METHOD FOR MEASURI NG DYNAM CS OF SELF- ASSEMBLI NG SYSTEMS OF Bl OLOG CAL
MOLECULES I N VI VO AND USES FOR DI SCOVERI NG OR EVALUATI NG THERAPEUTI C AGENTS
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catalyst or an entire molecular machinery to be synthesized (e.g., a ribosomal apparatus for
protein synthesis; a complex, multi-enzyme apparatus for DNA replication or transcription; an
endoplasmic reticulum for lipid biosynthesis,etc.); have an energy barrier that prevents
spontaneous formation in vivo ; and are characterized typically by covalent chemical bonds
between the subunits that form into the macromolecule; and do not disassemble spontaneously
but require a separate catabolic apparatus (e.g., proteosomes and proteolytic enzymes for
disassembly of proteins; oxidative enzymes and a mitochondrial matrix for catabolic disassembly
of long-chain fatty acids; RNAses for RNA disassembly; etc.). Self-assembling systems of

1



nol ecul ar machinery to form do not typically have an energy barrier to
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deronst r aPEEMOING SYFIFES i |br‘°é‘%9%ﬁ 'Pr%lecufﬁS@L ‘ftlﬁ‘t;‘{?ly@eﬂﬁﬁﬁ%{‘rﬁ‘@é"aaﬁatot‘%%"t'@ﬁ @ct of
i cr ot ubuherdfishgetsk dmybldwetaAPRigyBation IMQARBEIN & plidsAsjoniaggragatibMinkl Vo
setting. [ B;ﬂz%]ﬂb@& (fuggqibhnsag%%%piluﬁo Fl&ln@sgé?nblgbreg)?@ghpoll'ood c%qs‘)e%ndtgrg of

conpounds
hemoglobin aggregatlon into hemoglobin aggregates in sickled erythrocytes, tau aggregation into

tau filaments (neurofilamentary tangles), a-synuclein aggregation into a-synuclein filaments and
aggregates (Lewy bodies and Lewy neurites), cardiolipin aggregates in the inner membrane of the
mitochondria, cholesterol aggregates in the plasma membrane, galactocerebroside aggregates in
the myelin lamella, and phospholipid aggregates in the plasma membrane, myelin lamellae, and
the membranes of subcellular organelles.

[011]  The present invention demonstrates, for the first time, microtubule dynamics and the effect of

microtubule-targeted tubulin-polymerizing agents (MTPAs) in an in vivo setting.
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identifying, evaluating, and characterizing effects on m crotubul e dynam cs
and the dynam cs of other self-assenbling systens of biological nolecules,
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to the amuptm Rf 2 Hai e mfn%ts%#lckﬁb@rltﬁéjsu%ﬂ%{t@ﬂotb% .dcarparafe@mtégﬂneast Mdetrlﬁ Cost
e o0 I N e es

S stem 1 det erm ne nce 1 n

Y o oy e b et e o BR EStehraaerT e oA S5 SG b PHRR T e G

addi t i onabyséespecd the iveutofpbelecgolstulp assemplapsefonc tk ditst semphegis tteatifil ecul ar
flux rat eOBTIOI’]TaanAI‘ﬁ&I%IH?QI tlrfg)éa%? U\l rﬁlﬁroﬂﬁ@@@ml@a@g? tr%'%gnéunﬁoftﬁlﬁ@o é’dnlbf)e?ed such

that the conparing step calculatesthe ratio he rates and conpares that
ratio to FHYNESS ﬂ@nafredr?mW@&uT%ramquaB@f!aaﬁ'@%mpﬁ%%{.aasmws compared to the

amount of labeled molecular assemblage in a control living system, and optionally, the amount of

unincorporated labeled subunits is compared to the amount of unincorporated labeled subunits in
a control living system, to determine a difference in the rate of self assembly in the test living
system as compared to the control living system.

f015] In an additional aspect, the comparing step comprises calculating the molecular flux rate of
the labeled molecular assemblages and the free subunits, such that the comparing step calculates
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l'iving system [016] In a further aspect, the methods further conprise

adm ni stering a candi date agent to the test |living system either prior,
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S 130— ucos D
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mol ecul es, ar e rqgiuc S of thel abef ] net hods described herein [022]
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mol ecul es aad ENlizpblel edanit tibleomes. or nore radi oactive i sotopes [023] In yet

anot her qﬁ a% en?etnp‘ﬁwe n[};\()ﬁﬁ'f'eltﬁpof ﬁ% l%op%%b%lei&'sb é{eg irftd 81\@0‘#&%& hat

corrprls[e I"'SO ed recursors a i nstructi ons OI‘ usi n The
kits may &bHN rnergﬁsabwsp BEBPEUR RPN EE) Frdrairesrasatiop mﬁOafaiC@&@tﬂie\PéWa'Bel ed
| sot ope peRGHERAES céiculBsifbyShathb®-kineWi e drabel ed precursors and

r adi Oac[Béﬁe l ab Aeeg(cjemlosé) rtngrﬂgelﬁé ?ﬁ&{t%r‘? rlssotorz)ﬁgl ry&%g&’.{)&)’ #ﬁlggkésréré) {)]r'avnge‘f r%{]et hey
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conpri se ¢niepigally Mtéqucsm!@cufe@pora@rmns |0§¢ armerg steble 'SOEDB?%p@BIIS&B@ICé'H precursors
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"t or P oy PalEe eRURREN o EoRRBURRdS brr b Rl iR E e aREG 1 ¢ om

t he met hodéh ofe arinereadigetive isplogast i on The data nmay be anal yzed partially
anal qu%3]0rln9&%ﬂé\hé/r7e%oa_ Hh%ntcbﬂh@ |rW€-b/t|eronb'Epﬁ*nbr'%tkﬂga@'ﬁd?ndﬁé-%f comphigst i c,

anot her e BBATFETE BFeFHE: PRI BHE Cotareror e e sy SHEHe SOPEEREPE | od and
at | east labeled precursors or radioactive-labeled isotope precursors or both. Stable-isotope labeled
precursors and radioactive-labeled isotope precursors may be provided in one kit or they may be
separated and provided in two or more kits. The kits may further comprise one or more tools for
administering the isotope-labeled precursors. The kits may also comprise one or more tools for
collecting samples from a subject.

[024] In yet another embodiment of the invention, one or more information storage devices are
provided that comprise data generated from the methods of the present invention. The data may
be analyzed, partially analyzed, or unanalyzed. The data may be imprinted onto paper, plastic,
magnetic, optical, or other medium for storage and display.

[025] In yet another embodiment of the invention, one or more drug agents identified and at least
partially characterized by the methods of the present invention are contemplated.

[026] BRIEF DESCRIPTION OF THE DRAWINGS
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partially characterized by the nethods of the present invention are
contenpl ated [026] BRI EF DESCRI PTI ON OF THE DRAW NGS[ 027] FI GURES 1A and 1B
depi ct pavbwageniesi2l abel ed hydrogen (2H or 3H) exchangepCrarseoosoesspel abel ed
water into selected free am no acids. Two NEAA's (aI ani ne, glyci ne) and an

EAA (I h b f | Al

pr esfan'ta @%I F%"‘Iﬂa%j@a"%\wg i@ﬁ&%ﬁ?gofﬁﬁggﬁ&@}gqng f ?L%ggg[B r'seovolpgtl ons:
TA, transamisingser if-beléded fphasiioaeids] Pyo Nuad’ e(almmbogdmnehasiean EF@AEucine)

tri car boxylisf, V%Cb\q%%yéf %&%Tnlm %ear]p mﬁ@ér@%@ég{t&; 9|F%U?e ’matL%Mélﬁer@nSf erase.

FI GURE 1C epi cts I\fﬁ% am no aci d %/ for protein
synt hesi sPrefeﬂi‘Eeﬂ]'” FoupRE Shbreviiiges: tTt'fetr?rﬁé‘anﬁ%Fr EFPc%( BFospReanaBEREE t ubul i n
di Mers i népboxyiaiast;UmMCE triparbyyey aid dyOi2 5 THM, GiRE t@Bhghaforstetninghyifahefertse. of

m cr ot Ubuh%hukiq%e& e%tsmtg%}) lln%BPflréérQHir; Zeicpjg b?ﬂert% for l%te RthBLOCESS. [ 030]

FI GURE 3A ' SOWs ni &r ot nam cs 1n ac rol'i Terating human | ung
cancer [@28] FISURB/25SBYs tf@erhdoswwépreofctHlEtb@leé@Jbahtﬂlm%ﬂ@mt%@lcfwbugwoh@@fss in

medi a g@z@ @lcm élsﬁo%/@%geffg&s bhielotublie &g dtyy thm;a%a;?rﬁénz%ralgags bh@is36 hour

time period | ecting 2H al anine incorporation into newy synthesized
tubulin dPrﬁ‘%G?SSand pol ymer franctions. FIGURE 3B shows nicrotubul e dynanics
i n the [sRAMEIGURE 3A sHowrs (TALBHR) dynakics Ih asivelytpratitetaticly iirhdm 10ngicanddrpaisl i t axel .

The pres e&?ﬁ nsﬁg)be‘l s',\',vér%‘X B' aqg?a]%gleg Et %@ﬁéu?@nggﬂgdla c@ntgﬂms 490 HE@' %{-{/@rr%e? _

reflectin on [ 031]
FI GURE 4Asts¢phimcraa@©sieungé§®@ﬁ1@wr@meeriomﬂsctwgtfﬁrabaa? ln@%m@?t'qnnntﬁu%y m ce

i npl ant ed M%Bze%%?@dlmém ﬂoﬂ'ﬁﬂr %{&ﬁ‘&ﬂé F@URE 3%%@3%@%% ®ebadsin. p. W th
t he i ndi cated amun

axe nd I d 20 for 24 hours. At
5 gl kg, PRSP Bldne [t EAs Sheb e ARy Rk ed poh S PrediRgr but
i nhi bi t edpddited| radnwrzﬁ@macthrrmnt in febeleg polymees refIth@JlREblﬂﬁ offdvisbutin dlwse- r esponse
experi men | in nude m ce |rrpl anted with MCF-7 hunman breast
cancer cefnfx%é %foﬁgﬁ%\gélgﬁ(?n ected i.p. t he indi cated amounts of

pacl i t 4380 FIFHRE #behosg a\ﬂi"?%re?ﬁ“l’f@? F’E?P”'?ﬂ"tl’%ﬁ P%C"taﬁ‘?' KenudR BiGedapaMedWleen in
SWL537 cebhs Sfﬂﬁan% caticer EellBOMkE wepagbdtédaixewith the hdiasted adeurntonf @adijamtihesi s

ol Gure s Al R Rl it AR, (R8I BRI L Dt hoRPr LS of D37

FI GURE 5A% rom nud \/\1573 | ung
cancer cefupglin dlrm}r@cﬂtl@ﬂblkﬂﬂ tahelmogppr?gordlot@@@ly@ﬁr FACYRE 4R showsa@pse-2a58Pt8 wi t h

2H|20 fO;/Z ﬁh@&wtﬁ %&a{aseélumw@ rrﬁhéﬁrﬁ@‘aﬁ@d Wlﬁcﬁ)ﬁmﬁﬁ§r$&@a§%ar(c3}‘beﬂm:Hrllli@tlélm?nt in
pol ymer enri chnme nt hesi s was
quantifie er&ém?qtféj‘lpe‘ﬁﬂ‘é?‘? ’Bﬂ'cr‘i’t‘f‘r&?ﬁf’ﬁn EPa‘i“ %?B‘g'tag%d ‘%'%Wﬁf%‘ 6% U

As can betheeasppngelsesreiniSSVia3s telle (FjG o) rbt amgdkg. mntwblncreaﬂwuiempmyotﬁes's

m cr ot Ub“hﬁuﬂ”@ﬁepbdt%%ﬁ‘@ chg%cc?rf}&aﬁoﬂ%&&l%r' n ceI | pr oI i feration. FlIGURE

5B shows the res om nu mce | d with human MCF-7 breast
cancer 8% IFIGUREpAghasg the rest Ity HPYinHEP 'BG%é”‘éo'%‘fedﬁ‘é\teth'?‘a&§W15%?h'H”9 &efed with
2H20 for 2éishgudisd wnM\@rymwbwse;fﬁwmaml cfhd wekled expiHes @4 asur 2Micenutiuzhment i n

polymer)/(2H enrichment in h was
R e T b R L
Li ke t he SWPPNA ¥athesi§ Wesguasiiipd ag wé r@umnen ﬁlakﬁh@mfmr@f&naw Binopeal i
'[ 82'3;3' }:: (C)S(AJS ©4dn B8 REQLhERISS s@MrﬁW&r@l&hc&ﬂﬁt\A}‘e@ﬁi Weibitiemof icre@blile Wr@hildclﬂd”tﬁzﬁlit)gnl
Se-re ec a on_m cr.ot ul e

dynamni cs F'?PpEfagLé’%ﬁb'P |°ﬁ'ﬂ%g]§?rat??8r 3&3@&3}{?@%%@&%@? ﬁorﬂ m'ﬁ? & eg V‘f'tH
dynami cs aurearsMOR bieasitaneen deldginsetecowibt varvingglasestaf ﬁa@’amlmddﬁbem with fHhOdi ner
and m cr ot by, &, P A¥TRE UL BYiBhRcs@efe d@RIsSLE (dHerfiBhment in polymer)/(H

enrichment in dimer). Inhibition of de novo DNA synthesis was quantified as the reduction in H

label incorporation into tumor cell DNA. Like the SW1573 data (FIG. 5A), there is a strong

correlation between inhibition of microtubule dynamics and reduction in cell proliferation.

[033] FIGURE 6 shows a dose-response effect of paclitaxel on microtubule dynamics in the peripheral
nervous system. Sciatic nerve microtubule dynamics are shown in 6A and densitometric
quantification of tubulin dimer and microtubule polymer levels are depicted in 6B.

[034] FIGURE 7 illustrates uses of the invention herein in a drug discovery and deveiopment process.



[034] FIGURE 7 illustrates uses of the invention herein in a drug di scovery
and devel opnent process.[035] DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 036]
Over vi ew wb 2dvn1vs1zent i on [ 037] The Applicants have est abiritsb@d/oasos? npl e,
rapid assay for neasuri ng t he dynam cs of selfassenbling systens of
blolog|§$ ) issenbly and di sassenbly of

mol ecull&®)a = T-rsotope tabeling technol ogy (including
bot h r da36di dredn'ey :«u e isotopes) that can be used in |iving systens,

i ncl udijpgy Ceme%pgﬁcagts havd) 3HofsnEEh Eﬁp@r rabfd agéa%er& n?e%gurHF He Y€ kserNd

organisns (e.g. Intact aninmals and umans% , the inventiaon ut| lizes
t he nat ur &PSeBHINA VRFTE A Blo9iBuRgRRIes (-6 a?épfaség@@}‘rﬁ”q HRpssgyster s
t hus, t henickeaatdseemiadddesibsasko bn tshiepe @bgiag tesiavldge tivedeingtohid rat;mwtopes axm‘

assenbl y @%gle @o&%& ‘ﬂ‘[‘}a‘g!:% be%ggchm %ﬁ%g{ a@'@ﬁﬁg Wpélﬁd]%ucgwss(te ?}”@m@g %ls%r Bg/‘tffb

nol ecul es cul ar asse é
fromthe s@iluyah@@tem ?r@rprw'%tmuwaﬂ@w end pumaigb nkhstis: ta%wth'@i‘rut"'zes

i crof i | amematird bQUiliBGeh br eidhbhers b geresdsg@bling Npolimend, rtmmmemwamtoh alows

anyl oi d-b ?(;[ %e(cAbF%?rflshrp b t\lrvgenqr]e Fyng%‘rcj;g% éssgm ngrbof Jlﬁa]rs@e%%/ @19 s?é}nnblﬂ% from

proteins); neuro
t he aggr egquﬁﬁpf@pb@&@l "ﬁﬂmt“é?’ ﬁasz "Bolegial @seENPlgRs h'ﬁﬁmes Wot@@sé@m@s (Lewy

bodlt es or frbﬂ}[’t\bé Wt ehiéﬁ&r) offt@crumeatmEfstpmamﬁtoagmﬁg.amc@m%nta(foﬁﬁélawtahﬁh@ f
proteins; nutant. he r ion o
it ant | heROUNBRIT AT TR B A A PEEHER A TR of Holeh 3ot g ves
(formed f laggregehen g @rregeits)dau ihmenis anplacoes Gnﬂtirefattnllam@nms) tmmpd terethes) ;
fibrin aggg gﬁg@a&@ﬁoﬁéu 5}&@@9 opéyﬁﬁc*?e.r(ﬁué?ﬁa%dor P%@bét&e(LQW BEARS bz@queuﬁés)
fibrin); act ocer ebr osi faogg ates in ellg)

di phospha? rast § ?’9?@@69’3@@050 HHHIEBITBT R ”H&Q%ﬁ?f@ gin aﬂgrﬁﬁi’?éeﬁ (e menbr ane
of m t och@ndthegggegeticast enaht regggleyatnesckien etytheocples)s prionriierity pameuesaind

phosphol i ChAYrEARL SR é;(arfos CormiBHESALGS, ;95 PRRARN ABhARId8ES of TR NG

aggregat e I ne hos
phosphat i 65‘? Si WH%?quﬂm th%ﬁﬂyrﬁ?ﬂ?@%é’f Fkiﬂ?l g@lﬁ%{%[eé)fﬁswg)aggrﬁgqt%n BEAYRE nenbr ane,
nyelin | anm{dn@,@;ph&rpdaudmgn@mr(ea@e&rd)cBnpmpmeégbtélsafth@ingam@nibe@me05‘038] An

i mpor t ant %b?r}ohg}%t !r;p%f?as{epol 5@9%)9% h%PIa%rﬂé §1er(ﬁ Bh&%hd hl%os&lrb%wg %%a JiCe

bet ween a seltasseé nol ec ot her
macr onol eéad-exggregnies Af F&‘P@W@Y%@Pwn%dw@S@ﬁ@%%ﬁtqf@h?ﬁ@%'éé'%%@e| n living
or gani sis phdephdtivpareme) bmdgghaﬁlyﬁthv Q1dfdwe§phbmuy@w@maﬁnayayﬁe brewa st andar d

bi osynt hetlgc for Mt Opﬁﬁ,ﬁe an |n {‘newgraneﬁ osz@elLﬁar orTgSPg,e such as

pol ynucl edt (?es eX>car bohydrat es, etc.
St andar[@%iao‘kfblmb@uﬁle@cmwa@ fe&wﬁlzﬁdn th@fcomth@ 'Sst@? fiffejerpebivieayasshe require an

(enzyr‘re or a%ﬁ%hd@séyst@ﬁ) oRolBgEdl H@Ie@@é@&ﬁ'nﬁst&ﬁ?hﬁd&ﬁnﬁbléc@e@@hﬁ%@@@ﬁe@@@

e.g., arl ar.a S es enzyne
ey at s PP RAP PP TP =D o R T B S aE IR Ll ut
for 1i pi dstandsybibsyethiets fenelion éfather ypeseri eragpmbierylése suchiaapolprusieetives (DNA,

spont aneoq@A\; becH@ﬁé Pd?ds' Eber!léé&arb%Hﬂjréiéseet‘é@érﬂfé\lﬁoefﬁé&&ﬁolécﬁl%%'t Lr¥ nbyorgRval ent
chem cal bonds between the subunits that forminto lge macr onol ecul e; and

do not di §§§%%%P'@9§yﬁ8ﬁ%“aﬁ%%§12¥’“%8&°a atﬁfraaeat"%glﬁ T EBH 1% appar at us
(e.qg., proeyrtieseate.grdibpsantabaipatatus ferratee synthesis i ®apssnbllj-ewfymprppaatns ;

oxi dativey cﬁwr@alcﬁﬂ oPtrefﬁ'sNAgﬁaP?g rEhd%klAgﬁl & rdiuifud rf?rﬁﬁ& ﬂ@@nlh%sxgb??'%%%y of

| ong-chai n sassenb l'ing
systens oF“%QMW@rH@F PrRINSSRPRENEGHS W%‘Eﬁl”é’fvoaﬁ‘jﬁ@%%{‘@%te”?% gt st , do
not requi be\/a@ﬁzm&al oattbesdes tiRs sudunte ke ntoae miacremylet te; od @3 ndo not

W Vo, neod Rsfr Rl ALl oAb fhorie B ARATRORERHY ¥ 11
assenbl agé@rotetydc %Y'ﬂﬁ%faé(ﬂ%f@b%ﬁfoﬁﬁta'ﬁ%(%@?tﬂye eprYTes 8nd aficasprsriggnatas fof ol es,
catabolic disassembly of long-chain fatty acids; RNAses for RNA disassembly; etc.). Self-
assembling systems of biological molecules or molecular aggregates, in contrast, do not require
enzymes, catalysts or a molecular machinery to form, do not typically have an energy barrier to
formation but do so spontaneously in vivo, need not have covalent chemical bonds between
subunits in the assemblage, and do disassemble spontaneously in vivo. The biological roles,

functions and significance of self-assembling systems of biological molecules thereby differ
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functions and significance of self-assenbling systens of biological

nol ecul es thereby differradically fromthe roles, functions and

si gni fi camoeowfoinsaer onol ecul es that are not of the sel f 263arskéosngsosy pe.
[039] In general, the invention can be practiced in a variety of different
ways. In one odj ment,. as is re fully outlined b

admi ni str |°8'E(q%fnqg%m?e§off‘?)%8rlsl aﬁg%gg'acagﬁ%gf P E KL %aw}%n%&?thes fem (for
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as outlin ve using sin single tine point (and
cal cul at i AY'tiplRdsofoge @bﬁéé%‘ﬂordjﬁfef%és%étf%est) F?Pebepﬁ?f“?rt) or with mul t| pl e
sanpl i nguo) MAiteatielyt iheempait bt Isbed Incdrpdrhtionfdai bossedfto catdutthamokbwar filuatats ar e
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stable is ébqyp@sm@mﬁ@gl% sqrEping asioledieeReing fene F@Jc%lag @mtﬁ Yased optheeRe. tmen
addi tion, pé;ﬁlﬁor&ﬁﬁ&%lt@fe sIRPiHgainuiape rhe p&hth aﬁlﬁcﬂﬂmaﬂoﬁi)f nadcartiiaratassenbl ages

can be COW%' ned w are&tg e%g?&éa@er?t%x in sel? sseé%%m% tﬁnt f new nuclei c acid
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synt hesi s, 3pPEd 057 € °°aRYT 0genes) tc., to allow the
el uci dde41on eraseayhmrﬁa@lmaéaq@@!eﬁwwaawae @éiﬁbﬁlwawtbrﬁzprfép@si g2ple igeioRey a

variety ofapet bst béﬁérfbinﬁéd%éfe@%n@@éény NedmBRY. eintddiliéi Bk g of »aacllllauendoﬁgélf-

tubule d
Const 1 tut PUSTHD AT B EheeSsegE: fanteBP LRI S ot Shebs
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havi ng been denonstrated in practice to reveal significant effects at doses

up to 30-P¥FH | ower than the maxinum tol erated therapeutic dose of
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si mul t ane?&’r%htuﬁ\;e%q efenk %eatpé&%qsme%gs@eﬁbef<pmr.% syt hesis, the

nmet hods o resent | nventlion can revea uanfitatively nechani sm based
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microtubule-stabilizing agents, having been demonstrated in practice to reveal significant effects
at doses up to 30-fold lower than the maximum tolerated therapeutic dose of paclitaxel. When
used in combination with another assay, such as the simultaneous, stable isotope-based
measurements of new DNA synthesis, the methods of the present invention can reveal
quantitatively mechanism-based therapeutic and toxic actions of microtubule-stabilizing drugs,

both in actively proliferating and post-mitotic tissues, and provide information about variation
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br 3-' Ins OI &H“\%l a?*rﬂ/lg%réﬂ?ﬁc Iﬁe@ﬁéde%étssarﬁﬂ% dt}{ér@ﬂ{els@lﬁb%e\vﬁbtyfén@&gﬁ@émay omﬂflbnlk ani nal
nodel s, e Se

aggr egat e¥ %%éﬁfr%gpé’gp%Fs eﬁ%ﬁﬂttoéglﬁrymghepkf%gseé%éa‘lzﬁﬁ'imc%s %’get? gnd n t he

br ai ns of arfaslkicisionf Slzidigasisepat theseibasmaubly and disasberaling t@f filafeantsri a
patients, ,andsidy ar@u%bnll%%g%s) TaB%c@s%l\Jhlcﬁ%%manyhead?gngéfm&ﬁ"ﬁm Yati@hts Tut ant
henogl obin a aggregates fromfree inin erg/ %’O tes of [)a ients with
si ckl e cefldigpatisgisith derpenigernd i Wa'%é’%'% theySeliiAgessy d0PETARYiI%H i n this
condi t i onsyntidien Sleméntassaygisyteaidwd betsse hdlyneofite$)i & pioresagdick geduesn tel ood
clots) f r%%a%rﬁ B Bise fpgﬁér% 4 i Bt Brofo S @ent iegslohg, i clotting

di sorders e self-asse I sasse rion brils or plaques
from fr eeMpigss: fhe Sﬁﬁéswwr?”ij Aisgssgnbly P@PH?”U‘E’R‘B@OW %@é@étes FePdreescr api es, or
bovi ne spraggiobihnm efeepRitad ofpatidnys withhskieeblf disszse mtﬂrgl:e&mtlatdeasiamubmanof

cardi ol | P AR FOA S d el NE A MNEL PR A Al JTHbRCRBRNLAriobdBor

sel f-asse I'sas ero ag reg
nmenbr ane, fr@rhére%@qrm epdenisinthjs FH‘PR?S%HG@@%@r‘?i?P?C'Bﬁthfﬁ?O&@Q%é@rS@lﬁ?mbf and

aglgr egat eg sésgelﬁﬂﬂﬁoffﬂr‘lelh fitild c&@ﬂéhué& frognhl’rééfPrBGﬂHé Brainlin Oﬁhlzfémr-Sak‘db tigedsy) t hpl ﬁ
sclerosis,_and oth {ing diseas and the
sel f - assefMtyoERES & gce’avsr%ees n%e;forg? SR oﬁ%tﬁf The§%9 ag&m%ﬁ’ A 5@%9,%[@ Shgr egat es
of phosphetigiverdodiesatenivlthednmgy mg@ra@ga@fé@toelﬁongmaﬁ]@kﬁ&tfﬁw @r@ﬁ@

phosphat i @tyés@@:ﬁﬂ)ly ar%ho@a@r%pei@@@ggt& tnnﬁbsmésma, m@ﬁ&am%r&emésdmb@tah@nol anmne) in
t he pl as u ceILuIar

or ganel | ggsalsﬁ%@@y g%{ag%ﬁerﬁ%ﬂ?‘?a%g?re%te%wqréer@yeﬁpEaﬂ HEER’gﬁ%C”fS 'BH?S“G{} M of
bi ol ogi catmulipk e@erbssamdmmeraeteyehmtmséfséasasgedmlanrm@l bmdel$ eoadiihe eeltassanplst s or

ot her exogenfussdrif QpfodpRolbRa @bﬁ&e(re g L:a‘iésrdi'%ﬁdébﬁc%’l c&id8s including

deoxypbonucl eot 1 des, am no aci i ment, the nethods

of the pradEsates QlRIPSPRAIOYRSRRS p'&%séh%‘ij' P'?ﬁSB'?Pt' 'P%SI“O'( Do to
i sot opi caphogphetibygdthdnoenirteiinuihe masmabumlirsne( swainfin@Bad, And bB)e memiptiesrof f r ee

subuni t Swg{bcafalat agéﬁeﬁ@é 'ﬂ%séé@é{eﬁ@réoﬂ fastth 8 96 'dgmgugpéoem géte%@%f ﬁ&bé tgd

artisan ciate i sot opes nay be used
adni ni st eW@BCW%hq’té‘b%'l‘%ae'faﬁ?F?fBb“a% Pefgecyie F%{ﬂ@t%%[ ofhgt F%PQ%'HUE?C@FS tp %@I ed

higher level structures, e.g., deoxyribonucleotides, amino acids, etc.

