOIETIN IS THE PRINCIPAL HORMONE INVOLVED IN THE
(con“nenfs) cc REGULATION OF ERYTHROCYTE DIFFERENTIATION AND THE MAINTENANCE OF
A
cc PHYSIOLOGICAL LEVEL OF CIRCULATING ERYTHROCYTE MASS.
ccC -1- SUBCELLULAR LOCATION: SECRETED.
cc -1- TISSUE SPECIFICITY: PRODUCED BY KIDNEY OR LIVER OF ADULT MAMMALS
ccC AND BY LIVER OF FETAL OR NEONATAL MAMMALS.
cc -1- PHARMACEUTICAL: Available under the names Epogen (Amgen) and
cc Procrit (Ortho Biotech).

DR EMBL; X02158; CAA26095.1; -.
Cross-references DR EMBL; X02157; CAA26094.1; -.

DR EMBL; M11319; AAA52400.1; -.

DR EMBL; AF053356; AAC78791.1; -.

DR EMBL; AF202308; AAF23132.1; -.

DR EMBL; AF202306; AAF23132.1l; JOINED.

Keywords



Annotations
(features)

Sequence

Sequence database: example (cont.)

FT
FT
FT
FT
FT
FT
FT

FT
FT
FT
FT
FT
FT
FT
FT

FT
**

*k
**CL,
SQ

//

SIGNAL 1 27

CHAIN 28 193 ERYTHROPOIETIN.

PROPEP 190 193 MAY BE REMOVED IN PROCESSED PROTEIN.

DISULFID 34 188

DISULFID 56 60

CARBOHYD 51 51 N-LINKED (GLCNAC...).

CARBOHYD 65 65 N-LINKED (GLCNAC...).

CARBOHYD 110 110 N-LINKED (GLCNAC...).

CARBOHYD 153 153 O-LINKED (GALNAC...).

VARIANT 131 132 SL -> NF (IN AN HEPATOCELLULAR
CARCINOMA) .
/FTId=VAR 009870.

VARIANT 149 149 P -> Q (IN AN HEPATOCELLULAR CARCINOMA) .
/FTId=VAR 009871.

CONFLICT 40 40 E -> Q (IN REF. 1; CAA26095).

CONFLICT 85 85 Q -> Q0 (IN REF. 5).

CONFLICT 140 140 G -> R (IN REF. 1; CAA26095).

i INTERNAL SECTION A

7922;

SEQUENCE 193 AA; 21306 MW; C91F0E4C26A52033 CRC64;

MGVHECPAWL WLLLSLLSLP LGLPVLGAPP RLICDSRVLE RYLLEAKEAE NITTGCAEHC
SLNENITVPD TKVNFYAWKR MEVGQQAVEV WQGLALLSEA VLRGQALLVN SSQPWEPLQL
HVDKAVSGLR SLTTLLRALG AQKEAISPPD AASAAPLRTI TADTFRKLFR VYSNFLRGKL
KLYTGEACRT GDR



Sequence database: example

... The fasta format:

> My Sequence Name
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLERYLLEAKEAE
NITTGCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEA
VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD
AASAAPLRTITADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR

...The RAW format:
MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLERYLLEAKEAE
NITTGCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEA
VLRGQALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPD
AASAAPLRTITADTFRKLFRVYSNFLRGKLKLYTGEACRTGDR



Database |: nucleotide sequences

The 3 main public nucleic acid sequence databases are
EMBL (Europe)/GenBank (USA) /DDBJ (Japan)
« different views of the same data set » within 2 to 3 days

EMBL: since 1982

Specialized databases for the different types of RNAs (i.e. tRNA, rRNA, tm
RNA, uRNA, etc...)

3D structure (DNA and RNA) -] PDB

Others:Aberrant splicing db; Eukaryotic promoter db (EPD); RNA editing
sites, Multimedia Telomere Resource ......



Real life of a protein sequence ...

Data not submitted to public databases, delayed or cancelled...

cDNAs, ESTs, genomes, ... )y

RN

EMBLﬁnBank Dﬁ




International Nucleotide Sequence Database
Collaboration

(EMBL/GenBank/DDBJ)

-Serve as archives

» Contain all public sequences derived from:

- Genome projects (> 80 % of entries)

- Sequencing centers (cDNAs, ESTs...)

- Individual scientists ( 15 % of entries)

- Patent offices (i.e. European Patent Office, EPO)

* Currently: 106,533,156,756 bases in 108,431,692 sequence records



The tremendous increase in nucleotide sequences (1980-2004)

Total nucleotides
(current 70,516,226 482)

Ghases
oy
-

82 83 3¢ 85 56 57 55 59 90 91 92 93 94 95 96 97 95 99 00 01 02 03 04
Year

1980: 80 genes fully sequenced !

More than 50'000 species, but...

I% VR2% ey

B Homo sapiens mAl Other Organiss O Mus musculus

DO Drosophila melanogaster MArabidopsis thaliana @ Danio rero

| Ciona intestinalis DOnza satva (Japonica) B Rattus norvegicus

mBrassica oleracea OTakifugu rubripes
Human/Mouse/Rat:

Organisms with the highest
redundancy !




cc
FH
FH
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT
FT

Data kindly reviewed (24-FEB-1986) by K. Jacobs

Key

source

mRNA
CDS

Location/Qualifiers

1..3398

Idb_xref=taxon:9606 C D S

lorganism=Homo sapiens

join(397..627,1194..1339,1596..1682,2294..2473,2608..3327) CoD mg Seq uence

join(615..627,1194..1339,1596..1682,2294..2473,2608..2763) (ppoposed bY submitters)
Idb_xref=SWISS-PROT:P01588
Iproduct=erythropoietin
Iprotein_id=CAA26095.1
Itranslation=MGVHECPAWLWLLLSLLSLPLGLPVLGAPPRLICDSRVLQRYLLE
AKEAENITTGCAEHCSLNENITVPDTKVNFYAWKRMEVGQQAVEVWQGLALLSEAVLRG
QALLVNSSQPWEPLQLHVDKAVSGLRSLTTLLRALGAQKEAISPPDAASAAPLRTITAD
TFRKLFRVYSNFLRGKLKLYTGEACRTGDR

mat_peptide join(1262..1339,1596..1682,2294..2473,2608..2763)

Iproduct=erythropoietin

sig_peptide join(615..627,1194..1261)

exon

intron

exon

intron

exon

intron

exon

intron

397..627 Annotation

Inumber=1

628..1193 (Prediction or

experimentally determined)

Inumber=I
1194..1339

Inumber=2
1340..1595

Inumber=2
1596..1682

Inumber=3
1683..2293

/Inumber=3 sequence
2294..2473

Inumber=4

2474..2607

Inumber=4



EMBL/GenBank/DDBJ

Sort of sequence museum, where sequences are preserved for
eternity as they were determined, interpreted and published
originally by their authors

(primary sequence repository)

The authors have full authority over the content of the entries

they submit |
(exception: TPA, since january 2003)



EMBL/GenBank/DDB]

® Unexpected information you can find in these db:

FT source 1..124
FT /db xref="taxon:4097"
FT /organelle="plastid:chloroplast™"
FT /organism="Nicotiana tabacum"
FT /isolate="Cuban cahibo cigar, gift from
FT President Fidel Castro"
® Or:
FT source 1..17084
FT /chromosome="complete mitochondrial genome"
FT /db xref="taxon:9267"
FT /organelle="mitochondrion™"
FT /organism="Didelphis virginiana™
FT /dev_stage="adult"
FT /isolate="fresh road killed individual™®

FT /tissue type="liver"



The second generation of nucleotide sequence databases

Gene-centric databases

All the sequence information relevant to a given gene
is made accessible at once

i.e. Locus Link/RefSeq

Genome-centric databases

Information about gene sequence, relative position,
strand orientation, biochemical functions...

Information management systems that are able to connect specialized sequence
collection and browsing tools

i.e. Ensembl, TIGR



Working with whole genome databases:

Genome-centric databases

« Browsing resources »

Remark: Genome-centric databases give usually access to several genomes, but
some are « specialized » in particular organisms, i.e. TIGR: bacteria and plants



Q Ensembl Genome Browser - Windows Interne
@Q @ http://www.ensembl.org/index.html

File Edit View Favorites Tools Help

=[]

"' GCG popmar

i Favorites |99/, @ B Konrakre | Anexceii Ho.. | *§ komcencycrbiii koa - Mown... | @' Bioinformatics and Functi... | [ GenomeNet & ExPASy Life Science Direct... ‘@ Ensembl Genome Brow... X }

Login - Register

oLASTOLAT | Bt | e | Downns | o a

Search- | All species [+ ] for New to Ensembl?
Did you know you can: i =
e.g. human gene BRCA2 or rat X:100000..200000 or coronary heart disease Did you know...?

