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Abstract

The Human Proteome Project is focused on the inventory of all human proteins and the
revelation of inteactions occurring between thenm its scale, this project is superior to the
Human Genome Project formally finished in 2001. The basic problems that HPP is facing are:
impossibility of detectig single molecules in biological material aagituational nature of a
proteome, i.e. the dep@ance of protein composition on the time and type of tissue and cells.
Due to the presence of single amino acid polymorphisms (SAP), alternative splicing (AS) and
posttranslational modifications (PTM), as part of a whole proteome, one might assume the
avdlability of several million of various proteiforms.

As of now, the road map of the project is prepaasdhe Russian national gecentric
initiative. Within the pilot phasehere will be revealed the transcripts of th& tBromosome in
the liver cdls and 286 proteins in the liver celimd blood plasma and, also, novel technologies
will be developed as such, a technology on the basis of coupling AFM and MS, analytical
device with the usage of nanowire sensing element, cloud informational syskethenpersonal
supercomputers.

The present stage of experimental realization of the project includes the identification of
220 transcripts encoding proteins of thé" i iromosome in HepG2, 90 proteins of thé"18
chromosome identified with 3RC-MS/MS lon Trap method in HepG2 and, also, the revelation
of 36 proteins in blood plasmaJsing bio-informational méhods the poteins of the 18
chromosme are characterizeohcluding theassesment ofmedical significace of proteinand
revelation ofpotential proteinpartners

[Ch romosome 18 ]
[ Project lead 1 Alex Archakov
: Project team location (s) 1 RUSSIA
Current Status 1 , Roadmap Completed

Key technology focus 1 Detection of ultralow-copied proteins";
[ Biomaterial 1 Plasma/Liver (HepG2) ]
[ Disease focus 1 Cancer/Neurodegenerative "
[ Molecular biology focus 1 from SNP to SAP

Key ref: (i) ROADMAP: Gene Centric ldentification of Chr 18 Proteins
and Peptides; (ii) Human Proteome Project: Russian Roadmap for
18-th Chromosome.

* Down to concentration 102® M in plasma and ™10 copies
per liver (HepG2) cell
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1. Introduction

Akin the Human Genome Projedbr deciphering genes of the whole genontiee
ultimate goal of the Human Proteome Proj€etPP)is to make aninventory of all proteinsby
these geneHowever, even the most convinced supporters of proteomecs aloubt that the
inventory of all proteins might benadeaAchieved in the near future. Firstly, the methods
available in proteomics do not allowe revdation of single cojpes of protein molecules in
biomaterial. For such cases in genomics, the aroatitin by polymerase chain reaction (PCR)
is used[1]. Secondly if genome is mostly th@same in each cell of the body, the protein
composition changes essentially depending on biolodioal, type of the cells and tissues.
Thirdly, there is a vast number both of translational and-fpasslational modifications of
protein molecules, i.avide diversity ofvarious proteiformsare accounted for 1 gene.

Moreover, genome is a constarfeature of an organism it is generally invariable
regardless of physiological pathological conditionand its sequence does not depend on time.
Proteome on the contrarygdepends on time, physiological stimulus and, thus, is situatighal
The proteome composition isghily variable and, depending on tiptke content of proteins and
their modified versions changeidely. The question whether the aforementioned problems are
an impassable obstacle to sthe work on the Human Proteome Project quite in order

To answer this question it is wibwhile todraw an analogy with the Human Genome
Project roughly completed irR00L [3]. That was an araged genome of 6 individualghere
few of expressed sitewere revealedn its composition part from regulatory elemen{d].
However, big changes have taken place from then onwandmber ofndividual genomes are
readily available, and thousands of them are expected in near {&fur@he individual
peculiaritiesof genomes in diseaseathd healthy people have been analyzed to reveal splice
variants and single nucleotide polymorphisms (SNH®wever, he work on genotyping is far
from cansummation since complete decoding afwhole genome of amdividual is notfully
applicablefor wide-scaleapplication.Still there existsaa problem ofproper genome assembling
from multitude ofsequenced DNAragments Thefunction issomehow understodor 3-5% of
genetic materiahvailable essentially, by the expressed sites. The properties andrassigof
the rest 95% of genome remain unstudied.

Actually, the above intricad ehwman §&j e oo
makes it possible to answer the question whethersthdy of proteome should bstarted
Obviously, the problem of complete human genome study hehmcomparably easier than
the proteome inventory, still remains undetermined in full. However, today one can speak abou
its resolution thanks to the Humaaenome Pogram that was begurabout 20 years ago. Just
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because of the necessity to create a similar-teng project, the specialists call to start the work
on Human PoteomeProject despite clear comprehension t
near time.

Stat of work onthe HumanProteomeProjectwill allow the participants t@stablish the
targets and t@et more or less common approaches to mesethegets. Presently, thereng
common methodological approachto implement the complete proteome. The most
straightforward solutionis he s o c-aéhedi é d&d pPresenhe identification
of proteins iscarried out bymatchingthe massspedra of biomaterial to the whole genome.
Genecentric approaclkargets each participant towards a certain portion of the whole genome, a

chromosome, to perform the deep analysis of proteins, originated from this chromosome.

2. Gene €ntric Approach

Actudly, genecentric approach focused on investigationpobteins relatively to the
geness already in common us€lassical proteomics is based on the genome knowledge, thus,
the transfer from the analystd all genes to the analysis af single chromosoenis justthe
narrowing of a task compared to genebasedparadigm predominant today. Narrowing of
researclgoal at expense of germentriaty makes it more realistic by contrast with an alternative
approach otissuebasedproteomics[8] comprisingthe analysis of proteins of separate organs
and tissues based on the informatiam the wholegenome. In comp&on to genecentric
approach, thenventory of a whole proteomen various orgas and tissuegs more ambitious
challengehat seems unreal in the near future.

Application of genecentric approach will allow concentirag the effortson solution of
important technologicalssues Firstly, it is necessary tesolve the problem of exentration
sensitivity in analyticalmeansof proteomics providing revelation of tHew- and ultralow
copied proteins in biomateria[9]. In the absence of an analog of PCR for proteins, the
concentration detection limit (DL) becomes a real challda@¢ Just a small parof proteins
represented in higmediumcopied range isurrentlyavailable forproteomic inventoryFig. 1).

At the same time, it is reasonable to expect ¢laaly biomarkers ofdiseasesvill be present in

low- and ultrdow-copied ranges.

