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Functional Genomics and Proteomics

Study of Biological Systems Based on Global Knowledge of
Genomes, Transcriptomes, Proteomes, Metabolomes

e Genome: All the Genetic Material in the Chromosomes
e Transcriptome: Entire Set of Gene Transcripts

e Proteome: Entire Set of Proteins

e Metabolome: Entire Set of Metabolites

Genome ™= Transcriptome ™= Proteome == Metabolome




Protein Information Resource (PIR)

Goal: An Integrated Public Resource of Protein Informatics to
Support Genomic/Proteomic Research & Scientific Discovery

Components

e Database: Data Organization & Information Retrieval

e Software: Data Analysis & Sequence Annotation
Challenges

e Voluminous, Complex, Dynamic Data from Heterogeneous Sources
Integrated, Classification Approach

e Databases: PIR-PSD, PIR-NREF, iProClass

e Integrated Analysis System: Knowledge Base System

e Database Interoperability: Ontology, XML, Relational Schema,
iProClass Framework



PIR Web Site (http://pir.georgetown.edu)
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.,J-"E:}:.'lg l IR Protein Information Resource

AN INTEGRATED PUBLIC RESOURCE OF PROTEIN INFORMATICS TO SUPPORT
GENOMIC AND PROTEOMIC RESEARCH AND SCIENTIFIC DISCOVERY

PIR produces the Protein Sequence Database i e s
{PSD) of functionally annotated protein seguences,
which grew out of the Atias of Profein Sequence
and Structure (1965-1978) edited by Margaret
Dayhoff and has been incorporated into an
integrated knowledge hase system of value-added
databases and analytical tools. s e e—
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IProClass, o central point for exploration of protein
information, provides surmmary descriptions of
protein family, function and structure for PIR-PSD,
Swiss-Prot, and TrEMBL seguences, with links to

over 45 biological databases . Release 2.5, 9-Sep- PIR News Flash _
2002 contains 826 7EE entries Press Release: Protein Infromation Resource Adds
: Mew Tools to Databases

PIR-MREF, a comprehensive database for _ = : —

sequence searching and protein identification, Text Search Protein Databases:
contains non-redundant protein sequences from

FIR-F5D, Swiss-Prot, TrEMEL, Refseq, GenPept,
and POE. Felease 1.05, 9-Sep-2002 containg Type in a string of single letter amino acid _4_!

1011453 entries. code [at least 3 letters) ;]_

Find an Exact Peptide Match:

”~ Protein Information Resource, Mational Biomedical Research Foundation, Georgetown University Medical Center
% 3900 Resemoir Rd., W, Box 871414, Washington, DC 20057-1414, LSA
FPhone: (202 687-2121 Fax (202 687-1662
pirmail@nbf georgetown. edu

Site Map  Site Search




Protein Family Classification

Discovery of New Knowledge by

Using Information Embedded within
Families of Homologous Sequences and Their Structures

® Superfamily, Domain, and Motif Classification
® Superfamily Concept
e End-to-End Similarity & Same Overall Domain Architecture
® Significance
e Improve Sensitivity of Protein Identification
e Provide Complete Clustering for Database Organization
e Detect and Correct Genome Annotation Errors Systematically
e Drive Other Annotations
e Stimulate Evolution, Genomics and Proteomics Research



Genome Sequence Annotation

phosphorthosyl- AMP cyclohydrolase (EC
[T H70468 |SF001258 |051440(3.5.4.19) / phosphorbosyl- ATP pyrophosphatase | Aquifes asolicus Prokfother 205
(EC 3.6.1.31) [simlanty]

phosphorthosyl- AMP cyclohydrolase (EC
[T 276963 |SF001258 (039935 (3.5.4.19) / phosphorhosvl- AT pyrophosphatase  |Synechocystis sp. Prolfgram- [557.0 230 (39175
(EC 3.6.1.31) [sirrlanty]

[T T35073 ||SF029243 !DDS?BS \orobable phosghoribosyl- AMP cyclobydrolase |Streptcum3:c:es coelicolor  ||Prokfgramt+ |399.3 128 |42.157"

phosphorthosyl- AMP cyclohydrolase (EC
3.5.4.191 / phosphonbosyl- ATP pyrophosphatase
{EC 3.6.1.310 { histidinol debydrozenase (EC
1.1.1.23)

phosphorthosyl- AMP cyclohydrolase (EC
3.5.4.19) [srailarity]

phosphorthosyl-ATPE pyrophosphatase (EC
3.6.1.31) [swrmlanty]

phosphorthosyl- ATFE pyrophosphatase (EC
3.6.1.517 NMMED&03 [surulanty]

phosphorthosyl- ATFE pyrophosphatase (EC
3.6.1.51) NMADEODT [smmlarity]

phosphorthosyl- AMP cvclohydrolaze (EC
3.5.4.1% / phosphorthosyl- ATP pyrophosphatase
(EC 3.6.1.31% / lustidinal dehydrosenase (EC

1.1.1.23)

[ 353349 [SF001257 (D01188 Saccharomyces cerewisiae | |Eult'fung (3841 79131 863

[T EA9493 |[SF029243 (005738 Archaenglobus fulgidus  ||Archae

[T GA4337  [SFD0A833 ||030827 Methanococcus jannaschi ||Archae

[T Da117s |SF006833 101491 Meizseria meningitidis Prolfgram-

[T GE1925 |SF006533 101491 Meizseria meningitidis Prokfgram-

[T 851513 |2F001257 (001128 Pichia pastons Euldfung

ID Assigned Correction Superfamily
ad £69493  3.5.4.19/3.6.1.31 3.5.4.19 SK(029243
H70468 3.6.1.31 3.5.4.19/3.6.1.31 SF001258

G64337 3.54.19 3.6.1.31 SF006833




Genome Era Challenges:
Transitive Catastrophe

® Error Propagation: At least 17 Sequences Incorrectly Named as
IMP Dehydrogenase or Related (Propagated to KEGG & WIT)

A rational protein family classification, based on both

global and local similarity, can prevent or correct many of such errors.



