Genome Sequence Projects

From “One gene — one hypothesis”....

...To Global, “Systems” approaches
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[TpwWTEWMIKA TEXVOAOYIQ

AvAaAuon Tou ouvoAou () UTTOOUVOAWY) TWV EKPPACOHEVWY TTPWTEIVWV EVOC
KUTTOPIKOU TUTTOU I} 1I0TOU:

»ETmitreda Ekppaong
»META-PETAPPACTIKEG TPOTTOTTOINCEIG
» Anuioupyia CUPTTAOKWY

»EvCupikn dpacTikOTNTA

Epapuoyéc otnv Bioiatpikr) £épguva:

*AlEOEG: 2UOXETION TTPOPIA EKPPAONG TTPWTEIVWV UE TNV
d1dyvwon (i Tpdyvwon TnNG €EAIENGC) MIOC aoBEvEIag

“Epueces: Baolkn €pguva, KAAUTEPN KATAVONON MNXAVIOUWY,
TAUTOTTOINON VEWV OTOXWYV



AvaAuaon OI1a@pOPIKNG EKPPACNC YOVIOIWV

MelovekTriuata Twv JikpoouaoToixiwv DNA:

* Aev avayvwpilouv: MeTa-UETAQPAOTIKEG TPOTTOTTOINOEIG
EvOOKUTTAPIKEG METATOTTIOEIG TTIPWTEIVWIV
Anuioupyia CUPTTAOKWYV

*Etritreda RNA # etritreda Tpwreivng

MelovekTApATA TNG TTPWTEWMIKNG TEXVOAOYIAG:

*Xpovoopog¢ diadikaaia / KOOTOG

«XaunAn evaiocbnaoia yia TTpwTEiveS TToU eK@pPAlovTal 0 Aiya avTiTuTTa

*AlQXWPIOHOG PIKPOU apliBuou Tpwreivwy (1000-2000)



Aciypa (KUTTapPIKG eKXUAIOUA, KATT)

HAekTpo@opnon duo dlaoTACEWYV Xpwpuatoypagia TTOAATTAWY d100TACEWVY
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Evlupatiki Téwn (Bpuwivn)




HAekTPO@OPNON OUO DIOCTACEWV

1. loonAeKTPIKA €0TiOON
(O1aXWPICHOG PE BAON TO I0ONAEKTPIKO ONMEIO)

2. HAekTpo@bpnon TTNKTwHaTog SDS - TToAuakpuAauidiou
(S1aXwWPIoHOG HE BAON TO POPIAKO BAPOG)

YAIKO: Makpopoplaka oUPTTAOKA
Biowiec / 10T0i
KUTTapIKEG OEIPEC

2Apavon JE @OopPilouoEC EVWOEIC 1 Xpwaorn ME Apyupo

AvaAuon Twv dla@opwy oTNV £KPPAcn TTPWTEIVWYV OTAV €va KUTTAPO
METAPBaivel aTTd pia KataoTaon o€ AAAN:

® AIEyEPON ME KUTOKIVEG / augnTIKOUG TTAPAYOVTEG
e Kuttapikr] d1a@opoTroinon

e ATTOTITWAON

e KapKIvIKr) METABOAN



Comparison of protein expression profiles
using 2D-electrophoresis
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Nano - HPLC

Yypn Xpwuartoypagia YWnAnc MNiecewg
ue TpIxoeldeic oTAAES (75 um x 15 cm)
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Components of a Mass Spectrometer

Atmosphere

Sample
Inlet

lonisation \Vass

Method > Analyser. - Deisser




MASS ANALYZERS

Types of Mass Spectrometer
— Sector

— Time-of-flight

— Fourier Transform (ICR)

— Quadrupole

— lon trap

Mass Spectrometers must be able to separate
lons by their mass-to-charge (m/z) ratios



Time-of-Flight Analyser

e All ions start together
® Smaller ions move faster

e Measure velocity over known
distance (time of flight)




Quadrupole Mass Analyser

* lons scanned by varying the DC/Rf
voltage across the quadrupoles



lon Trap

* Principle very
similar to
guadrupole

* lons stored by RF
& DC fields

« Scanning field
can eject ions of
specific m/z

—




Multiply Charged lons

Mass spectrometers operate on the basis of
mass to charge ratio (m/z)

Mass assignments are normally made
assuming a single charge per ion (i.e. m/z = m)

