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BACKGROUND OF THE INVENTION

Recent advances in the Human Genome project have, paradoxically, led to the |
W|deaspread recogn;tlon of the inadequacy of gene sequence information by itself. |
Sequence information (i.e. structural genomics) is unlikely to generate tnsught mto
.- disease or normal physiology without better information concerning the functtonal .
consequence of genes. Higher Ievels of blologlcal organization relative to gene
sequences include expressed mRNA levels, the expressed protein complement and N
concentrations of organic molecules in metabolic pathways These levels of cellular |
orgamzatlon have been called gene expressnon profiling (transcnptomacs), proteomu:s |
and organeomscs respecbvely In aggregate, these can be seen as mcluchng the
structural baochemlcal phenotype (i.e. the complete complement of molecules preSent)
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In accordance with a first aspect of the present invention, there is provided a
method of determining the molecular flux rates of one or more proteins in all or a portion
of the proteome of a cell, tissue or organism, said method comprising:

a. administering one or more isotope-labeled protein precursors to said cell,
tissue or organism for a period of time sufficient for one or more isotope
labels to be incorporated into one or more of proteins in the proteome or
portion thereof of the cell, tissue or organism;

b. obtaining the proteome or portion thereof from the cell, tissue, or

organism;




| abel s to be incorporated into one or nore of proteins

in the proteone or portion thereof of the cell,
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In accordance with a th1rd aspect of the present invention, there is provided a

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

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

b.  determining the molecular flux rates of one or more proteins in a second
population of one or more cells, tissues, or organisms according to the first
aspect, wherein said second population does not comprise said one or more
genes;

c. comparing the molecular flux rates in said first and second populations to

determine the effect of one or more genes and on the molecular flux rates
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aspect, wherein said cells, tissues, or organisns of
said first population conprise said one or nore
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wherein said one or more isotope-labeled organic metabolite precursors are
selected from the group consisting of “H,0, H,'%0,*CO,, HPCOs, and *NH.

In accordance with a fifth aspect of the present invention, there is provided 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 one or more organic
metabolites in the cell, tissue, or organism according to the method as
defined above,

b. administering said diagnostic or therapeutic agent; and

c. determining the rates of synthesis or removal of the one or more organic

metabolites in the cell, tissue or organism according to the method as defined

above, to determine the effect of said diagnostic or therapeutic agent.
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wherein said one or nore isotope-|abel ed organic
netabolite precursors are selected fromthe group
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portion thereof of the cell, tissue or organism. The proteome or portion thereof may be

obtained from the cell,
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rates of synthesis or breakdown of a plurality of
proteins in all or a portion of the proteone of a
cell, tissue or organisn). One or nore isotope-| abel ed
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~In another embodiment, the methods may further include administering a
diagnostic or therapeutic agent to the cell, tissue, or organism prior to administering the
isotope labeled precursor. Also disclosed herein is 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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proteins | ssue, or organi
m@iecn@r fiumirates inithe fust asiﬂeeundfpopuianraisemyoietqmmeuhabﬁfetcyoﬁfne
[ ins ip.afir gr nore cells,
orfiat FalS o eyt ARPAsTO0 ol S uEhe Genes.
det dn aimtherg:rrtbbdlmemlthmmivanwﬁ isudrawa tedetamitihg thel mmlaidlatrylux

of pr n a.seco ation of e or nor
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tisSue dmi@fngﬁﬂ € ogﬁﬂ)r&ﬁﬂ%p@laﬁﬁleﬁ b%amﬂ@rhdtﬂdtﬂgﬂ% of bigxnit ath es
e first and, second popu ns nmay determ_ne the
m%ﬂ? i‘&l’%@%ﬂﬁ%m% pe Adypia ?fﬁ@ t@“n s Pegpmpm for ppeniod of
tich@duPici&t fér ddle Wk alord Mot@f)e RBEE & BiSincdrPoraR@tikie a plurality of
enbodi nent, the invention is drawn to determ ning the

orgamicBERbAlitey i he qrganeeme or porsp theraof f te celf. giarecor organism.
Tmaaae&ﬂlé 8:Spdrifordihlre8f my BObKthiRBd Abmithecal HaR8 Qﬂ%r%}usﬁl A

tissue or organism One or nore |$otope-| abel ed
pl‘éfﬂlgtaﬁ)if @aﬁﬁelﬁ%mmr@senmlomsgﬁ ions repieseatied individypbergrior s

mé@éhﬁ:@ nﬁ@l@‘o@aﬁ%&ﬁ@ B néeo‘i‘n&;@m%f tnay bd REMEHEQ ly%&@ Q& Fometry.

for a peri o I ClI ent or one o
In pdditiorp the reletive andoabiseluterass potoppmdr dnndargepdfithalons yitbin the
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I'ssue or or
byonagasmaomary Atiesd relativhardeabboln@ymdse isotvpamaesbubdowes iay

U5 She sl R ar Bras bt soohigp i aseav e P it b
calonlged) and theinaleohlhd fix tates bfithe@phgalitg 0 fBrganic pgstdbotites thereby to

thereof ., may be identified by mass spectronetry. In
begﬂﬁFFpﬁﬁ the relative and absol ute mass i sotoponer

abunfl3n€ eabafimbMitCoheddtSndkt bitalictrh@abolites or organic metabolite
precursors may include one or more of H,O, CO,, NH3, HCO;, amino acids,
monosaccharides, carbohydrates, lipids, fatty acids, nucleic acids, glycolytic
intermediates, acetic acid, and tricarboxylic acid cycle intermediates. In another
embodiment, the isotope label may include 2H, *C, N, B0, **S or **s, The plurality of

organic metabolite precursors may include the




I sot opi ¢ envel opes corresponding to each identified
organic netabolite nay be quantified by mass
spectronetry. These relative and absol ute nass

I sot oponer abundances may allow the rates of

synthesis or renoval of each identified organic
_retabolite to be calculated, and the nDIecuIar f 1 ux
rates of thﬁﬁfluralit % organi c netabqlrt ereb¥
eniige organcqEe e Fhf QYIS Hiay Re gnisgyigcly m% gman. in a

paRi @B ieE1bDBIRBO klictiafo lal¥] gARibE ZHEt abol i te precursors
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plurality of organic net precursor
th¢ libelediprecireors entire or ganeome. The organrsnrnay be
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anf e GR0RPHR 48 sochigh PloPRit iy seat el Gttt elBiies o
chemicaily eltaingain muamt ﬁiembolﬁtes or organic netabolite

et B4R R FmapRig ol porgpr Hereol iay B¢
idehitified by inasd @@ct&dmtfy, Sﬁd/@{Byflihrdiﬁat(agrbjﬂlﬁ afhelr:]r;&dﬂate% sygthesm or
ur sor itiona odi ment e .met hod ma
ro A A Sl Ry O e ARG IT IBIRGE. © o g

I Nt MR dadthér@mbobintent, ke MR&Siof RErhwR BRfeihodséfidministering a
nodi fi cati on may be any nethod known in_the art, such

diagaoglic ok Hsmnculis @geatet@rﬂar'or%ﬂrsr% 0B PEEARTSEL RFier Ahesimipistsring the

pré&0 8Bt SR bhd eBbd Bl AGhE h‘ﬁ/eﬁﬁcgﬁﬁl bifawieb 2Rt JdesF-determining the
| ndi vi dual organic netabolites in the organeone or

effgesiof p dinenavices thepapputiseagenioers ¢eili Besupyor gegggism by determining
theSRRS bf QAR or ARRAHAL fkéy 1&‘3&8#5?‘0& éfab(ip?t% if HeGdh alsset, or

synt hesi s or reana rat es ura

orgﬁrlgah pémimisterbigl antagentsvayl doterdingg thy mﬁes df rsylath@!srmrremoval on
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t he ion
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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 cells, tissues, or organisms
that may 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.




effect of a diagnostic or therapeutic agent on a cell

ti ssue, or organismby determning the rates of
woseM/iesics or renoval of a plurality of organimT/us2003/023340

netabolites in the cell, tissue, or organism

adm ni stering an agent, and determ ning the rates of

synthesis or renpval on the plurality of organic

netabolites in the cell, tissue or organism By this

means, drug discovery and devel opnent may be

faC|I|tated or achi eved. In anot her embodi ment, the

i nventio ) t ] (. Ng the

effects & #-ar fl ux

FIGURFef s@éw@ aéﬁiab&ﬂlzﬁraﬂ{ gﬁ"lgg' %lng‘i @B%drﬁ%‘ildnﬂ?iﬁco plex

I ssue, or or ecu

blologlcalf;ygtemsat es of a pl urallty of organic netabolites in a
first gopul ation of one or nore cells, tissues, or

FIGUYRE2 sbaws hevelnel ﬁblﬁlét!@ﬁahﬂﬁf@f@léﬁ-es det erni ni ng t he
t f th it i
FIGURESE Shotvs techiidisTop et Bl profomdis, o

| X
FURE 4 8 A o e s o
into seleclrealt fese afnins acidsp Ffwmhem@ssahtlarmmccam Gdiahinee glyicme) laad an
rst and-second. popul ations. 6 WO 2004/ 011426

- essential W@d@i@m@mrﬁ Sy m@mfpaxaw @F Appinerangy glysine are

presented i afits g QeI uFERAErah TG e, Sk heldndn,

transaminBeVSEP-e eIk osﬂ{oefnkb!lﬁ?t]lg%gé cSﬂiB?&kﬁﬁseFT @;@Etr%aGUR ¢ acid

techni que$ for neasur i nam ¢ “prot eom cs
cycle; mpsemma pettdhwayafolate natthlybttahyferasge nFiguend@ glepiate by °0
g_bel ed, wat e& into selected free am no acids. Two
labeling of, Jieeaing; agdsHer REOteE) 8¥t8Figni ne, gl ycine) and an’

essential am no add (Il eucine) are shown, by way of .
exanpl e. Al anine and glycine are presented in Figure

4A. LeUgBFAIEED'BESCRISTION ORTHEENVANTION at | ons:
TA, transam nase; PEP-CK, phosphoenol - pyruvate

The mm»tgikhamdlscovmir methoad bﬁd@ﬂ&rmlmng dnole@tdaeﬂusmres (i.e.,
SvntheSlSEﬁ?&'fi@ﬁ@ RGO ETINBLIGtRS) OF o plwelinet ROk or ARty of
h snich
oraic RIS oI ST iy B inggorea o

cell, tissuéledredianishe Tmé pclballaf ﬂux ré@isast o piuality of proteins or a plurality
' of organic metabolites are then determined.

I. General Techniques

The f:)raétice of the presént imfentiori will employ, unl.ess othénmfse i:ndicated
conventional techmques of molecular biology (mdudlng recombmant technlques), o
mlcroblology, cell blology, bzochemlstry and immunology, Wthh are wnthm the Skl" of
the art Such technlques are explamed fully in the hterature such as, Molecu/ar
C/omng A Laborato;y Manual second echtlon (Sambrook et al., 1989) Cold Sprmg 7
Harbor Press; Olfgonudeonde Synthess (M.J. Gait, ed., 1984 ) Methods in Molecular -
Biology, Humana Press Cell Biology: A Laboratory Notebook (3. E. Celhs ed., 1998) o

Academic Press; Animal Cell Cufture (R.1. Freshney, ed., 1987); Iniroducbon to Cell and
7




synt hesis, breakdown and removal rates) of a plurality
roteins or a plurality of organic netabolites.
WOﬁ“?@Q”“&n i sot ope-| abel ed precursor nol ecul e PEIAS2003/023340
adm nistered to a cell, tissue, or organism The
mol ecul ar flux rates of a plurality of proteins or a
pI urality of organic netabolites are then determ ned.
General Techni ques The practice of the present

e b ol o A 9 5 e

Cufture: Lébd?ﬁ!dt'ﬂ % i, lge% _;P gh @r %%r%n% rﬂﬁg\\ﬁllogﬁs 1993-8)

J. Wiley arwl Stbrnsn M@d@hﬂmﬁ/ Fy@AttadeﬁucPréﬁpmm glph%nafbookof
|ained fully in the literature, such as, Ml ecul ar

ExperimenGIimgnoigy SBof.apisir ant ks Blageudh @dsdi Gane (suasbradictors

or Mammefaf el a3 Mg nﬁﬁ@é e F Bt 7 Gurrepg fxgtocols n

NA oliogy
| Molecular B%?{l)éygftfm %{or ad., eﬁg % Pl]?ﬁa ”fhépﬁ?%erggé Chain
Reaction, (Mdiy et alqa&tlsm 10M)e ﬁlfré)vﬂ m'at‘ocﬁ& in KrmtmogyRIE. Coligan et

sh 198 Introduction to Cell and 7 WO
al., eds., 15@&/%5@@@!% veauwan Sinkogy (Wilsyearl Souse199)pand Hoss
9 P
isotopomel BBt prajisis 5F SRl el B oledli QoYL wn Bperiiintal

cons:derao@ﬁssz' Hellerstaitfand Recde\W@lh 7 P?)%fo/ 276 gﬁnﬁécngbl ﬂygt'aBVBQ)

ons; Methods In Enzyrro ogy (Aca
E1146- Ellﬁac 1999]—|ah‘mﬂhkm1mane pﬁxmiurwamloylmgruomW(aﬂvaamme assay
C;gl FVE );..Gene Transfer Vectors for
kits and r eﬂﬂ?ﬁ'#élw Riggllysbg 95@5 agrPiding thenanufactarariefinegsprotocols
rrent Protocols in Ml ecul arBi ol ogy(F. M
unlessothﬁ%% tggf al ., eds., 1987); PCR The Pol ynerase Chain

Reaction, (Millis et at., eds. , 1994); Current
IT. Deffidiomso!l s i n | mmunol ogy (J E. Coligan et at., eds.
1991); Short Protocol:s in Ml ecul arBi ol ogy(WI ey and
Sons, 1999); and Mass isotoponer distribution -
Unl%ﬁatbmsedeﬁn@qhtalytﬁms oft ar&onaiptions andrethgit sderlift
con and, Nee

termmolog?ﬂ%]&g hréﬁe;ntgfl £ '@?@aFéﬁHgﬁVﬁ&g?b Heglgse rggnsfn?clp_q 1431@@935 by

those °f'5k§8a| #:e{%g@iadgpf 'S an@ﬂﬁeggaéﬁ#miﬁgéﬁ‘%t VPl ca é}ﬁ\gﬁh

commonly usddrs&mbnﬁanmgscareamﬁrm isrely fefdamg andpoerst eady
| ess ot herwi se noted. H Definitions
reference and the inclusion of such definitions herein should not necessarily be

construed to represent a substantial difference over what is generally understood in the
| art. The techniques and procedures described or referenced herein are generally well
understood and common!y employed usmg conventional methodology by those skilled

in the art, such as, for example Mass zsotopomer dlstnbuaon analys;s at eight yeai:s
theoretical, analytfc: and expenmenta/ cons:deratfons by Hellerstein and Neese (AmJ
Physiol 276 (Endocrmol Metab 39) E1146—E1162 1999) As appropriate, procedures
mvo!vmg the use of commerCIally avallable kltS and reagents are generally carrsed out :n “
| accordance with manufacturer deﬁned protoco!s and/or parameters unless otherwuse .
noted. ‘ ' |