! Roadmap operates the ranges of protein concentration in biomaterial, which correspond to the detection limits of
currently used analytical methofi®]. Theseare:high-copied(> 10°f ), mediumcopied(107-- 10%°f ), low-
copied(10™ -- 10™) and ultralowcopied(< 10f ).AiCopi edd i s used instead of #f:
roadmapbébs technological focus on detection of singl ¢
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High-copied proteins
=10-°M

Medium-copied proteins
10-5-10°M

Low-copied proteins
10-°-10-*M

Ultralow-copied proteins
<10-2M

Fig.1.Just a o®frtha proteoriidi cegber go i s accessanlytieal f or
methods of prot@mics.The majority of proteig includingdiseasespecific biomakers are most
l i kely situated in the Abottomo part of ult

This roadmap is based on the concept of utilizing the nanotechnology to achieve-the ultr
low copied proteins, burieat the bottom of the proteome icebexganotechnologiesctively
manifest tlemselves in genomics providing thessibility of working with single molecules of
nucleic acids[11]. If similar approach could be applicable for proteins then the problem of
concentration sensitivity in proteomics would be solved as[iM@]! Maybe it would be possible
to sttle at once, theaelated problem coming from situational proteome variability.By the
opportunity to analyze the cells and bftuids with a several tensof protein copiesbeing
detected the proteomedynamics willbe expressd as the dependency of copagainst time,
and, most likelyjt will also involve the emergence of new proteins and/or their modifications.

Genecentric approacknables to perform the systematic lasgale comparison between
the transcriptome and proteom\ith regard tothe diversity of SAP and AS, the alysis of
transcripts ofjust a single chromosome seems to be moreistgalthan investigation of
translation products o a wide genomescale Gene centric correspondence of transcripts to
proteinswill allow identifying the correlation betweethe level of expression amRNA and
protein level.

Restricted by the products @f single chromosome, one may attack the problem of
defining the interactions and interrelations of pnas, i.e. to studgn interactome. Inears that
there would be madan analysis ofthe interactiors of proteins of the chosen chromosomigh

all the rest proteinsoded bythe human genome.



Thus, the advantages of gerentric approach are obvious. Firstly, it makes possible the
usage of traditional proteomic methods basedhe results of analysis cbmpletegenome and,
secondly, it is the concentration efforts of separate research groups a clearly designated

taskof studyinggeneproductsof a single chromosome.

3. Implementation Schedule

Roadmap envisages thenplementation of theHPP will take 810 yearsfor a single
chromosomelmplementatiorincludesthe pilot stage (3 years) and nsterstag (57 years).
During thepilot stageat leastone protein for each gene thietargethuman chromosome would
be identified with rough estimaten the level of its expression and predominant modifications.
Pilot stage will delivekknowledge on the distribution of proteins across selectedetsd the
sensitivity levelup to tens of moleculggercell [12]. The pilot stage of thproposed roadmaig
comprised of genomic and proteomics activities. The former include:

- establishing theriteriafor chromosome selection;

- deep sequencing of the selected chromososfiaecment of OREs

- datamining for the determinetranscripts fothe genes othechosen chromosome;

- experimentatesign foridentification of transcriptai hepatocytes and cell line Hap.

Proteomicactivitiesof the pilot stage covehe milestonedisted below:

- datamining for proteins expressed Iselectedchromosomejustifying liver tissue and

blood plasma as a biomaterial of choice

- standardizatiomf transcriptonit and proteont technologiesstandardizatioof plasma

proteomevariability by studying samples fromealthy volunteers;

- identification of highymedium-copied proteins by MS/MS, identification of lesopied

proteins using MRM technology, identification of peptidome;

- proteotyping and proteogenomic profiling of protefiresn the chose chromosome ithe

liver tissue, cell line EpG2 and in blood plasma;

- definition of an interatomecomplemat of the selectecchromosome;

- creation of geneentric knowledgebase on proteinsefectecchromosome.

The materstageof roadmap implementatiols aimed to essentially increase the sensitivity
of proteomic technologies antihrough this to increase thecope ofinformation on theprotein
moleculesencoded bytheselected chromosome. Twalestones are ahead the master phase:

- creation ofhybrid technology based on coupling of atomic force microse@omy mass

spectrometry for identification of lowand ultralowcopied proteins;



- identification of proteins in concentration range from'1@ 10 M in blood plasma

and at a level ~ 10 copiger liver cell

4. ChromosomeSelection

Due togenecentricconcept, chromosome selection becerar important @requisite of
the nationaHPP. From thgeneral consideratigmhe following selection criteaiweresuggested
to rank the chromosomes

- numberof proteircoding genes;

- abundane of genes that, according to the available literary datarelevant to the

diseass;

- lack of immunoglobulircoding genes.

According totheimmunogenetics resource data (IMJI}], total of 430 immunoglobulin
coding genesire scattered ovéine genome; about orlealf of these genes are pseudogeiibe
genes of mmunoglobulinsare noruniformly distributedover chromosomesMost of themare
located athechromosomes #2, #14 and #Zhe diromosomes #3, 1013, 17, 1921 do not at
all contain immunoglobulins; aboutZl genes ardound in chromosomes ##1, 8, 9 and #18
wherein the chromosomes ##1, 9 andth8 immunoglobulins argresented agseudogenes.

On the averagehere ared 2 1 N gretedrcoding geneper 1 chromosome in a human
genomeThe diromosomes ##13, 18 and 21 containing 5§,286 and 258enes, respectively,
differ in considerably lesquantity ofgenes against the average. These particular chromosomes
have becoméhe toppriority subjects ofliscussion on the HUPO HPP worksholpsparticular,
chromosome #13 was selectedthg Korean scientists and chromosome #21 was proposed by
the American and Ginadian scientists (seegF2). In view of preceding criterion, it should be
noted thatthe genes of immunoglobulins are not present incdi®mosomes #13 and #21

whereasn thechromosome #18 the only immunoglobulinlk&nbda is coded by pseudogen
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Fig. 2. The ciromosomearehuman genome adepicted Thenumbers of autosomes ajwen
in bluecolor beneath each chromosartiee number of protetsoding genegin black) andthe
number of diseaseslated geneén red.

Considering thavork scope,chromosome #21 containg only 253 geneseems the most
suitable target. However, this chromosome comes short of mediestvancethat can be
assessed as proportion of diseasassociated genes ithe total quantity d genes in a
chromosome. Assaion of genes andheir respective productsvith the diseases was
determined based dhene@rdsdata[14]. Table 1 presenthe ratio of diseasassociatedienes
in some chromosomes. In the averadpout 20% of proteinoding geneproved to be linked to
diseasesn one way oranother Chromosome #18 has the lead in the rating list, whereas
chromosomes #13 and #21 aehindthe 18" chromosome upon the present criterion about 2%

and 4%, respectihe

Table 1. Total quantity of proteirtoding genes (PCG) and the percentage (%) of disease
associated genes is given. The data for 10 chromosomes with maximum perceliasgre
shown. According to GeneCards data as at February 15, 2010.