Single charge - apparent mass = (M+H)/1
Double charge - apparent mass = (M+2H)/2
Triple charge - apparent mass = (M+3H)/3

n charges - apparent mass = (M+n)/n
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20pmol/ul horse hearmyoglobin
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Multiply-charged ions:
Deconvolution of complex spectra
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AvaAuon TTPWTEIVWV PE pacpaToypagia palac

Relative Abundance
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evCupIKA d1IdoTTaon YIag TTPWTEIVNG aTToTEAOUV
TO «OAKTUAIKO ATTOTUTTWHA» TNG.
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o Kabe pia atrd TIC KOPUPES QUTEC UTTOPET VO avaAuBEi TTEpAITEPW
ME dladoxIkd MS/MS yia Tnv avayvwaon TG aAAnAouxiag Twv aUIVOZEWV.

® H TauToTTOoiNON MIOG TTPWTEIVNG YivETal avaAUOVTAG TA OTOIXEIA auTd

o€ TPATTECEC OEDOPEVWIV.
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2.UVOIAOUOG NAEKTPOPOPNONS OUO DIACTACEWY Kal
MALDI-TOF MS yia Tnv TautoTroinon TTpwTEivwY
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TauTtoTtroinon TTPWTEIVWYV PE TNV dladikaoia MS-MS

I6vTa b kal y TTou TTapdayovTtal atrd Tnv dIAcTTIacn TTETTTIOIoU

Seq # Db y #
B80T - 13
V 2 229.2 1532.7 12
W3 415.5 1433.6 11
F4 562.6 1247.4 10
F5 709.8 1100.2 9
G6 766.9 953.0 8
L7 880.0 896.0 7
Q 8 1008.2 782.8 6
Y9 1171.3 654.7 5
Q 10 1299.5 491.5 4 RN T
D 11 1414.6 363.4 3
T 12 1515.7 248.3 2 o R
K 13 _ 147.2 1 P NH-C - CO I NHEC CO i C— CO—~NH-C C{}[)I;[

“ i i
N-terminus ! ' R




Searching databases with MS/MS data

STEP 2 seo1 — i |
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see2 — Ll

SEARCH
based on a parent ion from
DATA-DEPENDENT SEQ 3 —
GENERATED MS/MS spectrum Q IIL-.|I.I|.‘L
MS/MS SPECTRUM Protein/DNA SEQ 4 —'"L.._mljl _
STEP 1 Databases

PREDICTED MS/MS
SPECTRA

STEP 4 l
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Protein I.D.

Sequence and fit COMPARE AND CORRELATE
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TauTtoTtroinon TTpwWTEIVNC 0€ BAaon dedoPEVWYV
database=0:\DataBase/sprot.fasta, accession=AOP2_MOUSE

peptide(s)=VVDSLQLTGTK KGESVMVVPTLSEEEAK VVFIFGPDKK VVDSLQLTGTKPVATPVDWK LPFPIIDDK
PGGLLLGDEAPNFEANTTIGR LIALSIDSVEDHLAWSK FHDFLGDSWGILFSHPR DLAILLGMLDPVEK

Analyzing ...
>AOP2_MOUSE (008709) ANTIOXIDANT PROTEIN 2 (1-CYS PEROXIREDOXIN)

PGGLLLGDEA PNFEANTTIG RIRFHDFLGD SWGILFSHPR DFTPVCTTEL GRAAKLAPEF AKRNVKLIAL SIDSVEDHLA
WSKDINAYNG ETPTEKLPFP IIDDKGRDLA ILLGMLDPVE KDDNNMPVTA RVVFIFGPDK KLKLSILYPA TTGRNFDEIL
RVVDSLQLTG TKPVATPVDW KKGESVMVVP TLSEEEAKQC FPKGVFTKEL PSGKKYLRYT PQP

>average mass = 24721

position sequence (NCBI BLAST link)

162- 172 VVDSLQLTGTK
182- 198 KGESVMVVPTLSEEEAK
132- 141 VVFIFGPDKK
162- 181 VVDSLQLTGTKPVATPVDWK
97- 105 LPFPIIDDK

1- 21 PGGLLLGDEAPNFEANTTIGR
67- 83 LIALSIDSVEDHLAWSK

24- 40 FHDFLGDSWGILFSHPR

108- 121 DLAILLGMLDPVEK
Protein Coverage: 125/223 = 56.1% by amino acid count, 13647/24721 = 55.2% by mass

Search SWISS-PROT with AOP2_MOUSE via accession, descr./ID, or full text field.



