The Swedish Human Proteome Resource

* Funding (non-profit) from the Wallenberg Foundation (60

FTES)

s Hosted at the AlbaNova University Center, Stockholm, and
the Uppsala University, Sweden (www.hpr.se)

« Antibodies: 1n-house generated mono-specific antibodies

and antibodies from commercial sources (collaborativ
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Human Antibody Initiative (HAI)

Chair: Mathias Uhlen, Sweden
Co-chairs: to be decided
Two subprograms:

1. Protein Atlas (public database)

2. Antibody resource (public database)
Second Antibody Proteomics Workshop:
Saturday 27th of August, Munich, Germany
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The Swedish HPR program
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Antigen: Proteiln Signature Epitope
Tags (PreESTs)

—p ... Trp Asp Trp His ... Arg Cys lle Met Ala Leu Trp lle His...

100 to 150 amino acids

x//////j Avoid homology (cross-reactivity)

<] e Avoild transmembrane spanning

regions
« Allows “epitope” specific

antibodies

e Incomplete (unknown) folding

Agaton et al (2003) Molecular and Cellular Proteomics
2, 405-416



Polyclonal or monoclonal antibodies ?

Monoclonal antibodies (or other reagents)
e Defined binding parameters (single -epitope
e Renewable resource

Polyclonal antibodies
e “Multi-epitope” reagents

e Inexpensive to produce



MonospeciTiIC antibodles
(msAb)
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REGULAR ARTICLE

Towards a human proteome atlas: High-throughput
generation of mono-specific antibodies for tissue
profiling

Nrlsson et al (2005) “Towards a Human Protein
Atlas - mono-specific antibodies for tissue

profrlrng”, PROTEOMICS, In press ‘thr'




Assays for quality assurance

®» Protein assays, such as ELISA, protein arrays, etc (with antigen as analyte)
® Adsorption assays (pre-incubate antibody with antigen)

@ Western blots (size and specificity using relevant human tissue extracts)
» Immunchistochemistry (quality and bioinformatics comparison)

®» RNA/protein comparisons (expression profiling of cell lines or in situ)

2 SIS

The ultimate quality assurance: compare the results of two or more
antibodies binding to different parts (epitopes) of the same target protein
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Application-specific
val1dation

ELISA

Flow cytometry
Immunohistochemistry
Immunoprecipitation
Western blot

Affinity purification
Blocking/neutralize

Electron microscopy
Functional assays
Gel shift
Immunocytochemistry
Immunodiffusion
Immunofluorescence
Radioimmunoassay
Other (?)
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HPR antibody quality assurance

1. Western blot 3. Immunohistochemistry (IHC)
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2. PrEST (protein) array 4. Confocal (fluorescent) microscopy
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Validation score

High, Medium, Low, Not approved

High: indicates that the quality assurance and literature supports
the specificity of the antibody towards the expected human target
protein with high confidence

Low: shows that the antibody probably is specific to the expected
target, and in this case, the validation is less clear and cross-
reactivity cannot be excluded.
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1. Tissue Western blot
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2. Protein arrays (PreSTs)
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3. Immunohistochemistry (IHC)

T1ssues Cells
1= Liver 1. A-431 (skin)
2. Tonsil 2. RT-4
3. Colon (urrnary)
4. Krdney 3. U251 MG
5. Uterus (bramn)
6. Placenta 4. PC-3
7. Testis (prostate)
HEGNS 5. SK-Mel30
9. Skin (skin)
10. Striated 6. U-20S
muscle (sarcoma)

7. K-562

Duplrcate samples, 0.6 n@@%ﬁw@%}ar
Manuall evaluation (micro to'% =

Scanning (time 15 min?) (my 1d)

TMAX analysis time ? 9-_Hep 62
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4. Confocal microscopy with multiple fluorescent dyes

HPRK260016: a-Stress-70 protein. mitochondrial precursor
Subcellular localisation: Mitochondria

HPRK260016

U251MG

(Human glioma
cells)




Quality assurance

 Protein Atlas will contain antibodies with variable quality

» Objective: validate all antibodies with a standardized unit operations

* Long-term objective: two antibodies to every non-redundant protein

* Input (dialogue) from the international community necessary

PROTEOMICS

New Database to Track Protein Locations

Proteomics researchers in Sweden plan to
release a database next week containing
hundreds of thousands of images of where
difTferent proteins are located in human
cells and tissues. The database, dubbed the
Protein Atlas, is intended to help bio-
chemists identily the function of newly
discovered proteins. Although the new
atlas currently containsg data on only some
700 proteins, the Swedish team plans to
tackle some 22,000 different proteins, one
for each human gene.