PIR-NREF Database

® Non-Redundant REFerence Protein Sequence Database

e Comprehensiveness: PIR-PSD, Swiss-Prot, TrEMBL, RefSeq,
GenPept, PDB

e Timeliness: Biweekly Updates (~ 1,000,000 Sequences)
e Non-Redundancy: by Sequence Identity & Taxonomy (Species)

e Source Attribution: Protein IDs and Names from Underlying
Databases, Sequence, Taxonomy, Bibliography

e Related Sequences: Identical Sequences from Different Species,
Complete Substring, >=95% Sequence Identity

® Applications

e Protein Identification: Full-Scale or Species-Based Sequence
Analysis and Text Search

e Detection of Annotation Errors
e Development of Protein Name Ontology

® FTP Distribution: XML and FASTA Formats



PIR-NREF Report (1)

o NREF Entry: NF00104599 PoClussview (P W uL view

i Ribdivgraply

Last Updafed: 25-Feb-2002

DHA-directed FHNA polymerase [I 14.4 kDa polypeptide (EC 2.7 7.6) (RPE&) (RPE14.4)

Homo sapiens (humaty)

MNCEBI Taxcn ID: D606

Lineage: cellular orgarisins, Enkaryota, Fungilvletazoa group; Metazoa, Emnetazoa, Bilateria; Coelomata; Denterostoria, Chordata; Cravdata, Vertebrata, Gnathostomata;
Teleostormi; Euteleostor; Sarcopterygii; Tetrapoda; Aredota; Wlararalia; Theria; Entheria, Primates, Catarrhird;, Horoirddae, Hormo/Pan/Grorilla group; Horao

Homo sapiens (Taron JD: DE06)

PView Bibliography information. P3ubmit Bibliography.
Publied: PRIDGETEGLS0; PRIID TE0ZE1S, PRID:10TE444% . PIID:E1 96653, PWID: 10591 208

Database |Protein [D Arncession Taxon ID |Protein Matme

DHA-directed FMA polymeraze (BT 27.7.6) [1 144K chain
ALT NAMESDHA-directed BNA palymerase I chain F

SwizsProt |[BPBS_HURMAN |P41524 DHA-ditected ENA polymerase [T 144 ¥Da polypeptide (EC 2.7 7.6 (RPE6) (RPB14.4)
CenFept |gl3097771 A HOESED ] polymerase (FHA) I (DHA ditected) polypeptide F

GenFept |gl325440% CABAINE] ] dT1030E5 5 (polymerase (RHA) [T (DHA directed) polypeptide B

GenPept |gdl 5358 CAARI639 1 EMN & Polymerase [T suburit 14.4 KD

DHA ditected FNA polymerase IT polypeptide F, DMNA directed ENA polymeraze IT 14.4 kda
polypeptide
FDBE 10ET.A Hone Jall] DHA-Directed ENA Polymerase IT 14.4 Eod Polyp

FIR. 238627

RefSeq |gl1537300 MP_D&zE0S

MADNEDNFDGDDFDDVEEDEGLDD LENAEEE GOENVETILP 3 GERP QANOERITTPYMTEY
ERARVLGTRALQTAMCAPVHVELEGETDPLLIAMFELEARKIPITITIRRY LPDGEYEDWGY
DELIITD

127

Idenfical NREFR Sequence:
HMEO0494407 [Cricetitiae], HEOO49401] [Cricetulus griseus]
Meighbor NREF sequence:

Seg. ID Otgatism Seq. Length %o identity Orretlap Matched region
HFO0104599 Homo sapiens 127 100.000 127 1-127:1-127
HEQ0434607 Cricetinae 127 100.000 127 1-127:1-127
HEQ0434511 Cricetulus griseus 127 100.000 127 1-127:1-127
HFO0532685 LIus tasculus 127 99 213 137 1-127:1-127




PIR-NREF Report (II)

® Annotation Discrepancy of Multi-Domain Proteins

chizosaccharomyces pombe (Taxoxn D 4896)

|Database |Pr-::utain I |ﬁ;ccession |Taxon I |Protein MName

PIE 140073 (T40073 536

trhosphotiboayl- AP cyclohydrolaze (EC 25419 f phosphotibosyl- ATP
pyrophosphatase (EC 3.6.1.31) [simlarity]

TrEMEL |O53667 |O53667 B36

PEOBABLE PHOSPHOERIEOSYL-AWMP CYCLOHYDEOLASE (EC 554,19 f
PHOSFPHORIBOSYL-ATP PYROPHOSPHOHYDEOLASE (EC 3.6 1.31)f

HITIDINOL DEHYDEOGENASE (EC 1.1.1.23) (HDH)

GenPept |g3006138 |C 418379 1 (4896

|prob able phosphortbosyl-atnp cyclohydrolase

NALLPFFDLTNFESDASEELGULEYVGEVOTRVFPOHFEDNLEEVEEISETIDVIVDTTA
ELGPEACWNLLNAGALATLVNEEMLNELADISPNELVLETD TTD IGEIEEL 3OV LGS TOW
IGSAENYPPDFFERASEITHEAVHPEGGGRTLYLEFFEQPSMEVLESFSVHIVVEPVLESS
FLTVEPAEEPEELSLADLILISANTDREDGLF S TLVWWHNELGIALGLVYSSEESVAESLET
GTE T3 RERGLYEGASSGAVOHLIHIDVDCDED CLEFVVYOTGEGF CHLD TLHCF GO
AGLCOLEKTLIDRENNAPEGSY TARLF SDPKLLRAKINEEAEELCDATTEENVIWEMADL
MYFATTRCVGSGVALND ISEHLDLEHREVTRREGD AKVANQEEL EDEGGVANTAYTL

PFOO215: Histidinol dehydrogenaze (EC 1.1.1.23)
FFO1502: Phosphoribosyl-4MP eyclohydrolaze (EC 3.5.4.19)
FFO1503: Phosphoribosyl- ATP pyrophosphohydralase (EC 36113)

551513

T40073




PIR-NREF Database
(http://pir.georgetown.edu/pirwww/search/pirnref.shtml)