[044] In one embodiment, the methods of the present invention makes use of deuterated water
(*H,0) to isotopically label free tubulin subunits (see FIGS. 1A, 1B) or other free subunits of self-
assembling systems of biological molecules. The skilled artisan will appreciate that other isotopes
may be used and may be administered via labeled amino acids or labeled fatty acids or labeled

glycerol or other precursors of protein biosynthesis and phospholipid biosynthesis as described
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gl ycerol or other precursors of protein biosynthesis and phospholi pid

bi osynt hesis as describednore fully, infra (also see Fig. 1C). Staying with
t he 2H2O woanmla7saand t he application to mcrotubul es, tRreTAlN2008l02806€Nt er s
new y synthesized free tubulin subunits vi a met abol i ¢ pat hways for the

bi osynt hesi s .0 nessent j al Lho _acj d cor orat| Hinto newy
synt hesi zg‘areffF'& %J%Eﬁsﬁeg ﬁ% wawght?g 'gpifﬁ% ﬁp%'c??ﬂ? ItpooI bef or e
bei ng i ncmrcmwkmteedhe:7’HlebﬂjIantpltslnyewbrsvrzlmsuechfr@erwml!nﬁmﬁamme’@bqhse@th\myg 2A) .
I'n Dbi ol 0gjcak bRE rFtHe@Q%f hdﬁe%hmamnﬁra@igémh'clzo‘?;%rﬁi'bﬁo*ﬂl—lgrh}b)ﬁe\my%ﬁ\meglzed%%e' abel
accunul ates in t di mer anﬁé&o yner poal %at sim | ar ées reflecting

rapi d echEW@é“lR‘inﬁ%??p(‘?@rsb'é?‘ Hir ¥aeiRRe! %5 6‘?%9r(9é”c(j’rp°r%§/ﬁ W i nstability of
t he m cr opanedrieston intomevedubulek (ses &gt 2A)g$n hiblegial satite inuiudhesicratubulst abi | | zed

by m I ot bk ?yg%t%cgﬂlggel%&%mula%%ﬂﬁg@fnte?%ﬁwpoﬂﬂ% éols(évfgnﬁearafag f¥eiRgdogenous

m cr ot ubu |Z|n i'n-ne %;s nt hesi zed t ubtl i n
appear s |Wpldr?écf@ngﬁe'ﬂneﬁ%be%enéh?%wpéoﬁ?é?p%rctvn%warns By RENB MEEfHRUIREL i ¢ rate
of free tHbMévleﬂm sshingemiseré ﬁmmteafardmabllﬁé@byfﬁleﬂ’oﬁibulblidr@et@i)ﬁwmrmS is slower,

often dr a me? égge ss({vﬁ‘%ﬁo) or% gﬁnO)JA')mcrcltth%@- Mll%irng K‘alt{gtg@ %g%] are

t hen quan chr mass spec rome t her
anal yti caﬁynﬂé@mﬁ tq I8 ARIFO &N ihﬁ dt"?% Pa‘?‘?tf{@ies‘lfi%@ﬁ@ﬂa'ﬁ?ﬁ"é Penthptic faH’fQ‘ﬁ?e Thi s
met hodol ogyulineftréRSncai@riib BRMitWBubES BolfAETD RUSler, iofierndradihtthiy\se (468 Fysmat t er
of j ust dggs and is highly reproducible. [046] As the skilled arti san will
appr eci at ,'fl)he met hods of the present invention can be applied to other
sel f - ad@irbI Miergtupy's thamicsfarepther wgntfll byrodseditdnetodrardl/dbspettrrowdy | i st ed,
supra andddfifer &%Zﬁalﬁ@é‘%cﬁrh;qd@@(kh&brﬂH% %Q&gausg&%@é amy, 'wﬁr@ ghist he present

i nvention wl| unl ess ot herw se i ndi ve naI t echni ques
of ol ecuMBPOEN G SRV GATHEST CBMB AL SR TR o it EPBLT B gy, col |
bi ol ogy, bipldeteprdsdivly and | mmunol ogy, which are within the skill of the

art. Syehyt echpl gies aﬁgfno@mp@é&@éi ffethdtdods Bt Ms'sregér& fﬁ‘(xé\%&lﬁ Ean b%%Ellee%

Mol ecul’ar " oni ng: ator nual , second tion nbrook et al.
1989) ' Col ﬂthg’pgﬁlfﬁﬁseﬁ%r!ﬂoﬁyﬁp?“é§§b'°’?§"fa{;@ﬁ'ﬁ%‘1'eéd?‘i"tﬂ’é‘9§§Pﬁ‘€Pﬁé §”F(f%”d WA, ed.,
1984J; (047 hastsetanTddbhigaasl ar Bi ol ogy, Humana Press; Cell Biol ogy: A

Labor at (9% N%%EE%Q% Jf %e%Tecf(etﬁtl ﬁ\}gg n%i em&cg/dﬁleﬁ%ﬁlgﬁm%e&(f {a?e%scéj)n?g”ngﬁeh Cel |

Cultu uction i ssue Culture
( J. P Matertaugn gf VPO'EJU'ERBBFBBX @ncluwga&)cow'éﬁmﬁchm'@s%) misEPRoleg et Pigloge
Cul ture: bla&’rféfrﬁdtr?éb{d ifmamerdyy, esich Are idaIties skill.oBthe @rti BlidhttbSnigasthrexplaisevel |

Ieﬁi ): 19913 %1)1 tl'ke Ilt%;atg)%ysu%ﬁ'gs %? lﬁCUlr’i}‘vElEItﬁgéj 2 Lagc(@@ly%glgyecgrﬁc%@%%nﬁ) (%EISI
eds.); Geﬁfee‘ TH8AsE ¢ SM@@t‘"@f@f Pesss: I@!mpfﬁ@tﬂe@éﬂfr’%sm((.bﬂ Gaited|. 49844 dpthadp.

Ci'il 0s, ded& Mo/ée%mc/ggd HugRkha Predd; @@@B@/o%ﬂ Amb%@@b?vct@o@k QY céifrs, M., m;: bel]I et
al ., eds e Chain eds.
S S PP S AT s T, . TR, et byl posds
Short Pr oCatupd 6J.P.riMdidr ecdiP & RBheots 0i§98)(RliruenPressd (B asd Tid99 g)l/turaddbwatge/

I sot oponep,dbsifds (RUbRN. Qnéﬂ.mtﬁé %n@b c?'hﬂl%n x@@r@% %Pﬁ%f‘e} bﬁoaéonsamihm ¢ and

experimental considerations HeI rstein and i ysiol 276
(Endocri n I EMGET ARy %@Ferﬂ'cfﬁfé 'E‘i deof’ggfd?‘periﬁﬂﬁ”f% P’@gy @r%c\ﬁﬂﬁ?@s

enpl oyi ngCan Braekvallpddsy; (aeralﬂrabfeeVazsaaforkdabmaambaflleagﬂn\mmermd R gpbsal |y be
used accoggl gg§})ocl.5¥?e?}4ﬁf%%tcb&£ AImdiel) aP§,9/f>@7 @tgﬁ)%é&ﬁg la?%%s fé&% Wege ot ed.

[ 049] The pr nvent 1 on unl ess

ot her wi sePpliraeresa epin BeasientMbist aly edhnio§hiesuret 64‘?&‘??’% irpmyRe Bty t i ¢

chemi st rycwiyas Bt A1 &iswWi1bdm)rsHoher&édolsl in Iblet e Basidgy (B ant S6hY) 1 opeg sn@n@ss ul |y

expl ai ned/sbz%pcgnrv]eer d}s.r/tbStll’o%ta%EI)%IS :Izt%yghF yeagp }heOre ICrE]I/ g/lvj Oﬂ/@gﬁ&] éx%lelsmental Anal yti cal
considerations by Hellerstein and Neese {Am J Physiol 276 (Endocrinol Metab. 39) E1146-E1162,
1999). Furthermore, procedures employing commercially available assay kits and reagents will
typically be used according to manufacturer-defined protocols unless otherwise noted.

[049] The practice of the invention will additionally utilize, unless otherwise indicated, conventional
techniques of chemistry and analytic chemistry which are within the skill of the art. Such
technigues are fully explained in the literature, for example, in Fundamentals of Analytical

Chemistry (D. Skoog, D West, F Holler, S Crouch, auth, 2003); Analytical Chemistry (S. Higson,
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Chem stry (D. Skoog, D West, F Holler, S Crouch, auth, 2003); Analyti cal
Chem stry (S. Higson,auth, 2004); Advanced Instrunental Methods of Chem cal
Anal ysi s Wo.20€amursicek, ed, 1994); and Advanced nass speeCTarsetosy28069
Applications in organic and anal ytical chemstry (U Schl unegger). [050]

The pr act| C t I ny, ion wll addjfional I util nl es t herw se
i ndi cat ed® ﬁgﬁf)@n&e@ ‘?'?S (‘L‘Wﬁ?t\é\h@m@? ot)#kéenﬁﬁlﬁ QPFIs (‘ém @F%‘hle a1l3 @e@gar ch
whi ch ar eAtiantddrmashspesiribineing Ppplisations th. or@uistant ecdiyiice geemistryg Uf Sghlupegaenl ai ned

in the hig er'@l@%?é%tlce[&%]m\}éﬂtllcﬂ%ll é?fdhﬁ@ﬁéM{ %zgﬁﬁlbﬁﬂﬂhenﬁlgé inbie4te® c&fveﬁ‘tfohal
nOtatlonS and ﬁr SCIentIAC termn ar6|§lten ed to have

t he neani F?(j@”% PyINFRLREY '%%reﬁ?rfm‘ﬁ@gyﬁf W&W” hF SI‘HOfttﬂ%arér UPo which this
i nvent i ontepleriduas a. fullyexgained ic &edierattrer ns Wi t h commonl y under st ood neani ngs

are defhed Uhﬁ‘és@'o{?;e%ﬁ e dehidl éth Aok, o%‘h %Gléth%ﬁéc?ern%qgrpnr%gﬁ b

|nclu5|on of such nit1ons hereln s d not necessar ] m construed to
r epr esent he[e8 GRPapAGddd haye tedpeanings BQ}@F‘O%‘éﬂdeiSEOOQEYIE‘P%q Pfpkiliipdes @t8od in the
art. The thichthisqQuestionperiiind de dorhesasde sa s ekl carnmorey @tdenaed rrh:@xﬁlﬁ!gsmréir e
general ly

S ol b 8&5)4%%& h#ﬁgicg%%ﬁtygpé}gr%% &%Pé Ee”gtogtﬁgﬁmiﬁéw& 388{%%[? én%:bg ein

i sot opomeFiho(sllidsﬂoiE pesassetin ba pensifdgdto éﬁpfeéﬁqr@tsupﬁﬁ‘rﬂél diffeFrase evar ¥ ftis %ﬁ'a!aibt ic and

experi nenhnazlermsn ge At T ciqubEhldrede@irs addrifda @8 Ridréited hétbi Sfe0l 276
(Endocri nol cedur es

9), E,1146-E1 a a
ot vi g STIRATL 88 wRe kAR e DR R rer e R P ey B aner a1
carried oaltllleplrm the ercbrselmwaﬁefquamnmm‘p‘m@tm@rerd@mbmf@d am/maﬁt elokt vaard/ or

par anet er g,qu/li@s %né?)t/tb%ﬁ%)?%f/ﬂ@ﬁt@l@on&%/bns BV BEHeRlank lNuéser (BhesPhyLisfess to
the rate of s g\ otein an
ndo%ﬁ fi )f

r ani ¢
met abol i t F%&625199§ ) <5 alpErPE'p e, prpogd ?Sd?vé{vwgél%d?SSPf organi ¢
net abol i t edrsmemipltavaiteble ks arroErameais afe gme@lpaoied @bt wrab&wimh&sw;thand IS

ther ef ore syn &a/rgpa&?]efa momeanfd of rbﬂét@rs%giQ%}EerWseﬁ@tb&l pool of ol ecul es.

[ 053] I\/bta refers series of two or nore

bi ocher?¥% W@ﬁ%arlﬂHX ﬁtqsl (Ffengy odbas el E@”&S'S agd/gy hseakdewreefia AR 8R4YT  t he net
result of or\gbmlchleiaSolﬂk chielrtwalflux siat hled re@rs hasoteiakbnd/orangihmmaddons’s @lpuia

nol ecul e on and
row of - met S fifre o Bfs iR A Y bl et BB i i HoloBE BT 20
Mol ecul esOfeidion! qfrﬁl"&ﬁ‘éﬁ c pat hways can be of any bi ochenical class, e.g.

i ncl udijogp) bUMet&B@hdpéiﬂﬂNb)ﬁdefél@ td &riyilifligad sefiéd o tvitSor m’iiﬁé m@gr@modsstep@af é)m/mgdr at es,
glu)(;l:g: |Cp|a§ylsg e (ﬁfglr hiog ﬁemlggl:;%gcf(}:g%sgﬁh rrpett] esulpgf wh%lh s Y < éc%g?ééfiglﬁogﬁgysicglt c.
" Dynami s TansERptonoba rhisHE ReTPlecUesaisiabaicaRinyayee defived b the Jieaction avH
mol ecul esflowfsr m@&dleaeﬁ@gnxhé Biochéiﬁl@él%teb@th@f@m gd thé aétﬁxﬁayi mndléa@;esiwmnm on of
or ams. per TR Ao er daBCe e e g el ke R BLEE 18, MUt
rates, t r aretsingr areit¢ agidsy earechydrates anclhiaages, rpedvrwleomsmmhyrmnd di sassenbly

rates, bl%/é@édn%@gily‘c@ﬁ‘s @I’Qé”oh%&)%t&rﬁ%&nb&%été%htééi‘in%?ganr@grgﬁe‘?&éiﬁdng rbtéind
di saggr{(g{g4 ion ra nd ot he ects of the Kinetic behavior of

mol ecul asQ@Wm'cég@éers °tthes'ﬂ'i‘)‘?3'FEFa esr?é?é’l?'etcwﬁtor VIR Gimoee 454582 can be
rel at ed; gergn, iteferstatieenotal syjed ih dwidimannion bhigng (@ige ness br realéimmnica timb gfor
conbi ned EnHhe ol&é‘feuwwé%[nﬁrp@ un&hf mc-ﬂgéﬁ%lyhtﬁeéé r%fésrk%&%\ﬁngra’ée@ in some

i nstances as X rat rough ‘a neta . I'n sone cases, in
parti cul aF””f%?r "ABH PRSP ré"eér'”téréw‘gé % asseP ﬁ‘ﬁ‘i’ P'i%&s?'BH% ratesf | yx rate
t hr ough apgwahdiizatipn aﬁraaeprocyfrenzamm take, dggaasionranatisadyrdqatian rhtegmnacibbear | y

def  ned DLASHER) 2l S BEhLANARLEL.ch rloBbd SEASL B0, 8Lq B BRI 0B 1)

I ne em Ca
aggr egati fﬂlﬁs CFOQ%]e'at@ePﬂ tHe S%E?rﬁclsb”ﬁ@%@yai‘ﬁéhﬂ rate OBPFQ?W@WB é‘?” hecloawipe &'9ivsr
"ol ecul atheassRBDLAJES." THiEIseS réfOrraty in some instances as “the flux rate through a

metabolic pathway”. In some cases, in particular for non-reversible or very slow

[ 054]

depolymerizations, “flux rate through a pathway” can refer to the transformation rate from a clearly
defined biochemical starting point (e.g. introduction of mutant hemoglobin) to a clearly defined

biochemical endpoint (e.g. irreversible aggregation).
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bi ochem cal or nolecular entity that is conprised of an assenbl age of
subunits (e.g. "nononers"), and that is capable of form ng said assenbl ages
(" pol ynrerwOpospuamtianeousl y, and typically dissol ving (degraseegpea d
assenbl age spontaneously, wi thout a need for catalysts such as enzynes,
conpl ex _nol eéul ar chi ner bi och m cal act] v?tl on, or other external

f act or slOP¥xcEft2t6 H‘@Sé%?éﬁf b'?'ﬂ%l‘f EBIEPURS Op MOlCHRLESHTRIRGES '§lets 1°PRY needed
for the I ibipcimegnicsy sit resigculal ant&yarm icasgsised dien psdeyriape ziedubwrits 6.9 Assemizrs/),
occurs w tah&’{%t i bﬁpa@lgg %3} RS %ggrrngl)fgesq‘ggngmgga spa_rné?me[)@&)ﬁﬁnootp I@aﬁfe”bl y and

di sassenbly of said éw bi ol oglca ol ecul es may be
nodi fi ed Hﬂ?s‘é‘fé'fge(f’?ﬁi?d"?géé?%??em%%F%&” ouslyr Wlut agteed for caalysts FeB @S f act or s
are not reqyieetomplex tiecael hacamsgniibhemdicaldichatas obityertegteMactdtors fex¢ept 0.

Assenbl ag?osmé thm%ﬁpéo‘?r%‘é% LeWp%F’attJrQQeftca{ erggfé&%r%é Wing:s Sté}Q)]E Ir‘?‘éé’r‘@'%u%m es,

honopol y m Ccro
but heter é’;ﬁﬂoiyﬁ’éf*iaéora@ SEFAMPAREsUra MEh Mt g apdiiand éﬁ?fgyrﬁé AFs elisIratgeofimay t ake
t he bi ochesdealy dhebigaREmbly BERId @lf—abi@f&ﬁ@@s@ﬁis%ﬁﬁbl&glcél hBRESes rﬁé;h:l’el | s,
L;Lgnﬁgﬁ ZI n%ﬂ?(?}%ﬂﬁ%ema’l fagtro g%:n[(]) %{?torasscgrgg?ﬁjgtrcg %gs Sf}cﬁt%r %rse n%g re\%lw{eﬁr?or the

"sel f - asséﬁ*baaasrq@bls;yrsdlwmbwp@mgiwo Aetesthidges in'thg m@pt invevliercare generally

assenbl agest'not Q@éy}éd@mo%@ﬁ%u@l@és ih it dagéoft@ulimofh&ioH BthR Rt bhigs, med f r om t he
pol ymeri zatjon of tubulin di ?s) % tous ctln coflla

A LN e R SR Kt oy st s o)

fibrils owfipeacuéesnéted pipaers fiverst frmnsa@gmegataggmgaiés Atnﬂpﬁﬂbtgbemf)er tau

filaments sfPucupésaalg@&n@%@Ea Pérlmh' A ¥rh AROL &R} 2l RMBRE:TiE YRbAARuEGAY €gati on
of tau proteins; synucl el n | anents or aggregates (Lewy bodies or Lewy

neurites) ?egraﬁ?ﬂ‘bf'? ?W&fa'ﬁ'ﬁg'éﬂﬁq'eﬁlﬁ'e%f a -synuclein proteins; nutant
henogl gbié) ay@reegatasmrﬁm;nyee’mblddeomttai‘eewoalggreegmnncrmulr))jesmtramfrdmetmbgl obi n,
for exanpl o8 yh&iztdhier BBURIIA O ERdus Rl BnilbRlhdds @6k Rguan, (for med from

t he ag realon or in ous i pro rn aggregates
or bl ood CPYPY IZpin R ERNIPBInAE HE W%ﬂ?g\&ﬁ' 'ﬁ* %P'aﬂ'ﬂeér( med from the

gal act ocengdregsiviler AByUst€ias! s filamedthor pakmbs mehrartﬁillératandlegh@&ﬁb&bmcﬂw gl ycer ol
(e.g., car, gérgééngrl. &)t?lﬂggtfaﬂg%{]gﬁu Ié]n ﬁlg%erltg eargﬂnlés @n\ﬁ%ggdle%]of B&Nyﬁ‘l%gg tgsﬁegat es

chol estero regrg
(e.g., agfe fagpReation et W@Memote'n% m@nnﬁge@@@b@g?ag@gat@i (forme

phos phat i GyhnSIRy dgaRgatin @ mb@hﬂ @Wogia@.h [ fa@exaﬂb@mudddzywmm@s; ghon f%ﬂl@ or
phosphat i d%l et and in

oo ancs BB TR apdsgnd &1 i R I W
"subuni t bdlogepts {farredrito theypalyrarigatioo of fifiria); ega%merabms@eawsgatesem @emyeim t he

free (noniAzse mh%hatfwlgf?%é?& (. @eca‘idﬁ@fp% nggjredéte@ lrpge ﬁlﬁér rREPhIR S &S of

t t, i b
oo BB Pl BRSSP PSR aee o Subuni t <
(e. g., rml(eeg;uet%regaissefrﬂhbag\egycerld'dwmdmg@gmegajes@fpéwerpézﬁildylserher ein sorretl mes
as "pr eCUFﬁ&Fﬁahdﬂéhohr@) B%Eﬁa‘ﬁdylm&&éﬁind pﬁ%ﬂhafﬁ/féﬁﬁp&é{mlﬂ&% fespesgnbl y" refers

to any se ormati gn f-asse % degradati on
(" di sassefsMpraedpyedn & Fﬁ’aea%@é%legﬁr%i? Pfétini?ﬁ‘I” rﬁ"ﬂa@EL‘fPe ina
sel f - ade@rbl Anges yatiefsulioetor Sebdnitas sefdssymising spitesrasidiglcpl meledulssersferdut i s

not |im tedl fee (Pg%éﬁé%ﬁnr%&) fbr%‘off%r'ﬂeds g@ﬁ%&%@bgﬂﬂoﬁe‘&[ﬁﬁs &%ﬂer@&%fﬁ&ﬂ&' on and

di saggregatl on. sahe nunber of
prot ons aftPeREREteiAsSemRing ﬁF?é’Oé’F@ﬁeﬂ*?er%Ula”Wtﬁ I‘f'bd'ﬁfqgé@éﬁt?s RUABRTINGE
neut rons eeledstructlilds \6Bsubdiits@&.g.Pinoledingr sb&IniblageS)O troER"ard él@d fefERed tosiepdn €

i sot opes'’ swﬁetﬂ‘les%gg)réc%&h%a&t Héﬁo%ér@t opes, as well as "radioactive

i sot opes” i decayover tine, with the former being preferred
in sOWéO@}bogplﬁ@?ﬁ;p@blyqr%dlgqsggpl@y ﬂgfgrtsé?)@nwsg}ﬁéqrmﬁw “self-assembly”) and any self-

degradation (“disassembly”) of a self-assembled biological molecule in a self-assembling system.
Such self-assembly and disassembly includes, but is not limited to, polymerization and
depolymerization; and aggregation and disaggregation.

[059] ‘“Isotopes” refer to atoms with the same number of protons and hence of the same element
but with different numbers of neutrons (e.g., "H vs. 2H or D). The term “isotope” includes “stable

isotopes”, e.g. non-radioactive isotopes, as well as “radioactive isotopes”, e.g. those that decay
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include, but are not limted to, 2H, 13C, 15N, 180 , 33S, 34S. . The

radi oactive isotope may include, but is not limted to, 3H, 14C, 32P, 33P,
35S, 125 wp 0®101r812[ 060] "1 sot opol ogues” refer to i sotopCt/useensioesyaes or
nol ecul ar species that have identical elenmental and chemi cal conpositions

but differ |n|so i C content exanpl e
above) . |96t BpeI! Hgsfo%ﬂeébﬂ'é‘?ﬁ’rﬁ He‘g'{) SPREF F‘%@'B?’Bi)%c%%ﬁdiﬁt%eg ef'ﬂgefore
each i sot mﬂodia)gut@rd“lmt Inantemirto JuePexatt*ariiss*sut Thasadioattiva sviepamaningues,

structurey, tﬁ:goo:tﬂﬁﬂ{egg ?,gug zsugl boy 2nobiudes of a family of isotopic isomers

(1 sotoponers t he Iocatl on of the isotopes gn t he nol ecul e
(e.qg., [EABNF Qﬂﬂo%ﬁ@mﬁjoéﬁo Pichamelqanesi OéﬁPﬁﬁ%?ré@?féesﬁmt naYedIgicd er ent
i sot opomaélsanent{al%&]:henh&mt@mﬁsﬂnaﬁeiuedff@r/at iestopit crnkent@esy. Wat, SH mbegmw ivi th one

or nore specifi oto S h drogen or eC|f|c
exanpl es Of e?‘%’B@%%@V? alSsé’I 088'0&55@? c{}%'éheél-% SPB° S'g?% T 062]

| sot ope | mbiepachus hbsé nrEguesxaciclags eyt nhaytnoame AOniql4 stiutiot. tA l@ﬁ@@ng 180 ,
15NH3, 13({ Ry iflReBi 2 %H‘I}l &%ltcfo@ IMG’P@ ls%fapgﬁers)l\%H @f*%?lb?ﬁl\e%&m Afeds,

15N-| abel ed am no aci ds | abel ed am no amqj| or 33S-|.abel ed am no
aci ds, 3H29t°pesmﬂreafﬁe'ﬁ%ﬁ @rﬁ r%*s%Pagd CHANM 26 asaév%ﬁofaﬁ’ﬁ'%eaﬁﬁaa%
2H gl ucosgiﬁeré&@dt@eaggg gl ucose, 2H 1 abel ed organl c nol ecul es, 13C—I abel ed

or gani | ecu r ot ei.n
or A Sl SBesEep AP p IR AR GO By Al
t her eof , wither idrogemer axygamp Seeditcarampes vﬂﬁqtdweéab@ledafswmneluw "b@l “higO, and
|ncorporapeq)|nto protein nolecules in cell, tissue, organism or other

bi ol ogi cal tem hro h the chem ¢ 0G Ss of15 sl 1Vvjng system
Excanpt 46t NavEd e ue NGk 0Bl QSIS Sal I SRS Dy 1940 V] >

aci ds, H2ty-la6Eed arNhBacnde’CH’éb@Eed h0B4cids) 'Sotabgled hrabe beids, FOolbksiew amiex ur sor
refers to,g,Prateg Ie&nre%g fackibal CS:@lqtlé%'eI@é aﬁ‘nﬂ]o aéﬁg %H@”@]clabybd%lnﬁr{%‘dst hat

differs fromthe ant, i'sot ope of resent in nature,
cells, ti g@glécosg,r olegalad %'H%Ose THéaqe%tofﬂﬁ‘é‘CI”a’ﬂféF'e?ra)? '??%?%%a%@?@feé heavy

i sot opes aiid @NemelBl srgpriesertulésn bi onol ecul es, such as 2H, 13C, 15N, 180 ,

33S, 3 or. I I i ecul es
such sl el GRS TeBlGhy) GOHRRS ToRianE RO B BRARA tefbor LG

i ncl ude, BRR OraRQse S Pf Whigheae eapable plesingipcormprrted inigestein metepyes iMgdioos,

2H | abel eflssag] diganifi, BiSathel Biclobiadl 8l e amfolih tAe bitchemicalbrbabsdsedthamiing aci ds,

| abel ed d
ani o aci ST PR R eRs e RO P s A el fy Hine Al G o

" candi dat élHeiraﬂ@HCQs used herein describes any nolecule, e.g., prot el ns
I ncl udigggy bi- %{a@é %B@Hcﬁ préfeini gsdutLdi 'ﬂé}er@ﬁﬁ b a@@i@@e@mr BBZSERAG o EBlobe BFgani ¢

nol ecul es | ncl s, and C at es sacchar | fatty
aci ds, vafeMf @hatﬁﬁgrs qu% %ab‘ér{dgm '?Qﬁ%’te 02{31 @egtcdrreesgeﬁte%n?a%rre T ﬁl\sls'utb y a

out | i ned hewreazmsmscahdlﬂ@p@laa@mwcwdeswiﬁb beave ésolopeg Hfelepreaisrsedtiivent i on
for a wi dgioMajeb@dsy sth ok @RASTNEN, FBCTY NGy fbp VR bt |§2>Q3tp@§‘&ﬂe@metntker apeutic

ngghi ;P%%ﬁgw&];{ge@n&ﬁ%@g léllljc?\&sgﬁs'ggm agg @ﬁt llsc\)/toégla eledaproteln pre%brsors(?nc}u gr efore
but are not limited to, 2H?_O H,'®0. *NH;,, *C0,, H'®C0,, 2H-labeled amino acids, "°C labeled
amino acids, *N labeled amino acxds, 80 labeled amino acids, %3 or **3 labeled amino acids,
3H,0 *H-labeled amino acids, and "*C labeled amino acids.

