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Recent advances in the Human Genome project have, paradoxically, led to the
wide-spread recognition of the inadequacy of gene sequence information by itself.
Sequence information (i.e. structural genomics) is unlikely to generate insight into
disease or normal physiology without better information concerning the functional
consequence of genes. Higher levels of biological organization relative to gene
sequences include expressed mRNA levels, the expressed protein complement and
concentrations of organic molecules in metabolic pathways. These levels of cellular
organization have been called gene expression profiling (transcriptomics), proteomics
and organeomics, respectively. In aggregate, these can be seen as including the

structural biochemical phenotype (i.e. the complete complement of molecules present)
in a cell or organism.
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phenotype is recognized to be reducible to the flow of molecules through metabolic
pathways in complex catalytic networks, it is also widely recognized that most diseases
reduce to an altered rate of a normal process. For example, atherogenesis reflects
vascular wall proliferation and uptake of Iipids; carcinogenesis reflects cell proliferation;
infection can be characterized as microbial division, growth and death — this formulation
is more informative than describing these disorders as alterations of static measures

(e.g. concentrations of cholesterol, carcinogens, or bacteria). Yet rarely, if ever, are
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In order to meet these needs, the present invention is directed to a method of
determining the molecular flux rates (i.e., the rates of synthesis or breakdown of a

plurality of proteins in all or a portion of the proteome of a cell, tissue or organism).

One or more isotope-labeled protein precursors are administered to a cell, tissue or
organism for a period of time sufficient for one or more isotope labels to be
incorporated into a plurality of proteins in the proteome or portion thereof of the celi,

tissue or organism. The proteome or portion thereof are then obtained from the cell,
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calculated molecular flux rates of the proteins may be displayed after calculation.

The organism may be any organism in the art from cells in culture to living
animals. In one aspect, the organism is a human.

In another aspect, the methods may further include administering a diagnostic or
therapeutic agent to the cell, tissue, or organism prior to administering the isotope
labeled precursor. The invention is also directed to a method of determining the effect
of a diagnostic or therapeutic agent on a cell, tissue, or organism, by determining the
molecular flux rates of a plurality of proteins in the cell, tissue, or organisms,

administering the agent and again determining the molecular flux rates of the plurality
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In one aspect, one or more organic metabolites or organic metabolite precursors
include one or more of H,0, CO,, NHs, HCO3, amino acids, monosaccharides,
carbohydrates, lipids, fatty acids, nucleic acids, glycolytic intermediates, acetic acid, and
tricarboxylic acid cycle intermediates. In another aspect, the isotope label includes Y,

B¢, 1N, 180, s or **s.  The plurality of organic metabolite precursors may include the



carbohydrates, lipids, fatty acids, nucleic acids,
gl ycolytic internedi ates, acetic acid, and
wao pdogatexyl i c acid cycle internmedi ates. | n anp€T©82003/023340
aspect, the isotope |abel includes 2H,  13C, 15N, 180,
33S or 34S. The. plurality of organic netabolite
precursors may include the 5 WD 2004/011426
PCT/ US2003/ 023340 entire organeone. The organi sm may
be any known organi sm including a human. In  a
entire orgﬁmom| Ahesngdishaney bERAY Iivipergaiien, ws@ldmg a2human. In

a particu@R Ul ARAE the SGod BT VRN B ¢ o oblr <01 ey be
InaHOthesAsicrt Ak ddpgHisahtiBR T preéclirsdisahypibe-cohfifuogde
or nore organic netabolites or organic netabolite

Alternatiyaly cihegmesursay niay eladministerediat regﬂlalymeﬁswred @gntervdie The
include the additi on

one or mguFé B&fﬁqﬁﬁwq@mx B85 PHPaNG mgﬁalg)q |tg }péecﬁgggﬁéaay be administered
orally. FBAfRHBE melrbtlaf A a@seedlstb88r HREARhIRY
administratiohasfupiel labeled peedursorass spectrometer. The
nmodi fication may be any nethod known in the art, such
Inegn pridisioaa aspech; thegn iodgnavmmcaa@qulfwmatr@amceae@bohtes

S IOt e e e ——
known iPfHd 4@DsbdEaS Bfoc O;c*égz d‘eﬁ%ﬂnh@ 'tl‘ifé‘I opgzarﬂ@ﬁ'ﬁetabohtes or chemlcally

spectronetry, romat ogr aphy. The cal cul at ed
altering ’dwm@aalcsmetabohtemval rates of the pI urality of

or gani ¢ met abol @Sﬁ)ps malx be dis In anot her
Ingtiyjdeal orgRBiC me@kelites 1h $hgo %fﬁe nothereof may be
centned 1 st S4chan ARIELY EnRimABFATG LI, OEP st

or removdl Qatd@f(ﬁ‘%ésmurahgl‘omrgaﬁm&ab@ntes ina§ bendisplayed i s

drawn to a met ho etermning the effect of a
Inipngthes @spedy thehimvaption icdmyento methodseof administadng or

o R S D1 e AR v
precurscge Ty orfe éﬁ\%d ntofl%!ﬂvéﬂ’uoﬁ‘?{tlfﬁvﬁﬁ & b%et%d%ff’ﬂ&ernﬂﬂ%g the

termni rates synthesis or renova

effect ofpd ur@nlosac of thvérgpeuttc agdriton atceB tissueher oajdn,nsm ibysue
or organism_ By this neans, di scovery

determipiagdhe satas of FYPtHRSIS Qiciamevl @a aop bRy @b@manlmn@ﬁah%&s in the

c, ussHEPE oo, TR Slind S JBHp 1Bty e s g symtesis

or remoggll g&g&ﬁgélﬁg dfg?gagm@fnetﬂt?gd%lgggh% FWeO?%IL %Sg‘?ﬁ' bF organism. By this
means, det@discovery arvedevelaproerar may e foailitatedfor acpievedl i ty of

In another aspect, the invention is drawn to a method of determining the effects
of one or more genes on the molecular flux rates of a plurality of organic metabolites in
a cell, tissue, or organism by determining the molecular flux rates of a plurality of
organic metabolites in a first population of one or more cells, tissues, or organisms
having one or more genes; determining the molecular flux rates of the plurality of
organic metabolites in a second population of one or more celis, tissues, or organisms
that do not include the one or more genes, and comparing the molecular flux rates of
said plurality of organic metabolites in the first and second populations.
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DESCRI PTI I a schematic
di agram |%ﬁ%ﬁﬁ%ﬁﬁ@%l ex
FIGUFOE Q0dHos & ¥eRaRatic Eﬂa?dﬁg iRustFEiR ﬂh@‘tﬁﬁém@étlon of complex

functional genom cs. 3 shows techni ques for
biologlcahmtﬂmsng dynam c proteom cs. FlI GURE 4 depicts

i Rk ORIl o o =
A B R T i

FIGUREM dep»étsqrathwaw of Laalbxemmleyc&bgen exeisaitecfiomnlabelgdneater
4A. Leucine is presented in Figure 4B. Abbreviations:

into seleqtad freqaming acids; TPRAMG@ESSENES maﬁ@cmjﬁwam% glycine) and an

essential g Acd CRERDaY Brsnah Rl BBV Sialiple  aBhTag and Gk ine are
presente@%'l‘?@@re'ﬂgﬂ@.eut:ﬁ\'éﬂ%g?ébé?ﬁeé e %ﬁ"é g, aﬁ\bﬁl%vf aﬁfons TA,
proteln synthesis TAI LED DESCRI PTI ON

transam|ths<EI\HEIGNKTbh0$phomobpyﬂumteicardnoxyekmasea TrﬁAG;ctdcaxfooxyhc acid
determ ni ng nol eculaar fl x rates (i

oycle; ST Rariwh KRIVRENB Ak ettt cEaSgi FGHTELE Gepicts H;°0
avaing B P gy g sant ¢ sl o2

adm nistered to a cell, tissue, or organism The
nol ecul ar flux rates of a pI urality of rote| ns or a
pl ural i tQETAILEDJES PTION OF-FHE ¥ NAION er ni ned.
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I. General Techniques

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of molecular biology (including recombinant techniques),
microbiology, cell biology, biochemistry and immunology, which are within the skill of
the art. .Such techniques are explained fully in the literature, such as, Molecular
Cloning: A Laboratory Manual, second edition (Sambrook et al., 1989) Cold Spring
Harbor Press; Oligonucleotide Synthesis (M.]. Gait, ed., 1984 ); Methods in Molecular
Biology, Humana Press; Cell Biology: A Laboratory Notebook (3.E. Celiis, ed., 1998)

Academic Press; Animal Cell Culture (R.1. Freshney, ed., 1987); Introduction to Cell and
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J. Wiley a@ﬂOBo'i%nSMerEQ Frizpmioiggy (Plcagemicireds rine. \PIHB®Ibook of
c.); Handbook of " Experinental | mrunol ogy (D.M Weir
Exper/memm! Immundogy @M. \Weisand) C.CoBlackwellneds); Gere dransfenyectors

for Mamgl, ColBI Riilet 3H0as Cols, Bif-edap 2 G GRnig DR in
Mo/ecu/aé%@(ﬁ% ﬁ)d?lfbe?‘éﬁ al. h%@@i%%%g ?hggjo‘/ﬁﬁé/%%@ &z n

rrent

ReactionRiMillis et sl Ierdsl.,nmmt)t @:@yraﬁﬁ%to@obugﬂmnewno/@gy (J Ed@ollgan et
19913 Short Protocols in Ml ecul ar Biolo

. eds., $9A3 &/gg@frotaﬁ@/swaweag@t@g@wmneytandog@msa4999¥ SN Mass

ittty v e el

con5/der<§ﬁ*éﬁs‘bﬂ‘lé|§ér§’den?3ﬁd (Neede ‘(MWF‘.O V’h%/bﬁiji 6 @E/)docﬁ%ﬁﬁfeﬁbl @@)

Furt hernore, procedures” enpl oyl ng conmerci al
E1146- E.‘alﬁia |1@B9¢ Ess:hyzrmmet, spracreﬂureagmmlm/mg comnyarcially Byallﬁ)!e assay

d di def
its and {Faceats Gl uplapibe B SEEH acE b d P BUIGHGELed protocols

ef i ned, alI terms of art, notations and
unless O@t‘éﬂ&{swsn??ecgt ific termnology used herei n are intended

to have the nmeani ngs commonly understood by those of
II. Definitions the art to which this invention pertains. In

sonme cases, terns with comonly understood neani ngs
are deflned herein for clarity and/or faor

Unless ptheswisegriingde all keinis pharto NOELIORs @odi qtf\@w %ﬁ%ﬂtf ic

ermine{5, 2 RS 8BTS B eahiQBE o rcertoo o

those of @RMEhahe BrURARhRhAAR ihdehtith péfthins.ThA soatdhcagedeteraduith

procedures described or referenced herein are
commor@euedmstopdvmleanmga@ee siefived harkio cﬁfvmdalnlpy ang/poj@oready ng

referencgyhd Mie FRBiSIA AR, ST BsFymUIg FOE PeeaspON b6
construe?f@eﬁré?)‘rrr%nf\t Peﬁl’é%gga, @fg reﬁ&%&/{"ewlllﬁzgc'rlg 19%?\@@{ k Jﬁ'}@%{ood in the
art. The f@thmques and procedures described or referenced herein are generally well
understood and commonly employed using conventional methodology by those skilled
in the art, such ‘as, for example, Mass isotopomer distribution analysis at eight years:
theoretical, analytic and experimental considerations by Hellerstein and Neese (Am J
Physiol 276 (Endocrinol Metab. 39) E1146-E1162, 1999). As appropriate, procedures
involvinc_:j the use of commercially available kits and reagents are generally carried out in

accordance with manufacturer defined protocols and/or parameters unless otherwise
noted. '



Physi ol 276 (Endocrinol Metab. 39) El 146-E 162,

1999). As appropriate, procedures involving the use
w@boogomaes ci al |y avail abl e kits and reagents aP@r/Us2003/023340

generally carried out in accordance wth manufacturer

defined protocols and/or paraneters unless otherw se

noted. 8 WD 2004/011426 PCT/ US2003/ 023340 "Ml ecul ar

flux rates” refers to the rate of synthesis and/or

“Molggtariarates rerBis toatne pikof Brdhest oRa BR8Kkodn of 3,
protein an‘?f] g‘én&qﬁ@%dhgﬁ SMPI%EHFa 0k Pals” %\%m’é?érsftbﬁlb@t@ﬁ‘%ind/or

ere ore synonynous wt

organic rictablite’ Mpakdhtoldr refmaval froppalpoof ofmobeaulles; and is therefore
"1 sot opol ogues” refer to isotopic honDIogues or
synonymausl vith the fleydoteand st ofisaid pookiehmaiequles-erent al  and

chem cal conpositions but differ in isotopic content

Gy S oAbl P HIBL B v e

identical él@r‘ﬁ@ﬁ?dl taherthehn%ﬁfo%;ﬁ)s&ﬂ% UL&@WQOIhngl%pitaéorﬁeHm(é]y§

exact mass but may not have a uni que structure.