Chr # 18 4 5 3 13 2 8 22 14 21
Number of PCG 286 777 894 1096 353 1340 732 504 639 253
% 248 234 234 231 229 227 217 214 20.8 20.6

In spite of considerable (more than fivefold, compare chromosome #2 and chromosome
#21 in the table) differences in tlggiantity of genes being contained in human chromosomes,

the percentage of diseaassociated genes does not essentially differd@63. This observation
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is also true for other chromosomes wbown in the able 1.A peervalue of chromosomes
relatively tothe purposes of gene centric HPP urged Russian Working Group towatds 18

chromosome to manage the roadmap.

5.Chromosomel8

From a medical point of view, key feature of thé" iromosome is high frequency of
trisomy describeds Edwards syndronj&5]. Children with trisomy of the #8chromosome are
born with a periodicity about once every 6000 and die predominantly aged up to 12 months
because of numerous developmental disgd€dsit may be assumed thaverexpression of 18
chr-coded proteins lead gevere disturbancas the organism

The genetic studies hawedicatedthat the 18 chromosome is associated with #lev
rangeof diseases (Fig. 3). Thus, an important chromospragtion is a translocatiopetween
the 14" and 18" chromosomes leading follicular lymphoma,with an overexpression of bc12
oncogene[17]. Relation to the oncologicalliseases is actually typical for the chosen
chromosome. What stand out ingF3 are the diseases like retinoblastoma, colorectal cancer,
pancreatic cancersynovial sarcoma, leukemia arsfjuamouscellular carcinoma. Another
sodally importantfocusof the 18' chromosomeppearsn relation to the diseases of the central

neural system, includingmyloid neuropathy, Parkinson diseaselSchizophrenia.

76 million bases

Myopia, high grade, autosomal dominant Parkinson d tibility to
Holoprosencephaly Glucocorticoid defick
Torsion dystonia, adult-onset, focal Schizophrenia

Niemann-Pick disease, types C1and D
Epidermolysis bullosa
Synovial sarcoma

Orthostatic hypotensive disorder of Streeten
Hepatitis B virus integration site
Retinoblastoma-binding protein

Amyloid neuropathy, familial Keratosis palmoplantarnis striata
Amyloidosis, senile systemic Cholestasis
Carpal tunnel syndrome, familial Osteosarcoma
Pemphigus vulgaris antigen Cone dystrophy

Diabetes mellitus, insulin-dependent Carnosinemia
Pangreatic cancer

Polyposis, juvenile intestinal
Leukemia/lymphoma, B-cell

Colorectal cancer

Lymphoma/leukemia, B-cell, variant
Combined factor V and VIl deficiency
Tumor necrosis factor receptor superfamily

Protoporphyria, erythropoietic
Squamous cell carcinoma
Osteolysis, familial expansile
Obesity, autosomal dominant
Paget disease of bone
Methemoglobinemia

Fig. 3. Diseases associated witte geneticaberrations in chromosonis. lllustration is taken
from theweb-site ofthe Human GenomerBject[18].
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Chromosomel8 contains 76 million of base paik9]. In the aveage, for each gene of
this chromosome there are by 3.1 variants of alternaplieing The total number of genes is
estimated a#80 (RefSeq Feb 201] however, ashasalreadybeenstated,only 286 of them
(ProteirAtlas, Feb 2010Q code the potentially expressed proteimsereasthe rest are either
pseudogenes or code the RNA molecules. According to the UniBdgt translationwas
confirmedby presence of respective cDNAw 89% of genes of chromosom&. Out of 286
proteins of the 18 chromosome, 104 (pteins) were revealed with immunohistochemical
methods in tissue samples in the course of the ProteinAtlas g&ii¢dVith proteomic methods
226 proteins of the chromosomader study were identifiednass specirof these proteinare
available in PRIDE databaf2?2]. Out of all proteins coded by the"™ 8hromosome, 90 proteins
are simultaneously revealed by immunohistochemical and-spegtrometric methods, whereas
136 proteins are present exclusivel\PRIDE, and 14i exclusively inProteinAtlas.The cata on

identification for 46 proteins isurrentlylacking.

6. Biomaterial: Liver Tissueand Blood Plasma

Although gene centric approach is generally tissdependent, the selection of
biomaterial is necessary to define the general guidelines for coordinated implementation of the
roadmap.Unlike genome the human proteome is tisssigecific; therefore, from the very
beginningit is necessary to decide on the biomaterial.

Tissudorganbased dimension of the roadmap provides the links between gene centric
HPP and prexisting HUPO initiatives. Among HUPitiatives liver proteome project (HLPP,
[23]) and plasma proteome project (HRF2]) are most profoundly developed. The experience
of these initiatives if inherited by the gene centric HPP establishes a si@adyboardor the
pilot phase. Other tissues should complement the master phase in casehsomesome
specific gene productstill will be missng in plasma and liveeven as the ultralow-copied
instances

Because of difficult access to a biomaterial of the liver, the hepatocellular car¢inoma
derived cell lines are applied in proteomics. Some of them possess the features of hepatocytes,
particular, HepG2 line is a nonaggressive cell line that does ne¢ @atwmor in nude mice. This
line is used as a model of hepatocytes for investigation ofdygiphysiological propertig25].
Proteomic analysis of HepG2 has revealed its substantial simiatitythe primary culture of
the hepatocytes[26]. Therefore, HepG2 line may serve asreference biomaterial for

investigation of the liver proteome.
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The works on identification of the liver peaime are extensively carried on in Russia for
the last 5 years. The technological approaches to identification of mmniprateins of
microsomal liverfraction are elaboratef®7]. Microheterogengy of the cytochrmes P450 in
the liver tissuewas thoroughly investigated using SIP8GE [28, 29]. Xenobioticinduced
profiles of differentially expresed proteinswere determinedin a series of 2Dbased
experimentg30]. The sufficient level of activity in the area of proteome investigation indicates,
that there existestablished collaboration between clinical and research centers, which has to be
an integral part of the roadmap.

Any tissue, including the liver tissue, is formed by the cells of several types. Proteome of
a tissue sample is a complexixture of proteomesof cell types that complicates the
interpretation of the results tiepr ot ei ns 6 i d e n t-day trenda in proteomicsT h €
of the human tissues call for the usage of the laser capture microdissection (L@kisarn of
homogeneous cell population. Application of this method in proteomics is at the start point
because of the need for a large progimountsfor proteomic analysis as agairise analysis of
nucleic acid. In recent years, tmeprovementof microdissectia methods makes it possible to
pick up2x10000cells in a samplel¢4 mkgof protein)[31] that is compatible witlhequirements
for protein identification by LCGMS/MS method. LCM was used fathe s@aration of
hepatocytesin proteomic investigations of the liveB2, 33], although the wide spread
application of LCM in thisarea is severely hampered by the laboriousness of preparative
protocol Within the liveroriented focus of the roadmap it is anticipated to enforce the LCM
approaches.