[065] “Candidate agent” or “candidate drug” as used herein describes any molecule, e.g., proteins
including biotherapeutics including antibodies and enzymes, small organic molecules including
known drugs and drug candidates, polysaccharides, fatty acids, vaccines, nucleic acids, etc. that
can be screened for activity as outlined herein. Candidate agents are evaluated in the present
invention for a wide variety of reasons, including discovering potential therapeutic agents that
affect molecular assemblage activity or assembly, and therefore potential disease states; for
elucidating toxic effects of agents (e.g. environmental pollutants including industrial chemicals,
pesticides, herbicides, etc.), drugs and drug candidates, food additives, cosmetics, etc.; drug
discovery; as well as for elucidating new pathways associated with candidate agents (e.g.

research into the side effects of drugs, etc.).
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elucidating toxic effects of agents (e.g. environnental pollutants

i ncluding industrial chem cals, pesticides, herbicides, etc.), drugs and
drug candvdavemni7fiood additives, cosnetics, etc.; drug @cIase@sysoas wel |
as for elucidating new pat hways associ at ed W th candi date agents (e.g.
resear i nt effects of dr agents
encorrpi@sg’!l n&or?g?lgéjg a%ef{]gsrﬁnéngasfggrg%rgus 'Cﬁ aes)rst%s[ gl et . otdﬁ'gengigqndl dat e agent
i s an or geandidatagbert islam, orqm@fr@@bleyprsfﬁ@bly soelenaanic wmgmd@v'hmmgﬂcalar

ng teCUl ?r wéli\@ﬂ\tgh%?r‘éfthdﬁolrog ahdREs hADaRNEL SRR RAPaABRHy pleferRld éﬂ@érﬁé)lnls

articul ar referr are s pic coppa i.n ul ar
wei ght of°R%P‘QCWQH”‘%%V'%ﬁ”INE%”tVY‘? %fﬂ?ﬂj‘?{@ 3@83'&*3 6??3 a%%qgeo(%ﬁref erably
| ess t handaitbomolb)Efeckly tasn $han mboewd 1 l0afaiorebinyrelpexferabihiess hboakoutlG00 dal t ons,

more pref grighl Mq&ee&éfeFaB@”es@%n@@é L&HBss. @Qf%‘iﬁa@@ég%nt@g&%r%e@%n'aﬁﬁolfdémt i onal
groups necessahé/for or st ruct ur al interaction with &?o ei ns, Mtl cularly

hydr ogen BEGRHH siefural ipieragiianyvith REqtiiofie PEIicY sl Bydr A bgpding, anghiypieally ¢ ar bonyl ,
hydr oxyl iacludsedt Baxydne gf @tgming rcedoeryd bl droxat orlcadstyl §raap, pfefdrhigy dtusast ivonéal

chem cal ?.E %géonaﬁéﬂgmfég%%?t PhABRRlRe 95&?5”01‘@?%5&%8 cf%&il b&8dn &ar bon or

het er ocyc I c structures or aromati c” or pfﬁ.&%lar onmat structures
subst i t ut BRICTARYEYE HHEIUEF aRdiPTerpatic REPMFEERLE SCtUrraPstg sl oneqnEIP A e
agent s ar @eabse filireticHal g?tamg Cahdiieid &fvisese asclburdi anibng @pirioesies BacHiAr i des,

fatty aci ?esp’ﬂo mt) Igacgha%es R '38&0 Ftepc{déa;%ngeﬁﬁlmlﬁge d X&%t‘@g 3tr§ctturgﬁca%§|o%a?res..

anal ogs o t9 0ns t here
are her ei epnehérfationsdheieofchemi cal entities or bi ol ogi cal ol ecul es that are

bei ngt g0 U?bﬁé@ 62’ p;@tcﬁlﬁg tAbidABE Riih GO BS helibaligSilies or Drongcaggnt s" or
agents or u e r n, a| escCr e an
conpos: t | BREGIEEAG o oG AR AR PoF ST eH) RS SETSIT t hat i s

adm ni st etegehts arppcprmp@ddsé preyuseeinterabgndenlly a@erp@n@d@scatbe any eprapasition of mgjtent or

'S a knowp {4 Qﬁélﬁﬂ@léwlﬁoﬁgﬁ%cal 068 hat KagwRistrdid sppr&Ved oktﬂﬂ\éﬂe&fn gsagents” or
"al ready- a(lo?rove dru ers to agents (e. 9 chemi cal entities or

bi ol ogi caPolyHiektaraseulihagenti? WA NeHPPUréli®tor t herapeutic use as drugs in
human B@E8hgsKmwnainugshdrs knawntdney ddants’enl “Beadyeppoveddrhgs’ r¢fers kcsadjectsi(@as. I n t he

context ofpdhig a{n@ésedmo} gw%&g éhe&hsvetb%émp,ﬁwe@%#}he%@am@g Q&M% O' ncl udes

a drug havmg approval r an i ndication distinct from an |n I ca n bei ng
tested foPUAp hedEs BFanpis Rdieidued giotss opeBef IWsAEiqRs ( IndPigPrieritsdessegt )
Usi ng mal iaveéntibre el tbrint ylr@dgzLami»rmetUgnecla@esamdregaa\m{geapptoha fore hraidstianf the

present '&Xtﬁ@ttflo(?rpar%b 19&%?9% g%t@st%c?f%ﬁ bJ slé%ﬁre'n%&oggdg&&&d"ﬂgr%rnquﬁ% by the FDA

(and other jurisdic eat nent ffects on
sper m not ePYPYsingd Ustig maedpiertiity anq fexetie s ﬁ@@tarrwfe thgIneethods ghthe Preggit
treating madnBor Alb®iché td tkat ﬂmsxbhwetbumgebpra@dlbstmnmdh@ahérqmnsmeﬁona)ﬁwtayed by

FDA Or Ot ea[tménlf %(?6%{8%%!0[9 r%'or eﬁé&' Br? éé)r%{r{;rﬁ\%p y;g ar}dqpeef\efgr%q?r tl!1e tg a@’ﬁé’%t 8fsrﬁ§e(l n this

exanp reat proved drug (in
this exarrpfeélhtyftrq@@malﬁ@)fertlhfyofe@]ﬂuwtlwarav@ Indﬁat'mélpfr@a@ye%@/p?%/@@mf ugs" can

be test edjufigdicti®fsd @Eihs nhnMEncasad AR ik @6 titf exBMbIB CarHtmas fdleages to

el uci dat e, at h undesirabl.e side effects, that is, it
can be tegggﬁgb\f %,{V%ﬁysaﬁphodgcgé @%%'S[eé%’af'ed%ﬁﬁ"a%he agents are obt ai ned
from a [¥iSHe Ivadditioh y alisfady appraved diuge | ca batgsied nr afféatssorghe gssatmhigtdtes fr  nat ur al

conpou ndsmolggﬂar%mm%es f&%l’d@!é%rd%ﬂﬁla% ﬁﬁdeb‘é%h{lémllwc%sﬁré%ﬁe dindras and is
directed $ nthesis of a wde variety of organic conpounds and bi ‘onol ecul es,

i ncl udi ng" SeLPDHNIE /UMt hesi s of randoni zed ol i gonucl eoti des and
pept i déd70] AlGaedidate pyarks/gre bbthinet frams a ofde vartialy eflsowoespoautitg librarieshad sfromatic of

bacteri al natlﬁré'lrbg%lpourﬂgaﬁ&r emplémum@%ugﬁlte&%‘%ré a\ﬁarilgol@%ﬁliahgéﬁlx gnood'ireﬁt@@di ly
synthesis of a wide variety of organic compounds and biomolecules, including expression and/or
synthesis of randomized oligonucleotides and peptides. Alternatively, libraries of natural
compounds in the form of bacterial, fungal, plant and animal extracts are available or readily
produced. Additionally, natural or synthetically produced libraries and compounds are readily
modified through conventional chemical, physical and biochemical means. Known
pharmacological agents may be subjected to directed or random chemical modifications, such as

acylation, alkylation, esterification, amidification to produce structural analogs.
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produced. Additionally, natural or synthetically produced |ibraries and
conpounds are readily nodified through conventional chem cal, physical and
bi ochem cab 20ans12Known phar nacol ogi cal agents may be ®abjusetsad28069
directed or random chemi cal m)dl fications, such as acyl ation, al kyl ati on,
esterificatio produce s ana The

candi dat’é! bFB%E?W%{?éteé’é@ﬁ*ﬂV& aﬁ%ﬂ}s 'E’)‘éy lber ‘df’tgi”ﬁ by @{Pﬁ@rﬂ)?‘(‘?fe& 'ﬁme%@r egﬁs]tll“é neant at
| east t wocovaertly etiadhyd aninactied waish imoludes nﬂ@@lnmpwﬁpﬁmﬂ dligeseppidastaail ns,

pol ypept i degiesOrhYpBRR halas rﬁ’éb@ uB%pﬁétl‘?rglﬁl ocamﬁngod'n%@édhs%M p@&ldé@%suﬂ of

natural ly occurring amno acid nt he

pept i dom FEIPEC REPIETTIPIES UGBS Théﬂm%’d ' °r Qﬁpt'dedéfif“i' @W@%‘i MR as used
her ei n neassshothhmatuadiybadutring ecd:wnmemgpmmjamnﬁ:beexamp&nmm amnddamrlfabr

exanpl e, {0MReBhRe rélé-ucj}%'al?é%congag&feﬁgmne%c.a@ﬁrﬁl.e PRIRBURIOR oy BniE RN e

ani no aci I nve ) m no aci d" al so i ncl udes

i mi no aci @¢ aksp dﬁ@@ess'ﬁ‘@ﬁ agid residyps pheh éﬁHrOHW“S%PHPFOH'ée hfesidg FaNERAY ns nay
be in eithsh em’f@eth(ela)a) @nhd (BecdnSJuraton inghe yﬁ?rteilemad erhbodirhent, piicednaing aﬁbseaﬂé)mdl ment ,

the am no afé oF L ﬁorﬁlﬂbrgtldnhelf gc@&a%ralh o%&?ﬁng% %hé 9{'%@ hgei drh é]%hé’g

occurring SIS aci e used
for ex arrp$tti93ttt@ﬁniﬂfe@yehﬂuse¢ forexample forpreMeicPr RigyF Ao d@ﬂ@‘jatlbéi)t *?Qféd? iRRiPIESTE or s
of enzyneg chiyAthsBAd barGddlarlisdlSe. [072] The candi date bi oactive agents may be

nat ur al occurrin rotei ns of nat ur.al occur.ri r.pteins.
e b oS bsReifeoedt ok BEMRHD BRI b e tr BOREHE L hyBLE

di rect ed dicgwsg srotefnsp il basefonaxsewies caliolt extragts extgizioa yoteins,yor prndorg @ddireciedt hi s
way | i bragi &se&fproreenr%eeamanuereﬂdceu,ﬁarw@xsb@ P9 GhyibrarRY ofifodiBdt: drar

screeni ng | n stens, des bed her ein. Parti cul err inthis

orbodi masRUeAr A aS PRRCR Bt reane R erabed Serhh bk

pr ot ei ns, praietrbd inlids Erabddgnend erenigrapesedf bacte@l, fuagal, \hrlarramd paotneianprdigngn gith

especi al I%e%g&gn{gg) fer[réygl']d h‘ﬁﬂ% g*g;lri q%;ng e@&%@n}sprggye(pe anti bodi es, a cl ass
ncl u

of proteins rm"antib Tull- 1%th as wel | anti body
fragned?’s] déeseelideeARRnt may H%a'&ilbt’d'e“’l ﬁ<9|aﬁ§j?fri’{)°t?i% S §”tﬁg?ye'”6'ILI%'ﬁsn
ant i bodi emil(hythfa velexraibidydagme it e rarecknawh intibelare Sncluding®ab Ea, single thaiman

g‘Pt ![ Egg'eeéntlﬁﬁ]gs (Fv %'rezb%plegrc(ﬂ%qggntwmeyﬂ Med'agﬁlkbrﬂgh %{;}1 ! c. a&fhblbOd' es

reco gl es,
derivati v@@dl{cﬁepleﬂ‘iﬁ mopfafipn ‘I’W@W%ﬁﬁ‘d‘?%l’ifﬁé’r BpraypingeEzed gemp ??559 r?fe’”}‘?lﬁ‘é‘l“el c
aci ds. ByDanggz;hmcgg,e%cgr@ 'defVativédl th@gegiucl eot i de"” or grammati cal equival ents

herei “f[S‘}'%ﬂ“Srh Senc??e bloaV\Pvenugrlltht ilgg%c?e?c %}dgnhg u!:l%t@ ié@ﬁ Oﬂgéﬁ]%lre tldA" ucl eic

acid o i Aventicd ener a er onds,
al t hough ﬂrﬁmg@h@l m@entsasre@umreaweaaleaetlwuc ttqeelC@Vaé%‘ !d""éi%‘loéﬂberar‘\e

i ncl uded fhadc emyof ne\peesehtt;%m%w@%k@mﬁm.n%mb@ém bomr 2@ agHa
phosphoram de &te b l ¥ etJ @ﬂ gg%@% %31??@} and

r ef er ence®MHh %sl ﬁs c"I'_ e ﬁ&\“—f*r ni R ee?ne incly 16705 "8t i nzl , et
al ., Eur . batkbdBieachenisingdfor @mp(elem‘sphormelﬂe(%geqage@ﬁ alaITetrahﬂd@h AN HL25Ress .

14: 3487 (ég%)and@@éﬁ‘@d s Bleref: LetSI bhem89553éob%9%) sb@ipengekur. £t al .
J. Am Chem "Soc 4470 gce ca Sé:l’l ta,

S S i L e HIELS e Ahanex ST B TR 2,
(1991); aht,B05(19P4) Bsn$mg\do eta,,amcme)n, Sprhols pHETILAPAT) me Peuds, ietil, et al .

J. Am Chg @%mlgcp&:ng]]a fﬁ%%%%gﬁ%ﬁqor&%lé@é WAQE&%PW m&gstf@sl hgkages ( see

Eckst ei n, es and roach, Oxford

Uni ver si t {19 ?’T)e%@)u Saﬁ?&?”b@i’)tq e Oﬁ@cP@F@""éRE’iﬂdoﬁ%l(ﬁ{Hoﬁé’s ﬁ FheS5Es (see
Eghol m J111Am21 Clveay), Goethylidcphdr88biditcliBR)es (ddeibeksteig tOligbnucle@itesrand nt . Ed

Engl ., %af?%?é ]@gé}é caMapi%}‘osa%? %&@d Hﬁlgers@@?esé?gnd &%%d@ nuc%%cﬁisoggkboﬁ

Nat ur e, i ncor por at ed erence
anal og nuemdéin&ageéme RIMUb & RBeB- SHct AT4HEP(] 8 ) Meier, et 21, Chem. I
Engl., 31:1008 (1992); Nielsen, Nature, 365:566 (1993); Carlsson, et al., Nature, 380:207 (1996),

all of which are incorporated by reference)). Other analog nucleic acids include those with positive
backbones (Denpcy, et al., Proc. Natl. Acad. Sci. USA, 92:6097 (1995)); non-ionic backbones
(U.S. Patent Nos. 5,386,023; 5,637,684; 5,602,240; 5,216,141; and 4,469,863; Kiedrowshi, et al.,
Angew. Chem. Intl. Ed. English, 30:423 (1991); Letsinger, et al., J. Am. Chem. Soc., 110:4470
(1988); Letsinger, et al., Nucleoside & Nucleotide, 13:1597 (1994); Chapters 2 and 3, ASC

her
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backbones (Denpcy, et al., Proc. Natl. Acad. Sci. USA, 92:6097 (1995));
non-ioni ¢ backbones (U. S. Patent Nos. 5,386, 023; 5,637,684; 5,602, 240;
5, 216, 14Wwoanah/A78169, 863; Ki edr owshi, et aI , Angew. Cheam/usneos/028669
English, 30:423 (1991); Letsinger, et al. . Am Chem Soc, 110:4470

&23% ngt o ngerseﬂ%ﬁ?n'&?élgﬁ% %SM gg %@%%L\%%%Eﬁ%ﬁ?e&%éﬁ%ax%%gg| ons in

Ant i sensearRgs ®an €hok; Medmaekes. et&aﬁ@huyﬁma&dﬂe@cm@eﬁhe@obﬁf MRS B effseet al |
Bi oor gani g & é\@rﬁ’dl@du%@-hMQ‘@tfﬁ? zg@ﬁ% Tetrdhesiton Lek99AY43 ( J@Efzbjnd @bn-Ahose J-

Bi onol ecul ar. NVR, trahedr 7
non-ri bos%acb%‘%dﬂ’f&'g'”g ”}‘?g? a‘?:ﬁc tbedt'%gssep?fg%tg\{gﬁtse%s% 0&%’ 8%%% '?d)@?pters
5 235, 0336 antd7, BS0FYmpOHym &adksCidadCenbshy@ratenidodificatiohS @ AByinpos iRepsaBar.ifls 580,
" Car bohyd%t & Q'a]%a Pabd 'eﬂwd'%@{aﬂd%%ﬂé&'c Eieo%eq\rueﬂa.c,ac.ﬁsiconéuﬁqg SRR and P.

Dan Cook, eptide nucleic acid cleic acids contalni ng one or nore
car bocycl ?%b%’w‘é?‘éﬂaésr%e a'P%@C'F?ﬁ?IVﬂ@@thGF'WP cffﬁé""ﬂ%f“f"?ﬁ EeotengPs GL&t ei ¢ aci ds
(see Jenkchsn. set. Rdv., (19Gh)gm 1630176). Reveral (utBRSBridppalogste dakbjibedSemawialC &ucl ei ¢

aci d anal E%WQ Enedfsﬁé'} B%%rée% A%Nh&e r%eﬁéngesl\g@ﬁere%}gregsly |?19??Zorat9@ 35. Al

of these rererences are expressly 1ncor erence. These
nodi f i cat fefaiencef Thease Wﬁ@%‘éﬂﬁﬂf&edwaﬁ%m@é@}@l?ﬁﬁ?é heag My bﬁ@?ﬂ? tpcligisthe t at e

t hebafldl t hdioR bf AdEbid) MBRtiesBILIRAd I85eIS BED nr&ﬁeab@tﬁe Is&bm@ fand Balikcsfease t he
stability S In i n ts. In
addi ti on, ?%lne‘f(l{"?fr'%ghy(%'f)roﬂ'giaﬁp\ﬁﬁopmerggclﬂrarg?'ﬁ " GeTE ¥°§ thu%w &%erﬁé;xa egc %%(%an be
made. Al t evdragiogetap, bermadauA@@naiWelmnﬂ*t@rp@nftdlffw éli'C&?Ka?iﬂ'CtFnéhafF épgmi

m Xlt ures foncaif‘u?é!ly'faét]uhlyg rQl%%Iéra'ciagaﬁtﬂéﬂa%b@m@?béjﬁla@é‘drh@rha&lggémdi@rﬁam swieef The
nucl ei ¢ aci e stran Speci

contain pﬁwﬁ%ﬂfg dB‘Fb?%ﬁEaﬁgedjoaﬁfpfc'g?cfﬁh%?«gﬁa'”o‘?o ?Pﬁ&ftbg% %’P@ﬁé@ dg‘gar rh L

i ncl udi ngstrapgéd sequéron ifataiggeetElioniragneet, Vipbess pagsids, choonestrFes!s. B, The

hucl ei ¢ agid %HH%)G P8 JaMNA, B%BeMQQﬂoccdeﬂ% h Mer@-th@)ﬂﬁlﬂéudacrd’mer e the
nucl ei ¢ acid contai'ns any conbi nation of deox bo- nucleotldes

and any cERMRAMSANY eomiiratiphefeieoxyripesand bRgnusea s, a”ﬁ&@’hf '”af'm/?'ﬁ AES cyt osi ne,
guani ne, intlodng@acilxadtehiag, tinenitny pyixsieh gurnine, mosmec&ett@madaypqxstb@wmﬁl ne,

4-acetyl C¥8<§l§)‘3fﬂ§ lso%ggsé&r Q)é}fetl\%’tc%ﬁ% ||L@¢o§g%'my|a%éwslngl VRV RSIRe,

pseudoi socyt osi ne L» uor ouraci |,
5- br onmour BEUHOISOGY oG, 69@'?%YW91°§¥W H)é‘feﬁyﬁ'f onioHraglh,sg)éqq]ouram 5
5-car boxy@bdxyrhetamrﬁmdsméthyhumaﬂadn 5-carbasglihetylaeiidomethydsicheljhydrouracil,

N6 |

et g1 gUah So e oL RSB "@Wéﬁéﬁ?ﬁ@%ﬁeﬂ‘%é“%”%aem ne,
2 met hyI gmaihvlwesm%mé#mi vigHepiag, r?é“etB\L'aQ?@f‘ﬁ?Hﬁ%ﬁb aRige, %Betﬁﬂqyfﬂﬂnéd%m ne,
7- et hyl ghhémyl&ﬁosw@ N@hﬁ%&@ﬂ@%mﬁﬂwgﬁa&md 5- rrﬁthylammomethyluracn 5-

met hoxya E\S&]B)Sﬁ(]%l%@tew 1'9 tglggralel lD%tatI)_) %?‘%n%%n%ggs nﬁy E%ue% §<ycg(r:'\donylmethyluracn 5-

5- met hoxy
2- met hyI t hiethoryeraci @pm’chx@hyﬂ\@deqwemnyladcmq Iurasﬂ-éﬁwé@maé'dmﬂdleﬁ’@f myECESt er

uraci | - 5- oQXyHe 8tid, %x%lo@osn@ﬁ%ﬁ&)f% | diRosimS Qlﬁd&!‘}fo@ﬁé |5rmélh|ﬁQ3tlh|dSlﬁacﬂ 2-

2-thi t
5- rrelt (ﬁ)c/?/u%%b%cn 4I\p'ﬁ‘fr3%]' %moethé Sféig@f? ‘i’rﬁc"asc?xéﬁacr‘?g‘f ?ﬁf{ %@?Stefuﬁﬁad' O)?ﬁacehyacetl c

aci d, pseacdpsacblracigoaeosing &;thigsytdsine.cand @S-dianinemidneete - i showidrrepated imethet c. |t
shoul d becé?\%x?g’ tﬁﬁn&éﬂﬁonﬁtf‘?ﬁ%@?ﬂéogﬁ%s Erm@sé M&é)@ﬂd Bb@éotﬂé&h@&@' 488 ald dtbose

pl us basege nucl eot %g 3 E phosphate) are
used inte éﬁQH@E%PWﬁ@Fee‘i‘Sﬁ i Egeﬁf"ﬁ ?W”é‘@'eﬁ%?t %IW‘SFG?@ As descri bed
above germngr adsldgsdribed avot genesslly fon ploking, mcled ac@mvdndidtebitactacdgente negéat s may

be natur auté(ragpo%iﬂrﬁﬁd(}g‘!d@fﬂ%lcﬁé GardfhR/of @fﬂﬁ]@m R EiaS Yt Q%pre Eﬁb’gtseéfc

aci ds. For ex %es s of procaryotic or eucaryotic genones be
used as |Bf06ﬁ'ﬂqt'Pﬁ"e%P°a’M W@eﬂwe&m%’tt@.%@d ag 'ﬁoaihrmdtaio%wfmm{m?'gs dPédW& uded
herei n. [ ANAk ardinaeicadeieini ve" includes, but is not linmted to, organoleptic

agent s [67%] g'"Footd'%%ﬁigveagi%lU&éss, but is not limited to, organoleptic agents (e.g., those agents
conferring flavor, texture, aroma, and color), preservatives such as nitrosamines, nitrosamides, N-
nitroso substances and the like, congealants, emulsifiers, dispersants, fumigants, humectants,
oxidizing and reducing agents, propellants, sequestrants, solvents, surface-acting agents, surface-

finishing agents, synergists, pesticides, chlorinated organic compounds, any chemical ingested by
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conferring flavor, texture, aroma, and color), preservatives such as
nitrosam nes, nitrosam des, Nnitroso substances and the |i ke, congeal ants,
enul si fi ewe,20eliapsesant s, fum gants, hunmectants, oxidi ziPog/tseasnesbeei ng
agents, propellants, sequestrants, solvents, surface acting agents,

surfacefinjshin ents, ner i sts est|C|d n ed 0

conpounds? gh" 'gﬂ'é’gfaéﬁ? R tﬁy ‘g@a%f&df%B%We%q ﬁﬁ?Ch 'r?%{?éﬁ pss f'%‘nq gsod

pl ant, amzlayamty) fodvaridoiad frdnemchagurg; materel.(or ot herwise finding its way into)
f ood Oi%ef ' F?’Ke fe‘frﬁrg kt%gz'n Jﬁ@é ﬁ@é@éheﬁ*@%l@wh{h%ré £408 in® fga?ﬁd?rdrlﬁl@prgdl%%”pass

t hose m cal s are into food or W%rod\}{g§ﬁ) stepln
t he manuf#&PP Ptﬁ@'”al?ﬁjmﬁ%%&@'f‘%@”dp?a%@é@ PrsPST Ph PO YRV RS, oP 6'”9%“‘ & by
i ngest i onbylfyod aminekiaer upeks bpfbodmiarakear hyoubb ottrgidia hgrsoducts stidirasleghotorincrandi al
bypr oduct {%%%Q(p?esfo %Pt u)éh legotﬁﬁﬂtt%&%flét&(n% ir%rgl?diil tﬁ&&‘doﬂlﬁ% ﬁME&sas

atoxi n

botullnln oxl nror a e Ccoo rocess {(such
het er ocyclsV@ agrfeiseasyclie aggines, 2.0a I TpBR- %n}?g'tyﬁwdpzq lhy H%.‘ﬁ'&?ﬂ%‘eb of l}’yd‘ﬁ?q“ﬁglobne) or
by | eachi sﬂﬁmeaﬁhe?emee@tfﬁaefpaplfa@ﬁ@mtérramum@mbagadngmgmaewagmb gloragengnd
rranuf act ur i ngﬁ E%Vc“eagl ng, storage, and handling activities [078]

"I ndust ri 5" includes, but is not [imted to, volatile organic
conpoufiys] s'eﬂnsir@bctfamlqaemlﬂ@@nblé icaitadde volalile aiganis conarprpdsn sni-veRtlner s,
m éer S, %@f{éécﬁnp@mm&s m%&hlnﬁrgmh@tﬁm cﬁfﬂb@ﬂnh@lnﬁ&als subst i t ut ed
and non-su

stit and cl r.oc rbos n
e e e Bl PPl SR b RERR SRS S BB S
styrene, #dieagrenatbetituthy dnduardsbsituted arbmatis hydragdrbanh isenhi agdoenzent aertiyrpheat i ves

and nit rOﬁa@@\éﬁatey%r&%&@sﬁcmééJlf%}?%i@@eamngiﬁ%h\ﬁas%ﬂ@'nﬂé‘dén\/a’%ﬁ/éé/ﬁx%h gsich as
propyl enemgl %col ket ones such as cycl oh xano

| d
furfural , "EoHeRwEeHYGO'S AP LRTVRINES %‘{?E RS BSPERIAA ?ﬁ 'E?gonebﬁ“}é/:ﬂ@%yc % ’éﬁ’i’f)ﬁees and
nitples, asogyarsatess fudnd, paiged mddaehydnh@rslucmmwlamrmemrlotSl desidessand
fungi ci del%trl[e97%cr\([an§{e¥'Jng%gﬁmdgé h?l%kckdgg %ﬁenudld”é%' éhqeﬁ"?n Rfugs.chem cal not found

in nature or are in nature but arUﬂmaIgE%
concent781 edERvEoNesEl gollstapt BgiuARs 3k GacMiea) NRtdoynd Inaalie & raficRs & @ound i n
accessi bl pumaEd natuiemunatifictady coboentrbtzd tekagdxesedig\thase fomed tnalatypol|al letsint s can

| ncl ude_agy, A alaéaefla&nl[eag idfalre) C%%%P@Jaagﬁedamwe%ﬁan ealueﬂtg%wagéé é?ﬂzt ti ng

i ndustria |na non- o ustri

such as aofplrien- @&'Ifﬁiéﬂ'em@*s 'wramwwcwpemnﬁb&r indestyal clamica! v iR

}Ool | th ant ﬁonlfﬁg:&fupﬂéﬂcﬁﬁard)ﬁrﬁjuﬁtﬂélléét?hd %cﬁ@@uIbéﬂk!’@h@dl&#ﬂ‘bl@?dr&nsug\herﬂ@vélﬁad but at
evel s exceedin a Qun or [ ong

hi ghway's ﬁwevg%rgnt% agpcglul%{wtﬁénaéx mprise n]af%r rrY? cu ri gghen%largdﬁuclpaél &4 gd?a!slg IS e in
aut onobi I%Femnapmdt(fai exempleu*?ammn%yﬂeﬁe" ?‘P@rﬁ@“ﬁlﬁ ¢ﬂp0§@é Yz@esuch as a

factory S@B@lg@ﬁrﬁ% ifh<=,0cl'ur|hrﬁ§fjch'fﬁa'falf!éecﬁjjasblin@l&H Stshh SRR Elﬂ/lrbrﬁlﬁ&taﬂ Hblfu&a(ﬁ% ey be
groundvvat our aust mcars

travel i ngF%ﬂ‘ Sﬁ@'”taSOH'icﬁ I’WWS ateﬂ%orﬁﬁ'@gleels{éek %”a{”dg?ta?'é' lﬂgg' %ﬁja %?éft‘mf’ <ont ai ns)
f r om busegrotmdwaet,ionforaleongpantspurse sembdtas theonhpissirare p@teya\@é'm)mrtg@dﬂﬁhwa.\s,0| |

fromairbge 'a%sg Wtaur (b natd Wgodté]néc) %Brmb%gstraﬁ?lmg'%l%ﬁ'g B@"sﬁééis or ﬁé%ﬁél(ﬂé%n”ent al
cont anm nant IS S

non envi ronme 080] ."Partial l
puri fyi ng¥ ept"%'?eér"égoﬂ'go%/?@ﬁrmfﬂ%d%f OrHIFERA 'Héar@[%gg%f@’ﬁ’ﬁ?‘gh%ﬂﬁp8%ﬂqrgg "W a y
m xt u_re otoneinfient’ $d syndrgmocowipdendsniFertaleriatgot e, "partially purifying a
prot el ef sérﬁallg grr{fﬁﬁHDYéfé}g G Hs FTRIRVRE BEEb Rort ESBRM ¥t ath&wf orone or

more p ot i ns refers to seloarat|n one canp ound froma mxture
of conpoufife strejler esnepre; Feor eEMale wealY pHEYIES APOfEY e‘?f%’s Yewayag A%y one
speci fi c poetpedtend s alitture bhaee op mdtegirotsing. 'l salativ X rafere taodepamitngamenor e

pr ot ei ns L,%ﬁ)]()llnd YL ﬂ%ﬂﬁ}!%} H:]plohrfhgl ll’bq%%amﬁ%ﬂsdlénneg 4té|ﬁanf@rq 1 Qepaltfih

(i ncluding I nes uding~c l'i nes o ealgi hy and
di seased €@ SIIO§9'f'C qwta'ntf@m B abeeRPiRing e TIXEEA A PG OBRE 8t Swi th cilia

[081] “Living system” includes, but is not limited to, cells (including primary cells), cell lines
(including cell lines of healthy and diseased cells), plants, bacteria (particularly bacteria with cilia
and/or flagella) and animals, particularly mammals and particularly human. Suitable cells include,
but are not limited to, tumor cells of all types (particularly melanoma, myeloid leukemia,
carcinomas of the lung, breast, ovaries, colon, kidney, prostate, brain, pancreas and testes),

cardiomyocytes, endothelial cells, epithelial cells, lymphocytes (T-cell and B cell) , mast cells,
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and/or flagella) and aninmals, particularly manmal s and particularly human
Suitable cells include, but are not limted to, tunor cells of all types
(parti culaolzgoemarsarona, myel oi d | eukem a, carci nonas of pCmaIskansm280by east ,
ovaries, colon, kidney, prostate, brain, pancr eas and testes),

cardi onyocytes, endot hel i al es . (T-cell
ond' B co FeroRiacRea rumalselmoprirEes JkeuRarnT MerStBRT AR ooyt es,
| eukocyt eseinmelsistdcings rremopaetit, @avral, etrk hmyt lddney, Siverrnd elybgytestrrhceadls,

haemopoet bﬁeoc@%rﬁbmdré&leg and &ng’cokdegﬂ%XlssJe R kEHDFhoBIAE WeBnsd/RR) 16 | S,

ost eocl ast's, chondrocytes and her connective tissue cells keratlnocytes
mel anocyt 85, Kdngiselly apyoeytes| Qﬁﬁtéfiftscé?tl@s Pt eancreatip PRy '%f@?t‘ga' SREIYns,

glial celtals, pamotyea! egthoe)tbs adipatyes trhyoayjtes pbrobledts, aburoed, bt céllylmpd}mﬂr)dres
eryt hrocyﬁ%oﬂﬁé’%ﬁ%\é& %%strorm&%( @theﬁah 9&19%&8@%3 ;pr%h%q%?@? g)&f? cgfé@l I's and

aci nar ce rorntesti na
| eukocyt e%eratIW?bﬁﬁ?o@W@s?W %Pl*tﬁyﬁt"ﬁ'rcét‘,ﬁyﬁ%%'ca' Resthgkal ?Ri'éﬁ”é@“etﬁllc%n‘a’laya”e‘ﬁ'ﬁ hel i al
cells, cefew. Coaénam@trblhelceleb beeskd @.th@ademmelaadmyeelrheanoawafensaproeteiel s (e.g.,

g\éﬂ ;?”pf%@tﬁ%@ cells [ a eir egl heﬁ% Fells pe!s%?cg/ceéa eFrr?lcellﬁemlg%}nlgl c%ﬁ%/zgn% ’hg{)r% r%%t?ma

sper m cel g thetaen @bmlnta@eﬁ Iakvea:md ftmntgpneftlm]etro c'télctob?b@dtpl?at CQB%.P?”t%SOI‘hﬁl nt ai ned

alive andy eﬁnmﬁaﬂl&@lbr l/vﬂeﬁ/thé wec&vérqarseémégeeeanmsemcr&%dl& SR8 al &fatabﬁ used.
In partic se m crot buI , cells

r [
that - cont At ER anp TR Al TR DERETT AP B "R G e he: MEGBPRAIES ) ¢ act
of manmmal tagsle buchsislsperants)s anddiagallated hemdriabgells uembaevaiyped s sehdre fudnd
flagel | at @&Cp(eegtbglgwal cells, can be evaluated as is nore fully described
bel ow. (g082 I n one enbodi ment, the cells m net| cal gl neer ed,
Chat | 4952 ot 814 PO ek OS RIIGEGeaEicaly TBeoc e Cotel BHaoBBEeR | ect ed
from a nuhddetedddul ar organi sm and cul tured or may be purchased from a

com’rerg A1 SQUk glﬁm oﬁe%tetdhﬁm[lll' Lrﬂar %ntciléﬁlﬁjré;pér ﬁtbbgﬂrcm

pr opag as a ce I'ne usi ng technique known | he "art %w tabl e
cel | Ti ne§°m ﬁ@Pmaerc'abiﬁurC&rsecfhﬁ hg ‘ﬁ’ﬁ?’ﬂcé‘ﬂ YRS, Cétire Cqllpaias anfarierappisAPangelbr t he
above- menfiricaiRmg teeRhiduies wak ki@inlin B8 arsSurtidie sdieifestirdilde| bures metikliedso, Sell t abl e