¢? Learn how to use Ensembl

with our video tutorials and walk-throughs A preliminary
assembly of NEW!
Browse a Genome €2/ Add custom tracks e allep
(Ovis aries)

using our new Control Panel : ;
The Ensembl project produces genome databases for vertebrates and other 0 genome is now available

: - g z : z on our prel site,
eukaryotic species, and makes this information freely available online. 2 Upload and analyse your data hitp://pre._ensembl.ora/sheep

Click on a link below to go to the species' home page. and save it to your Ensembl account

Popular genomes (Log in to customize this list)

¢?, Search for a DNA or protein sequence

< w4 Human using BLAST or BLAT
"t
tﬁj o ¢? Fetch only the data you want
from our public database, using the Perl API
:}ggﬁ;e ¢? Download our databases via FTP
in FASTA, MySQL and other formats
Zebrafish ¢?, Mine Ensembl with BioMart
9

and export seauences or tables in text. html. or Excel format

m




Database 2: protein sequences

UNIPROT:
PIR-PSD: Protein Information Resources

-> UniProt
Genpept: « proteomic » version of GenBank (~TrEMBL)

Many specialized protein databases for specific families or groups of proteins.

Examples: AMSDb (antibacterial peptides), GPCRDB (7 TM receptors), IMGT  (immune
system) YPD (Yeast) etc.



Swiss-Prot -> ExPASy

Since 1986
TI“EMBL -> EBI (European Bioinformatics Institute)

(www.ebi.ac.uk/trembl/).

Since 1996



In a UniProt entry, you can expect to find:

All the names of a given protein (and of its gene);
Its biological origin with links to the taxonomic databases;

A selection of references;

A of what is about the protein: function,
alternative products, PTM, active sites, tissue expression,
disease, efc....;

Numerous cross-references:
Selected keywords;

A description of domains,
variations, etc.;

A (often corrected) protein sequence and the description of
various isoforms/variants.




Lentact us SWISS TROT

Lxl'ASr llowe page

View « by default » on
iceProt View of SWISS-PROT: O75144 1 russsie ] [ ousssssn | the ExPASy server

o] [Rofucvnres] [Cummpnts] [Cois-rvlueuncns] [Keynool] [Fosiees] [Spguweoce

Tuuls]

General ifarmation shout the enry

Eetre nasce 1COL HUNIAN

Promy 4 4rsso0 uw e 075144

[Conwral] [N o o

EMEL

Aoz ere lasz macdfiedin R , March 2202

Name and origin of the protein

1CON Lgane |Precmser]

B7 homaloz 2

names-and taxonomy

om
B7RP 1

Cene name TCAST <r BTH? or BTRP1 or KTAAOGS3 Pl
Feam

2) |1 5
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Annotation/Curation (Comment lines)

Function(s) and role(s); enzymes: a. Catalytic activity (if EC number)

b. Cofactor
c. Enzyme regulation
d Pathway

+ Subunit (Protein/protein interactions)

- Subcellular location

- Alternative products (alt. splicing, alt. initiation, RNA editing)
+ Tissue specificity (Nothern and Western results)
- Developmental stage

+ Induction

- Domain

- Post-translational modifications (PTM)

* Mass spectrometry

* Polymorphisms

- Disease

* Pharmaceutical

* Miscellaneous

- Similarities

» Caution

+ Database (specialized cross-references)



Annotation/Curation (Comment lines)

Information is derived from:
* Publications;
- Databases;
* Personal communication;
- Prediction;

- Brain storming...



[lomeHHI, yHKLiOHanbHI Cnapkosi _
canTu, 6inkosi poauHu 3aXBOPIOBaHHSA CneuumdiyHi 6inkosi
PROSITE MIM BA
InterPro 1 GCRDb
Pfam MEROPS
PRINTS REBASE
ProDom TRANSFAC
SMART
EI[S)/SCPT TYPHIBH "eHomHi B/1
PDB \ y DictyDb
\ EcoGene
bl noctTpaHcniyinHmx FlyBase
MoaudikaLin : HIV
CarbBank UniProt Leproma
GlycoSuiteDB — MaizeDB
Mendel
MpoTeomHi B[] MGD
SWISS-2DPAGE MypuList
ANU-2DPAGE SGD
ECO2DBASE StyGene
::ri;stig%E\ent B SubliList
MAIZE-2DPAGE A HyKneoTURHIX NGR
PHCI-2DPAGE NocnigoBHOCTEN TuberculList
PMMA-2DPAGE EMBL WormPep
COMPLUYEAST-2DPAGE GenBank YEPD
Siena-2DPAGE Zfin




Cross-references

Cross-references

ADN
(Index of low
redundancy)

3D =3 DR
MEROPS
Genew

CleanEx

genomic = |
GeneCards
GeneLynx
SOURCE
Ensembl

[EMBL / GenBank / DDBJ] [CoDingSequence]

X98172; CAAG6853.1; -.

98173, CAAG6854.1; -. [EMBL / GenBank / DDBJ] [CoDingSequence]
98174, CAAE6855.1; -. [EMBL / GenBank / DDBJ] [CoDingSequence]
98175, CAAG6856.1; -. [EMBL / GenBank / DDBI1 [CoDinsSeamence]
98176, CAAG6857.1; -. [EMBL /

X98177, CAA66858.1; ALT SEQ. [EMBL/
X98178; CAA66859.1; ALT SEQ. [EMBL/

Examples of implicit links to
GenBank and DDBJ added

U58143; AACS50602.1; -. [EMBL /
U60520; AAC50645.1; -. [EMBL / ' /
AF102146, AAD24962.1, -. [EMBL / on The fly

AF102139; AAD24962.1; JOINED.[EMBL /
AF102140, A4D24962.1, JOINED.[EMBL /
AF102141; AAD24962.1, JOINED.[EMEBL /
AF102142; AAD24962.1;, JOINED.[EMBL /
AF102143, 44D24962.1, JOINED.[EMBL /

by the ExPASy server

GenBank 7 PDEI] [CoDﬁibeggenceJ
GenB DDBRBJ] [CoDingfequence]

GenB 4k / DDBJ] [CoDineSequence]

AF102144; A4D24962.1, JOINED.[EMBL /
AF102145; AAD24962.1;, JOINED.[EMBL /
AF009620, AABT0913.1; -. [EMBL /

GenBank / DDBJ] DC/oDingSequence'l
GenBank / DDBJ([CoDingSequence]
GenBank / foBI] [CoDingSequence]

AB038985; BAB32555.1; -. [EMBL /

GenBank / DDBJ] [CoDingSequence]

AB038982; BAB32555.1, JOINED. [EMBL / GenBank / DDBJ] [CoDingSequence]

ABO038983; BAB32555.1;
ABO038984; BAB32555.1;

JOINED. [EMBL / GenBank / DDBJ] [CoDingSequence]
JOINED. [EMBL / GenBank / DDBJ] [CoDingSequence]

AF380342; AAK57437.1; -. [EMBL / GenBank / DDBJ] [CoDingSequence]
AF422925, AAT8T628.1; -. [EMBL / GenBank / DDBJ] [CoDingSequence]
AF422926, AATET629.1; -. [EMBL / GenBank / DDBI] [CoDingSequence]
AF422927, AKLET630.1; - [EMBL / GenBank / DDBJ] [CoDingSequence]
AF422928; AATET631.1; -. [EMBL / GenBank / DDBJ] [CoDingSequence]
AF422929; AAT8T632.1; -. [EMBL / GenBank / DDBI] [CoDingSequence]
BCO28223; AAT28223.1; -. [EMBL / GenBank / DDBJ] [CoDingSequence]
1QDU; 10-JUL-00.[ExPASy / RCSB]

C14.009; -.

HGNC:1508; CASPS.
HGNC:1509; CASPS.

601763 [INCBI / EBI].
607271 [NCBI / EBIJ.

CASPS.

CASPE; Homo sapiens.
CASPE; Homo sapiens.

Q14730; Homo sapiens. [Entry / Contig wiew)



Sequence description:

Derived from:

- Publications;
- Databases;
» Personal communication;
- Prediction.
Features ICOL_HUMAN, 075144
Key From To Length Description
SIGNAL 1 18 18 POTENTTAL.
CHAIN 19 302 284 ICOS LIGAND.
DOMAIN 19 256 238 EXTRACELLULAR (POTENTIAL) .
TRANSMEM 257 277 21 POTENTTAL.
DOMAIN 278 302 25 CYTOPLASMIC (POTENTTAL) .
—_— _— a
DOMAIN 30 120 91  IG-LIKE V-TYPE DOMAIN. === Feature aligner
DOMAIN 154 223 73 IG-LIKE C2-TYPE DOMAIN.
DISULFID 37 143 POTENTTAL.
DISULFID 158 216 POTENTIAL. Feature table viewer
CARBOHYD 70 70 N-LINKED (GLCNAC...) (POTENTIAL).
CARBOHYD 137 137 N-LINKED (GLCNAC...) (POTENTIAL). PTM
CARBOHYD 173 AR N-LINKED (GLCNAC...) (POTENTIAL).
CARBOHYD 186 186 N-LINKED (GLCNAC...) (POTENTIAL).
CARBOHYD 225 225 N-LINKED (GLCNAC...) (POTENTIAL).
VARSPLIC 300 302 GHV -> ESWNLLLLLS (IN ISOFORM 2).