*“That’s great,” says Richard Smith, a pro-
teomics expert at the Pacilic Northwest
National Laboratory in Richland, Washington.
“It’s one of the most valuable data sets youcan
have,” adds Michael Snyder of Yale University,
who pioneered a similar large-scale effort to
localize proteins in yeast. The veast data set, for
example, has proven to be an essential tool in
narrowing down whether proteins operate in
the nucleus, the cell membrane, or elsewhere.

As scientists began to sequence human
genes in the 1990s, sorting out the cellular
locations of each gene’s proteins became a
priority, says Mathias Uhlén, microbiologist
at the Royal Institute of Technology in Stock-
holm, Sweden, and director of the Protein

1310

Adlas effort. “This is something that has to be
done to leverage the success of the human
genome project,” he explains.

A pilot project 2 years ago convineed the
Knut and Alice Wallenberg Foundation of
Sweden to bankroll a scaled-up Protein
Atlas through September 2007, In
April, it became one of six projects
to be coordinated by the inter-
national Human Proteome
Organisation (HUPQ). Uhlén

#

in each of'the different tissues. The tissues
are then photographed at high resolution,
providing for each antibody hundreds of
detailed images revealing where it has bound
to its target protein. For now, Uhlén says, his

team of about 100 scientists is creating half

I spy. Glycoprotein SVZA (brown) in
5, cerebellum tissue.

a dozen antibodies a day,

says he hopes HUPO member leading to about 30 gigabytes E
countries will finance the of data for each antibody #
completion of the Atlas, which studied (which is stored at §
could take another 10 years. www.proteinatlas.com). g

Totrack down the location of Today’s arsenal of drugs, 3
proteins inside human tissues, Uhlén notes, targets only 500 or 3
Uhlkéns team breaks the problem into so different proteins. By providing ﬁ
two parts—inding antibodies that target clues to the function of other proteins, he 2
individual proteins, and then using those  says, the Atlas may accelerate their use as
antibodies to hunt for proteins inside tissues.  markers for disease or drug targets. 2
To sreamline this process, Uhlén’s team has The Protes ) gukles o be o
created standardized arrays containing iz AN Dodies read =+

microscopic tissue samples from 48 difTe
ent normal human tissues and 20 type,
cancer tissue. The antibodies are tagg
they can be seen and incubated wit
arrays to reveal which proteins are expresy

26 AUGUST 2005 VOL309 SCIENCE www.scencemag.org

Published by AAAS

¢ protein, the tissue arrays may unwittingh
spotlight unintended proteins. “There are
huge issues of quality assurance,” Uhlén says.
As a result, his team will count on outside
experts to flag problems.  —Roeexr F. SERvICE

2
g
£
é




Research

A Human Protein Atlas for Normal and Cancer
Tissues Based on Antibody Proteomics*

Mathias Uhlénd§, Enk Bjorlingd, Charotta Agatond, Cristina Al-Khalili Szigyartof,
Bahram Aminif, Elisabet Andersent, Ann-Catrin AnderssonTl, Pia Angelidout,

Anna Asplundq], Caroline Asplundt, Lisa Berglundf, Kristina Bergstramd,

Harry Brumert, Dijana Cerantl, Marica Ekstromd, Adila ElobeidT], Cecilia Erikssong,
Linn Fagerbergt, Ronny Falkd, Jenny Fallf, Mattias Forsberg}, Marcus Gry Bjorklundi,
Kristoffer Gumbelq], Asif Halimit, Inga HallinY], Carl Hamstent, Marianne Hanssong,

My Hedhammarf, Gorel HerculesY), Caroline Kampf1], Karin Larssont, Mats Lindskoat,
Wald Lodewychkxd, Jan Lundt, Jeakim Lundebergt, Krstina MagnussonT), Erik Malmd,
Peter Nilssont, Jenny Odlingt, Per Oksvoldf, Ingmarie Olssony], Emma Ostert,

Jenny Ottossondt, Linda Paavilainenl, Anja Perssont, Rebecca Riminif,

Johan Reclkbergd, Marcus Runesonf|, Asa Sivertssont, Anna Skéllermot,

Johanna Steent, Maria Stenvallk, Fredrk Sterkyt, Sara Stromberg,

Mérten Sundbergd, Hanna Tegelt, Samuel Tourdet, Eva Wahlund], Annelie Waldénd,
Jinghong Wand, Henrik Wernérust, Joakim Westhergt, Kenneth Wester],

Ulla Wrethagent, Lan Lan Xuf, Sophia Hobert, and Fredrk PonténT]