Sor kot o hsp Pl RETAREHN] FRLENCRE tohe, b D) HERMb bRl pciab o ©©
cat al og, ﬁeteébyﬂelewﬂérwdy kpawegessarcatcels. Hyludieg, Brtawtimitedi, vulatd Ct?ﬂﬁnml s

! nc: uge, RiHsTaC&Ishoho | dd¥i ét@dséthe mwc aEINie tatatbg, meeb;abmslwmbnaed by
I NCl udi ng

wi t hout mtati
chi npanze€ eéef%ﬂ?a g’t’ F\%’F néaﬂggals m ofhy n‘kgyr/e nsoﬁgm'pe%qo ap%lmﬁ{% Berm? S Ia%%ﬁc}'ﬁmgqg "B attle,
sheep, pi psludipg aiteouditditatior, Sewansgodvstiumananmatessusheh C'a@p@r@gsﬁ apddtheat s;

| abor at or ¥pé%hﬂrﬁ1|oﬁkéy@[§éd#§' f36n mmegfsechseeeama%héepc Figs 15848 amdGbrd] MpResid US,
and the |ike not e a artd[I ggje or sex. s adul t

e Th
2nd nevbol St & oBS SLS BeSTERD S e Pl
i ncl uded vwiteaipipst drel tigkelfke niHeitem does eotrienate eparimtjpreg@@rea@s Toan aghlt drer be

cont rol  SystRPsunials CI8 whi 8s feﬁees fhenesid Hrerr%lleoel?e ﬁ*nHG(ﬁ'ed@ﬁthWtﬁeaééﬁﬁ{?&n wi th
candi dat e agents_ or free of disease or risk of disease, [rs?estens under

eval uat i ofeTeIn| i LiVing SKNREISARP eitheE P BRI O SHRIRP: d‘ﬁ’%ﬂ“ aéﬁjbﬁeémpe”f’ fRAFPhuman
pati ent s. tr¢h84jt whh tdidakegigeds oSarpl dibcaan oniasdissasany sywsEms wdatrvaluatied. f rom

2 Living sysheRehnAbudl paveROCAL dhuGRIRaRgten el s, tissues, or an

or ganl sm sol | inition al so
enconpd¥¥es A lb@ioa'cahsmped?rﬁ@mmsa%ﬁ Y SIARApreEingt THD 8IMdY YEPToPTIRE that are
accessi bl subceinmr esingohgas) icsi fisaiay ghansaggplshPhdyanifidwhapidd solid invatitey erher

non-i nvasj ef% tlgrp RE gh%gl%gasggs fiig m'élui P& ‘Cgl%l éa%:p}les Uy bloﬁggg loﬁ%ﬁsﬂpelt Er%ta'cgelmblgr east

fluid col |on rom breast duct skin's
col | ecti ofﬁom PR gIgARIFM HEeyol SRIHRING BY MEtTaly wva%\e@s%lnoeeéaseﬁaeﬁoww éetaq i WiRe

sput um cotdiiegiohaiRedIs b&thtion, breast fluid collection from breast ductal lavage, skin scraping,
semen collection, vaginal secretion collection, nasal secretion collection, sputum collection, stool
collection, and other procedures involving minimal risk, discomfort or effort). 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

assemblages including proteins, lipids, carbohydrates, or organic metabolites. The term

17



col l ection, and other procedures involving mninmal risk, disconfort or
effort). The definition also includes sanples that have been manipulated in
any way avoepodidiesie procurenent, such as by treatnment wprCh/USe@gaetosy

sol ubilization, or enrichnent for certai n conponents, such as assenbl ages

i ncl udi ng, gr of ei ns car boh tes or organic

i ds,
torni'bi of SEBkH STHB 480 SR UBRRACE SaTHe GHT AR TS AR S AU HeBL A ar um
pl asna, ofueor tizsed Sgipka) arblalsodhcludes ¢dls Bueltsarpl spematdisahd celiilyselesdes cel |'s

in cul 1, @abé.céwm@r ?@E%‘tb& &Rt imktd tolMﬁ@te%@ma&Igg%llvaabgln%flﬁ@l f 1 uid”

refers to, but Ts not . urine, edema fluid, saliv acri mal
fluid, inPfapmaieye-daiesdype ﬂ%ﬁB%FF%ﬁ SMPYRTE O gHhetiatested g%ﬁfﬁﬁ mYRer

i nfected §dcrtiohs (spumat), sepuihairtnid faces e, ttésting s¢Setiohs) vhgins esdratiahs, bt ariyd, f eces,
bile, int i cal

£l uid fouﬁgér %glcgf?@réﬁ%dfggfs a?&%x@g‘kl é%d&%%g&% lurfl nal%’?)ﬁte%hrlﬂ@rqtalﬁ sgégcgg) ntary
spaces)086} pgejact @@éc'tef%@é"'asﬁ edlgtaded iy Sh‘ﬁ‘é%”gctﬁ? exAcEpateny’ ll (eiSaRpeE e exact
masses of thakdrmtiber 4 mokapes.d, n2ohss7fiorcrdNtmf a m)l ecul e (e.g., 32.04847 for
CH3NHD) . 5087 "Nom nal mass" refers to the inte mass  obt ai ned by

r oundi H71 heNARERMaFR dEIsHo Mo iRiFIsE (PSS © ?ﬂ??g]by 8 Eg s SEEPBRRT & efers to

famly ofmblscule)pi c isoners that is grouped on the basis of nom nal mass

rat her 1; g” Mﬁ&t.&% %m%P%?Qé't&#a&W of%o%ﬁﬁfm@%tﬂ&%@(wd@%n E&g %rencmhaﬁ*w' €s
of dif I sot onposi t an | sot opal ogue
| 3CH3NH2, Mess leﬁefaiF‘@ 'Efa‘?Ft'C prﬂ@’”sa?ﬁﬁaﬁﬁ"é%oéopf’%'t fB@bﬁ?ﬁP”fﬁﬂ”'ﬁ? d“? f“ff%rF'étnt

i sot opol ogyesy ¢ &sm&%r@rﬁ.k@motwdgﬁ (. TESNHS OBORNTRS, cHS'1SHL B bott &

i sot opol ogues t%at are not reso a mass spectroreter. For quadr upol e
mass specthe sane Bess isetpposier 9t|5|acfa:llffeyen’fn§amolt>mm hmereratigen! yoenerasare famlies
of isot opghigges lstm%ll)ﬁd?@sro% SodlREtHARAre MBS EsolvER WS a n‘?ab@spie’é@érﬁ’é?&' pgues CH3INH2
and CH3NHD glff'er i n_nom 1 q@@ @ar%lstln shed as e|n di fferent
nmass i sot 8f5 H@Pgmaﬁﬁ?peﬂﬁ%@ Yot Op P'S% age p's @ , and
CH315 NHZisetrgolagiubs hét shive agwminahassn AhusTsssaiopdiobesci-aalHe anhéHsulrlr@ diffies s

i sot oponer re
than_one. POSTERET Tl akaRRRRTES of Rl Uiierd Phst bkl pidEoR Bl D

bet ween i sagmmlmggmmga‘rﬁdmms@ ansm—tgfoé‘mrz are iab oftise$ante nominal mess ane hbeause

all indivi d:ﬂgel i soto o?ues are not ®ol ved {ﬁ'Si E}g tguagr u(ﬁ)oloe ({m}ssor
spect r onef&ME FHE Mg '388 OBESr %"&'\“ﬁéa'ss BATTSY WG RS PSP TIOTET BY°'Y hat
produce hihghere isds®logesaidites oe tban oresxagalass Bhe distisction betwaersisotopologues

spect r omeLid faddobpbMert iPdReREih hRIcHRGRMsE Bﬁflnéibiﬂm%ﬂt%&ﬁo@fes %%@t r|e§dN7e@poner S
rat her than isot ogo I ogues. The mass, i sot

one
r epr esent B%ARRHPlF BRSSRREEOFIElHN TFRY] '@88? r§§°"’etdkﬁv§” \’Séngt'ﬂaess%eé;g P"égters
cont ai ni n@atadnbduee higher @)as4 resdutnodotiat catagations tiero peresscaeresti dstd mggibshed by
their erfé)'rrﬁéoecfnetﬂé:%naénggg NndsMsbiop Mers ?étl%r}han F&fogéo@]egeﬁh%

i sot oporre ocatlon or position I sot o&es W the nol ecul e is not
speci fi ed'S%tH%P”FF‘é;PVK‘Fétr'” m@%s '@repreﬁ%‘%t?q ?%M%tlforl raqst S%’H%’F‘g'ec%sethﬁd? the species

di sti ngui 089] 1., S14L,SQL O f mass
sot oporey U e e ar o N fbt Do e eosRErs € ElBui g e Hect

i sot oporreiﬂlff‘fffamqeéffﬁm MOe(ber M2, te(tf Ja Fﬁ[%ﬂ'b@?@?ﬁsd?rmqpﬁ@ehﬁﬁmm PRTtiopIRE mass

| sot OPOMElSio s VA ERYLGre i mqbéa.fgeaha e { AP (RA oS idhal iSotBRRRP BRI RS

per cent at1 ve abundances where al ¥he abundances are nornalized to
that of t#&ingysedhbundant mass i sot oporrer t he nost abundant isotoponer is
sai d tqoagqa 1088 iscitrener efvelbpedeféoitanht et ohpipbs isetbponTess asavddted with somobais | ity
anal ysi s, p? din[ress i sot oponer distribution analysis (MDA), however, is

proporti on or 17 aCti onal
[090] “Mass isotopomer pattern” refers to a histogram of the abundances of the mass isotopomers

of a molecule. Traditionally, the pattern is presented as percent relative abundances where all of
the abundances are normalized to that of the most abundant mass isotopomer; the most abundant
isotopomer is said to be 100%. The preferred form for applications involving probability analysis,
such as mass isotopomer distribution analysis (MIDA), however, is proportion or fractional
abundance, where the fraction that each species contributes to the total abundance is used. The

term “isotope pattern” may be used synonomously with the term “mass isotopomer pattern.”
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abundance, where the fraction that each species contributes to the total
abundance is used. The term"isotope pattern” may be used synononously wth
t he ter mwoase/d1ssaikoponer pattern."[091] "Monoi sot opi ¢ maFAIS2008/028069t 0 t he
exact mass of the nol ecul ar species that contai ns aII H , 12 C 14 N, 160,
3 2 S, etc. For isotopologues conposed of C, H, Br, and
|, the [99bt SMPROIOERIsERASE | 'Bl§TSIP tf@ﬁé%@@%ﬁ&@d@%c%rﬁmeﬁé@6%%'1 %Es is

uni que anm&ﬂaﬂ%@umss etaeeaﬂﬁ%aoraguég%ﬁnp@&%@@m N, 8PPOPeS P Lhgpeel ement s

are also thé lowest in nmass e fonol sot O%I c nmess. i's apbreyviated as mo and
the masseSoEpic rPRIsitioRY NS IEIRRSIPERRYEN the RWRHSIRSH 518D HBMPIOHYSs

di f f er encesaligeana most@BdiNdantigdiopes 6f.these [e@BEhis ‘ates@écipé oakdtyn pesst Thbed” refers
to the s!ghfiloRMRl BB, Bled ARKBEHN MethRled 3L faduOMbRRHP! I C1 !

i ncor poration of “an el ement ecu th a distribution of 1sotopes

t hat dif f idewsifiea wm¢rmas$|mranb@ﬂfrwnmf)(mndn2 ptcnat ure, whether a naturally

| ess a ant. | sotope.is present, i S t

(depl e?g&%? {sat@@j;allég r;l;url?ﬁd lre?e?s Btﬂ%e é?at% éfca(?‘n e?enge%%r] n%?gc(a?e tl%t résnltsq?ofr% ﬁ:n!a gq?l yer
and/ or noexieriycoriorripiefianclament crfmolchmwt@a dtsﬁlbumoﬁﬁma%ﬁsdﬁat dtﬁfaﬁsﬁr@ﬁy at es,
f Flt ty aci ek&r.b@@@tohﬁl&m ,naﬁlk&ﬁﬁ&h&eﬂalrﬁtuﬁb‘ﬂy leBsISduRbint ﬁaﬂoﬂ@nslp]gts@bmnu@dcnbie@t i des,

gl ycosanmi an tjdes, or proteins that self-assenble into a

nol ecul arpﬁgcé%ﬁr)o 519%3?8{‘ %gﬁg ‘%nventi on. In the context of the present

i nvent i[0A3] By*molkeadadfenterkst] inrepeisny mukguldh@olimelingdfon meeemerpinclipisghg@ond it s

flux rat ehmlfe‘alt@tah‘ﬁ'% defls tcla%owd\%?fesr BhtPadds, Qébtlél@heW%eﬁbd%r n&teh;@c%se heal t hy
subj ect (e.g., control su

nj | % : %@t E%r tbltnl ?4" E ri} obs vlant or
subt | e paPCI%‘HFI'?%tidB? GYFAM NG T SRYREDY %{pé ‘HT% 7 58 af’sﬁ BEdLp @ YRay be
predi cti vessefmblagd ofities idventias én e com@xtipithe presdmnéingertipre @t'moleculentfenesst. meén t hi s
manner, ?@P%dn@ketr%d %é)é aﬁ@‘f& xPhte, QQQUV@“{O TR 6S RlcWTBh kol of Rb&hRSt 1N a

subject of I nterest ux rates of one or nore biomarkers of
i nterest DepithY LBIBEL(B19- SeBPEVPIectMaY 4areRaNt FiRIcallk NeN-2RFRYBTIRGSHHR subj ect  of
i nterest pathdphysilogisabdodatdndgs i0l sapiedn bi ifitpiesighdt ineay de pjedictiveaf futuné dis@se os i sk

In acqui rlg% .nﬂh%%&%ﬁnéatesf i ﬁfs%ﬁémeﬁvg&@&mgfheybs?etasraﬁa{eremop@ will find

use in es I nterest having a di sease
of i nt er eBipmarersiof '6¥€f€ﬁ 'ntaﬁéblﬁﬁ‘rtéb'ﬁfé%i iR “Eﬁ fluy raipsef988 COTORRICEIPESES 4T n a

subj ect Ofntdrdtt BI@%htrol @urbj@\/ A ugin WRgndshg trapabjettef RiddsC @ty oodvaBatingeat ment
r egi men | S\fantiﬁ&n%# eC%ijgct of 1rr1]te|%rst?ssr¥sk If]naa\r/rlam%\gaa gfsgz?s%%?m%frﬁs r&l}c?ré&l%]; suc£h094] By

"subj ect a di sease of
i nt er est , infrawiting wldie ubein ebtablishing 8 Rroprpsisdeld Jubieet Oé'néﬁf%séb@'@g(?fd'ﬁeﬁ%%‘?fest or

be'bng eva|n¥é@és@ dnd(n%:ﬁmﬁe mRbdr&eion ofd d|§ea§@81d|ht§|r%§tﬁn ageiict ofl iS4t <B)éva|0é1|ﬁ§ rol
subj ect

havi ng sot?@ﬂfeé?}’(?}‘t'c 'CF?yscg a?rﬁatg‘c?aUFg Tnﬁ'b'n %Sé'gjﬁg%égge esg ésV%%tsa 2dr'se§%e & n%erggt "ot
bei ng d0& uaddyeeubjeot ofinterasitc dmbr adyean, asinfabertcell pada)a dl%ﬁ@?ferrtefeﬁstehaémg to a

chem cal uhhd iebdiBtrisk RGNS Sbidab8ori H@re&Y&tbQ!ﬁ%'e%I@ftedaorﬂﬁé ¥f®Rfs ofgd which is
present two or nore tines in the polymer. [09/] "Polynmer"” refers to a

nol ecul e E?mtdﬁ@sqg?’gd fromand containing two or nore repeats of a nononer.
[ 098] "bespt djyeednablesubieictSiabetintat feinan ncénird@ sottrying $etdispasel dnéirestl not flewng sor

mol ecul e LAAL ol oiart%l(% gcﬂur% th@glge(aggﬁﬁﬁt@r%sl' Bt Qelﬁ?é\@ﬁé'tls@fo?]; chitficleRknt N A

l'iving system Exanple I sot ope- | abel ed substrates i1 nclude, but "are not
limted t8ffecbHo0 | 3H20 , 2Hglucose, 2H | abel ed am no acids, 2H 1 abel ed
or gani qogep| emsh@ser” b6 t alvetreidal anigiai combbeeduring the s&nﬁﬁ‘eshsaiﬁelpeldmerregpani c

rml ecul es %@g%, Mg;?og, &?Nﬂq@sbﬁlr% dgni c nol ecul es and 15NH3.
S m int

"Deut er at ea' vvat (i‘l’f’e rerer dp ﬁCOI’ por ati ng one or
[097] “Polymer” refers to a molecule synthes;zed from and containing two or more repeats of a

monomer.

[098] ‘“Isotope-labeled substrate” includes any isotope-labeled precursor molecule that is able to be
incorporated into a molecule of interest in a living system. Examples of isotope-labeled substrates
include, but are not limited to, ’H,0, 3HZO, 2H—glucose, 2H-labeled amino acids, 2H-labeled organic
molecules, **C-labeled organic molecules, "*C-labeled organic molecules, °CO,, “C0O,, "*N-
labeled organic molecules and NH;. “Deuterated water” refers to water incorporating one or

more ?H isotopes. “Labeled glucose” refers to glucose labeled with one or more ’H isotopes.
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nore 2H i sotopes. "Label ed glucose” refers to glucose |abeled wth one or
nore 2H i sotopes. Specific exanpl es of |abel ed gl ucose or 2H | abel ed gl ucose
i ncl ude [WWOo@&o06AHZ2]19| ucose, [ 1- 2H gl uCCse, and [ 1, 2, 3, 4 PETAS2@k/02806% ucose.
[099] "Adm ni stered]” includes a living system exposed to a conpound,

i ncl udi ng candi date agents and d strat S xposyre can be
from butSReSTingAMPIE; ? 'éBe'?dog'“ciDB‘i)‘? QI'aeb&BaF’FE%el' ﬁ’%é@riwlgﬁ’ﬁgst

i nhal at i o,]glecdse nd e, SraqﬁHe]cgjucose, i ntraperitoneal injection, | nt r avenous
i nj ect ldr%)g] A/ggmhrg‘fgr'tie%irrgcﬁfdbéa lr\hr@ s?gtérh(%onsb@toaamo%b@wdofncIQ&ﬁféanBiHélQ@@ents

or gani , tissue cul g ines can be
addi ng t h@ddﬁﬂ?ﬁ’éﬁ\*ﬁf“{a@st%‘é’h&r‘wrﬁ RRB% oMy B APt "m#e n@PW'&B%hcat'oi”sorﬁ
vertebrat rﬁgesﬁdirﬁ!fnﬁzﬁlattbhysuacummvd injectdh entmperﬁtereabhjyctan hwmenou{s 0kotdn, 4t | east

par ti al | Yy SRk B rn%nH;fg SR %ep& Hidts, AREANEEN Bl IRYG QRIFRN!

nmeans at IPeas armacol ogi cal characteristic of a
dr ug agen@rc(%%“r’gsCafabeﬂ?éﬁ@&?r?ﬂmPOW%O‘B@éﬁ’Wﬂ*dB?ﬁ'?f| ed using one or nore of
t he metdeds A@frnarh&;dﬂf‘@§@éﬁtebﬂafw@@teramar?fémrsalcﬂnare@aetf@ébnsé hanaray be a

desira n rates

t hr oug@@ﬂ Et ’?ag' ﬁ‘éggwgéd "hat c%?)enp %rdg{?t&%&feg)?ﬁdgﬁ s@gg%gbg%négsgégl tering
signal t rarwdilmcaﬂv wievpr phawepsolenicat@laracis(istic gt @ dive eggit (v % & KAPPANE'@hag he
activity @en%‘wﬁ@@hélﬁ &ﬂatcl?\“/ﬁ)yegofrt@ rﬁé’cﬁcﬁﬁs of e @re@érﬁﬁﬁ@rﬂronl nheé El’la'i’dc[@st&ﬁﬁayvat I on

of an enzyne and ternativel 0 ar tic
of a dr ugg %?ﬂfa%eﬂ% ﬁ’f?"li’r?dlé’gre?%l'bq‘gdS%‘/fsasl"@rm%?gﬁpﬁué( gtF?@“’“Poa&“%t%.tbg’;' gfl
one or nopahvayxiat cetribetes & a dikese paress zltplingt supeldrapsdudiai natiwlaés Aegl

undesi rabLLﬁfaS@%E@;ﬁc}rf’Fh'a iteCe Qétrvﬂf&%e@%@mp%th%%é reié%% éd?serag'é)%ﬁrbﬁrkw led in
the art and each e viewed in the con

p P VI cul r drug agent
bei ng devaitkFsien OLRIENERe gy '@"eltkédAEﬁ"éaé'éﬁﬁap mag ?gé%@ %‘Ea& igehaddi9an be
nor e t hanagint @it anpadédirable ynd deakairblecitie woewstiof offonexampiegoxiadiientss éhveee al
charact er ar% p?e%holrjé”‘%ﬁ‘%egﬁgfa alng@me'srfrAb%cthlq rréftr@?&f%r@raggmg%ﬂ kRlh & Bbsddot h)

that are 2uf | est one deci si on point al ong
t he drug d@@él‘@bﬁﬁh?n%ﬁéﬁ%\%?e V'SW% '”ﬁ"iel ‘@Etleétr?ég‘erpﬁ%'ﬂﬁﬂé’rugﬁﬁ’?”té’re@g not |inited
to, pre- Chévﬁloﬁai and e tSdg@t@& dis@dsel Of vdutdepa Hiag bert tantbet man fHat iabinast paréally ND

filing go (f)rgé) Wﬁiﬂ #o]r %ﬁlep\bvﬁl&e ek%%\%hglggtﬁr%tr{:é r%atvé @5@1‘ ﬁén‘ﬂﬂad é@&‘?r lﬁe rI to phase

I trans erefore, "at
| east par umo@srregbre ar a@thxthatuaéqﬁwffﬁ@m}aé@oppﬁe p?@@ﬂ%w"ﬁ%tarq daisieh PAIRRIBE theor e

ghar n’gcol adh @é’\‘elo%ﬂr@ﬁ gfafh@é}' S$uich fml@ﬁ&fe@ linciuBe, Gb\rjﬁérbla&tlhl‘irl@ecatoC#frughrﬁgBdﬁmslons t he
ru | SCOove nen .OCes Cl an or
9 %élnc 190 ng ogr\a%ﬁrtl?gt ged ﬁ\l? fi nrg go?no 80 dgcp sacgn %EQ% p%‘ésa?lf 1‘Tr égﬁ

other res desirabl e
and undesphasblido ptaae Hdtaesiiian: NBA fist, @ddiﬂfgepa@éﬁtfmﬂ“&?r@é'ﬂgabﬁeéqufﬁt gt least

t her apeut éi'tréllgq@éﬁtrfle-ﬁhﬂro%d@@yre%nﬁ%ﬁmr brﬁahﬁ‘%okb’sptﬁégn&bﬁéleﬂ'dﬁﬁ&:té’b%hds desrawn i n
the art. cont Iresent

nuf act urin
i nvention Ie,x{alp%m%g%&ﬁfg%é{htb gwgmsc%/%g&ﬂrgtdtgva ?-P(S%eé'P RSP e pFrarmta%ologrst
enpl oyed piosicieher otedcirergarcheranajrevguaigait apotiductthe ventieddasiiztingndor oc esses

I ncl ude, [u.cAlR éﬂQrtactEhénﬂzg &% otr&b %ﬁﬁb eithdibh ENBELSALic BYER ReBInsay(R. 9.

synt hetic organl c chem st atorial chem stry, biotechnol ogy
net hods s@ERMRLESH ﬁ?/b?”igo%?f"&d‘r‘r‘ﬁ?r%” "d‘ﬁ‘é('l‘ n4pk #body production, recombi nant DNA
t echnoljogye] “smAufadtiag atd&rgrugemtjreﬁwa/rmhﬂextlomm\amretsenturwent@h||riCIue@Is ay mesah webuch a

pr oduct ”%hmo ﬁmo%ﬁ) ﬁtfth@arﬁ%gro éd*rﬁrtmé aarrﬁg'&%td%b afg@ﬁt prm&a%%fb&uﬁ@e a
| na‘g ¥

conponent a Cco I on herapeutic Use, or
any inter ﬁ@é‘r"%@%‘”‘ﬁv%%@r%l’t{“ fed Q. mﬁdt&@@éﬂhﬁ'ﬂﬁ@ﬂ”t%&% ﬁ@ P¥”H§ YPAC agent
product, wﬁm.&r@r c&ﬁbr@a’idirial eerrstig idiédnasdlbgyMmeiticad siadh a8 hytaidsina gloeogianatuct .

[ (I\)/t]a-.gg}‘ a%;urti?g %o ugtrq?‘rgerc](gmbnlwﬁt BMR?&XW%% aMdtonrer 'rgu@g\t/vé”l#nla\gn tht Q%@Hnd

ant a nmeasur ement romthe organi sm
whi ch i s @sdiedny|Sugh a product may be a final drug agent that |s marketed for therapeutic use, a

component of a combination product that is marketed for therapeutic use, or any intermediate
product used in the development of the final drug agent product, whether as part of a combination
product or a single product. “Manufacturing drug agent” is synonymous with “manufacturing a
compound.”