£ Database Description

The PIR-MEREF is a Hon-redundant REFerence
protein databaze designed to provide a timely and
comprehensive collection of all protein sequence
data, keeping pace with the genome sequencing
projects and containing source attribution and
minitmal redundancy. The database contains all
sequences in PIR-PED), SwissProt, TYEMEL,
RefSeq, GenPept, and PDB. Identical sequences
from the same soutce orgamism (species) repotted
i different databases are presented as a single
WEEF entry with protein [Ds and names from each
undetlying database, in addition to protein
sequence, taxonomy, and composite bibliography.
Related sequences identified by all-against-all
FASBTA search are listed for each NREF entry. The
wehb site provides direct entry retrieval (based on
protein IDE), text search (protein or species names),
and sequence search (BLAST, peptide match, and
pattern match) for full-scale and species-hased
protein identification. 3pecies-based browsing and
searching are supported for about 100 orgamisms,
including over 70 complete genomes. PIR-HNEEF is
available for free downloading and redistribution
from our FTE site in XL format (data file) and
FABTA format (sequence file). The database iz
updated biweekly and the release 1.03, 12-Aug-
2002, containg 975702 entries from:

|Database |Release# |Date
[FIR 730z
[SwissProt 4025
[TEMBL [216

# of Entries
[0z-tugz00z| 283224
D2-Aug2002| 112,657
[nz-fugz00z | 669,330

PIR-MREF current release 1.03, 12-Aug-2002 contains 974702 entries. o Diowrload
Related NEEF sequences identified by all-against-all FASTA search wete pre-compated
by DuPont Bivinformatics Team.

@ Find Proteins by Name, Organism or UID

Reirieve a matching list (a summary report if only one enivy found) by protein name and organism name using subsiring

match, ox by UID using exact match.
[ Submt, J Example

[ AllVID Fielets =l

@ Protein Sequence Similarity Search

= Search NREF by Species/Organism

= BLAST Search
Retrieve a matching list of entries hy searching your guery protein sequence against the NREF datahase.

Paste query sequence [single-letter amine acid code) or """ foll d by

9 9

=

e identifier from any underying database:

[

I PRl suomit JExample]

E-value: I 0.000m

= Peptide Match

Retrieve a list of entries with exact matches to your query peptide sequence.

Enter a string of single-letter amino acid codes belows:

[GenPept (1300
|ReFSeq |
[PoE |

[t3Tun2002 | 1084324
[B-Aug30mz | 375001
|5-suga0mz | 18371

Eelease History

@ More Description ~ 3

= Pattern Match

Retrieve a list of entries matching your query pattern or a ProSite pattem.

Insert a user-defined pattem below: Click here for help on how to write a protein pattern

Or, alternatively, type in a valid PROSITE code for a query pattemn (e.q., PSO0S88):




PIR Seal"CheS (I) Text Search

Search ||MREF = foy | Protein Mame | |AMD =] | Organism MName x| [NOT x| | Protein Name w| |AND =] Al Fields <

|pn:utein kinase |zea Mmay's |fragment |

37 entries found. Displaying page 1 ( up to 50 entries per page). Hew Search

To perform a sequence analysis, make your selection below, check the hoxbefore the sequence ID, and then click on the Submit button. submit
(¢ BLAST; ©° FASTL: {7 Pattern Ilatch; © HMMM Search; £ Wultiple alizrenent, (" Diorain Displayr;
Organism
Proiein ID Maiched Protein Name Length ~Lame  Swperfamily? | pp o o PC Motif ID PDB ID

fTaxon Family#
Group

[ HMEEF HFO0261335 SEHH; 4RHH,

Protein Name =>proteinkinase || ) . 1inase C inhibitor Zeamays | SFOO07L3 PCMO0292,  |SRHN. 6RHN,

iProClass MEOD2A1 325 . =
FIR-PED-345363 Organism Name =>Zea mays Eub/Flant | FAMO016285 |KFB:A:

[~ HREF NFDO26170 . : . —
iProClass NEOIZ61270) Protein Name =>protein kinase |00 fependient protein Zeamays |SFOD0SSZ  [PFODOZ6, PCMOOOLE, LA, IPHE,
PIRPSDTOI0Z4  |OrgamismMName =>Zeamays | ooocc Co 271, calmodulin- 483 pypiny  FaMD007I6E [PFOD0GE. O
SPJ"_TR';;M 703 independent ! PCIOOL0E, 1KOA;

[ NREF NE00261318 Protein Name ==>protein kinase

iProClass MEOD261 218 Organism Name =>Zea mays
SETROATICE

) oy Sea thays PEO00&D,
Receptor-like protein kinase 1 |[730 Frde/Flant FRO0S60.

Your input peptide ELVIS
thatches 351 sequences it the NREF
Displaying page 1 (up to 30 entries per page) Next page

Sort by || Profein Mame *|  ReLoad Search || Protein Mame ||

Peptide Search
—
 culiii

To perform a sequence analysis, make your selection helow, check the box hefore the sequence ID, and then click on the Submit hutton. submit
¢ BLAST, O FASTA, © Pattern Match, © HIMM Search; © hiultiple alignment; " Domain Display,

D Protein Name Organism Taxon Group |Superfamily | Family  |lemgth Maich Range

'__ s g eI 3,2-trans-enoyl-Cod isomerase, mitochondrial
1ProClass HEOOOSO2FS

e 2als nrecursor (BC 5. 3.3.8) (Dodecenoyl-Cod Homo sapiens(hnimary)  (Eukfdpimal (|SF001331 FAMOO2ES65 302 (¥7-E1: LEFLTELVISLEELE
PIR-PRI:ASSTIE .
delta-izsomerase)
SPTRDIDZ_HUMAN

[ MREF:MFO0451499

g}gg?g% Abortive phage resistance protein abis Lactococcus lactis Bact/Cram+ |[SF019612  [FAMODI9E31 344 191-195; KEQKVELVISRQFDD
SPITR ABIC_LACLA




PIR Searches (11) BLAST Search

To perform a sequence analysis, make your selection below, check the hox hefore the sequence ID, and then click on the Submit button.
" BLAST; © FASTA; © Pattern Ivfatch; © HMIM Search; ™ hultiple alignment;  Domain Display;

