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Genbank

* Primary nucleic acid sequence database
* Maintained by NCBI

— National Center for Biotechnology Information
— http://www.ncbi.nlm.nih.gov
e As of August, 2009;
— 106,533,156,756
+ 101,467,270,308 (Early 2009)

— 148,165,117,763 (Whole Genome Shotgun Sequences)
* 101,815,678 sequences (Early 2009)
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3D domain database

CN3D is a tool created through Genbank
that allows users to visualize 3-d structures
of proteins
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MMDB (Structures from PDB)
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Structure of Actin—Genbank Structure View

Structure Summary
MM pB

MMDE I0 691 PDB 1D; Swnsch

Description
Deposition: ©
Taxonomy:

Related Structure:
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Structure of Domains in Genbank
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| Amino Acid Explorer

Biochemical Properties
Wiew a table displaying various properties of
all 20 amino acids

Display Takle

Common Substitutions
Using data from the BLOSUMB?2 matrix, view
a list of amino acids ranked by how often they

substitute for & given amina acid.

Choose an amino acid: | alanine -

“iew Substitutions

Amino Acids at Work

Using data from NCBI curated CD records,
explore functional sites within proteins in
which a given amino acid plays a pivotal part

Choose an amino acid: slanine v

View Functional Sites

Structure and Chemistry
View structural views and detailed
properties of a given amino acid

Choose an amino acid. slanine v

Mutation Analyzer
Interactively discover what amino acid
substitutions result from selected codon
mutations

Analyze Mutations

Amino Acids as Ligands
Using Entrez Structure, retrieve 30 protein
structures containing a given amino acid as

a ligand

Choose an amino acid: slanine v

Retrieve Structures
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Additional tools and resources

e Batch Protein— Allows users to upload protein
information in batches (saves time)

e BLAST (Basic Local Alignment Tool)

MU RILAST Heme.

|mmw»~m Seguencas? Try e CORALT Multipia Algremant Tool, _n )

BLAST Assembled Genomes

Conserved Domains

¢ CDART (Conserved Domain Architecture Retrieval Tool)
¢ CDD (Conserved Domain Database)

Conserved Domains Database
Hints on Finding 8 Conserved Domain

About the Distatase
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Conserved domain database (CDD) in Genbank
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OMSSA—search engine that identifies
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known protein sequences
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Protein—Genbank’s Protein Search System

<> NCBI
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Protein

* The sequence can be visualized in different
formats

— FASTA—important to know because most
software asks that you input information in the
FASTA format

— >gi| 71031658 | ref| XP_765471.1] actin [Theileria parva strain Muguga]

MSDEETTALVVDNGSGNVKAGFAGDDAPRCVFPSIVGRPKNPALMVGMDEKDTYVGDEAQSKRGILTLKY
PIEHGIVTINWEDMEKIWHHTFYNELRIAPEEHPVLLTEAPMNPKANREKMTTIMFETHNVPAMYVAIQAV
LSLYSSGRTTGIVLDSGDGVTHTVPIYEGYALPHAIMRLDLAGRDLTEFMQKILVERGFSFTTTAEKEIV
RDIKEKLCYIALDFDEEMTTSSSSSEVEKSYELPDGNIITVGNERFRCPEVLFQPTFIGMEAPGIHTTTY
NSIVRCDVDIRKDLYANVVLSGGTTMFEGIGQRMTKELNALVPSTMKIKVVAPPERKYSVWIGGSILSSL
STFQQMWITKEEFDESGPNIVHRKCF

Protein Clusters
Protein Clustets

Limits | Fre

windex | History | Clpboara | Detais
Protein Clusters

About the Database

waelcomi to Entriee Protein Clusters

T S
containg both curated and non-curated clustare. Pnr relaata-
spacific information check the stats page

The Protein Clusters database provides easy access to annotation
information, publications, domaing, structures, and extemal inks
and analys:s tools mchuding multiple ahgnments, phylogenetic trees,
and genamic neghberhoods (PratMap).

Protein Clusters can bo searchad like any other Entraz database.
For more nformation on how ta uge Entraz pleate examing the
Entréz Halg Document.