[0103] By “biomarker” is meant a biochemical measurement from the organism which is useful or

potentially useful for measuring the initiation, progression, severity, pathology, aggressiveness,
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potentially useful for neasuring the initiation, progression, severity,

pat hol ogy, aggressiveness, grade, activity, disability, nortality,

nor bi di t ywodbneaazsa2sub- cl assi fication or ot her underlyi RGTABRIVSHLIVE OF

pat hol ogi ¢ feature of one or rmre di seases. The concept of a biomarker also
i ncludes a al su n,.the bod ressure, which
is useful? f“%‘r g)’sﬂ'?%ﬁg’ ynf”tof éd('t?' cgiﬁeas&%&cg &Sﬁon °§8@ rrlimtllaflrymﬁat hol ogy,
aggr essi veategsnic grmthelogia ddaturé ofyone di malsidiseases. g cankent vf a biondkefialsp, di sease

sub- cl assjf LG ANIQT m@dsiRmeHHRRS Méﬂ%ugﬁé@ﬂ&%rﬂr&s% MmQU%l%rf eature of
one or nore diseases. The concep i omarker also inc udg

phar macol BEFLENS 187 NERAAS; PYETSCa) S%@élﬁ’?g%% QRTINS BG4 V'Br edict a
toxicity dwabity, mortaity, @nibidiy, diseasa shirfassificdtiobioootherlupderiyiay phtbodehie ot ar get  f or
moni torl n%tﬁﬁi%bcquﬁ Qgpor]%for oFeQﬁge%Qé:‘SUtThg cér‘%ﬁroygB»Bl'ngmer(aq’sognoludteg'g tar get of a

drug agen ua e” or "evaluation" or "evaluating," in the
cont ext olPhafrﬂ%Cob’%%l@hPhYF'ﬁ\?@Pﬁ' MmeAsurpraeniwhigh isgispr g Pegict Mé&cwewwé%ct ivity,
toxicity, arnabla:taamn@otﬁemyarkaemrmtrw taiigBigForan@iitbiing theadutmer@rod A tierapbbticcacy,

significan entity, biological factor, conbination
of chem cae(?\f‘ent?On @{‘gsEh ta?éetgfn% g%%%l[ of biological factors is determ ned

t hr ougO'@ab Bxi“evaluaigher “syaivation” ok gealvalingin fsgaARtE ! BB RISER HYeRP AT MARTiRal

out cones ]gr@ce%m&‘ebﬁth@glctmyansd.a;f;dfelaawdwncy:catdhﬁal m@@peu-fbealt@énai}'cﬁﬂhcéwes t he
concept 0 ovid

ta make a
"go/ no go® 58?%%’ of (5tﬁ L Erf? L%ﬂt@en?loqma %Ftoblcg'P%n? '((:jréf)fs {cnPenffnes
conbi nat i omspirgtiorcdfdiviogimbl faatars cldeerwnecbtbmgm@uoramsar@fstq@vmsg@w}ame@mfor s) to

proceed fihehg é@em&téﬁangorﬁe%welegmmd s@n@&@§§nd/cﬁcorﬁﬂ?’oﬂ§ BR'terdeci si on may
be made at an ces

el ud ngeTHaesHER e PR Bt A SR oS PlenTAR ' SRS BV Bprrent

t he pre- cbc’» riedsidon ¢roa dhewérst engjigtor binlagica\éastoDton gongHitdBpnestf alymmical kwitiBtherse | to

Phase |1 n?‘%’tlori?hﬁ blglla@lgﬁ f% orst) & Fﬁmée%d agmanc ¢d d%%@éolg etnhérecep bag €’gol’rJo (such
b L ha

as Phase hasSe I'11l stage hase il e New
Drug Appl BEEEFIN PR Maste %?%}1 R?ﬁit 8‘5’“’!35@8‘?1%“%95\&9 ?%’8‘9?’8‘?{“(’@6%63 '%fﬁ)%&a or
st ages beyamnet iftied, ay skigasehih preatinicd! Heveloposit: th)preantinigad 8t Inslsiyatitreey . The

term al SO g@?u\fﬁﬁgtg%é H"j% F?\ggg:lnghé)sfe Il%rt%%' tqé ﬁ?as%"r'lftg k5 eeel?ﬁ/aﬂc?(g Bﬁars[@é W?ﬁ]st 0

sel ect ass o
(cheni cal P@ﬁ??l”t push as Bh%ﬁeé'ﬁl 8‘§)Phaf€0'ﬂ95°]haﬁ/'” S@H%ﬁ'@?c’f’?ﬁ‘? Yigo the: "\E?H’a{?ra%t erizing,"
or "char anp;ﬂiéatmmm of BioRgitdecened ppiitatioh (BLAG stag« sesibges Dewint (saoh asPm@ant an

eff ort LOnfG3Me! RRLNDR oFRRI AL Lo AL so%fmb?acggﬁg‘cgﬁée%ed?yowm

combi nati on> ¢
equi val ensufficient e@amjnwseleytebeatﬁtmgect Kﬁé hestef- bf@fjl)ﬁ“eéjd%n’é@qneo%f‘ds evaI uate, "

in which tgemeyahitat iolddicdy ug i ncludes the ability to nmake a "go/no go"
i nment , of, utlc val u

deci si on, an Asses era pr.oceedi WI th
t hat d(r@g? EaBSV[ %fb%]e”ﬁ’y RN S'FaraCFFégu el M, %?”Feuz"‘oc’(r?nq“eu esitdventn

physi cal stesanksanafifott kedeboiby thescharapirttraiuality df chemicafentity e Oﬁmbmgtlon'r)lﬁe t er mis
usual |y ua?e%.éa@eﬂunéy RtuSePhrdiR gtetefk @rﬁbﬁnyréa@veu&% W@teo%t |8dks IRtk

st at us, an abnor mal i t cogn rities,as a

i sease oIeTaLBRTE O el Ui o A e s mob e IR pheR 1t hRe

i ncl ude obesiemgnora(ndsqdroegznameysm@r@ﬂzf tDathpeByic Vahrep b precerding evitilihgdraeer”  or
“prolif cfl\'dﬁ&@% édﬁ:al%%ﬁona@%éghﬁﬁ@&ﬁ/s&éﬂ@fatds%f ﬁ@@é@y@s%ﬁﬁ%@%r By

uncont ro eration such as cancer. Non-nal i gn % di seas s or
di sor der soraﬂﬁﬂtaeeer .TEetf"ByS YgHRIY HEFP INgFat8 @ CHiylsis OB 3 RIP VS BP¥IGe 8 manf
such as pstatub,as s abrerrealigyl reorepsgnized By atdicataudh@ibeterssdissaseoralisofder.at | ve

di seases m(énrﬂlél otflph%nm%gld?%&jlcas ga%dilignjs Hﬁ]](#%%%\@%e g{e J?E I nvention [0109]

The present invention is directe n| n t he dynami cs
(e.qg. . [QW7F -Bys @r@}&fy‘p&b\/e disorder” or *proliferative disease” is meant any disease that is characterized

by uncontrolled cell proliferation such as cancer. Non-malignant diseases or disorders
characterized by uncontrolled or hypercellular proliferation, such as psoriasis, are also proliferative
disorders or proliferative diseases within the meaning of the

[0108] Methods of the Invention

[0109] The present invention is directed to methods of determining the dynamics (e.g., self-assembly

and disassembly rates; synthesis and breakdown rates) of a plurality of self-assembling systems
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and di sassenbly rates; synthesis and breakdown rates) of a plurality of

sel f-assenbl i ng systensof biological nolecules in a living system (e.g.
cell, tiswoeomwoiesigani sn). First, one or nore isotope-| ab@lusdoosokaty at es
(sonetines referred to herein as "precursors") are adm' nistered to the
l'iving systemfor at |east a fIrSt‘FEQFj”Od of tine E jcient to be

i ncor por af'éXPIIYEINALTIeE A PG SETeTR (Pl 4SSYF ors%'P?”'s B PRGT Y%t ens of

bi ol ogi caisotopd-lelbakidesibstites (bamtimed refotedcubaein as esrbisag sreadpinserad ate f r om
the |iving, %%?%tgﬂﬁrgt Basf 8%k ;f)éﬁo&)t)f ’[WS%’HIC Wto Gé(ﬁw&?rat%@‘nltog hidshty gnat i on, and
t he anmount IS usua 3

quan I T tion, unlncoggorated
| abel ed stHbybilsA salf-asgemiling éySE?@thaﬁtowFt'étfteCfJ'S? EB‘?A?P&IGS mplsCHlgr gRgeablages
spect r onese yb@medfibrh tHeaiding eyseinnin a[VAdstPdf wags, dartekarmeelcadilfavtnation, driditises manner ,

the dynan] rﬁgun?{bf 1£Eeﬂl ﬁ%dé?%t{%ﬁtlf%énmba%dﬁ@fj%tﬁ'c g’a@ﬂ | Lgubsgr%te%@gn 8]95@@‘“ ng,

over specf ntent and/or pattern or th

rate of cokantfiedgPr eaEPIesEING FiaEs %ﬁtffémﬁtfy&ﬁﬂvthﬂedﬁatet”ern in the t ar get ed
Sulbum t[o1;30] ][m,lo@tnh@oeéboa@mn‘elnegﬁ»er(tae Gynam'iddlaﬂrlnlcl‘bttd)méetﬁéh taarttih td?fmmé@byjbul Ie

pol ymer's or r .ot

t echni queg‘eﬁsr‘ljt)(}ﬁtaq%%f”ﬁar"ér?verﬁ%&'miﬂ‘ |ecr)vr?s hi e|38{o¥|c SN RS %/or o?orx}i)c&%ont ent
and/ or patateeefghange phibe isatopic obntert andjer p@ﬁertl h‘éhf? tergietsgisgbupiy At '@ﬁlﬁctéﬁ'id/ or pattern

in the mobaembage (%Sgs%mﬁlh@ﬁl%en(seang mlcr&uml&ﬁdﬁﬁﬂébé)w@r)ex&@ple B@uéu&@rﬁ@é&' c content
and/or pattern or ra

e in to nte d/or attern in
t he unassEfEIUEEHh 'h?rtaé‘alﬁ%&?ﬁﬁ NHFs 'fné’WP Ertﬁ‘ila'?n%f%ﬁti %}Bpg ul d be
not ed, hoisewwg cortidntandiwipatdrh osths tagne chargk pEihs Ispbqumré@ttatrréorapa’aetn infthecat i on
or eval ua{'n'ofegulgrf %?rﬁblag’é CQFnWt@:;u%?to tﬁé |sotf)|51@€onte$lt~'£’r§i17cfr§5t?err) or-IFQt@ oflynam cs of

m cr ot ubul e asse dl sassenb uyrrerl zation and ynerl zati on)
can then BE"gaNA '%Rt%ﬂiF ant?nbaftdt%@att?awa&e NBFFEMEGH SPRUBLS B bffrﬁ?rt cularly
sel f - assemitdrmét@esytsdhem bé ndied) howdvea kthanmdt elt sisesns apalgdis @guigs tHeryubintifieatiemt s

(e.g., ﬁFeQ/!alluatfoﬂ%Ptthg)unﬁn@org% s Qﬁé%elsﬁo%ﬁﬂr WE%ﬂ%nﬁ@@?%kc?&uﬂﬁle‘é%sem?l

si ckl e-ce )be/ bet brai n arre nts
or aggr egartob@sa@fsﬁénth* Pplm?ﬂZﬁ%ﬁn;anti derpivasyizatign) tCﬁethBP B¢ pelcusted A s REY, anent s
or aggr egae@gndri@Vef aROsHirSseMblibesyytemedt biologisal nolectibs shdhadsmactirpilaroentsa@ar,egat es

or pl aques.. Ilel ! hets? ?he dgtosf(et?etén m%faﬁ?ﬁ%ogﬁgﬁ r| ﬂ%%ﬂgwﬁh&géﬁ&mylmd&em

gal act ocel&H7 G819 ates I'n

aggr egat efbrison ﬂ”@lbrﬁlml’f%ﬁéﬂﬂn%.\w EgHEeIRESs nqufﬁeﬂawyemql%) !na*t?ebf?'a 0- aawelia'm ipin
aggr egat efilainBnts Bleag'gfé@%s ([@pr&ﬂ% dﬂf_e\ﬁmuﬂké)%ﬂﬂ@ B@i’nl pribn BghebRsd @l’mﬂtqtﬁes I
aggr egat es hos ega in the plasm
menbr ane, rt%'/eet?rﬁ'ﬁ fPﬁ?@?ﬁngrm%srm g‘ﬁ%d ?Jrgtﬁbq%zfﬁteger%brosoae a§8%g t[a%'t'}ltt arrm()e]ln anel | e,
can be calamllamwphcﬁlolﬁ&as];greﬁdat@(wratmlvleﬂte;d aggr@daiteﬂ)a:tiw suelindnedlip aetiolipin e
cont enpl apgege JaRs itH€ inhBr r%aﬁbrgﬁee&%tmlto@N&]@Flérpawdf@%%F&b régfé@asﬁrﬂﬂb@'a&h@' ed
substrates are 1 ncor rat Pr&f’ Ln_dimers, @ | ﬁaee H

i ncor por at&@ faﬁFd’rﬁt‘ B‘t"ﬂ' ﬁp%re?)agﬁ) PSR MR éa”ﬁarﬂﬁe P am[e 83 ani cs of
m cr ot ubuhesbcan oty deltceliutarnexinddlz, capds grlcuigied.adi oactivity present in the
t ubul i 't%ﬂ' ern%ng mae.eetétmu%stpﬁésw@&até%a@ feastmn@bag@ﬁ.nksaﬁm in the

art suc sci nti Ia t1on counting c?/nam m crotubg@e pol yners
are then &’B‘Fré'ﬂItfﬁ’éﬂo'a%dﬁﬁb%f%@&s'”w 'ﬁtott%"%?'tﬂefseﬁta?*bﬁfa Med
subst r at emcepsra@t $to hieroidak pbipmest Irethis sehfierabs eymbinica gf Isigstuboies odn e ol ogi cal

mol ecul es ethnﬁne!d bﬁgweg?tnﬂgﬁdloga%%ﬁgreée'ﬂt |ﬂﬂ%tt Iln R@%@nm trtsmpm S of

m cr ot ubufjes ar e asure romthe asse | Sasse nmer’i zati on
and depol ysieg feghmiquenlnogn imihe pid euph@s ssntliatiog CP‘H’\P‘P% *@rdga%tw%%ﬁfﬁ?'?fatﬁ Y%, and
after, expeghsre atth@analcoléteanrs&lgaaaﬂﬁudartoamagmataﬁ Rwolaoewduam@rate@mrcalw As

Wi | be aBgr e(Eilfart ers f-gs?gn%l%qm%r\fstemﬁes o@gﬁal’o??aer%Eec&%%a%fhkgM%ﬁ pl e classes of

candi dat e agent or toxic not limted to,
i ndust rlPHIR] dp awmﬁpa‘bwmamt tbﬁéymmasefm@@@r?eteﬁ e meagyd ﬁ@fﬂlﬂtela\?é@“b'y and

envi r onmeptadseRpl kdéiyﬁféhﬁaﬂordéﬂdi%p@ﬂﬂerﬁéﬁbﬁ) Ganetbidaliesn a Blicy or@é’hlsﬁh brick®, manner ,
the dynam S fassen g Sas%% te agen?s toagv%lugtgltgxm SS&S Wlh eleart G of
bi ol ogi caP"hYIEEEGPEEed ﬂneo%( oS e a

by those in the art, a variety of suitable classes of candidate agents may be tested for toxicity,

including, but not limited to, industrial or occupational chemicals, cosmetics, food additives,

environmental pollutants, drugs and drug candidates, etc. In a like manner, the dynamics of
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measured prior to, during and/or after, exposure to one or nore candi date
[01 13] Alternatively, exposure of a living systemto candi date agents and
t he dynamvo=o@foimsier ot ubul es are conpared to t he dynam esTafS20050es9bubul es
from an unexposed livi ng system of the sarre species to evaluate toxicity

(e.g. the use V|n luate toxic [01 14] As
for all tﬁ%seggﬁfn‘gg'g%ﬁ?gmplﬁa %f' 6'8?'”9%3 e%gt?oglcﬂ'v (t)ietcu%ﬁxgncbgrrparl sons
can al so beaameﬁeorattodqidrrheareﬂrtraﬁeprelrmtosanelormone cdididadr ent ti me peri ods,

differg mwfqﬁ@t‘é%aﬁ\felf@@gétﬁ@&% IRHGBfstem @ Bh&IROE AR %to?%cs(ﬁf candi dat e
agent S, f er ent experinents, or conb i ons. t her eof For

ha na
exanpl e, GUELURYES\A Coérét’ﬁreﬂéo ?‘ﬁﬁy”a cS 6§‘ézr‘ttt’%3(§rﬂ'in\?8s’”e’6’?s Vipg B Wer eof .
[01 15] | themamadpkddstnalaluetshodiityeng. trefuse hemiltineivingepsterns oregdludieitogicity).
pol ynerjza uerto Fgfhéjéaeﬂ%sé'e%mgzﬁgt’emgoﬁ ?Sﬁééérh'ﬁ%@rﬂoh RoRPS: S1sBAGeh LRo 8B d/ or

sperm for ng testes tissue or a vari et reasons, 1 ncluding

t he devel Bﬁﬁ%ﬁttd' fimigyRoints of fRifiesent g BeriAdRrsiTerant %03(3? ghoendidaig doenis. decr ease
sper m nobuifferelt doibintiions oNdandiidte agents’ differblitépieasadhusd’ iegperimknteral gemisinadioos ug
candi dat e t asons. [01
16] In a S%ta R%%)Ego"gwd& b cnwgg é‘?{/ec{{"?c %lefﬁﬂxe cﬁﬁ%@g%?&{&&gﬁ% qaas t hose

| i ni ng [0HE] r'@§b?‘#<httoﬁ?')?”t§>ﬁé!m@%i§tf fhgiinyertion, rAigiotupylg gelymerzalipniggd used as wel |, as

m cr ot ububigpofyreRBdtibeR ebﬁuétédlﬁb@érmtc@"s(‘dnhﬂoasﬁeﬂﬁfﬁiﬁwbt@ﬂ gdteatetnswe) ol 17] In
anot her enbodi at ed b cells.

nt, the Livin ste

Vany bact G711 BepaenBSutia ho S FRERETRLANE: © iefiErs et maply et vi oy
and t hus deag¢asaspeig mmitydpirtlamrﬁrel)cﬁrfqﬁt@reaalmmhefct;uﬂwéﬂmatat\ctmtearm
ggfo:ynerg;;@tqln%n@aégd@efoman e%%#&@%%apnent such as anti bi otn;) Ics [81

n odi nami cs enbly an
di sasodihR) 11 A e uBRisnt mutiout GUF it OBy sie s TR Mo be R o0l T can be
measur ed. g@teinssiial eecinpdrebenfsedasedlf aswisrobibulkedormatidnogcrocidl tegilst fermaitisn Ab
fibrils og,plagyes formed from AD peptides (Abl-40 or Abl-42, which are
derived by proteolytic processing fromAnyloid Precursor Protein (APP)) in
the br a{Ph)sé] dP apRibsr sAPedieRtntha gy Trps %re&'?%eé%%b%ﬁ‘”?t@”%“é?%@?*ﬁ' ni mal
nodel s of stﬁdlrishemzreeﬂag@aclbrsre:amyeandetmfet;tvtamrmIShusfevauaznhg)thd diyndoricsl df odpestetsiles 1 S
of cent rah?wtﬂér%t%%tan& B%p%?y gaipﬁaﬁénsce uBécPQ gﬁg;%%?opn%ﬁﬁsmﬁ%?&ﬂ;ﬁ ther apeutl c

efficac I nterventi brils
are rrealélﬂrshtil‘ é”%@erﬁg‘@%‘fﬂettﬁ’é"hﬁﬁt"%ﬁs ”Eﬁ dyt”ﬁ'@'CF AASERTIBHAY| disep el ”h%f’r'fel n. In
one e|ﬂ130db§§|éﬁiblmg&oxcﬂdgﬁé| @stemebmaﬁhéraﬂaatnedarsw)rséassatee OBe agbnienasple bidlsdifo an
ani mal no ressing
o over exgi suDingb R Teh £ Ak pBHEC e REDITAPIG (R RE ABLEL

i ncor por awhlgtmar@fdeg\md@y protaglvic ﬁ’@%ﬂsﬁp@ o éﬁ‘é‘lo'dlprﬁ‘tqyrSAbeﬁtetidﬁBB)) (nfthﬁb*P'?'Ps)’f and
into Ab psﬁteh@@\ﬁthmhe.memd&ege MhéMQhﬁﬂ%lanbdeMthéﬁFr@ré fhesaensur ed by
nmet hods kno nam cs_of eSSIonpalnaéques

(Fibri 1) Sgamesdr obief i medtsy hesaPmie i e RaR o S e DB T (i e
i nt er val spoteiial thergpesi¢ efficasn penterventignoip A{!:zataltrtermdl%ﬁase hléynlae.ltce obAB idhikreee of t he
| sotopi C GRA4RMIe WL%QF th® AletrBldloritit ihRBtidraidRE&Therah. fln%ﬁé@rﬁ%ﬂoﬁrﬁ@xt Ul es

I (i an L R B AR e TG W

r el at i onshanpgbet meese dxpieedingy ofeexpressinh 8PP sotaoppatiedavih dizbeimacl diseapat t ern or
the rate gfe ﬁ&ﬂ&%noﬁfof éeh?sté@é)&&%&laﬁét rHtc?A][E pIQﬁ]Qé Wbrllg)aénrd%t@)\ﬁ b&ptiibEor

aggregated form (t e unag re ated subunits

(the freep%'dﬁemvaess'w 'rpépdtf.%ee@et'g %a?rﬂdwwefeas KnPWR y/ns manner,
parti cul atHe;dymanrﬁncsromBlptaauésQﬁtirﬂas]) carhige dyemaimed by méasmsrmddlcymaatrdg divsapseaiil y of

Ab fibril fim@ [nte?va@@ﬁ% is%?c{bictcgﬁt[eﬁ%dlgrepaﬁér]n%t'{h@trﬁg of ctMnd‘éso? th%fiso?oﬂc%wttgﬁti on
met hods known 1 n ar _ o
and/or pattern in the targeted self-assembling molecules (e.g., AB fibrils or plagues) and free AB

peptides, by use of mass spectrometry or other analytic techniques known in the art. The
relationship between labeling (e.g., the isotopic content and/or pattern or the rate of change of the
isotopic content and/or pattern) in the aggregated form (the A fibrils or plague) and the
unaggregated subunits (the free AP peptides or peptides co-synthesized in APP) may be

particularly informative.
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[0120] As described for the exanple of mcrotubul es, the nmethods of the
invention allow for the conparison between the dynam cs of Ab fibrils or
pl aque aswortepiasid di sassenbly nmeasured fromliving syeCems2a0sarsohave been
exposed to one or nore conpounds to the dynamcs of Ab fibrils or plaque

d f d i t t I d
TR Sl TR R S Tobh ol B TR RN B RO BB,
t o one orbyse ef ctnvjabemdsthedscknblen thewmet. r at es may be cal culated in the sanme

livi ngé@%& A afib&y fO%Q@%ﬁe <§f%|§r@tb9uléén§te%etﬂmé 6 thOMRMNIRIoR R thhen
conpar nvent i 0

he
assenbl y %ﬂ‘ﬂi’%é%é’%”@ﬁ% fhg d?’rr’?”ﬂ‘fslﬂfgf\sél'@rl"? o é%tﬁeﬁ‘a'mf‘%f"aﬁtseawE&?@t“é‘t?s are
measur ed ffom Bxrgnystemeothashevh beal dxpases emdnterorngtotn @hpgurcialto by syremicsionsp udes

si ckl ed Ihﬁﬂg%l Prth% [l%g%ﬁﬁtof't %f( vfn@@b%@nﬁteh%m@l &Wbr’ﬂﬁs GreA{erbrrls

henogl obi n er rocy or patients With sick
di sease BY p&war Bﬁ&bet%'ot"ﬁ@d éremf"v'a% eet?msrprr@r g 9>§Ct°é'r'f§ tRe méeocomﬁaws %
i ncor por ahede edted 158} datBlatey il b edredliviiglsgdterad after bxposurs tcdelidamhelbenog! obi n

aggregate ned, based on the isotopic content and/or
pattern oronfahngm}sa%d?"%%cgﬁéa%%n of the i sotopic content and/or pattern in the

aggr egdti@dl rioeteenambsdimentg of the inviitied thredvrbaniobPirserieR e aiissyseaty It #her ee

?emogl 03' %rfrarseér@dnng Bi Blﬁgréeﬂ bﬁdm@ h@aétﬁmrexéfa@etbr Jugh bd)- dsE@n@rgi@ brglggigzzﬂd fo L m
si ckl ed he re uni ee, he obin) may be

parti cul aPP§" g‘f’ﬁ%ﬁ ‘l%\/eéj “Fﬂ‘eg'ae)ﬂ% %‘%?65 O@Eggr%lmu an&he Oéo'sns y of

si ckl ed hkaam@lo@lumrmﬁhmm%ynrmlseap@ahtammsrcmtqﬂgﬂse@ﬁeclﬁﬂyaﬂ¢lm tCPr’tiﬂtBhods

gnown in E({\‘%S?&%hﬁ% g)ﬁfeﬁ*n% o{é&g@e@%é @nc%?o%'ﬂ& &ﬁe{ofﬂbfc@lgqm%ﬂwrafég rnthfd"eb h
ynami cs of sickl ed "henogl obin egates can ther ed by the

ot hods dSCHANEHORET SPHCR PP AR S e HPe O g eane SHREE A ng

bi ol ogi capatisystrémrate opechiangesof thdibabpiacoptentgridioc pated in theeget@gatécemdlecumkob

di sease ( srcklléb'rrerno @éﬂgge;gatee%d Wéememegembtoerﬁnﬁem.ttaéhmtvr@én( BSE)

Free prioh protern ni t’, nor nal present 1 n the brain, nmay
pr eci pi ta'@%e"f‘%t”dheawre@ﬁ é%mdr'cwe&dtem?a'ﬁea) 3;5‘51”1‘1 L@P%q%e%tetde?“bWU€ (&5t i on
i nduced byemd@;foemt maylse perrncxmlmrlaggjrregae esheldyearsionvfessenatiy afd disasseaiblylf Pt 0

pat hol ogi S Mﬁcmﬁé etrfée &%rae@n@st geaeur%trogm%demowt Y8R EAL4On By

anal ogy to assenbl 1'’ng and described nore
fully, i n@freayosureﬁeerwrrmrﬁ ewwn Ss%tttﬁ)rh@amlcimt%@é’amgsj%t PAHISEP [ED pri on
aggr egat efher%layibé det@miiel bpthe nstRas tedrisdathermpar ed over specific tine

i nter V@Ihée {%Xrn %g]m(:l% o?% sgts ésst%glptglytg %{3%8|gé|%g%e§n‘t§ g}@@lan h|9}§ !argg'[t@tg%&?ﬂat es are

t hereb n or the
rate of cﬁ@ngelcbﬂahohélspm(%?)ck%ﬁ@reﬁles an@bwrneﬁa@rtgé@rm ?Wi%"ﬁ@%@g@éét ed

form (thergel Iprm ;rr@tem%d&@paﬁumarrbmeh;e&éseanﬁ tHehPain! W@F@ﬁ)ﬂét@ﬂtt&é&@tﬁ@bﬁes of free

PrP), neas netry.or_oth al trc t echni ques
nown | PHn g poaSs 1 piiselRn B0 R BRPRYS b agBleats R gli

cont ent anamerPrPda padhateoiraggiegatesineolvss cetfermgtionsf chahge ﬁf@@@bmﬁ@wb@ht%fnt and/ or
pattern) grnar&gp?o tﬁrggélte&@érﬁgmé @rsten(st(rtecrr%a enprtl érrdldb&.b@moreh@ry URYRGI g egat ed

buni t f
2ssenbl y GFUPUFSECHENAVGAIGIDRR SaiEs T eneLroar RSBy B2 MAPRUTREdEY by use
of cal cul atd @mpaeti keesphdfewmeiimeryvdie Hretdylédnierd ssemblyqpddiseesetnbly ohgioor mor e
conmpounds, o L0He a@tﬂ%ﬁ%ﬁﬁa‘tﬂﬁtm@é sb%@é?a‘ oh tﬁ@gotgéléécﬁr?e%mwor Egttew 6rQr'ib Gl |'s can

t her eby be determ ne i nvention describ
her ei n| oﬁ@p%ﬁd‘t%é@%&%ﬁ?ﬁﬂ%@foraa%eé'r r “aesae@r?ﬁrtr%@"ﬁ. B¢ Bfgqnd%frsf?y%t emis
actin. Frpatide) am tBx uisdggregsted supluoitsufres Privh neasured iy the dse(®f aebs specldymaner i ¢

G actin s t o] t B t‘g g
Factin poihel BRAEE Bk tndr i IR TR0 PE0Rh T T 021oaPBS 1
content and/or pattern or the rate of change of the rsotoprc content and/or pattern) in the

aggregated form (the prion fibrils) and the unaggregated subunits (free PrP) may be particularly
informative. The dynamics of assembly and disassembly of prion fibrils can thereby be calculated,
by use of calculation methods known in the art. Effects of exposure to one or more compounds
on the dynamics of assembly and disassembly of prion fibrils can thereby be determined by the

methods of the invention described herein.
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dynamic, e.g., actin mcrofilaments are constantly shrinking or growing in
| engt h, and bundl es and neshworks of mcrofilanments are continually formng
and di ssovoi2ng/017812 pol yneri zati on and depol yneri zat i onpofr/useéoamesisous
actin is inportant in rrany cell functions including cytoki nesi s. By anal ogy
to the sel f-assenbl rotubul es and ot her. s i, bed, supra and
infra, [§1 ﬁ%oﬁﬁ%tp%{thﬁﬁp'ﬁf’f? %%taéﬁ‘?rﬁb&m? 9'°'P%158ét3-‘é%e'%\§6‘§tfnr z:”%esacﬁh?%sﬁia S&tin

fi |l ament sgleuthr fﬂoe@néacalewmacamethmmeﬁacalndeltmspable@nm\ﬁe‘ﬂanm@wfwlwﬂ% me

interval s, Jhe,gung E%ct fpoﬁﬁ%ﬁsrm}rbsbn?ﬂqe géllﬁ@ﬁ%gpélé‘corﬁ)fﬂ%%t'o&efe'tclna@ nts are

t her eby determ ned, ase otopl c content an attern or :ﬁh
rate of cHARGE F- 3R MBS %%?ﬂ”éﬁf‘“yaﬁkiﬂ?kdﬂg %QEOWé‘lgHP'FP\QtEWBd pyndesent ous
form (t hem&gbike op@ickoiamentanek dohnublyeerniigaud idtssolifg: aidieipnlymenmatier ) ,

measr ed Polig e @E,lgﬁgﬁgué%ﬁﬁwgsfaﬁ% ﬁ{any&.h%cm@'%mhﬁgkgm'sgugs known

in the ar op| C content
and/ or pagrelentoghe sefesseimily fom"%fﬁta'i?}é@ Ul O’EW%SYﬁ?GtS@B?(‘(E'b% RYRSH BNHRAER. or

pattern) jhébridagtioh ot acmmaw@bél@d mbatﬁﬂesirhle Fidcaefilhraen mwelae; gainkiecul arly
i nformati ve. gijmp filaments

The nam S
can ther e%?asﬂéegéﬁggw azovebsspec'?c tinds M‘E:eévlacsulqh |@%renm3 ﬁas m@iown inthe art.
Ef f ect s ofisaszgaduefactindilamentsorre fheredy detaponaddeasghon the isgiprigeprientgnd/aissenbl y
and di sasseahlof iR 6t éh@néé éf%@ﬁt@pl&@ﬂteﬁm%bya@& lﬂﬂfeeﬁdﬂﬂelﬂ%ds Rym (ther.met hods
of the invention desc E r.ei $n§ ‘L Anot her Eﬁﬁ{%g f such
sel f - assefN PAYTH ?ﬂd&éﬁ eaqsugkf Ui S RESHS Of° 8f"BPood cl ot s.
Bl ood cl o$mectamestdy or otber anbigit t¢aheiguds MDwmmrmHmtreTrhs rejatiohshagsssdmdsindabelingo fi bri n
fibers. Bgé ga@ﬁel Apid &ntehﬁar@@r Lat%%&w falRGt §l¥a$n%;@8ﬁhéji§§t6;5né BSELrRRRYE

i ncor poration o Isotopically-la substrates Into brin fibers (e.g
bl ood cl of&lpmaindhe W%W%‘EF‘@“HWJE?G f%ﬁ‘s’%@’ ksrpaftiquaydyPEtiee: cé‘ﬁtdé’?ﬁ“'%?nd/ or’
patt ern o¢fasentlyedng debssehdlygeaaih filthents sert tpieby icoocdaatatedalnd/se of getutaorn 1 n t he

fibrin f'pxgl’h?ds(k%mgn i tﬁeéﬂ Oé?féc@'o%)g i o?g%m ecFmF§dads meewaﬁ»ﬁas%@sh' p

bet ween | a regat e orm un%gglr egat ed
subuni ts agspBBlY ﬁm%@?aﬁswb'v @@CW&%W%W therely iR SgEH)ingHRy “Ef’em?}a?qsu Barly
i nformati Mﬁanuaﬂ”l&asdwaalﬁb;@ﬁﬁ of assenbly and di sassenbly of fibrin fibers

(e.g., 6)1218122n8t|h%[ eS)Eu?w u}%ﬁ SP gssQr%bl%g b&%lg%glesgster*@ fn&gde%%e% n?aébr? O brg%hh()ds

l(§;(r)1\€!\1”r1n ICQ dftsf Bloed ¢lots P'@é@r@eé aﬁem E‘%ﬁr fédpy Meeoraee é?'fﬁ‘%ﬁ@'ﬁb'mﬂtq in fRars oRks

descri bedaﬂlﬂ?fg tdthe £e@f3a%54ml$hﬁg %@rﬁkﬂes@%@@éﬂﬁ@ nﬁcoﬁfordtlﬁeoﬂ|§W®ItbllyQ§belddhe

non- di v f'ﬁ?uﬁvatmé%ﬁ”"r@ﬂ Bt hede & PRE) Gl de BERR AR GRrafr B8 6EoRs: ref ect

t he prol i faieat argifer paitegn orfthesiaieddf cldnigs of the Isetaric fﬁfmtentt h@lwaﬁfmm @ﬁ'&mﬂb”m ot her

i mpor t ant ﬂth;‘rso(le%g Ia%Iod ew@ﬁ&ﬁ%e fbi RS rél‘&bhéﬂ\ﬁp@fetv&e‘éﬁ isbkhng i Be gggregsmnal

ST - asselBh BB e e S B UM OB et AR R aype

candi dat epaeftls mfofmatlvexﬁmqﬂyeamkﬂgﬁmsdmbgmd dibesspmblyrd filefintfigsrs (&lg.uigoddeads (or
conbi nat i gas) cfah%{e?é%g/)oe cQEulétﬁgU§F§(bé?éula‘ﬁ5\?ﬂbt‘ﬁ§és9m§\”ﬁm tl"’?esarp@?ﬂrebt@ 'ofj&%osure

her bi ci des, asti cs cosnet i cs,h (% addi E % [0127]
At | east @ﬁ@epsra%ﬁempawe? enjthe daTics;os fibhs| lagrg can § sfe%?ﬁ PRy P8 a 1 vi ng

syst em f omethogredesatbedfiertinne sufficient to be incorporated in vivo (or

I nt rac%ugja% andtﬁergljﬂgod Hﬁé{Ht BBthE e rﬁ.’m 'tl?e a(sH fﬁéﬁﬁﬂ‘ e tl.!bu%@halﬁés al 9?{' I Tine

or bac nore su asse SySt ens
bi ol ogi camﬁ?ﬂcéé'ﬁl @.g (’%“ @Vld'”g e F‘l’cﬁ aéldlfr%i’eﬁt'at%‘eﬁfoﬁﬁ Jevpich ‘éR?Fl”Ht refﬂeéhth‘f)r ot ei n,
a- synucl epmliferaignaate oheidedI9 Rilsws fbi the maasuteneet Prdtieninfpoareibialogical processes

galactocere r.Osi I oh 9 sphati dyl sepne,
phosphat i dijaﬁo?lﬂ%r tox'c'h/g §>fo:ﬂ i noglaﬁ)b% rJnOIreﬁhghosphatl dyl et hanol am ne)

t hat arnl® 26hdhanges in the dynam|cs of sel assembling systems of biological molecules can be elicited
by candidate agents, for example, known drugs, drug candidates, drug leads (or combinations
thereof), or industrial chemicals such as pesticides, herbicides, plastics, and the like, or cosmetics,
or food additives.