Databases 3:‘genomics’

Contain informations on gene chromosomal location (mapping)
and nomenclature, and provide links to sequence databases; has
usually no sequence;

Exist for most organisms important in life science research;
usually species specific.

Examples: TAIR (Arabidopsis), FlyBase (Drosophila), MaizeDB
(maize), Subtilist (B.subtilis), etc.;



Databases 4:
mutation/polymorphism

Contain informations on sequence variations linked or not to genetic diseases;
Mainly human but: OMIA - Online Mendelian Inheritance in Animals

General db:

> OMIM

HMGD - Human Gene Mutation db

SVD - Sequence variation db

HGBASE - Human Genic Bi-Allelic Sequences db

dbSNP - Human single nucleotide polymorphism (SNP) db

o

o

o

o

Disease-specific db: most of these databases are either linked to a single gene or
to a single disease;

o p53 mutation db
o ADB - Albinism db (Mutations in human genes causing albinism)
o Asthma and Allergy gene db

(0]



Mutation/polymorphism: definitions

® SNPs:single nucleotide polymorphisms; occur
approximately once every 100 to 300 bases

(distinction between sequencing error and polymorphism !)

® c-SNPs: coding single nucleotide polymorphisms (Single
Nucleotide Polymorphisms within cDNA sequences)

® SAPs:single amino-acid polymorphisms

® Missense mutation: -> SAP

Nonsense mutation: -> STOP

® Insertion/deletion of nucleotides -> frameshift...



Database 5: protein domain/family



Protein domain/family: some definitions

® Most proteins have « modular »
structures

® Estimation: ~ 3 domains / protein



Protein domain/family: some definitions

® Domains (conserved sequences or structures) are
identified by multiple sequence alignhments

10 20 30 40 50 60

Sequence ID startendweight =~~~ s et s et et et
3 . . 24] APPRLICDSRVLERYLLEAKEAENVTHGCSEHCSLNENITVPD TKVNF YAUKRMEVGQUAVEVIQG
2 . . 2.6] APPRLICDSRVLERYILEAKEAENVTMGCAEGPRLSENITVPDTEYNF YANKRMEVEEQATEVIQE
3 . . 299 APPRLICDSRVLERYILERREAENATMGCAEGCSFSENITVEDTKVNF YAWKRMEVQQOALEVIQG
g Consensus 8.01 APPRLICDSRVLERYILEAKEAENVTMGCAEGCSLNENITVED TRVNF YAVKRNEVGQOAVEVIQG

1 PROSITE. =~ mmmmeeeeeeeeeeeeeeeeeeeeeee-

® Domains can be defined by different methods:

e Pattern (regular expression); used for very conserved domains

e Profiles (weighted matrices): two-dimensional tables of position specific
match-, gap-, and insertion-scores, derived from aligned sequence families; used
for less conserved domains

e Hidden Markov Model (HMM); probabilistic models; an other method to
generate profiles.



Protein domain/family databases

® Contains biologically significant « pattern / profiles/
HMM » formulated in such a way that, with appropriate
computional tools, it can rapidly and reliably determine to
which known family of proteins (if any) a new sequence
belongs to

® Used as a tool to identify the function of uncharacterized
proteins translated from genomic or cDNA sequences
(« functional diagnostic »)

® Either manually curated (i.e. PROSITE, PfamA, PRINTS,
SMART, TIGRFAM etc.) or automatically generated (i.e.
PfamB, ProDom, DOMO)



Protein domain/family db

PROSITE  Patterns / Profiles

ProDom Aligned motifs (PSI-BLAST) (Pfam B)
PRINTS Aligned motifs

Pfam HMM (Hidden Markov Models)

SMART HMM

TIGRfam HMM

DOMO Aligned motifs
BLOCKS Aligned motifs (PSI-BLAST)
CDD Pfam and SMART

-> A Conserved Domain Database and Search Service

O T T 3T O +3



P YOS |te http://[www.expasy.org/prosite/

- Created in 1988 (SIB)

- Contains functional domains fully annotated, based on two
methods: patterns and profiles

- Entries are deposited in PROSITE in two distinct files:
= Pattern/profiles with the list of all matches in
SWISS-PROT

* Documentation



PFAM (HMMs): an entry

http://www.sanger.ac.uk/Software/Pfam/

Accession number: PFO0758

Erythropoietin /thrombopoietin

This family forms structural complexes with other Pfam families, to view them click here

INTERPRO description (entry IPRO01323)

Erythropoietin, a plasma glycoprotein, is the primary physiological mediator of erythropoiesis PUBMED:3773894. It is involved in the regulation of the level of peripheral
erythrocytes by stimulating the differentiation of erythroid progenitor cells, found in the spleen and bone marrow, into mature erythrocytes PUBMED:3346214. Itis primarily
produced in adult kidneys and foetal liver, acting by attachment to specific binding sites on erythroid progenitor cells, stimulating their differentiation PUBMED: 2877922,
Severe kidney dysfunction causes reduction in the plasma levels of erythropoietin, resulting in chronic anaemia - injection of purified erythropoietin into the blood stream can
Crystal structure of human help to relieve this type of anaemia. Levels of erythropoietin in plasma fluctuate with varying oxygen tension of the blood, but androgens and prostaglandins also modulate
erythropoietin complexed to its the levels to some extent PUBMED: 2877922, Erythropoietin glycoprotein sequences are wel conserved, a consequence of which is that the hormones are cross-reactive

'ﬁ%%rat 1D9 argStEicl)omS among mammals, i.e. that from one species, say human, can stimulate erythropoiesis in other species, say mouse or rat PUBMED: 1420369,
uy ~| Displaypdb |

Figure 1: leer
Complex (cytokine/receptor)

Thrombopoeitin (TPO), a glycoprotein, is the mammalian0 hormone which functions as a megakaryocytic lineage specific growth and differentiation factor affecting the
proliferation and maturation from their committed progenitor cells acting at a late stage of megakaryocyte development. It acts as a circulating regulator of platelet

numbers,

QuickGO
iFUNCTION : hormone activity (GO:0005179) \
iCOMPONENT : extracelular (GO:0005576) \

For additional annotation, see the PROSITE document ppoco0644  [Expasy | SRS-UK | SRS-USA]

Domain organisation

® Seed (7) © Ful (32) & View 1 representative architecture
C View architectures for 32 proteins
Format | Coloured alignment =]
Zoom IU.S pixels/aa.

Get alignment | View HMM logo |

View Graphic
Further alignment options here
Help relating to Pfam alignments here
[ e RS s A R B e |




InterPro
www.ebi.ac.uk/interpro

® Search simultaneously many domain databases.
® Single set of documents linked to the various methods;

® InterPro release 8.0 contains 11007 entries, representing
2573 domains, 8166 families, 20| repeats, 26 active sites,
2| binding sites and 20 post-translational modification
sites.




/& 1PRO02967 Delta tubulin -

> http://www.ebi.ac.uk/interpro/IEntry?ac=IPR002967 'Y GDB human

Eile Edit View Favorites Tools Help

7 ‘ é éaxasaTb...lié molbiol.r.r.. ‘}éCE:I'ZOII»\ é éﬂipit;cmiil IPR0O... X

T Favorites |23+ 1] Gmail - . | @ Internati.. | @ VCAC:T... |## ASCB|A... | @ Software.. | [ B Konta...| &3 Mepesoa... | @ httpi//re... | ) e-Disk

EvBLER i | foe T EE TS o foo (G

Advanced Search

Databases | Tools | EBIGroups | Training Industry About Us | Help Site Index B &

EBI > Databases » InterPro é N

Search g InterPro: | x A
-~

Jumpto: InterProScan Databases Documentation FTPsite Help & Advanced search

IPR002967 Delta tubulin . %/
Protein matches &
Overview: sorted by AC, sorted by name, of known structure, proteins with splice variants
: Detailed: sorted by AC, sorted by name, of known structure proteins with splice variants
UniProtkB Table: For all matching proteins, of known structure

Matches:

89 proteins Architectures

Accession List
i Matches in BioMart
Accession & |IPR002967 Delta_tubulin
Type & |Family

Database ID Name Proteins
PRINTS PR01224 DELTATUBULIN 80
PANTHER PTHR11588:SF4 Delta_tubulin 73

#: Signatures in BioMart

Signatures &

InterPro Relationships &
Parent||[PR000217 Tubulin
IPRO03008 Tubulin/FtsZ, GTPase domain >




Databases 6: proteomics

® Contain informations obtained by 2D-PAGE: images of master
gels and description of identified proteins

® Examples: SWISS-2DPAGE, ECO2DBASE, Maize-2DPAGE,
Sub2D, Cyano2DBase, etc.

® Composed of image and text files

® There is currently no protein Mass Spectrometry (MS)
database (not for long...)