A ounl-.a:-en dEanhlng l:vn:clustnn is now available: lmke et 3l

& specialized BLAST sorvicn is accessiblo (Concise Protein BLAST)
Data is available for download via Protein Clusters FT8

Example Searches

all (Ius(er\s \mtlﬂ nbnsomal pmism as the curated name

*rihnspmal protein 3me
J gunome aII clusters that are encodad by chioroplasts

sourse chloroplast LAl Fields]

Check the [imits page and the help dogument for more information




Clustering Proteins in terms of Sequence Similarities--Genbank
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ORF-Finder
NCBI ORF Finder (Open Reading Frame Finder)

PubMed Entrez BLAST OMIM

The ORF Finder (Open Reading Frame Finder) is a graphical analysis tool which finds all open reading f
ar in a sequence already in the database

This tool identifies all open reading frames using the standard or alternative genetic codes. The deduced
and searched against the sequence database using the WWWW BLAST server. The ORF Finder should b
submissions. Itis also packaged with the Sequin sequence submission software.

Enter Gl or ACCESSION | | [OrfFind |

or sequence in FASTA format

FROM: TO:|

Genetic codes |1 Standard v
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Genomic DNA Sequence
Sequence a
— e e —
Gene Gene
v I Gene Recognition
Gene
Promoter  5'UTR Exonl Intron  Exon2 Intron Exon3 3'UTR
v
Protein l ‘ l
Seq uence Protein Sequence | Exonl | Exon2 I Exon3 |
Structure Family Function
Determination I Classification I Analysis I
Protein Struct Protein Family Gene Network
rotein Structure Molecular Evolution Metabolic Pathway
Function

Pubmed—repository of biomedical
abstracts

Pub'ﬂed gov (B e T

0 e e g 3 new, o i e

Using PubMed FubMed Tools More Resources

Information in Pubmed is available in several formats.

Abstracts can be downloaded 500 at a time

Abstracts can be specified in terms of date of publication, author lists, etc

If subscriptions are available, a user can access the full text of articles

NCBI has made several utility tools available to automatically download abstracts

2/9/2010
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A single Abstract in Pubmed
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Sample Ensembl Result—Chromosomal location and other features for
downloading information

Gene: BRCAZ (ENSGO0000139618)

Breast cancer type 2 su:

Location

Transeripts Thies is one Transcrp
Gene summary help Splice varlans =
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- TRIT TS 5181 un
—

=t
Genes (Ensembly.

Contige

Genes (Ensembly
Knewn pes

==
< RFLL-TERs
Enown protein
C —

< N'-iﬁ!;r 201
Erown protein

— —
T s OEED T s T T s T T s TR D T s T s I
et s 30039 1
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Ensemt LortaciUs | Help

EXPASY Proteomics Server (SwissProt)
http://www.expasy.ch/

sean | EXPASy web site % we

Cloer
ExPASy Proteomics Server

Databases Tools Serices Mimors About Contat

i As System) proteomics server of 1
Disclaimer | Fieferances | Linking to ExPASy|
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rLatest News B

Protein Spotlight - D 21, 2004 String
of intrusion

sVar, Vi O, Pre
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ull it

What's New?, E-mail alerts, UniFroti
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How to ink to ExP od search
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Uniprot (Swissprot and TREMBL

Humker of entries in UniProtKB<TrEMBL

1996 1998 ELEE EEEH] zea4

2885

zeas 2018 z@1z

Contains (to date) more than ten million protein sequences

Courtesy: http://www.ebi.ac.uk/uniprot/TrEMBLstats/

UniProt

Search Blasd Al Hutna
Soarch in ety
Fratein Knawladgohase (UniFrotkF) | | actin

WELCOME

The rizsian of LniPrat is to provide the scisnt®e cammunity with 3
comprehensive, high-quality and freely sccessible resource of protein sequence
and functional informstion.