Juery sequence: (T171769, length=170, Search HREF, e-wvalue = 0.0001, filter=T}
>NFO0652656 hypothetical protein F24T3.170 [Arashidopsizs thaliana]
M AR IGOFFDSYGTFFIGSDEIPCDGDVIAGCEREVREEATD SGTED LEFECLMEL SWAL
VHERQTEDVOIRGIAMLEASLESSAPPLEDREELYLLAVGY YRS GNYSESROLVDECIEMO
ADWRQALVLEKTIEDEITEDGYIGIGITATAFGAVGLIAGGIVAAMIRRE

TREE VIEW:

9 maich(es) shown in the following tahle: The colorbar at the top ofthe tahls represent
see the BLAST alizpment . % (Hiderting)and Ow Jap (omerlip langth) are geerted by SSEARCH. 0

MNFOOGET136

Protein ID Protein Mame MFO0535471
MFOOBE2EEE

MFO0350327

¥ NREF HFO0522626
iProClas s NFOOAE 2686 : : Arabidops
PIR—PSD:T—4'F?69 hypothetical protein F24[3.170 ——

S/ TROIMLIL MULTIPLE ALIGNRENT:
¥ MREF HFO0821186 Arabidons

3 . Hypothetical 179 kKDa protein
ggﬁgé?ssg.fggﬁgllgﬁ ¥ P sar cress)

NFODGE2686 MDAKIGQFFDEYGTE
NFO0250827 MRFAPERIETRASQESIATWPEILLHRLEAKF SRFLPHRIRRIAANEAKIGRLYGAIGAF
NFODGE11586 MDAATGEVFDAVEDF

¥ MREF HFO00250927 NFO0535471
Prollass NFO0950927 [B114TADNLZEE protein Oiryza satiy

SPITROSRZ% NFOOGG2686 DEIFWCDGDYIAGCEREVREATD SGTED LEKEC LMRL SWALVHSROTED Y]
¥ MREF-NFO0535471 _ _ NFO0950927 DI PYCGRD T TAGVEREVAEA— - ~ATEEHKNYS INRL SUALVHSRINTDD VN
iProClass NFON535471 ADLDDE 210 s tesin (BAESTNY NFOO651136 F5GALSASADEFPLCDSDIISGOEKE LAEA——~QDEGREKEC IMRL WAL VHSEME 3D 10
SpTROSCO cDM .4 2010003014 gene) HFO0535471 VEDLENFERKFQSE-——QAAGSVSESTAFEYATC LVRSEYNED IR

o WHHo o od Ho HiowwHwH  nuiHg

NFOOGE2686 RGIAMLEASLESSAPPLEDREELYLLAVGYYRSGNYSRSROLYDRC IEMOADURQALVLE

. . NFOO950927 RGIAMLQASLGGSKS PLEARERLYLLAVGHYR——N----——- TATCIQIQPGWEUALSLE
Mllltlp l e All gn m ent NFOO551186 RGIAMLEALVYNDTSAMKLREELYLLALGYYRSGD FSRSRDCIERCLEVEPESGOAQALK
NFO0535471 RGIVLLEELLPKG-SKEEQRDYVFYLAVGNTRLKE TEKALKYVRGLLOTE FONNQAKELE

EEELIRL L . . 1 FDoggp wEpEoEw o : L

°
& Tree VleW NFODGE2686 KTIEDEITEDGYIGIGITATAFGAVGLIAGGI VAL IRER -

NFOO0950927 ETVEDEIAFDGVIGIGIATT---AVGLLVG-TAAMAVARKN-
NFODGE11586 FATEDRIVEDGVIGYGIAVT---AVGVVAG-TAAATLRS -~

NFOO535471 RLIDKAMEEDGLYGMATVGGMALGVAGLAGLIGLAVIKSKS
H H Wi HuH 5 b own Howl &l
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Data Integration

Challenges

e Voluminous, Complex & Dynamic Data from Heterogeneous Sources
in Distributed Networking Environment

Data Warehouse
e Local Copy of Databases in a Unified Database Schema
e Allows Local Control of Data; Update Problem

Hypertext Navigation
e Browsing Model with Hypertext Links
e Allows Direct Interaction; Easily Lost in Cyberspace

iProClass Approach
e Data Warehouse + Hypertext Navigation
e Rich Links (Links + Executive Summaries) between Database Objects

e An Integrated Platform for Describing Comprehensive Family
Relationships and Structural and Functional Features of Proteins

14
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iProClass Database

An Integrated Platform for Describing Comprehensive Family
Relationships and Structural and Functional Features of Proteins

Classification Scheme: Superfamily/Family & Domain/Motif

e Superfamily/Family (Global): Full-Length Similarity with Same
Domain Arrangement

e Domain/Motif (Local): Structural/Functional Units & Sites
Sequence and Family Data

e Non-Redundant, Annotated PIR-PSD, Swiss-Prot, TrEMBL
Sequences: ~827,000

e Superfamilies (~36,000), Families (>145,000), Domains (>3700),
Motifs (>1300), Post-Translational Modifications (>280)

e Superfamily and Protein Summary Reports
Modular Framework: Extensibility, Flexibility, Customization

15



(Eunction/Pathway (Frotein Sequence  (Gene/Genome

PIR-NREF B EMBL/DDBJ
ECIUBME PIRPSD) GenBank/ /D

LocusLink o
KEGG Swiss-Prot UniGene lP l" 0 Clas S
BRENDA TrEMBL GDB
WIT OMIM

MetaCye S Overview

EcoCyc MGI

Gene Ontology FlyBase
Structure ; S— TR~

~—__Protein Sequence _~ Family

PDB Superfamily/Domain/Motif v

SCOP — ——

. . PIR Superfamil
CATH Protein Function/Pathway - v
PDBSum <:> — = PIR-ASDB

MMDB Protein Interaction InterPro

N =~ Pram
Protein Modification PROSITE

: : — _——— COG

Modification ___Protein Expression BLOCKS

ProClass

Cross-
References:

hosphorylationSit / w .
Links to >50
NCB‘ Taxon Databases
DIP
BIND PubMed

RESID \Proteln Structure MetaFam
PhosphoBase Gene




iProClass - Sequence Report (1)