Antibody-based proteomics provides a powerful ap-
proach for the functional study of the human protecme
involving the systematic generation of protein-specific af-
finity reagents. We used this strategy to construct a com-
prehensive, antibody-bassd protein atlas for expression
amd kecalization profiles in 48 normal human tissuss and
20 different cancers. Here we report a new publicly avail-
able database comtaining, in the first version, 400,000
high resolution images corresponding to more than T00
antibodies towand human proteins. Each image has been
annotated by a certified pathologist to provide a knowl-
edge base for functional studies and to allew queries
about protein profiles in normal and disease tissues. Qur
rasults suggest it ghoukd b= possible to extend this anal-
ysis to the majority of all human proteins thus providing &
valuable tool for medical and biclogical research.
Molecular & Callufar Proteomics £ess—sss, 2005,

Antbody-bazed tissue profiling allvws a strearmlined sp-
proach for gererating scpreesion data both for normal and
dizcass tissues (1), H & sl possible to gensrate protsin -
pression data on mary different individual patients to svaluats
heberogensity of tizsus profils (2, 31 h eddtion, specific anti-

badies directad to & particular target protsin sllow numerous
functionsl sesays to be performed mrging from corentional
ELISA assays to detaled localization studiss using flucrescant
probes and protein capturs experiments (* pull-doesn™) for puri-
fization of specific proteing and thelr esociated complasss for
gtructural and biochemical analysss i, ). 1
The chalange for antibody-bassd proteomics i 1o move
from a conventional protein-by-protein approach imto a high
throughput mods to alow chromaosoms wide andysis (8, 7).
Technical challenges involve both the antigen preduction and
the subs=equent genaration and chamacterization of the anti-
badies. In sddition, methoeds for systematic protsin profling
on a whole protecme level are lacking, Agaton st al (8)
showed that the combination of the cloning and sxpression of
recorrbinant protein fragments with immonohistochemistry
arahysiz could be used for systematic protsin stpreesion and
subcalluler lecalzation describing distibution and stpression
of putative gene products in rormnal tissuss as well &2 in
comimen cancers and other farmes of dissased fizaues. Becantty
Mileson et &l 9 showed that this strabegy could be further
impioved by a strearrlined spprosch for affinity purification of
the antibodiss o gererate morospecific antibodies (resbay’

From the 3Department of Bictechrology, AlbaMova Univemity Can-
tar, Aoyl Inetituts of Technology (KTH), 106 91 Stockholm, Sawedsn
ord the TIDepartment of Genetios and Pathology, Audbeck Labora-
tory, Uppealo University, mes s Lippeala, Sweden

Receivad, August 25, 2006

Publishad, MCP Papsre in Prean, Auguet 27, 2005, DOl 10010747
mop. MEGIETE-MCF200

" The abbreviotions uned ars: medb, moncepecifio antbody; THA,
timoue microarmay; PrEST, protein epitops signature tog PBST, phea-
phate-buffered saline supplementsd with Tasan; TIFF, mogsd image
file format; JPEG, Joint Phetogmphic Expertn Group; HPR, human
proteome rescurce; MAT1, manogs a troie-1; CRIM-1, oytsine-rich
matar reuron 1; G031, cluster of diffsrertiation 21; PSA, prostate-
op=aific antigsn.

€ 2005 by The American Sodety for Bloohemistry and Molecular Blokogy, Ino
This papsr |5 avalablke on 1ne ab hittpe Saww. mcponing. org

Molecular & Cellular Profeomics 4412 1

ohpr



Protein Atlas

e Demo version ready, January 15
e First version released to selected

groups, March 15

g hiec ralaaca’ Auoyst 29 (HUPO

HUMAN PROTEIN ATLAS

A protein atlas has been created to show the expression and localization of
proteins (n a large varlety of normal human tissues and cancer cells. The data
Is presented as high resolution images representing Immunchistochem|cally
stained tissue sections. Avallable proteins (genes) can be reached through a
specific search (by gene/protein name/id or classification, such as kinase or
protease) or by browsing the individual chromosomes.

Enter search: L
Or choose a chromosome:
1 — 5 9 13— 17— 21—
|

2 & 10— 14— 15 m— 22—

2 T — 1] w—— 15 e 15 e v —

4 8 — 12— 16 e—— 20 - Y -
OTHER

‘ersion: 1.0 Atles content: 718 antibodies and 413,568 images.
|

Atlas updated: 2005-08-18
The HPR project is funded by the Knut & Alice Wallenberg foundation.
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Protein Atlas - status

llsagpr by Coantry For Septenber MAAS
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e About 30.000 hits/day
e Collaboration with Uniprot & Ensembl
e Collaboration with Swissprot



HPR status
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= Public release of Protein Atlas: August 29, 2005

= Focus on antibody validation
= Based on polyclonal antibodies (not renewable resource)
= 55 FTEs, but almost 100 researchers involved in the project

= Open for collaborations (to validate and use external antibodies)