Databases 7: 3D structure



5> PopMaTtu CTPYKTYPHUX

SaHNX
‘npaBMAa Ta 3acoBM 30epiraHHA AaHUX LW,O0AO
NPOCTOPOBOI CTPYKTYPU MAKPOMOAEKYA

*6a30Ba iHpopmauisn - NpocTOpoOBEe
po3TallyBaHHA aTOMIB B MOAEKYAI

ONMUCYETbLCA 3a AOMOMOIOI0 MNPOCTOPOBUX
KOOpPAMHAT -A€eKapTOBUX ab0 BHYTpIiLLHIX



dopmat PDB (Protein Data Bank) —
OAWH 3 OCHOBHUX hopmartiB
30epiraHHA MOJIeKYNAPHUX AAaHUX

OO

3abe3neyye cTaHAApTHE  MNPEACTaBAEHHS
MOAEKYASIPHUX CTPYKTYp, OTpPMMaHuX 3a
AOMNOMOrolo PEHreHiBCbKOI/eAeKTPOHHOI
Kpuctaaorpadgii Ta AMP-cnekTpockonii

po3pobaeHun B 1971 poui, niaATpuMyeTbca
6yAb-AKMM NMporpamMHuM 3abe3sneyeHHAM B
raAysi CTPyKTypHoI 6ioAoril



ornepye AeKapToBUMMM
KOOpAMHaTaMM

BCi 3anNUcM NpUB’A3aHi A0 NEBHUX
NOAIB

OcTaHHA Bepcia KepiBHUUTBa Nno ¢popmaTty PDB

Atomic Coordinate Entry Format Description
Version 3.1, July 19,2007

http://www.wwpdb.org/documentation/format3.1-200
70719.pdf



Kaxaeiid paia HMeeT CBOH HACHTH(PHKATOP HIH Ko : leal

Title: Cytochrome P450 14 ¢;-Sterol Demethylase (CypS1) From Mycobacterium
Tuberculosis In Complex With Fluconazole

Compound: Mol _Id: 1; Molecule: Cytochrome P450 51-Like Rv0764C; Chain: A;
Synonym: CypS1, 14¢-Sterol Demethylase; Engineered: Yes: Mutation: Yes:
Other Details: Cys 394 Binds Heme Iron. Fluconazole Is Bound In The Active
Site Coordinating Heme Iron As A Sixth Ligand

Neam HwaA
HwaOcm
Hwallenu

HomepOcmamra
X ¥ VA occ B-factor

ATOM 1 N ALA A 3 -14.763 -13.683 100.347 1.00 49.82
ATOM 2 CR RLR R 3 -14.759 -13.806 98.856 1.00 >50.45
ATOM 3 € ALR AR 3 -13.343 -14.025 98.327 1.00 49.54
ATOM 4 0O ALR R 3 -12.509 =13.118 :98.350 1.00 48.65
ATOM 5 CB RAILA A 3 =13.371 =12.553 :98.227 :1.00 51.16
ATOM 6 N VAL A - -13.088 -15.237 97.845 1.00 49.20
ATOM 7 CA VAL A - -11.781 -15.620 97.314 1.00 48.77
ATOM 8 C VAL A - -11.248 -14.700 96.215 1.00 46.92



Tunu 3anuciB B 3aroJIOBHOMY po3aini

OHEADER - onucye HaAXOAXEHHS 6aHKy
yepe3 YHiKaAbHMU HOMep, KAacudikauio Ta
AaTy AENOHYBaHHS

1 2 3 o 5 6 7}
1234567890123456789012345678901234567890123456789012345678901234567890
HEADER MUSCLE PROTEIN 02-JUN-93 1MYS
HEADER HYDROLASE (CARBOXYLIC ESTER) 08-APR-93 ZBHT
HEADER COMPLEX (LECTIN/TRANSFERRIN) 07-JAN-94 1LGB

OBSLTE - sake HaaxooXeHHAA 3aMiHeHe
NOTOYHUM

1 2 3 - 5 6 7
1234567890123456789012345678901234567890123456789012345678901234567890
OBSLTE 31-JAN-94 1MBP 2MBP



Tunu 3anuciB B 3aroJIOBHOMY po3aini

OTITLE - onmucye eKcnepMMEHT Ta aHaAis3

HAAXOAXKEHHSA
1 2 3 4 5 o 7
1234567890123456789012345678901234567890123456789012345678901234567890
TITLE RHIZOPUSPEPSIN COMPLEXED WITH REDUCED PEPTIDE INHIBITOR
TITLE BETA-GLUCOSYLTRANSFERASE, ALPHA CARBON COORDINATES ONLY
TITLE NMR STUDY OF OXIDIZED THIOREDOXIN MUTANT (Co62A,C69A,C73A)
d B R K B T 2 MINIMIZED AVERAGE STRUCTURE

CAVEAT - noBiAOMAAE nNpo MNOMMUAKM
XipaAbHOCTI



Tunu 3anuciB B 3aroJIOBHOMY po3aini

HCOMPND - onucye makpomoAeKyAspHUM
KOMMOHEHT HAaAXOAMKEHHHA

1 2 3 4 5 6 7
1234567890123456789012345678901234567890123456789012345678901234567890
COMPND MOL ID: 1;

COMPND 2 MOLECULE: HEMOGLOBIN;

COMPND 3 CHAIN: A, B, C, D;

COMPND 4 ENGINEERED: YES;

COMPND 5 MUTATION: YES

COMPND 6 OTHER DETAILS: DEOXY FORM

COMPND MOL ID: 1;

COMPND 2 MOLECULE: COWPEA CHLOROTIC MOTTLE VIRUS;
COMPND 3 CHAIN: A, B, C;

COMPND 4 SYNONYM: CCMV;

COMPND 5 MOL ID: 2;

COMPND 6 MOLECULE: RNA (5'-(*AP*UP*AP*U)-3");
COMPND 7 CHAIN: D, F;

COMPND 8 ENGINEERED: YES;

COMPND 9 MOL ID: 3;

COMPND 10 MOLECULE: RNA (5'—-(*AP*U)-3');
COMPND 11 CHAIN: E;

COMPND 12 ENGINEERED: YES

COMPND MOL ID: 1;

COMPND 2 MOLECULE: HEVAMINE A;

COMPND 3 CHAIN: A;

COMPND 4 EC: 33u2¢l1:14; 3.2.1.17;

COMPND 5 OTHER DETAILS: PLANT ENDOCHITINASE/LYSOZYME



po3wudcdpoBka getaneun 3anncy COMPND

VALUE DEFINITION

MOL_ID
MOLECULE
CHAIN
FRAGMENT
SYNONYM
EC

ENGINEERED

MUTATION

Numbers each component; also used in SOURCE to associate the
Name of the macromolecule.

Comma-separated list of chain identifier(s).

Specifies a domain or region of the molecule.
Comma-separated list of synonyms for the MOLECULE.

The Enzyme Commission number associated with the
molecule. If there is more than one EC number, they
are presented as a comma-separated list.

Indicates that the molecule was produced using
recombinant technology or by purely chemical synthesis.
Indicates if there is a mutation.

OTHER DETAILS Additional comments.

information



Tunu 3anuciB B 3aroJIOBHOMY po3aini

SOURCE - onucye 6ioAoriuHe Ta/abo ximiuHe
AXKEPEAO KOXXHOI OIiOAOriYHOI MOAEKYAU B
HAAXOAXKEHHI

1 2 3 4 5 6 7
1234567890123456789012345678901234567890123456789012345678901234567890
SOURCE MOL ID: 1;

SOURCE 2 ORGANISM SCIENTIFIC: AVIAN SARCOMA VIRUS;
SOURCE 3 STRAIN: SCHMIDT-RUPPIN B;

SOURCE 4 EXPRESSION SYSTEM: ESCHERICHIA COLI;
SOURCE 5 EXPRESSION SYSTEM PLASMID: PRC23IN

SOURCE MOL ID: 1;

SOURCE 2 ORGANISM SCIENTIFIC: GALLUS GALLUS;
SOURCE 3 ORGANISM COMMON: CHICKEN;

SOURCE 4 ORGAN: HEART;

SOURCE 5 TISSUE: MUSCLE

SOURCE MOL ID: 1;

SOURCE 2 EXPRESSION SYSTEM: ESCHERICHIA COLI;

SOURCE 3 EXPRESSION SYSTEM STRAIN: BElée7;

SOURCE 4 FRAGMENT: RESIDUES 1-16;

SOURCE 5 ORGANISM SCIENTIFIC: BACILLUS AMYLOLIQUEFACIENS;
SOURCE 6 EXPRESSION SYSTEM: ESCHERICHIA COLI;

SOURCE 7 FRAGMENT: RESIDUES 17-214;

SOURCE 8 ORGANISM SCIENTIFIC: BACILLUS MACERANS



Tnu 3anuciB B 3aroJIoOBHOMY po3aini

 EXPDTA - Mictutb iHdopmauiio woao
Qel(cnepumel-lTy

| 2 3 - 5 6 i,
1234567890123456789012345678901234567890123456789012345678901234567890
EXPDTA X-RAY DIFFRACTION

EXPDTA NEUTRON DIFFRACTION; X-RAY DIFFRACTION
EXPDTA NMR, 32 STRUCTURES
EXPDTA NMR, REGULARIZED MEAN STRUCTURE

EXPDTA FIBER DIFFRACTION

ELECTRON DIFFRACTION

ELECTRON MICROSCOPY

CRYO-ELECTRON MICROSCOPY

SOLUTION SCATTERING, THEORETICAL MODEL
FIBER DIFFRACTION

FLUORESCENCE TRANSFER

NEUTRON DIFFRACTION

NMR (may have a qualifier e.g. number of models see examples below)
SOLUTION SCATTERING