Summary Report for iProClass Entry: A26916+RIR2 YEAST Related Sequences _
GEMNERAL INFORRMATION

FIR-MEEF: HEOO366352
|D atabase |ID |Pru:utei.n Mame

PIR.PED |A26016 tibhonucleoside-diphosphate reductase (BC 1.17.4.1% small chain ALT NAMES protein 1271 protein
Frotein Mame and ID . WILO26wr; ribonncleotide reductase small chain

|SwissPr-:ut |RIR2 YEAST |RibDnucleuside-diphusphate teductase small chain 1 (EC 1.17 4.1 (Fibonucleotide reductase)
|RefSeq: |NP 012502 |smal'l subunit of tihonucleotide reductase;, By
GenPept: CAARIRIT] ; AAASIURR |

Sowrce Crgarism: Saccharomyces cerevisiaelbaker's veast)

FCEI Taxon: 4932

Lineage: cellular organisms; Eukaryota; FungiMetazoa group; Fungi;, Ascomyceota, Saccharomycotina; Saccharomycetes;
Saccharomycetales, Saccharomycetaceae, Baccharomyces

(Gene Name IMIPS: VILO2wr; SGD-RNRZ
|Kewu:urds |i.ru:un; omdoreductase; pyrimidine demornucleotide metabolism

T axonomy

|Fun|:ti|:|n |D€.scr:'pﬁon codidoreductase; pyrimidine deoxyrnucleotide metabolism

CROSS-REFERENCES

s |:;> eView Bibliography Information  »Submit Bibliosraphy
ERlEekRky Publded: PMID: 1316084; 3313004, 5240441 2641260

GenBank: LIITAR] ; MITTER | 249301
DHA Bequence EMBL: LI17331 ;, RI1TTED ; 240501
DDBI: WI17231 ; LILTTED - 240301

CGenomeene |SGD: S0003563

::> 30 0016491 : oxidoreductase
30 0004748 ribonucleoside-diphosphate reductase

EC 11741 ECIUBME ., KEGG BEENDA, WIT, IMetaCye
Enzyme/Function MNomenclature: Crdoreductases; Acting on CH, groups;, With a disulfide as acceptor; rihonucleoside-diphosphate reductase

Ontology

FReacfion: 2-deoxyribonucleoside diphosphate + oxidized thiotedoxin + H,O = ribonucleoside diphosphate +reduced thioredoxn

Pathwa ::> EEGT: Ietabolism, Mucleotide Metabolism, Putine metabolizm [FATH:gce00230].
¥ EEGT: Iletabolism, Mucleotide Metabolism, Pyrimidine metabolism [PATH:gce00240].

ComplexTnteraction |_>|EIIND: 11158 ; 11211 ; 11330, 11348 ; 11410 ; 11447 ; 3505 ; 7a04 ;, 7713 7a74 ; 8660 ; 9200 ; 2219 ; 9454 ; B643 ; 9955




Bibliography Information Display

From Curated Databases (e.g., PIR-NREF, SGD)
From User Submission

From Computer-Mapping (e.g. Gene Symbol)

We have the following hibliography information for this protein: PIRID:A26916 NREF [D:HFO0366352
- Ribomacleoside-diphosphate reductase small chain 1 (EC 1.17.4.1) (Ribomucleotide reductase) - baker's weast (Baccharomyces

cereviziae)

=earch Pubhied | for |[EC 1.17.4.1) - baker's yeast(Saccharomyces cerevisiae)

Yo miay change the protein narre and species for different searches (protein narne - speceis).

authors Hurd HE, Roberts CW, Roberts JW,
journal Mol Cell Eiol. 1987 0Oct; 7:3673-7

title Identification of the gene for the yeaif
by methyl methanesulfonate., PHMID: 331693K

information PNA/ENA Sequence Fedtures|Function/Pro
contained  SE0: 500035635

authors Elledge 5J, Davis EW,
journal Mol Cell EBiol. 1987 Aug; 7:2783-93

title Tdentification and isclation of the ge)
SJaccharomyces cerewviziae: DNA damage-i)

information DNA/ENA Sequence Fedtures |Mapping|Mutd;

contained  Fegtwures|Protein Sequence Features|ENA
EGD: 50003563,

Welcome to PTR. Bibliography Submission page for protein entry: PIR ID:A20635, NREEF IDVHFO01 35408
- transeription factor S3pl - humantHomo sapiens)

Enter the bibliography information using the following form (information with * is required).
Instrictione for subrmission View Biblio graphy Information

@ Citation information. Gt Citation Info from MCEI for PMID ar MUID ifyou know

the citation's Publled (PIID, e.g. 24070217 or Medline Unigue Identifier (MUID, e.g. PE07050E).

Suthors™:

Citation
Source™:
(e.g. Journal
name)

Litation [Jourmal =] ] A |
Type: Year®: Wolatme: Pages:

Title or
Description®:

Crogs- |

Feference Ce.g., PMID or MIUITY

@ Bibliography categories. FPlease check helow if the article you entered is applicable to any of the following categories:
{choose one or more cateogries. Pred.= information is predicted. Exp = information is exp erimentally determined)

Category® DescriptionMlethod (please do NOT exceed 400 words) MiA |Pred. [Exp.

1. Protein natme |

2. Orgatisim |

3. Genetic |
innfiormation

4. Tissuefcelhalar
localization

5. Btracture

6. Features




Emolecular function [GO0005674]
Danti-tozn +
antic oagulant
Dantifreeze + 4 P >
e Functional Classification
Tantizense BIA
Tapoptosis regulator +

el adhesion maolecule + ® Gene Ont()logy (GO)

e e Three Ontologies: Biological Process,

Dchaperene + .
ostoskslstal reglator Molecular Function, Cellular Component

(O defense/immunity protein + e Consortium: FlyBase, SGD, MGI, TAIR,
Genzyme + WormBase, Pombase

Denmyme activator +
Wenzyme mhibitor +
Theand bindine or carrier +
@lysin +

30 term: apoptosis activator

@rnicrotubule binding + G0 1d: G0:0016506
A function held by products which directly

activate any step in the process of apoptosis.