CH;NH, Vb G oy ke examiple abowe)u dsstopblogueasmaire gefined btslttb@lll‘ dsotopic
i somers_ (i sotoponers) which differ by the |ocation of
CompOSIcheth&EﬁﬁOO@@QCb isaterolpgue bas 8 ynique exactapsg-pitamgy not have a

i SRR\ 50T BERLEEAE o 8 e e
(lsotoponllé’r?ﬁ W:Il?vﬂgﬁﬁr BYeheodHRibA O?Rﬁé 'lsfdtépé‘ﬁéﬁ Yhe 'n@&é@ﬂé%e@f [,

roge or oxygen. Specific exanpl es of
CH;NHD aa@GblgBNl—gk&fé ¢he samer isotopologde Ri20e diff@ent iaotopdnas).
"Protein Precursor" refers to any organic or inorganic
nol ecul e or conmponent thereof, wherein one or nor
“Isntope labeladweteriRciuagsamBter dabaled Wth i Pp BITESRerTiE beavy

sotopes B 8 G BPOBH B i c S P R B4 e
include ZR%OH?-ECP%'n'd 'HJ!Bgsue, or organism Exanples of protein
ecursdrs include, but are not limted to, am no

“PachedsPrddﬂ&orCﬁ@‘erNdBanwnrgaﬁm lnormlo pwolecile Ioeaomponent
rotein precursor r ef i_\ teIH%L I‘eCUI‘SOI‘ t .
thereof, WHRKEN G9SAF MPELAHRS Bf WRIFNITe sBRRDIeHDEING INSOEqrptRs into
f
protein tiBfBE n B81ERE LRBHRRE o APLEIOEY v EF S8 e

blocheml&Vpﬂoﬁééééé%f&ﬂ@@eﬂ' ﬁssdée@V}br aiﬁérﬁpr?xa led efrprutein precursors
present in bionolecules, such as 2H 13 15N, 180,

include, b8isare3ad, limited h@,yammmtaﬂlds 06 CQ2s Di-bpand 6iCQ4. enent s
“f%‘%?)gq_abe[écp pr%rtrglnepcrgcursor rePers %o %Hpr%%é}h p?Fchursor that contains an

isotope of an element that differs from the most abundant isotope of the element
present in nature, cells, tissue, or organisms. The isotope label may include specific
heavy isotopes of elements present in biomolecules, such as 2H, 3C, N, %0, ¥s, %',
or may contain other isotopes of elements present in biomolecules such as *H, **C, *°S,
125y 1311 150tope labeled protein precursors include, but are not limited to H,0, *NHs,
3co,, Hi3C03, 2H-labeled amino acids, 1C labeled amino acids, *°N labeled amino acids,

180 Jabeled amino acids, 3*S or 335 labeled amino acids, *H;0 *H-labeled amino acids,
and ¥*C labeled amino acids.



1251, 1311. Isotope | abeled protein precursors

i nclude, but are not limted to 2H20, '5NH3, 13C02,
wWO1®@0BI42&2H- | abel ed am no aci ds, 13C | abel ed aPETUS2003/023340

aci ds, 15N | abel ed am no acids, 180 | abel ed an no

aci ds, 34S or 33S | abel ed am no acids, 3H2Q3H-| abel ed

am no acids, and 14C | abel ed am no acids. 9 WD

2004/ 011426 PCT/ US2003/ 023340 "I sot ope-| abel ed organic

“rsotope-FeEd oenIc MataRaUR araruseh'| Eleuaio b Gaie MEhaRRIte pagcursor
that contaﬂhg faﬁriﬁotfopg'aftz{h elgﬁﬁe bt BEtRSEs fr?ﬁtt‘l’i%%%t al?tﬂio%nt isotope of

esen ure or cel I SSue

said elem@hB PResei in héﬂ]r@mr(‘cellélttiﬁsﬁe:t g m@enlsﬁmeqsbtopn@e@w mclude
i sotopes of el enents, present i n bi onol ecul es 1glc ,8S o
specific heaw s®mpes0f elegents, w&el‘mdleIQmOIﬁgyleﬁ,oWC@l as N O,
i sot opes, Q

%55, %5, qray tactan e§§DBaope] of Siietts peeraiR if if fﬁS'&&H‘?& shas

€ L R B, R g
limited to@HzajqéFl’el%,alﬁt@Q, lECas, 2H-kbldhbeirsiacds,"3C-labeled ammo acids,

15 aci ds, 180 | aggel ed ami no_acids, ;33S Q¥ 34S-| abel e 3
N-labelegharina ecids, ~§-eheledamingraids *29ohd Stabeled amino aCIds H0,

N

P BOKF/IRY” Feferd totEhods o‘?trémbvﬁig%ﬂ\@br ﬁm@uﬁ@@nents of a
For exanple partially purif |ngaprote|n refers

mixture afcothenrewmllay conepaandsorfer exa &S partiatly purifgingraeproteinh eefers
nor e proten Lsol ati.n fers to seBratlng one
to remoViighBR% 96 PROTSS wﬂmaawﬂﬁﬁﬁmo
“Igélé@%@'f fé?@r eﬁ)taf Br‘ﬁ% @&ﬂﬁbena RN A l‘nﬁ@ur%n@f campounds. For

roterns 1n

example 0“ﬁsc§16’ﬂn@h m’@t@nb Feferd msepéramgibn@ spetifis pmitkafn from aII other
enconpasses any sanple obtained froma cell, tissue,

proteins iy a mv@a'm@‘rﬁnerﬁerrmpmtﬂr@n enconpasses bl ood and
other liquid sanples of biological origin, that are

ASPRIRI oSSR RorapaRRs ARy RS 5@@‘3?%@{5&%5% {ssue, or
organismif 'Tﬂ@ deFinitRs ERbmphdaes bﬂio@%ﬁtgotﬁé?qi@]hﬁi %ﬁﬁl’é@b‘f ®iblogical

and other procedures involving mninal ris
origin, thhtsarerdcoessmde fidrh @nt Qrgafibm dhebugh shmpling Ly minmblieyasive or

non-InvaR e FITPER L UTEGdR %beﬂib?qchgh%ﬁgy opsile Sspifdtion, and
other pr6€&ﬂﬁ5§ ﬁ'{vof\ﬁlll@l% hirﬁﬁtrﬁsﬂn isComPAHE lof MR, M Gﬁfrfllfi’(?ﬁ‘also

elns or organic ne

lncludes'Ebmﬁléﬁ matmm%mhaﬁ@ﬁmt@d w&bﬁ? wSefeihelqsroeurement, such
clinical sanple such as serum asma, ot her

as by tresitalesgivat reagents, selubilizetiom, or ennchment for certain components,

such as proteins or organic metabolites. The term “biological sample” also

encompasses a clinical sample such as serum, plasma, other biological fluid, or tissue

samples, and also includes cells in culture, cell supernatants and cell lysates.

“Biological fluid” refers, but is not limited to, urine, blood, interstitial fluid, edema
fluid, saliva, lacrimal fluid, inflammatory exudates, synovial fluid, abscess, empyema or
other infected fluid, cerebrospinal fluid, sweat, pulmonary secretions (sputum), seminal

fluid, feces, bile, intestinal secretions, or other biological fluid.
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sanpl es, and also includes cells in culture, cel
supernatants and cell |ysates. "Biological fluid"
WO edogiosi42dut is not limted to, urine, blood, PCT/US2003/023340
interstitial fluid, edema fluid, saliva, |acrim
fluid, inflammtory exudates, synovial fluid, abscess,
enpyema or other infected fluid, cerebrospinal fluid,
sweat, pul nonary secretions (sputun), semnal fluid,
wfeces, hile, intestinal secretions, or other
EXAGITOARS APTaE i dnassalieyabed by SLINBINGRDE Rish Fosseseliall the
: - . | umm ng the
sotopes i HBTorHEREer §Fidpruie fa 8732 AT Sor CFENHOE Tl 2%t s
“NBR{ii$9 th&ss " Sefers 38 tAd ftégdiOha ed b)ogi RS Bxact mass
N?EP@@S to the'Fnteger n%ss og%gPﬁﬁ%(%yp?odﬁ%hﬂg t he
of a moleeMiect nmass of a nolecule. "Mass isotoponer” refers to

Wfamly of isotopic isoners that is grouped on the
Mgas isotepomneim W&erSrﬁ@g‘gwlmpﬁéﬁot@mnsqrﬁ@ESdbab is grouped on the

basis of fREF g orec dBT 1ot CROEPPABRY. AR LREPBErHHas®
comprisel rhBleR ks AFRfféRr isot &8 bbipoditiehd NiiRlikeCiB kobdiblsdLR (e.g.

part of the same nass isotopomer but are different
CH3NHD, @yt o @ied PNH) rare partaifitbe shneemass isatoposer but are different

i sotoponer is a famly of isotopol ogues that are not
isotopologes). vEtopgrationakiergsea Massdseiopomsr isa damily of ésofepalogues

t t . Lhi i call t hat .

that are fGCRSHERENS & radeisheciBieldt. Aot BRETuRME I IR Shectgmeters, this
typicaly B Rl FRSs R ok or Ya RS T e CIgales i pre 2
nominal amasbeiTigisdtlid sotopolomes GH3NpamdrGH3ND diffier in nominal mass

isotop_ol ogues _CH3.NHD, CH2DI\_IH2, 13CH3NH2, an_d CH315NH2
and are disinguished as heingdiffenentimads isakpomirts, bethihe isotopologues

same ness i ot oponers. Eagg mass isotoponmer is '
CH3NHDy, RéadNi 2, Z}SGT'BI&leyand; chigb3NH2areraref thesaniheominal mass and

i sot opol ogue and has nore than one exact mass. The |
hence arg thei 3616 H1asedsAteRPMEELt Ash 1Hgae SoieRPMesS thewfesdpically

composcgt R aPE A5 OB A B hine ARt s, he

distincticiPB&tweRTEStcpofdtiliesEhd Mads BEtdpoRRirs 8l usaraninslaticéTBéGuse
spectroneters that produce higher nmass resolution, so

all individuaitisatepolagues ane nbt cesohvesisusing quadimpolé madaspedttarnetess and
erfor on the abundances o S, i soto rs
may notha 18P VeV oG BTG dBec e Lsrad8t ROtUER FheT asst

resolutid£ |5§2‘ﬁ?% g&{nﬁﬁgﬁ? g%i‘rﬁ thads s%gérﬂétrlpééta%gﬁa%fp%%med on the

. e spe cont al ni ng
~abundaridds of GRlassliddtopeitars Fhther tHarsisotopola@se  Thedmass isotopomer

_di stinguished by their i o i
lowest in mass IS represented as Mg; for most organic molecules, this is the species
containing all 12C, 1H, 160, 14N, etc. Other mass isotopomers are distinguished by their
mass differences from Mg (M1, M2, etc.). For a given mass isotopomer, the location or

position of isotopes within the molecule is not specified and may vary (i.e. "positional
isotopomers" are not distinguished).

"Mass isotopomer envelope" refers to the set of mass isotopomers associated
with a molecule or ion fragment.
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mass differences fromMO (M, M, etc.). For a given

mass i sotoponer, the location or position of isotopes
waowdohion4edhe nol ecul e is not specified and nay REF/YS2003/023340

(i.e. "positional isotoponers” are not

di stingui shed). "Mass isotoponer envel ope" refers to

the set of nmss isotoponers associated wth a

nol ecul e or ion fragrrent 11 WO 2004/ 011426
PCT/ US2003/ 023340,

"MaSHSSRHaRh LS HarolB -9 BECOUPT AE 1SRN deDEeE pE s mass
'lsotopom&% cf”fear”fgien 1€ THE ms’dﬁau ga%%t(teésﬁq e egftgd gg pte@q%%ueﬂve

abundanc@b Nm@recaﬂlsofahh@ arbmndahctesea*etrmm’rmze@to et ofabé rﬂdﬁ&traﬂmlnﬂant
mass i sotoponer; the nost abundant isotopomer _is

mass isotopomer;1ievmoshabyndant isosepomes: i Said tapeIL08%e. Erhe preferred

I T e A ——
analysis ([F‘LI%WY hb\RBver é&f: Pg)?blrtﬂii%r ﬁﬁéﬁtﬂﬁﬁ %%URH&%@ wHPe th&$tdc8Hn that

each sp contributes to the total abundance
each specias gorlttibutésetd thmhotalabﬂndancrmistmeqr Thaterbe"isctoge pattern”

synononously with the term"nass isotoponer pattern.”

may be use@ ﬁwnemmgusyws’stherr@f@r éne%% IBROPORIEE PAREER: of t he
!
"MERROLAE nifie® vt ifthe g LRSS & the Jiblecdier spétits that
contains QQ 1&(312% gﬁ%%gg Ees %r |§c§tﬁag%@h8§'sc§ml‘bgg@daéf £l Pl”N o, P,

S, F, Cl, B éndmathe Mcmm@ug@obhﬁ th@%ot@b@loga@wml'snbkdpwewmass is
these el enents are also the |owest in nmss.

unique an@m@amhr@mus hecaise &emsbabun@wagonwea@étneee eie@eage are
also the.@qut?rghlaggs ' Soh{}gﬁﬁh‘c’%@égs rf;r'e{n'a e&%’% ! haS[H Ep'éar%gsses
o ther EEL ERBFOER! SEagbuteienE RSP iss SrE AR ol o e

etc.). Of an element or nolecule with a d| strl but| on of
isotopes that differs fromthe distribution found in
“Isatopically peeiunieed arefeas to dhé gtate ©f aakelanient or modeauiethat results

from the i CRACoTPaREg af SnbIemen De oS i » S of tsotopes
that dlff%g gdgﬁ ttﬁ?%&&ﬁﬁuﬂ@ffoipﬂf }at@%l, ﬂfﬁ%g 9 n\é!tUr‘é‘B' |e§s abundant

isotope léﬁtfr@feﬁwttlﬁ ekcsy @%Htl@e@%ﬁnh%@ﬁéﬁ%&pl@ﬁ@@nd cont ai ni ng
two or nore repeats of a nononer.
“Monomer” refers to a chemical unit that combines during the synthesis of a

polymer and which is'present two or more times in the polymer.

“Polymer” refers to a molecule synthesized from and containing two or more
repeats of a monomer.