Proteins differentially expressed in Ras®1?V transformed Caco-2 cells

UPREGULATED

1. GLYCOMETABOLISM

Transketolase (P29401)

Phosphoglycerate mutase 1 (P18669)
Triosephosphate isomerase (P60174)

Malate dehydrogenase, cytoplasmic (P40925)

2. BINDING PROTEINS

Cellular retinoic acid-binding protein 2 (P29373)
Annexin A8 (P13928)

Fatty acid binding protein 3 (P05413)

Nucleosome assembly protein 1-like 1 (P55209)
Ran GTP-binding nuclear protein (P62826)

Similar to annexin A2, isoform 1

Poly-(rC)-binding protein 1 (Q15365)

Tumor protein, translationally controlled 1 (P13693)
3. OXIDOREDUCTASE ACTIVITY

Dimethylaniline monoxygenase 5 (N-oxide forming) (P49326)
4. CYTOSKELETAL

Cofilin 1 (P23258)

5. BIOTRANSFORMATION

Peptidyl-prolyl cis-trans isomerase A (P62937)
Phenylethanolamine N-methyltransferase (P11086)
6. LIPID METABOLISM

Acetyl-CoA acetyltransferase, cytosolic (Q9BWD1)
7. AMINOACID METABOLISM
Fumarylacetoacetase (P16930)

Glutathione synthase (P48637)

17%

17%

8. TRANSCRIPTION AND TRANSLATION

Nucleophosmin (P09748)

Nucleoside diphosphate kinase B (P22392)

Homeobox protein Hox-C12 (P31275)

60S acidic ribosomal protein PO (P05388)

Tyrosyl-tRNA synthase, cytoplasmic (P54577)

40S ribosomal protein S12 (P25398)

9. PROTEOLYSIS

Ubiquitin conjugated enzyme E2N (P61088)

26S proteasome non-ATPase regulatory subunit 7 (P51665)
Splice isoform 1 of proteasome subunit alpha type 7 (014818)
Proteasome subunit alpha type 2 (P25787)

Cytosolic non-specific dipeptidase (Q96KP4)

Calpain small subunit 1 (P04632)

10. CHAPERONS

Heat shock protein beta 1 (P04792)

Nascent polypeptide-associated complex alpha subunit (Q13765)
T-complex protein 1, delta subunit (P50991)

Stress-induced phosphoprotein 1 (P31948)

Isoform 1 of proteasome activator complex subunit 3 (P61289-1)

14% 1%

GLYCOMETABOLISM
BINDING PROTEINS
® OXIDOREDUCTASE ACTIVITY
CYTOSKELETAL
BIOTRANSFORMATION
LIPID METABOLISM
3% ® AMINOACID METABOLISM
TRANSCRIPTION & TRANSLATION
PROTEOLYSIS
CHAPERONS

6%



TauToTToIiNON META-UETAPPACTIKWY TPOTTOTTIOINCEWY TTPWTEIVWV
ue Paopatoypagia Malag

Tpotrotroinon Alagpopad palag

Methylation 14.0157
Hydroxylation 15.9949
Oxidation of Met 15.9949
Formylation 27.9949
Acetylation 42.0106
Carboxylation of Asp and Glu 43.9898
Phosphorylation 79.9663
Sulphation 79.9568
Cysteinylation 119.0041
Pentoses (Ara, Rib, Xyl) 132.0423
Deoxyhexoses (Fuc, Rha) 146.0579
Hexosamines (GalN, GIcN) 161.0688
Hexoses (Fru, Gal, Glc, Man) 162.0528
Lipoic acid (amide bond to lysine) 188.0330
N-acetylhexosamines (GalNAc, GIcNAc) 203.0794
Farnesylation 204.1878
Myristoylation 210.1984
Biotinylation (amide bond to lysine) 226.0776
Pyridoxal phosphate (Schiff Base formed to lysine) 231.0297
Palmitoylation 238.2297
Stearoylation 266.2610
Geranylation 272.2504
N-acetylneuraminic acid 291.0954
Glutathionylation 305.0682
N-glycolylneuraminic acid (NeuGc) 307.0903
ADP-ribosylation (from NAD) 541.0611