1

Tmolecular function unknown + Diefinition:
Omotor +

Opucleic acid binding +
Tobsolete +

Humber of paths to
term:

Domdatve phosphorylation uncoupler +
Dprotein stabilization +

Tprotein tagoine +

Tribosomal EIA

signal transducer +

Wetmall miclear ERA
Memall mucleolar EITA @apoptosis regulator

Dstorage protemn + Dapoptosts activator [GOO016506]

@ denotes an 'is-a' relationship
@ denotes a 'part-of relationship

Gene Ontology
Emolecular function

Dstructural protein + Dapoptotic protease activator
Ttoxin +

Mtransfer EIA
Transpotter +

Dapoptoss inhibitor




KEGG Metabolic & Regulatory Pathways

STIMNAME
RELCTION
SUBSTRATE
FRODUCT

PATHWAY

EC 2.7.1.25

Adenylvlsulfate kinase

Transferases

Transferring phozphorus-contalining groups
Phozphotransferazses with an alcohol group as acceptor
ATP:adenylylsulfate 3'-phosphotransferase

ATP + Adenvlvylsulfate = ADP + 3'-Phosphoadenylylsulfate

ATP

Adenylvlsulfate

ADP

3'—Phosphoadenylylsulfate

PATH: HMAPOODZ30 Purine metabolism
PATH: HMAPOO450 Selenoamino acid metabolism
PATH: HMAPOOSZ0 3Julfur metabolism

ECO: b2750(cysC)

I SULFUR. METABOLISM : REDUC TION AND FIXATION I

Methane
wmetabolism

3622

' ===
A denylylmlfate

(4P
““Hhi.

L-Berine
(s iy 222

Y
Hulfate
F

15831
1621

1.15.11.15]
115389~

Hulfur Cret

¥
O-Acetyl-L-Serine

Redue tive - _.A;cetane
carboxylate cycle

|
W

3*Phosphoadenlyl-
sulfate (PAPE
3137 (Raps

27125

O-Acetyl-L-
homosering

Sy

—

Adenosine-3'5'-
bisphosphate (PAP)

L-Homoszerine

o]

os—[zmal —

Crystathionine

Methionine metabolizm

O-Suceinyl-L-
homozering




DIP Protein-Protein Interactions

Protein
Information Data

PIR
SWISSPROT
Cenpept (5
LENGTH

ORGANIE

DESCEIFTION

FUNCTION
EC

T AT T 4 TR

355311

Tled YEART
21077873
128

Saccharomyces
cerevisiae

hyrpothetical protein
VIR0Z 2w

=l

fw Interacting partners

[his page containg every protem interacting with your protein of mterest
D E etneves information about a particular mteraction
D Eetrieves 1 level of nteraction linles.

Lindes Interaction

nformation

CEMNTEEED OF

SWISSPROT  |GENBANE HMAME

@] ~ 355211 [vIZ2 YEAST (1077873 |hypothetical protein TIRO22w

INTEEACTS WITH 52 PEOTEINS

[@] [@] 558329 |[HS49 YEAST (2131290  |[HSH49 protein
B probable s -related protem W
[@] [@] 245760 [SHNEP3_YEAST (626847 bable snBEMP-related in YELOZ6




iProClass - Sequence Report (1)

PDE: 1H§D:A{1-399,100.0%).; 1XSMG4-399,68.?%}'; 1JKD:B(53-399,54.5%}-

1JED: 5COFP CATH E55F MMDE PDEsum
1350 5C0FP CATH FS5P MMDE PDEsum

PIE Feature & Post
Translational Modifications

|:> FEAT1, BESID: AA0019 (L-tyrosine)active site: Tyr (stable tyrosyl radical) (183) [predicted]

FEAT?Z, binding site; 2Fe-O cluster (Asp, Glu, His, Glu, Glu, His) (145,176,1792,239 273,276 [predicted)

FAMILY CLASSIFICATION

[PIR-ASDB: 426916

|iProCIass:SF000355 herpesvirus ribonucleoside-diphosphate reductasze small chain

|PIR—M]PS: FARIDOOOZ20

|1‘ProCIass: PCMO0Z6E: PDOCO0E17: Eibonuclestide reductase small subumt signature (PST:175-151)

Oither Classffication

BLOCES: IPBO0DS5E Eibomicleotide reductase

Plam: PEO026E: Eibonucleotide reductase, small chain (76-358)
MetaFam: A26916
InterPro: BIR2 YEAST

FEATURE & SEQUENCE DISPLAY

MFO0366352 1

PDOCOD31Y, Ribonucleotide reductase small subunit signature

PCTIO0363

PEOO26E

MFEETFOKAAADALSDLEIKD SKESNLNEKELETLREERRVESDMLEEKELSEDAENHEAYLE
SHOQUHRHKELEEMEKEEFLLNEDKERTVLEFF IKEYHEIWQAYERAEASFUWTAEEIDLEED IR
DWNHNNERMNENERFFISRVLAFFAASD G IVNENLVENFSTEV]IFPEAKSFYFFQIM

E KDPEEESEFLFNAINTIPEIGEKAEWALEWINDADALFERLTAFASIER
VPFF3GCEFASIFWLEERGMMP LT FSNEL ICRDEGLHATDFACLLFAHLENEFDFAIVEEIV
TEAVEIEQRYFLDALFPVALLGMNAD LM YVEFVADRLLYVAFCNEKYYKVENFFDFMENI
SLAGETHNFFEERVEDYQEAGCUVMEEKEITKQEAFATFTFNEDE



Protein Structural Classification
® CATH Classification

Domain Links CATH no. Class Architecture
1 I 3.40.440.10 - Alpha Beta  3-Laverfaba) Sanchwich
2 [ 1.10.200.10 -» Mainiy Alpha Orthogonal Bundie
DH5
Domains:- | 2 Domain CATH code Length Image