THEORETICAL MODEL*

X-RAY DIFFRACTION



Tunu 3anuciB B 3aroJIOBHOMY po3aini

QKEYWDS — KAIOYOBi CAOBa, WL,O0 CTOCYIOTbCH

HAAXOAYKEHHSA

1 2 3 4 5 6 7

1234567890123456789012345678901234567890123456789012345678901234567890
KEYWDS LYASE, TRICARBOXYLIC ACID CYCLE, MITOCHONDRION, OXIDATIVE

KEYWDS 2 METABOLISM

AUTHOR - imeHa Al0aeHn, L0 BipNOBipalOTDb
3a HAAXOAYKEHHSA

1 2 3 4 S 6 7
1234567890123456789012345678901234567890123456789012345678901234567890
AUTHOR M.B.BERRY,B.MEADOR, T.BILDERBACK, P.LIANG,M.GLASER,

AUTHOR 2 G.N.PHILLIPS JUNIOR,T.L.ST. STEVENS

REVDAT - icTtopia BHeceHHA 3MiH B

1 2 3 4 S 6 7
1234567890123456789012345678901234567890123456789012345678901234567890
REVDAT 3 19—-0CT-89 1PRC 1 REMARK
REVDAT 2 19-APR-89 1PRC 2 CONECT

REVDAT 3 09-JAN-89 1PRC 0



Tunu 3anuciB B 3aroJIOBHOMY po3aini

SPRSDE - saki 3acrapiAi HaaXxoA>KeHHA
U3aMiHeHi Ha NOTOYHe

i | 2 3 4 S 6 7
1234567890123456789012345678901234567890123456789012345678901234567890
SPRSDE 17-JUL-84 4HHB 1HHB

SPRSDE 27-FEB-95 1GDJ 11.H4 2LH4

JRNL - ocHOBHe AiTepaTtypHe A)Kepeao, fiKe

[ ]
onucye pe3yAbTaTH, AEMNOHOBaHi B
e . - - - ____ ____"

1 2 3 4 5] © 7
1234567890123456789012345678901234567890123456789012345678901234567890
JRNL AUTH G.FERMI,M.F.PERUTZ,B.SHAANAN, R.FOURME
JRNL TETT THE CRYSTAL STRUCTURE OF HUMAN DEOXYHAEMOGLOBIN AT
JRNL TITL 2 1.74 A RESOLUTION
JRNL REF J.MOL.BIOL. Ve 145 159 1984
JRNL REFN ASTM JMOBAK UK ISSN 0022-2836

REMARK - pPi3HOMaHITHa  cAy>k6o0Ba
iHbopmauiis.
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PROTEIN DATA BANK

CONTACT US | HELP | PRINT PAGE © PDB ID or keyword @ Author

Home| Search

= Home

® Getting Started

p Download Files

» Deposit and Validate

p Structural Genomics

) Dictionaries & File Formats

p Software Tools

» General Education

p Site Tutorials

® BioSync

» General Information

® Acknowledgements

B Frequently Asked Questions
<] Report Bugs/Comments

Cuick, 'Ti/)s PEERER 2 <

Try the Web Services AP for
software developers using
CIC++, Java, Python and Perl.
Click here.

PDB - MDhDKHapoaHUU 6aHK AaHNX

OINIKOBUX CTPYKYTP
http://[www.rcsb.org/

a memeer oF THe @IPDB

An Information Portal to Biological Macromolecular Structures
As of Tuesday Sep 18, 2007 Bl there are 45865 Structures @ | PDB Statistics @

Are you missing data updates? The PDB archive has moved to ftp://ftp.wwpdb.org.
For more information click here.

Welcome to the RCSB PDB

The RCSB PDB provides a variety of tools and resources for studying the structures of biological macromolecules and their relationships to sequence, function, and disease.
The RCSB is a member of the wwPDB whose mission is to ensure that the PDB archive remains an international resource with uniform data.

This site offers tools for browsing, searching, and reporting that utilize the data resulting from ongoing efforts to create a more consistent and comprehensive archive.
Information about compatible browsers can be found here.

A narrated tutorial #2 illustrates how to search, navigate, browse, generate reports and visualize structures using this new site. [This requires the Macromedia Flzsh player download.]

Comments? info@rcsb.org

Molecule of the Month: Citrate Synthase

Your body burns up a lot of food every day. However, cells don't burn food like a fireplace. Instead, food molecules are combined with
oxygen molecules one-by-one, in many carefully controlled steps. In this way, the energy that is released can be captured in
convenient forms, like ATP or NADH, which are then used elsewhere to power essential cellular functions. Our cells get most of their
energy from a long series of reactions that combine oxygen and glucose, forming carbon dioxide and water, and creating lots of ATP
and NADH in the process.

= More ...

®m Previous Features

The RCSB PDB is managed by two members of the RCSB: Rutgers, The State University of New Jersey and the San Diego Supercomputer Center and Skaggs School of Pharmacy and Pharmaceutical
Sciences at the University of California, San Diego. It is supported by funds from the National Science Foundation (NSF), the National Institute of General Medical Sciences (NIGMS), the Office of Science,
Department of Energy (DOE), the National Library of Medicine (NLM), the National Cancer Institute (NCI), the National Center for Research Resources (NCRR), the National Institute of Biomedical Imaging and
Bioengineering (NIBIB), National Institute of Neurological Disorders and Stroke (NINDS), and the National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK).

| IEEEEE]| @ | Advanced Search

® Complete News
u Newsletter
= Discussion Forum

18-September-2007

PDB Data Summaries

Various summaries of
current data in the PDB
archive are available
through the
/pub/pdb/derived_data
directory of the FTP site at
ftp:/iftp.wwpdb.org.

® Full article ...
11-September-2007
RCSB PDB Poster Prize

Awarded, Art of Science
shown at ISMB Meeting

m Full article ...

In citing the PDB please refer to:
HM. Berman, J. Westbrook, Z.
Feng, G. Gilliland, T.N. Bhat, H.
Weissig, I.N. Shindyalov, P.E.
Bourne: The Protein Data Bank.
Nucleic Acids Research, 28 pp.
235-242 (2000).

© RCSB Protein Data Bank




NDB - 6a3a gaHMX NPOCTOPOBUX
CTPYKTYP HYK/IEIHOBUX KUCOT

http:/Indbserver.rutgers.edu/
ni

o

o

Home ContactUs Help
Atlas Deposit Download Search Reports | Education Standards Tools Links

Site Index@
WELCOME TO THE
NUCLEIC ACID DATABASE About NDB
a repository of three-dimensional structural information about
nucleic acids NDB News
Archive of NDB newsletters

e Atlas Number of Released

Structures: ;

- The NDB is supported by funds

Last Foundation and the Department of

-]
Download Data ;... 19.june-2007 Energy.
®
Search Search the NDB by ID In citing the NDB please refer to:
e Reports Enter an NDB ID or PDB g- M. _'3ermjnwW-tP;- Oliog, D.L
X D/ ] | CSeach everidge, J. Westbrook, A.
e Education o I Gelbin, T. Demeny, S.-H. Hsieh,
A. R. Srinivasan, and B.
e Standards Nucleic Acids Highlight ~ Schneider. (1992) The Nucleic
: Acid Database: A Comprehensive

e Tools 3

Relational Database of
Three-Dimensional Structures of
Nucleic Acids. Biophys. J., 63,
751-759.

e Links

ndbadmin@ndbserver_rutgers.edu
©1995-2007 The Nucleic Acid
Database Project. Rutgers, The
State University of New Jersey



CSD (Cambridge Crystallographic Data Centre) -
GaHK KpuctanorpadgiyHnux gaHux
HU3bKOMONEKYISAPHUX CNoyK

O http://www.ccdc.cam.ac.uk/

99¢ 9 Cambridge Crystallographic Data Centre

About CCDC  Products  Free Services News Events Contact Support  Search

Location: Home

Products

Free Services

Cambridge
Structural
Database (CSD)

Deposit a Structure

Request a
Structure

The CCDC is dedicated to the advancement of chemistry and
crystallography for the public benefit through providing high-quality
information services and software.