On a protein level, liver is closely linked to blood plasma. There is high correlation
between liver proteome and blood plasma protef@d¢ PRIDE reportedthat practically all
proteins of the 18 chromosome revealed in the liwgerealso indentifiedn blood plasmalust
3 of 18chr-coded proteins occur exclusively in the liver, being absent in blood plasma and other
organs.Vice versa216 proteinof 18-th chromosome weridentified in blood plasmayf which
110 were also present in the liver tissue.

Blood is a kind of a collector containing all proteins of a human. Plasma proteome, in
fact, includesproteomes of other tissues as a subset. Blood plasma is a pioneer area of focus i
the human proteomic§35]. The main objective in plasma investigatias the appication of
the results at medical diagnostics. Blood plagm#he utmosi@answers the purposes imposed
uponthe target of clinical molecular research. It is the most accessible for nlipimeasive
selection bythe human tissue. Compared to more available biolodikadls (saliva, urine),
plasma, as a part of blood, is homeostatic to a greater extent, isecharacterized by the

generally invariablg@roportions of higkcopied protens.
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At a pilot stage ofthe Human Plasma Proteome Project (HPPP) initiative, standard
samples othe human blood plasma were analyzeih different proteomic methods ithozen
laboratoried36]. The main problem in the proteomic analysis of blood plasma is vast dynamic
range of protein concentration18 fold differenceof concentratiog). Most of the methods used
for the analysis of unfractioned plasmmakepossible the revation of only few mapr proteins,
whereas no consideration has been given to thecapied proteins significant for medical
diagnostic437].

Fig. 4 demonstratethe diagram reflecting current visions on the structofeblood
plasma proteome. It is seen that nearly 60% of blood plicdeméified proteins are functioning
in cells, while #fAcl atsanly t38&laod inpriursoglaidins pocawrit i n
8%. Of cellular proteins, 53% are localized in cytopla8®,- in the corenucleusand 19%- in
themembrane, wheredle secreted proteills f r eomprisedess than 14%. These data show
that plasma proteome contaitise proteins relgant to themolecular processes in cells and,

hence, these proteins chaselectedasthe candidatalisease biomarkers.

Ig IDENTIFICATIONS 8%

____________ NUCLEAR 9%
CELLULAR ~  ~~~-= =~ (78)
PROTEINS
58% (839)

MEMBRANE
ASSOCIATED

\ 19%
UNKNOWN 21% (157)
(294) CYTOPLASM 53%

@s) -==1 . —0OTHER

’ ', EXTRACELLULAR OR
"CLASSIC” PLASMA PROTEINS \, SECRETED 14% (118)
' 13% (180) |, 2 X
\ CYTOKINE AND REL(\ TED
\ PROTEASES AND 7 5% (43)
\OTHER ENZYMES 19% ’

INHIBITORS 13% (25) / CHEMOKINES

12% (5)

COMMON
CIRCULATORY  /
PROTEINS 28%
(52)

GROWTH FACTORS

51% (22) ADAM PROTEINS
BIADING INTERLEUKINS 9% (4) Exi)
COAGULATION AND —_ L A
PROTEINS MISCELLANEOUS, TNF
COMPLEMENT FACTORS 26% (46) 140, (25) MMPs 7% (3) rreir

Fig.4Ai No p 1l e mao-rs¢gnash, HUPO HPP Meeting, 20@oupingof identified
blood plasma proteins according[88], [39].

Despite technological complications, there is no doubt that lpamina is a biomaterial
of choice forthe genecentricHPP. One should not be puzzled by such transformation of gene
centric paradignto the case of specific type of biomaterlalshould beemphasizedhat plasma
proteome mightontain subproteomes various organs and tissues whpresentlycould not be
detected because of low sensitivitytleé current proteomic technologies.

To establish the starting point for plasma proteome analysis weetie@the listof 3020

proteins which came ums a resulbf a pilot phase of HPIR24] (1175 protein identification
14



from thislist were independently confirmdxy 4 analytical methodgl0]). In HPPR protein was
interpreted as a nonredundantproduct of one gene without regardo modifications and
processing.

Genecentricapproach requirethe distribution ofthe identified proteins in pursuant &
chromosomehey are encoded bylasmaidentified proteins are uniformly distributed through
the chromosomesi.e. the more genes present in a chromosome, the morensrateded by
these genelsas beenletected in blood plasméig. 5).

Number of plasma proteins (HPPP)

500 1000 1500 2000 2500

Total number of protein-coding genes in a chromosome

Fig. 5. The relationship between tlygiantityof plasmaidentified proteins anthe total number
of proteincoding genesn a chromosomeThe point corresponding to the $&hromosome is
indicated agseddiamond Plasma proteins are taken frgad].

Fig. 5 presents thenapping onthe human chromosomes the information on proteins
identified in blood plasma. High ceilation (R ~0.9) betweerthe numberof proteincoding
genes in a chromosome and the numbegalagmaidentified proteins is observatbmonstrahg
that each chromosoms coding theblood plasmgroteinsproportionally to the number afs
genes It meansthat plasma in reference tthe chromosomes maglso be characterized as
Afel | ect or 0.

All the above considered, it must be speculdbed plasma as a biomaterial could play
the same crucial part in HPP the blood cells did in HGP. For this purposgroteomicsis in
need ofnew technologies for identification of levand ultralowcopied proteins. As to higland

mediumcopied proteins, the issues stndardization ohigh-throughput experiment beme
topical
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7. Standardization andProteotyping

The methods used in proteomics for identification of higddiunicopied proteins are
presentlybased ortheliquid chromatography coupled withetandem mass spectrometry (LC
MS/MS). The question of intelab reproducibility of this method is still an open issue as the
results of identification are highly dependentarer 46subtle technicaparameterg42]. The
diversity of results observed in tlamalysis of similar samples made in different laboratories is
avoidable withthe method oftandardization. For this purpose, independent investigations were
carried out in different scientific centers: the same standard samples both of artificiallg@btain
mixtures of recombinant proteifg3] and the proteins' mixta of yeast lysate[44] were
characterized with LA&MS/MS method. The diffences in a set of proteins ofietest sample
identified by different researchers were based not onlthemeasons involved with technical
procedure byto a large extenbnthealgorithms ofmassspectral data analysi$4]. The recent
publications related to the subject make clear fitvathe goalsof HPP thestateof-the-art mass
spectrometric platformshouldroutinelyundergatess usingthe standard samples.