EE.-a | T-T.l - A v B ig B 3

DMV VLG TG DESHOKIVDLL TERAKY VW RYQOSHN ASHTLYINSEXL TYLHL

3 1h L5 L e T so s laded 1.10.300.10 J00

3 A ; H3 He _a =£ HS

REMVTSIIGMGVVLESPAALMKEMKELEDRSI PVRERLLLSEACELT LOYHVALD]
A5 T 75 an ak ) @5 Lo Lgs Lo L

3.40.440 .10 ladeAl 3.40.440.10 165

@ Alpha Beta
@ 3-Laver(aba) Sandwich

Adenvlosuccinate Synthetase,
1) subunit &, domain 1 laded® 3.90.170.10 66

W LIGASE (SYNTHETASE)




PIR-RESID

Post-Translational Modification Database

Annotation or Image or Model (instructions for wiewing model)

PIRRES: LADOED
HN-myristoyl-glycine
Llternate names: N-[(l-oxotetradecvyl)glyoine

Systematic name: [(tetradecanoylamino)ethanoic acid
Cross-references: CL3:142Z246-55-0

Forwula: C 16 H 30N 1 O 2 +
Formula weight: #Hchem 263.42 + #phys 268.2277 +

Correction formwula: € 14 H 26 O 1 +
Correction weight: #chem 210.36 + Hphys 210. 1954

Date: 31-Mar-1995 #structure revision 31-Mar-1995 #tc

Ozols, J.; Carr, 3.4.; Strittmatter, P.
J. Biol. Chetn. 259, 133459-13354, 1934
Title: Identification of the NHZ-terminal blocki
NADH-cytochrome bS5 reductase as myristic acid
acid sequence of the mwenbrane-hbinding domwain.
Peference number: AZZ2152; MUOID:55030460
Note: GC and FAB mass spectrographic characteriz

Griffith, J.P.; Kim, J.L.; Kim, E.E.; Sintchak, HM.D.; Thomson, J.&.:
Fitzgibhbon, M.J.; Flewing, M.L.; Caron, P.R.; Hsizo, K.:; Navia,
submitted to the Brookhawven Frotein Data Bank, August 15896
Reference number: AG6TOS5: PDE:1TCO
Note: X-ray crystallography, 2.5 angstroms

M.4.

Griffith, J.P.:
Fitzgibhon,
Cell 82, 507-522, 19495
Title: Z-ray structure of calcineurin inhibited by the

irerunophilin-imounosuppressant FEBEP1Z2-FES06 complex.
Reference huwber: AS6967: MUID:S95360954
Note: X-ray crystallography, 2.5 angstroms

Kimw, J.L.: EKim,

M.J.; Flewing,

E.E.:
M.4.:

Sintchak, M.D.:
Caron, P.R.:

Thom=on,
H=ziao, K.;

J.4.;

WNarvia, M.LA.

Comment: The myristyl group represehts a mixture of saturated and
unsaturated fatty acids.

Generating enzvie: glyveyvlpeptide N-tetradecanoyltranhsferase (EC Z2.3.1.97)

Jequence code: &

Conditions: amino-termwinal

Keywords: blocked awino end: lipoprotein: wyristylation

Feature
Modified site:
Modified site:

RBesidues
wyristylated amwmino end
myristylated amino end

(Gly)
(Gly)

[in mature




/ veh0

. i .
|Superfamily Number SF001645

|Sup etfamily MName |p1ant Eunitz-type proteinase mbubator

|Superfa.mjly =ize |Total Fatrihes=18; Total Sequence Entries=76 (63 Proteins+13 Fragiments)

|Taxonomy Eange |Euka.ryotae=7"6; Prokarvotae=0, Archaea=0; Viuses=ll, Other=0

Length Range Minimum=38, Maximum=225, Average=193; Standard Deviation=35

R serine protetase inhibiter(29); seed(10); pratemase inhibitor(S); alpha-amylase mhibitor(3); glycoprotem(3); pyroglutarmc

acid(3); storage protein(2); chloroplast{1); homodimer{1};, monomer{1); sweet taste(1); cxdoreductase(1); polymorphism(1)

iProd 1 [ DISE
Jo0
Eukaryotic Member ASEE Domain Display (70 sequences)
A554
=042 [clean] [hide legend]
4457 iy PCMOOZE3: PROCOO25S, Soybean trypsin inhibitor (Kunitz) protease inhibitors family signature
|M0del Orgammistn |A_rab NP R PFO04Q7: Trypsin and protease inhibitor
FUNCTION AND STRUCTURE NFODZ1527T ._. 205
|Enzyme |EC ! SAAESPDEVYD DGR LI L BULYY I LPVYRGRGGELTHD ST CORAC DAV ORANET |
1AW [[11g ]
NFO02 15350 s el ! !
1AV e —-ﬂ--—-‘--—-‘--—-‘--—-‘--—-‘--E--—-‘--—-‘--—-‘--—-‘--—-‘--— B =25
1BAT 77 PFO0187 [43-223] 155
[ VDENVEVCPQDIVQEPQELNTGREVEFFPAYINKTGEI TKVNNE INVHFF 2L SKTS RCANF TVWEMDEETET VYV CRCTLGAL |
Structure 1EY]]
1TIE ‘NFDD?16854 ‘:_:::-‘ R P P I S S SIS s s s 210
1WE
IR MFOO221891 i 218
[1] R [TF
FAMOOO1666(16Y; FARMOOO1665(10); FANMOO14361(7), FAMI025103(7);, FANMOO25748(5), FANOO25TTI(5),
PIE Farmly FAMOO25122(4), FAMO025520(4), FAWO025173(3), FANDO25296(3), FANO0O25570(2), FANOOT3144(2),
FAROO10462(1);, FAMOZ10537(1y, FANOOS1174(1), FAMODOZ6005{1); FARIO025367(1); FANOO19701(1)
|PIR WMOTIE |iProClass: PCWNOZE3E: Sevbean trypsin inhibitor (Kunitz) protease mbibitors family signature(59)
. PIE-ATH: FADSDD: plant Kuntz-type proteinase mbnbator
PIR Aligument PIR-ALN: FA1318: plant Kunitz-type proteinase inhibitor