1965 - 2005
| privacy policy | Copyright © 2004-2007 The Cambridge Crystallographic Data Centre
| browser support | 12 Union Road, Cambridge, CB2 1EZ, UK, +44 1223 336408
Registered in England No.2155347 Registered Charity No.800579




BMRB - 6aHK gaHux AMP-

CMeKTPOCKoMIi MaKpOMOJIeKY/
@ http://www.bmrb.wisc.edu/

Biological Magnetic Resonance Data Bank

Google Search

| WWW Sites

BMRB Data Listed By:

R‘ = Macromolecular types
BM N N i, NMR spectral parameters

News BioMagResBank, ¢ Kinetics
About BMRB R AT Thermodynamics
~ A Repository for Data from NMR Spectroscopy r
Feedback on Proteins, Peptides, and Nucleic Acids Restraints
Department of Biochemistry
FTP Access University of Wisconsin-Madison Structure

BMRB List Server Time-domain sets

BMRB Job Opportunity Solid-state NMR

Biomolecular
Search BMRB Highlight:
Data Browser, FASTA Search of BMRB, NMR Restraints, Time-domain Data Sets Lysozyme
Deposit Data
ADIT NMR

BMRB Mirrors
Madison USA, Osaka Japan, Florence Italy

About BMRB

Mission Statement, Aims and Policies, Data Accepted, Distribution

BMRB is a member of the wwPDB

W ORLDWIDE

PDR

AW W




PQS - 6a3a gaHUX YeTBEPTUHHUX
CTPYKTYp OINIKIB

@ http://pqgs.ebi.ac.uk/

Biological Magnetic Resonance Data Bank

Google Search

| WWW Sites

BMRB Data Listed By:

R‘ = Macromolecular types
BM N N i, NMR spectral parameters

News BioMagResBank, ¢ Kinetics
About BMRB R AT Thermodynamics
~ A Repository for Data from NMR Spectroscopy r
Feedback on Proteins, Peptides, and Nucleic Acids Restraints
Department of Biochemistry
FTP Access University of Wisconsin-Madison Structure

BMRB List Server Time-domain sets

BMRB Job Opportunity Solid-state NMR

Biomolecular
Search BMRB Highlight:
Data Browser, FASTA Search of BMRB, NMR Restraints, Time-domain Data Sets Lysozyme
Deposit Data
ADIT NMR

BMRB Mirrors
Madison USA, Osaka Japan, Florence Italy

About BMRB

Mission Statement, Aims and Policies, Data Accepted, Distribution

BMRB is a member of the wwPDB

W ORLDWIDE

PDR

AW W




Profunc — aHani3 CTpykTypu ans
nepao6avyeHHA PYHKUIN

Ohttp: IIwww ebi.ac.uk/thornton-srv/databases/profunc/

Analysis of a protein’'s 3D structure
Prafune to help identify its likely
biochemical function

The aim of the ProFunc server is to help identify the likely biochemical function of
a protein from its three-dimensional structure. It uses a series of methods,
including fold matching, residue conservation, surface cleft analysis, and
functional 3D templates, to identify both the protein’s likely active site and
possible homologues in the PDB.

Some of the methods take minutes to run; others take hours. You will be notified
by e-mail when the entire process is complete, but can check on preliminary
results as they become available.

From this page you can submit your own structure, analyse an existing PDB
entry, or retrieve the results of a previously submitted run.

Please note that if you have several structures to submit, try to limit the number
of structures you upload to about 6 per hour to avoid overloading the server. If
you wish to run a very large number of structures, please contact Roman
Laskowski (roman@ebi.ac.uk) about arranging some form of batch run.

Choose option A, B or C:

o~
or

* The ProFunc analyses have already been computed for a number of existing PDB entries. In such cases you will be taken




SFLDB - 6a3a gaHuXx “cCTpyKTypa-
VHKUIA”
http://sfld.rbvi.ucsf.edu/

lx.‘g University of California, San Francisco | About UCSF | UCSF Medical Center

SFLDl ‘*RBVI

Instructions Citing SFLD SFLD Staff Curator's Entrance

Browse by Superfamily Browse by Reaction Search by Enzyme Search by Reaction

RHQ KAMNSEAVVRLAEASQDRYGEKD

Welcome to the Structure-Function Linkage Database

What is the SFLD?

* A database that links evolutionarily related sequences
and structures from mechanistically diverse
superfamilies of enzymes to their chemical reactions

* Correlates conserved active site residues with

specific partial reactions that all members of a
superfamily perform

(more details)

What makes the SFLD unique?

* The SFLD correlates conserved partial reactions
associated with active site similarities in all members
of a superfamily

* Provides the ability to search for related proteins by
their partial chemical reactions

What can | use the SFLD for?

* Classify a sequence into the nearest superfamily and
retrieve the associated sequences, structures, and
chemical reactions of even diverse relatives

* Infer function of a sequence by viewing it in the

context of curated proteins at the superfamily and
family level

How can | use the SFLD? (Instructions & Caveats)

« Browse by superfamily. subgroup. and family
« Browse by reaction (overall)
« Search by enzyme (Gl number or name)

« Search by reaction (overall or partial)

« Classify a sequence into a superfamily, subgroup, or
family

The SFLD is a collaborative project of the Babbitt and Ferrin labs at UCSFE. We gratefully acknowledge support from
NIH GM80595 and NSF DBI0234768 (to PCB) and NIH RR01081 (to TEF).




SCOP - cTpyKTYpHa Knacudikauin
f OiNKiB

: )
~  http://scop.mrc-Imb.cam.ac.uk/scop/
Structural Classification of Proteins
‘ez
Welcome to SCOP: Structural Classification of Proteins.
1.71 release (October 2006)

27599 PDB Entries. 1 Literature Reference. 75930 Domains. (excluding nucleic acids and theoretical models).
Folds, superfamilies, and families statistics here.

New folds superfamilies families.

List of obsolete entries and their replacements.

Authors. Alexey G. Murzin, John-Marc Chandonia, Antonina Andreeva, Dave Howorth, Loredana Lo Conte, Bartlett G. Ailey, Steven E. Brenner, Tim J. P. Hubbard, and Cyrus Chothia. scop@mrc-lmb.cam ac.uk
Reference: Murzin A. G., Brenner S. E., Hubbard T., Chothia C. (1995). SCOP: a structural classification of proteins database for the investigation of sequences and structures. J. Mol. Biol. 247, 536-540. [PDE]

Recent changes are described in: Lo Conte L.. Brenner S. E., Hubbard T.J.P.. Chothia C.. Murzin A. (2002). SCOP database in 2002: refinements accommodate structural genomics. Nucl. Acid Res. 30(1). 264-267. [PDE] and
Andreeva A.. Howorth D, Brenner S.E.. Hubbard T.J.P., Chothia C., Murzin A.G. (2004). SCOP database in 2004: refinements integrate structure and sequence family data. Nucl. Acid Res. 32:D226-D229. [PDE].

Access methods

+ Enter scop at the top of the hierarchy

* Keyword search of SCOP entries

* SCOP parseable files

* All SCOP releases and reclassified entry history

+ SCOP domain sequences and pdb-style coordinate files (ASTRAL)

+ Hidden Markov Model library for SCOP superfamilies (SUPERFAMILY)

* New Structural alignments for proteins with non-trivial relationships (SISYPHUS)

NEW pre-SCOP - preview of the next release

We provide limited access to the SCOP development version (pre-SCOP) that classifies a substantial part of PDB entries released between January 2005 and April 2006. Priority was given to representatives of new sequence families targeted by structural genomics
initiatives.

+ Online resources of potential interest to SCOP users

SCOP mirrors around the world may speed your access.
News

# SCOP has been updated to include all PDB entries released up to 18 January 2005. See folds, superfamilies. and families statistics.

+ This release, corresponding to the PDB snapshot at the beginning of 2005, is the last one that classifies all PDB structures released before a certain date. The process of classification of new entries has been changed. For more information please visit pre-SCOP - a
preview of the next release.

+ This release is similar in appearance to the previous release, so the generic release notes from that release still apply. Please read the notes; they contain more detailed explanations and examples of SCOP features.

N, S 1 '



CATH - cTpyKkTypHa knacudpikawin
OINKIB
http://cathwww.biochem.ucl.ac.uk/latest/index.html

Protein Structure Classification CATH DHS Gene3D FTP

(%913 Protein Structure Classification
Go!

Version 3.1.0: Released Jan 2007

v3.1.0
CATH Group
v3.0.0 v3.1.0 New
Dr. Alison Cuff, Dr. ian Sillitoe, Dr. Mark Dibley, Mr. Tony Lewis, Mr. Oliver Domains 86151 093885 7734
Redfern, Dr. Frances M.G. Pearl 5
Chains 57741 63453 5712

Contributors to the CATH Version 3.1.0 Release PDBs 27522 30028 2506

Ms. Sarah Addou, Mr. Tim Dallman, Mr. Benoit Dessailly, Dr. Lesley Greene, Dr. T

David Lee, Dr. Jon Lees, Dr. Russell L. Marsden, Mr. Adam Reid, Mr. Stathis This .—;;ea;e }ms incorporated a great
Sideris, Dr. Corin Yeats, Prof. Janet Thornton, Prof. Christine A. Orengo deal of internal development including:
Links + Development of backend

PostgreSQL database

e Browse or search the classification + Development of the central code

e CATH statistics and release information library

e General information on CATH + New web interface for domain

e CATH lists and FTP site chopping (DomChop)

o [NEW] Raw data files for CATH (including CATH Domain PDB files) ¢ Improved public pages to show

o Full HMM Library (right-click link and select "Save as..”) very latest information

Concatenated file of 7794 models representing all sequence SRASdednumEn oS Inalienance
families in CATH v3.1.0 (gzipped HMMER2.0 format, 831B) ECIISSIIONES O

e [NEW] CrossLinks between superfamilies in CATH

DHS - Dictionary of Homologous Superfamilies. Summary of structural
and functional features for CATH Homologous Superfamilies

CATH File Formats (for FTP files)

Introduction

CATH is a hierarchical classification of protein domain structures, which clusters proteins at four major levels, Class(C),
Architecture(A), Topology(T) and Homologous superfamily (H).