What we provide

UniPrat®@ Protein knowledgebass, conzists of two sactions:

T Swiza-Prot, which iz manuslly annotsted and
s

TIEMEL, which is autornatically annotated and is
not rewewed,

Inchudes Complete Pratvame Sels
UniRef Sequence chusters, used to speed up similanty searches.
UniParc Sequence archive, used to keep track of sequances and

their identifers.

Supporting data  Literature citations, taxanarmy, keywords and mare

0 Mapping

[ sewreh || Gear | Fi

NEWS a
UniProt release 15.13 = Jan 13, 2010
XMRV complete profeome in
L Frat - (

aggNOG - Change to Cross-reférances 1o
HAMAR and HOGENOM

3 St for UndPyotiKB.
Swige-Prot - TrEMBL
+ Fusthcommg changes

» Mewes anchives

SITE TOUR

Learn how 1o make bast use of the tools snd
disia an this sile

FPROTEIN SPOTLIGHT
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PROSITE—families, patterns, profiles
and functional sites

Home Scanfrosite FroRule Docurnents Dowrloads Links

p— =%y Database of protein domains, families and functional sites

ds Mare detads

Fedease 3059, of #-La, 2010 {1567 decumentasion svaties, 130 panerns, 671 profiles and £74 Profage)

PROSITE access

by documed
v Prof

» by number of positive hit
PROSITE tools

Scan a sequance against PROSITE patterns and profiles . quick sca = ScanProsite
= PRATT- o

- o i R g
Erfar your sequsnce o a UiProfKB [Swiss-Prot o TIEMBL) I or AC [help] P A ]

HAMAP--High-quality Automated and
Manual Annotation of microbial
Proteomes

Dacurnents Downloads Links

HAMAP
High-quality Automated and Manual Annotation of microbial Proteomes

sfAmiles e HAMAR fmdies. HAMAF |5 Dasei

More detaks

AEFFE Aampymum p* | Frateans infs || BLAST soarch

ACAMI Acsmmerioniw | Prates AST saarch |

Search |

Plastids Browse
Total 1125 proteomea {Summary stabistics
HAMAF tools
tthe HAMAP farmilies b sca * HAMAP.-Scan CLET!
UniFrotkB (Swiss-Prot or TEEMBL) R A HAMAP families, with parial or cormplets annotat
UrnProtBrSwss-Prot lormat
= Retrieve sets of characterized proteins from a specific HAMAP organism
or a taxenomic group
Scan || Clear

2/9/2010
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Swiss Model Repository

L |- {-gr SWISS-MODEL Repository

Modelling Toals Repasitory Diocurmnent;

sitney O

Welcome to the SWISS-MODEL Repository

The S\

MODEL Riposilary is a database of annatated theeo-dimensional comparatin protein structime madels genaratod by the filly
hormalogy-ncdeling pipeline SWISS-MODEL

Example Quarins:
A_ECOLI PFOOTAM

SEARCH

The cusrert release of the SWISSMODEL-Reposiory [9,12.3) consists of 3515801 model entnes for
27IITI6 unique soquences in the LiniPrat database

NOTE. The SWISS-MODEL reposdory contains theortically cateulated mod
signiicant amors

which may contain

BIOZENTRUM
= Swiss Institute of
Bioinformatics

Swiss PDB Model Viewer

SWISS-MODEL Repository TARGET 505

[ Weorbapain | | Nepestiry | | Mstelen | | Toots | = Ea
TABGET snam233
SWISS-MODEL Reposiory Modal Datails 1erer ssassas

653 ARSYVRSRAL
£41 mitvvrarss

L GATPEDGFIA GITRATT
Rl e —

F——

Hhkh

v
v

RN

zen

TARGET [y =2 ass
e e = ass
TARGET 703 ALCRIPVRED VANTSEITLR ¥ ERVLAMNGSS TRRVLIP
] neref 891 cltgnpvead vaxtgeitle ekllnabegy ikrvlip:
TARGET HHh =83 8 ssss sss  ssss  hh hhhhhRARM  sssssss
rrer Bhh mem » sass sEr  msas  hh hhhhh ——
A
" TARGET QRDIRETPRE VRERLOY
e krdleeipdn visdldihpv
TRRGET Hhbh
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Swiss 2D-PAGE