One ofthe suitablestandards fomulticentralstudiesis the complex proteomistandard
developed by Agilentnc. (USA) in collaboration withthe leadinglaboratories in the field of
proteomics This set speciallydesigned for testing LBAS/MS systems contains the extract of
proteins of standard bacteria str@yrococcus furiosu@Pfu). The quantity of proteins contained
in this reagenexceedsl500 that keeps in complexity with the samples coming from a human
organism. Moreover, the advantage of Pfu standard is a lowastyn degree of protein
sequencedetweena microorg@nism and a human. Pfu reageniprsposedas a standard for
comparison anduality controlof LC-MS/MS technology set up in the laboratormsticipants
of the Russian HPRadmap

Standard peptides aresed for thequantitative analysis of proteins with mass
spectrometry that is carried out through multiple reaction monitoring (MRMe artificially
produced peptide standards are mixed with-daimple orprobed separately to adjust MS
regimens[45]. The usage of standards in analysis essentially reduces the variabithg of
results.Thus, inmulti-siteresearch of the same samples a high degree of reliability of the results
of MRM-analysiswasshown[46]. Therefore for the usagef MRM-analysis within the project
one must adher& standardprotocols In course of roadmap implementatitme artificially
createdstandardized protein mixtes are proposed to perform crelsdoratory evaluation of

guantitative assignments.
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Characteristic propertyf biologicalstudies in particular, the analysis of proteome, is the
fact thata measurement err@ due not only tahe instrumentation anddienological aspectsut
also to the individual variability of amvestigatedobject Revelation of such variability is the
essence of proteotyping problem that is recently given increasingly much attgimjoiihe
proposed nationaHPP roadmap contributesto the determination of individual variability of
proteomes othe blood plasma and liver.

Revelation ofstatistical variation range of the level of blood plasma prste&nan
essential provision for definition of thdisease biomarkef48]. Determination ofplasma
proteome variability willrequire the analysisof individual differences in healthy peoplk.
requires reruiting thevolunteers whose health stat@respondto the existing standardisatis
affirmed bythe health athorities. Within theroadmap scop¢herewill be made a statistical
analysis of concentration variability atite referencentervalsfor plasma proteinsoded by the
18" chromosomaevill be estimated

Determination thereferencevalues of the protein expression levels in liveralso
worthwhile, however the peculiar formatf respective experimenis assigned to the master
stage of theaadmap.Cholecystectomyand hemangioma resectiomre most frequensurgery
cases to obtain the conditionally normal liver samples.

Thus, standardization ithe HPP should be aimed, on the one haadprovision of
reference operational modes of hitfinouchput equipment and, on the other harat the
definition of permissible standardsiofer-individual differences o& proteome.

Proteotyping as another issue related tostla@dardization of the proteome research. In
this case the standards has toapglied to the definition of protein structure, as a product of
single amino acid polymorphisms (SAP#9]), alternative splicing (AS[50]) and post
translational modificationdn response to thproblem of protein structural microheterogeneity
two approaches are under consideratibrh e f i -dosvitd f&tp @ poosets I precise
measurement dhe mass of whole proteing9],[51], herein theshift of measurednass against
the theoreticalmassis related to thepattern ofsingleaminoacid polymorphisms and pest
translational modificationgdigh accuracythat isrequired for theegistiation ofsuch indicative
shifts in mass spectia provided by theup-to-date devices like OrbiTrap or HCR. However,
on registration ofthe whole protein molecules with high molecular mass the sensitivity level is
not high: about 17 10°M [52]. Low sensitivity gi vedowno w
approacHor pursuing th@nnainced roadmagoals

Theensitivity of proteot yphottogrupe oa p pusida c h |
conventional massspectrometric analysis gprotedytic peptides. Herewith, the sensitivity

increases by % orders and reaches the level®1010° M or even 13* M in MRM mode
17



During the pilot phase oHPP roadmapit is planned to use an iterativ@gorithm of
identification of proteotyping peptid¢53]. According to this algorithm, firsthe identification
of proteins versus complete genome databass made. Furtherthe variants of sequences
containing SAP, AS angutativePTMs for identified proteinsre included into the databasen O
the database exteion therepeated identification is magdevhich yields informationon the
presence of microheterogeneic variants of proteins in a sat@adentificationof proteotypc
peptide containing SAS AS orPTMsis followedin MRM mode (see below).

Based on information available in current databases it is possible to evaluate roughly the
amountof microheterogeneic variants tife proteins relevant to the ¥&hromosome. For the
genes of the 8chromosome there a650 220 variants of nucleotideofymorphims (according
to National Center for Biotechnology Informatigb4]) of which 2386 are nonsynonymic
(nsSNP)and can be potentiallybservedas SAR.

For the proteins of the ¥8hromosomeJniProt database contains information on 796
single aminoacid polymorhisms. Overwhelmingly, yirere putative SA®the availability of
which one would expect based on the datansSNPs in relevant genes. On average, 4 SAP
would be expectegber protein Among all proteircoding genes of the f8chromosome the
greatest quantity 168 SAR fall on the gene fronNiemannPick type C (NPC¥amily. There
are 168 sites of single aminoacid polymorphism which gities to 2'°%-3.74x13° of
combinatorial variants of primary structure population The functions of NPC arknked to
intracellularcholesterol transport; the defects of this gameagsociated witthe development of
sphingomyelinosis (NiemarRick disease). It should beted that in our experiments tiNPC
gene had been identified through the analysgrateome of a cell line H&R.

The data on AS an®TMs have also been estimated using information available in
UniProt. It appeared that for 120 proteins of th& tBronpsomeat leastl splice isoform is
known. According to UniPrat alternative splicing of this chromosordelivers in the average
2.81proteinproductsper gendthatis nat different fromthe averagestatisticaldata on the whole
genome) and the greatestriety of the isofornms is observed for NFATCI gene (9 isoforms).
Posttranslational modificatioeiwere deposited in UniPréor approx.60% of proteins coded by
the 18" chromosome. A usuathe most frequently observable is phosphorylation (112 proteins)
glycosylation (53 proteins) and acetylation (36 proteins). UniProt datadjases on average, 4
modifications for a protein, herewith, among proteins wiitle known function the most
modifications (23, including 21 sites of phosphorylation of serirgk tareonine and 2 sites of
acetylation dlysine and methionine) is known ftreregulatory proteirwith identifier Q9Y212

involved in meningioma pathogenesis
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Of the above averages one might give minimal esitmabf a quantity of protein
isoforms orignating fromthe 18" chromosome. Assuming that for each of 286 preteiding
genes there are, on average, 4 single aminoacid polymorphisms, 2.81 variants of alternativ
splicing and by 4 podtanslational modificationgignoring combinatorial variantsve obtain
N=286x(4+2.81+4)~30460of structurally diffeent isoforms That is, ly the most conservative
estimatethe scope of work that should deneduringimplementation of the 18 chromosome

roadmap.