Unl ess otherwi se defined, all terns of art, notations
and other scientific term nology used herein are

woO nogoded t o have the neani ngs conmonly under SHEQUS2093/023340
those of skill in the art to which. this invention
pertains. In some cases, terns with comonly
under st ood neani ngs are defined herein for clarity
and/or for ready reference, and the inclusion of such
def| nitions herein should not necessari

b
arrﬂy@datees”rr@fﬁré;@ dhe sate b synthesis af&ﬁ?‘Hé}féﬂ@@%@ﬁa

e i, BN o Bl g o

organic m&%b@it@'s ASUITRRG DR lrédnoVE! from ) Sdeﬁéle@UI@sPQWMrefore
npl oyed usi ng conventional nethodology by those
synonymosk withetie flow irtte aad oulsmfcﬂalchpoolfafrmeteaués Mass

i sot oponer distribution anaIyS|s at eight years:
"ISG{PPAIIOUER o 4ieh CaIRPtREIE BOMIRHUPS oISt B GPeEis JhTs Troe
identical e@%@%& At cljr:éﬁl\‘}:% gatqﬁc'_'u??@st dlﬁ%r W RIR Bﬁutftlbﬁtent (eg.,

ures |nvo vin conmmrer
CH,NH, v G, NRDI @ thicl sxanslerabage)lt Boripologurey aid deﬁmrd byethaiisotopic
in caccordance with manufacturer defined protocol s
compositien dherefarerezvhlisotopoitgueshastdenigue exanb ress baitwaay not have a
; 2004/ 011426 PCT/ US2003/ 023340 "Nol ecul ar _flux .rates"
unique struelueg.s Apdsetpeologue usually indisesof iy gt IsalRRIGAFoBIerS

(sotoporoPi3 ich, ey e forl Bt BB Bra chPbESHpRcLE e,

CH,NHD dﬁ@t@JP@NH €are thidPime %mwog@wréalm@mmﬁomem)

Al e, and is therefore synonynous with the flow
|nto and out of said pool of nolecules.
- “isttopelisiuid suer ineludes Wateslabelpd avitio mokaguasrespedific heavy
nol ecul ar speci es that have identical elenentak¥gﬁd
isotopes ofm&hethydr@g&p@. fyges. Kpeclic fxamples ok sokpRelavsiadaneter

H3,.v CH3NHD i n the exanpl e above).
include * 2§oﬁ$ébfﬁgﬁ@% g%e defined by their |ggtop|c )
"PrEQAR PRI rERAE 8 8N of@silic bP RidRBENRAHBICRAR & compbint

exact mass but may no que structure.

thereof, wieptinppleqguaons atdrny of wﬂxm czipablef eﬁbemgaﬁcmnpomgﬁi mto
i somers (isotoponers) which_ di ffer by the | o&ﬁ
protein mplgsules in @@Mﬁsﬁez Regarisrecen athee biplogicalisign

b'OChem'QCEZ'EO(‘} @t)twé E‘gﬁ'g:f Fég?p@@ﬁ&ﬂm%ﬁmﬁlﬁgoj é%é@ﬁr?{ﬁecursors

e, RIS RSSO T Cof egung s of

“Isopedpbelatbplatdinvprieearsor” refers to a protem precursor that contams 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_inciude spedific
heavy isotopes of elemen'ts present in biomolecules, such as *H, C, 15(\!,:.1-30, g g,
or may contain other isotopes of elements present in biomolecules such as °H, Bc 3g,
125, BB, Isotope labeled protein precursors include, but are not limited to 2H:0, 15NH3,
B3co,, HBC03, 2H-labeled amino acids, 1C labeled amino dcids, °N labeled amino ac;ds,
180 labeled arnino-acids, **S or 335 labeled amirio acids, 3H:0 3H-labeled amino acids,
and **C labeléd amino acids. o BRI "




i ncl ude 2H20, 3H20, and H2180. "Protein Precursor"
refers to any organic or inorganic nolecul e or

wWauepondem thereof, wherein one or nore at onspEfyuvtbOsIiR:340
are capabl e of being incorporated into protein

nol ecules in cell, tissue, organism or other
bi ol ogi cal system through the biochem cal processes
of the cell, tissue, or organism Exanples of protein

n recyrsors include, but are not limted to, am no
Isotope-gqigd orapRyc WPONQ@W@H&OF‘%G@?MP@ efganiameiahwiite precursor

. i ) ' ecur sor, t hat
that contafis e FioRLAE 68 b Herpbt ol alrferd iR 1k 2oBHLERSN: ftfhpe of
said elemdriteprepsit iAbvRERNbr baRt BB of @gﬁi%”tlsot%gﬁzslﬁﬁél ificlude
) nature, cells, tissue, or organisns. The | sot ope FabeF
specific heayy isotopesief sjmméritscpresenin bisiakades)isuehasgtt, $°C, N, %0,
%55, %5, 0By CotelegieD ROMRESGURTES BsSnbIn BBHIBRIES, SUch as H,

%5, LSl B Dl
limited to 24,M6NH,j Fomd Fﬁ@(%',"ﬁ@la%t@d ahlihd s, Eﬂ€_>°lf:::\(ll%lle(':Isr:la\lmino acids,

45 2H-| abel edanj no aci ds, 13C | abe[ edam no"acids, 1
N-labeled apeine @cids, nt0-dahtded amdw acitls) B8 ani*Gdabeled smito a8dsy 3H,0,

*Habeled g RS o dabaled AL RcSe "G00 i Tdaze |

n L Q2 | - ) [ t ' :
PSR SERRIGZ R L AEHOPE I HOEISAE AR B e or
mixture oftdthbr sipnilari compuundso tFep examphs), “HafiE phifetngtd Pfcftém” refers
fromthe nost abundant isotope of said elefen

to removing ese o mererpioteias Foncaimixtune efsores or more pyeleinsys.
R RSareling B rdoaunddrors iR il B sempounds. For
cxampl, ‘SRR proB (A o BRRP OSSPl SobAP O Bl

proteins ird®»snixi At of chigldr mbs@paeinsabel ed organi ¢ netabol it
precursors include but are not limted to :

w220, 15NH3, 13C02, H13CO8, 2H-| abel ed anmino acids, .
A "bigiogicah spewlelrenemaRgses any samiplbebtainethfram acelistissue; or

crgni. 885 RHFHER GR35 E i T kel B
origin, tha S accelSible 1t ambfdarksm throud Sadplika BY thiNhatl invasive or
- non-invasieé approachesd enf., ofilie collactivhablovandrewing, ndelle axsiration, and -

other procéggr[etsi i%%l%in%ulg{ir{iiynia? %slg isrc%trr?ii'or;; 0; glf’fg;t% The definition also -
includes samples that have been manipulated in any way after their procurement; such
as by treatment with reagents, solubilization; or enrichment for certain components,
such as proteins or organic metabolites. The term “biological sample™ also: .
encompasses a clinical sample such as sefum, plasma, other biological fluid, or tissue

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

. “Bio!_ogicai ﬂui'd’f refers, but is not limited to, urine, blood, interstitial fluid, edema,

 fiuid, saliva, lacrimal fluid, inflammatory exudates, synovial ﬂui.d;-abscéSs,gmgyeqja,qg o

other infected fluid, cerebrospinal fluid, sweat, pulmonary secretions (sputqm,).,_se{ninal “
- fluid, feces, bile, intestinal secretions, or other biological fiuid.
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to renoving one or nore proteins froma mxture of one

or nore proteins. "lsolating" refers to separating one
waEmopeuatss from a nmi xture of conmpounds. For eramfiiseqo3/023340

"isolating a protein" refers to separating one

specific protein fromall other proteins in a mxture

of one or nore proteins. A "biological sanple”

encorrpasses any sanple obtained froma cell, tissue;
we OF gam sm_The def| nition enconpasses bl ood and
Bgchersh| Rier Wamaresdlatlataddnoehimering ghe gxart ragrses &f gll the

sotopes fFRERTIRYE drs bR B A AR IR . o,

f‘N%&ﬁ JE:? gﬁ%:y’ F&elOf R iR hﬁgsﬁ%talﬁéﬁ %ﬁorﬁlﬁ@w%e Fkact maes '

procedures nvol Vi
of a molecleconfort or effort). The defl nition also includes
sanpl es that have been mani pul ated in an¥ way after
“Masasensatqmoamrf safiens to By ofdsotopia lﬁ@t@emama ¥ gipuped on the

or e nt for certain:

basis of NRBHR %%m%%rﬁéﬁ'nii‘&tia&&cempes B fhss 5o ber iy
- comprise e&ﬁé&f‘bf Bfﬁ‘é}'éigﬂ iS paS ¥ ﬁsntﬁirﬁ%n%éﬂf@%@ﬁtﬂoéﬂe (e.g.

I ni ca e suc rum  plasma, other

CH3NHD, UBQHQNHQ ad:H%lst% ;areipatt GitHe sapfeRiaRs isctesbraksbut are different
includes cells in culture, cell supernatants and cel| .

) :sotopologuesa.t dn optRitwnad terals, lmasy' isotebenwr ibatfamily MEsdtﬂ)mlogdes

. uri-ne, blood, interstitial, fluid, edems,
that are re&res,c&ved BY: piTHasS snegiramate. | mmpe%daeﬁse@ectmmeters this

typicaly QR ARE o iupPRRER e GG BiopPlciies harthare a

nominal &, eHng) $hé Sobptdg ue%ﬁ(!ﬂfﬁﬂ% ahdWCiBNHPEFer # Adininal mass
intestinal secretions, or otfer biological fluid. 10 |

and are dWBN30BHEA BE4RSnPETHSR0034ORBBHONdRs bl thessstopelogues

to mass cal cul ated by summi ng the exact masses of all.

CH3NHD,t ¢ty DNH} dBeR3NH>| brd CortiNpadreaalinofl theudame Roinal mass and
32.04847 for CH3NHD). "Nom nal mass" refers to the

hence ara theesmne MBEES istibpomers. bl;‘zamnmad$ mg»tmﬂ:mneuxnacthemm typically
nol ecul e, "Mass i sotoponer” refers to fam!l

composed gbpedhan ope r‘%ﬂtﬂﬂ%lpg‘il% agd bHgp dROTENERON WE‘\SS The

distinctios) ggb@%@?%ﬁ%g@ﬂ@gs%ﬁ@%@%@ gﬂgecfm fgoﬂﬁf:ﬁt@"ﬂééause

il indi clU‘éPi‘s@ﬁi I(%:)Ql'é@%‘iehb Vel iy DadiRPoRPAEY YSedtforieters and
ol inavi p@ CH3NH2 %&%ESNHz 51z,flr?ueé‘p‘glrt of the sgene ma%s

may not bes mambmleevemmsuag enats fshectepmeters dhaperodyce b)gher Mass

t t t f
resolutron,%g[igat E%gglgggrgg?rom mggs? gpecst?onggt?‘l%eéate ‘mist b%%e#ormed on the ,
~ abundances of mass isotopomers rather than isotopologues. The mass 1sotopomer

~ 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 distingeished by 'their
mass differences from Mo (M1, Mp, etc.). For a given mass |sotopomer the location or
position of isotopes within the molecule is not spec;ﬁed and may vary (l e. "posxtlonal
!sotopomers“ are not distinguished).

"Mass tsotopomer envelope" refers to the set of mass :sotopomers assocnated
with a molecule or ion fragment |

i1




that are not resolved by a mass spectroneter. For
quadr upol e mass spectroneters, this typically means

wWa Hat/oresss | sot oponers are famlies of i sot op@CIYB2603/023340
that share a nom nal mass. Thus, the isotopol ogues
CH3NH2 and CH3NHD differ in nom nal mass and are
di sti ngui shed as being different nmass isotoponers, but
t he i sotopol ogues CH3NHD, CH2DNHZ2, 13CH8NH2 and

NH2 |1 f th
"Mage s RROAR Gaftat Tes 3%33@%@59%13 B SBUndaissHEIPe mgass

: f

|sot0p0metr§ gf g 6@{3@)5@%}" 'aﬁgb kégal% 'E@Q ?ﬁ ﬂ'&:éﬁ%g%@eﬁrbsgﬂﬁcent relative

abundancéd #here bli of tike bbaRIANCE hAPALKEIRSdaDdhaRSStHeSIbePabmidant
is useful in practice because all individual

" mass isotopoperp she qast abuadar&usotepmmeecs said g beubﬂﬂ%p oThe peeferred
oneters an not, be re ol ved eye

form for aBBPBRURGINING Wb i QOEIYAS RS 38 Bi0sSr P aHNED AlLagution
analysis (I’l;lflﬁ’)t})(5 \A&%F‘t:? %%Jr%%?ﬁ%&lé@%@ﬁ%&é %ﬁé\reath@fﬁctﬁﬁ that

ances o S 1 SOt opomners

each specfe@tcbﬂtnmit@@ th sied wivgll Aaueidncd Reusan SThE téon tigBlope patish”
in mass is represented as MO, for nost or gani ¢

may be used| yaehemouslyi with the tesns| gnassesotqp@men pattggnadl | 12C,
“ 60 14N, ,, t
Maficisat ARG e ThtEs We{ﬁe PR e IR holRcRbE speries it

contains alfith, 328 I, 365 385/ &6 PitisaipRoRRlS spmingped FECL5E N, 0, P,
S, F, O, BERRRI T, tR gis%‘ﬂgpiﬁ%rgﬁﬁglyoﬁ'of%he tsﬁﬁﬁ (5!b & with Ef(%]tlﬂﬁfég?ﬁ%ss is

dre nét” di'stingul Mass |so ner envel ope

unique andefnansbigodsbecatte tie Mabammmeaeﬁmadments are
W th a nolecule or ion fragnent. 11 WO 2004/ 011426
also the lowest UspBISs/ dieengnmsmte@g mass sbhseviptad as Rip ang diesmagses

hlsto r am of ces of t mass soto rs
o other s SarOERBTAre TR LAY mas EarbBess romLgdBny T8z
etc) as percent relative abundances where all of the
C.). abundances are normalized to that of the npbst abundant:

“Is@taﬁgangg%@gﬂﬁgﬂ: refdp€ tdBR seféiopﬁggteué;ﬁeﬁ BPRledule ﬂ*?étcresults

preferred or app I cations

from the exphat momgacrratnbnbf bnicdjernopt gisimelecede ithsa distribution of lsotopes
oner distribution analysis (M DA), however,

that differp g Hhe dﬁtrd?ﬂtfqnaf@tmfé i natenwhelier arakialbnless abiprdent

sotope i Ao RS TERREE B D BEAEE iy . Sou "™
“MEOMEO RIS Yo W dhlénﬂ&iﬂ Lﬁﬁtrtﬂht H&%me%Od&wefe Richesis of a

polymer and which is present two or more times m the polymer.
“Polymer” refers to a rnolecuie synthesized from and containing two or more
repeats of a monomer. )

“Protein” refers to a polymer of amino acids. As used ‘herein a “protein” may be

toa long amino acid polymers as well as short polymers such as pepttdes _
“Proteome refers to the complement of proteins expressed by a cel! tzssue or

organlsm under a specuf‘ C set of COI‘]dltIOﬂS

“Stat]c proteom:cs" refers to current mass spectrometnc technsques well—known

in the art for charactenzmg the proteln complement expressed ina cell tissue or

12




"Monoi sot opi.c mass" refers to the exact mass of the
nol ecul ar speécies that contains all 1H,."12C, 14N,
waB40E328, etc. For. isotopol ogues conposed ofpcEuskzhosiyzizso

O P, S F d, Br, and I, the isotopic conposition
of the isotopologue with the | owest mass is .uni que
and unanbi guous because the nobst abundant i sotopes of
these elenents are also the.lowest in nass. The

oi sotopic nmass is abbreviated as no and the nmasses

. nol . ) | .
organism 53 thelR cpnaeRimtions s Jevals bubpet aythe rateeal synthasis O nass

breakowf) (P hed Bt () be cBitrasEl i EybRH PiiBomico)

“Dmﬁrﬁi@: Wr6tdondiEs afets k6 mzf§s%iﬁel:ﬂérr@éﬁ& 'té‘dhhiqd@%%p gﬁa%'t@ﬁzing

an elenment or nolecule with a distribution o
the rates Dbsyrdhesis antfar biedldoven (fiwwmes) bé thit proteingtin arprbteonde. n

BN AU NG T T L
cell, tissug, Gt CORRIC fhefatidifes filly JHOMbc AR arediBtiffited to, -
amino acitls ssgabs, tsMaphicBRGIS, driglfc Adidd, e, Wil nucldotideBises.

refers to a nol ecul e Synthesized from and contai ni ng
“Oxganeomerfoeters ke pwapepulation oborganic mkeales presentf lars cell
-+ tissue or %ﬁ%@f@?@n&"@QﬁM@,g@ rsgﬁ ﬁ&%rgle}@bu&ﬂo?’é%ﬂg :qlgqslgc‘.hles
; : ' y y : to the
present itpg U UB S dr i RERHCRE 3 oKX SRETF cobBHBRS, 2 1%

“Statig angamoniicst refers e Cufrient ARiss @beciRometioREhniqties well known
rot eom cs" refer s to current nass s&ect ronetric

- B . : i
in the art feiceharadiesizingithe kamplement efherganic moleculesrardnetabelites
..the protein conpl.ement . .expressed [.n a cell I ssue, or
present il q 3ell{EsE oy GYaRIGTAY GO L0035 aRS offeyslsy BHEBYELY the
bk ' , arat es of
rates of syt O rEalddhir S ¥helk ArBEL TnebBP b AbIEE 2 7
"Dypmnrmierdrgaseamicsd tdfeimass spddtaimetmicdethniqiynfor characterizing
proteomcs" refers to nmass spectronetric techni ques
the rates pbsynthesis andforAragkdawre of e eramic melemdassoramgtaiiolites in an
Organeo reakdown (fluxes) of the proteins in a proteone.
gan “Organic netabolite” refers to any organic nolecule :
" = o . : e o i .
ORpHR Wb ABlah Rt &) Shonl 8 Vroslic HaBAYE Tpable
of enteringdnto cellula_r pools of organic metabolites either directly or by prior

" transformation.

111, Methods of the Invention B
 The preseht invention is directed to methods of determining the molecular ﬂuﬁv:_ |
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 pfecursbrs 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 3 plura'!ity of individual prOtéins are -
identified by mass spectrometry. The relative and absolute mass isotoporner |
abundances of the jons withih'thé'iSotdpbrheri'c_erﬁ)elbeé Correépbhding toléach o
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am no acids, sugars, sugar alcohols, organic acids,
sterols, and nucl eotide bases. "Organeone" refers to

WQ We4/pap2d at i on of organi c nol ecul es present iRCTAU$2003/G23340
ti ssue or organism "Organeone” may also refer to the
popul ati on of organic nolecules present in a cell,
ti ssue or organi smunder a specific set of conditions.
"Static organeom cs" refers to current mass

et SPGB BRI AR s BRE P b b
o ot ORISR ERAT o SoGE T ety B pITTS B o
said plurality efypiobeing.s or breakdovvn of these. orgam c nol ecul es

or netabolites. "Dynam c orgtaneom cs" refers nmass

The same Briadologydary beanplicdr ogleieraning th imglecylne flusrates of

o v GEPLETBUBHATh A BRI BB, T v
The bﬁgaﬂlﬂlon SrRioPRdiek %lc{'l@otgé%épé’ Is I‘lﬂ%ﬁ?’%@ 'if ol’Tgh?é? 4l eThe

capable of entering ani c
levels of foncmm:ll igensmidstdrerillubitrated hiry Figute/:!pr'lm present invention is

an tion. 111. Methods of the Invention The
directed tg Fé%tgﬁgs gﬁv@aﬁuom,i analyzing,: quntiating, aplitating and interpreting

cynamic (e Bekboleifiefi i UMbl thaebf i RenSuBaisityr (ke

F.gure3):ell tissue or organism First, one or nore
|sotope | abel ed protein precursors are adm nistered to.
cell, tissue or organismfor a period of tine

Admmlsi'elumg lsehpe—habeledli’o'epurmw(d)l nto a plurality of
proteins in the proteone or portion thereof. The
pr oﬁearfe"smtepom thematheds of thesinvehtian nisdtopedabeled precursors
e ad SE tissue, or organism and a plurality of
are d mmil é\ﬁ dual protel ns are identified by mass

spe ek

A g so'tq%rrer M‘gt'?u ésgl%qﬁeﬁﬁe@}@& %ﬁecﬁ%ﬁhe

1. lmmmw@oﬁmtﬂém corresponding to each 13 WO
2004/ 011426 PCTI US2003/ 023340 identified protein or

p%pfﬁ@@ﬂéaﬁéeéfuant ified by mass spectrometr y, . and the
B et el e oo o
isotope—lag%lglil ifﬂéla&}fs&f dnﬁmfengb?‘ ﬁéﬁ i @Pﬁﬁ%?%@ﬁ&% labeled
precursor molecule may be a stable isotope or.rad;o;sotope. Isotope labels that can be
used include, but are not limited to, 2H, C, N, %0, *H, 1UC, ¥s, ¥%p, 177, 1311; or other
isotopes of 'elements.present in organic systems.
In one embodiment, the lsotope label is H
b. Precursor Molecu/es | o
- The precursor molecule may be any molecule havnng an lsotope label that is -
. mcorporated into a protem oF orgamc metabollte Isotope labels may be userj to modlfy:_ .
all precursor molecules dlSC]OS&d hereln to form lsotope-labeled precursor molecules |
The entire prec:ursor molecule may be mcorporated mto one or more protelns and/or .& |
orgamc metabohtes Alternahvely, a pomon of the precursor molecule may be
~ incorporated mto one or more protems and/or orgamc metabollte

A
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a plurality of organic netabolites in all or a portion
of the organeone. The organi zati on of conpl ex
whrliogdpal systens is illustrated in Figure PCiTOS2003/023346
| evel s of functional genomcs are illustrated in
Figure 2. The present invention is directed to
nmet hods of neasuring, analyzing, quantitating,
qual itating and interpreting dynam c proteonic
nmeasur enent s and nam.c organeom ¢ _ne nments.
Precurs?lsa@ecrﬂ wey mcluaejrhut.r@télmiwg tpsgp@ @ﬁ@a ucase, lactate, H;0,
acetate, ﬁ”ﬁ3§ﬁ¥%@kk a first step in the nethods of the :

|sotope | abel ed precursors are

adni skt PRecitfsorfdm ni stering an | sot ope- Label ed
Precursor Mol ecule 1. Labeled precursor nolecul es a.

A proteoprepersor bllecule endyi bsan;meptelmpnmusmnm@iemﬂedﬁw in the
flux rates vol ves an e- | abel ed
art. Thesg,Ecah MKLUAR DoV DeL g s, A Lo8s, lasiate, B Sohtotenand

fatty aad#sotope | abel ed precursor rml ecule may be a stable
'sot ope or radioi sotope. |sotope |abels that can be

Precur@ﬁ%diélﬁilem prowing gf‘élbo indihdeeshd or nitie ahdifio ddidg), The
180, 3H, 14C, 35S, 32 1251 1311, or other isotopes

precursordnay bemmytamipoesitht The pregusomelesulenmay be asingly o multiply
odi nen t he i sotope | abel . ecurso
| deuterategi TR 0. THY SxatoEsbre H{ﬁtgﬁﬂr@ﬁﬁméﬂ%&emeewuﬂere of

SCiysine) 4 I P00, Sy, HpyETRAREDS, Sy, o

histidine, laﬁe(hrﬁ/@dm@iatad anliho peidc Uabeledraripouddds maqrdb@adnhmastered
herein to forn1|soto§e | abel ed precursor nol ecul

for examnlaeuwmte@opddut@dsw rm@nelabel@dmne@qd&ofi\lbtspmmlabﬂbé
teins an /o

precursorg iy h%ﬂuv&aﬁ?g SSuPe Yo or e dp B T pgE ftope Labs

v ﬂqwh i ncorporated into one.or nore proteins and/or
(Andove anl c netabolite. 14 WD 2004/011426

Protelﬁ(ﬁfédm%ﬂmalewwmy Bisednclside anylprectireer fcar;postutfammnonal or
not limted to, C02, NH3, glucose, |actate
pre—trans@@na!{y@mogrf@dfamm agdsisThese precursors include but are not fimited
to precursors of methylation such as glycine, serine or Hx0; precursors of hydrexylation,
such as H,0 or O,;-precursors of phosphorylation, such as phosph_até, HyO or Oy;

precursors of prenylation, such as fatty acids, acetate, HO, ethanol, ketone bodies,

glucose, or fructose; precursors of carboxylation, such as €0z, Oz, H20, or glucose;

precursors of acetylation, such as acetate, ethanol, glucose, fructose, lactate, alanine,
H,0, CO,, or Oy; and other post-translational modifications known in the art.

The degree of labeling present in free amino acids may be determined
-experlmentally, 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 *H,0 in body water may be identified. The total number of C-Hrbonds in each non. -
essential amino adid is known - e.g. 4 in alanine, 2 in g‘lycine;ﬁetc." =

" The precursor molecule for proteins may be water. The hydrogen atoms on cH
bonds are the hydrogen atoms on amino acids that are useful for--_ me‘asuring' protein - :
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i. Protein Precursors A protein precursor nolecule may
be any protein precursor nolecule known in the art.
wormesetgeecur sor nol ecul es may be C02, NH3, ¢lmcR8$003/023340

| actate, H20, acetate, and fatty adds. Precursor
nol ecul es of proteins may al so include one or nore
am no acids. The precursor nmay be any am no acid. The
precursor nolecule may be a singly or nultiply

grated am no add. For exanple, the precursor

synthesis %&m il Sﬁr&? the Qrhicang Nridhongs of psrztau}%ar@elablle in aqueous
s, S SO AT ] Wi s

without tlﬂﬂ?k?rﬂﬁ&!r@éf Fﬂté?r “t%b&‘n §‘85 g se. C:H bonds
adm ni stere or exanpl e ute ute .
undergo rnommbmmehddommu@mtolfﬂm amiro act@:t duﬁn%] abetrﬁd enzyme—catalyzed
precursors na ur chased commerci a or exanp

mtermedrawm@gbg FeR(&ions &Flgy@e E&-b Jh e(mﬁmof %l/;h aberbllbﬂérl rbonds of

S b R

was asserﬁﬁleﬂcfrcﬁﬁ 'a%noﬂ&ﬁfﬁrﬁ ﬁ\@gr? fiie .Er@ﬁ'fHﬁﬁ Rivin od of 2Hzo

l[imted to precursors ation such as

exposure 3 e.er that @he Iﬂia:errprsamwlymyatlm‘srszdd rMaNr@ctail?pthe am’m add
or 02; precursors of  phosphoryl ati on, such

de”"ahvedf%%wéﬁtéio i artheC-H bords pulonbsbrereveail @ptezntlailguch
C""tam‘“&f@gﬁgf@%?f etate, H20 ethanol, ketone bodi es,

Se; precursors of carboxylatron

Hyérd@én %ﬁorﬁ@?rorﬂ%od‘y@ate? i b’éﬁﬁ:% porﬁE@cP HTté Fce Shino acids. 2H

acetylatlon such”as acet at e, ano ucose,
or >H from ialnetmbwatelra:ana&rﬁer nritarﬁremaammldm;rdmﬂw céllazhraum theher

sI ati o hcations known in the art. The
- Feactions 5&5& Wd@@ﬁ'ﬁ@aﬁﬁr g%nlfi or nHrGamok gnkey inkRiaming agds that
‘e presefiehPhRE oA AP 6] el R I o8R8 Mo

acids mayemm’Pbﬁatewﬁﬁglé&hWO%)ﬁ’ BRIA 'Frdrﬁ%@ §Patdf irftol tﬁé‘i&-car‘b‘ﬁﬁ C-H

ing present in H bonds of ree am-no ad

bond, threngherapjsliy révarsible/dransarination meactiorg(Figlreid)g Emaamr%sentral-—
be identified. The total

amino aciflaing TRsORr Humer of rtaholially cechianiable Gril Roneiacor

e, st BB SR pr

molecule fmﬁf WMngﬁ@MZ s?ﬁtrﬁesﬁedq?rﬁftﬁ?ﬁ(ﬁ gl 4pyyogen at onslon .
Ong1 rgf glgrll ?r(l: Ithe art v?utll r?ai:gg#ég tlrlljat lagélege he;rsdllj'r;égn ai?orrrcl); ?llorr]n boclsy
water may be incorporated. into other amino acids via other biochemical pathways. For

example, it is known in the art that hydrogen atoms from water may be incorporated
into glutamate via synthesis of the precursor a-ketoglutrate in the citric acid cyde.
Glutamate, in tum, 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-methyi-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; 80) may also be incorporated into.amino acids through enzyme:

catalyzed reactions. For example, oxygen exchange into the carboxyhc_ acid moiety of
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WD 2004/ 011426 PCT/ US2003/ 023340 synthesis from 2H20
since the OH and N-H bonds of proteins are labile in
w@gygﬁqhﬁ sol ution. As such, the exchange of ZJid16b8bs023310
from 2H20 into O H or N-H bonds occurs without the
synthesis of proteins fromfree amno acids as
descri bed above. C-H bonds undergo incorporation from
H20.into free am no acids during specific
enzyne-catal yzed internediary nmetabolic reactions
amino aciddimayrarcdy duithe aprpseratalplfediiddctibas. TncaEpbtdlionds latbeled
_ protein-bound am no acids after 2H20 adm ni stration
oxygen intthamitoaddsislown ke ona of gkidtinithe arkas distatadl fawe 4C.