“Protein” refers to a polymer of amino acids. As used hereln a “protein” may be
to a long amino acid polymers as well as short polymers such as peptides.

“Eroteome” refers to the complement of proteins expressed by a cell, tissue or
organism under a specific set of conditions.

“Static proteomics” refers to current mass spectrometric technigues well-known

in the art for characterizing the protein complement expressed in a cell, tissue or
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"Protein" refers to a polyner of am no acids. As used

herein, a "protein" may be to a |ong amno acid
w@odogiergs as wel | as short polymers such as pepeT/Uiszm03/023340

"Proteone"” refers to the conplenent of proteins

expressed by a cell, tissue or organi smunder a

specific set of conditions. "Static proteom cs" refers

to current mass spectronetric techniques vvel | - known

he art for characteri zing th r ot ei Iemant
Organ'smé%' SEcentratiens or | eb’?%sl?}ét 3153 /Sdi‘i

preakdorPEHERIRP LRI B R ETB 4@&5 GO RIRRE).

“Dyhbikepotedmidse sereps &) ﬁia@§ sbé@:rdlﬁe’éﬂtﬂ’etﬁmt]aés Yort dharacterizing
nani ¢ Prot eoni cs) Qnam c rot eom cs” refers to
the ratesed synthesia andyer breal«jewlm flyixes) olothedprateins bt a prokponss

O merabhite” FetsTe fvany oriria RIcEos inygieRn ThefadPism in o
cell, tlSSJeOOF%Y?éﬁl%mG |cer?|léfa%o'hféé‘8¢1¥12%dlu aLE(%‘Pé'n%‘F‘hhﬂte@ to,

I SSsue or gani sm tes ma

amino adids; Isuders, Bugamleorrms drgamtezatndspsteram and mckd:stldatbgiaes\,
Wsugar al cohols, organic acids, sterols, and nucleotide
Qsaaa@omebr@fsfﬁewe pauiation of @n@@nwgle&ﬂleérprsﬁer&lga}w ,

tissue or%gﬁg es“(ﬂgﬁﬁ%&&up gna%e@% Ir§fgr %ﬁgﬁ%ggﬁylg%@@? gfﬂénlc molecules

present iArJedl, 4ishé eF BrEishnaRiRRa dpecificart lof cbhditioRs.or
organi sm under a specific set of conditions. "Static

“Sdra@anaganeomws”eremfs to cuent Brass maestr@pemmmbmques well known
known t art. for, character.

. |
i the arf Fi GgRERERD the COMBlRMEnt B QBanicaMolecHER ap i ebaftes
present Wfé@ﬁ‘tués %r%?%énlf byﬂ'%l orﬁéﬂ?ﬂgéﬁé Ely IetvE but npt by the

cerftra Ions

rates of swthbgismﬁs realdiopakobtieseforginie en@legﬂes or rmitab@lites or
netabolites. "Dynam c organeom cs" refers mass

@mmcmane@mc rﬁfe@u@ass‘r specrpelsicdechniages farchamderizing

e rotegpr RYRER P S M ol O S 5 FRAARHSP i on

organeoﬁfeecursor refers to an organic or inorganic nolecule
pable of entering into cellular pools of organic
@Egmmetabolme ptmlursbrf’ eefiery toan loygamic or inorganic molecule capable

ransforrratlon Met hods of the | nyention The
of enter\@eéatcht:e [lerepcisff pigaii Betahsiies WEherEECty Of by brior

transforﬁ%tuSF)m ning the nol ecul ar fl ux

II1I. Methods of the Invention

The present invention is directed to methods of determining the molecular flux
rates of a plurality of proteins in all or a portion of the proteome of a cell, tissue or
organism. First, one or more isotope-labeled protein precursors are administered to a
cell, tissue or organism for a period of time sufficient to be incorporated into a plurality
of proteins in the proteome or portion thereof. The proteome or portion thereof is
obtained from the cell, tissue, or organism, and a plurality of individual proteins are
identified by mass spectrometry. The relative and absolute mass isotopomer

abundances of the ions within the isotopomeric envelope corresponding to each

13



rates of a plurality of proteins in all or a portion

of the proteone of a cell, tissue or organism First,
Wor@401140®r € | sot ope-| abel ed protein precur sor BCHUS2003/023340
adm nistered to a cell, tissue or organismfor a

period of time sufficient to be incorporated into a
plurality of proteins in the proteone or portion
thereof. The proteone or portion thereof is obtained

identiﬁed}c é{@f@h%g‘éﬁbbg@t@é ﬁ;@%ﬁﬁ@&ﬁ pgr aq@sfp?&tr@&deﬁgls %lnﬁrt?llei ntwgle&fjlar
flux rate§@ﬁ§édfﬂﬂ€hﬂﬁe%E%gﬁﬁ%@ﬁ%?tﬁjteﬁg)ddé@ﬁﬁfn‘éttﬁ?ﬁﬁ?%guIar flux rates of

I Sotoponer a Ions wt

said pluraliptofpooteirisc envel ope corresponding to each 13 WO
2004/ 011426 PCT/ US2003/ 023340 identified protein or
Theesamaanethedejogyiimay be appliehte deissminetha mplecytar fluxgrates of

a ploraitfBFdt megabihe hES) BE aFBFIehSEMG e “of' S o

TH &FqaniZaYioR fof RbAIpR:DBiolobical S nEs ﬁlﬁﬁ@ﬂa@@didﬁ%qm%al. The

applled to determ ne the nol ecular flux rates
levels of flinctminat gerdmios gaaiilbistratebivi Figterei s dhe pesentgovernition is

) f the organeone, The organi zaton, of coppl.ex . .
directed £ Blelfipqdst Dparwing, anayzids cuanbtpting, AVgiieEing angaterpreting

<

| _ . I C o .
cymamic GRYELEIeELIRE NS cré A emddShedhfehichs. (e
Figure 3t hods of measuring, analyzing, quantitating,
qualitating and interpreting dynam c proteomc
. _measurenents and dynam c organeom c neasurenents. (See
Administeging Isgtoperkaheled Pragurs@i{8he- Label ed Precursor (s)
As a first step in the nmethods of the invention,

i sot dpa-firstbterdn phe MmAtheds of Hieinyenkion,dsetopa-lakeled precursors

are admi@%l%:‘é'oo‘?'t ering an |sotope-Label ed Precursor Ml ecul e
. Labeél ed precursor nol ecules a. Isotope |abels The

Af | T SUdRLiSBLrMg B REOtHS L ABI8F Prédur§driMoledlfs 1 nvol ves
adm ni stering an isotope-I|abeled precursor nolecule

1t d.abeled precurses mlear/esr gani sm  The i sot ope | abel ed

precuyr sor | ecul e may be a stable isotope or
r i C@G‘i’%@e‘iﬁ sotope | abel s that can be used include,

T S8eF W L ot 36 il ApridErio
isotope-labeledgsreturssy aigiaule to a cell, tissue, or organism. The isotope labeled
precursor molecule may be a stable isotope or radioisotope. Isotope labels that can be
used include, but are not limited to, H, 13C, *N, 80, 3H, **C, %S, 3%p, %1, 3! or other
isotopes of elements present in organic systems.

In one embodiment, the isotope label is 2H.

b. Precursor Molecules

The precursor molecule may be any molecule having an isotope label that is
incorporated into a protein or organic metabolite. Isotope labels may be used to modify
all precursor molecules disclosed herein to form isotope-labeled precursor molecules.

The entire precursor molecule may be incorporated into one or more proteins and/or
organic metabolites. Alternatively, a portion of the precursor molecule may be

incorporated into one or more proteins and/or organic metabolite.
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In one enbodi nent, the isotope |abel is 2H b.

Precursor Ml ecul es The precursor nol ecul e may be any
wordoeoul4e6 havi ng an i sotope |abel that is | ncPCPUSADER3I340

into a protein or organic netabolite. |Isotope |abels

may be used to nodify all precursor nol ecul es

di scl osed herein to formi sot ope-| abel ed precursor

nol ecul es. The entire precursor nol ecul e may be

i ncorporated into qQne, or nore, ot ei.ns d/or organic
Precurgr gidiequies max Tngge bUingE Iraitemh i, ees & icosRBRgts, H20,

.k@y be incorporated into one or nore
acetate, épﬁaoﬁgwnésacldz;\%d/ or organic netabolite. 14 WO 2004/011426

PCT. US2088/8d#40rr ecur sor nol ecul es may i ncl ude, but
not limted to, CO2, NH3, glucose, lactate, H20, .
A proteire peacarsaaioleatleymay besanyi profein peecurseremelessies known in the

rotein precursor nolecule e_an [ Ot ei
art. Theds BieEpBof mPGISE oWibin 0o NPihedliodie, IRELES Hipe acetats, and
fatty acidep! ecul es may be C02, NH3, glucose, |actate, H20,
acetate, and fatty acids. Precursor nol ecul es of

Precupsoptmolasulespf pleteirsnpby disodnelude omerar morenamio daids.Thbe
precursor may be any _am no acid. The precursor

precursofglaydig anhaineagidsi Tha presersenmolecyle rary; be Rasiegly Hrimgtiply

ceutererd Sl an= I Bl IR L AR L B o o v of
BC-lysiné, 3SNGHistidine, Eldekinac 13@9I§!§H€9¢H—¢éd@ﬁ1e1,3_§1sllg¢{’éihé}e‘,3c-2é&ine, *Hs-

hi sti di ne, 'and any deuterated am no aci d.” Label ed
histidine aandhanydedteratey areinadadichi Sakeled amihoacissampy @,e.administered,
for examplgusalchesten Glte il hagi g B0 ar BhadSotops abeled

i 2l .

procurssf BRI BrkfosdtotRBLfy, ff BRI HIAT CalRiARASLRRS Labs
(Andover,dA}de any precursor for post-translational or

pre-translationally nodified am no acids. These .
Protejit peacueser snolaculga aayudlsadrcludg any precausor for pestirpagational or

pre-tran%%@@nfﬁ]l%ﬁ@éihga %ﬁgﬁf’d&?:ﬁ%s@e%rgﬁﬁrsé%eiﬁg@dgfb%fre not limited
o precuPERGY! ety RSO ER N, 28ne By 0F (ASSPISIE nHStaion,
such as HgDas ,0apetealtrsorskfhhospharytdtionik sticnas iphdspisate, HLO 0o,
precursags of pEnYy 0N, RUES 96 Fatty adids, atemte, a0, Sthanol, Ketone bodles,
glucose, or fructose; precursors of carboxylation, such as CO,, O,, H;0, or glucose;
precursors of acetylation, such as acetate, ethanol, glucose, fructose, lactate, alanine,
H,0, CO,, or O,; and other post-translational modifications known in the art.

The degree of labeling present in free amino acids may be determined
experimentally, or may be assumed based on the number of labeling sites in an amino
acid. For example, when using hydrogen isotopes as a label, the labeling present in C-
H bonds of free amino acid or, more specifically, in tRNA-amino acids, during exposure
to 2H,0 in body water may be identified. The total number of C-H bonds in each non
essential amino acid is known - e.g. 4 in alanine, 2 in glycine, etc.

The precursor molecule for proteins may be water. The hydrogen atoms on C-H

bonds are the hydrogen atoms on amino acids that are useful for measuring protein
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precursors of acetylation, such as acetate, ethanol,

gl ucose, fructose, |actate, alanine, H20, C02, or 02;
wa@pa4oiaeé post-translational nodifications knPeWrus2003/023340

the art. The degree of | abeling present in free am no

acids may be determ ned experinentally, or may be

assuned based on the nunber of |abeling sites in an

am no acid. For exanple, when using hydrogen isotopes

.as a)abel, the |abelin resent_ in G HDb no‘s,of free
sythesifod o6 ies thegrid a0 dVH bends 9f PIotERRES TRIAGH Acieals
solution. 4% iy T8 Edinge, B 1 hed BoRE MO TG O:AE: N bonds greurs

without theS9ftHeals Iprateins idn frekPMiRoackisths dedcfibat above, (2H bonds
In glycine, etc. The precursor nolecule for proteins

undergo inprieratian érom The inyaifreg@miao @cklsauribg-spasificienzyime-catalyzed

mermeiy soe gD (Heliu e ot R FoRB s o

protein-b%ﬁ'ﬁptb‘?ﬁihﬁ Jc‘i&%"’ai%@mlzﬁ %in‘iﬂ?at%h"ih@l:lﬂ’ol‘\é H}éﬁ‘g@‘i{ﬁaﬁfhe protein
protelns are |abrl e“ n aqueous solution. such, the

was asseawisiba figen ahiRbtacrisehaf were #HPR fred fordh Hudng el peaod of *H,0
occurs Wwthout the synthesis of proteins fromfree
exposureami.Aothak e paeteineisaravidy syaibesised CAnahdically, isdsmige acid

cenvarg SRR RO s B3 Ry L OE o
Contamiﬁ&ﬁfgth_qun&@_gpb&“fs)_. The presence of 2Hlabel in GH
bonds o prot el n-bound am no acids after 2H20

Hydragen sttomisi foomthoelyefatee neyeles indogporated into freeraminasacids. H
o R S oA DS "
ecton 7 R oA S5 A L B BT o

are preseHt inpigitidecdmyds & thabakebbursd to transier RNAaFidegeddehtiargmino
O H bonds. Hydrogen atons from body water nm

b
acids mayincoporatiesal singleohydregea @itoro fmdmdy_zmate@rir_ﬂ:e{hhﬁ?ooﬁarbon C-H
bond, tr{g&?ﬁ% {eqdﬂi@f%%{/@r,%@)e %bg%rinl k i%g?rggﬁg'm%% S Frie'f-essential
amino a k%BHHiﬁ%‘Ia@té‘r fthiSEr cﬁ"i‘né%%@éallﬁ%&hah Shi&ELA boras At
that™ are present in peptide bonds or that are bound

course, bind ar@ tisdreforBNApetliedeoasdibit highenisobopic @pridsmeny values per

[ ncor?orat_e a single hydrogen atom from body wat er
moleculg drasn {HO &1 damboayrthesized pipteing (biayres 4p1BMk v

G SR El e SRS B3 B R B e g By

water n’gﬂyé EDRIcbfrhtedeined afEp abhiBo GoidsRed Bthertioctmitslepathngys. For

therefore expected to exhibit higher isotopic
examplerit isdinoevrt invtheuart thalr hydrogen atoms from water may be incorporated

into glutamate via synthesis of the precursor a-ketoglutrate in the citric acid cycle.