[0127] At least one isotope-labeled substrate molecule is administered to a living system for a period
of time sulfficient to be incorporated in vivo (or intracellularly if the living system is a cultured cell
such as a cell line or bacteria) into one or more subunits of self-assembling systems of biological
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i ncorporated into nol ecul ar assenbl ages I n one enbodi nent, the

i sot ope-1| abel ed substrate nolecule is |labeled with a stable isotope (e g ,
non-r adi osot2nasirEet ope) | n anot her enbodi nent, the i sotPoparskeisoblsndo
substrate rml ecule is labeled with a radioactive isotope In yet another

enbodi nment , th st nd radi oactiye i sotopes are one or
mor e i sot BRECY %Fo(&geﬁ"%gu'bcg'f‘?ré RrBERCIARdaY W?Etﬁg] GW@”F'QH@&@'&%’GB@%QS and/ or
| abel ed ntuirecfmemﬂomsrsanbbag@@:ewbwsmbtcarmwnby\olbster@hemspmndylsamhat| on
procedur eﬁhd(sf)%ﬁ@\%hrle' mo@&a%a'ﬁiﬁ&%l %%hb&ﬂgﬁdyﬂ(e{hgﬁjolé?ﬁmm artlf&GL rometry or

by ot her anal ytical ues known in he rel ative and absol ute
abundance%’c‘ﬁf’orﬁ‘tﬁ%'“tctfH%'e%'etr ﬁ?sﬁ*”tbﬁ’@eﬁrd% §ng %’B'foéib‘&%ﬁte RRRsIRRsEd B @ €pondi ng
t o each i dektulé isexbeled bitn b ttable isswipe (. atonasdiedtiNedgreoref g anothdrembsdinen c

cont ent a{p]g/ L, ?%%%9 Qui ratE %Ie%la%%%%d%ﬁp%hgql&?ﬂ\% |§bfto %hmfar% ef he

i sotopic cont en pattern are uan | n one
enbodi nenembediaent, @Pﬁ‘tﬁt% a@ﬁda%wwo@paﬁarﬁ&a%f@éab@fon@Wén“iowgotweﬂ@hewdt he
mass i sot epei®e hleenyL! ope correspondl ng to each identifi ed subunit or

ol eCUl nﬁsl%gm%elaggub% ‘?s %%%F Ea%) Ieg %o?gulanggésen?o?aggg ar%%?{g?lrngd q‘% n‘I| cs of

sel f - a§ i n mol°8¢c are en’ ¢4 ed by use
of equat i @ﬁlgthammmdtireﬁ ftrmthar"vingamtem greclidedified hyrhasa smomaﬂmlbap@w dynami cs
are conpageflticd tefch'rﬁqdé% @ﬁ@mﬁrtr@rartabﬁ@mv@&nd%@@aa l’a@uﬁdandéa@f 1A ioA®Wikhin

candi dat etha ents or conb {]ﬁ?tl ons of Cﬁﬂgr{ %’[% ﬁ d 6 tOI‘ I{é lesponse to

di f f er ent "PEEP EOGPORYS SRV WS8R YN REPL TG Qi SGEREEYr

conbi nat i ssssmblegapanttise F@GROtontent arhics pattenmeiithe mblacuires theratelvé clibppaoitios of

sel f- asseﬂptb!tm@gor?fﬁér%?& pQFteeriQh@%Féahe)fEPé SRHiRE. M de @ﬁw@é&‘x‘%@ﬂ foifpant i fied
and related to di sease di agnosi s, di sease E;ﬁ%gno& s, ther a@eutl ¢ efficacy

of admi ni 81%3PselUEZR1%aa%es Ch fons Witim fe srase O%?rPé*EY%OPSfCO ShATER'® agent s,
as wel | asadhadentiied guloling comeleguldr @d3iiblage aterjusbtéied bymassape@@nicap eTred

Precursor Q;@)a‘n g%?‘suf efaéen%hrwé éé{en‘%t ?Bol'o cél % 5@?%4'%%{}{% 85]919&%5'8}?&%'09”

i sot ope- | recursors mm tere m ni stering an
| sot ope- L&BEfi¢ kp?"ét'ﬂu”éec?r” a0d diseypsed 33 e salpatefYpRrBiet#1e SPMPRIEEIE HSe s
[ 0134] | spleogiee bedisbice[0dxdbiurd toconkior Bibrestasdiddtdlagarasid Eorhignatohed dhadidatd ux

rates '“VQJEe%%S%ﬂQFQsQéq%E?ordnﬁ@%n?féég% §su eatg%hgﬁrecuﬁﬁéﬁo?a%eb%%t@%P' etoa

l'iving system ur sor a stable
i sot ope o?om@tﬁt'éﬁss%?@ﬁﬁﬁ | sot ope Iabel s that can be used include, but are

not |i notoep 1k Qus rﬂé‘ﬂmeﬂ-&%ngééiNihe]a@Qamlc&bﬂ sell4$semBing,sysidts oﬂtﬂﬁxﬂg;ca%&leduﬂe@l’ ot her
i sot opes of el enments cg'lr@lnt[%ent ani c _systens

r di nent,
Lo PPet ofe e TRl b GER bod RaPLdB G B HBh R, EetiChrob bRl R IRRE T

nol ecul e ﬁfﬁgeref aﬁnynlwe@eaﬂd@ah@am’fg ag@fol t9xi¢ effsts| chbaildidaleuents as wmebapior at ed
into the dﬁg@@@g@@ "subunit" of interest, or it can be the nononer

itself dto m)dlfy all precursor nolecules -
di scl oé‘é 811@%8] %g?rgg?%F%g Lg%et'%%%e?%%oéls}ed precursor nol ecul es[0139] The
ent i r e [PI3AL wrssirstisteb écihé enethay obibe inmertip drotopedibelat preoyreors preredministargdini t s

(e.g. Q@@EF'%WQ&%@%R@O&O@E@§bel&ﬂﬂé&§§o@ﬁ/@iec&l@ g., a -tubulin, b-tubulin)).

Al ter nal | vel on t he precursor nol ecul e may be incorporated into
t he Sulﬂjﬁz’}( g_abeled ;?recursor molecules

[0134] Isotope labels

[0135] ‘The first step in measuring molecular flux rates involves administering an isotope-labeled
precursor molecule 1o a living system. The isotope-labeled precursor molecule may be a stable
isotope or radicisotope. Isotope labels that can be used include, but are not limited to, H, ¥c,
N, 80, *H, ™C, **s, ¥p, #}, "*1|, or other isotopes of elements present in organic systems.

[0136] In one embodiment, the isotope label is 2H.

[0137] Precursor Molecules

[0138] The precursor molecule may be any molecule having an isotope label that is incorporated into
the “monomer” or “subunit” of interest, or it can be the monomer itself. Isotope labels may be
used to madify all precursor molecules disclosed herein to form isotope-labeled precursor

molecules.
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[0140] Protein Precursors [0141] A protein precursor nolecule my be any
protein precursor nolecule known in the art. These precursor nol ecul es

i ncl ude, wotoevma7siet limted to, CO2, NH3, glucose, | actraraS20420psoacet at e,
and fatty acids. [0142] Precursor nol ecules of proteins may al so include
one or e_an rso no aci recursor
ol eculE3ay B ene BRrRy mA-nBey o Jotrelete de Aot SeREt o M Es Rl o
the precupwephofigiiise chdlastaneiye. b ealbiveuliny PHubrin)ofAlteBa@ively sd pretionPbKe Rfestisdli ne,
13Cseri nepoddfie gbw@ lﬂ&)rpogi'féé fahd@oudieN gl ycine, 13C | euci ne,

2H5- hi stidin euterated am no acid. Labeled am no acids may be
admi ni §Q1ép]edjr°t?’6f3’eé%’e§ﬁﬁl undil uted or diluted with nonl abel ed ani no

aci ds. [(Mul] iAsobteiperdcatsed m@equleemyrbemns protejn yecupor chiesde kremiethe eal Thesef or
exanpl e, ;g Q{E %blggﬁcluo@oglﬁ@% ljro@ﬂﬁlte(i%@?yeﬂ]m Wose[lg&éé]HZBrégeﬁét@ and

precur sor ecules may al so include any precursor for post-translationally
or pretrafsy 2dsonal | y nodi fied am no acids. These precursors include but
ar e nofopimrre@drsoomple@tdsros plogirgfmayeishyHcaitie ome Guadie aming layids. rfmepsee;nisnle or
H2O, prec 0 r

phosphor y':ﬂgf?%%ny%g“urpha%gsW%g%kﬁg?r "%%E%%y %%ES% P'g? ?}P @@ Gé{ﬁ?i%é ;Patl on,
such as fafid yFoaexample. ﬁ@é’f%ﬁ@or ms!@uleeﬁwne Ok@P@rﬂé “Gdveines Nyisil -or

fruct ose; sgping - §ry1fr$e - |e@<amdoéfnydmme afG- |eausél *AshisidRe, a@ﬂanﬁ?@terﬁéd ghms ose;
precursors dOfLaﬁcgl,gé T){'ra%gl %naﬁ)c a(dﬁﬂms%ere or e’xample,fungliu’ted%r Hll?ugscﬁmth HCt OS¢,

| act ate, &ani T 6CUT SOT SP'o i'on 'and ot her
post-tr aniebeied aynine agkisd Hlusc)bppeiﬂbsleqknr@msqrﬁ mahbe awr@has?d)qmermﬁly faegyemeleof

| abel i ng ﬂp(;rﬁ\@gmgr,dg@ |Jolfd:f‘)@ Latgg (mﬁd@g,l ). nay be determ ned experinentally, or
' 0 acid. For

b
) Sk Bt PRE g r o MR en BSuueany metsnt of msHraBBie Al S en: 1 1
C- H bondstralafisrety medied agdiochcos., Tase respeors frictidé byt arg mot tirfidA-taprieposae ofds,
during exﬁ@tﬁHétﬁ%n%ch’?A’s‘%@cln@ s@ﬁﬁg’or%eﬁreénf’%ré)& hk/(ﬂ@)@/?a'tlgd 86kh aUN%oTon?' nunber

of C-H bonds in each non essential amno agid.is

al ani ne, PeFYsagE FANpRPhoRBLon. push 28 PhopRiaty Hae of QQrPr??BTS@&?If BreF\gff“OErrSH?*é?sns may

be wat er fagy grids, aatey He@tadhianol, Retenelbpdics genosat orfBicose; Grddutson dbcaavayibtve,

hydr ogen i i
Q&cﬁgacg%é%n%@o%b%& %%Ersgré%f Hc%%/flafﬁ!)n sQ&n dTERSHL! faridl gﬂxfd Sile in

synt hesi s nds of proteins ar
aqueous sHIGRSPIACtatARIARIEN G ﬁ@z&@hﬂﬁj@rsews Oépmoaﬂ%twn@P%ﬁtwmértraﬁﬁlaﬂooa'H or
N H bondsmegifdafisnswhbroidtthetdie synt hesis of proteins fromfree am no acids as

el E&%ﬁ%éé%e%r% 1?0%%ré§%ﬂﬁ 9? égﬁﬁé?léﬁ%re @%@J‘dﬁ&%fﬁ‘e@@@ r%rﬂal I ét% m no

aci ds duri |cr &act|
The pres e'Pﬂ:%SSWGCQWSPéB@YhelnHm@er 196?{'63 Sigs ihaAnain;agkh TR SXatRiR WAen ¥Rindaf t er
2H20 adm d&igéﬁtsbt@ﬂesté%%rlﬁfe@ e 1aRARSpredeat intche b@fd@fo(:‘iréh aeiso assanibed from

anm no aci nthefreeformd 4n eriod of. 2H osure -
o o PRt R A el 658 kRkBlre YIS iy PR Al & iR TKBOS T S
derivati v@tam@tercbevmfs@ Hdondsdh ﬁacézlnlon esren@ pmivo gdd isduewmhue 8-, # Bretapineal in

potenti al @yc,,ceogtt;am nating N-H and O-H bonds. [0146] Hydrogen atoms (e.g.

deut t b t to f
o e S AU S ! RESE PRLA' S hhGed e 1
cell thr omger Hrodeare thediydrogdn aterheemadinaegdstbdiairolseshior magsuflig weteBH cannot

enter int %nﬁﬁ@%l@ﬂorﬂeﬁ‘aﬁsnﬁd@%e @ﬁ-@an@ﬁ@ﬁ%@ﬁds o@pr@%ﬁ%'aﬁﬁa@l@%u@éusts@@ﬁonarA% bound
to transfer RNA reeesentla ,am n rate a sin

hydr ogen BT POITSEA) FREPSION R TR Lot Brb e S BORo I SOGRR i o y

r ever si bl groteins from free amino acids as described above. C-H bonds undergo incorporation from H,O
into free amino acids during specific enzyme-catalyzed intermediary metabolic reactions. The
presence of 2H-label in C-H bonds of protein-bound amino acids after ’H,0 administration
therefore means that the protein was assembled from amino acids that were in the free form
during the period of ?H,0 exposure - e.g., that the protein is newly synthesized. Analytically, the
amino acid derivative used must contain all the C-H bonds but must remove all potentially
contaminating N-H and O-H bonds.

[0146] Hydrogen atoms (e.g., deuterium or tritium) from body water may be incorporated into free

amino acids. ?H or *H from labeled water can enter into free amino acids in the cell through the
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transam nation reactions. Free non-essential am no acids contain a |arger
nunber of netabolically exchangeable C-H bonds, of course, and are

t her ef or ewexp@atiesi2t o exhi bit hi gher isotopic enri chnmentcralSe@s/ opsdn9

nmol ecul e from2H20 in new y synthesized proteins. [0147] One of skill in
the art will recogni ze that | abel ed rogen ato fromb wat er y b

i ncor por ateagiorhef ﬁ%fﬁ}?@ﬁafvé?ﬁt?f’& s i "\ff@" 8%'?5’8?6'{5‘? gﬁ%@ﬁ'ﬁ%é‘?' ﬁ?t%@fgs.‘quor
exanpl e, intpeptile bomisror that drbowndtio rdvater Ridr Sgeressdnbarmminoaeideatag mcorpgratee

I ncor por af; gﬁec M&Fq%gr%édﬁq%ﬁ% %dzwateﬁ.wattﬁ@% loSrooH ctm@onert%ugrs@ﬁld%@@gml utarate

inthe citr acl tamate, 1 n turn, 1s_known
bi ochemi ctéqnsﬁi“@@éﬂ“sf%ﬁd“?r@r ngewpaﬁﬁ%?@f'a' B‘F‘@Plaﬁ'gs CORERN %P&iehi’%%ber@y vvay of
anot her exatapdlieally Rychangabie @t-10 bends | o ro e pndhare @rerafery elgectadcoexdiitatgeer | nt o

pOSt tran%&t%&%}%L%Xntmg%fg?%o%mlgﬂorﬁ% nﬁé\@g%%s&%? r%ﬁw?yl group in

met hyl - %@ e or hydr oxyzi ne,
and ot &gl Qoelvépkilbinthedrtydl] eeppize glﬁgelﬁgs’dwﬁwa%ataméfrwnamvw%ertnvﬁwé of skill

in the arecorpddd@intddtheg amindteia® vig blherliiéhemmyl pa{th@ySbEFor éb(éﬁfplwn Btkaswn At o
M e N e T,
enzyme- capratlym@ lfem@lﬁar@iﬂsl the ¢iltio pgid pyetel 6h't8tﬁfa’f€? srtierlnela kmwgéhe thet o ami no

acids is Bl@&‘éﬁncrappr%%oiafor §llﬁanel ﬂoltn@%n@ra'? mu@@ﬁ}’%y%ﬁ %eﬂ&bém%ﬁesg deyen

i ncorporated int ctl ons

o] D s P o Bt P B Bt Soar s BEa e T s i
nmodi fi ed anthaoethgi glep.in B-0k49}Hhidtdde doreinydamy gmupgemydtoamltaebrf@mwﬂbmeed wat er
al so may hbe, dtﬁbf;&r@m&ragmo écméamﬁé@.mtmyggretkmm%o@@%#s-Ktnn@mébatI onal

modi fications. In one egbodi nent, ost-transl ational nodif |c%§|on
al r eadyOHEY Piean M %e@b’HaW%Prt@d'é‘??rH? ateslinig SAMOACISE §He Ui G839y Aerratayeed
pat hways pattons. tFor @asipter anygéradxcioamgé intoitdée Earb@dyliccaid rhaietaoicintiegr acisivogi ment ,

the post- R gpﬁnﬁ%g&g@,h cgagﬁefd'rg&mrgn wg%ﬂag&%f%@@a% J) @Pﬁko%my ifgen,

oxygen, n fromnme derivatives 1nvolved in the free
exchange- K@M’@It‘é@"qﬁék'%@é’ﬁsa”f FONIBARMERR'SO RS Ipgosrorasest ipfe@mito agide &pm

post-tr an§b§ﬂ1td@!§ﬁbnmdlc§ﬂaryﬁdl redttiisapcli@ndhydraxairbiyk atybiorylysig dr otngrl past- on,
phosphory{rat |a90r1a|l;Preanedaak onac1d§U| fation, carboxyl ation, acetylation,

gl ycosyl a 7o, 6r '8 NOWnN ost transl ational modificati ons) . [0150]

Pr ot ei riO‘p‘ﬁbdi)'rﬂ@G?fsaftdh%fvgeaﬂ@e@u’lotnd@ﬂeé‘?dfv@ﬁer algpinsy se inserPater iitwenaing adifsect
i ncl ude, fhkﬂugl@-b@stﬂ@ﬁsldtlbrﬁ'ﬂl Fr@éliﬁéa@onsHZ@oneQ%ole’dat m@féo&ﬂ@%slatloﬁaladﬁlﬂbétﬁﬁ to the

standard 0 aCJ un rot el ns e 151] Water as
a Precur s%Fearﬂ})bm%'ﬂf Bde['%Téef]hyWE%‘rorméygsn rroeug (s)\fng‘ F ¢ pa%h &r H"Jr?o Rt DNA and
ot her bi ohwiseberiabwogimahioradn Bli%edsmbomeré dleshpos- E%Iaé@d/\m?@i'ca(@ ay, heavy

wat er) meycSese Ia’%’éle@ hidr Q?Hré@%en' ébrlgd?neoﬂFﬁFdQ@xﬁjﬁorﬁ ﬂié%bllch)%ﬁ@tlﬁbs nﬁ@ﬂaé@h

be. pur chalEqes FONPEEHBRRIGEIPEE ApE CALCAT AHAB o g BRI HGP y bo.

pur chasedmodifigation sEtemmg\lewtrEragbrahmhrmtatmaphosplmylatlon genktierl, sul2HPO (and H2

180 is nE’é’rbé@QhéﬁaQée't Ya%or@@gccgspl'étﬁm @rro%%?m&vnfp%mfangl%ngl'nﬁdﬁzﬁ@é’cl&ﬁ%r ns t han
radi oactive 3 21 be adm ni st ered or exa

total BBBY! HetER P’eé‘r”féo"St VeI EUaSedpr %Wtﬂﬂfé‘i”éPtoééH@%mr%’% byta (ol f“?}ﬁ'méeq iters
wat er cons®uREY qmmte@m HBID, h aedditioh teeths sAM2MI asinc aciduived)in pdotelrﬁlflzo IS
utilized, éh pp-toxic anount, which is readily determ ned by those of
skill in ? e art |s admi ni stered. [ 0154] Rel atively high body water

enri chill Waterasaipeirspr MolecW®o, of the total body water is |abel ed)

[0152] Water is a precursor of proteins (and DNA and other biomolecules such as lipids). As such,
labeled water (e.g., heavy water) may serve as a precursor in the methods taught herein.

[0153] Labeled water may be readily obtained commercially. For example, H,0 may be purchased
from Camobridge Isotope Labs (Andover, MA), and ®*H,0 may be purchased, e.g., from New
England Nuclear, Inc. In general, ’H,0 (and H,'®0) is non-radioactive and thus, presents fewer
toxicity concerns than radioactive *H,0. 2H,0 may be administered, for example, as a percent of
total body water, e.g., 1% of total body water consumed (e.g., for 3 liters water consumed per day,
30 microliters *H,0 is consumed). If 3H20 is utilized, then a non-toxic amount, which is readily

determined by those of skill in the art, is administered.
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may be achi eved rel atively inexpensively using the techniques of the
invention. This water enrichnent is relatively constant and stable as these
| evel s arwormdantizséined f or weeks or nonths in humans andPCch/usz@soeseent al
animal s wi thout any evidence of toxicity. This fi ndi ng in a |large nunber of

vesti bilal PRI TBDoR VHPGHTEEES Bl THE SIS Al BPLLARY FRYEM or s
has di scomay iechchiredd ralstiveyigxpensivalp Leihgthategergquen oﬁbdymvw&rbmrﬂeerwat@mrrent are
prevent ed, (6, Gy s bé(at!vgﬂltciar?sé g%ﬂ@ snéb%afs%ésg rbvble am J‘rtarngd ¥ fedks dPS8sths inhi gh

body water enri ch mal ntai ned wt no toxicities. For
exanpl e, H4¥ENP BY '8Géﬁe”B‘P”EW%W‘&OPSF“W‘&??”&%Pfeto’QWOT%ﬂF WS M BIES er m
mai nt enanmﬁmr@f of&rﬂmbﬁ btﬁW§(>l1DO pdrplelis cbAbanain geevats calcahs mjuyvdsmulaex pense

(e' g' , C xrcr |e ﬁﬁr?dgsggg énr %@frthetcgrgéen[ ﬁven?ﬁ éltcr%%m% eo] tﬁ?{%g 'Io'ﬂg Frap%% 2H20

enri chment, precursor poo
for 12 ho@hasgﬁﬁm metengnr@hmzrmareerj@\ren@déﬁ g 1*walfla4 é@“‘l”@h%tloﬁé‘ whalli dvidasnt , and
}?hlust /- 8?@&% ) rﬁ@ﬂ&@? wlat:ér {arﬁfdﬁmé‘rﬁs (Efrzﬂmlé@(ﬂ’e nhlﬁﬁélnéd}ﬁrthtrha&xrcﬁleé i Fofl pxanipl]l 55]

el ative rela ) wat e N & r
admi ni st rré?r tfo??ﬁnrrj%raa%avargf) I—q'%t SB ?/erm madrten%nce a mr%th%%t&% tgeog— ope,
| i ke 2H, %% range atrelriively lcamwpaws(e gopalpﬂ@lngeﬂlglog/m ¢qstfah¥ mhaeths eflabelingk as a
resul t. [Q3564,6cRicimBRESHH tRQ Bsd @ARAnehaP Bk afiniE greunrg@rrp@ororhaﬂ. fopids may

i nclude an precursor in S r_ nol ecul es
of Iipi dsh%’ﬁifj et "f\,ﬁgc'”%tﬂgnggr@e}/qu&e? ?ﬂr@hm%@@” érélﬁt aetp emﬁH’Beﬁ‘ &ty acids.
[ 0159] Thieugiregenussor pavkipr tikigericdjcl ude | abel ed water, preferably 2H20,  which
'S a pt[@l%k']r Rlat d\];eW hrgfh?nEVethﬁblg%ns@nYl%ﬁg/ %tenydrﬁﬁr%er% fo@Q&’rﬁrm%éfﬁ@BﬂJI F0O may

chol esterol erivativ 13C or ,2H-l abel ed fatty acids, Whi ch are
pr ecur sor 354 ‘E?raCP‘Pm@'FWe?‘P%ﬁatBe Bhi?é%’ﬁ&kieﬁ" dROLEHS| %’?t@?%%@%%"r ta coani des
and ot her sigrifegbthealthdck aon redbit.acet ate, which is a precursor for fatty acids
and ch%%gltre;_rpdpre&ﬁs which is a precursor for fatty acids, chol esterol,

acyl - es certain oxidatively nodified fattx aci ds (such as

per oxi d@§71 thabelect MeqursorE-Sf fieif Bay INgudeany PipswePTslipid BigaMeNs- by non- enzymat i ¢
OXI dat ijy@sdamagecireorgnaledulks bAlpldy nf be €D, NI Caludke, Zdiaid, yr;@rambtatev\bndcrbw s a
precur sor f(%r acyl -glycerides; 13C- or 2H | abel ed acetate, ethanol, ketone
bodi es or®f&tty acids, which are precursors f or, endogenously synthesrzed
fatty d4i56k,The n@bers@reraylalsamu:ltﬁéiﬂbglleﬁlwetﬁr geeterabi 4-QHvhinh i9 3 erepypsIfesdatty
Zlhfl est ter QC!rdsoélli:]deT@ meRtyl of ady- M@&rcﬁé Bﬁ‘dlé’s@ﬂr&gn@ﬁd Rridgtivels 13@"53 21310610 fi\tti/’lor m)nFS)

i soto recur S A\ npl e

from Canb%"ﬁg‘@f &é?f? BIFEUEAB L rJQH&‘?J%;S? ph%&}&'pﬁﬁl%ﬁhmﬂ? COF%ides and és?ﬁecr h as
gl ycol i pi dhigs; B@wﬁﬂ’t@bertgiedmchaﬂd preeyredyfedatitasidg amm@stﬁ@l °0,, whlch is a

gal act Oceﬁlgafr&? kil ehty 2688 cﬁél&%r@eaéylagt%ér%sfa{n@ A SV RN E] odrﬂé@ |fé4@'a8163 2H20,
which is precursor fo

ugar - cerehrosi i ng, but
ot 1 m 1 GHER . PSR T S DS R ey e W?%%fﬂ@m i
gl ucur oni carsegiede.g.atodattylacidsy 50+ @ *eaiydersiubviict ie b prachisor fat doy!- Myﬂldeﬁmr%toy of
cer ebrosi g—?@bgﬁbdacteg?e étﬂgﬁdqg@t%hélﬁoo(g%'oﬁaﬁ Q(f,rdsc@ﬁr@lbér@%&@r%ors%en@égeﬂ&@fyl abel ed

fatty aci are precursors % % %/
cer ebr osi W@g‘e%qdf%t%yl GICHFd’%‘o‘eﬁﬁerﬁjﬁé‘PY'?iYcﬁgdeénﬂ’do [REr d%trEi%P ?/Sé%m' F#L61] The
pr ecur sor d¢@mbtesiliiuany bixeadis antiefetetichotooneen exitistapk ldbeletl decurb@4 62§ bébdes  of

Adni ni stegroafeggace%eﬁasrg[fgﬂe@élnprxbmc b@cggwa Bk BLbNAnddiEr, ARG or nore

i sot ope- | recursors my var Ip
[0160] Complex lipids, such as glycollplds phospho ipids, and cerebrosrdes (including

galactocerebroside), can also be labeled from precursors, including ?H,0, which is a precursor for
the sugar-moiety of cerebrosides (including, but not limited to, N-acetylgalactosamine, N-
acetylglucosamine-sulfate, glucuronic acid, and glucuronic acid-sulfate), the fatty acyl-moiety of
cerebrosides and the sphingosine moiety of cerebrosides; 2H- or "*C-labeled fatty acids, which are
precursors for the fatty acyl moiety of cerebrosides, glycolipids, phospholipids and other
derivatives.

[0161] The precursor molecule may be or include components of lipids.