m no_aci,ds, t hat n.the.free.fo (o]
Oxygen afils BT G55 bt asisten td Hnind Syl *e BiholdF epmyme
cotae S RS HATAIBAN Rty e B pnsiationaly
modified ammb acmlﬂ)ve all potentially contam nati ng N- H and O-H

Hydro?en atons from body water
Hvdrogeftamﬁ) exygen labglsfromdabelpd vateh aay also hﬂlng@rpﬁwﬁd into

aino clRFOFp RAE e RBU BB RS A hehd 05ost

translatsoﬁ&trﬁ&diht&iﬁn Rizy aAtdaay isdiideRbRleERYfodeRidt GXYOEA tROUEH

are preséent in peptl de bonds or "that aré bound

o blosynthetlo paﬂmm;mpncm\ta pdst-¢ransiationsal modifidation. doi atothetyembodiment,

o i nc or S|n | e hydrogen a f body wat er
the post—q'qﬂs?ﬁ @@y m@mpraﬁqq{a&}lﬁd pgg6 oxygen, carbon,
or mtroge'hqﬁﬁ{éihgat%oh{} ﬁ@ﬁ%\{)&é@ ved @ﬁ%@ﬂ%g@cﬂﬂége fa)bﬁjoeﬁr fifgrogens
~ from body®hBlrokithat beforx ob anae pbﬁeuﬁwﬁtaﬁ@ﬁ@l&noafcaw B8, (eand

are therefore expected to exhi bit higher isotopic
methylatlmmrhyfhm,rlatnmal phespherylation), prenyatiomnsulfation; canbexylation,
res One of skill in

acetylatlepy . heSI LBEEEI ?ég?'gﬁjtm@q}é@%%ﬂsﬁydr ogen at ons
fr op}cﬁgﬂ,y re%}g%?gf ﬁG}%g@ar ﬁ%@{kﬁﬂldiﬁ&w M a subject

am no ad via O | OC em ca ways

include, bek arehet litnitel SoHHOMTON NH3 &Nl HCUg,atn Sodivion ¢o thd stemdard
fromwater may be mcorporated into glutamate via

ammoacndyﬁwrutirsp@rcemﬁe precursor a-ketoglutrate in the

: citr.i addc ME%O% in turn, is known to be
© t hei Jgﬂgﬁp Qf@é’ﬂﬁ & fesgl.ut ami ne, proline, and
ar ngEbc'ﬂl?dso@b‘f"%Ygéﬁic ﬁg@%ﬁ&fw@ bhé any'Bf@E&%SF‘ nﬂilét'ﬁ?e capable

from wat er = may I ncor at ed’into post

" of enteringriarstiad m@aawﬂmbdht@ﬁammayo (acgaiﬂc nsatabolites ahd orgamc
met hyl group in hi sti ne, the hydroxyl.

| metabohtemrar;wsmypduderw% rCChy HoxbiCPs; amine aeids; meanesac ariges,
carbohydga;gq,?lqlc# ﬁg\?é nuc e;c%%ws, gﬁ(co Jn% lh ermecfL el hocsé%c acid, and
tricarboxylic-acid cyde intermediates.

- Organit metabolite precursors may also be administered directly. Mass
isotopes may be useful in mass isotope labeling of protein or organic metabolite
precu.rsors include, but are not limited to 2H, °C, *N, 0, ¥S and *'S. 1t is 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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Oxygen atons (H2180) may al so be incorporated
i nto.am no aci ds through enzyne- catal yzed reacti ons.

woR9b4/@XaeP! e, oxygen exchange into. the carboxydiEsRehhss0
moi ety of 16 WD 2004/011426 PCT/ US2003/ 023340 an? no !

acids may occur during enzyne catal yzed reactions.

I ncorporation of |abeled oxygen into amno adds is
known to one of skill in the art as illustrated in
Figure 4C. Oxygen atonms nmay al so be incorporated into

isotope-labgiedpracingerd canbdd@e tireoihs hcongorated b dryarid metabolites
reactions (including hydroxyproline, hydroxylysine or

formed in gb@@oobost -transl ational |y ~nodified am no adds).

e iRt racebme Wiedeados. hroogh - o
_ _ et .,
W e DRt e R Tl BRbCAERE A S, labeled

water may peivedss & phetiasortiidhe grethods exugistnhéreirough
bi osynt heti c pat hways prior to post-transl ational

Labeded watert ma. be iieadih oh@inegrsoainescially. t her gesaple, °H0 may
e b AR A A RS HRR SR ST .
a3 Ve ARk 8 BAERATRC 89 ehcncve

and thus, pessertts fewertoxuity conoekirfsi thahi radioaicive 8d,Q. 2H,0 may be .
... methylation, hydroxylation, phosphorylation

administexads A0F exarsple, a8kt partent, ofcmtaldbadyavatsr, e.tc by phtatahbedy
_ ot her, kKno -transl ational , modi.fi Lonsy.. Pegtei.n
water con§indB (60 PorGF Wrssk WA ol B8F WY, ot iRliess 20 16

nntye 3 i [ _ twhicRli HAY i
consumed)y 1P R 15 \ufacd, ) 40 fobic SBUIREL WhCITTS Biady ditPrmined by
those of skillda thewnt} is adminittereds. A. Precursors of - Organic

Met abolites Precursors of orquic met abolites na

e

b
Relghyelyhigh mogy waleeennichrpaptesdic Habk (@gy drivi ohtf@ytq@. body:

water i el ol itk BV R sy TR RoBie teEBneils of the

invention.HFRE wafdrarRfent FPRISRESH ébhﬂﬂgt an@atde ¥udthkss ievels are

lipids, fatty acids, nuclelc acids,

. maintained|fer vlegks airmhenths v hatmans ackin exparindentahdnimals without any

. ) %éica[boxﬁ#icadd cycle internedi ates. Organic

evidence gfctoxidly. « ENip fagingsipraslangs nanderd uman sybiecksy(> 100 peopie)

. ' v ' ; f [ 1) 5SS Legtope

s contrany' Bk 5531 S5 GRS B6LRES He i 5SS bF AR5 The

- Applicant has discovered-that as long as rapid changes in body water enrichment are

prevented (e.g., by initial administration in small, divided doses), high body water

enrichments of 2H,0 can be maintained with no toxicities. For example, the low

expense of commercially available 2H,0O allows long-term maintenance of enrichments in

the 1-5% range at relatively low expense (e.g., calculations reveat a lower cost for 2

months labeling at 2% %H,0 enrichment, and thus 7-8% enrichment:in the alanine

- precursor pool (Figure 4A-B), than for 12 hours labeling of H-eucine at 10% free

leucine enrichment, and thus 7-8% enrichment in Jeucine precursor pool for that -
period).. ..
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precursors include, but are not limted to 2H, 13C,' 5N,
180, 3S and 34S. It is often desirable, in. order to
woamou/(ﬁl.{fet abolic | oss of isotope |abels, that gdieus2003/023340
i sotope-1abeled aton(s) be relatively non-labile or
at | east behave in a predictable manner within the
subject. By admi nistering the isotope-| abel ed
precursors to the biosynthetic pool, the 17 WO
2004/ 011426 PCT/ US2003/ 023340 i sot ope-| abel ed
Relpime&lw higir and aelatively corstdint body watecenrdmadrad fonadministration
netabollte fornmed,in the pool. iii. Water as

ni
of H,"°0 raypialse ONishas, singa B 0 15019peds PeboXiE, cbieesaot

presenca TR RSB IB A (i By oot 2L
iv. MR ot ARt e %cm@ﬁs bY¥ PRITRISRTY ORFEIRE Meaé;w/fes

For exanpl e, be purchased from Canbrid
Moﬂes;of)wnlmﬂen(\g\m@oae orivndre isotbpeHabeled\proeursors may vary,

sed, f rom, New ] and r, Inc.
dependmsggn@? maﬁv%pmp@m%%%g&g W@Qﬁrée Lgrecwrsegéﬁflsthe

ot BRGSO SRS SRS oy b

administeteel i@l oraaA¥ms2 plints 8nd anirdfsMhclbidingl huragys divedtf for in vivo

a
consuned (e.g., for 3 litres water consuned per day

~y analysis. Bl)addlbﬂnj presiesops-a@Yi be aduministerel /7 vilratediving cells. Spemﬁc \

types of h}Lgltg'gl cg/ﬁegqt;gg&e%% Rq)a eﬁpftrly@,gtég,{} brpglras% neerons

pancreatu@;?%?ﬂ%ﬁ%%ﬁﬂal éﬁTﬂh%B &J‘M !ﬁ:’uﬁ?gyﬁ@ﬁy@ﬁ@mﬁ&%&r

microbial tellsedrri@nyatheb ecieypectie danlisd nmhtmned@m@ftﬁid/ﬁirwtlonal in
using the techniques of the invention. This water

vitro. enrichment is relatively constant and stable as these

| f
Gehdrifiyarb b SoroPRath Do af cliuliiichions TRG thay bW Bsteady
it s oy S 45 S0t ot SRRl B

a pool for @b heaest adrarisient pesistiidftirae. Unkavetdwsordrahrgitedafes of
21120. The plicant has discovered that as |ong as

administratigs gregemngentyiused dayadrainisterepliahepiiesHisoss o organlsms,

including RGAGST, %ér gq%te%%%énﬂl LBl dm uch 3t rs?_‘i? ”a' -
_ muscular ﬁd&%rﬂﬁréf%mto%h?ﬁﬂ m& rl%efd‘?ﬁ'c‘éhﬂrggf)g E/gl_lglgﬁ\f;ﬁ%lgam%et he

o l'ow expens rcially ava
precursor compaositions naerdlsnapmepeihten Contpusitlonsifor injection are generally
prepared in sterile pharmaceutical excipients. | |

B. Obtaining a plurality of pfotéins 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 ait. '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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the 1-5%range at relatively | ow expense (e.g.,
cal cul ations reveal a | ower cost for 2 nonths
wd Roghipg at 2% ZH20 enrichment, and thus. 7- 88er/us2003/023340
enrichnment in the alanine precursor pool. (Figure
4A-B), than for 12 hours | abeling of 2H | eucine at 10%
free |leucine enrichnment, and thus 7-8%enrichnent in
| euci ne precursor pool for that period). 18 WO
2004/ 011426 PCT/ 1JS2003/ 023340 Rel atively high and
The one or eherei bielbgicaiosmrplatmip te o @rmene bidlogioalsidids. The protein or
. admnpistration of HZ180 may al so be acconpli shed;
organic m@ﬁ%ﬂt@t may B be eblied Forbipedic ergansrdissyenosuch as

musce, WSSO 58 Lot et ot

tissue. P@f@n&bﬂ@fgaﬁid\ﬁbml&ﬁ@g% affedPRBITA %@%Qgg;réﬁ}:?of cells,

one or nore isotope- precursors nm
such as tumeqrerells og fibpeblasticellab Prolzinser praapir tietabolites higo may be
bel ed precursor and the i fi

i sqt ope- | f
obtained, 'ch"a&ﬁgn@l& Rargaly pHrtied Wﬁiisglat@azfroagﬁireﬁibi@'ﬁgi@! sample using

: , nSQ adm nistered to
'standard %%%@%Bmgm%t@%ﬁd%eﬁﬁrs ‘i ncl udi ng hunmans
directly for in vivo analysis. In addition,
Thefreguess/ oF tisloglal %ﬁbﬁh? a1 9y Aepéddifg op différélt factors.
cell's. Specific types of living cells Tnclude
Such factarys prealurds, thed aredbdpbimjteddp, theonytues of thé potiieinss er organic
., ne. ' ' tic_O-cells, ‘intestinal jtheli al
metaboi g hSl S sRRETHESh eyt S i lo Bseovaf ot o
e . _ 12 o
the proteifl, 6F Bftc fiEbIRe BRI RS detviRe hd Ha TR R o o
therapeutieragepp oo bioledical igeat.of adm nistration is one that
produces a steady state |evel of precursor within the

bi osynthetic pool and/or in a reservoir supplying such
Theyppdeins fas organic meabelites anry alse heepuriigedbpartially, or optionally,

. ntravenous or..or.al routes of admnistration are
sotated, Hy Kok BTN offpEA G matbd M Pichl pEssdrs Badia
chromatop(GPEC) (Ao OUIBDR RIS RIGPLO) chenica
extractionpihin ldyer chebrhatiogtapty, gas chpsmarrbyhyyhesl elisebphivresis, and/or
conj unction with slow rel ease precursor conpositions,
other sepaiption, mathagpkrpyn de shosenaidiied i thesattor i njection are

generally prepared in. sterile pharnaceuti cal

In Gieh8 &MhBintit THEb B Ul hekaBlons ) B Ridrolyzed

or otherwise degraded to form smaller molecules. Hydrolysis methqu include any
method known in the art, including, but not limited to, chemical hyérqusis (such as acid
hydrolysis) and biochémical hydroleis (such as peptida'sé degradatioﬁi Hydfolysis 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 che‘micai and/or biochemical t:empoun'd.é kown to those skilled
in the art. L B
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In practicing the nmethod of the invention, in one
aspect, protei'ns and organic netabolites are obtained

wofzﬁ(gmlp_..zgel |, tissue, or organi smaccording tﬁciv%@zoosmzs:{m
met hods known in the art. The methods may be specific

to. the proteins or organic netabolites of interest.