Glutamate, in turn, is known to be the biochemical precursor for glutamine, proline, and
arginine. By way of another example, hydrogen atoms from body water may be
incorporated into post-translationally modified amino acids, such as the methyl group in
3-methyl-histine, the hydroxyl group in hydroxyproline or hydroxylysine, and others.
Other amino acids synthesis pathways are known to those of skill in the art.

Oxygen atoms (H>*®0) may also be incorporated into amino acids through enzyme-

catalyzed reactions. For example, oxygen exchange into the carboxylic acid moiety of
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nmol ecul e from 2H20 in newy synthesized proteins

(Figures 4A-B). One of skill in the art will recognize
wao bat/olabel ed hydrogen atons from body water PEHUR®03/023340

i ncorporated into other am no acids via other

bi ochem cal pathways. For exanple, it is known in the

art that hydrogen atoms fromwater may be incorporated

into glutamate via synthesis of the precursor

a-ketoglutrate in the citric acid cycle. dutamate
amino acidl Neal ACCUr<Uring AnaYe® Exte acs Fermiansc AnComdkRliaTp lnbeled

o R TR o) L o A i o

Oxygen dtdi‘rﬁ@ rrﬁév éFs@Cbé ihk@rw?&ﬂedtlﬁ@“&hﬁd anas hﬂbrﬁﬁ’@ it h| g?'ﬂérﬁ%yme

s, such as the nethyl group in 3-neth
catalyzedt neecthmﬂ OrglLdipgauyaroxy prglitrey hydrastylysine or bthﬁrq:qst—jmnaletlonally

and ot he O her am no aci ds synthesis pat hways are
mOd'redI@HB%aF@rsfhose of skill in the art. Oxygen atons

HYdrO&E%éaﬁ'lg O )I/’ﬁé-ﬁglggﬁ)*%ﬁeaC%bgt or exa?nlg?'%&d into

amino actiSBesudhx pbstrigansiationdl hsodificdbiony! 116 g émbodietentpthe gést-
WO 2004/ 011426 PCT/ US2003/ 023340 am no aci ds may occur

translatmmal m@urmaz@ngnamakemmch@@dab@ﬁd hydre@rmper exyash drough

en |nt am,n

biosynthelf athiveyE L e PRst PNt te i daSaifEegay I acoihefihagiment,
the post-?t‘ggng%tlﬁﬁﬁl RodficABoh M8/ lﬁ@ﬁ'&@o?é&e' IBEéﬂeBrﬁﬂ?ogf’éH Qﬁ(g{;éﬁ’ Néarbon,

hrough enzyne catalyzed reactio i ncl

or nitrogey cﬂromymtabohtedemnxatwesmvmenbmmhed’rm exchange labeled hydrogens
ost-translationally nodified am

i.ds). d
from bodyesky GERen BRTBT OF HBR Pesserabi iy nrification Seb (6.6

methyiatch S ERSRIHGrl dhisp AT RROR: MR Sratinnsambnaiation
acetylanrﬁ‘@r @tﬁérkﬁdvmgbétttr@ngbtnm 'nidcﬁﬁéeit@hsymy al r eady

i ncl ude | abel ed hydrogen or ox% hr ough
bi oskoteist precyrsorsiidy $halr arersuita maﬁxradrmmﬁratnon Ao a subject

e, BEb04 85650 PEEREr ERSRETERL 1 iyt e s
ammoab@fﬁ%ﬁﬁc @g P8RS, oxygen, carbon, or nitrogen from

rirvatives involved in the free exchange

Iabe}/eoprb&wrsogemofgfarmw@m//m er, either before or
after post-translational nodifi cation st ep

(e
met hquursms of paganiy matakelitep MayphR ARY @re@ﬁsor molecule capable

of enterfipif i Auepbeefitialls arPLR ORR merifitss 84 Bl

metabolﬁé ??éﬁlﬁr%l% ihaLde M, T%, Rk{ ABDS, &R n@géﬂ:lé” ﬁﬁbhé&dc@ﬁandes

a subject includé, but aré not limted
carbohymﬁes Niged sz fiattyaciels, nuclaxdahctdsoglyk:olylhhenmrmedmtels acetlc acid, and

tricarboxylic acid cycle intermediates.

Organic metabolite precursors may also be administered directly. Mass
isotopes may be useful in mass isotope labeling of protein or organic metabolite
precufsors include, but are not limited to ?H, °C, N, 80, *s and *'S. Itis often
desirable, in order to avoid metabolic loss of isotope labels, that the isotope-labeled
atom(s) be relatively non-labile or at least behave in a predictable manner within the

subject. By administering the isotope-labeled precursors to the biosynthetic pool, the
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amno acids found in proteins. ii. Precursors of

Organic Metabolites Precursors of organic netabolites
waoreap4loer42y precursor nol ecul e capabl e of entRPCT/H§R003/023340

into the organic netabolite pathway. O ganic

net abolites and organic netabolite precursors include

H20, CO2, NH3, HCO3, am no acids, nonosacchari des,

carbohydrates, lipids, fatty acids, nucleic acids,

i gqq)icol ytic intermedi ates, acetic acid, and
isotope-lahgled PRREUSOIS Cani kecoma diregilydnei@ormted intorggANis metabolites

ite precursors nmay al so be adm ni stered
formed '%ﬁﬁ%@&) Mass isotopes nay be useful in mass isotope

| abegji %t@,ﬁaggqi,@wys@,rmyéwyg c netabolite precursors
include, but are not limted to 2H, 13C, 15N, 180,33 S

Watet i8aJretursos obpraninsdwsi maby @rgamic onetabolites a\AGISdICh labeled
net abolic | oss of .isoto bels &@rt t he
water maysRIVBaS %Bé@%soraﬂémgf $ BUghtWerginnon- | abi I e or
e
Lffeid Efpterdiag (e “ﬁ?%ﬁ%&*ﬁé&@g{?@%@ﬂ T gAiE 2 H,0 may

be purchBE€E Bop® CantisH sbtdg@)d.@bb%t‘\h@o@@@ IMAY, aed 3H=IZO\Mhy be
2004/ 011426 PCT/ US2003/ 023340 i sot ope- Izab

purchasqﬁ, &gy, $oms Neam Epglepddlugieascing Imgenge ,aHe@ i$ noa-radloactlve

and thusppleirEs FEwer By caReaie, an Pt ReeRee, gt v by

admlnlst@FéH %Péx%g@'ag dHeRa% d)ift‘;‘t]ﬁ?lhb??i%é}dﬁﬂé d’sé ?bei%dof tb?él ody

'serve a precur sor aught herein.
water cohabmee!c(ev@.t, €or 3nh§reb wat@acbrisgarrcetoi pemeaty, caﬁmmmrollterst H,0 is

For b hased f Canbr
consumqq?)otl(ﬁpblnﬁawtlbm 6'0@? a m%;t%%@%gﬁnbdhﬁ% Ieo'@adlly %etermmed by

w Engl and Nuclear, Inc. In
those of%g{‘ﬁﬁqﬁ%daﬁéa%idgmﬁlsﬁé% ([di oactive and thus presents
RE%‘N%M M§h(bdcb{/ WateE ehAchrhBAr ¢fEH, 08 . by 2-RId0f the |‘t8ﬂal body
adm ni'stered, for exanple, as a percent of
water lsﬂabeied)anmy heaachievas I@Jatlv!a% imexpensivelp aiging thettechniques of the
I t d
mventlogo nlfhl% yvatért @?@cl‘@p‘g{j is geléﬁyﬁig lg\ﬁﬁg)ea{wt gg %Eﬁe g%heseal%Vels are
maintair?ec{ @rr%?%ee (g'erﬂof}%%gg‘rﬁj?ﬁ%rﬁs zﬁ’rﬁﬁ) >t< éﬁ?fgﬁlal SnifAhvithout any
ewdenc@@fﬂt@tl@ltﬁr Eﬁils fieling invellarg élrﬂlmibmﬂw narhean sabjrettﬂ(rﬁemoe people)
of 2H20 (e.g., 1-10% of thetotal body water is ,
is contrary el m@ylouﬁ;con@eraé rabevevestiiudar t@&cgtlas@%p@lmglpwa §f ‘H20. The
Appllcanlfsha lgaaevetreg lfh gnc_? fastrag d changes in body water enrichment are
prevented (e.g., by initial administration in small, divided doses), high body water
enrichments of “H,0 can be maintained with no toxicities. For example, the low
expense of commercially available 2H,0 allows long-term maintenance of enrichments in
the 1-5% range at relatively low expense (e.g., calculations reveal a lower cost for 2
months labeling at 2% 2H,0 enrichment, and thus 7-8% enrichment in the alanine
precursor pool (Figure 4A-B), than for 12 hours labeling of H-leucine at 10% free

leucine enrichment, and thus 7-8% enrichment in leucine precursor pool for that
period).
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invention. This water enrichnment is relatively
constant and stable as these |evels are nmaintained
w0 o004eke or nonths in humans and in experi neEPCEIUS2003/023340

animal s wi thout any evidence of toxicity. This

finding in a |l arge nunber of human subjects (> 100
people) is contrary to previous concerns about

vestlbular toxicities at high doses of 2 H20. The

i cant has di scovered that as |ong as rapid changes

Reﬁaﬁnvglydgylgnear& raﬁan\qemqeﬁnﬁtargrl@odypwatfeémn@ghmn for@dmlglstratlon

of H0 {21 bR R Bt A Bne TR dsandie o OhaDRE P oGP e

present a’SighifiEhift It\éaﬁﬁh rnﬁ@?s g’? 2I.' ﬁ;zi%&M(I:PW expense of

commerci al l'y aval alows | ong-term
jv.nModes 0AAdBIRsteEiNgi RI‘IBCEWB'DBS omProtéies sn8Brganigedelabolites

I I | cul I
Modeach! acalstenG o At mc%sé$$t358§a Bced Drasrsors may vary,

dependm@'ﬁg% i Soré%sogﬁf&%pgﬁezu 1%9%@!%{#&?@ Bﬁ%CSI(g&J A the

specific bicsyathetit Pdoldntd whieh @Gcﬁtoﬂrﬁ%\fnﬂqg taﬂgété‘d NBrecursors may be
enri chnent, and thus 7-8% enrichnent i n | euci ne

administereddorargenisms), planks am@anlm@s |lmll)|d|ng$1umrmﬂ)mablmzm vivo
 PCT/ US2003/ 023340 RI gh, and L4

analysis. a0l fpN o BiRF TS P s SATIRETeh i Wi otk Smeeific

types of i I@ﬁﬁ%eﬂ@h@&é’h%t@éé&@%dlﬁ s, Sh é??bﬁ&aé@oﬁé’tﬂ%ns

t oxi c es 'not eéen Si'gni T1 cant

pancreatiteprcelts, rintdstinal epithetiall dellé Hegkoeytds) lymphochsl,e@ryd‘ﬁrocytes
Adm ni stering Precursors of Proteins and Og

microbiahgglisrnd amys othes ¢eli-tyire thaticaneemainiaingd abive aBﬂ fﬁﬁﬁ@naI in
Vitro. i sot ope-1 abel ed precursors may vary, dependi ng upon
t he absorptive properties of the isotope-| abel ed

GGy s apprbprage m%_@éfdffadfr‘mhlsﬁ%rehh@bhé tI%t%roUUEé’s a steady
whi ch” 'each conpound is targeted. Precursors may be

state levabofi piestiesos avithin diney bmssmtﬂ:xetlplpmi andfod imai reseryoir supplylng such
i ncl udi ng hunmans djrec r in vivo si s.
a pool foj glledss @ transient Rl se%asrﬁ]Vﬁn%qseore@raIHI Fesie 1o
sl vl f e
ocmiis 08 PRl RS b Sl bofel it
includind'Buirains, Otheresigas bf atkmpsibtration, Mﬁtaswbc@wnbbab oftintra-

cells, |eukocytes, |ynphocytes, erythrocytes,
musculapRgdinsaatier drticanlly whenaisesrincenjundips w1t'raslowrelease

precursaf Folislfinsc ol fsR apororkiaen ot eP BtARare denerally
prepare%frpgﬂé?ﬁégﬁaﬁﬁmcm d %ﬁergtgvel of precursor within the

I osynthetic pool an I'n a reservoir supplying such
B. Obtaining a plurality of proteins or organic metabolites

In practicing the method of the invention, in one aspect, proteins and organic
metabolites are obtained from a cell, tissue, or organism according to the methods
known in the art. The methods may be specific to the proteins or organic metabolites
of interest. Proteins and organic metabolites of interest may be isolated from a
biological sample.

A plurality of proteins or a plurality of organic metabolites may be acquired from
the cell, tissue, or organism. The one or more biological samples may be obtained, for

example, by blood draw, urine collection, biopsy, or other methods known in the art.
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a pool for at least a transient period of tine.