8. Analysis of Transcripts and High/ Medium-copied Proteins

To illustrate the possibilities and limitations of existing approackagily available for
implementingHPP, we performedan analysis of asynchronous cell line of hepatocyteg32,
samples of the liver tissue of healthy donors and samples of blood plasma. The analysis of cell
and tissue was carried out at the transcriptome level with the applicatioli-génome arrays
from Agilent Inc At proteomelevel the biomaterial was alyzed using multdimensional
chromatography coupled witiS/MS protein identification.

By means of whole genome transcriptional microarrays, the expresfsidh865 genes
was revealed igell line (347 genes of this amount referred to tHe d8omosme). In Ensembl
databasg55] only 179 proteins confaned tothe identifiers of these genes, whereas the others
constitute theemporary experimental titlef fragments of unknown genes.

InspectingGeneOntology revealed, thdttet18-th chromosomessignedranscripts tak
part in 30 various biochemicptocessedRespectiveggenesnostly contributeo theregulationof
transcription (24 proteins) and encedtransport proteins (19 proteins)ocalizaton of the
products of transcribed genmssconsiderably diversenembrane proteins make up abai(8 of
the expressed transcripts83), the nuclear ones are presented byd®esand 37 proteins are
arranged within the cytoplasm. According to UniPasisgnments only 22 of the obtained
proteins relate t@ progression of a disease. Part of these diseases is associateShiRs
which are abléo be translated €3APs (seeabovg.

A correlation between transcriptome of cell line and transcriptome diviiretissue in
healthy people, obtaineduring cholecystectomyrevealedthat more than 73% of active genes
agree.So, cell line is an adequate modelpresentindasic physiological processes of the liver
tissue. If the transcripts of the "Ll&hromosore are consideredexclusively,then the level of

concordance is slightly beloivabout 62%.
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Among the advantages of cell line are, certaislynplicity in generation of enaterial in
sufficient quantities and high degree of experimental standardiza@orthe other hand, these
cells are cancerous with functional features being partially lost in cultivation process. An evident
disadvantage in the work wittlver samples is a complexity obtaining areasonablguantity of
samples a need for separatiosf homogenous population of a tissue £edind an individual
distinctions betweesamples

The complementary proteomics analysis of aforementioned biosamples was performec
using 3D separation meth¢a7]. The proteins were separated on a reveptesde column to 5
fractions, each of which then was hydragsand analyzed wittMudPIT technology56]. We
have identifiedover 4100 proteins oHepG2 91 of which belong to the f8chromosome.
Coupling these identifications to tifieN a t uariaat® sedtion of respective UniProt records we
found, that 17 proteins carry diseassociated mutations, including cardiomyopattataract,
cancer and gviously mentioned NiemarRick disease

Some of identified proteins were not revealed on a previous stage of a whole genome
transcripts investigation. Transcripts of 17 genes wereimditated above the microarray
intensity threshold, nevertheless, thetorresponding protein products were identified in a
proteome wth significant score. Such discordarmetween transcriptome and proteod#a is
observed quite oftefb7].

To confirm this observain, we examined differences protein abundance using label
free spectrum counting approg&@8] with tandem mass spectrometry (MS/MS). Figure 6 shows
proteinabundancers corresponding mRNAXpression intensities. Proteatundance (number
of peptides participated in protein identification) were not correlated with their mMRNA absolute
fluorescent intensitieRf = 0.02). This may indicate a low stability of mMRNA comparedthe
proteins' molecules as well as technical reastwsild not be ruled outtependence of the signal

level on the quantity and specificity of-@hip probes for a certain gefe9].
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Fig 6. Scatter plot ofpeptide countewversuscorrespondingnRNA expressiorevel for the
transcriptgproteinsof 18-th chromosome

Using MudPIT platform, the analysis of protein composition of blood plasma was also
carried out. Among 2000 of identified pratgiroducts we revealed 66 proteins that are encoded
by genes of the I8chromosome.

The analysis of the 1Bchromosome's transcripts and proteins encoded by them had
shown thatsufficient intersection between mRNA and protein data enables the realizditi
gene centric approachithe discrepancies, which are observed in Fig. 6, might also root
themselves in the metrological incorrectness of comparing the microarray signal intensity with
the peptide abundance index. The roadimapto solve such type ofcorrectness by expressing
content as a number of copies of biomolecules. The rationale behind counting individual
molecules instead of measuring their concentrations uesin the concept of reverse Avogadro
number10]. Today we already witness this concept gaining strength in the technology of single
molecular DNA sequencin@0]. Within the roadmap the reverse Avogadro number is utitzed
bridge the conventional proteomics to the nanoproteof@jdé1].

Proteogenomic profiling. Correlation of transcriptomeith proteome makes it possible
to perform thefeedback formatting of a genom&everse genomicgroteogenomic typingis
the task of analyzing the splisgriants at the protein level to decipher the true boundaries of
coding frames along the genomued toelucidate the unannotated gef@2]. For proteogenomic
typing important is the information on not only the whole proteins but also on their low

molecular fragments peptides.
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9. Peptidome-basedDrug Design

Thel ocal i zation and identi fi cat(pradems withia p o ¢
mass less 10xa) and also, the peptide familes being the products of native and pathological
degradation othe proteins by proteolytic enzymes is, nr a ¢ t whites p oat toé geme
annotation. A great many tfiedegradation products might possess physiological activity.

Of special interest ighe identification of peptidesbeing the products of protein
degradation andevehtion of their speéic biological and marker activityThe roadmap
envisages the peptidome as additional information that is assembled according to the gen
centric principle on a chromosorased scaffoldThe biological activity of the peptides is
considered as a proteondciven entry point for elaboration of the drug prototyjis.

For systemic characterization of a peptidome it is necessary to elaboraridard
methods of peptide extraction and detion from the major tissue and plasma proteins. The
methods of extraction should provitiee reproducibility of the results of structurinctional
analysisusingthe methods ohigh accuracynass spectrometry. Although any peptides detected
in serum or blooglasma are of interest in such experimentstethe the pssibility of their
selective identification and identification of ppeoteins encoded by the l&hromosome. The
methods of selective maspectrometric identification allowthe targetedearcing of the given

peptide fragmentat alow-abundance range of concentrations.