Proteins and organic netabolites of interest may. be

isolated froma biological sanple. A plurality of

proteins or a plurality of organic netabolites may be
C. Analysissquired from the cell, tissue, or organism The one
. or nore biol ogi cal sanples maybe obtai ned; for

Presendlyaveilatily tettrmiogles(static prmteom;atsaatsed o profilpdiffermnces in
ot her nmethods known in the art 19 WO 2004/011426
expressed prsiteisoeasure anboproteid Igvels drongantratiosshin @ §ell gachsiosso at

one pein: {40 APREo SRR Pl el BB By

and Mass Qﬁé&%‘i’n@fy { Dfeleptiabgitedsionanslysis qu}ﬁy ZDM@“@Ehnology

tl ssue, Ostate tissue, endometrial tissue,
and Mass S;heah*omtd/)b aadsﬁxpr&ssmﬁnal?smt(ﬁwm(iﬁ Mag;a‘ﬁpar:trometry and

LC-based, BEE ?lﬂégiw%ggo{%gwﬁ?@@% KN rand BroBhin gapresitie chips” can be

used to ragiif B bR AR riod eEi sisk e ogy tipelfic AR

", variety of diB€addl fheg] ey AT dRttdhiRg the rarRder chavigecdaiéreadxpression
net hods known in the art. The frequency of biol ogi cal

or protein hmnpvem giamethogs déﬁmwpnesgnbmventum efow dederainstion of the
h factors incl ud |

rates of gee, SHAECHON Aad mqi@ Qo Tk rdfes of Poptuabios Shprteins, Saueel as

the moleaa?\d @g?ﬁ&% o‘Pfa {ﬂggr@}‘ﬁﬁ {?ﬁgé%gllg%giarrﬂg tgilelrocrhggﬁegover

time. met abol i tes from V\,hl ch it was derived, and the

hal f-1ife of a therapeutic agent or biol ogical agent.
Maseé;nad;m;mmor organi ¢ netabolites may al so be

1sofRik, BRI oI e R OrEte BIaboER G B egimined by

s RS S PRI T o

chromatographyaidse Bpetﬂnomet@)(@(: MSD,Ommmehymawspectrometry, GC-

chr omat ogr _%&y el ectrophoresis, and/or other "
isotope raliesambusiion rﬁéﬁm\fﬁt&p‘t’ﬂﬁ@@éi%‘ﬂ& iquidichramatography-MS,

. aecreor b BRSO LIS AT Sl s o
transform—&%—%l&ré%&fan@@lm,%rﬁfcydIU idaehigs! s met hods | f_‘Cl Ude

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 distribuﬁons’ of isotopes or isotopologues of ions, or ion fragments, -
may thus be used to measure the isotopic enrichment in a plurality of protems or
organic metabolites. '

Generally, mass spectrometers include an lomzatlon means and a mass analyzer

A number of different types of mass analyzers are known i in the art, These mclude, but.

are-not limited to, magnetlc sector analyzers, electro_spray lonization, quadrupoles, ion .
- traps, time of flight mass analyzers, and Fourier transform analyzers.
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met hod known in the art, including, but not limted

to, chem cal hydrolysis (such as acid hydrolysis) and
wopghigiscal hydrolysis (such as peptidase  pcyus2003/023340

degradation). Hydrolysis or degradation may be

conducted either before or after purification and/or

isolation of the proteins or organic netabolites. The

proteins or organic netabolites also may be partially

purified, or optionally, isolated, by conventi onal

Mamjspéotmheters n'et/imbsmcnﬁiw hogbekiog ifferehbionization methods.
qui d chromat ography (HPLC), fast perfornmance liquid

These lncwﬁeohu& Yy mymmtbm)gasgmasenoomcag FAWIERS SYen as electron

el ectr. Oﬁho esi ot her

impact, cHRTEHIORRaoh aHCL AR I aon, sl 28t S0 ioH snuecssh sueh as
field desofiic958 sl hdrapidi, Hdhix bssidRdIELAARAGRBAGHonization,

and surfatceeenharicedilaser(ddsetptioryiopiztiohcs) used to profi I e
differences in expressed proteins nmeasure only

protein levels (concentrations) in a Cellﬁgﬂd do so at
In ecilréftleeﬂ o phmareenassielene Maydee cerdpled §

separate REFQISPE I D G o B eelF %ﬁﬁﬁ%ﬁ%ﬁ&%ﬁ ﬂﬁs

_These msir@tﬂ@i‘ﬁ Q&Yera?é‘ﬁn WSS SRRGLAFAORK Tagmans cﬁ@bﬁ&éirp Bnd then

Anal ysis (2 GE, Mass Spectronetry and LC baséd,
generate mdmeﬂamﬁregnmatﬂmfdltxmgmtlai sl e'l’tmxlﬂesattd“agm\mrmppmg sequences

allows corgplpk g e colie @ateiBe bipisting fagiher aVerfaig cpleces of the
puzzle”, bR by erafle o ipeonumBana S hifin, § REH ahites (lus

computermtﬁasmm@) nover. The nethods of the present invention
| ow determ nation of the rates of gene expression
TheMB/MS mplichfragmenmmpatteras phdrpeptde efachmolecular mass

determin{iph eneiled W inOBan b snsshPricior gresios whiatie ighatlon
regardmg'%ﬁé%n’?fﬁ& & oo%[@-?i:fJei‘ncé %???&[e%%ﬁd fRRIY g |tﬂhé’ 9é§édt§n\?éiﬁlon

organi c ITE es C erm ne varil ous

An unknoi@t |§\©ﬂ§n $HA heaseqiRAGed BAA tiId@TFFaN mnﬂjtesi I yga Birigl® alass
limted to gas chronmat ography- nass spectrorretr

spectrometﬁcausbytiqrsot de- Irmanooﬁaeeh@eequemes @pd peotein sfagm@tation
- patterns tf'néé{;, qpv@ g}t}%m%grogrsﬁeﬁ IS;%OO nity to o idieRY Hé’o%ﬁbﬁen“@ of
complex proteome mixtures with near certainty. ,
Different ionization methods are also knowh in the art. One key advance has
been the development of techniques for ionization of Jarge, non-volatile macremolecyles
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 capifiary zone electrophoresis. -

In addition, miass spectrometers miay be coupled to separation means such as

gas chromatography (GC) and high performance liquid chromatography (HPLC) in gas- A

- chromatography mass—spectrometry (GC/MS), capillary columns from a gas _
chromatograph are coupled directly to the mass spectrometer ophonally using a Jet

. separator. In such an appllcatton the gas chromatography (GC) colurn separates
: 22
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el ectrospray ionization-M5, matrix assisted | aser
desorption-tine of flight-MsS, Fourier- :

wol el psm i on- cycl ot ron-resonance- M5, and PCTIUS2003/023340
cycl oi dal - M5. Mass spectroneters convert nol ecul es

such as proteins and organic netabolites into rapidly
novi ng gaseous ions and separate themon the basis of
their nmass-to- charge ratios. The distributions of
i sot opes or isotopol ogues of ions; or ion fragments,
sample componehissirom theeshmple geasuikeure and thet separated coriporentsiare
.. | uraljt f proteins or organic netabolifes.
ionized a’%é%@f@@'bgﬂ?iﬂ@@ﬂé@@ﬁ@ﬁ?tf@ﬁﬁmmﬁt@de an ioni zati on

nmeans and a mass anal yzer. A nunber of different

WHHRRINE (tfer BRst SBhCrinf EIPBatdhe i Phéiae 5 o
- proteins afd @ryadc metgb@mbgpwﬁ@whbﬁrsma#ih@fgarwgégeﬁgﬁ @sad toOfeasure
traps, tinme of flight mass anal yzers, and Fouri er

‘mass isotepamret ahundanets et organilmnlacaizeshpdibges-labeled isotope

. PCT/ US2003/ 023340 .Mass spect | er | so ,j ncl ude
Incorporalp {TARLORPeTRPFIEAIRIST BATIRNTREES Ve VoM, depprdieg on the
oumber of Ak 8n R4 5y Do B er RIS Gl
- waterinvivod field ionization, as well as desorption sources,

such as .field desorption, fast atom bonbardnent,
“In genaraly imeklesitedlateraine debaseline ergsdsetopoinen frequaacy

ol ARG IALSEEh SR ESKE B SR oot
labeled predRsHE) ShidH gtméé’suréﬁl%ﬁf %ttﬁfheolh%ﬁbﬁ of Esl‘.a%ﬁﬁwiné 'i‘r?ﬂx%ééil tissue
separate and neasure gas phas€ fragnment ions. esé
or organisimdhe matintly geosrngarequanay of ahassdsoteponiers ohthe protein.

fragments of a protein, and then ‘gene_r ate secondary
When a cell, dighem 05 organisia is particfia pamdatiomel suhjactsihaying similaf

. A0ni N0, S Rces_ _.al ]l ows.conpl et g. enci ng, of
environméh{g SRR DEHERER sy BpuRer rEATBOS) FishiRineg L8 uspd for
such a-ba&ltg@ourwﬁféagbrerﬁéﬁ@dmd}ﬁana{y,ngb?a ASeMREBOIQITRM:! fequency
~ analysis wthin a few mnutes (plus conputér analysSis
distributionimay be BsemuBidyRigep knolen avegmetatural mbpatiberassofasatopes.

ptide exact nol ecul ar mass et erm nati ons_gener at ed

For exam;ﬁé, iﬁrr@tgfem thﬁg@ttg@bgb.ume@f Fﬁr(épmf@ng i} grganic carbon in
1.1%. Mo Bl SHL ol Hop Rl PRty ARG e scussed
i below. T\}rﬁﬂir?ll}?}gésh rn@;ets gif the gzli?%t@ﬁ}a BRAUREN Phior RS ahdFBROWINGBdnfinistration

of an isotopically labeled precursor to the subject and analyzed for isotopomer ‘
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 deavage 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 spectrémetry (e.q. Ciphergen
Biosyst'erns); The efficiency bf- peptide sequence determination by mass analysis,
combined with powerful ion fragmentation technology (MS/MS instrumerits) and/or

N peptide generating biochemical methods (e.g. proteolysis), improvements in sample -~
, . 23




spectronetric analytic run. The |ibrary of peptide
sequences and-protein fragmentation patterns that is

wOYaW/AYRsl abl e provides the opportunity to i deiirnissessn2ssso
conmponents of conplex proteonme m xtures with near

certainty. ) D fferent ionization nethods are al so
known in the art.. One key advance has been the
devel opnent of techniques for ionization of |arge,
non-vol atil e macronol ecul es including proteins and

introductigroinethed eHPICE Surfbee iesorption, efc. ),hm;nr@w:cl? ity for ionization
i ncluded electrospray ionization.(ESI) and matri x

of even thgdagesk maca@zaolaw@@r( LAMALRHEBLPT) amd s2pié gompulgrizeded

a N _canbi at| 0
handing ofFsbB ita 388 auPROrDN Fobra ptoteBL ERersice TGRS, have
I 0 ] Nk
made S R AP AR D b o RS SR ORA A Scalt
throughpus staticapriobeomigans such as gas chr omat ography (&C) and
hi gh performance l'iquid chromat ography (HPLC) I n gas-
chrQmat .ogr aphy mass- spectronetry (S capillary
Idendytication, oha Piysality.of Bratelys HmOxsg @"&W'@@J'ﬁsrect ly
Ss spectroneter, optionally using

Thesalyanﬁvgf prptet%%ehomnwmagata%ﬁ ahglyzed by g mals’s spectrometry,

Tl s L

applicatiordeBstatit rHass nsttidngethie Bedta AligertifatibR Myt
PP and chlem cal I'y anal'yzed in ﬁmpéc?rongtler &B%SPEC‘:

to proteormnmyslsnnq:tamculaiaddelsq:réﬁ,t'ﬁmre:son ¥, RadishiJi, Ehnsﬂnms R, Buhler
nal yze i orga i.c, et abol | tes,
3, Eng 3K, Kofwimien fin Goviatt PRo Aghok %j%s@@p s Tpkegaated ganosvie and

proteomlc%g gla% %tf%[’%fﬁférg &ﬂ%@gﬂqu@g%&ﬁ@trﬁgﬂ%kﬁc %l:%ﬁce 2001 May

4; 292 (55189{ ope-3R g @wva.taﬁérsbm Rnﬂhaég sskechrdniety HAd proteomics.”

dependi ng on the nunber of hydrogen atons
Curr Opin Cheor Bind.a2@@0 Dat;ot (R 460hi GygnSRg RisteB, fAe:barsoid R "Measunng

gene exprgg?c&;gggrqﬂq@téjt?\@ﬁl@ q%{@é %g\é SiSe enebpt gp%%rAug, 11
(4: 396-4f17 GoBlekt PR, it fgﬁo%&?%rﬂﬁ@éﬁﬁ 5 RRERUG 1 ikl Gpomith

RD, AeberSoldIR.2' Prersi ideiificatioh aith A5Gk afcpatcahhss bf A¢ysteiride
cell, tissue or organism the naturally occurring

conta:nlngfpa;aw@wyd consiraived sotabpsersearching hnal (dem.2000Man 15; 72
(6): 1112- gglﬂlf’ Cﬁ%@ﬂ?of% %?&léﬂ IVa 55 fuantl lél sgtwt%] kionase e
reaction as a guide for phophoprotein analysis by mass spectrometry” Rapid Commun '
Mass Spe&rom. 2000; 14 (5): 344-8; Zhou, H. et al (Apr 2001) Nature Biotechnol. 19:
375-378. o |

Protein biochips, also known as protein arrays or anﬁb‘ody 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 technelogy developed for genomics and are also able to-
analyze thousands of samples simultaneously. -While the human genome gy contain -
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envi ronnent al .histories, a popul ation isotoponer
frequency, distribution may be used for such a
wo fagkgeaund nmeasurenent. Additionally, such gdiasgbizmesss
i sot oponer frequency distribution may be estinated,
usi ng known aver age natural abundances of i sotopes.
For exanple, in nature, the natural abundance of 13C
present in organic carbon in 1.11% Methods of
determ ni ng such i sotopomner frequency distributions ,
100,000 ganes dpcstsamthtional modifitpiions bhg Rifasplichy efertheesult in far
protein are taken prior to and foll ow ng
greater thag 0, @QQ RrotsiRS. of an i sotopical ly | abel ed precursor
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laser deso@ﬁoﬁﬁ&*ﬁééﬂd?ﬂ[l%wﬂ, GAQ! Eio?hiﬂ%éi%dlééy frea s ihtegrated

ganeom CS. us,”a single analysis of evén an
platform, aliowimouihieyproteins exbecaptured,afeparated) asd quaniitatively ansdyzed
ubjected to. proteolytic cl eava_lge or..anal

d..
directly ony theehipy) The-ghips areyieatdirerdiy by the Sk Q6ess without

. . r ' rQteins.
rdosc R AR AR PR TR BB P e
WhiRMEat tEHAIRISE e usBff! Bldy mefilp prévide ¥atatit sssessmentof
mar ket ed, using mass spectronmetry (e.g. Ci phergen R
. 'y the prote@nas pet adypanikhassetsmentoitheopropegmeddhegnedhags herein provide
) ., determ nation by nmass analysis, conbined with
such a dypaus AstessBRr agment ati on t echnol ogy (MS/ MB

! - e, AT en b o Cher cal
T BpicaR of o B ity DERELARIOREAIIRRS ", 1 Carpi ¢ 29
Th&\@aergﬂét@ﬁﬁaﬁﬂﬁg BREINISARE3DORES iDanalyzettine iriass spetthomstry,

(HPLC, surface desorption, etc.), .inproved capacity
using stamdardi roathossiveell kngwreindihe ai. [Theglolowingreierenee desgibes the

el R B R TSRO, o
respect tcé gf@@? ﬁgeri]: b&ftéﬁdﬁﬁiﬁcmﬁ WF%U%TEI@#; thgi’%'éEﬂi\féTﬁﬁd Biable

power l'arge-scale,
Isotope Tha@its it Biornedipnk: Bliadiples pndt Rraotics of Kihetit ilhabsis. alohof Wiley -
a Plurality of Proteins or Organic Ml ecules The
& Sons; (MaieaiPPy).of proteins or organic nolecules is ahal yzed

by SS shectraonetry; . USinNg_st r t ld -

ol SRR e IR AR SR PelEbRiee i g
| SBLH it , t mi i
| ptems E8fceREL AL AL SRS, fRad orgenc
moleculepard prssentiraliviag systampaarid servaras dubstratek, foil e eazymes that
Rani sh JA, Christmas R, _Buhler . .

control flows through functional biochemicai pathways. A plurality of organic
metabolites may be most effectively accomplished by use of ESI—MS,IMS or GC/MS

‘approaches.