[0162] Modes of Administering Precursors
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upon the absorptive properties of the isotope-I|abeled precursor and the
specific biosynthetic pool into which each conpound is targeted. Precursors
may be deWoOwessad781e nul ticel |l ul ar organi snms, includi ng expaszevsoeak ani mal s
(e.g., various aninmal nodels of proliferative di seases or healthy ani nmals)
and humans, direct for in vivo anal ysis. In addi tion, re%urs rs may be
adni ni §Y187le diopes ‘?)‘lafi%@‘sfeﬂnﬁp h\‘?loﬂﬁorc'B‘PrFéSOto[’ﬁf@ﬁ'f BISAETPUT Wy SPProPri at e
node of aghoh tHestosaptive propsrtienef theadtogerlatthleciasecarsst @aldlye spteaifiebibsyuipbticgiool

pr ecur Sor; nt‘é‘v}hn}—l @aéh%n@b%yg{arb%tédc PRRA éor@Wy%E dblﬂe@dﬁ@ﬁ@lfr&é@ulér& Rl ng such

a poo a transient perio . Intravascul ar {such a
intr avend[]@‘)d'r&rexé?rﬁfl'e”%%ﬂ"é%'s 679 QAP 2Smak edels of péo"f?ﬁ%ﬂ'is?ﬁsﬁ%rd‘ef"g‘y
admi ni st eémrﬁéd@han@hﬁﬁws%)d’estlytfﬁr iovigama8eE, In ddiiordiprgulacas be Githieisteragilit es  of
adm nistra yﬁg as subcutaneous or intra-nuscular adm nistration,

Vi ro hvmqﬁ e
optional ly Sed in conjunction with slow rel ease precursor
corrp05|[Q1i66]n§'enar|8'é/ all aRprappipte 61cP At AMITHIRHYSE PROWE! ArRsucesd Beady sietedpye! of

general | Yp rQ&lMW@rdn e b%&@ﬁﬂeh@pdﬂﬂ&fd]ﬂi%feb@%w KXEIViRY SUth S pasl forst wedtla known in

the art Ade n onppnent s ecur Qrs_or .ca nts) to
cel | nmedi PEEK %Sgocﬁgﬁ@e g‘?raYaﬁCl{}% ?“C gygf e T 81%%' ro'&)sté}ad%% Sﬁat%g% ality
of pr ot ei srsnraondy wseheradministatisteh pfcusselsfto arogeipm$, |mgld@9§t"éﬁ'i$ (S?’thtﬁlfQﬂt%gifcal

ol ecul es,dQdi&Bkiod, @ucf?lra%(éblb&l’(a'ﬂgodsrb@ln%—ﬁm@@lé?fadhh\%trb%\ﬁeéﬁhb@"l whéh l%@@mas pect,
proteins and subunjts of othe el fasse

ol ecul s PBIEn YR SR TS PSSR BT b e SR BEPR RGOSR 1 vi ng
syst em aciejettibhrace denemit mmsedhm sterile pharinbeeulicel excjr®hBAs isfwel kopeh inttye ot

mol ecul ar &?@qﬁ@é%%ﬁe@@(tﬁyr p e'&@r@or? BPURbikSte Qéen‘f’s? b ceRSRarRbLh BOdsessems of

bi ol ogi cal | ec S are acquired fromthe ITving system The one or nore
bi ol ogi caY"&H§{§MEs may be obtai ned, for exanple, by blood draw, urine

col | ectio1@B], Outpsya plaéllty)bﬂ’[ﬁdftelﬁ@ér’mmﬂ&r Kubovits df Relf-dsser@bling sdtemoofdiotgicaior e
bIO|OgIC | es may be one or nore biological fluids. The proteins or
subunits oP aﬁ% er self-assenbling systenms of biological nolecules may al so
be obt 491661 1 praHckp Eei methodgi gigrirventiont in 98z RWetioRrOlglRG 2BEPYPURIEFECRYI#I si ng a
tissue Oraéééxgalﬂﬂg sy§éiﬁ§bf®ﬁ>ld@l¢§l@hcﬂeculeb Ve, pHagstionpidsacHoRis kol drs Stitginedfras4 at e

ti ssue, endonet Qanbreast ti ssue, or any other tissue

VI st acco angs(o nfethod noWn ] ktln
or cell B %%8 (€% ? al "¢é"'s of any tissue). Proteins or
Subuni {153} Anltrelty @@noﬂe;sigwgﬁmwggessw@@/emeecﬁubtm't@ptﬁgif@asfem%m%%yaue% ofray be
obt ai ned f)lélgﬂbaﬁ‘nﬁ@@tﬂég ér@a uﬁé’cpfr&‘)ﬁ th@ﬂﬂnh@sys@Hﬁh’hé%né Wre@ﬁlobx&al@émﬂéé’lel’
growi ng or non. tgr Oy {]9 P(goOt w e o@ecgum o) or&hermet o Tm assenbl ing
systems of"@hPoPEYi¢Ca ?ﬁ?f“é’ u%@ a?l Hﬁ@ BB RIORY O A "5Y
parti al | ythparti Thechemr mogoliciogeh) Sa‘mmﬂﬂnnavéael@nebngoréalologﬁﬁ’ﬁlulés uB‘IermotS'ﬂfaﬁfdar d

bi ochem Cﬁlbu%tolﬁgtq& ééﬁ'—@%nibfhgté}geﬁgtnf bl&l%ﬂnolgaﬁesfrﬁ%@%)éb@fne@fr%09| cal
sanpl i ng can_var en |n asﬁgp@eren % ctors i cI ude but

o e ot U1 SN O SSa: haest bg SUrSRABPTE o ZHD N & BHEpe. B
br eakdownbraienairadal ﬂsalhe:-‘,moeifatettlseuqaem&lemsl tepueoblhed, sisubhoesist tsse, or any other
sel f - assefli|,L BGH Y& ?é g. bé;ﬁh&@‘ & of@ﬂy ﬁ‘s%Ue)e@rot@ﬁ%rst@mn@&ffoTHel' fgof a

t her apeutl CcC chem caf' nt or gl cal” a ent éﬁ{?‘g her apeuti c
conpound) a%%awplmgﬂ%?reﬂo tb@'%'cé'ep?'ecu§ﬁ|”f?éilbe 0 P'”ﬁ‘h Sf"??f'é@]"“?’ro a5 fechang
subuni ts af tusbhes sedltfer gmaigior hargorewisg ediis. Bloterisol agiugitd of mbkresiHassembliyg be
partiall ysy%l’eHs olf GSIO@Qaq/m%recuIéé)él?& rﬁ% I:ter cfﬁ'fglr%'aean%rop%%@ &H@Ilm}nﬁéﬂ orid deS

dependi ng—0 renen assenbl ages
and/ or sufsen ﬁ@'qwalf@“”ﬂ??d&sﬁﬂ sgnérd B‘a?hefﬁ"@H“?tHOdé kpawn BiRe BF ways known to
t hose gkies] eltﬂmelfr@qlielﬁ@/ @blologRpeagbing camvad adpeadiiesn GRNPORLRIS SUCk fptoesent i n

the sanpl e Ifjﬁ?ﬁn% alre not ujieldfte Ce%gel gn sg%wﬁ' o‘?@e?méxﬂg ls's,ﬁjtﬁes% a(?*l%tbFe%Q@o%nﬂe%gval

mol ecul ar !’
rates of the protelns or other subunits of self-assembling systems of biological molecules, and the

half-life of a therapeutic chemical agent or biological agent (e.g., a therapeutic compound)
administered to a cell, animal, or human.

[0169] Proteins and subunits of other self-assembling systems of biological molecules may be
partially purified and/or isolated from one or more biological samples, depending on the assay
requirements. In general, molecular assemblages and/or subunits may be isolated or purified in a

variety of ways known to those skilled in the art depending on what other components are present
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and chromat ographi ¢ techni ques, including ion exchange, hydrophobic,
affinity, and reverse-phase HPLC chromat ography, fast performance liquid
chr omat ogwepbys/(1FRRC) , chemi cal extraction, thin | ayer ebrarsatsgesphy, gas
chromat ogr aphy, and chromat of ocusi ng. For exanpl e, sorre proteins may be
purified using a standard ntlb colum. U trafi

di af i | t r alitFpBEh R dRE Puf ﬁat@BW%WFf%@%'?ﬁroﬁ?%‘ft@l RO %EWQ‘? PUH! are

al so usef ald ch%at@mm&chgqmaéalncjejlmmorseucha’rgleewyplwphdhlocaﬂfmltynartdee\t@rﬂeﬁpmese see
Scopes, Ryp| PEbRbDgrEsHy! #a%t%@ﬁér%nce&ﬁﬁlh@%ﬁwat\{SFaF@ﬂ(FPW ér;]egr@(?a) extrkb®ndagr ee of

purification necessary vary dependin assa onents of
the syst eﬁYerPWO@S‘i?ﬁraP'?Ysﬂ%ﬁﬁ?é%“arWr?ﬂW|a|”ij EPMERToRINe. her E@?s%ﬂ"i? rf%‘f?O] I'n
anot her enbypek peiféd usinges sndbreiantbody cau NiitSiltatiorodrietafisetidn-tage@ndd, inng

Syst ens Otf: ng} ?‘oﬂ%tﬁ? oterﬁj(%oﬂgéhltrgt%n( gre%lso u '|aﬁ£%ﬁ£r§|tb’u%§h£‘?n thaHQOSphOl i pi ds

and/ or cho or org ranes or elin lamella)
may be hyBigeafiseigchitiauss. we? WFapss, d’eg*?ra@@cf’w'ﬂpaf'm RPEGRI-YElRg, rH)Y gé >e§ e

Hydr ol ysi %g@&i@dﬁlcétmﬁ |n§<€€@sa&ylwlllmh@[ﬂ;nklﬁ@wlﬂthb@séd?%nc&iédmpoh&ﬁi; oithagystebut  not
limted tps eln}ances nydrol vsi s” tgesry Sg@ aci d hydrolysis) and bi ocheni cal
hydr ol ysi ¢ {)g]uc'h ;5) ase e r'adat n). Hydrolysis or degradation may
be condU@fkdn emqth@eﬁmb@ﬁmré tor prat[etnepr WPmiﬁlOé@Ihﬁ?réﬁ'f-a?ﬁ?m@Pngl syefpras pidticlesicat he

proteins %ne&&qebt §a|9£toc@1eéws'd§%+ broasreaned éﬁag)rsmés@?@f {glabrhﬁbﬂﬂbéh%he

Ul € e by o e el b b8 ol SEorfics AR Bl ¥l ™ ©

i sol at ed, mblgcuesn\Hydiolysis alethpds in¢lidsaany orethed kineydsn tha@rtuidévringHPLt ot 'F-?FIE@O gas

chr omat oggaRh hﬁ?dlys@'&ﬁﬁ EQQMﬁﬁ%ly%vs) %%&her%éﬂh rBlﬁ‘sﬁs hha%g)% ofbsseparating
chem cal and/or "bi ochem cal npounds known toltL?rcs)bS?) n the art.

[0171] AndFdRaEoy oHYFSIVSH5ers Se%ﬁ‘@é'f’? B‘H%é'?"r el dvaacs| 6%?"@“8%&“?" $HEht i n
proteins ord/s idolatiort f tefpraitihesr sselrits abaieréli-agesyimp epsend ofbiorigogi cal
mol ecul es 8@@“[&9 qu})ﬁ)ﬁﬂ gfgut;{’lﬁlts {hgl" Ifnégggeﬁggﬁg 5@@4@ o'f oIE@@aI ﬁf\rolfecﬁég:gsdas

nass spectrorrepita/ gas chromat ogr apny- nass
spect r omefy b exrialppuriiipd of @”@'ét'?‘%?t%%c%‘ﬁ%@%%%tf iggfion G@”ﬁo%'ﬂﬂb‘gng
rati o- combpse,iFPEMas chioma®Qtaphe gélatdcborbypresie] andiosarybiher mathiods of separating

chromat Ogrm&él Q@ or?{oghcﬁ‘r[éﬁ%@éuho%mnm fo(?l%sg@(mm {hE)értaSS' sted |aser

desorption-ti e

Four i ed0t7Ahrfdelysien i on- cycl otron-resonance- M5, and cycloidal -Ms. [0174] Mass
spect rqm@prmasgcgay@bﬁqefml ecul es such as proteins or lipids into rapidly
?g;/: gg @%ﬁgq %dfcoﬁmﬁmafrﬁ]eghm pp(g l?sscgrtsétpu%g]s gf%tr;[epg lfb a%s%ﬁbhgés}st%s of %%8'8%|0| ghar ge
fragment smomwe&d@u;*?e deteunirad bl)’dafrm'agmﬁ@% h@vwnﬁbgésﬂ BuchAS M AERACtTo ety
pluralityingliiRy QU 8bthsited to%@%ﬁﬂﬂ’ato@fa@hﬁﬁwa%@&%fr@tGWS?GéHt@@ ratloQd=68]

Ge Iy,
anal yzer SIRORRBGT COToPr (P Ry DUl pCTtee ATy SOFe 05 doown i n ¢ he
art. Thesehromatbgreehy-Mf)teleatr@sprag fonizilirint\dS] matyjx aseigae taser deswpton-tieal ffighir s,

el ect rOSpﬁ/@YFéJﬁQr‘ e oL :on%V@HfoHQQéoﬂé‘ncell\ﬁm ahd 8RRidatmg® of flight mass
anal yzers, ourier transform ana ers 0175541 Mass ectroneters may

al so i ri%ﬂﬂhé"'%s ﬁ&%?ﬁ%’i“etﬁfls carveftapalariep 6 7arl4 Gifgo f@owwc,qaa%%ls but
are not | ions tretkeparatediasn @hihs badioofitizgtmass-tscurgeastiosuthe distrigltien of Gotopepact

chem cal H%Ué&%‘o?@& of ﬁ)ﬂg ofr ‘pﬁ Ifrgg rhémé %ﬁaty In@g rbe ﬁger?vi@ Heaﬁﬁe ﬁjlg %Q[ogfc'eﬁlrbh%w ces,

such as fre tion, tom matri x assi sted | aser
desor pt i o3 Rﬂﬁ?lwﬁpmﬁﬁ'n%ah%ﬁamha@@r ehlesierl mojegdes:
desor ptjp1s] | Goneat, n2ss $fdtifohetdra inauidé b onizatbmmears a1d mendva asal@eal A/aenter ey be

coupl ed ( g@lf%@nt beésséf n%ags §|%R/%r§ra?e HAGHT P4t These include, but are not limited to,

magnetic sector analyzers, electrospray ionization, quadrupoles, ion traps, time of flight mass

analyzers, and Fourier transform analyzers.

[0176] Mass spectrometers may also include a number of different ionization methods. These
include, but are not limited to, gas phase ionization sources such as electron impact, chemical
ionization, and field ionization, as well as desorption sources, such as field desorption, fast atom
bombardment, matrix assisted laser desorption/ionization, and surface enhanced laser

desorption/ionization.

31



ions, then to separate and neasure gas phase fragnent ions. These
instrunments generate an initial series of ionic fragnents of a protein or
phosphol iwoado@voiesiel est er ol or gal act ocer ebrosi de, and PhESg@sRLAEE
secondary fragrrents of the initial ions. [0178] Different ionization

t hod t he devel t
ot ec i gudtFBp IahPTe B T8 et DR HIER BB BEREr i BrEges P "
i ncl udi ngiops, teeitasspapkesp heksyé dzs, Phged m@pmrwsa@swmtmp@g@r ol .

Techni quegiiffsefidiiciohi¥ F}Qgrhéh\fseof'ar!ﬁété!ﬁi 8 HRLSHE 1ﬁ|@§|mh@l¥stb@mr§§bbt9&re{b|f&hd)e and
matri x assi sted | aser desorption LDI hese have allowed M5 to be

appl i ed i #IdHACASRIESRoNFEH rﬁmsf N9} {98 separ at i on i ntroducti on
t echni quies], Diftecdnt @sizétioguiethodhare b Ggevaphihearntd Cpapey ddxancehesbeen the

el ectr Oph&.;rv@@brﬁem L%ﬁ%lqué&oagmkénbmlara@%n 6854 &Q&Sﬁqaammdmg%%;hsed to

separation nmeans suc as c romat%%ﬁ! hi gh perf or mance
l'i qui d ch?@ﬁﬁtob@?saﬁ‘ﬂ?ct‘(qq [epide,|apd gh @nﬁ?%ﬂ&?ﬂ’u‘ij ”H%a@%e RgyBEChETRet ry
(G MB) ,  eaquiokpray ignigmbi (BSS) dhtl enitrx agéisteths@maicpgioaMALNE Thessphaad attiwveact | y to

the mass ME&S t%%]%)rgﬁédeiﬁ C%r Oﬁétl?rp\ﬁilﬂl ﬁ/oh\l\}éﬁ% %gnglejs%éaractﬁpﬁﬁr@&&(lon tlegh ?}pf}? sk as

appl i cation, 1i:] umm separ at es sanpl é conponents
fromthe @aﬁwﬁ@”@é?@rarWWﬂS*r@P'ﬁﬁmzqnﬁ@'%@i?&Pf&?‘éd conponents are ionized and

Che(rjn Cab17y] armadowbﬁ!dnés@ sh&t@omBs s rﬁdy&@tcb@m@iteEsepa[réixw&]earhsnsugﬁaega%l in order
to determ,ne

ot o equ |onfor t he
protein of " %%%ﬁ@y (%8)03'1 §£F'§ rfngg%er '8%‘98@,‘3%6% raXr&yhg?F_é Wé such a sanple
i s taken @wéroategraphly rsiseapasfroragiryi(G6NPI earliipry colates kain pgéitwcy@atog@jtﬁﬁe a
nmeasur ene&;u le§ dRREy maééfsp&ﬁ%ﬁ}glé %B!lcﬁ‘]gllyl Wink Rget&Bdratort 1 ln%ﬁélﬁarpéppﬁﬁaﬂ@rﬂl sm

t he natur ccurrl mass i sot o rotein or
phosphol |§F % g]""ﬂ%i?gé 8&%&%@ |38@ar8tFS SO %%‘%"é‘g’Bgl?s @ﬂ@ﬁ?eéa@@? ®tissue or
or gani sm mixtuypazrd tod sepapizdebaperentsafe isnibjdert shdvaivalin gnadjized indre massi 1 onment al

hi storiesgapepy ation isotopomer frequency distribution may be used for
such a bacquound measur enent . Addi ti onal | such _a basel.ine .isot goner

f r equerd@{OLiT generl N SReniageiaINeS ?aﬁﬁwsmasaéPtﬁgowaweae Rty
abundancegrotain drmdspms;d oan1aomcampdoe|ple prehnlastamo sudhteesamatelis @kerdi®frelance of

13C pr esem{“u}gi’oﬁ' oPangd%pg.:ast I‘&ab e?:unjsorl it a'}@amg@ rge &@Wam &e@%fﬂ%ﬂﬁ:\a in

i sot oponer frequenc uttons are di scuss | ow. ica
of the pr tﬁ?éﬁ'hﬂ%ﬁue Bmgcww thsing&rally ogMBine Fe@epry of mast ERtéPP“i!ﬁf? oirthg HO*&Wd
f ol | ow ngorgBsphblipidsak baactakreBivsids ot dpiesidtol. WWhEhlBAd, tee@satiorgagisiied pdri ofe and

Absol ut e %{)Eb%% c%n 8%9{5&{/@{%@%ﬁﬁ!%%@l%ntn%%%%]lst%%éséjﬁoggla%ﬁ&t&@ﬁ\g fréa(iue

hei ght s, erna e areas un e expres ed as
ratios todigifilettiomeaphe esed f‘{T'Eéﬁic? bAgkey Ow@dﬁ%ﬁﬁ\é’?mﬁ%t‘\éﬁiﬁﬁf‘é'ﬂy SLFCP al@sﬁ'ﬁ%r eci at ed

that any @ab&%@&mmnm&um Bhy w&vme@d reingkhote aﬁt@ﬂg@b&@blﬁbﬁnd@&bé{ﬁﬁ for
t he abundaqc use

rs ) ng such
Gt for PREaPbeBLRER TS, IR odyBr R RS, ol P e SRRl 2
Unl abel ed?. m%pmﬁmp@!ﬁr\ofdfetemlmn@w@b isgtopSneyUsauency fistgpuiiens %eﬂﬁcwgww ng

Systems ofyRiaf, Qﬂh&%‘ of Mé'p%iéh'ﬁ 85pHoSkBidids 1 @ndisePp@atd taikenGriod taBRd RbviMg
unl abel ed (Prot ei.n fa units of other self-assenbling systens of

b
bi ol ogi caf“ND Ftéa&'ﬁn gan; '%D Otpf‘?éﬁ cal cul ated. The practitioner first deternines
nmeasur 4l 8ék ddessunmg |Refativeadridddsdlgte Masolsetbeandr dovroposesr speci es of a nol ecul e.

The pragfghi 'l\ﬁ’é&@ure& Fh%@s SHabiRb&ar h@ﬁﬁé Lgr%ﬁ!erhéﬁ/@{{' WA arBAUNBE I OfeaR Q@a?%er atios

to the theoretical patterns. Such theoretical patterns can be I'cul at ed
usi ng t he®BYSTSRA 2 25 PR R Srea Z‘fi‘:i? 8PS ‘B?IP?%#?O?OB?'B‘EH Hr‘%ﬁ‘ﬁp&‘a?g 8% i bedin
U. S. Pat ecdicudtisn mbar333jda®aivids r&dile 40Babsaintd vBlue 0Or B4 Bbuddarcdes af isotdrermelsy

I ncor por a%%dsa%e may be used in describing such data, for the purposes of the invention.
[0183] Calculating Labeled: Unlabeled Proportion of Proteins or Subunits of other Self-Assembling
Systems of Biological Molecules
[0184] The proportion of labeled or unlabeled proteins and/or subunits of other self-assembling
systems of biological molecules is then calculated. The practitioner first determines measured
excess molar ratios for isolated isotopomer species of a molecule. The practitioner then
compares measured internal pattern of excess ratios to the theoretical patterns. Such theoretical

patterns can be calculated using the binomial or multinomial distribution relationships as described
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reference ki their entirety. The cal cul ati ons may include Mass | sot oponer
Distribution Analysis (MDA). Variations of Mass | sotoponer Distribution
Anal ysi s wbl2myoicsaebi nat ori al al gorithm are di scussed i RCR/US2005028069

di fferent sources known to those of skill in the art. The nethod is further
di scussed Hel | erstein and Nees 999 i nkes t al.
(1566) - AR ScErieariae. Sath st REEER 1693 o4 ERuTre noRar BRIPIARH Flati on No.
10/ 279, 398feremké indificinvdntiety. éfheceikmraams rmaydorypieMese totopomeflasténden Amalysisei r
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Hel | er st e‘?‘?FUSSL?Hl”\/%F Wiey ofgiffereqt F%qeﬁ#awﬁ@itﬂeé? 8§ﬁkf'0'lt§%F”Tmf "BORYPHP (4B o
excess nodigdusdedivy Oiglidraeih Bed Ndrso(Bbo)cad wladstGhinhes, eta. (18963 and Kelghenndusi ng a
tabl e gengr d 0, I I osi de or

chol est er@fls&ltlé gon (f@{%) %n?{ﬂé P @ntﬁ%ﬁp&ﬁ Y, 13’2?%%%'?%%&&3?%2%%“ onshi ps.

Fr om t hesigcasenigied Pssr@f?sencwn\ﬁ%ﬁ'r&@ reyych as the vaI ue p, i s determned, which

descri begsi he‘ad@rnebahhé htfo)&e—@fedn‘a‘é@mte%oéaﬂljmaﬁoﬁuﬁi/vﬁﬂéﬁfﬁﬁléma’ftln@tr&urhwmdtls in a

precur sor t hen rmne a val ue,
such as t‘Fﬂz’F yazl’vﬁiab rQ‘m Pr\?% eskgepl {ém Pﬁvers' Ofeﬁl?gm%%e?’% ng y synt hesi zed
pr ot ei ri&186F Tphg@prbﬂmls@rp@f@scems mg@l’ @msd@é?eéfhﬁodﬁlp@i@a’@ﬁmwIbé§?fé?‘€)1>“t1uﬁr‘9 gach
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expected to S were

resent, i
Fract i ona$ra%ﬂﬁ?ﬂﬁéiﬁ6%§e"%{wefj ﬁ%ﬁ'oﬁéﬁ'péu P%% esel‘—‘ipﬁ‘@?”sé’ H%tla Vﬁ% H%n%s R @Ilge
i ndi vi duap, is satdrmjpes, Hiddrdesdribesethé sipbahiliyndsmss sotopip emishwelftfoba suyhiddd es) are
the fractjon,of sififit Eﬁﬁ)}) aer@QM@Mﬁé?ﬁ% tﬁé?lms%@%%%lhé(a'ﬂ/g@é s dsitkdNaRle A,SOt Ope

or mass i sotoponer. s I's distinguished fromrelative a’;\bundance wher ei n
t he nost ‘é’.'ﬂiElh‘EP&Pﬂbe%@cei“%%’“”?e@t g SYnesived RIgEPB 8 RIS her species are
nor mal i zeghidctdcatebroeidé or chOBstamtforsgah emseidotaonmertc exveal thel isttopomeadeasianice. For
a Mass IS\%I&P\? l]‘;]é\é&lpectht@%% p%@@rlt |?{W§> Qﬁgrsﬁ%r w?y h szeﬁbundance M y

where 0 ange of nom na ses anc =0 relative to the
| onest [#8k F(%?”%‘rﬁ@@"?@@% Fp B caratashi ‘ffﬁc’“ﬁﬁﬂﬁﬂ‘éﬁé@s?s BE'E%IY'd”aV\ﬁ@P%eséf%scrl pt
e refers giemens)ioehess }@&Gpdmd’réi‘(ﬁ‘cﬁlhﬁ)ldcme@aﬁda&mﬂsctbﬁ ofrthd wtadbbuabanedance. [01 88]
;2 i nglle; %_c'eg\rlc\a‘ggr;[t?eJ by tpag rtlceulgr 13%90&1% gpmg% %;Pdp%%lé alrhlsal§ 5%[11@!%%%0&“?%%\)@8 re
measur ed emmézwe rvdlesain hhamosa(o n9spie@es:'éawgn @a V%'@)e 1Reng gl efﬂFraipéﬂeSeﬁﬁ?l chrrent
val ue, AXpermélte§ Reidlios &riobasd &peesedtf dsGlarhitrelgfive2OW dande0 IRaRE maed iectobadier
assenbl agF/l for each mass isotoponer, to reveal the isotoponmer excess ratio
whi ch woul"® be expected to be present, if all isotoponers were newy
fornmed. [01 BEA# Cal cul ati ng MoMégmdaare M ux Rat es {7 190(][a The net hod of
det er mi/HeHgd fanPEIce obkx e~ assenbl y Tl HaEE Odap Sursengrr REMBYBISFT i on
of mass isotopically-Iabel ed Hanndamot My nol ecul ar assenbl age present in
t he precursor pool, andusing is proportion to cal culate an expected
f r equeneitivetio e dlkeatondsalVgsserisbagenadnteicnatvgdated gast one nass
i sot opi L@bdtvnd ab@lagctegetidihént of depleiB)ecul ar assenbl age. This expect ed
frequency is then(conpared to the (actual , expery nentally determ ned
i sot oponer frequerpcy From t hese val ues, the proportion of nolecul ar
assenblggg wmﬁh i s Abehdargs dénb) eé Hbyniensddds | sot opi cal | yl abel ed

r

precurs nsel ected injco ation peripd can be determ ned. Thus,
the rate of L Abundance M, Lpff bundance M;

i=0 b
where subscript e refers to enriched and b refers to baseline or natural abundance.

[0188] In order to determine the fraction of molecular assemblages that were actually newly formed
during a period of precursor administration, the measured excess molar ratio (EMy) is compared
to the calculated enrichment value, Ay , which describes the enrichment of newly formed
molecular assemblage for each mass isotopomer, to reveal the isotopomer excess ratio which
would be expected to be present, if all isotopomers were newly formed.

[0189] Célculating Molecular Flux Rates

[0190] The method of determining the rate of self-assembly includes calculating the proportion of

mass isotopically-labeled subunit of a molecular assemblage present in the precursor pool, and
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self-assenbly during such a tine period is also determned. In a system at
st eady-state concentrations, or when any change in concentrations in the
syst em arworm@&aurabl e or ot herwi se known during said ti FETABRIGAH2806Me rat e
of disassenbly is thereby known as wel |, using cal cul ati ons known in the
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exponent i @lowdl@o@y saiguiaei penad, theMatp bididasednityy it therebp kitod,aswell,esiog ar

assenbl agg a§cu%q,gns%<ﬁg\bn ,n%% ArPA g%«aﬁsdr%%tdg&%@foﬁs i gﬁ{ ‘E g@%g lgc?rﬂjfeac!omlrmgus

mul ti pl e MasSs units o i ng systens of
bi ol ogl c akbetipg @etmp@éhe lW@‘é%eWﬁ'P@ﬂ%}’f ispawgared taspBpiicse 8f MeKrEahrRasER’E) ar

?SE elnbl ag&rkﬁm&nt an@KuQﬂ@bQ{%m@@Fﬂ @lgnb%egls%tesﬁ af&f‘aﬁ:ub&@ﬂ‘r@mlp@@h}syr—;{)ra&l&l ed t
upul I n | e anount s
in the ab?’é’ﬁéo S ? e %ﬁ%’ﬁiﬂﬁﬁ? %Eager%ge e 8° eter”‘é?ﬁé@ ap%lbrég tﬁg %rﬁ@pr gl atively

| ow abundamileg efecpmbupraduchigrld: sot opi cal | y- | abel ed precursor (e.g., 2H20),

but ar g f_ ARyt n significant am)unts during the period of precursor
i ncor pora dm ni ion . of 2H20O to the cell, tissue,
or gan, “BFE Pgto‘l t'%’% Sy”%ﬁé's IeﬁrlIC 5’§§ %[&t&pr‘fcéﬂf‘gﬁer?fj&m?#he cel |, tissue,

organ, apd ortgaimesirabdl aurinemssraepnehd;qntﬂctlrtgllmrkb!epyﬁterm studie®é anal yzed by nass

spectr %ﬁf ¥or fhg d%@én@ﬁﬁ@ug%b&mﬁ Meﬂo@tthy |%tef Jf%géﬁﬁ'@ﬁ' lé?)?op@fenﬁ’ehmeghs B&fated
|SOtOp ner or etermne thé relative @genm es

i sot oponefndghe %l”@'ﬁlﬂﬁrﬁ["tete(se"fﬁ“b“”ﬁ? e é?'?P'at% ﬁ’&ﬂof‘%]t'a'sdecﬂaﬁlqéi%%ggf‘ebr osi de,
chol est er piagticihg e rethol, olkbazr ;assedgeage endihac & rods isolopbmerassefersoly oponer i s

synt hesi Zﬁé%t%rl V\@}ﬁ&lt ?e(r(ﬁgéé%o\{c?ph% 0;5 %d%uﬁ ‘ﬁs Bi’ sreﬁ bsdehiBn %t@ttns of fiSodiafay

bet ween t ts pr neasur e he rat'e of decay
of the suBglspyles. 'Fﬁ@serféﬂ*‘@r @ﬁssd%%’m@fs qfrﬁ‘@é“‘i'%&'@b?féﬁ@@%g@t @& PERF Mot cont ai n
mul tiple B&iﬁéinmgio(ﬁr@phé‘eahdo}bpka!l?%b%@d$ulbbhtf’d||’hsrs&ﬁmlc&btﬁmlé)mlymaﬂrs)lafeaﬁ)adadamd used
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of miSSbl l&%m &mhg the |pamlc¢6reswmrhcbrp6@n@ . ga dhr&ig%ldeﬂnsltruﬁmldf tHditeee for a
m cr ot ubu
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Fol | owi ng i BatR SGPMSARCATST ACT BRCI S ambsal AT PeraPPaR e i me
poi nts ar ergayipn etih¢ sequentiaHiner poinkf are pnalyzed by mass SPP‘?‘F@”}?U}’ mdet%’mneﬂmﬁ s timng

Wil | depe%tlb@%uE%sr&QE@ﬁ%@@%otB@nﬁr@r'fto@@l@rnhhé)ﬂﬂ@lré(éﬁ% frélﬁn@holes[d% hRB] The
rate of decay of the %Ecul ar as

curve for TERESPIRMSHETT UBLPHE 93 B fﬁ‘ﬂ f’hosgﬁ’f’“[’ ﬁ% 9B'?gg%eﬁ{gr%séfe&nlﬁﬁtﬂogqui‘e decay
curve i s defktui@dchsimidgeeSabe the trigh oiass setopdmeer (leyathedided etnastexckisivalebefore

det er m neg I filhd EélﬁlgitstJe@a)pdéWe%n R t\%'tnﬁé( Bé?r'ﬂ? Plolifds AGRRYMEILLNGF thaMsle f)f om
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= [ -1 n f] isbtopically labeled subunits can also be calculated and used by the methods described herein.