Home (search engine)

Search by

[aceassion number]
[description, i or gene] =
[auther's name]

[£pot 1D/ serial numbaer]
[identificaticn methads]
[p!/ Mw range]

[eembined fisids]

Maps

[#xperimental inta]
[provein list]

[graphical intwrtace]

Buary Remate Intaslaces:
World 2DPAGE Portal [

[ Excude local 085

SWISS-2DPAGE
Search by description (DE), entry name (D), gene name (GH) or UniProtkB Swiss-Prot keywords (KW)

Erter sewch kiywords
Limit 1o @ A% fids ODE O10 OGN Okw

F inchyde sximmal LiniPosk® dats in seasch

Se by, © Accession mmber O Protein I O Gone nama

spearing in the enlry identiSe: (I ripgisn (DE], the gar s (GH) o &

-
o g _paman, of st 400, of APC n APORT_

o wnample, you may

. wrtss g amy kiyword will b litted. Plass do NOT use any & e ). no gtus )

Swiss 2DPAGE --Actin

ARPCS_HUMAN

LYMPHOCYTE_HUMAN

MAP LOCATIONS:

MAPPING (identification):
- MALDI tandem mass spectrometry [1].

World 2D Page portal allows users all over the world to upload their gels to EXPASY
MIAPEGelDB, allows users to document their electrophoresis experiments in such a way
that it can be published, stored and retrieved, when necessary

/ « SPOT 20001 VFS R";ifgwa [identification data]

2/9/2010
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EXPASY .. Other resources

ENZYME—allows users to search for enzymes
based on nomenclature, function, etc.

Proteomics Tools
(http://www.expasy.ch/tools/#proteome) --
several hundred resources that perform
various functions in identifying, characterizing,
translating sequences, processing MS data,
prediction, etc.

EXPASY —MS tools

Popitam - Identification and characterization tool for peptides with
unexpected modifications (e.g. post-translational modifications or
mutations) by tandem mass spectrometry

Phenyx - Protein and peptide identification/characterization from
MS/MS data from GeneBio, Switzerland

Mascot - Sequence query and MS/MS ion search from Matrix
Science Ltd., London

OMSSA - MS/MS peptide spectra identification by searching
libraries of known protein sequences

PepFrag - Search known protein sequences with peptide fragment
mass information from Rockefeller and NY Universities
ProteinProspector - UCSF tools for fragment-ion masses data (MS-
Tag, MS-Seq, MS-Product, etc.)

xQuest - Search machine to identify cross-linked peptides from
complex samples and large protein sequence databases

2/9/2010
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EXPASY—Visualization tools for MS
data

HCD/CID spectra merger - a tool to merge the

peptide sequence-ion m/z range from CID spectra
and the reporter-ion m/z range from HCD spectra
into the appropriate single file, to be further used
in identification and quantification search engines

MALDIPepQuant - Quantify MALDI peptides
(SILAC) from Phenyx output
MSight - Mass Spectrometry Imager

plcarver - Visualize theoretical distributions of
peptide pl on a given pH range and generate
fractions with similar peptide frequencies

MASCOT—Protein Identification from Mass
Spectroscopy Data

* Peptide Mass Fingerprinting
* Sequence Query
MS/MS lon Search

Colaborations

b

1_\|I}.c'1n1;(;_l: i

2/9/2010
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MASCOT Search Results

FMATRIX)

iseveis Mascot Search Results

Peptide View

Problems during Protein Identification from Mass
Spec Data

* No sequence in database --- nothing to correlate
with

Problems with entries in database: human errors in
entering information (typographical errors and
curation); sequencing errors; errors during
transcription

Modifications in large proteins: degradation,
oxidation of methionine, deamidation of N and Q,
remember glycosylations, phosphorylations, and
acetylations ....

http://www.unimod.org/ lists the possible
modifications that can occur
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Protein Data Bank—repository of experimentally and computationall
obntained structures of proteins, protein-DNA and DNA
(http://www.rcsb.org/pdb/home/home.do)
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Tip: right-mouse dick on Jmol to get access to additional Imol functionality.