2 NMAVTIKOS POANOG OTN AEITOUPYIO TWV TTPWTEIVWV KAl TV KUTTAPIKI pUBJION



|dentification of phosphorylation sites
on the M3/6 phosphatase by MS

Ser 515 and Ser 520

datafile=
peptide=DSPGTPSP, precursor mass=

Seq # b Yy (+1)
D 1 116.1 = 8
2 283.2 7
P 3 380.3 ()
G 4 437 .3 5
T 5 538.4 4
P 6 635.6 3
7 802.6 2
P 8 - 116.1 1



Avixveuon Twv BEoewv puwaPopuAiwong
TTPWTEIVWYV PeE Xprion M

Tryptic Digest of Phosphorylated Cystic Fibrosis Transmembrane
Conductance Regulator (404-830)

UV 214 nm

% Relative Abundance
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UV chromatogram of tryptic digest of phosphorylated CFTR.

Arg-Leu-Ser -Leu-Val-Pro-Asp-Ser-Glu-GIn-Gly-Glu-Ala-lle-Leu-Pro-Arg

MS and ZoomScan of 5
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Full scan MS and ZoomScan (inset) of a phosphorylated peptide from CFTR. Either of the two serines
could be phosphorylated.




Avixveuon Twv BEoewv puwaPopuAiwong
TTPWTEIVWYV PeE Xprion M

w1 w1
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The MS/MS spectrum of the phosphorylated serine has an ion at mvz 931.8 which corresponds
to loss of H3PO4 from the parent ion. Presence of Y"30% 1 and Y"32*7 in the MS/MS spectrum and Y30*?, Y32*7, Y35*7,
and B7*" in the MS/MS/MS spectrum confirms the phosphorylation site to be the serine at the third position and not
the serine at position eight.




Tpotrotroinon T1ng AOP2 o¢ deiypata Akt3-/-

-[- +/[+

Seq# b

D 1 1161 . 12
F 2 263.3 1256.4 11
T 3 364.4 1109.2 10
P 4 4615 1008.1 9
5 560.6 911.0 8
695.8 811.9
676.7
575.6
: 474.5
10 1140.2 3454 3 1165.3 345.4
1197.3 2322 2 1222.3 2322 2

175.2 1 - 175.2 1

ADOrmA- <




NDRG1

PAK2

Prohibitin

2D-electrophoresis of

cytoplasmic extracts

EGF

GAPDH

RT-PCR

o EGF

-

- = -

a PDGF

——— S—



PDGF treatment results in Prohibitin depletion
from cytoplasmic extracts

Cytoplasmic extract Total proteins
0 S ey o e N e e e S by Ohr  11hr

- PDGF + PDGF



Beyond 2D Electrophoresis....

|sotopic labeling of peptides

\/

Combine
Multiple chromatography
Mass spectrometry

2 Da 2 Da

> >
m/z m/z

No change Quantitative change
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Is Proteomics the New Genomics?
J. Cox and M. Mann1l
Cell, 130, 395 (2007)




Temporal proteomics for the analysis of global phosphorylation events
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Signal initiators Intermediate stimulators

EGFr-pY, She-pY, SHIP2, PLCy, ERKY, ERK2, STAMY, STAM2 MaSS Spectrometric detection Of
6,600 in vivo phosphorylation sites
on 2,224 proteins
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Phosphoryaltion changes
Phosphoryaltion changes
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C (208) Late stimulators D (257)  Terminal effectors and Olsen, J.V. et al. (2006) Cell 127, 635-648.
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Puololoyikd KUTTOPO KapKiviké KUTTapo
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EQapuoYEC TIC TTPWTEWMIKAG TEXVOAOYIAG oTnv d1dyvwaon

Mapdadeiyua: ‘Eykaipn d1dyvwon KAapKivou wobnkKwv

Petricoin et al. Lancet Feb.16, 2002

»>Kataypa@r Twv TTPpWTEIVWY Tou opou o€ 50 uyieic yuvaikeg kal 50 aoBeveic

»Avattuén vEwv gpyaAciwy BIOTTANPOQOPIKAG YIa TV TAUTOTTOINON £VOG
TTPOWIA EK@paonG TTou KaBopilel e akpiBela TNV TTAPOUCia KAPKiVou

»E@appoyn o€ 116 ayvwoTta dciyuara:
v Tautotmoinon 6Awv TwV KAPKIVIKWY OelyudTwy (50)
v TautoTroinon 63/66 pn KAPKIVIKWY OEIYUATWY

Evaicbnaoia: 100%
E&eidikeuon: 95%
OeTIKOG deiKTNG TTPOYVWONG: 94%



Nature 429, 496-497 (3 June 2004) | dol: 1010368/ 42594563

Proteomics and cancer: Running before we can walk?