I ntravenous or oral routes of admnistration are
weeomonl4ge used to adm ni ster such precursors tBCT/US2003/023340

organi sms, including humans. O her routes of

adm ni stration, such as subcutaneous or intra-

muscul ar adm ni stration, optionally when used in

conJ unction with slow release precursor conpositions,

re al Bo appropriate. Conpositions for injection are
The one gewer% jojodiga speplaimay ke eng o mMyigrhielegiel ffwids. The protein or

orenic TRAEAANE Ay e YF AR i Pl

muscle, liveY, &ftirbid] tisstie %s&%@ﬁ@&ue RirRlofietaalisduer BRBUC skin, and breast
met'abol i tes are obtai ned from a cell, tissue, or

tissue. Pmtgmsl arrorganio rmletabohtesm@/ be ohtaired koona spacuf laggrenp of cells,
ﬁhodg r(r)g?/ i{)eCIfIC to the rote‘;J or organic
such as tH@pg,gg $ pptibrobjast gells- oRfoteips &r@rg@nl glgiﬁﬁ@ Iso may be
f
obtained r?ﬁcfgg‘béﬁeﬁ@ ﬁﬂl%lgﬁﬂﬂ% K a?éo{%@eddffﬂ%)rﬁgtﬁg Ibﬁ(@&’@"cgl sample using

standard Disthehiital méthedgknownattAg@it.t es may be acquired from

: the cell, tissue, or organism The one or nore
blologlcal sanpl es may be obtained, for exaEF , by
The seauencyvef b hﬁlpﬁléal&am@lmg &N Vasycispending o Hisferapt fastays.

Such factbg Wi, BUF AL hes e by HE A YRR otiBS o oaiic”

metabohﬂ@s%@éé Qﬁdl shfely B8 samhPBnd’ YhedsiLand BredkabAnIRInaGR rates of

rmy al so be obtained from'specific organs or tissues,
the protesm&:hr ajsganrmmetmohtewfeom wibichrittWas idedved, ancbiieahaf-life of a

netrial tissue, blood, skin, and breast
therapeuﬁ;xp topB Qgicad aSPnBrganl ¢ netabolites may be

obtai ned froma specific group of cells, such as
| fi r J . i G
THERESS o i rASBURES 158 50 AL et Uity
isolated, mrdorwbhtyom iputifieatian mesidds imdiudinghighhgrebiuredigiuihl
usi ng  standard bi ochem cal nethods known in

chromat@grapav {HPEGR fastem@m@n@e ligutsl dyroatogranpy i(A-Cashemical

cxrctof BTV LB, SRR pcbHl. SRR ancor

other sep&rafioh fetfBlSRAGWHES ! théﬁﬁqﬁé@lrﬁﬂfeeérl of sanpling,
synt hesi s and breakdown/renoval rates of the proteins.

or organic netabolites fromwhich it was derived, and
In arother enibiotlimerit, the pMemsmrtorgamgemtabolmes shay be dﬂydrolyzed

or othenﬁ@plﬁqgé@g%ﬂ tr%; s;}%al E@l:g% :‘I[—s/da &%,‘stnsgth”gg lﬁaclusé)e any
method known in the art, including, but not limited to, chemical hydrolysis (such as acid
hydrolysis) and biochemical hydrolysis (such as peptidase degradationj. Hydrolysis or
degradation may be conducted either before or after purification and/or isolation of the
proteins or organic metabolites. The proteins or organic metabolites also may be
partially purified, or optionally, isolated, by conventional purification methods including
high performance liquid chromatography (HPLC), fast performance liquid
chromatography (FPLC), gas chromatography, gel electrophoresis, and/or any other

methods of separating chemical and/or biochemical compoundé known to those skilled
in the art.
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i sol ated, by conventional purification nethods
i ncl udi ng high pressure |iquid chromatography (HPLO),

wo awb/oped or mance | i quid chromat ography ( FPLC)PCT/US2003/023340
chem cal extraction, thin |ayer chromatography, gas
chr omat ogr aphy, gel el ectrophoresis, and/or other
separati on nethods known to those skilled in the art.
I n anot her enbodi nent, the proteins or organic

net abolites may be hydrol yzed or otherw se degraded
C. A“aWtSbsform smal | er nol ecul es. Hydrol ysis methods incl ude
known in the art, |nclug

Prqqea{ly @yalﬁ%?e spmalegies (sipide 9@t§0|@§§ Hg d tg,pirgﬂgtdifferences in

coresse LS Pl BIER S50 R ndetd B o

one pomthﬁ tieadupbrshcpiet dudre Gritfal ProtabinerMappingi (B8igD technology
/or isolation of the proteins or organic

and Mass@en:h@mate,é, Diffiereptiak Expression Angbmnsdu&malibﬁDIGEsteahB@iogy

and Mass SBeciomtDoARR EAFe IR 62RO A5 ARG ORIy and

- p r n ”
LC basedbSF ﬂ{éngnglgl #écﬂHb§>992h?*g@L§?%g$§Jﬁ>hﬁ )}ﬁlﬁﬁéﬁsxp@s% on “chips” can be
used to repidiynadtedr biplogicallg Imedietdd egistareeite,a tratapeutinaganthea
met hods of separating chem cal and/or biochem cal

variety ofcdisgesensiatasn ey ol toripternine thedate of ehanggref geng eypression

o ot 7 R BA poBl LB o

rates of _cjé”rféf extprestidr 8h@MEGBCUIBr X PERS RS HILRAIIRY BF pFG’céﬁ'Br Ss well as

only protein levels (concentrations) 1n a cel
the molesdanflux oates pdianpluiality ofrergaip metabalikes, raridjklimn(}trmugles over
. Pr ot eome Mappi ng (using 2D technol ogy and Mass
time. Spectronetry), Differential Expression Analysis (using

ogy and Mass Spectronetry), and
M Qégé’s%ttﬁﬁ%g&ys is (2D/ D GE, Mass Spectronetry and

Isbfeprasmchraentonioteiny ahd opgdrie hedibolitdbicks baNfeterined by

protein expression "chips" can be wused to rzyol dly
various Iﬁ@ﬂ”@dﬁ suth bs gnass! sgectf@memednd@@ngtMcr@tthmltae to gas

chromatogigpRpEiass s Per B KR, Bblor ratiosass spediditery, e
isotope @ﬁch%ﬁ?dL%ﬂon%SPG@IlﬁtBR/é H‘éf‘é’)ﬁﬁfrel EﬁeMgeiﬁ‘ltSﬁﬁZch%mé r%?hy-MS,

resent 1 nvention dete tion 6 rate

electrosrgayl dordzqtionsMbp matrid assibiedubser ddsorpticit-timeodf flight-MS, Fourier-
plurality of proteins, as well as the nolecular flux

transforipzpasyeptranyeseranaeyMss apd gueridahMSabol i t es, and t heir
changes over tine.

Mass spectrometers convert molecules such as proteins and organic metabolites
into rapidly moving gaseous ions and separate them on the basis of their mass-to-
charge ratios. The distributions of isotopes or isotopologues of ions, or ion fragments,

may thus be used to measure the isotopic enrichment in a plurality of proteins or
organic metabolites.

Generally, mass spectrometers include an ionization means and a mass analyzer.
A number of different types of mass analyzers are known in the art. These include, but
are not limited to, magnetic sector analyzers, electrospray ionization, quadrupoles, ion
traps, time of flight mass analyzers, and Fourier transform analyzers.
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Mass Spectronetry |Isotopic enrichnent in proteins and
organi c netabolites can be determ ned by various
woreiohodg26uch as mass spectronetry, includi ng PCE/USZIN3/023340
limted to gas chronatography-nass spectronetry
(GC-M5), isotope-ratio mass spectronetry, GC isotope
rati o-conmbustion-MS, GC-isotope ratio-pyrrolysis-NM,
l'iquid chronmat ography-MsS, el ectrospray ionization-N5,
matri x assisted | aser desorption-tine of flight-N5,
Mass apestrometenssnay misodncibge _orursher @fs@#sﬁ@&l&%,zaﬁ% methods.
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transf,orm anal yzers., 21.) 0 . .
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i ncl ude, 'but are not limted to, gas phase ioniZation
puzzle”, based en assingleanasd spactometiioaaalysisoighinceafew orinatesi(phus

and Iield ionization, as well as desorption sources,
computes @hRlysis UMEb| d desorption, fast atom bonbardment,

e e

orp zat1o

determietibrisi qeherdtell By proksia riassSspRRBoMEERSpIvidedanigas mfeemation
(M5/Ms5) first to separate precursor ions, then to .
regardingetherannipo acitl sequance of asotsinssand find msatinitoa presenk dvention.

An ke R S 5 Rl otk et B 50 Sl s
specorhEARTSIRYrL Il 1 b toe B8 fore ragmentor
patternd that iy ndweiavaildtye prevides theogepdreunitwvigr identifygcompenards of
the puzzle", based on a single nmass spectronetric

complexapiitoene nikEwes Vit Beansaiaily. (pl us  conputer anal ysi s

lihlnge)nt ionization methods are also known in the art. One key advance has
been the development of techniques for ionization of large, non-volatile macromolecules
including proteins and polynucleotides. Techniques of this type have included
electrospray ionization (ESI) and matrix assisted laser desorption (MALDI). These have
allowed MS to be applied in combination with powerful sample separation introduction
techniques, such as liquid chromatography and capillary zone electrophoresis.

In addition, mass spectrometers may be coupled to separation means such as
gas chromatography (GC) and high performance liquid chromatography (HPLC). In gas-
chromatography mass-spectrometry (GC/MS), capillary columns from a gas
chromatograph are coupled directly to the mass spectrometer, optionally using a jet

separator. In such an application, the gas chromatography (GC) column separates
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use in the present invention. An unknown protein can
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water in¥®Par ati on means such as gas chromat ography (GC) and
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to the nmass spectroneter, optionally using a jet
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chromat ography (GC) col utmm separates 22 WO 2004/ 011426
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anal yze ions of proteins and organic netabolites,
such a-bagkgreund magastament.nAddidianallyy svek a baselise dsatepemeasiieguency

distribut@ﬁa%&%ﬁé’ﬁ@gﬁr@g? 6%3 hgﬁ?\iq%f@ﬁgﬁ%ﬁg{q%%mec ﬁ\llnl Eé“’s of isotopes.
For exargé%téﬁgﬁaﬂlﬁ@,eﬂh&q%éﬂﬁﬁaﬁ :?ghﬁd ot BEDrdsdift id dr8arle carbon in

I'ng on er of hydroden atons

1.11%. iMethogds ofidetermihingtsueh dsayopomentriegaahey distributions are discussed
i sot ope-1 abeled water in vivo. In general, in order .
below. {ypigaltye saMesObiedpiobrin g BkepdRiipoweand fallgwing gdministration

of an isgHpBighP iRl (Ryisds 18 HEL Slilectitfd aRalfASPIGT ikcoblfer
frequency as described below. Similar considerations apply to the isolation of organic
molecules for Dynamic Organeomics.

Thus, a single analysis of even an enormously complex mixture of proteins (that
has been subjected to proteolytic cleavage or analyzed directly) can uniquely identify
peptides representing thousands of expressed proteins.

Proteins may also be detected using protein chips. Several commercial “protein
chip” equivalents are now marketed, using mass spectrometry (e.g. Ciphergen
Biosystems). The efficiency of peptide sequence determination by mass analysis,
combined with powerful ion fragmentation technology (MS/MS instruments) and/or

peptide generating biochemical methods (e.g. proteolysis), improvements in sample
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to protedi &fiafirs RaRRctichs ekt Hhor SN, RaRE DB Chfirzg R, Bubler
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RD, Aeb@f30i Rk dad ieREfon AEH Shele altetehass ot iy areire-
containiliq)g{a?tfi:éé aﬁHtcBﬁﬁtrﬁﬂe? ggnt | é%@b?chlﬁﬂ"gi(}gaISNeﬁVWM?r 15; 72

proteom cs | cat 1 on "of ur al

(6): 111 P¥&taridGoodletd DR Aebdvbole ®)IWatt3 BP 'lQuansitative mfwtro kinase
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Mass Sp&&?oﬂ t200&1 T4 (85. 94’4-§921r\§u,e|-|.e&cé?S(A%?iﬁbis)Rlaw}% Biotechnol. 19:
375-378.

Protein biochips, also known as protein arrays or antibody arrays, are used to
identify proteins. These biochips hold the potential to measure protein-protein
interactions, protein-small molecule interactions, and enzyme-substrate reactions. They
can also-distinguish the proteins of a healthy cell from those of a diseased cell. Protein
biochips draw on the DNA chip technology developed for genomics and are also able to

analyze thousands of samples simultaneously. While the human genome may contain
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application of static nmass spectronetric techniques to
protein identification, with respect to proteone

w@nahpsidge i n particul ar: |deker T, Thorsson V,PEEOBNN3/023340
JA, Christmas R, Buhler J, Eng JK, Bungarner R
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radloactl\feeéﬁﬂu&réséénﬁaﬁéls%? gefetiedIRPaRpnetretdnagsal ysi s by mass
spectronmetry” Rapid Commun  Mass Spectrom 2000; 14
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t echnol tein bhioc

the proteQie, matel A aRls, RSt of s Pepteegs. 18 TietBads BERTH Provide
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¥ asure protein-protein interactions,

Iddlﬁﬁﬂtﬂtlbﬁ%f apluealityeof ot ganict m@tabohbeb
enzyme-substrate reactions. They can
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ljt! | depBineatidry, with
applicatiplof st Cﬁﬁ%ﬁ?ﬂ?ﬁﬂ%@“@%ﬁﬁ@ﬂb 2004/ 011436

respect ua@rgasmaetammwmiemﬂﬁcanm gloife, Rp@stRadlaaﬁlv&tamirﬁtlable

di ficatjons_and RNA lici events result
Isotope “g'faézﬁf%m Biomedidoeoyingn s énﬂg’?a fofipehe 6§alv5'5 ! 3ohn wiley

e a type of nass spectronmetry called surface
& Sons; QOI%PJ géoﬁi)' aser desorption/ionization [SELDI], and

The pattePn beattaahedidry Metalsolited end tngie aorRdentiatipha i fvinyg
al'owing the proteins to be captured, separated, and

systems qaarﬁsenb& a sﬁlhhl@hﬂillweé of bmqh@mlcql phenohec Hﬂwladraﬁgamc
moleculgeop@sob g Sitendant felieps subsBRRSTRELY o8 ies that
control I‘t?’cﬂg%/ gﬁ fhRE % ovr}a\é‘éio'gﬁ%@glﬁf ?afms N ﬁ;tﬁjrgft‘? oforhshic

metabolites may be most effectively accomplished by use of ESI-MS/MS or GC/MS
approaches.