Spots of b_lbod or urine are introduced Into an MS device ahd characterized by
chromatographic behavior and mass spectrum. |
| This apprdach has been used for diagnostic screening of urine samples for a
wide range of organic metabolites to deted_: inl_;_om errors of metabolism in children.
Plant bigchemists have also reported some meta_boﬁc profiling work_concerning the
funcﬁon‘al‘biochemistry of plants. | o
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Mass Spectrom 2000; é
measure zwg@ﬁnt@tm@ﬁ- Hie negdl for automagipn ra@qum aqﬂata hqrgdlmg, and the

need for E‘Jr'r:\ arion £ B ?&ﬁb&@ﬁﬁﬁ%ﬁ%) al so known as protein

arr ys or —an are used to identify
proteins. These biochips hold the potential to neasure .

Measiidhg-RelatiRicand Aljolate Mdss PictopomefAHuidanecas e
i nteractions, and enzyne-substrate reactions. They :

Measared masdtspécttm peak Helghis! ot sltdrpabiely, Bradrehy upeel the

fromthose of a di seased cell. Protein biochi ps draw
peaks, may berxprpssed rarsgatl@:tmmr@lgthedmrenb(z@m fiass geotope) isotoppmer.

1t 5 appréigisfh GAL A et G mea s RV Ele I Rayick anrolitg values
for the sl O T Pl .fﬂéi éﬁ%ﬁ@%ﬁfﬁ@ﬁ%@ data, for

the purpomsmfstheamdntaonn far greater than 100, 000 proteins.
Some bi ochi ps incorporate a - type of nass spectronetry
ed surface enhanced | aser desorption/ionization

calieypdabing Laveiad :JdnlabeleskRemmion of Rypkgins and Organic

egrated platform allow ng the proteins to be.
Metabolil&%t ured, separated, and quantitatively anal yzed

Thlgy 8@@@"‘%5‘5@%@ B B oo 2l FEE s her
calculated a@é%r@&utﬁﬁﬁ?ﬁfﬁ%ﬂe‘t&nﬁﬁﬁb sr%gﬁad éﬂéess?fﬂbib? réﬁ?ssﬁar isolated

techni'ques are useful, they y provide a st
isotopomers spacierrolt a afoledule ﬁhetmeotﬁxonmtthan dpmpares amamaﬁnternal |

pattern OIQ Iaxéegg rg{lgst t?ootrg]?a mggl?eth:%tl ngttsamhserf?lljc?a t%re(c))\r/étxdcgl patterns can be
calculated using the binomial or multinomial distribution relatlonshlps 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 nuniber of different sources
known to one skilled in the art. The method is further discussed by Hellerstein and
Neese (1999), as well as Chinkes, et al. (1996), and Kelleher émd Masterson (1992),
and U.S. Patent Application No. 10/279,399, all of which are hereby mcorporated bY o
reference in their entirety. - I
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such a dynam.c assessnent. ldentification of a

plurality of organic metabolites The sanpl'e containing
wolopai;eet abolites is anal yzed by mass spectptqy@gtﬁ%mﬁm

usi ng standard nmethods well known in the art.

follow ng reference describes the application of

static nmass spectronetric techniques to netabolite

identification, with respect to organic netabolite

identification: Wlfe, R R Radioactive and Stabl e

In hdditiop to Meabowe-citedBieforatices,nalcufatiore seftesresintblementing the
Practice of K| netic Analysis. John Wley & Sons;

method is(puliely avedahle frone PpefieseorMarc Hellessteni mlyerﬁév &b Slalifsaia,
Berkele and their concentrations in living systens represents
Y-a still-hi gher | evel of biochem cal phenotype. Mriad

The8RfMhAso é?dé%§%@l§rerd‘ifo%5t6rlhe'tﬂeél‘e‘lﬁté‘l?pa"‘tbé?hﬂ?é?%%Ctarried

serve as substrates for the enzynes t hat contro

out using fl teble denemtet foragrowimof mtemse,mmgi’aph&aﬂwamg determined
pl ural. t%' of organic netabolites may be nos

relationshifs dapmy e5e SORDRIFPRH vy BIEhas the valp nsisavlet@rmmd

which des%ﬁﬁ%sombag@&éf rgn%na? bﬁ%g&%lg Fgﬁpl’g@%ﬂﬁg? a'sHbLRTHS Sbrecursor

subunit p&di! AR SgtichiPhbIft iD ehaY LSEd B HetBRiins BRGIIE! %hcﬂ%‘s%he value Ay,

approach has been used for. di agnostic scfeeni ng of .
» which deaarlbmtrmmmmﬁmfmevﬂy sgnihesiged gprokeingfor eanhtradss! i t es
0, det ecL i nborn errors of netabolism.in childrepn.

lsotopomcm I reveabiedsotopenes rxcess@tiognbichavowd e emestrst tabe

functional biochem stry
present, if aff *tdﬂa%&g%%%%é%‘% / US2003/ 023340
Fra“t’ﬁ@ﬁéllab@hﬂdncestare&h@ﬁ%hltﬁlét@d | FRAciohaPalAiahces of individual
nmet abolites than proteins using traditional mass

isotopes (ﬁpreeiemﬁa) or $n3ss. igotopormess {fios Moleeules) aredhe fractiongefithe total
of small ey

abundancgg PBE@S??@S‘%@W% FRORaldsSePRaF e pipoger. TS . "
dlstmgwsﬂé@ ft’&ﬁ?gﬂlﬁfv nte S\H{H@ i Uﬁé’ﬁd@f%\ﬁﬂhhﬁ% specues 'F’ giVen the

mass” spectromne

value IOOerD@II olbler @D@ha@ afe hbﬁhalll@ddela@v@étomﬂceéxpressed as percent
concurrently; requirement to neasure concentrations;

relative abupdanged Fpba raaﬁwﬁatqp@mam‘dxconpl ex data handling; and
the need for. conparison tg orgﬂl cs libraries).

Fractional abundance of My = Ax= ,:4 bundane , where 0 to pis the range

_ZAbundance M;
=0

of nominal masses refative to the lowest mass (Mg) mass isotopomer in which
abundances occur. |

A Fractional abundance (enrichment or depletion) =

{ o Y )\
Abundance M, ' ' Abundance M, |
04) ( ln . !
lz Abzmdance M; ZAbundance M
D NE=) i NE=O b

where subscnpt erefers to ennched and brefers to baseline or natural -
aburidaice, '
‘In order to determine the fraction of polymers that were actually newly:

~ synthesized duringa period of precursor administration, the measured excess molar .




Measuring Rel ative and Absol ute Mass | sotoponer
Abundances Measured mass spectral peak hei‘ghts, or

wobgéiigdsl vel y, the areas under the peaks, Mg-{s2003/023340
expressed as ratios toward the parent (zero nmass

i sotope) isotoponer. It is appreciated that any

cal cul ati on nmeans which provide relative and absol ute
val ues for the abundances of isotoponers in a sanple
may be used in describing such data, for the purposes

ratio (EMx)fs tdrapalfedalmtmmmalc%tedlmhmdnabalwfd AxUnihioh describes the
Proportion of Proteins and Organic Metabolites The
enrrchmerptrczfmﬂwlv snresized éll@zplmarmmraﬂaéh §eags I5pkapREnasy to reveal the

sotopome SRR AR iig LR RN LG P 28 dsqpgpapers were

3. for isolated isotoponer species of a nolecule.
newiysynﬁzé practitioner then conpares neasured internal
pattern of excess ratios to the theoretical patterns.
CaRudatingeModeculalr FlaxtRates can be cal cul ated using the
bi nom al or nmultinom-al distribution relationships as -
Thelewthot el deterniiniSg ret ensynthesib ncudessclcdaBtng the proporbon

and 6 010, 846 whi ch are_ hereby incorporated -
of mass '58’509*‘@“&(%@%8 disHbuRE ipresantitn S protein E'@%’E‘?O&tﬂ%fvsa ysing thlS

proportor fF4ReEs o pS3LARRTEEAE) B b SofRAlNHEl S e mass

|sotoplcallfr ﬂé@ﬁd §Qlﬁfh*nfl afRfs édpert@Pirb§ieR s tHea QUﬁﬁﬂ’edi \‘30 €he actual

mber of di fferent sources known to one skil
expenmentauy determimzd meateiodsotopbmerfergudiney.u d3enn tiyese vaiues the

popotion 1 b1 AT elRESEe Has il b etiors
during a sHIe%t & fi‘k@ﬁﬁorﬁﬁ&lu Eﬂb@ %gn % dét%ﬁ?r%dgg?hué’}'tthe Qhray thhesis_ |

are ere I.ncor ora erence 1 n

dunng sudha itihed perisd té@s@@@:ﬂél%ﬂédﬁ PCT/ US2003/ 023340 I n
addition to the above-cited references, calcul ation

A psecurgei-produot eefetionship tsﬁihenrmnhed |I§)rﬁbelqoatlgnuous labehhg
method, 1§ RetPp srcBMent s Rangyretioy BISHE SGf. sradiReResse)
.ennchmer‘ifoérﬁ’:{ klgéﬁt gﬁrérﬁeﬂe@gé?g ﬁiﬁéé?é I ?ﬁe)tdﬁrrfé;@al&ﬂé‘ceﬂefrom precursor-

bl'e"gener a Fra protern

product eql.ﬁﬁt&mss tTheofradti @mﬂ isgatheyis rate (1Q) ﬂﬁayebmd@e&mmed by applying
rel ati onshi ps.” From these conparisons, ‘a val ue, such

the contineus fabelingupresursas-productrforsyla:

= [-In(1-Ni/t,
where f fractlonal synthesus = product ennchment/asymptottc
-precursor/ennchment

and t= time of label administration of contacting 'in the system studied.

For the discontinuous labeling mét_hod, the 'rate; of decline inj‘isotope enrichmént
is calculated and the kinetic paran{eters of proteins are calculated from exponential -
decay equations.. In practicing the method, biepolymers are enriched in mass. - .
isotopomers, preferably containing multiple mass isotopically labeled precursors. These -
higher mass isotopomers of the proteins, eig.,;proteins;containihg 3 or 4 mass |

) isotopically labeled precursors, are formed in-negligible amounts.in the absence of - -
' o - 28 - a




whi ch describes the probability of nass isotopic
enri chnment of ‘a subunit in a precursor subunit pool.
woThbgoiemsi chnment is then used to determ ne a ‘walrH&2003/023340

such as the value Ax*, which describes the enrichnent

of newy synthesized proteins for each nmass '

i sot oponer, to reveal the isotoponer excess ratio

whi ch woul d be expected to be present, if al

i sotoponers were newl y synthesi zed. Fractional
exogenousipieauswe duarto the eelatinély dbwabindanes of oakuralaness isotapically

of individual isptopes._ (for elenents). Qr nass, )
labeled précuisti i S foupcdin Saanceyt aimeurrwing fieReatd of protein

t: n Ly t) <
precursor i horg A R BFole B GRER i e EOR s bEPhyom ot the
sequential time podhistare@anabiad dpanasyRickiométhg, toddtemhinedhetrelative

species is given the value 100 and all other species
frequencieg of a bighamiazs groteindisotopomerl @nemthekighovassiisatopomer is

synthesizSE Rk xR REN e B eer HakeRoiBr, TdetaDAtigen th tvo

time pointShAds Rt TndgbBrd SERR RERY PEERLR Y R e
Prafeiablyp ohe firstitirmd ipeint isbtiedsh2-Sshoas dfterradrhinistiationl of
abundance (enrichnent or depletion) = Abundance M ~

- i precursorihaasgasrth ctependinggn madagftadministrationabe easwediieg the

 proportiof B R0 GhER RSNt Bl rbs' Eoalid usBhtShrfoRnEs°
highest Ieggltvﬂlléﬂv éﬂéﬁufsbagagfg@sﬁéﬁm' YiTens éorﬁﬁédiwnﬁ @ féftblvihg time

synt hesi ze ing a perio precur’sor

- points areskypicaily 1+ hDors aftdrethadfastutime poini daitithisadimingAvii@epend upon
2004/ 011426 PCT/ US2003/ 023340 ratio (EMK) is conpared
the replagegian satepictheiepolymer ®8abnt val ue, Axwhich descri bes

Tt T diiach) Bt Bl gl fER dle ey TR fohine
three-isotope protein. In the present case, where the decay curve is defined by several
time points, the decay kinetics can be determined by fitting the curve to an exponential

decay. curve, and from this, determining a decay constant.

Breakdown rate constants (kd)‘ may be calculated based on an exponential or
. other Kinetic decay curve:

ko= [Hn flt. -

While the invention has been descﬁbed:.witl': respect to specific mass isotopes
and proteins, it will be appreciated how the method cén 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
fabeled._Similar conéiderations 'apply'f'or o‘rgénic m'etabolités.