This view is modifiable via the web—requires Java

Other very useful visualization and more, tools: Rasmol, ArgusLab, Pymol and Chimera
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PIR-Protein Information Resource
http://pir.georgetown.edu/

|0 Prusin bearch @ i Seors 5] ]
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PIR—PRO (Protein Ontology)

Identifies hierarchies and relationships realted
to proteins supplied by the user
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Protein Ontology, example

5 Prof

in ©ntology report for entry - PRO:0D0000017

Gntology Information

PRO 1D |PROD0DO0O01 T
PRO name {interferan gamma
Synanyms [intartaran gamma [FxacT)

|8 protein that i 4 translation product of the IFNG gene or a 1:1 erthalog thereed. The core daman structure consets of an Interferan gamm.s domsn (PRODT14) that
Definition | four-helical eytoki man with an additional bk in ene of the cressover connections. It a cytokine produced by ynphocytes activated by specfic antigens or
mitogens that has mportant immunoregulatory funicbans, [PRO:CHA]
I
Comment |Categery=gene.

roten T (el tn vae O wiew. |

Hierarchical rolationship  |P308nt: ERCLIC

This PRO antry has been created based on the following
| I PRORTIL (Te

[ ——
DR name: 10

Synenym Based Mappings

oh identifiers |uniProt
Annotation
Madifier |felatinon Ontology 10 | Ontolegy Term |Retative_to | Intoraction With |Evidence Souwrce Ewldence Code | Taxon 10| Inferred From
Dumain has_part Inkerfarce gamma | El 152 ]
|paricipates_in immune respanse | iss
Functional Annotation pasmive regulation of
partinipates_n chamakine 155

biosynthetic process

PIR—ProClass— ID Mapping

| HOME /Search /1D Mapping

ID Mapping Form n

Map a batch of IDs in the iProGlass database

1. FROM ID typeds): ~
(use ctrl key for multiple types) FLY ID =
GenBank AC
Genpept AC hd
2.TO ID type:
3. Enter IDs: (separate IDs using the space bar or the return key)
Qr an ID file: |[ Erowse ]
<. Display format:

®one to many O one to one
(070507  29840776;3168870) (070507 29840776
©7OS07  3168870)

Example: GI numbers 34810501, 19075539 and 63565386 to UniProtkB ACs
(sample output/annotated output.)
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Pfam-Protein Families
(http://pfam.sanger.ac.uk/)

Family: Actin (PF00022) - - = > |
o P ————————
| Actin EED
Literature references

InterPro entry [PRODA0C
Jump to... u A £ L3IEd L

[Er=y =t oo

Clan
| of Gan gtln_ATPase

HEPZ0

Gene Ontology

SCOP—Structural Characterization of Proteins
(http://scop.mrc-Imb.cam.ac.uk/scop/)

e Following input of a sequence whose
structure is unknown, SCOP will identify
regions in the test protein which have
sequence similarities with regions in proteins
that have a structure.

e SCOP will identify the PDB entry and the
structure of the queried region

2/9/2010

24



Biological pathways

 Critical because of the role that proteins play
in it. Pathways are responsible for myriad
functions. Each step in a pathway is catalyzed
by an enzyme (protein)

KEGG (Kyoto Encyclopedia of Genes and Genomes)
(http://www.genome.jp/kegg/)

KEGG Home
Introd

KEGG! Kyoto Encyclopedia of Genes and Genomes

A grand challenge in the post-genomic era is a complete computer
representation of the cell, the organism, and the biasphere, which will enable

KEGG Identifiers camputational peadiction af highae-lavel camplaxity of cnllular procassas and
oryanism behaviors from genomic and molecular information. Toweards this
KEGL XML end we have been developing a bivinformatics resource named KEGG a5 part
of the research project: the Kanchiza Lahoratories In the Bininformatics
KEGG APT Cuntar af Kyota Univarsity and the Human Ganoma Cantor of the Lnlearsity
BT of Tokyo.
Kegiools
& Main eotry palnt to the KEGG web service
KEGGZ KEGG Table of Content Helo
Genomehiet “ Data-oriented entry points
: KEGG PATHWAY way maps and pathway mos
KEGG BRITE al higrarchies and ontolog