Pfam Domain

|PFAM: PEO01%7: Trypsin and protease inhibitor(51)

|Other Classification

MetaFam: SF001645



Integrated Protein Knowledge Base System

JAVA/CGL/Perl  Rasmol Mining Agents Blast/Fasta/Ssearch

User Interface/Visualization

GeneFIND Data Analysis/Mining Phylip

HTML/XML Jalview/Treeview
Clustal W/ HMM ModBase/Jpred

Protein Family/Domain/Motif Protein Structure

Genome/Gene Data Warehouse Taxonomy Literature

Protein Function/Pathway/Interaction/Modification

26



Gene Expression Data Proteomic Data

Protein List

Functional Analysis
(Sequence Analysis & Data Mining)

Comprehensive Protein Information Matrix

= T
il
ke Length %0 IR s sequence  Lesgth
NCHD

Pathway Discovery
(Browsing, Sorting, Visualization & Statistical Analysis)

Clustered Graph

Map

Visualization &
Statistical Analysis

Process Hierarchy

Integrated
Knowledge
Base

27



DIE / / / DV € / AN
Category: Function Freq.
. . GO:0000130 transcription Factor 6|
Analysis of Gene Expression Data |sosooiss meoe tindng 2 —
GO0003676 mcleic acid binding | m—
[J s s 1, [}~ s
= SidDe SECHS =1 GO:0003677 DNA binding (32 | —
GFOn000E700 i tption fact 28 —
semthun. Class x| |GO |and =] | e d |PATH exil Sﬂﬂ‘l}'E ansm.p .On actor | |
< records foumd GO:0003712 transcription cofactor |1 |l
; ]GO:0003750 cell cycle regulator 3 -
Expression Data Protein ID and Title Species and Domain and Motif FDB : |
Superfamily GO:0003773 heat shock protein 20 | —
T 00003201 blood coagulation factor 5 |
Probe |[1059_at Prostaglandin G/H GO:0003811 complement compenent 3 -
T ™ synthase 2 precursor (EC - L [PATH'hsaEUSS‘U | |
- Pm;ﬁ“’* — o 1.14.59.1) PFO000S: EGF-like 1DDE (18- i 1'0—10 D00% Mentity i 604
me | synthase 2 (prostaglandin (Cyelonmygenase -2) . denain (2234000 368 88 4%, ||G0-0004666 - e - G
synthase and eyelonoxyzenase] Haomo sapiens overlap betaeen MFOO126043
bl ¥e yee [C0E-2) (Prostaglandin- PFO3095: Arimal haern | [1DDE-D(18- ||prostaglandin- (60422) and 5743-H sapi (300003824 -enzyme 0001 54
[sBAC |[UD4s38 endoperowide synthase 2) perowidase (129-567) |568,884%); endoperoxide synthiase | 4:)_pmt et
FC. |[126(49 to 1 DE+08) (Prostaglandin Ha el endoperoxide synthase 2
synthase 2 (PGH B i1 G svrthase and
\P-vahe [0.00 symthase 2) (PGHS-2) (prostaglandin G/H synthase
¢PHS II) cyclooxyzenase) [EC:1.14.99.1]
[SP:PGHZ_HUMAN]
PFO00L7: SH2 dormain
(532617, G46-T20
PFO00LE: SH3 dormain
(772-827) PFO0L6S: C2 o .
Probe  [1085 s at HFDD0Z1336 et (1TSS g{:::bloe]fﬁ I"lgse't?iz?;:lloios hate
- S . PFO0169: PH domain 50:0016792 ; phosphoric v e
o phospholipase C, gamma 2 l-phosphatidylinositel- [Homo sapiens (33131, R49-90E) die t—hyd.mlas K metabolism [PATH:hsa00552].
™ | phosphatidylinesitol-specific] 4,5-bisphosphate SFO00952 ot Al GOS_UESD e le_’ DNote: 100.000% identity in 1252
amac oz T e il slopluinaioh 5. 0 e ML | GOMER2L oy G0 017
|F.C. |5.4 (3.1 10 22.2) zamma-2) (Phospholipase [phosphodiesterase [T specific .phosphohpase c. 'h1phospha.te (1252aa):;phospholipase C, gamma
T domain (929-10443F phosphodiesterase e .
|P-Va]ue |D 0 C-zartna-2] (PLC-IW) DFO0388: 2 [phosphatidylinesitol-spacific)
Phosphatidylinositol [EC:3.1.4.11] 5P PIGZ_HUMAN]
specific phospholipase C,
¥ dorain (313-457)
(300030234 -enzyrme
regulator: :GO-0004857 enmyme 1
Metabolism; Mucleotide 300302354 ;enmyrme
Wetabolism, Purine metabalism regulator:: 300002047 enmrme
[Probe [1104 s at ToE [PATH dmeD0230]. 500003754 sehaperons:: 50000
[Gene ||heat shock 70KD protein L4 T B Homa sagiens PCMO0329: 35299 5%, | GO-QDINLER : chaperone | 11018 §1106% identity in 651 protein
|G-BAC |M1 1717 IS K-type molem] CFI02552 FLOCO026%, Heat shock IQQ,O';Q.(S ! regl;lmo'lﬂﬂﬂ3??3 7 ||owerlap between NFOO157040 00003757 .chaperone::GO:000
3 ——— . hsp70 proteins family S P EEE= (6 Daa) and CG4264- protein
FC. [52(46t0-59) chaperome HSPAIL - heat shock proten 70| e 2 (PCT1197- ?i%ii‘ll 72 |[heat shock protein, D melanogaster (0:0003758:chaperone::GO:000
|P-Vahe |U.UD 210 B (B51aa)-adenosinetriphosphatase protein
(heat shoek protein cognate 4 200035760 :chaperane 0000




Knowledge Base for
Functional Genomics & Proteomics

® Homology Based
e Sequence & Structural Families
® Functionally Linked

e Genetic Association: Gene Clustering on Chromosomes,
Multi-Domain Proteins

e Function Association: Pathways, Biological Processes,
Networks, Protein-Protein Interactions, Protein Complexes

e Correlated Evolution: Related Phylogenetic Profile
e Correlated Expression: mRNA/Protein Expression
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