Class, derived from secondary structure content, is assigned for more than 90% of protein structures automatically.
Architecture, which describes the gross orientation of secondary structures, independent of connectivities, is currently
assigned manually. The topology level clusters structures into fold groups according to their topological connections and
numbers of secondary structures. The homologous superfamilies cluster proteins with highly similar structures and
functions. The assignments of structures to fold groups and homologous superfamilies are made by sequence and
structure comparisons.

Thohoundariac and i e far aach nratain d in_ara_dat inad ucinaa hinati £ ot tod and




SCOR - CTpYKTYpHa Knacudikawis
PHK

o

Q http://scor.lbl.gov/
SCOR

SCOR1.1 SCOR1.2 Programs Help PDB/NDBlist Links SCORXMLfiles Rel notes Glossary MeRNA  Survey
We will be seeking NIH funding for continued research, development and maintenance of the Structural Classification of RNA (SCOR) database. We are surveying current and potential users to learn who uses

SCOR, and how it is used. This survey is important to our future development of SCOR. We ask that you please

SCOR 2.0.3, 24 Oct. 2004: 579 PDB entries (15 May 2004).
5350 internal loops, 2920 hairpin loops.

e Structural Classification

® Functional Classification

e RNA Tertiary Interaction

PDB/NDB ID or Keyword (help): Advanced Search

Primary reference: Klosterman PS, Tamura M, Holbrook SR, Brenner SE. 2002. SCOR: a structural classification of RNA database. Nucleic Acids Res. 30. 392-394. [pdf], additional
references

Synopsis

The Structural Classification of RNA (SCOR) is a database designed to provide a comprehensive perspective and understanding of RNA motif structure, function, tertiary interactions and
their relationships. SCOR 2.0.3 provides a survey of the three-dimensional motifs contained in 579 NMR and X-ray RNA structures available as of May 15, 2004. This includes 8,270
secondary structural elements, of which 2,920 are hairpin loops and 5,350 are internal loops. The structural elements are organized in a directed acyclic graph (DAG) architecture, allowing
multiple parent classes for a motif. Users can browse the database or search by PDB or NDB identifier, keyword or sequence. Descriptions and cartoon representations of each of the
classes are available. RNA motifs reported in the literature (e.g. Kink turns, S-turns, GNRA loops) are incorporated into the classification.

Authors: Makio Tamura, Donna K. Hendrix, Peter S. Klosterman, Nancy R. B. Schimmelman, Steven E. Brenner and Stephen R. Holbrook. Supported by Lawrence Berkeley National
Laboratory and NIGMS of the NIH.

Who is using SCOR?

Contact us at scor@compbio.berkeley.edu
Generated from scor database 2.0.3 on October 24, 2004
Copyright © 2001-2005




The Protein Kinase Resource -

CTPYKTYpPM KiHa3
o http://[www.kinasenet.org/pkr/Welcome.do

Protein Kinase

Resource
“uneriod
Search
The Protein Kinase Resource has been redesigned and expanded
© Search PKR with new content and cross-links with other online resources. In

addition, we have introduced several new technologies to integrate
information search, retrieval and visualization. For support setting up
the browser environment please refer to site help

© Sequence
© Structure
© Kinome Tree

© Applications Any comments or suggestions will be greatly appreciated and will
© Resources help us design a better resource for the benefit of the kinase
© Community research community

© About PKR

Advanced Search

’ Structure Search

Browse Structures f Resources

The Protein Kinase Resource @ 2004 | SDSC | UC San Diego, MC 0505

==
9500 Gilman Dr. La Jolla, CA 920383-0505 Tel. 858-534-5000 Fax. 858-534-515 =0 =)

==

ucsp  SDSC

info@sdsc.edu

N

5
®

0




HIV Protease Database

~

O http://mcll.ncifcrf.gov/hivdb/index.html

The Database contains 272 structures.
148 taken from PDB, 124 are unique entries for exclusive purpose of HIV PR Datsbase. 10/23/2002

Check the last updated version of the HIVdb. 65 new structures added!

P

l\ﬂ:‘ MACROMOLECULAR CRYSTALLOGRAPHY LABORATORY |

/ HIV Protease Database

Informative P;
Analytical Part
Related Pages

Visualization

This version of the database is for archival purposes only.
The current version of database that offers better tools for its interrogation can be found at mst

Questions about this site should be directed to J. Vondrasek (vondraseki@ncifcrf.gov)
Copyright ® 2000 National Cancer Institute - Frederick Cancer Research and Development Center

You are visitor number

click_|

Powered by counter.bloke.com



Databases 8: metabolic

@ Contain informations that describe enzymes, biochemical
reactions and metabolic pathways;

® ENZYME and BRENDA: nomenclature databases that store
informations on enzyme names and reactions;

® Metabolic databases: EcoCyc (specialized on Escherichia coli),
KEGG, EMP/WIT;

Usually these databases are tightly coupled with query software
that allows the user to visualise reaction schemes.




BRENDA m

The Conmprehensive Enzyme Information System

Complete Entry of EC-Number 1.2.3.4
open priniable versionin a new window

EC NUMBER COFACTOR LOCALIZATION

ORGANISM SPECIFIC ACTIVITY [umolmin/mg] PURIFICATION

SYSTEMATIC NAME KB VALUE [mM] MOLECULAR WEIGHT

REC OMMENDED NAME PH OPTIMUM SUBUNITS

SYNONYMS PH RANGE PH STABILITY

CAS REGISTRY NUMBER TEMPERATURE OPTIMUM [°C] TEMPERATURE STABILITY [°C]
REACTION METALS, IONS STORAGE STABILITY
REACTION TYPE INHIBITORS LINKS TO OTHER DATABASES
SUBSTRATES/PRODUCTS SOURCETISSUE REFERENCES

2_»:= reference; # #=organism

EC NUMBER
1234

BRENDA e

#1# Sorghum vulgare (variety CSH-5 <1>; CSH-1 <3>) <1, 3>
#2# Pseudomonas sp. (0X-53) <2>

Useful to prepare = =
lab’s experiments |

#6# Rhytidiadelphus squarosus <6>
#7# Hylocomium loreum <6>

SYSTEMATIC NAME
Oxalate:oxygen oxidoreductase

RECOMMENDED NAME

http://www.brenda.uni-koeln.de/ ==

SYNONYMS

Oxidase, oxalate
Aero-oxalo dehydrogenase
Oxalic acid oxidase #44 <5>

CAS REGISTRY NUMBER
9031-79-2

REACTION
Oxalate +02 =2 CO2 +H202

REACTION TYPE

Redox reaction

SUBSTRATES/PRODUCTS

3 1. Oxalate + O2 #1-7# (almost specific for oxalate, #24 <2>; no other electron acceptor found, #3# <4>) <1-6>

P 1.CO2 +H202

3 2. Additional information: #2# (oxidation at extreme low rate: glyoxylic acid, DL-malic acid, cittic acid, not oxidized: succinic acid, formic acid,
<2>

P2.?

SPECIFIC ACTIVITY [pmolimin/mg]



Kyoto Encyclopedia of
Genes'and Genomes

66

KEGG: Kyoto Encyclopedia of Genes and Genomes

http://www.genome.ad. jp/kegg

Glycolysis / Gluconeogenesis - Reference pathway
Go to: [ LinkDPB search | Ortholog Table ]
Go to: |Refarence pathway j Exec |

Nucleotide sugars
metabolism
_ ¢~ FPentose and glucuronate
interconve rsions

27.041 o ef swrchond sucrose
31310 metabolism

D-Glucose
{extrace llular)

{3139}

o-D-Glucose 2711

27163 d
[51315][53.19]

2712

Pentose
phosphate
pathway
Axbutin
(extme]lulax) o Fructose and
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|
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biosynthesis |

|
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|

|

|
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Databases 9: bibliographic

® Bibliographic reference databases contain
citations and abstract informations of
published life science articles;

® Example: Medline

® Other more specialized databases also exist
(i.e.AgricoIa http://agricola.nal.usda.gov/).



Databases 10: others

@ There are many databases that cannot be
classified in the categories listed previously;

® Examples: ReBase (restriction enzymes),
TRANSFAC (transcription factors), CarbBank,
GlycoSuiteDB (linked sugars), Protein-protein
interactions db (Intact, BIND), Protease db
(MEROPS), biotechnology patents db, etc.;

® As well as many other resources concerning
any and new aspects of macromolecules and
molecular biology (Ex: Microarrays).



oW
oW
oW
oW
oW
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Proliferation of databases

nat is the best db for sequence analysis ?

nic
nic
nic
nic

NIC

h does contain the highest quality data ?