Uses of the Tgchﬁiq;!es of the Pi‘és;ént Invéritioﬁ _ |

Examp!és of rhed_iéa!lyrelevantq:ﬁ-lefa:l'):olig determ_inétio.ns \-n-.rhilch can be made, _.
using the method?.éf fbﬁ.iﬁyention i'n{:\_lu.de: ‘i)?‘gjolecﬁ!ar flux rates __Q'f prbtein_s ,iﬁvolyéd-_
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I sot oponer excess ratio which would be expected to be
present, if all isotoponers were newy syithesized.

woCabgeliaéi ng Mol ecul ar Fl ux Rates The met hod afcT/us2003/023340
determining rate of synthesis includes calculating the
proportion of mass isotopically |abel ed subunit
present in the protein precursor pool, and using this
proportion to cal cul ate an expected frequency of a

. protein containing at | east one nmass. . isotopically

in fat or chokestbenl syohwsistin aTeell tissys wratgéniony dadeterminkenititional

eects TG e DD SR il BB o,
s oy coB RSP ka5 SLALE pRLE 5) B 8 EA ons

drugs; iif) lensriobdin @ynBAtics) do eaterhfing effetrd éfaslich Idutérmindfty & e
of synthesis  during such a tine period is also
exercise, hirmeaneispdaig reptnaenty age apddlisease o sytrithesitapdi breskdaown of
je. cont, nyoys | abel

muscle protBf; ) atenpf FAtEIM UGS UANG YIRS FRPICERPE Tafesdn yivo, for

. ' b | aSym
s SR ) sy KBSy S e
~ degradatioll 20 Qimer) 48 detaiinind the bffieicy O thefOthé@py s v stukly(dfhanges

may be determ ned by applying the continuous
in gluconepgeedisgs pey berafected by diseabes suthnas idiabetes, cancer and

rypostceki Wi B Sokosed SSSL e BB Bl
types of ath/Ea e RPN Bt IRl RonFERhAR, 18 prda'RSon s
disease cahtise teteemitfedlipg khhowirigthesate pe cleaiges biprtein synthesis or

cal cul ated and the kinetic paranmeters of proteins are

breakdown,a Seich deding easnbe pedasned dir vikdiesctycemhimiag subjects or ex
oo usnoRESUGAERY 0T B ER un HERRe e Pl 05444 iR s

! ! _ L oh
plnt cel; 2t 0Bt S o RO LR SRR 80 DoCtEBE. o1'nd conta i ng

AlteBedexprassion patterne pf oatbgenashmidtimor suppresse, geres, for
formed in negligible, anmounts. in the absence of 28 WD

example, areoeilodtedis pesirodeisyreyesis anas iveskgowa sekesof thae
proteins tl]tag (;[’t%i fiéiﬁ}!,?%l}‘ild/ (ceéﬁ/ eﬁgg{ c?r%H‘l% %nc%eangfas T Hhe %)l':prré%gi%n profiles of
numerous other genes. Different protein turnover or organic metabolite fluxes can

- serve as markers of the transformed state and are, therefore, of potential value in 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 :kinétic consequences of known .
tumor-associated genes has the potential to,proiride meaningful information with .
respect to tumor type and stage, treatment methods, andprognos‘is. Furthermore, new
tumor-associated genes may be iclentiﬁed by systemicallymcorrelating their functional
consequénces on protein or organic métaboii{e fiuxes with _iheir Ievéi Qf gene‘ ;
expression in tumor specimensééﬁd‘ control tissue. Genes whose expréésidh is
increased or reduced In tumors refative to normal cells, in association with aliered fluxes
of proteins or organic metabolites, are candidates for classification as oncogenes, tumor
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| abel ed precursor, but are fornmed in significant
amounts during'the period of protein precursor
wo 199 Deiat i on. The proteins taken fromthe celdyuszo0323340
ti ssue, or organismat the sequential tine points are -
anal yzed by mass spectronetry, to determ ne the
relative frequencies of a high mass protein
i sot oponer. Since the high mass isotoponer is
synt hesi zed al nost exclusively before the first tine

suppressop gent::s or igends eayodied apstobisantiudingtproduqsl Gepemllyy tises
irect nmeasure of the rate of decay of the protein,

underlymgvp@mnsam yhatthe profiles ok dynamisi proteis astorganic metaboliedtuxes

may provifle sitre SR WAt B0 Stgurdle ShHARRS al B3aE BREEPD thn cruder,
less bIOChEnﬁfB! Eh&ﬂ@% gﬁg%ﬁhnﬁgﬁéé ?F gﬂbﬁtéé)péhl gﬁg&sﬁﬂfee\‘%“ﬂiié means,

as decaye

the physncﬂogat@lvﬁmgtnm er uwunctaﬂmm gene produchimtie enganishea be
he following ti rre points are typi caIIy 1-4 hours
f:stabilshedf—r be- FrHe “fyndionaligepomicsntbeceme PessIei mi ng wi |l |

ThEDRRCEA bty SR EETEBRGANT sk et #Hﬁ'%d achleve

rapid theréﬁ@urﬁé Bené&iRs Amie ‘éﬂﬁ%tﬁ%’u&r“@f ineffeRfive S8t & aruisChnd

he present case, where the decay éurve is defined
~ "y monitor clmynmar(eLg dectreasmnm) pathobgenitaeaigtdricret i cs can be
determ ned by fitting the curve to an exponenti al
ecay curve, and fromthis, determ ning a decay

e R BB SR o A RS Bomhg Fbfedlfor i ptes i

vivo. The ﬁﬁm i Rle isstopedatiefed prdcursttihelekirs) avem pn@feﬂ?éé

been described wth respect to specifi ¢ nmass | sot opes
embodiments, mernaahsompmundslmom indpeaut ﬁmmenmahngg punfyinggor
used to determ ne supu sition,
solating PRGNSR 0% CRICHS SRSCSSARY B ORtp @rt@u%@%ﬁ’ gL
I
calcatof ERRRYET cofbifltof VS PRcBts A e TRk
Simlar considerations apply for organic rret abol i t-es.

Othégedt admpbrerftecsuthasasolsffol henfnisaation lof waert @ng., measunng
Exanpl es of nedically relevant netabolic

cup, needips; évmmm@ta&hl\émmmb, mama*@onallysbm gravidechie: theddt.-
simiany, fsghBeleS R0 bR MBS s i S5l Bt BohBiidnJo

o specnmen cups, needles, syringes, and tissue samphng devnces) may also be optlonally

prowded

- ADVANTAGES OF THE PRESENT INVENTION-
The-field of the current invention relates to the measurement of Dynamic

Proteomics and Dyniamic 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 targe numbers of proteins and organic metabolites at one‘time, by use of

- mass spectromietric 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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in fat or cholesterol synthesis in a cell, - tissue, or
organism to determine nutritional effects and/ or the
waeioheetisziof drug treatnent; ii) nol ecul ar fl upcRtesondzss4o
pl asma proteins, as may occur in certain disease
states before, during and after treatnment with various
drugs; iii) nmuscle protein dynamcs, to determ ne
effects of such determ nants as exercise, hornones,
drug treatnent, age and di sease on synthesis and
or dynamio ﬂea&sﬂ@m rates ofusmltearp‘l outflow of wyoleades; wiiichp bungs in the
including viral replication rates in vivo,
dunen&onﬂ%&l sessnent of antiviral drugs on such rates in
Vi vo, and rates of protein synthesis and degradation
in atunor, to determne the efficacy of chenotherapy;

1) Dfﬁ‘ereﬂﬁessﬁdﬂycwfeiﬁmemﬁnﬁmé PRSIROBRESIOFin@ Sndldebe
ffected by di seases such as di abetes, cancer and

hy pa))gdiwemh statm\maﬁalspeﬁ:ts@memnmﬁ!mg dechnhiquesde nolmeasure

e (i Dy Rl lBresd s o7 " O

' r
Pheo) g bpereRpnardBaRGeiHTa BRof Slepihaeh SEDK RS labels
are adminfStaledtinsivoer ©avve eb@bi’é @blﬁﬁldﬂb%h%ldb?ﬁﬁt !;a’mple |s not
human subhécts or ex Vivo usi ng cell tures.
used or knawvn in the held of mﬁhog fan iprefieopts and VEgANEONNCSEN ceI | s,
pl ant_.cel

|| | u f
P O erRued pRCeuE of Boattoring mastafl S sl GBbaes.

measurind Ay SHRY ‘S‘ﬁ@@@‘:. ﬁﬁ%‘@@%‘?ﬁﬁéf‘@%ﬁ el ol

turnover ratsefor ebcl helequi@bedatsoh Mgt mbleeplas ddenulapthecstabid fsetﬁpe
dramati c changes in the expression profiles of

label addegh ard Hiass irateporaeieambipatari salcujations; hag nethbeen used in the

field of q¢gﬂn|c ﬁitabollte fl uxes can serve as markers of the
el OF ProtERRUE AR §T ISP End ar e, therefore of potenti al

Va'(?); ié%dEl klﬁétﬁ:@n&%ﬁ)cﬁgqsﬁh Aty ﬁ%ﬁ?rs

nces~in gene expr essi on are not

concentrahaus of Indivicleseoleties & tiee tontrot ml%lpamwa‘m)@s mtrmynd) eut of
as markers for the tunor stage. Thus, th
pools of nﬁ@@ﬂ@ﬁ@m tofthe e pieghamical m%@uem@éﬁuaﬂwwamoiewles on

oci ated genes has the potential to
ﬂnmhonméﬁﬁﬁﬂﬁgﬁﬁégﬁ PY ? information with respect to tunor
ty p@%ﬂﬁ‘l@t}& TRSGRurdn &S Bl aReRGHferedtof %%Mt@w §teps

Furthernore, new tunor-associ ated genes

controlling Hemtebbtiasis dfithe pesteoinendnd oegaiiesnad.i ng t hei r
functional consequences on protein or organic
retabolite fluxes with their level of gene expression

2) Fundagale! SRR AR SUEID 1l 413! R BRI By e

expectegt © normal cells, \|n aSSOC|at|on MAth altered quxes

4

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

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

.-C) The, remarkable result has emerged that labelmg of- proteome has upto

two orders of magnitude greater sensitivity than static measurements f.,or. detecting

treatment effects (i.e. <200 proteins out of 20,000 show large changes in static. . . . . .~
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of proteins . or organic netabolites, are candidates for
cl assificatioh as oncogenes, tunor 30 WD 2004/011426
WORMHOEE2003/ 023340 suppressor genes or genes BOLUSIM0$023340

apopt osi s-i nduci ng products. Generally, the

underlying premise is that the profiles of dynamc
protein or organic netabolite fluxes may provide nore
specific direct and accurate markers of gene function

t han %% Iess bi ochem cal and | ess systematic

concentratm;\s@ grp@%w%m@ﬁ g@tengyitewfegtiggarwhereaa eip to
0-50% offtgS %%rdgérigiremw BB RL S LBy stote

after potentrin@rvénumts) onal genonics" becone possible. These
practical -applications can hel p physicians reduce

are costs, .achjeve rapid.therapeutitc
Atthggh e Dtegoipginvention bes beewAesmibeddnseme detajldy way of
mustration i S ANAQSREbE S SRRt e eady Siparent
to those off ) aﬁig?klh i hd g{t\)ﬁpr%%ﬁ oF Bk Ee%%gﬁn%gprp?rthggnggn%n%at certain
chonges T LERRSRORE o ﬁeﬁaﬁieeiéﬁtdand

;{ﬁ5xnpeofﬂﬁﬁﬂﬂkﬁhbﬂgkmﬂ§rlfylng or isolating proteins acd/or

chem cal s necessary to obtain a tissue sanple, - '
nbshbed nok omed é%t@ﬁ ﬁEE @
Appg(;dal ysi s, an%ﬁeiﬁ?st ruct |(gér21§ or %?Jggé B?B éﬁihﬁﬁh %d pubject
matter, . kit -components, such as tools for admnjistration of
water (e.g., neasuring cup, needles, syringes,
pi pettes: -1V tubing), may optionally be provided in
the kit. Simlarly, instruments for obtaining sanples
fromthe cell, tissue, or organism(e.gqg. speci nmen -
cups,..needl es, syringes, and tissue sanpling .devi ces)
may al so be optionally provi ded. ADVANTAGES OF THE
PRESENT. .| NVENTI ON" The: fi el-d -of. t he current- inventi-on
relates to the nmeasurenent of Dynamc Proteomcs and
Dynamc Organeomics - the kinetics (i:e., the . n
- ..moliecul ar flux rates synthesis and breakdown rates;
production ‘and renoval ). of ‘the expressed pr ot ei ns" and
organi c netabolites,. respectively, in a living.
system The capaC|ty ‘to neasure static |evels of very
| ar ge -nunbers -of protei ns—-and or gani-c netabolitesiat .-~
one tine by use of
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mass spectronetric or 2-di mensional gel
el ectrophoresis profiling techniques, has greatly
advanced the field of Static Proteom cs and
Organeom cs. Mssing fromall current proteom c and
organeom ¢ neasurenents is a key el enent, however:
ki netics 31 WD 2004/011426 PCTI US2003/ 023340 or
dynam c fluxes (i.e. rates of input and outfl ow of

I cigirel ecul es, which brings in the dinmension of tine). 1)
D fferences fromcurrent mass spectronetric proteone
profiling include: a) Current static nass

. Sp [ N r —_—

L PR of SF1eRhRg fRembEC RIS o e oo oteins in ail or 2
paPpriay §§ theppyrotEpme of a cell, itissusl ormrgarmm rseldaﬁethoqacormmsmg
st wh I m ni st
i ng{/) i Vogtg)lfﬁhgg(élb %ng ot%?(%g ES%EA et?ed ﬁrrogﬁlﬁasﬁgursors 4] sald cell, tissue
bi ol ogi Qi‘adJrgslzﬁﬁ'plfer a ipsriow bf tmedufﬁclehhfmmm for tniee fidotdpd labels to be

anal yt 1 RoPRals P Gie b 7 HroRisag P prareopiese orton thereof o
i sot opdimercsl, tmmrorgemlstrﬂnel r quantitative abun?ances
ur nover

and cal gul.ati vi dual i .ze eS| s and. .

ral?es f%?a*a'gs%o mee"ftPé?EtE’&C{Bﬂ}éP‘{ SOMbipetally Hysue, or organism;
f oc.mul ddentifigng taaplugality WFo@ass isabponele ashvabpes ®F Sons representing
i sot opq rrbl natorial cal cul ati ons, has not been

used |r1n$\‘fgu al{ ProfeinsHin Jhet RIBHOEE SR PABiQsR 98 dhe cRrotegine by mass
By addispgctidniiy: cs, the focus is changed fundanmental |y

g(gm concentrations of individual nolecules to the

t r o/UgRtiNgag Kelatver anghabsolute raaﬁﬁwtmn&sfabumf@pg @fions within the
ol eculrfsss (ibotSponkeRict é]‘ﬁrefobé‘%oﬁéﬂﬁ g%g?legl oc%ﬂﬁ@dqp%‘fein by mass

of i ndividual nolecules on em ca
out put $pecteomeatiyhabd ¢ measurerments al | ow di r ect

i nf er e%ﬁl%ul@fmd ﬁﬂauhgfeeuléfr ﬁﬁ)?f%ﬁes §1§’5’a’_ﬂ1 géﬁtﬁ’gg Efﬁﬂstloac?eﬁ'mme the

of the proteome and organ
advant dpdeculanfime ratgsuefpﬂal@negzr mags prateing;hat  have

e RBGA! s oﬁ?éeﬁl&e) :@3&8@8 ‘a%g!egg}ogg R z»ﬁ:cu :33| z?farta 'gﬁ ng(ﬁ;ij frgm the group

(protein s%/ ram
b&onsigtiadiof f@DdeB@,e?c@gﬁlm ramdtlst\a-bl ag phase for

CPRRSAS &L RS B RS R b BB

ofdbematitbd of daim 1, wherein said administering step (a) comprises administering said
one or more isotope-labeled protein precursors at regular measured intervals.
The method of daim 1, wherein said one or more isotope-labeled protein precursors are
administered orally.
The method of claim 1, further comprising modifying said one or more proteins prior to
said measuring step.
The method of claim 5, wherein said modifying comprises biochemically dégrading said
one or more proteins to peptides or individual amino acids.
The method of claim 6, wherein said modifying comprises chemically altering said one or
more proteins. '
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10.
11.