Spots of blood or urine are introduced into an MS device and characterized by
chromatographic behavior and mass spectrum.

This approach has been used for diagnostic screening of urine samples for a
wide range of organic metabolites to detect inborn errors of metabolism in children.

Plant biochemists have also reported some metabolic profiling work concerning the
functional biochemistry of plants.
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he functional biochem str plants. 25 WD
for the abonqamMGsambmsm)mea easwi&)mwdamuw inydescribing such data, for

easi e{; to, isol.ate organi c netabolites than proteins
the PUrP@SEhY the IYPEHYhal mass spectroneters (e.g. GO/ M
i nstrunments) because organic netabolites are
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protern features of “organeom cs strongly
Metabolitpport the potential applicability of nass

spectronmetry (e.g. a very large nunber of anal ytes
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asure concentrations; the need r autongti on. and .
calculateg, mphepragitionss Artideternings W@SUF%gQXQE‘é? r@ﬁbaﬁtlossgﬁr {sglated
isotoporh®f S5t §fa HdiEdid.SFhe practitioner then compares measured internal
pattern of excess ratios to the theoretical patterns. Such theoretical pétterns can be
calculated using the binomial or multinomial distribution relationships as described in
U.S. Patents Numbers 5,338,686; 5,910,403; and 6,010,846 which are hereby
incorporated by reference in their entirety. The calculations may include Mass
Isotopomer Distribution Analysis (MIDA). Variations of Mass Isotopomer Distribution
Analysis (MIDA) combinatorial algorithm are discussed in a number of different sources
known to one skilled in the arE. The method is further discussed by Hellerstein and
Neese (1999), as well as Chinkes, et al. (1996), and Kelleher and Masterson (1992),

and U.S. Patent Application No. 10/279,399, all of which are hereby incorporated by
reference in their entirety.
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probability of mass isotopi£ enrichnment of a subunit
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A Fractional abundance (enrichment or depletion) =

( A )
Abundance M, l | Abundance M, !
(A ) (A )b = I n - l ’/
Z Abundance M; L Z Abundance M;
“\i=0 e \i=0 b

where subscript e refers to enriched and b refers to baseline or natural
abundance.
In order to determine the fraction of polymers that were actually newly

synthesized during a period of precursor administration, the measured excess molar
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A precursor-product relationship is then applied. For the continuous labeling
method, the isotopic enrichment is compared to asymptotic (/.e., maximal possible)
enrichment and kinetic parameters (e.g., synthesis rates) are calculated from precursor-
product equations. The fractional synthesis rate (ks) may be determined by applying
the continuous labeling, precursor-product formula:

ks = [Hn(1-NA,
where f = fractional synthesis = product enrichment/asymptotic
precursor/enrichment

and t = time of label administration of contacting in the system studied.

For the discontinuous labeling method, the rate of decline in isotope enrichment
is calculated and the kinetic parameters of proteins are calculated from exponential
decay equations. In practicing the method, biopolymers are enriched in mass
isotopomers, preferably containing multiple mass isotopically labeled precursors. These
higher mass isotopomers of the proteins, e.g., proteins containing 3 or 4 mass

isotopically labeled precursors, are formed in negligible amounts in the absence of
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I sot oponer excess ratio which would be expected to be

present, if all isotoponers were newy synthesized.
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proportion to cal cul ate an expected frequency of a

proteln contalnlng at | east one nmss |sot§ﬁ|ca
eX0genoUHPECHEOs LB Lo tha'lfﬁlétl‘éﬁ}hbm sbundnfeefchatlEl mass lsotoplcally

et RS S P e B S o

precursoi“’fn‘%@@:lfO | C'G?(Fh thd? Etht@Irﬁ. takere Hoh?tﬁé’éﬁlh eBbae b cSr@ﬁh@,ﬁﬂﬁdthe

sot ed precursors urlng a sel éct ed

sequentnalrtime IPOITHS | |aoe apalyvzedi byanagsespeetrometng do dekersninelibe relative
nthesis during such a tipme p

is al. :
frequenccf@t%y ahigBdnags prateiny |§@ﬁop9rrt§’<ﬂue%nqee?@ hleh's!ﬁ@% 'gé)tqpﬁﬁwr IS

synthegﬁp% h‘ﬁ)‘g}'z e§ﬂP§|&Eﬁ(Etg§98fésﬂ+(:égﬁ1n’%g tl@’%e[%élﬂg gté@%&?doe Sn the two

time pmnﬁ@ﬁr@‘ﬂhe@@&ﬁtéﬁt Pleastifé DE tHEeRite @ﬁ@elswlef the pmt@met er s
e.dg., synthesis rates) are calculated from precursor -

Prpﬁferablyt, tla;q fiestitime pointds at least BTBahotslyBraﬁ%“saCBmm&t@tlQns)f

‘ precursqn%@cgﬁ 3{%%5 grb,n'gcgi%qfn q%(gp om (Qléﬁlsjl?re that the
proportlén bf‘ﬁf?sg Hcétbgncén‘ﬁyfa%efed'struﬂ&tHa%:ﬁ é@%hﬁﬁ'aﬁtlél ffr@ﬁ'ﬁﬁé

rent toti C precurso I chnent an
highest rek/mefombwlr@bplfecatbnrradmmatratwn ofin oneternbodigent, tHeaefoIIowmg time

tem studi e For the disconti nuousﬁgabel i ng é
points atfh'é’PtCéH)é 1of h@ues aher the firsbtiglgeP@nk RSB IMing wil epend upon

e epi SRR3R P SRBG RGP 12t o 2 of proterns are

In

TREaStd 6f dScahST thetprethin @étérmmas'fr@meth@ruecev anrenfor the
mass | sotoponers, preferably containing multiple nmass

three-isotope @uotein.| yn ithd presenp case) vewere thedesay corvughisrdefined by several
time polpts G dRgae KINeSse Gahba deeiningi By Rbg Pe STeVe f &h Expohentia

b f 28 WO
decay clyfei A ol Ui PR ARE SRy &b oy ecur sor , due

Breakdovii edtatdovetants oiy) aynb@ ogleulatedbasechbn @assxponential or
i sotopically |abeled precursor, but are forned in

other klsemde(ta)'a(mrvahounts during the period of protein
= [-In f]/t.

While the invention has been described with respect to specific mass isotopes
and proteins, it will be appreciated how the method can be used to determine subunit
pool composition, and rates of synthesis and decay for substantially any biopolymer
which is formed from two or more identical subunits which can be mass isotopically

labeled. Similar considerations apply for organic metabolites.
Uses of the Techniques of the Present Invention
Examples of medically relevant metabolic determinations which can be made,

using the methods of the invention include: i) molecular flux rates of proteins involved
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precursor incorporation. The proteins taken fromthe
cell, tissue, or organismat the sequential tine

w@eioabsi426 € anal yzed by nmass spectronetry, to PEL/ES20031623340
the relative frequencies of a high nmass protein
i sotoponer. Since the high mass isotoponer is
synt hesi zed al nost exclusively before the first tine
point, its decay between the two tine points provides

.a direct nmeasure of the rate of decay of the_ protein.

in fat or cho@sarabswtheﬁs nm presil, Hssue, poorganignato d@rssmlma nutAEopal

effects argdojehe Fiteas ohsies SealamniSrhaEruar g FRE G wlasng proteins,
as may o%é“u‘? in RERBR Bi's@%sé’I;taf@aslﬁeifb@td&ﬂn@aéHd’ ﬂté\bﬁé&%éﬁtwm {arious

decayed substantia romrts | ghest | evel
drugs; |||)fmchleAmgtemn elgnamius, &rdthahmrmtrr@effemts dflsuohndeterrtmnantsms

0||OMAn%gtlnE points are typically 1-4 hou
exercise, élﬂff@pnﬂﬁedﬂuig eatmeans, p@s and disease RNSYPERRSIENG breakdown of

sl AR08 o By HEL B RAR il RABARTE R v, for

assessmérft Wa‘nﬁlrgﬁémgs%ﬁ H&Hf 1ated |hev|vc§ Hrﬁﬁrdté@bﬁp@t@h@yﬂtﬁésns and
In the present” case, where the decay curve is defined

degradation mea/mder, toldmemmnefcbe efflcacy of ahetnobhkarapy; ¢ )a$tudye of changes
in gnuconééé%e%%%é% i aresied Ay oseases s ot sghcer and
hypoglyc&ﬁ‘\ %mgﬁ%?ﬁ@%dfs@é%d’%%%%fﬁéﬁbe inB%ished by the

ased on an exponential or

types of Mg@wsvmd KekireXpression Jetveléi\ﬁufthetmere mhe pmgmsstm of
been described with respect to sge0| ic mass i sqQtopes
disease C@noqudeteéw&ed by kipwingréedpie 6F charae aAbIFOteB SYBENRSIS OF

breakdorffq SLEp S8 Eoft R oM Be IR ir BN EBIRAR dbRPsiqy ex

vivo usmgucgagcwrﬂﬁ?é Bl %Ulthl%sfrﬁémhfdeoéﬂlh\w c@l'ls fm*heasl ﬁ@rﬂbh alls,

nits which can be mass Isotopically |abeled

plant cellsj mitrabial @elis tehading fingipydast bod bactgria.c et abol ites.
Uses of the Techni ues of the Present | nventi
Alﬁsﬂpﬁweﬁﬁom@aﬁ@m QNEPgeReR ane typer §\éppressor 93”35 for

exampleq iRl ottt dn SRS ERG Bog /el FRleg f e
proteins Rha&t t?ie?scdd@V ahdedn e?ﬁecﬂ‘@*a?ﬁ&‘?d Eckie iRERé UtBRes8ibA23AIes of
in fat or chol esterol synthesis in a cell, tissue, or

nuMerousr @fmr genes.o Diferentripnetemuitirnovesel organlte'net@balw flixesigan
reat

serve asgpg@g%s BF b?ee rﬁgsgormedn%]te an nd gremt-)llwere oré, o p&en{lgl Buhn the

diagnosis and classification of tumors. Differences in gene expression, which are not
the cause but rather the effect of transformation, may be used as markers for the

tumor stage. Thus, the assessment of the protein kinetic consequences of known
tumor-associated genes has the potential to provide meaningful information with
respect to tumor type and stage, treatment methods, and prognosis. Furthermore, new
tumor-associated genes may be identified by systemically correlating their functional
consequences on protein or organic metabolite fluxes with their level of gene

expression in tumor specimens and control tissue. Genes whose expression is

increased or reduced in tumors relative to normal cells, in association with altered fluxes

of proteins or organic metabolites, are candidates for classification as oncogenes, tumor
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as may occur in certain disease states before, during

and after treatnment with various drugs; iii) nuscle
weemtein2dynan cs, to determ ne effects of sucPCT/US2003/023340

determ nants as exercise, hornones, drug treatnent,

age and di sease on synthesis and breakdown of nuscle

protein; iv) rates of protein synthesis, including

viral replication rates in vivo, for assessnent of

antiviral drugs on such rates in_vivo, and rates_ of
suppressqugﬁr@smrsgﬁn%@slcgdla@capoat@%mucm PrPdNCESy rfpgnerally, the

underlylnﬁI erpt thaé;ﬁ@hﬁ%é@ é&ﬁgprﬁggkﬂ:g@]a@y o%gﬁgw{e fluxes

may provﬁiesr%?@’é SHEE Ak gﬁigﬁ@%ﬂﬁgtéﬁfb?ﬁérs%?‘ben@%ﬁ@dldﬁﬁﬁﬁrﬁcruder

r mal tISSUE an I seased tissue can often

less blocrmnsltalrtg'td Ese dystpmiakie markessoﬁ);bhermtyp@ cgma pesvided Btyrtlalsrmeans
expression | evels: furtherpore, gre33|on of

the phys'alpg@ag@r&&wnw PR &d the Q@HSVWQQU‘F‘H thgEgappism can be

caoosn TR e SUAESYR AR, i AR o

ThéyéJpesét&apépﬁkanwny@amﬁerpqm;ﬁsﬁdnarw&efdwtesweamslcbre costs, achieve
cul tures may include animal cells such as human cells

rapid theysipeutic deniefits, dimit admiisteasionsofi ineffedivegyeuioyic, dryiea,sand
. nd bacteria. Atered.e essi.on terns of oncogenes
monitor GRROPa b e GurHiELEEs N)dBO0RaE reSaREre, ar e

Kit€f | ected in changes in the synthesis and/or breakdown
rates of the proteins that they code, and can effect
Thér invehtion phavidesskitsifor neeasxpingsaricocomparing emledular flux rates in