10. Detection ofLow/U Itralow -copied Proteins

The roadmap was built upon the axiom, theg main problem in the analysis of biological
material is thepoor sensitivity of the arrent proteomic technologiekEven most sophisticated
affinity-powered protein identification methods can hardly attain the level b&®d# M.
Consequentlymost ofthe proteomic analyses of biological material allow detecting just a few
hundreds of higimedium abundance proteins while the low abundance proteins remain
inaccessible for thenvestigation(Fig. 1). The problem of identification of low abundance
proteins is, obviously, the basic technical challenge which should be overcome witHiPRhe

Multiple reaction monitoring (MM, [45]) is a masspectrometric methodvith the high
reliability of proteins and peptides detectidhRM provides high sensitivity and wide dynamic
range of proteinconcentrations not provideby other MSbasedmethods.According tothe
published data, the sensitivitiis methodis in the range 1¢-10"* M for yeast[12] (which

makes few hundred copies tifie proteinspercell).
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To use theMRM method it is necessary to define a set of proteotypic peptides, which will
undergomonitoiing. Physical and chemical properties of proteotypic peptide shaddle
efficient ionization and show a characteristic mapsctrum with well pronounced peaks. To
identify a certain protein it is necessary that proteotypic peptide would nobewgll ionized
but also it should be unique, i.e. not found in the proteins encoded by other genes.

One may expect that applicatiai MRM in combination with the upo-date methods of
protein fractionation will make it possible to réathe limit of detection of lovabundance
proteins i.e. to reach the concentration level fOM. Further increase of sensitivity may be
based on apation of the method of irreversible protein fishing from biological material on the
surface of chemicallyctivated biochipRegistration of proteins fished on the surface will be
carried out with the aid of molecular detector, for example, atomic farc@scope and, at the
same timemassspectrometric identification of detected molecules will béqoared[64].

Irreversible fishing enables the concentrationavf/ultralow-copiedproteins on aiochip
with chemically activated grouptgrough which a covalent protein immobilization occurs.
Theoretical estimates show that the protein concentration on the surface of the chip using
irreversible fishing camcreaseo 8 orderg65]. This means that fished leaopiedproteins will
be urned iro the category omediuntcopiedand ultralow-copiedproteins- to the category of
low-copedproteins.

The wsageof atomic force microscope as a molecular detector allows counting the number of
protein molecules immobilized on the bioclafier fishing [66],[67]. As the AFM sensitivity is
at thelevel of single molecules, he process of mol ecul esd regi
in proteome analysis technolof§5]. Combining AFM with masspectrometry will allow not
only the visualiation and countg the protein molecules, but their identdtion as well

Despite the fact that fishing in combination with molecular detection is a prospecéva |
technological development of proteomics, there is a crucial limitatioh atomic force
microscopy(AFM) - low speed of surface scanningost rapid commerciainodelsoperate at
the 10 Hz scan rate, which takes approx. 3 hours to visualizentiad area of 400 umThe
progressn this direction is connected to the increase of the scanQ@ate of the achievements
indicates that the scan rate can be increased 1000 fold, up to 1 [@8% That reduces the
scanning time of a typicalrea of 400 ufmdown to 10 sec. In addition, the achieved scanning
rate enables to observe the motion of thr@etules in real time. It mearisat in addition to the
size and shape, AFM will possess an optioidentify the proteinspecificallyby the dynamic
changes of its conformatiom future, the reatime AFM will be able to capture the situational
changes of the proteome by monitoring the formation and decay of functional complexes

addressing the intctcome layer.
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11. Interactomics

Investigation of human interactome provides new level of understanding of molecular
mechanisms and machines in normal and pathological cases giving great impact for treatment ¢
diseases. Some vision of the @mosomecentered approach for untangling the interactome is
provided below.

On the pilot phase of roadmap implementation the database mining will be performed to
elucidate interactions of proteins from chromosome 18. The data on good&minteractions
will be fetched from APID2NET resourd®9], which unites information from DIP, MINT,
BioGRID, IntAct, HRPD and BIND. The information on metabolic protein interactions will be
accessethrough KEGG[70]. Theproteinnetworks will be ranked according to their relevance
to the disease focuses of the roadifape e Sect i on 0OThé gelecietbascoeme 1 8
interacting proteins will be examined through existing collections of 4sj@&stra to determine
the relialbe identifications. From such inventory we would expect a list of proteotypic peptides
for the proteins residing aside chromosome 18, but integaawithin the 18chr-related
pathways and complexes. Such proteotypic peptides will be included to the MRM procedure.

Genes of chromosome "I®ave variability of Interpro domains. Totally 2Bioteirs are
assigned to thinterpro domainsof which33 Zincfinger C2H2type domainsand51 Cadherin
and Cadheritike domains, 1lproteinshaving protease inhibitqrl4 serpin domains and 136
domain of other typesSuch data gives evidence thatiny of chromosome 18 proteins have
similar domain architecte. Thisinformation could be used for filtering of known and predicted
interactions, for example, proteins with the same GO annotation or/and with the same domains
expressed in the same tissues cahlgresimilar partners.

KEGG database&ontains 60 preins of 18 chromosome associated witlysaling and
metabolic pathwaydt was observed, thatot more than -3 proteins per pathway showing that
chromosome 18 proteins areandomly scattered ovemriouscellular processes. Figl shows
an example fothefragmentof TGF signaling pathway. There are four proteins coded by 18
chromosome genes involved to this pathway, namely Smad4, Smad2, Smad7 and ROCK. Smac
inhibits Smad2 and Smad4 and Smad2 assemble the transcription complex, which activate
pathways of cell growth, migration, apoptosis pathwg#/F],[72]. In medical applications this
pathway is mainly considered in relationth@ cancer of such origias lung, breasindprostate
[73].
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According to PRIDE the protein identifications exists for 82 proteins of the depicted
pathway. These proteins were identified5#i0 experiments with blood plasma, however, in
most of the experiments only a single proteotypic peptide is reported and nepaesa details
are available. In addition to the products ofctBomosome the TGF pathway indicates the
partners from othethromosome, of which, for example, SMUREQHAU4, chromosome#17)
and SMURF1 Q9HCE7, chromosome }#vere also found in PRIDE. Howevefpr some
proteins of TGF pathway(e.g. Q96S42 orQ6GTN3)there is no MS evidencéherefore such
proteins haveo be dentified in the course of interactomicdated roadmap activities.