©Onrpr
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HPR valirdation of

external antibodies

SK BR OF TOPL LU K U GBE CO IL DU VE ES

= Target-based validation (antigen not available)
Western blots (2 cell lines, 2 tissues, plasma)
Tissue microarray (10 tissues, 10 cell lines)

Confocal microscopy (3 cell lines)




external

HPR validation of

antibodies

= Possible to submit antibodies for validation (www.proteinatlas.orq)

= Pilot project free of charge (until mid 2006)
= Every antibody will be validated by HPR team (WB, IHC, CM)

= Approved antibodies will be used for the Protein Atlas initiative

Ensembl versicn:
Protein/gene name

Ensembl gene Id

Ensembl transcript d

Type of antigen

Size of antigen

Type of antibody

Host species of antibody
Western blot (yes/no)

IHE (yes!no)

Type of validation
“alldation data (url!pdf]
Link to antibody

Antibody concentration
Antibody volume

Recom- storage temp
Antigen comments [optional)
Antibody comments (optional)
References [optional)

Wumbper of version used to identify genes and transcripts {www.ensembl.ong)
hWame of protein {or gene). If many altemnative names, choose one.
Go to www.ensembl.org. F

If several splice forms exists, plesse indicate the relev ant transcnot.

nd your gene/protein. If protein is not found, waite: Mot found.

Specify antigen. Choose from sy nthetic .-=:- de {peptide), recomioinani protein fragment (PrEST), fulldength recombinant protein {recomibinant), punfed from natural sources {punfy
Give size of antigen. "“"-:r:u:*f':h'w {1y kDa {u) numiper of amino acids or {in) fulldengih or (v ) not known.
Soerifry type of antibody r:p:|=.=~f':n"1 maonochonal {mAD) poly clonal {p -3\..;- affimity -punfied polyclonal {msAb) recombomant {recAln) and otner {other), please specify n Antipody oo

Specify nost in which e 5'1 ooy
If Western oot analysis have been done s
If immunonistochemistry has Deen done
Indicate 1ne type of waldation.
Ty pe ur-ink to page with va

Ingicate if the antioody

5 produced. Choose from {1 mou ;e: 1 raloiit |
esfully, type yes.
coceafully, type ves.

Choome from ELISA (E), prolein an
'1 on data or name of FOF-file wath «

(AL, Westem

whic

Cotional. Mesd 1o be filln subsegquently for approved antioodies
Cotional. Nesd 1o e fillin subseguently for aporoved antioodies
Cotional. Mesd 1o oe fill-n a.:-a_: ently for aporoved antipodies
Type descrption of antigen {M-terminal, C-terminal, peptide 2345 et
Ty e additional information. L}.-:v nilized, slore in glycerol elc.

Type appropriate reference on the use of this particular antiooay.

Indicale e recommended

oot W
i NS allached.

5 avalaole. If avalaole Qv e e weD ink (URL} to cotain ant ooy

i Indicate also if valication |

i ven {iv ) recomionant or (v ) other. Flease E.E-E“‘:‘r}'

dilution factor {in Antibody comment Dox for
i, Immunomestochemisiny {1,
If nowa

‘pull-outs

aaton 3 avalae, type MN/A,

. If not av allable to the o

wch as MS) has been done.

n AniDDdyY C

pulphic, please indicate web link for referencelac

omment Dox.

ume in IHC applications, if known
"), Flow sorting (F ) and/or otner (O

e Host Waestern Link to | Antib
Protelin/Gene Transcript e of Size of & of Yalldation data (url-
Antibody name Hame Ensembl Gene ID D R :ﬁl gen antigen n‘ll'uytll:lhnd'y species (of blot IHE [yes/no) | Type of validation link or pdf-file ngmpa-} antibody| con
fnntlnngj]l antibody) | (yesino) [url} [
FEA FEA ENSGO00001 42515 [ENS TOONG0 Purify FullHengin [mAkD MOUSS o = =] [ o koo
EVIG EVIa ENSGHGO00 1 Ia0ES [ENSTON0N0] PrEST 14 «Da maAD raibit = = AW vahdation EVIE. pdf e Froginags Ty
neaulin nsulin ENSGOO000 ] ot Hecomb FEE DAD e o W EE E, I, HIA wowrws Ehooparaam
-z I-& ENSGOONN0 105471 Sy nifwedic 24 a3 Recio e i) no E wahdation |L-2.pdf mhﬂ?!




Conclusions
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HUMAN PROTEIN ATLAS
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« Human Protein Atlas - www.proteinatlas.org

 First version contains 400,000 images (20 Terabyte)

* Interest to validate and use external antibodies (monoclonal reagents)
e Both academic and commercial providers

* Approved antibodies will be web-linked to the provider