KFGG ORTHOLOGY KO 5y518m and arthoiag annotanan
KEGG GENES Genomes, genes, and prokain

KEGG LIGAND ical compounds, glycan
KEGG DISEASE Human dise:
KEGE DHUG Drugs
& Organivm-specific entry points
KEGG Organisms  Select | Organism Go | (exampla) hsa

& other entry points
KEGG Atlas
KEGG GLYCAN
KEGG COMPOUND K
KEGG REACTION  Kr
KEGG PLANT
Kaas

prw inrace 1o navigate pathway m.
me informatics resaurce

tndar base for binchamical compounds
ledge base for bochemical reacbor
coducts
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KEGG Pathway
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Center for Gene Nutrition Interactions in Cancer --UAB
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Bioinformatics and Computational
Biology as a Drive or Discovery

* Olfactory receptors are G-protein coupled
receptors embedded in the mucus membrane
lining the nostrils.

* They interact with a G-protein following
activation by an odorant molecule and catalyze a
signal transduction cascade; the signal gets
processed in the olfactory processing region of
the brain—resulting in the perception of smell

— Important consequences for neurobiological disorders

A GPCR structure

PDB entry 3COL

Structurally, a GPCR and (presumably) an OR contains seven helical regions connected by

six intra-helical loops, and an N- and C-terminus in the extended (loop like) conformation.

The N-terminus is extra-cellular; the C-terminus is intra-cellular
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OR17-210

We used available statistical methods to predict trans-membrane helical domains
in olfactory receptor hOR17-210, a receptor that has been shown to be variably
functional and pseudogenic in humans.

TM domain identification was undertaken as a prelude to modeling this olfactory
receptor in order to understand its interaction with ligands that have been
experimentally shown to bind to this receptor.

Our analyses revealed that there are only five typically observed TM regions in
this protein with an additional orphan TM. The C-terminus is extra-cellular. This
reversed polarity in the termini does not disrupt the positions of typical OR-
motifs that initiate the signal transduction process at the membrane.

Our observations are contrary to conventional structural knowledge about ORs
and GPCRs. Preliminary sequence analysis studies have shown that such a
structure is observed in a limited number of olfactory receptors distributed
across different mammalian species.

Sequence Features for OR17-210

This protein sequence for olfactory receptor OR17-210 appears as a pseudogene in the HORDE1 database
(http://bip.weizmann.ac.il/cgi-bin/HORDE/showGene.pl?key=symbol&value=OR1E3P):

ATGATGAAGAAGAACCAAACCATGATCTCAGAGTTCCTGCTCCTGGGCCTTCCATCCAACCTGAGCAGCAGAATCTGTTCTATGCCTTGTTCTTGGCCGTGTATCTTACC
ACCCTCCTGGGGAACCTCCTCGTCATTGTCCTCATTCGACTGGACTCCCACCTCCACATGCCTATGTATTTGTGTCTCAGCAACTTGTCCTTCTCTGACCTCTGCTTTTCCT
CGGTCACAATGCCCAAATTGCTGCAGAACATGCAGAGCCAAAACCCATCCATCCCCTTTGCGGACTGCCTGGCTCAGATGTACTTTCATCTGTTTTATGGAGTTCTGGA
GAGCTTCCTCCTTGTGGTCATGGCTTATCACTGCTATGTGGCTATTTGCTTTCCTCTGCACTACACCACTATCATGAGCCCCAAGTGTTGCCTTGGTCTGCTGACACTCTC
CTGGCTGTTGACCACTGCCCATGCCACGTTGCACACCTTGCTTATGGCCAGGCTGTCCTTTTGTGCTGAGAATGTGATTCCTCACTTTTTCTGTGATACATCTACCTTGTT
GAAGCTGGCCTGCTCCAACACGCAAGTCAATGGGTGGGTGATGTTTTTCATGGGCGGGCTCATCCTTGTCATCCCATTCCTACTCCTCATCATGTCCTGTGCAAGAATC
GTCTCCACCATCCTCAGGGTCCCTTCCACTGGGGGCATCCAGAAGGCTTTCTCCACCTGTGGCCCCCACCTCTCTGTGGTGTCTCTCTTCTATGGGACAATTATTGGTCTC
TACTTGTGCCCATTGACGAATCATAACACTGTGAAGGACACTGTCATGGCTGTGATGTACACTGGGGTGACCCACATGCTGAACCCCTTCATCTACAGCCTGAGGAAC
AGAGACATGAGGGGGAACCCTGGGCAGAGTCTTCAGCACAAAGAAAATTTTTTTGTCTTTAAAATAGTAATAGTTGGCATTTTACCGTTATTGAAT