The master stage of the roadmap comprises the experimental design to decipher the ne
interactions involving the proteins translated form-ti8chromosome. First thén silico
elucidation of putative proteirprotein interactions will be performedsing datamining and
predictive algorithms like sequence local similardaf known interacting partnerg’4] and

comparative genomics pfotein phylogenetic profildg5],[76].
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Fig. 7. Fragmentof TGFbeta signaling pathwawvolving proteinsof chromosome 1&rigin
(shownby red ovals).

Combination ofin silico and experimental methods gives opportunity for validation

known interaction in different experimental conditions and for validatiosilico predicted
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novel proteirprotein interactions for building reliabl@roteinprotein networks of 18
chromosome proteins.

Plasmon resonance biosensor method in combination with -spasgometry
identification of proteins provides high quality measurements, the protocol is divided into three
main stepg77],[78]: (1) extraction of target protein in complex with protein partners on chip of
optical biosensor after injection of cell lysate (or its chromatogrdpdmtion) i molecular
fishing, (2) elution of extracted proteins from optical chip; (3) nsectrometry analysis and
identification of proteins.Assembly of experimental facts about protein interactions and
identifications, their relation to the differeexperimental conditions and pathological proesss

will comprise the informatioto be shared through the knowledgebase interface.

12. Knowledgebase

Databases were used as a means of informational support of Human Genome Projec
[79]. Great complexity ofthe proteome compared toegome surprises one to provide the
software not only fothe data storage but for its analytical processiagvell

Within theroadmapt is offered o createhe genecentric knowledgebase aheproteins
of the 18" chromosomeln case the approach will be successful it couldyygied toother
chromosomes as well.

As shown in Fig8 the knowledgebaskinctions as mediatdretween roadmap activities
and public repositories, necessary for implementing the molecular biology work. Users of the
knowledgebasenterrogate public resourcegbrough the intdace, which accumulates the-so
called strategic knowledgé@0]. Accumulated knowledge is spread over the HPP consortia to
foster the intelligent solutions within a changing environnj@hl

At the top of generalizein the knowledgebase comges the indices, which enaltie
monitor the status of roadmap implementatibime first index estimatdte medicalrelevanceof
the implemented activitiesSuch index has been already discussed while selecting the
chromosomeUsing the knowledgebase, the informati@xtractedthroughdata/textmining is
matchedagainstthe newly identified proteinand peptidesThe index value alsdepend upon
theincrease obequence coveragé diseaseassociated proteins, upon the numidfgsroteotypic
SAP-containing peptidewith putative diagnostic utilityetc.

Second index indicates the overall progress roughly as a percentage of-q@udesin
genes assigned to the appropriate MS data. It depends on the accuracy of collectgrbatiass

and also on the abundance of protein identifications across differenembag experiments.
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Third block of theknowledgebaseéeals with the technology focus of the roadmap. The
relevant activities comprise the estimation of the proportion of the ultedpred proteins of
the targeted chromosome.

The implementation of kiwdledgebase will be performed on the basics of thertering
algorithms, many of which are actively utilized in biomedical research. Information management
technologies based on explicit analysis of MeSH te[8#%,[83] and protein bibliography
mapping[84] areexpected to comprise the core of the knowledgeh&'st a goako deliverthe
individualized content knowledgebase&ould createdemand forthe personal supercomputing

[85], as previously Human Genome Project promoted the cluster computing.
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Fig. 8. Knowledgebaseoncep for Human Proteome Project

13. Short-term Deliverables (5-year view)

The pilot stage if roadmap implementation, focused uponnentory of highimedium
copied proteins and peptides of thd tBromosomewill deliver in 3years

(i) at least ong@rotein product for each gene of-t8chromosome witlat least 1 protegpic
peptide;

(i) list of frequently observed modifications, splice variants and singlminoacid
polymorphisms

(iii) ranking of proteins assigned to-ft8chromosome according toeir medical relevance
(biomarkers and/or drug targets) and frequency of identification in plasma and liver cells
(HepG2 cells);

(iv) reference ranges of concentrations of high/medium abundant proteins in norm;
27



(v) standardization protocols for proteorpiocedures;
(vi) ranking of protein interactions according to their medical relevance and accessibility to
massspectrometry identifications;

(vii) experimental protocol for chromosoreentered interactomics.

14.Longterm Deliverables (15 year view)

Having resolvedhe problem of detection of lowltralow-copiedproteinsthere will be
created afundamentally new methodor registration of biomolecules with thesage of
nanotechnologies. Based on a hybrid technology, there will be produced industrial complexes
combining the capacities of mass spectrometry and atomic force microscopy. One may
objectively predict that the sensitivity will reach the leved™ in blood pasma and 3200
copies of protein molecule for 1 cell of the liver tissue. Application of hybrid complexes for the
scientific purposewill allow the revelton of the early biomarkersdirectly associated witthe
developmenbf pathological processes.

At the phase of practical application, there will emettye prototypes of moleular
sensors based on the nanowi{i&8]. These devices will cause sharp cheapening and large scale
distribution ofthe multiparametac medicaltests.In their reliability level thedevices will be
applicable for point-of-care diagnosticsTechnological ehievements of thenasterphase of the
roadmapwill make it possible to proceed to monitoring diagnosticthefchanges of molecular
systems of an organism which will provide the scientific basipdosonalized medicine

The schema in Fig9 provides the overview of major opportunities build into the
structure of the roadmap. A starting point is pointed by tweadly elaborated laboratory
prototypes: atomidorce microscope coupled with MS and nanowire sensor. The roadmap vector
evolves from the laboratory prototypes towards the clinical application through discovery of new
biomarkers. Further in this directiohe pointof-care devices are foreseen, which creates the

technological environment for the personalized and decentralized medicine.
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Fig. 9. Long-term expectations from the gene centric Human Proteome Project.

15. Concluding Remarks

The scope of thelPP requires the distribution of work betweparticipants. In the
same way that It has been done for the
distribute the work based on the geoentric approact7], i.e. to identify protein
products of genes according to their distributt@erchromosomes.

Genecentric approach, unlike the formerly used tigdiseasébasedapproaches,
enables the organization pifoteome study as a roadmap. Hminction of the roadmap
from research plan is that according to the roadtnascientific problems are resolved
taken in conjunction with the advances in analytical technologies that, ircteate
basicsor the development of translational medicine

Roadnap, elaborated by the Russian scientistsagsed on the assembling the
protein parts list coded by the geneshef 18" chromosome. This comparativelytiny
chromosome, which appx. 80% of coded proteins already identified.

The presentroadmapenvisages the pilot and theasterphasesDuring 3-year
pilot phase it is planned to identify the proteins of thE di&omosome in three types of
biological material: blood plasma, cell culture HepG2 and liver tissue. The goal of pilot

phase isd identify, at least, one protein for each gene, to determine the level of its
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