N is t
N is t
N is ¢t

Nis t

queries) ?

ne more comprehensive !
ne more up-to-date !
ne less redundant ?

ne more indexed (allows complex

® Which Web server does respond most quickly ?

20170



Some important practical remarks

® Databases: many errors (automated
annotation) !

® Not all db are available on all servers

® The update frequency is not the same for
all servers; creation of db _new between
releases

® Some servers add automatically useful
cross-references to an entry (implicit links)
in addition to already existing links (explicit
links)



NMpeacTaBA€EHME AMMHOKUCAOTHOM
NOCAEAOBATEABHOCTMH
B Raw ¢dpopmare:

MSEPQRLFFAIDLPAEIREQITHWRATHFPPEAGRPVAADNLHLT
LAFLGEVSAEKEKALSLLAGRIRQPGFTLTLDDAGQWLRSRVVWL
GMRQPPRGLIQLANMLRSQAARSGCFQSNRPFHPHITLLRDASEA
VITIPPPGFNWSYAVTEFTLYASSFARGRTRYTPLKRWALTQ




FASTA -dopmar

FASTA - nonynsapHas nporpamMmma npegHasHadeHHasa a5 BblpaBHUBAHUS
nocrnenoBaTenb-

HOCTEN U ckaHupoBaHusa 6a3 aaHHbIX, co3gaHHaa W.R. Peerson n D.J. Lipman B
1988 roay.

NoeHTudukaunoHHas
CTpoKa

o O
>My Sequence Name °
MSEPOQRLFFAIDLPAEIREQITHWRATHFPPEAGRPVAADNLHLT
LAFLGEVSAEKEKALSLLAGRIRQPGFTLTLDDAGQWLRSRVVWL
GMROQPPRGLIQLANMLRSQAARSGCFQSNRPFHPHITLLRDASEA
VITIPPPGFNWSYAVTEFTLYASSFARGRTRYTPLKRWALTQ

> - YHUKanNbHbIN ngeHTndunkaTop




['MPUMEP:

noeHTndukatop pecypc
NOEHTUUKALNOHHBIN
OTKyaa B3snach (No gaHHbIM nuTepaTyiieP
" NepanuHbIi Homep KpaTkoe
>g114885609 | ref |NP 005408.1 | proto-oncogene tyrosine-protein kinaQ@McaHne
SRC [Homo sapiewrsd opraHm3

MGSNKSKPKDASQRRRSLEPAENVHMAGGGAFPASQTPSKPASADGHRGPSAAFAPAAAEPKLEGGENSS
DTVTSPQRAGPLAGGVTTEFVALYDYESRTETDLSFKKGERLOIVNNTEGDWWLAHSLSTGOTGYIPSNYV
APSDSIQAEEWYFGKITRRESERLLLNAENPRGTFLVRESETTKGAYCLSVSDEFDNAKGLNVKHYKIRKL
DSGGEYITSRTOENSLOQLVAYYSKHADGLCHRLTTVCPTSKPQTQGLAKDAWEIPRESLRLEVKLGQGC
FGEVWMGTWNGTTRVAIKTLKPGTMSPEAFLOQEAQVMKKLRHEKLVOLYAVVSEEPIYIVTEYMSKGSLL
DEFLKGETGKYLRLPQLVDMAAQIASGMAYVERMNYVHRDLRAANILVGENLVCKVADFGLARLIEDNEYT
ARQOGAKFPIKWTAPEAALYGREFTIKSDVWSEFGILLTELTTKGRVPYPGMVNREVLDOQVERGYRMPCPPEC
PESLHDLMCQCWRKEPEERPTFEYLOQAFLEDYFTSTEPQYQPGENL



BHuMaHue!!!

HekoTopble nporpamMmbl MOryT BbITb YyBCTBUTENLHBLI K dhopmMaTy
3anncu B FASTA-pbopmare:

[1pn HanncaHun oaHOOYKBEHHOIO KoAa Bcerga UCrnonb3yuTe 3arfiaBHble
OyKBbI;

[1pn pabote c FASTA-nocrnegosatenbHocTsAMn Ha K Bceraa
ncnonb3ymnte onuuo TEXT,

[lpn pabote c FASTA-pbopmaTtom B TekcToBOM npoueccope Word,
Bcerga ncnonb3dymnte ncknounteribHo ASCIl cumBorbl;

[1Ns NpaBUNbLHOro OTOBpaxXeHns aTUX NocrenoBaTenbHOCTEN B
TekcToBoM rnpoueccope Word ncnonb3ymte UCKNYNTENBHO WPUGT
Courier;

[lpumeHeHne FASTA-popmaTta B Tex criyydasx, korga Tpedyetcsa RAW-
doopmart, MOXET BbI3BaTb OLLUMOKN UMK NPUBECTU K TOMY, YTO YacTb
TeKcTa naeHTUPUKaLUNOHHON NUHUK ByaeT BOCMNPUHSATA NporpaMmmMmon
KaK YacTb NocrnenoBaTenbHOCTH.



Npumep Nnosaum NOCAEAOBATEABHOCTM

nepBu4YHYylo 623y AaHHbIX

Isolate P876, 16S rRNA gene sequence. Length: 1449 bp

TGCAAGTCGA
TGTGGGAAAC
GGTGGGGTAA
GCAGTGGGGA
GGGTGTTrTT
ATCGGAATAA
GAGTACTTTA
CGCTCATGTG
CCGAAGCTAA
TTAATTCGAT
TGGCTGTCGT
GACTGCCAGT
CAGCGAGAGT
AATCAGAATG
AGGGCGTTTA

ACGGTAGCAG
TGCAGCTAAT
AGGCCTACCA
ATATTGCGCA
kAATAGATAG
CTGGGCGTAA
GGGAGGGGTA
CGAAAGCGTG
CGTGATAAAT
GCAACGCGAA
CAGCTCGTGT
GACAAACTGG
GCGAGCTTAA
TTGCGGTGAA
CCACGGTATG

GAAGAAAGCT
ACCGCGTAAT
AGCCTGCGAT
ATGGGGGGAA
CATCATTGAC
AGGGCACGCA
GAATTCCACG
GGGAGCAAAC
CGACCGCCTG
GAACCTTACC
TGTGAAATGT
AGGAAGGTGG
GCGAATCTCA
TACGTTCCCG
ATTCATGACT

TGCTTTCTTT
CTCTGAGGAG
CTCTAGCTGG
CCCTGACGCA
GTTAATTACA
GGCGGACTTT
TGTAGCGGTG
AGGATTAGAT
GGGAGTACGG
TACTCTTGAC
TGGGTTAAGT
GGATGACGTC
GAAAGTGCAT
GGCCTTGTAC
GGGGTGAAGT

GCTGACGAGT
TAAAGGGTGG
TCTGAGAGGA
GCCATGCCGC
GAAGAAGCAC
TAAGTGAGAT
AAATGCGTAG
ACCCTGGTAG
CCGCAAGGTT
ATCCTAAGAA
CCCGCAACGA
AAGTCATCAT
CTAAGTCCGG
ACACCGCCCG
CGTAACAGA

GGCGGACGGG
GACyTTAGGG
TGACCAGCCA
GTGAATGAAG
CGGCTAACTC
GTGAAATCCC
AGATGTGGAG
TCCACGCTGT
AAAACTCAAA
GAGCTCAGAG
GCGCAACCCT
GGCCCTTACG
ATTGGAGTCT
TCACACCATG

TGAGTAATGC
CCACCTGCCA
CACTGGAACT
AAGGCCTTCG
CGTGCCAGCA
CGAGCTTAAC
GAATACCGAA
AAACGCTGTC
TGAATTGACG
ATGAGCTTGT
TATCCTTTGT
AGTAGGGCTA
GCAACTCGAC
GGAGTGGGTT

TTGGGAATCT
TAAGATGAGC
GAGACACGGT
GGTTGTAAAG
GCCGCGGTAA
TTGGGAATTG
GGCGAAGGCA
GATTTGGGGA
GGGGCCCGCA
GCCTTCGGGA
TGCCAGCGAT
CACACGTGCT
TCCATGAAGT
GTACCAGAAG

GGCTTATGGA
CCAAGTGGGA
CCAGACTCCT
TTCTTTCGGT
TACGGAGGGT
CATTTCAGAC
GCCCCTTGGG
TTGGGCTTTA
CAAGCGGTGG
ACTTAGAGAC
TTGGTCGGGA
ACAATGGTGC
CGGAATCGCT
TAGATAGCTT

GGGGGATAAC
TTAGGTAGTT
ACGGGAGGCA
AATGAGGAAG
GCGAGCGTTA
TGGGAGTCTA
AATGTACTGA
AGCTTGGTGC
AGCATGTGGT
AGGTGCTGCA
ACTCAAAGGA
ATACAGAGGG
AGTAATCGCA
AACCTTCGGG
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