Serum Proteomics
Scrutinized

jorth as a clinical OvaChECk: breakthrﬂugh or a]_SD I'El,ll?

Methods for diagnosing early-stage cancer are in notoriously short supply Thl? IE‘JI fﬂr ﬂVﬂ?‘mH cancer uses Prﬂrgﬂmif‘ pﬂ.‘f!é‘ﬂi

Although much ballyhooed work from National Cancer Institute/FDA

researchers Emanuel Petricoin, Lance Liotta, and colleagues promised a IES:IHE II fﬂﬂk&{f gﬂﬂd IH T}IF Lﬂﬁ'f‘f’f n" 0 1’5’411".5‘ ﬂgﬂ'
revolution thanks to clinical proteomic screening, initial findings fell unc The r&g‘uf[j rgmﬂjﬂ: uﬂrﬂphﬂﬂ[gd

scrutiny. Critics maintained that the process they used, surface-enhance

aser desorption/ionization-time-of-flight (SELDI-TOF) mass smertrametry _

acked the sensitivity needed to detect low-abundance

sample preparation and instrument variation introduce  pigtpre 430

. e th e , B11 (5 August 2004) | dol:10.1038/430611c; Published online 4 Auwgust 2004
€ expenment to makxke e results vaud.

OvaCheck: doubts voiced soon after publication

Problems:
Complexity of serum proteome

Huge range of protein concentrations
Heterogeneity between individuals
Irreproducibility across time and between laboratories

Non-specific changes (hormonal status, stress, inflammation, tissue necrosis, etc.)
Lack of standardized collection and storage

Lack of validation reagents

Difficulties in bioinformatic analysis



Satwee Blotechnology 23, 769 (2005}
Published onlire: 30 Jure 200%; | doo: 10, 1038/ nat0d 0% - T69

'Omic diagnostics trip up on way to clinic

Malarye A, Bramca

Table 1 New and emerging “omic tests
Maker Product Appraval status

agendia MammaFrint Fending at

Correlogic

Systems OwaCheck  Ponding at

dreast

CEnCef Subrpission to FOA for PMA anticipated by
prognosis  end of 2005

test

Exagen
[Albuquargue,
R

Mot an FOM-regulated product. Launched as
Oncotype Owa laboratory-developed test in Califernia,
January 2004

Gonomic
Hizalth
Lzukemia

Roche array Launch anticipated 2006-200F
arrs

Charactonstics

A, ?l:l-l':]Er'IE axprassion signat:..-e. measured on anr .'".I;Ii|EI'I[
DA microarray, prodicts progrgsis for cortain breast
cancer patients.

rafein expression pattern analysis. Mare than 150,000
starting data paints are reduced to 5-10 for final
evaluation

Traditional FISH test, derived from gene exprassion as
wrdl as other data,

A 21-gene exprossion assay done wsing AT -PCR for
prognasis in breast cancer

& 300 -gene cxpression microamay test

Tm Ashkenazi Launched as aralyte-specilic reagent in June Tests 61 alleles in B genes, related to newrological
Bipscionce  Jowish Pancl 2005, FOA-approved test anticipated in 2006 diseases; uses same platform as oystic fiorosis test.

Ma




Immunoproteome analysis

|dentification of antigens for active immunotherapy

Tumor cell

Identify tumor MHC-associated
“signature” antigens

oY
s)((‘
o re
() Differential MS
analysis cabiie Tum(_)r.-
) > "« Specific
Sl antigens
comparison
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Identify normal MHC-associated
“signature” antigens

Normal cell


http://www.immunotope.com/Pages/Immunoproteomics%20and%20Immunotherapy.html

Proteomic analysis of Multiple Sclerosis lesions

|dentification of novel therapeutic targets

Acute
plaque §
Laser-Capture Microdissection

Chronic active
plaque §

Y

Comparative proteomic analysis Unigue proteins:

AP =158
CAP =416
CP =236

Chronic [
plaque SRS

Y
Identification of tissue factor and protein C
inhibitor in chonic active plagues

\4

Dysregulation of coagulation / pro-inflammatory thrombin signaling

A\ 4

Administration of hirudin or recombinant activated protein C
reduced disease severity in EAE

Han et al. (2008) Nature 451, 1076



Proteomic approaches in biomedical research

Mechanisms
Biomarkers

Disease Diagnosis & Prognosis

f}-ﬁ'\ Personalized treatment

Al"
(=
-

Challenges: Improve plasma proteome analysis
Achieve better proteome coverage
Improve specimen quality
Independent validation studies
Combine with genomic and metabolomic technologies
Improve bioinformatic tools

Hood L., et al. Systems biology and new technologies enable predictive and preventative medicine. Science 2004;306:640-3.



MIKPOOUGOTOIXIEC TTPWTEIVWYV / TTETTTIOIWY

2.UvOUAlouV TA TTAEOVEKTAUATA TWV PIKPOOUCTOIXIWV
(MEYAAN TaxuTnTa KAl OYyKOG avaAuoewy, euaiocbnaia, KATT)

ME TNV IKAVOTNTA AVAAUCNG TTPWTEIVWV

2 UVOAIKA] avAAUCT O€ KUTTAPIKA EKXUAICHATO TOU OXNMATIONOU CUUTTAOKWV

N TNG eVCUPIKAG OPACTIKOTNTAG

Mapadeiypara:
*[1p00dI0PIOUOS AAANAETTIOPACEWY PETALU TTPWTEIVIV
*AvaAuon UTTOOTPWHATWY KIVAoWYV Kal AAAwV v UPWY

*Avayvwpion TTPWTEIVIKWY OTOXWV QAPUAKEUTIKWY OUCIWV



Global analysis of protein phosphorylation
using protein microarrays

Overexpress and
purify kinase

- g~ 30 °C
1’ AP et jo
= ncubate wit "ﬁ 87 kinases (out of 122 total)

Proteome array kinase and

ADP
[r-PIATP *Wash 4200 phosphorylation events

Expose to film 1325 proteins
4_

®Kinases
Proteome array: ®Substrates

4400 yeast proteins spotted on a chip

Ptacek, J. et al. (2005) Nature 438, 679-684.



|dentification of differentially expressed proteins in ovarian cancer using high-
density protein microarrays

........

Detection of immobilized GST-fusion proteins

Detection with sera from normal controls

Detection with sera from patients

M. E. Hudson, et al. PNAS 104, 17494 (2007)



MEeAANOVTIKEG KATEUBUVOEIC

AUTONATIONOG, DIEKTTEPAIWON TTOAAWY OEIYUATWYV

KaAuTepeg nEBOOOI DIaxwpIoHoU KOl QViXVEUONG TTPWTEIVWV

KaAuTepn 1TTo00TIKOTTOINGN OIAPOPIKAG EKPPATNG




BiBAloypagia

1. Pandey & Mann (2000) Proteomics to study genes and genomes. Nature 405: 837 - 846

2. Shevchenko, A., et al. (1996) Linking genome and proteome by mass spectrometry: Large scale
identification of yeast proteins from two dimensional gels. Proc. Natl.Acad.Sci.USA 93:14440-
14445,

3. Wulfkuhle JD, Liotta LA, Petricoin EF. (2003) Proteomic applications for the early detection of
cancer. Nat Rev Cancer. 3:267-75.

4. Aebersold R Mann M. (2003) Mass spectrometry-based proteom|cs Nature 422:198-207.

.,M -c' n ,..“1*._.,{'"_. qno' f“\_~.=l‘§-i|q OO :'3:’ )

.u_"’ .‘:.'.} ‘&’i'j,-l
— _- - -V



http://www.nature.com/reviews/focus/proteomics/index.html
http://www.nature.com/reviews/focus/proteomics/index.html
http://www.nature.com/reviews/focus/proteomics/index.html
http://www.nature.com/reviews/focus/proteomics/index.html
http://www.nature.com/reviews/focus/proteomics/index.html
http://www.nature.com/reviews/focus/proteomics/index.html
http://www.nature.com/reviews/focus/proteomics/index.html
http://www.nature.com/reviews/focus/proteomics/index.html
http://www.nature.com/reviews/focus/proteomics/index.html