Intuitively Translated as:

MMKKNQTMISEFLLLGL/PIQPEQQNLFYALFLAVYLTTLLGNLLVIVLIRLDSHLHMPMYLCLSNLSFSDLCFSSVTMPKLLONMQSQNPSIPFADCLAQMYFHLFYGVLESFL
LVWMAYHCYVAICFPLHYTTIMSPKCCLGLLTLSWLLTTAHATLHTLLMARLSFCAENVIPHFFCDTSTLLKLACSNTQVNGWVMFFMGGLILVIPFLLLIMSCARIVSTILRVPS
TGGIQKAFSTCGPHLSVVSLFYGTIIGLYLCPLTNHNTVKDTVMAVMYTGVTHMLNPFIYSLRNRDMRGNPGQSLQHKENFFVFKIVIVGILPLLN

A two nucleotide frame shift however results in a functional protein with the following sequence :

MPMYLCLSNLSFSDLCFSSVTMPKLLONMQSQNPSIPFADCLAQMYFHLFYGVLESFLLVWMAYHCYVAICFPLHYTTIMSPKCCLGLLTLSWLLTTAHATLHTLLMARLSFCA
ENVIPHFFCDTSTLLKLACSNTQVNGWVMFFMGGLILVIPFLLLIMSCARIVSTILRVPSTGGIQKAFSTCGPHLSVVSLFYGTIIGLYLCPLTNHNTVKDTVMAVMYTGVTHML
NPFIYSLRNRDMRGNPGQSLQHKENFFVFKIVIVGILPLLN

The TRANSLATE tool in EXPASY will translate a nucleotide sequence into the protein sequence. It will also do so following a
one and two-nucleotide frame shift
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OR17-210 is an Atypical Olfactory Receptor

OR17-210 begins with MPMY---. This sequence PMY is strongly conserved in most ORs. This sequence typically marks the beginning of the
second transmembrane region. Hidden Markov Models2 have predicted that in OR17-210, this region is not a TM3. Furthermore, an HA-epitope
tag experiment revealed this region of the protein to be extra-cellular. (TMHMM --http://www.cbs.dtu.dk/services/TMHMM/)

What is typically helix 3 in ORs is he . . - rich marks the intracellular side and (part of
intracellular loop 2) of TM3 The directionality of this TM1 is extracellular to intracellular. This correctly positions the DRY region of the TM
intracellulary—where structural changes following activation may be necessary for signal transduction in GPCRs4

This allows only five typically observed in TMs in OR17-210. HMM strongly predicts that the cDNA sequence has an additional TM helix in the
long C-terminus following what would be the seventh TM in most OR sequences. We call this the 7 TM. OR17-210 has a homolog in chimpanzee
with greater than 95% sequence similarity. A BLAST search of the 7’ sequence, “FVFKI VIVGILPLLN LVGVVKLI” does not return any matches in
other ORs, GPCRs or any other protein sequence in GENBANK.

TM 7’ can then occupy either the position of the missing TM1 or TM2 in order to maintain the TM scaffold and protect the ligand and the binding
pocket from the surrounding lipid layer

If one follows the progression of N-terminus-TM1-IC1-TM2-EC1-TM3 .. etc, the C-terminus of this receptor is extra-cellular
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