) nunmer ous other genes. Different protein turnover or
vivo. Thedkitfamiay iRellge dsatere-fabgleskpresHrsos anqlecules raftdder Rrefaredhe

e R B PR B0 DL Seatal P .o

isolating Brétefisc Afefor cheBfiffls AXEERaR) B obtii 6RisaL€ sadble, teiu@omated
cause but rather the effect of transformation, may

calculatnorssmftwarmﬁmaenﬂ)lmatonallmalyalsrmndsmatgactlarmfgr uséef the k|t
assessnent of the proteln ki neti c consequences of

O K ePrHRaR o1 Sch 18P DT SISOt B Oh BEEe (7 du FaSLIING

e r
cp, nee S Al PP TR B Ao brgna v ke
Similarlyj ﬁﬁtmnﬁelﬁg fbryobbawmjrsambleys fﬁ@hl‘thé@éll,ﬂt]ssnhﬁor organism (e.g.,
functional consequences on protein or organic

specimemstipgoneedes, syxiegessiand tissee sapwlieg dsivices)h By aise beiapionally
id d n tumor specinmens and control tissue. Genes whose
provide expression is increased or reduced in tunors relative
to normal cells, inassociation with altered fl uxes
of prot eiABVANTAGESOF THEFRESENT IRVENTION dat es f or
classifi catron as oncogenes, tunor 30 WO 2004/ 011426
ThefieldsehHtis oasattnvention relates to the measurement of Dynamic

Proteomics and Dynamic Organeomics — the kinetics (i.e., the molecular flux rates —
synthesis and breakdown rates; production and removal) of the expressed proteins and
organic metabolites, respectively, in a living system. The capacity to measure static
levels of’very large numbers of proteins and organic metabolites at one time, by use of
mass spectrometric or 2-dimensional gel electrophoresis profiling techniques, has
greatly advanced the field of Static Proteomics and Organeomics. Missing from all

current proteomic and organeomic measurements is a key element, however: Kinetics
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suppressor genes or genes encodi ng apopt osi s-i nduci ng
products. Generally, the wunderlying prem se is that

wo b@4pradé | es of dynam c protein or organi c nmePEbhUF1008023340
fluxes may provide nore specific, direct and accurate
mar kers of gene function than cruder, |ess
bi ochem cal and | ess systemati c markers of phenotype
can provide. By this nmeans, the physiol ogical

function or mal function of the gene product in the
or dynamtﬁrf@,amsinec mtep of inpet apdiaskBew-ofimeleculegewhich iingsdndhe

" becone possible. These practical
d‘menS'orgBEEm,ejti ons can hel p physicians reduce health care

costs, achieve rapid therapeutic benefits, limt
adm nistration of ineffective yet toxic drugs, and

1) Differamees fiwm chaegemadss spectpmethicproéamse m)»f /p@t mdiyeb; C
resi stance. Kits The invention BF_OVI

its
mea@a (Guigen staticonpss SRREUANELEIG RIPT WQJ@C?\Qt C[? ne pgasure

fluxes (k| @I ﬂg\ﬁar%f rﬁﬁ&gwg@#@ﬁ@ﬁﬂﬁt*‘ﬂ%&fﬂe ﬁ ltr gc ur sor

chem cal

“ﬁﬁuﬂfésoﬁélﬁwnm fbré&éﬁlﬁétoffaqﬁn@estép harein sablefisbtope labels
or i'solating proteins, and/or chem cals necessary to

are administaxid im viviosanex wumbﬁpraamllﬂmoacof tbalmqlogaﬂalzﬁample is not
used or K‘Sfl%fw\} Hat ?‘@f 'ﬂé’?l?qun' %EPV%%B%{E Eh QEé]ag'ebgﬁ%ugtsl o
f: Sgl é)need %@er%tcé&lﬁﬂeo@f rl%ni’é@ﬁﬁé pé?ﬂdiﬂabr rﬂﬁ%siébtdtﬂ)mers

ringes ing), may
measunr@%e@@ér}tnt@lﬁeaalmmdmdes mnmmlklulatlng Bldmdaalimd synthesis and
instruments for obtaining sanples fromthe c

turnover trptasuer eaeh srqiesie haged gn jits rgg@@pl@g,ﬁor@wgg, th@egap[gslsotope

et 0B i b B LB o0 P e i e

field of drb\{}égﬁﬁtpéha'@ fgdriedhficf the current invention relates

nmeasurenent of Dynamic Proteom cs and nam c

Or gadpByriadding kihetidsj tes f@rms( $ cbangedwﬁlndan‘temalhf rOMux
rates - S akdo

concentiainns &F L RLTBlEEIEs o i CoRBPL & Ao ikes it i out of
pools of ﬁ%g@@%&k t%ééﬁlﬁ%@??fﬁéﬁ‘n@' @éghg b %lﬁPWuaT*hﬁ‘olecules on

ver
functlonﬂlbb”ib@ﬁ@mébl dutpuBd)ns and organi c metabol i tes at one

time, by use of mass spectronetric or 2-di nmensional

gel e) Kinetispheasssemeptsoaliaw dijectipferenoe of reguatogy stapsy
adyanced. t he eld of Stati,c Prot eom ¢cs and

controlli S‘Qﬂ&ﬂ# %\i EEW%E’PQM 9aRERPEnt prot eonic and
or ganeomni c rreasurerrents is a key elenment, however:
kinetics 31

2) Fundamental advantages and/or surprising results that have emerged or may be
expected: &

a) The translational (protein synthesis) program of a cell or organism can
be immediately observed, without a lag phase for change in protein concentrations.

b) The protein catabolic program of a cell or organism can be observed
directly, ‘which data is not otherwise available.

¢) The remarkable result has emerged that labeling of proteome has up to
two orders of magnitude greater sensitivity than static measurements for detecting
treatment effects (i.e. <200 proteins out of 20,000 show large changes in static
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WO 2004/ 011426 PCT/ US2003/ 023340 or dynam c fl uxes
(i.e. rates of input and outfl ow of nolecules, which
wheiongsi4eeqr t he dinension of tine). 1) DifferePCEESInsM3340

current mass spectronetric proteonme profiling include:

a) Current static mass spectronetric profiling

techni ques do not neasure fluxes (kinetics or flow of

nol ecul es through pat hways). b) The operationa

procedure of a prior steE wherei n stabl e i sotope
concentratmiSI &t steady stata after eventhexmasy potent intevapsionsewbereas up to

C.th of_the_ biol ogical, sample,. is,not. _used o
40-50% G ernkEing St oo chandes T SV MARRE P ol Sfes St afepdy state
aﬁerpoﬁ%ﬁgﬁﬂﬁgﬁﬁ p) The anal ytic procedure of nonitoring
articu ss i sotoponers, neasuring their
uantitative abundances, and cal cul ati ng

Aliheuiohi thedpregsinasipventien has heentdesadved | "'\' $A8 dﬁ&all ywy of
nllustrath"rﬁaﬂecgégaems%gg PUTRASES SRS MBS BIAIRRO b foreaals epaprent
o those BFoFb AN B PR A5 W5 %@@ﬁa@%mg&mﬁ@%@e tghgrtin
range A FEHORE R R GERIEGR st

SCOPGCWRHE%W@EHd&TEBRﬁS pools of nolecules (i.e. to the true

consequences of individual nolecules on
A n@l&‘éhtsoﬁé\}e chtoéﬂéﬁi@oﬁéh ot Herlitatad teihdpmsitd gy unclaimed subject
asurenments allow direct i nference of regulatory
matter. steps controlling honmeostasis of the proteone and '
organeone. 2) Fundanental advantages and/or surprising
results that have enmerged or nmay be expected: a) The
transl ational (protein synthesis) programof a cell or
organismcan be imedi ately observed, w thout a | ag
phase for change in protein concentrations. b) The
protein catabolic programof a cell or organi smcan be
observed directly, which data is not otherw se
avai l able. ¢c) The remarkable result has energed that
| abeling of proteone has up to two orders of
magni t ude greater sensitivity than static neasurenents
for detecting treatnment effects (i.e. <200 proteins
out of 20,000 show | arge changes in static 32

33



WD 2004/ 011426 PCT/ US2003/ 023340 concentrati ons at
steady state after even the nost potent interventions,
wob@reas2ap to 40-50% of proteins show | ar ge PCHO§E3/023340
in synthetic or catabolic rates at steady state after
potent interventions). Al though the foregoing
i nvention has been described in sone detail by way of
illustration and exanple for purposes of clarity of
understanding, it is readily apparent to those of
Iclaim: ordinary skill in the art in light of the teachings of
this invention that certain changes and nodifications
rray be rrade thereto w thout departing fromthe spirit

Lo A oS AP R A, s P8 AR o XARCIn al

ora p@tﬁmm@ﬁ thenrm’bt@me BF avgell? GiesticDdrldidonisq,/ Qéﬁ?ﬁié’th@@ 38rHprising:

claim 1. A nmethod of determ ning the nol ecul ar fl ux
a. r at @ministeriniauere pr nase igntopelabeledhpegtein pecdrspes ta gaid cell,

LRI o R TSN
' ﬁa%%pc% Bea?h%bfjﬂ)lrﬁféélt iftda Fiﬂl% [%oié?n§ﬁ1 ﬂ}éﬁr‘dteome or

tissue or org sm for aper time surficient for

opertm)n thereoficfdheell, tissuelar ctrgartnem ncorporated into a

plurality of proteins in the proteone or

b.¢ her@&@'ntﬂg meepr@@qmetqrggﬁt@rb %?@fafﬁ%\ﬁhekfgeﬂoBﬁ%Hemu%g

tBFg r%.eoma or portion thereof fromthe cell, tissue,
orgahism c. identifying a plurality of nmass '

c.l sotig@eifingCa pHaliYsFmads isetdvponrPicasteldpes of ions representmg
“individual proteins in the proteonme or portion of the

pirstiddud prpteias in thepproteemeor portion ghithe projeenge by mass
reI atlve and absol ute mass isotoponer abundances of
APEEYn the mass i sot oponeri c envel ope

CO” iy mhg%bﬁvé%ﬁ élﬁ ﬁ.ftéfn‘)% is b%ﬂeP aBin s of fons

spec and e ating t ecul ar
r atithsn Gie arash isotopomerie @npelopeicorrespotding to rach identified

Throtein by mass Spectrometty; and o o tY ©f proteins.
e. calculating the molecular flux rates of each identified protein to determine
the molecular flux rates of said plurality of proteins.
The method of claim 1, wherein said administering step (a) is continuous.
The method of claim 1, wherein said administering step (a) comprises
administering said one or more protein precursors at regular measured intervals.
4, The method of claim 1, wherein said one or more protein precursors are
administered orally.
5. The method of claim 1, further comprising modifying said proteins prior to said
measuring step.
6. The method of claim 5, wherein said modifying comprises biochemically
dégrading said proteins to peptides or individual amino acids.
7. The method of claim 6, wherein said modifying comprises chemically altering
said proteins.
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2. The method of claim1l, wherein said adm nistering
step (a) is continuous. 3. The nethod of claim1,
wabereir2cai d adm ni stering step (a) conpri SesPCT/US2003/023340

adm ni stering said one or nore protein precursors at
regul ar nmeasured intervals. 4. The nethod of claim1,
wherein said one or nbre protein precursors are
adm nistered orally. 5. The nmethod of claim1, further
conprising nodifying said proteins prior to said

8.  Theemsthddof daiepl, atheTein saiek identitying staiprich furiiherr edmprissisd

ri ses hi ochem cal
idyayiaD B0 ERBE Br oGS bithe RENGOmERT BoRiaD Clafgdroteome by
Ia|m6 wherein said nodi fying conprises
Chgﬁéﬁ‘n&%agé ‘altering said proteins. SZ V\?) 2082/ 011426
9, TI%QWeUﬁﬁP@Sél@#ﬁ%th%reﬁ@%nd@M@lﬁy@f pedwine domphisesetha proteome

said |dent|fy|ng step (c) further conprises
ofisaighcelt, yisage, eridrganisi. proteins in the proteome or

portion of the proteone by chromatography. 9. The
met hod of claim 1, wherein said plurality of proteins

r -
Lo, THOFRASS St SARE oy 3y 8168 f UBplfngitertes o
syhtingsis and glegredationofaaidiplapdlity oh gprotens. at es  of
synthesis and degradation of said plurality of
proteins. 11. The nethod of claim11, wherein said one

THS e %?ﬁi@%%@%@ Cioﬁgh%g{rg@% ﬁlﬂ)é:elgrﬂraeu ﬁ%s‘rjceomprise an

anm@%@kﬁ'n precursors are selected fromthe group
consi sting of H20, C02, NH3, and HCG8. 13. The net hod
of claim1l, wherein said isotope |abel is selected

{ f 2H, 13C, 15N, 180, 33
12. Thigehed of ALl iRsrin BR dle.hinole BrAETL PrECURGS are
f d
selec e S s TR S L o HCO o

t he group consisting of 2H20, H2180, 13C02, C180170,
H16CC3, 15NH3, 2H-|abeled am no acids, 13C- | abel ed

13. TheimethagiafLlainei wheein gaidrisaiopadatsl is §@©cuedkféq>rad-he group
consiihg thg Df 2H, 3¢, 15N, 80, 335 and *s.

14, The method of claim 13, wherein said isotope is *H

15. The method of claim 1, wherein said isotope-labeled protein precursor is selected
from the group consisting of 2H,0, H,*?0, 3CO,, C*¥0Y0, H®CO3, **NHs, *H-labeled
amino acids, 13C-labeled amino acids, *°N-labeled amino acids, '20-labeled amino

acids, 3*S-labeled amino acids, and **S-labeled amino acids.