12.

directly, which data is not otherw se avail able. c)

The remarkabl e result has energed that |abeling of
proteonme has up to two orders of magnitude greater
sensitivity than static neasurenents for detecting
treatnment effects. (i.e. <200 proteins out of 20,000
show | arge changes in static 32 WD 20041011426

PCT/ US2003/ 023340 concentrations at steady state after
even the nost potent interventions, whereas up to
40-50% of proteins show | arge changes in synthetic or
cat’8® mqtfaocp ot daimal, Wheseislysaist idertifyingtséep (sdffigther comprises identifying
in i [

pora ARl oy in Bl QS Re oF BpEh A plaBiFE Rty Rlbiiranhy
and exanple for purposes of clarity of understanding,

it ' : f i ti Ll .
T B 0 8y AP o o
t heft*He 8€; ENpandtti@nges and nodi fi cati ons naybe nade.

thereto without departing fromthe spirit and scope
of the appended clains. Applicants have not abandoned

or Thiemweithat efi cleim 9,hehagpelbsaid isotpeuséil.ai med subj ect

matter... 33 1 claim 1. A nethod of determ ning the
mol ecul ar flux rates of one or nore proteins in all or
a Theomttihod obtlailrhE vifeadie eatg isatopa-Igiaiidd prbterSpteci®bor is 2H,0.
organi sm said method conprising: a. admnistering one
or nore isotope-labeled protein precursors to said
celThe mietRRIUE dah 10WBEEINIA: bRAanBmMAShiRfhapf tine
sufficient for one or nore isotope |abels to be

i ncorporated into one or nore of proteins in the

proteonme or portion thereof of the cell, tissue or
organi sm b. obtaining the proteone or portion thereof
fromthe cell, tissue, or organism c. identifying a

plurality of nmass isotoponeric envel opes of ions
representing individual proteins in the proteone or
portion of the proteone by mass spectronetry; d.
guantifying relative and absol ute nass i sotoponer
abundances of ions within the
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mass i sotoponeric envel ope corresponding to each
identified protein by mass spectronetry; and e.

cal cul ating the nolecular flux rates of each
identified protein to determ ne the nolecular flux
rates of said one or nore proteins; wherein said one
or nore isotope-|abeled protein precursors are
selected fromthe group consisting of 2H20, H2180,

131300 hiBEORS chuind  15¢diGhrisihg Thee additional edkep of diseoniinuing

whe &&1?%3 Sg?ggggﬁhﬁterlng step (a) is continuous. 3.

The e 1, wherein said adm ni stering step
(a) conprises adn1n|stering said one or nore

[ ] d
R R e A ek et

o r Iﬂmnapeut]s apap & saibeadlle dssne air @k ganREESHUT $©$8d adiinistering step
?lstered orally. 5. The method of claim1, further
ﬁb i sing nodifying said one or nore proteins prior
sai d neasuring step. 6. The nmethod of cla|n15

e RS P T PSS RS B SRb Lr s

indussmejuabrgﬁﬁhﬁmoﬁqindﬁlg 7. The method of claim®6,
thYEInéfald noq%f ng conprises chen1ca|| altering
sai & on Iiulen QUx st omper marcimRicins e Feb.

1, wher aistucsai &éhﬂﬁﬂhécfo)(dlﬂgtosthé&eﬁﬁ)i of Uainllgr conpri ses
|de€t|fy|ng ividual proteins in the proteone or

por i on aémmﬁ@“ftﬁﬁﬁtdé@ﬁ@%‘}c eHheraRauOg pagkyand9.  The

met hod
sl ot eﬁf"%"?‘é‘%"‘@n%e mieLR! o Bl or 8l SRy ABBordSipg fy the
and "0. celh tisuecor wEganisth askosling tntlgs methed ef dlaisnl, do determine

I sot ope %g% 1 wherein said
i sot ope-t a gﬁﬁecf%rrdocg%%ﬁ&g%%gﬁ?sg euﬁLQé 12. The

nmet hod of claim 1, wherein the organlsn1|s a human. 35

3. f
16 ; ghzggetlg@gdgg%tn? r% a Ic\lﬁlgéréﬂljsmg%‘?%ranrdrf; %ls E%}ﬁ)é?l% of r&p(sgf)?cailgent

17.

14 onthemakstiadhufraek af said ond armbdre procteammlsandmgll tissue or
ad r@réunﬂlﬁ's 'ugfgl Br ﬁ]l %%nc?vc‘etrg/,%evelopment or approval of a drug or other

therapeutic agent.

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

a. determining the molecular flux rates of one or more 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 one or more 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; and
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therapeutic agent to said cell, tissue, or organism
prior to said adm nistering step (a). 15. A nethod of
determining the effect of a diagnostic or therapeutic

agent on a cell, tissue, or organism conprising: a.
determining the nolecular flux rates of one or nore
proteins in the cell, tissue, or organi sm according

to the method of claim1, b. admnistering said
di agnostdompering Hermpleatlarcileates ;in said figst adéseoni pbpgations to
the nol e f tes of said one r ot ei.ns
in the tirfing b SER o 3P be B e Rl ol e o I T ot
met hod affselldammﬂmot&prdteirsr mne the effect of said
di agnostic or therapeutic agent. 16. The nethod of
claim15, wherein said effect of a diagnostic or
18t heiThp ewottiod ofigleint 1, frthérenippikiag ioliting b plurslay @8 sadipl&didin
one g{cﬂn $rote|ns in said cell, tissue or organism
ed Hergii¥Byery, devel opment or approval of
a drug or ot her therapeutlc agent. 17. A method of
det he effects n nnre genes on the
Z*&H?‘E?‘p ‘?ﬁ ‘{?iﬁm%% © & ?ﬂf@ g‘f‘x FIFSPEpng PEIAES qraanic
c eI thetalidliS U all 6F a PE1EHSN oS 1he oERRBIhSS ML ell 2t ssH@bES BN Said
t he o cular. flux rates of one or nore proteins in a
fi regt mgﬁﬁﬂ?ﬁ?ﬁon of one or nore cells, tissues, or
or gani simiAiseAhs bidort MoreiroptBLRAd d%galﬁé ﬁl'eﬁbé]-hte Mb%ﬁl%bi@ to
said cells, tissues, or organisnms of "sald first
popul at %ameélomﬂl? QEOTgaigMm dorea ReFiofef mg swfdisientfor one or more
det er m jBhpsk fb&s AB Ss%féll dHe OF‘ Lt f@@tﬁ)ﬁes—laggleg BF%mfc A 1te
proteins in a secon popul ati on of one or re ce
t i SSuePICRsopY @dﬁ‘l isgpeparated frdd thy one ot merermghm@metabohtes in
¢l ai M The YASHSIL oGRS RARUA! SRf 8053aR00.
conprise s genes ha 360 C ari ng
t hb. nolobruling thfe Iocganctan@er pcmtmmhekebf fireh tlambllsmom @r
popula%&%ﬂﬁ to determne the effect of one or nore
enes a on'the nolecular flux rates of said one or
moe.e  pridergifying a pBiraliih ef meishizdtopbmericénvelbped effibiaepresenting

compri Si{léllgidlug'loolrgaz}rllicnlglet%bagtgsr i%ltflef (Yrggrfeogl% We lpgrstlog rtlr?errreof by mass

spectrometry;

o)

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

€. calculating the rates of synthesis or removal of the identified organic
metabolites to determine the rates of synthesis or removal of said one or
more organic metabolites;

wherein said one or more isotope-labeled organic metabolite precursors are

selected from the group consisting of 2HZO, HZISO,BCOZ, H13C03, and 15NH3.
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said cell, tissue or organism 19. A nethod of

determ ning the nolecular flux rates of one or nore
organic nmnetabolites in all or a portion of the
organeone of a cell, tissue or organism said nethod
conprising: a. admnistering one or nore

i sot ope- | abel ed organic netabolite precursors to said
cell, tissue or organismfor a period of tine

sufdici : re. .l e .Lahel.s, from said -
20. 51 e Pl Orn B8, Sherpiie sk B 7 208usH (o8 e Bt consistig
pr of tH, 330, °N, anth&O. ncor porated into the one or nore
organic netabolites in the organeonme or portion
t hereof of the cell, tissue or organism b. obtaining
21. t heTrermgethed okcdlaim 190 Whierin $diccadiaihisteringstep €a)ie kbntinuous.
tissue, or organism c. identifying a plurality of
mass i sotoponeri c envel opes of ions representing
22. i nThy insktiedd OF @& €9, WAl daldesdmiRistehfy QPR RBRpAdes administering
portion thereof by mass spectronetry; d. quantifying
r e PRl PURSUISRAIAtIBeler peasHieddntes@lsoponer abundances of
ions wthin the mass isotoponeric envel opes
corresponding to each organic netabolite identified
23. i n Taedpethed Ogylaﬁ%é&f wheretr Baeneyor mergé wganiametabatiteriyecursors are
t hgdmipisRPelbrafy Nt hesi s or renoval of the identified
organic netabolites to determ ne the rates of
synthesis or renoval of said one or nore organic
metaRoL. ;y\kgpé[-is' clsot.ope-|a . .
24 or Jggi be&ng? agol | l@ g?’e%&gg% gb%n?d;e og%ltoesf’ fro(\;m&%ggﬂnumg said
gr erlinisterisg steprfa). of 2H20, H2180, 13002, H13COB8, and
15NH3. 37 20. The nmethod of claim 19, wherein the
I sotope | abel is selected fromthe group consisting
25. of Thel m@bpd 'dBNlaimnd9," FubtheR komphsingrerhdudiglingf said @nen dr9more organic
Wh'%étgéél ssai d %dm.ni sterjng step (a) is continuous. 22.
The BEPTEY 1 pali s ein said adm nistering
step (a) conprises admi nistering said precursor at

regul ar asured intervals, .
26. FHe Betitod 0 clialm 19, wﬁereﬁa said identifying step (c) further comprises identifying
individual organic metabolites in the organeome or portion thereof by chromatography.
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23. The nmethod of claim19, wherein the one or nore
organi c netabolite precursors are admnistered
orally. 24. The nethod of claim19, conprising the
addi tional step of discontinuing said adm nistering
step (a). 25. The nmethod of claim 19, further
conprising nodifying said one or nore organic

net abolites prior to said nmeasuring step. 26. The

met hod of claim 19, wherein said identifying step (c)
further conprises identifying individual organic

tabplites . .in the organeone or portion thereof by
hro ‘f8‘5&‘3885‘?1&“%%&2‘3@%%“%91958lsoz -cl ai m 20,

wherein said isotope is 2H 28. The nmethod of claim

9, erejn.said o r nore. isotope-1 abel ed organic
Zﬁm aﬁlﬁ? fethogd SEIa S Wherep e pascPrTRQTR iSPtaRo dabaIFd OPEFIEO,

29. fhebokt pedubr is kabRPBem *s0 ghdHs'&d one or nore
i sot ope-1abel ed organic netabolite precursor is

21120 30. The nethod of claim 19, wherein the

2901 9TRé /i¥tHOY 0B cAIABE -whfein J4iE oﬁ@&ﬁﬁgrg stot(ﬁeqwae%l%rganic

further conprising,adm nistering a diagnostic or

t hePsprbolite presgsptisid2Qai d cel |, tissue, or organi sm
prior to said admnistering step (a). 32. A nethod of
determning the effect of a diagnostic or therapeutic

3029€Mhe RRh3d 6EL1him 19, whehsn thorh S s 3 Run@fPr i Si ng:  a.

31

32

33.

determining the rates of synthesis or renoval of one
or nore organic netabolites in the cell, tissue, or

or gal 1 t et hod of. . cl.ai m.19 .

DR 2BE SPLENTED, Bl CollRloMRea linis Rl Fienostipr
andtherapdgiceagantrid seyd tdib tisfﬂb,ens' omﬁam’sympﬂimsb said admimisearilg step
of Ee one or nore organic netabolites in the cell
tisstie or organi smaccording to the nethod of claim
19, to determne the effect of said diagnostic or

t her apeut j ent. 33. The hod af claim 32, wherein
sai A Ehod 4t d%%“ammgégﬁ G epgﬁla%f@%a@@ﬁaee%éﬁ?m on a cell,

tissue, or organism, comprising:
a. determining the rates of synthesis or removal of one or more organic

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

claim 19,
b. administering said diagnostic or therapeutic agent; and
c. determining the rates of synthesis or removal of the one or more organic

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

claim 19, to determine the effect of said diagnostic or therapeutic agent.
The method of claim 32, wherein said effect of a diagnostic or therapeutic agent
on the rates of synthesis or removal of said one or more organic metabolites in

said
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on the rates of synthesis or renoval of said one or
nore organic netabolites in said 39 cell, tissue or
organismis used for the discovery, devel opnent or
approval of a drug or other therapeutic agent. 34. A
met hod of determning the effects of one or nore genes
on the nolecular flux rates of one or nore organic
netabolites in a cell, tissue, or organism
conprising: a. determning the nolecular flux rates of

elitishue 90 ofgadIsBARIUsed AEH thE Qliscb\RSy,| dev@obinbstt orfspprdvat b8 drug
of one or nore cells, tissues, or organisns according

- ¥ Ptherdharepedil a9enk| ai m 19, wherein said cells,
tissues, or organisns in said first popul ation
conprise said one or nore genes; b. determning the
¥ht es of Symdiee] of determiningatheoéffente ob onamranomeggenes on the

nmet a ' ' e ion. o O . I .

Col | SHOEb R Ak AEGERHe PR biBicdneBFISE: il cBpnngue, or
of clagmidh, compeisiagn sai d second popul ati on does not
conprise said one or nor nes; c. conparing the .
r at e of TRYERS %‘le F@ﬁ?ﬁ%gﬁr ﬁHx SRt fra?r 8Re SPd Yo REPNIC
popul at i ongethBol@t &Y & fdt PopuIBldEoF dhk NEhdPE &M, Ctissues, or
genes on the rate of synthesis or renoval of said one

or nore ordjgasEsaEREHNg fedhe gwthorhel deindd, wherdimisaid cells,
sarpl o5 1 RSB0 oraftferts L S pli tafyRice said one or
more genhes;

b. determining the rates of synthesis or removal of one or more organic
metabolites in a second population of one or more cells, tissues, or
organisms according to the method of claim 19, 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 said one or more organic metabolites.

- 35. The method of claim 19, further comprising isolating a plurality of

samples from said celi, tissue or organism.
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