16.  The method of claim 15, wherein said isotope-labeled protein precursor is H,0.

17.  The method of claim 1, wherein the organism is a human.
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aci ds, 34S-| abel ed am no acids, and 33S-1abel ed am no
acids. 16. The nmethod of claim 15, wherein said
w0 s@iopl26 abel ed protein precursor is 2H20. 1FCT/UR®03/023340
met hod of claim11, wherein the organismis a human. 35
WD 2004/ 011426 PCT/ US2003/ 023340 18. The met hod of
claim1, conprising the additional step of
di scontinuing said admnistering step (a). 19. The
met hod of claim1, further conprising adm nistering a
18. Thdimehodtofcclaim 1; bempiising itibe agditionabstepiof disdonfinvingsaaé]
. or Qrganismprior to said admnistering step (a). 20.
admm}@t‘ﬁ%'??%a@po{g)determ ning the effect of a diagnostic or
t herapeutic agent on a cell, tissue, or organism
conprising: a. determning the nolecular flulx rates
19.  ThefmatHdldustediainy 10furﬂli@tc©hﬂ§i'|9m%tabmlmgﬂelrlng g diagbesticasr
organlsmaccordmgtothe od of claim1, b.
therapeificragané to sgidseellyl tisgusmtor arganism pidereionsaid ﬁgrmm@terlng step
nol ecul ar flux rates the plurality of proteins in the
@) cell , tissue or organismaccording to the nethod of
claim1, to determne the effect of said diagnostic
or therapeutic agent. 21. The nethod of claim 20,
20. A wiethed of detarndhihgdhe effeat of agliegridstic or thérapapdobgent on a cell,
agent on the nol ecular flux rates of the plurality of
tlssueppapégmsmmcgmp@smn tissue or organism is used for

g? ﬁe télﬁﬁ%ﬁﬁmg‘j @%?%g%ﬁqﬂégéte%%ﬂgtaliﬁ otaelgagé‘i%s% the cell,

the t@s‘she%ﬁoﬂjarmgiﬁ aeEortiMgetooRaMetibd Ociaph ecul ar f1 ux
rates of a plurality of proteins in a cell, tissue, or

b.or geadrsimisteing seisi agentaandiet er mi ni ng the nol ecul ar

it T R —
aclclqlguggort g%Hf%m Qﬁfopéﬂﬂ b tﬁé é?h% nﬁf D ®Htermine the
ST 8sU organPsne o <hog dhdlel ‘popul at | on

conpefifedt ofadatt diagnostic®r theggpastic dgerdet er m ning the
nmol ecul ar flux rates of the plurality of proteins in a
second popul ati on of one or nore cells, tissues, or

21, TRE nchog's of Haim ,nvgherein said effect of a diagnostic or therapeutic agent
on the molecular flux rates of the plurality of proteins in said cell, tissue or organism

is used for the discovery, development or approval of a drug or other therapeutic
agent.

22. A method of determining the effects of one or more genes on the molecular flux
rates of a plurality of proteins in a cell, tissue, or organism, comprising:

a. determining the molecular flux rates a plurality of proteins in a first
population of one or more cells, tissues, or organisms according to the
method of claim 1, wherein said cells, tissues, or organisms of said first
population comprise said one or more genes;

b. determining the molecular flux rates of the plurality of proteins in a
second population of one or more cells, tissues, or organisms according
to the method of claim 1, wherein said second population does not

comprise said one or more genes;
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to the nmethod of claim1, wherein said second

popul ati on does not conprise said one or nore genes;
w2001 2004/ 011426 PCT/ US2003/ 023340 c. conparPamyusive3/023340

nol ecul ar flux rates in said first and second

popul ations to determne the effect of one or nore

genes on the nolecular flux rates of a plurality of

proteins. 23. The nethod of claim11, further

conprising isolating a plurality of sanples from %ai,d

c. cel compasisgdhemalegian Bux rates inSaigtfitekiad seransd pertllalipns to
t he | ecul flux rates of a pluraljt '
et SB0FT00S the et GO ptinePe BelS phate Ml BbARERGy rates of a
cel | Ii ¢ gani sm said nmethod conprising: a.
admp#lli"tg{@??‘ﬁ%r%g%e or nore isotope-|abel ed organic
nmetabolites or organic netabolite precursors to said

cell, tissue or organismfor a period of tine
sufficient for one or nore isotope |abels fromsaid

i SQt = j [
23, T Reftins S Gala BR iy Sy i SBl Rty o Sanipfesom
said cBB! 88l dieSrgafishiie or ganeonme or portion thereof of the
cell, tissué or organism b. obtaining the organeone
or portion thereof fromthe cell, tissue, or
organism c. identifying a plurality of the mass
i sot oponeri c envel opes of ions representing

24. A hfethdd %?%{eﬁééﬁ@@b‘%h@‘?ﬁé\@@dulafv Bfix res e PBJURIIRP BF offanic

portron by nass spectronetry; quant i fyi ng

metabalitat iirv ell @nc pdrtioh of therergariepntopbaeell Aiissodarcrganism, said
ions wthin the nmass isotoponeric envel ope
methed CcoaYsH:ng t o each organic nmetabolite identified

o) e BAPBSY ESE RS CTRL el BB B oroenc
oAb lite Brieetiebid ©Ssdi@ cal! ¥siiens drhanismt fop adberiod of time
synthesis or renoval of said plurality of organic
msufficientt fies on870r more isotope labels from said one or more isotope-

labeled organic metabolites to be incorporated into the a plurality of organic
metabolites in the organeome or portion thereof of the cell, tissue or
organism;

b. obtaining the organeome or portion thereof from the cell, tissue, or
organism;

C. identifying a plurality of the mass isotopomeric envelopes of ions
representing individual organic metabolites in the organeome or portion
thereof by mass spectrometry;

d. quantifying relative and absolute mass isotopomer abundances of ions
within the mass isotopomeric envelope corresponding to each organic
metabolite identified in step (C) by mass spectrometry; and

e. calculating the rates of synthesis or removal of the identified organic
metabolites to determine the rates of synthesis or removal of said plurality of

organic metabolites.
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25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

WD 2004/ 011426 PCT/ US2003/ 023340 25. The met hod of
claim 24, wherein the one or nore organic netabolites
w@eooeogEné ¢ et abolite precursors are sel ect eRICT/D82003/023340
the group consisting of H20, C02, NH3, HCO3, am no
aci ds, nonosaccharides, carbohydrates, lipids, fatty
acids, nucleic acids, glycolytic internedi ates,
acetic acid, and tricarboxylic acid cycle
intermedi ates. 26. The nmethod of claim 24, wherein ]
The mathod of 6laim| 24b evhareinsiblesariccer Mosenorganiemslipbolites or organic
onsi,sting of 2H 13C N, 180, 33S or. 34S.
metabRYR repclepcrsrre #5 Skesd BPM U Groli oISt iEp o, &% N
n . ). , . .
g A B e Rt e o acids, nucefc
acialdpglycelytic intgrrediates; aceticacidpand edudriboxylie@eid egtle

_intervals. 29. The nethod of claim 24, wherein the one
intermegiaéeser gani ¢ netabolites or organic netabolite

precursors are adm nistered orally. 30. The nethod of
claim 24, conprising the additional step of

The%éﬁfb@‘dﬂbléiﬁ%@,ﬂhﬁereﬁﬁfﬂé‘isé&ﬁé laBelsis 8Blecead fréfh thEGroup
met hod of claim 24, further conprising nodifying said
consigting of A} 6N, 280, FSiar**8o sai d neasuring step. 32.

The nmethod of claim?24, wherein said identifying step
(c) further conprises identifying individual organic

' ' h . nQrt -
THRE R el 4GSR ARE 8 196 s,
Treaivéthdd oftiainy 24f whiegeinisaidadmimsteting stepr(e)i copspridese
organeone of said cell, tissue, or organism 34. The

adreinistering saiddiracuraor aluragwar eapHedimgnale step of

di spl.ayin he .r.at es of ynt hesi s o . Saj .
i DRI 5P st ani el B e GO brof Bl egF b organic
| c}Wﬁf ' IMEeREd tabolite precursor is

mggef’déigi}%ére ro%gtbﬁéebg'?gg% congiragl?i ng of H20, C02, NH3,

Tleen eheBG8 of 8RiINMQ42 eompRisIntPiheREITUSED GBppaBdiscorgduirth said
nmet hod of claim 26, wherein said isotope is 2H 37.

administering §teF (1 ai m 35, wherein said organic metabolic

TRE Rféthad o icﬁairﬁzﬂ, further comprising modifying said organic metabolites
prior to said measuring step.

The method of claim 24, wherein said identifying step (c) further comprises
identifying individual organic metabolites in the organeome or portion thereof by
chromatography.

The method of claim 24, wherein said plurality of organic metabolites comprises
the organeome of said cell, tissue, or organism.

The method of claim 24, further comprising the step of displaying the rates of
synthesis or removal of said plurality of organic metabolites.

The method of claim 24, wherein the organic metabolite precursor is selected

from the group consisting of H,0, CO2, NH3, and HCO:s.
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36.

37.

38.

39.

40.

41.

42.

43.

38. The nethod of claim 24, wherein said

i sot ope- | abel ed organic netabolite precursor is
w@edoeotre from the group consisting of 2H20, 3P2IDUSEN023340

H2180. 39. The nethod of claim 38, wherein said

i sot ope-1 abel ed organic netabolite precursor is 2H20.

40. The nethod of claim 24, wherein the organismis a

human. 41. The method of claim24, further conprising

adm ni stering a diagnostic or therapeutic agent to

said cell, tissue, or organismprior to said

adm ni s I, N 42. A nmethed of determ ning
Th@H@ @]ﬂpeqe,rr I%%‘ Zé'd‘ﬁ’gﬁé%éts?'g ISOLOPR A} ddeut i ¢ agent on a
cell, tissue, or organism conprising: a. determning
the rates of synthesis or renoval of a plurality of
Ther methic ofakdiab8b; wherdin shiteorgahic, metabslie precursoigia i, Om
according to the method of claim24, b. admnistering
said agent; and c. determning the rates of synthesis

TR e 6 il o el sl sPlorRPRk] o SERdRsiebRls "

precu?ior |§lsé’lb@ﬁe@‘ﬁoﬁﬁh@@jr@ﬂ?cﬁﬁsn& of 1o, 3‘Pf208®hgo d2180

diagnostic or therdpeutic agent. 43. "The net
cI aim 42, wherein said effect of a di agnostic or

Theosgid of Siola S WHRFeIn, ol RoRpenPbalid: dtiahityBetabpite

precu??drdi 39 YO 2004/ 011426 PCT/ USZOOB/ 023340 cell, tissue
or

rgafu smis used for the discovery, devel oprrent or
approval of a drug or other therapeutic agent. 44. A
met hod of deternmining the effects of one or nore genes
Th mateodief elgiin 24, wheteinthe«uganisa isludMRdy of or gani c
metabolites in a cell, tissue, or organism
corrpri sing: a. det erm' ning the nolecular flux rates

thbd bﬁuatm 2f fe&aéﬁt&naﬁslae%mlﬁﬁtérmgaa ididdfostic or

popu ation of oné or nore cel S, tlssues, or organi sns

therapeatic dgent tot said kell rhﬂsheploobrgﬂnmnnrpﬁ@r t@vlsaldeadmmtehng step

cells, tissues, or organisns in said first population

(a). conpri se said one or nore genes; b. determning the

rates of synthesis or renoval of the plurality of
organi c

A method of determining the effect of a diagnostic or therapeutic agent on a cell,

tissue, or organism, comprising:

a. determining the rates of synthesis or removal of a plurality of organic

metabolites in the cell, tissue, or organism according to the method of

claim 24,
b. administering said agent; and
C. determining the rates of synthesis or removal of the plurality of organic

metabolites in the cell, tissue or organism according to the method of
claim 24, to determine the effect of said diagnostic or therapeutic agent.

The method of claim 42, wherein said effect of a diagnostic or therapeutic agent

on the rates of synthesis or removal of the plurality of organic metabolites in said
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netabolites in a second popul ati on of one or nore
cells, tissues, or organisns according to the nethod
w@pooglosi4es 24, wherein said second popul ati on POEES2003/023340
conpri se said one or nore genes; c. conparing the
rates of synthesis or renoval in said first and second
popul ations to determ ne the effect of one or nore
genes on the rate of synthesis or renoval of a
plurality of organic netabolites. 45. The nethod of
cell, tisbug or argenismiie used fipr thei digroveny, alavalppaentuarapprgvabof a drug

sanﬁl es f{_om said cell, tissue or organism 46. The
or other 4heraPelticegg8tor ot her therapeutic agents so

. AR BEAGPHRS R PRl R 8Lt sfes o e gehger nux
rates oha pigtalindoPbrgapicimetatiblitekdin a cell, tissue, or organism, comprising:

a. determining the molecular flux rates of a plurality of organic metabolites
in a first population of one or more cells, tissues, or organisms according
to the method of claim 24, wherein said cells, tissues, or organisms in said
first population comprise said one or more genes;

b. determining the rates of synthesis or removal of the plurality of organic
metabolites in a second population of one or more cells, tissues, or
organisms according to the method of claim 24, wherein said second
population does not comprise said one or more genes;

C. comparing the rates of synthesis or removal in said first and second
populations to determine the effect of one or more genes on the rate of

synthesis or removal of a plurality of organic metabolites.

45. The method of claim 1, further comprising isolating a plurality of samples from
said cell, tissue or organism.

46. The rights to drugs or other therapeutic agents so discovered by the method of
claim 21.

47. The rights to drugs or other therapeutic agents so discovered by the method of
claim 43.
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