[0192] Preferably, the first time point is at least 2-3 hours after administration of precursor (e.g.,
H,0) has ceased, depending on mode of administration, to ensure that the proportion of mass
isotopically labeled subunit (e.g., a labeled tubulin dimer for a microtubule polymer) has decayed
substantially from its highest level following precursor administration. In one embodiment, the
following time points are typically 1-4 hours after the first time point, but this timing will depend
upon the replacement rate of the biopolymer pool.

[0193] The rate of decay of the molecular assemblage is determined from the decay curve for the

isotope-labeled subunit. In the present case, where the decay curve is defined by several time
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[0195] Uses of the Present Invention [0196] The invention finds use as an
in vivo nmethod of high-throughput screening for inhibitors of self-assenbly
or di sasswohhgs/mafsigel f-assenbling systenms of bi ol ogi cal pomiuseasesgosand
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essenti al blgtﬁloorhagl 8@59@?4.*[%1 of XN 58 %ﬁ%ﬁu%ﬂ‘ﬁ'{cr I r%f\eg%ﬂ fes Ht(lf}a%nt

dynam cs w ve an e on en proliteration and
m gr at i onggotestinghiffcigeaifdsess)celisggn be pyaugiedyor bﬁihd‘PWtV PRh¥HY ca¢idalRi cs are
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b d
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mi cr of i[Pta9k ritonthpradsitiost inaibis aetlnsnolymnvzewe(a gi, mlcgfe‘me@t) abphmy bgjusesid dneleeating

i ncl udi ngcyRE, Qyﬁﬂ%ﬁ% saéé/lﬁweem@ﬁmomwm@mom@rgdln%metdmmr cdmgast heni a
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t cler I resent
O oent | onas) SIRSeLTRiE oaBr ThemeBSurer RmResehieiE Sy 1 he s tEaiie
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eval uati Oeancgrhﬁw'a%%?é|§&@éré Prglv)lcé@\/lfylcﬂﬁ{ﬁ%mn th@é?%ll%flﬁﬁérb%éﬁs (@@”Prﬁl'd&ﬂla? to
treat these diseases rovid 6\9”%8 Rroce
dystrophies, cardlomyopathles see below). Additionally, t reorganlzatlon of the actln
cytoskeleton (e.g., microfilament) is essential for angiogenesis. Any compound that affects
microfilament dynamics will have an effect on endothelial cell proliferation and migration (e.g.,
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since microfilament dynamics are also involved in several other diseases including various
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[ 0200] Conpounds that inhibit AD self-assenbly into Afibrils or plaques
may be useful in treating Al zheiner's di sease. The nethods of the present
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[0204] Compounds that inhibit fibrin self-assembly into flbrln aggregates (clots or thrombi) may be
useful in treating diseases or conditions involving excess or insufficient thrombi formation such as
pulmonary embolism, deep-venous thrombosis, stroke and myocardial infarction (excess thrombi
formation) or bleeding disorders such as hemophilia, disseminated intravascular coagulation,
vitamin K deficiency or liver disease (insufficient thrombi formation). The methods of the present

invention allow for the screening of compounds for activity on fibrin aggregate formation and
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screening of new chemical entities) and the like. Alternatively, biological factors, or already-
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used. At step 709 the compounds or diagnostics are sold or distributed. It is recognized of course
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[0213] Isotopically-perturbed molecules or molecular assemblages.
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[0220] Robotic Components
[0221] In a preferred embodiment, for example when cell culture systems, including bacterial culture

systems are used, the devices of the invention can comprise liquid handling components,
including components for loading and unloading fluids at each station or sets of stations. The
liquid handling systems can include robotic systems comprising any number of components. In
addition, any or all of the steps outlined herein may be automated; thus, for example, the systems

may be completely or partially automated.
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reagent racks; mcrotitler plate pipette positions (optionally cool ed);
stacking towers for plates and tips; and conputer systenms. [0223] Fully
roboti c owormavafdiai di ¢ systens include autonated |iqui @cr/ysasosioedoes , cel | -
and or gani snhandl i ng including high throughput pi petting to perform all

st eps cree jans, Thi s, i ncl udes r ell, and
or gani g%z%]a []II bggﬁpB'%g’at‘sag §¥1 heRe S ILPSE 31E8 é'?\rs :tlynoq corf On%htg migh ?ar} Beha,
washi ng, w@ed, umcaidélgvlmt oetgimitedtot cpr@rmr@r%robqnetarm%viawgwan@lwa f@ﬁ@d@ﬁ'ﬂmﬁ‘@ %f pi pet

tips; andmfc%@e'stﬂo‘lb%rs%lﬂ%ﬁhdﬁgs SHa/drdand b&%at&‘@lldﬁl’%ﬁp f}éﬂdle@&btrérﬁﬂv@ afl@l i veries
froma si ngll e sar’% e aspiration. These
I

ip
cr oss- conCBRTISE P’l"ell’sr%‘é"OP P Hont‘iﬁ'P?tiOE EEEES t@lalsse”ﬁ)r\as St @aﬁ?ﬁles?ﬁtf'qug%%\f"g} s.

Thi s i nst disposaite fper vashatse trudssemblied far ephple disiributioof 96niead ia@gihablecksasngleds t o
filters, %@E QB> mlc‘;”cﬂf*é atQﬁH&Qtp%Eltﬁhls%p%énall?bcgﬁdg%@l@klﬁ@’to@vé@’?& E%fe% and
full-plate rial hi capacity operation

pr ef erred“pén%GdPWé'i‘fFrSY%tﬁ@m cally der| vatized particles, plates, cart r| dges,
t ubes, [omgne&uiyaolBit bi miceﬂwdxoSysnérdisanclmlauwmtmsleuldrapamole vueﬂ-hanép@amém{:l ty to

the assayha%gf@c?&%haa@” Cg{gﬁﬁut é)iga@ng{o QIL&J @8 s%ré%hng‘hﬁﬁhg{{iloﬁé Sfhis ubes

or any soll hase po ar aces ol ar
sur f aces, ingledgisfigud) padgie.rcah 3668@??!@'“1”@”18#”6%? é“%‘cﬁ?éﬁ@?ﬂ"”bfﬂﬁﬁ’ﬁtﬂg "%‘f‘ﬁ’ ‘body

coating, @hf ﬂgmrvééh|d§E§BcarafeQ/oblh‘lédncftrldﬁéféT§ rpiFieiR), Brsd discafieator figst tipsand ace- fi xed
pr ot ei ns

and ot her rseg? Fl}/%&;&)%;t?nﬁg%e%cal voBmes for fnuﬁﬁlgrdﬁl%érle@*%%e%) % 'l(]fﬂ,g s%rg)% &%lré%irop coatl ngs,

X Frxearatisa e for
puri f i cat These ofniagstiond pregesssepntgnbatentiiee liqud paficle.gely apgd @"Dé’?'ﬁ"@ﬁa@fﬁﬁ%dl ment ,

IF’)r: ﬁ-;‘ I alr)g‘SSTFflé)lhstFUMeﬁﬁt péN%}nIms Rhh RS rregﬂéhﬁdn of Mmlat@éﬂnﬁﬁsg? fSII%EH ﬁ”xﬁi{:?@ﬂase y
plates, f?I Oéfjgug\ﬂet‘?ﬁ P'ﬁ"i‘g’ arbgz'thE n}y%ﬁg?f%rgefblfeégkg serl ﬂmg?q%e?nd%’l%%apacﬁ%se matrices

or pl atfoonerammh various vol unes are accommdat ed on an upgradabl e nodul ar

pl atf Or[é'ﬂgtlfrln Qgg\‘errr'eQ @f‘?\bo&rﬁ@rﬁ%h@%nca@@eﬁvéﬂ%‘ﬂaﬁkle@|p?§tés°5emnldé&| tUgé:‘sS a Var iable
speed 0 haker , -posi.tion work ks for sour ce gg
i r S,

sanpl e an@%"@ﬁb%ﬁﬂc'e‘&r ?rlﬂtrieéﬁo"dé’g ?ﬂr"%l"t"@ss"e%féi’f%ﬁoéhea??ﬁ%@Hﬁ@?ﬁ” Sr%%
pi pette tTtﬁBblncﬁTnguﬁa‘ceaothE)pmHaSHulsetsair Boysolid 226 matricesin@udefrenipeldr enbodi nent ,
thermocycler nﬁ SJI&F% ﬁ’&QL 3hddtdg %X)ﬁlraﬁ%tl% % dr'érﬁ&e f:&/raleﬁtttﬁmrlg grltlﬂtgiyt he

tenmperature o exc gers such as contr ol ks. or platforms to
provi de a@Q?HW%l?@”'EYéFﬁféertatblﬁ‘ dusiopRrqieips %PePtﬁéﬁﬁaﬁﬁcﬁé'X%da%tﬁ'%S'f"l“@?ﬂ 00C to
100C; t hi gcorBbihdht pdintA &G, Indcledtide Fespk ac&atgst drel csiteabifitity nidteramoseht mol | er s.

[0227] |y IRl oﬁr%ﬁ&a%ﬁgqgjpwﬁman?ﬂJ?E%Je%%égse&%lj&nﬂé pet heads (single or

mul ti - channel netic probes, affinity probes,
or pi pddA2El dn p BisEITed AMPYIIMENH; Rﬁ}foé{t‘%afof Raltiwel plpigs. piiFubes. E@derﬁéla'l“&dge%nd

or gani lSWBmmMuHe%l dedBhkll ﬂételﬁﬂih&lbfubiéllﬁ!BemgB\ﬁélé, ,BqSERPREIRYINES fillrs, phis, bpicTs |
mani pul at ui tic cells, a e
P2 ot B B B S PABAI) SR AU SR UL
further i1 astngsdeble h@dmlar\péaiﬁorr@fvradcbt@h@i%w%r@isnﬂm@sd?thESfi St abl e
i sot ope 'M@BIQ@&S@B'o@H’IaI'sH&I&rtdAQWu!txfbogmdeﬂK/&kaé&smrﬁétﬁéé@d{p%sp@hmww reveal s
pacl it axel effgﬁ'%%\ on_m lﬁf L?t g nam.cs in.cul g Jm acb ev%:c‘gancer
cel I's (SWFBHY GEPEP eﬁeseWﬁ’ i eaﬁ?'?)tsg?ﬁet%oértslpépel a88 PRGN O can
reveal Mrfgtiosffects on m crotubule dynamcs in actively pr oI iferating
cells, %4 Zr?’a Bf‘é@r@d IeHIBan%@r'ﬂCtﬁérrrB@)}clé aN¥Bth Emfokdghieli %@yﬁ@rﬁs E@Q@écﬂ@r duri ng

exponentl a ﬁaure dia coptainin H20 f o S\iﬁ 2
and 36 hrStpi '&é‘ﬁé’?ﬁtP%‘Ff?t“f% BritiexChan9REs SUen gs 5951“9 REPHROPRUIE of at o

f r om post adtueteamp&tperdoatdnt iscubating samples from 0°C to 100°C; this is in addition to or in

4

place of the station thermocontrollers.

[0227] In a preferred embodiment, interchangeable pipet heads (single or multi-channel ) with single
or multiple magnetic probes, affinity probes, or pipetters robotically manipulate the liquid, particles,
cells, and organisms. Multi-well or multi-tube magnetic separators or platforms manipulate liquid,
particles, cells, and organisms in single or multiple sample formats.

[0228] EXAMPLES

[0229] The following non-limiting examples further illustrate the invention disclosed herein:

40



tubulin was purified fromeach fraction to 90% purity as determ ne by

SDS- PAGE. After acid hydrolysis, amno acids were derivatized for GO M
anal ysi s wot2boamagai ve chem cal ionization, and 2H | abelpCirnisesosoesatd on i nt o
the al anine derivative was quantified as the i ncrease over natural
abundance of _1- _ N : Inr| ch nt - uF n§r.

i ncorpéqzé?ll ot

2H - al aniemezls

fracti gdSeredtife v?lhémelr @ﬁ)sfn%ﬁéla%hngw;th ZI-F QQHJ] Fe’i}eél Wﬁ@ﬁ@ﬂé@é brpl'ﬂlcl'dﬂJleFét h
fractions I ndicated th ner rred atine

scal e OWRAMIGHIRaGiNLY pr@Uﬁ’ﬁHTgéﬁ"sc §V\f1ﬁé3 B‘U@?“d\’qg %a‘feé C?J\S V‘feéﬁo%ﬂ%”rie E'bdrlﬁ?ﬁjeﬁlt i on.
The datdaripparehtic fratvthi withaclture @lkia dontaitingfe éieJd fer 2, BUtAIRE Bndidater s and

pol 'y rrer %sp@ét@el% nTu%ulllﬁI (ﬁlﬁél’ a(ﬁd g?l%gggﬁl\# |§olz§té(f'ﬁon$ E@ét—ﬁucﬁ)éar Q Fn%tan{snand

contras t axe e rate o
i ncor pcﬁh‘béi‘t”] a6 Huﬁfﬁﬁ' f¥961 ‘?ﬂ‘?ﬁfré"t\%? Tgtgcflﬁ’:‘éH as;?et%%%*eyr&l?fr%% oAﬁfﬁ é‘C'P ate of
| abel lhm‘;apsp@ bidtno@bidé Were dehetifid BT GE/REGnaldd) withTiegative nnbrmeeﬂ @mizatioa st ant i al

I nhi bi tzll-l g%bePnCO{p%{atloﬁ "fl1poL{Le g\?rgrl\e ernvé’t’vgI §/aé @{aﬂhﬁ%ﬁla}g ﬂ%rlrg;r%aﬁ 9@5‘%5%%] of the

ability axe revent dynamc
i nst ablabwtdynce[c@miwﬁwmsetozome@t Hm e@nm@m)ﬁa& %céa%mmrpwﬁtméﬁalys

Sf f ect shcRfas@pdilrih Qe(hﬂuré)tﬂnéTOF%‘ Qlay th@tl@ﬂﬂwﬂl%ellﬁhokbowﬂon lh%%a]y siﬁﬂheszed
enons tt t he

t hod
vent MR GRPE Tk ot B SRS - e et PR e
cancer irgighied traahthe MR dinmr irdnpdimesa otcupam ter tinsedchle tlwéwes iaﬁtmomln@rédlmstb@ar at ely

i Nt o NUd&aiNafer labBGndotpBRiSH, WiteQiaf! slug;\/&qhét% ALY dividi l@&!b’ﬁmcﬁﬁné!rs 1390 ms8
in dianeter; mce werethenln ecte n

eritonea C
Hoses: GPVBREITR AR EICIABE L 7 NSl A el Go s AR FrREor a7y o 24
hr per ipadifaxeletha rdté offHiincorotion B%pzhdmen;rwasmemmd byrv SBromiynpaeeti do thé tdteofbal ance
b e' ng nﬁ)&eﬂp&lréf?atlmhf‘ort)\e dlﬁ\@f (rﬁ’é %BWh%Vrﬁ)gc%g sﬁﬁ‘sq.largé lrh'f?d&roﬁ o@z“l-lf e{ubglﬁ lt!lgner

at nent I Ssue was fenpo or anal ysis
. n c or pdranioRRIVIMRE &fleetie of the abiiepipagirelip P&%H*B%e@'efﬂue“'e%?nd ’f'PH'f t@V(E!Sei‘é t unor s
from caepiantd instabimpl s, rel ative synthesis was reduced conpared to what was
0 b Serv Eqizall ]n ,ék'AMP?E%U ! tél’éb‘l:’\e |gc;lt0pﬁé%l&%oratlgﬁ' Fe'vggggﬁﬂércts.olfzb%itaﬁé?‘on Wit e2 % at 24
in y, tapel 1ncorporation rnto tubulrn di ner and
nlcrotubu@éé_wagLa@aln |nd|st|nQU|shabIe refl ecting rapid exchange between

t he twpoxseplts déh’hb@&bté tRkyRRagbity 6 ppigihg! e In@dods bithe piassnamlentipBsiinidagudl
treat ment dercg %S I)‘nan%lgscwqg rS?\HEQQ hQILar?Iu\ catr%%lélel'lsrgndrﬂ{& ﬂv\ﬁ'ﬁa%tblrjga% c%%c n a

dose- deperﬁ]& Facti onal
synt hesi scali$ W@nﬁwnplamedﬁemene@lyinﬁ@m@%@@e T@P—ﬂﬁﬂﬂ% Wetaﬂpvwﬁéﬂ gr@ude measured in

Ci“ ture (Edp%xm@ly 1d0823 in @dﬁilele'? Nlée\'ﬂ@é%r%th‘éh fﬂécﬁéﬁ |@%f)§ﬁdn%algfwﬂﬁ&fé}e|a§1ﬁg<e| wer e
al so seen, i n | 0
ncor por aFTBR VRSP Gher Lt i " HIMaDg o VR Lr P gg B peforec ARG

Pacl i t axehtep®h i renrichawntio bedy veter 2tk balbras dbing tistatrelic vwaas) |Aegealpwesaounced,
al bei t st affifdeh Qé’-h&ys St Bl 'tr@é‘tmentaénottbﬁorﬁus@u@mé&qgfgé\}ég f&%ﬁﬁ?ﬁns d¥er epyar

t here was, no si ica aclltaxl-ln atio

fracti onal"c¥pAEt %Bﬂt%t“B@'@rd HESRIY RYMER § g % &) '[}%&\ﬁg%‘é@&?ﬁ WCO&EBE”WWH
the findi rititchahthediewst railoed coopagbio Mabeldsrseassiy virrs cutapa b “bf-

quanti fyi ggichAg, rmg it gér% 2 awmmw@%)eouqmml§ ;mél .H@&wétfaﬁ ‘?Hto fupuiKi vo

and that paclitaXxe ects In vivo are 'sim|l hose observed i n cell
cul ture. fienEY nEXajvRyles wes aggRindisingyishplie. 6?fl‘?6m9éaRi‘§/?f29H‘Fr@§ bﬁ?ﬂ’e%'éﬁhle two
prol i f er apdosnhighP@Bainic\Vaitiotntisied)a ot niast, pacliaxtiercbiient ddctdas¢discoamtationst of

pac [t axhy L BB RS BrcrdhEledil 080l BEALI AR 4 Bl SRLARAAAD! ot

ef fl ux punp I'sm gar tors,
whereas fractional synthesis of tubulin dimers increased, similarly to what was measured in culture

(FIG. 3B).
[0233] Qualitatively similar effects of paclitaxel were also seen in implanted MCF-7 tumors, though

Label

the amount of ?H — label incorporation was lower than in SW1573 tumors (FIG. 4B). Paclitaxel-
dependent reduction of ’H — label polymer was less pronounced, albeit statistically significant at
the 5 and 10mg/kg doses. Moreover, there was no significant paclitaxel-induced upregulation of

tubulin fractional synthesis over baseline in this tumor.
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i nhi bition of mcrotubule dynamics, if related to the antiproliferative
activity of MIPAs in vivo, should correlate with inhibition of cell

prol i feravoanoe/oiesiexpl ore this rel ationship, paclitaxel Pcmdise@d/ozsvhe biti on
of | abel incorporati on into m crotubul es was correl ated vvith the inhibition

conven ) otnedPE TEBTURR el Rt R by ePabt sLis tusPels °
Pat ent Nosod@at®nEf m@@tub@le@ymanﬂa@y reclitexe] i8O8 amt thatipadidxg! dfiacts piMozre d by

refer ence)g,m,]g'ngﬂ{o%wsgs,e(g Bl &h c&ﬁreand 5B) show a strong relationship, in
both t OhI;XAtI\MD[]Er cemnmeen in 'li ion of mcrotubule dynam cs (expressed

as f raﬁgﬁ?h IILE 3 o roranaEng @'Cff’h puisglvaamigs to,cglhprpliteralion: hor at i on i nto
pol yner[bzsy Vanouﬂactbmslcers)ntea‘amé mthhhetnctlmr(smf pdclitarsMintuiaynst iheglirpedtediivhs (ra
measur e Oiubhmtyp%%u\tergréﬁldx p%ﬁé 'aﬂ&' n: VNBQM% metg'&')hsrﬁ‘ ;Bbhle@@oﬂﬁes@f&‘i&é ubul e

dynam CSs ear ed ve a neasurabl e act on an relation to in

vi vo anti Wt?!t'P'F ghraieretiRulg dynagyesof ’eféﬁﬁlﬂA% the[aﬁtzﬂfseﬁfer%ﬁﬁll’@/ of MTPAs in vivo,

Pacl i t axekhduihsereldteayth aihivitioe bt ogll protferza@er. Op akgiyre thid2@8dnship, patidael-hducey al uat e
neur ot oxi ati ef . S,.1..5.0] . om

r oiror boar MEUGF G eyl B EinerdbeS SRSt dBRNbAN UEehd 07
wi th 2H | 2béIsynthrelripBymer Faliissyet(Bie frdiesaeingAse thﬁﬁn'esotem ezsed) . The
resul ts ceanbsrsbr@l prIMBai@ED ke VIS, hatehmsce ebmoae@lommmmm goel ;Lréwode!yl i ke

the ki net En% egru elglbglr'(-:!felﬁl'gr]wcg tf"’ee” r ? o:[év;ég ro%g re aP '81 ngtn t)é;lﬁlgDrZH

cells, sci&at el e m crotubu
| abel i ncofipyopabeteyeen iphiktiqyef mmtuwpsdyeﬁhrys @b@raﬁsezi@%‘reﬂlonames reems@edd in

I L eeI t g blul:brﬂro(sFéf(%be?ﬁ)mpoﬁME)@ rntospsdiweyzedhh %@Bul@é}%ﬁ@nnﬁlfcnh&@@n'e@v@)é%théls&gcﬁ Ieas ed
e | apbe corporatiQn I n asi n apell n
o St oot EOE RS dipornsl oR e i, tufbe PRl e REG ATemiSe fubul | o

ends up i appracadde tHyelaaseaabrage lrmaug:rmmrﬂat@nncamemrwvo'léotlpecd;.fﬁrairveatthv'nsf ef f ect
further, Rapaghanges in the abundance of unpolynerized free tubulin and
mcrotubul es_was assessed b densltorretrl c analysis (FIG 6B). The data
reveal 2 ReieRat¥E i crot ubul e pol ymers
and a s{Dm@lntIndeiere&s@uat@néurcamdefteuﬂsmnpazl:iltam she sohtic agrivangad ibadted from 8mioat | C
ner ves, p%&érfnpm'anamraﬁa%q%ogaﬁﬁam%g SRl BBl 6P 9} WBEFRoBBMion

pr onot ed net fncorporation o ﬁ??s’ esl ze in int ot ubul es.
[ 0239] Dwmcenenzescveewpwe EdmSouhtesesuie conyiepied (eriankablimith fosePRseBedul e
dynam cs. tL[nQQéQI]s Delike 1t Kiricigeqpiipiidne betdedrevéecine bbuwnal tuieiii disgrveNGE)moraels,

conbi nati N Qb NSt gﬁéé%e?%ﬂ e@% al‘ﬁc at as&ﬂgg}ngaﬁl 'aBQﬁncfg go%’i;&gmg%gg}ngrat €s,

drug | ead, or co ORDI Nat i ons 0 or' an a ug suc
as one || weganly apovh@"/m;ﬂsatmeawrsd 'D§§RtURe'méF'@n@@ (SPEHR?'”@Y hr@é%ﬁ@sqﬁrﬁfex or
conbi nat i pagit=Rél irttdaeartie &Q@rr@\ﬁ@dradcﬁrug@ poRied, mfelsmmcaécré‘aamg Qabehn@ bf free

combi nat i ns, of ,hi oI cal or, an tlon of ures of NCEs,
o oo ooy B £ BleatPEI ATy Rl BN KRUI 88 LR rilrallbifteiERafh,
factors) edminisiidiobi To sintorothisieifee fwﬁemt@bangss lnﬁwttuamnce af ldveplemenznd fiep

whet her ambNﬁFand%cr&uslnésgNéé%egesglai@deﬁg.to#]efﬂ.weal d»e 8B). ame@ht%ea;étme@apro:ged
I N |ons O

drug, or | ogj cal ion onb
r vy candremr BeSRER st rdhe o n@?ﬂﬁwa@%wsaawefa?%w@ﬁﬁ%eﬂeaﬁsm
al r eady- apprimnvddderd indgstjngdirat, ommmtlnaerlvemsaahfaxeiuraraaged:taé ahagtt ofrsicrotubule
or conbi nabhiRss 8fd Nrér%bt%'ﬁetr?ﬂc&pwaﬁ&w &fne%@%%tl?é%%@{ubﬂfnlﬁﬁo ﬁﬁ:‘ﬂﬁuﬂl@ses and/ or
drug | eads and/or al read -approved drugs and/or |o ogi cal factors) has
potentl[ R AMELES: d,COMPQYHG ahllity to nhubit mieratuldl dwamige o a drug
candi dgoz10] dDetarmimggvHemada new cr&mlcal erﬁ@dyeﬁppwwmaﬁbns@f NOEs, &rugi cahdidte; al
factor (op & af‘&h%'o?&lﬁ 8:531%@ Scﬁlhd\QTJ\'QEc% bﬂa"a{ﬂ&s%ﬁé]ﬁ%%se%rarﬂémég HJ eads,

Y acto c

al r eadyappr oved dr ugs, ogica rs, or conhpinations enconpassing
any vari aPpPRspved Hé&gé“ﬁ?h ?SrRE’PlJ%fF‘iH@ twy“yﬁ'i:'ﬁ'ﬂ #Pe Refrrprss T DRIMIMSTakdndsix ot ubul e
dynam cs ¢enisindtiber & hpsely-apsordatied, @b®ithgical factor, or combinations of biological

factors (or any combination of mixtures of NCEs, drug candidates, drug leads, already-approved

drugs, and/or biological factors) can inhibit microtubule dynamics is important in determining
whether an NCE, or a drug candidate, or a drug lead, or an already-approved drug, or a biological
factor (or combinations of NCEs, or combinations of drug candidates, or combinations of drug

leads, or combinations of already-approved drugs, or combinations of biclogical factors, or
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candi date drug specific for treating cancer) SW573 human | ung cancer cells
and MCF-7 human breast cancer cells are inplanted separately into nude

m ce. ThewounwwE7s@ee all owed to grow to approxi mately 1@00/use@siozsodd anet er ;
mce are then injected intraperitoneally with increasing doses of conpound

or a conbination of co n dr.i ter i.s_adm nistered
for a 24 W%@F’?fﬁ&fvﬁ};ﬁﬁrﬁlxﬂ?lﬂfﬁgéf ﬁrg(ﬁ?%'ﬂ{g ng}d%—iaeﬂ\% O\é\ﬁrﬁﬁﬁad?% 0dy wat er
(the bal asleedysgiprmyendughaldic binkpieal factots)ihabagerdindoteretind dapedd. 24 hours after
treat %1"“%@35&%9&9&%% Bmug LdraRee, ém% eré/@@r érpglreaayaépwvéd &g 2H -

| abel i ncor oratlonlntotu ulin diners an su ra.

Furt her d@\ﬁéq WsrEhigctes OE:‘E?%’H@WH? eg?%%aﬁijnga'&?g%id%/ C?%d anFénng%[%? akeéﬂy as is
depi ct ed apprdvkddruds, and\siolbgich! Gatoex] oif coniBInGions epcdnfpassingt dngdsriatibn thheoi nvent i on

are appl i, @IQA r?gyéng n‘hﬂ@reg hﬁrcePH fridits rqEYO‘ﬁJbQBrEgﬁgmic ﬁi%ﬂgrelﬁ% anta@fj aﬁ&bé gorrpound

havi ng ac Ivit Vg §;¥5 I ol ogi ca %rrers such
as actin %ﬂ@ﬁ%ﬂf%é’??“ﬁﬁ f‘i’rﬁ'teét'”@@?P??r)rﬁ t |hP'§?r’éHf‘%°a”Aﬁ C&{bsg‘?’lé’d\gq AUN#t 0 AD
fibrils opreqd:agtieescels arblimmariasepbbielyind audelroied Tat aingrs ardbiwled kegroghobi n

aggregati on i |.C i on
Fobr e o el R iy bR ¥ e %ecf%@ ARBRORA R BB | O g
St abl e- |s@ﬂS@§)@f op@p@undmganrmbmai@@pmmpwﬁ 5,048%) iAIgrirking waser dpraninigiared

substr at efofé‘ﬁ@h%ﬂod)ﬁvhﬁm‘e%ul@ﬁ b&uméﬂﬁinﬁcl(n%#\bmfbbaﬁw&ér febhlndd Jegent s) and
t he mcorg gtJon i.nto. M Ccro re neasured

concur r en? FHPOIS HEIEN; ﬁﬁ'f"%fsr?ée Héﬁ’?‘lg‘éé %B?rg 3%‘?9;[%3@5 Qg Comﬁou(ﬁ'dugngg% Lnbl y
(pol ymeri tsaua iemeragved the prdlysise [H albbead imporperatidnente dlbglin cbm@ra and p3BYs 9% i sol ate

actin nvn@éxerrb%d%flraa%hmerﬁéde@m@msof §&M&Jua&s Jﬁ%%#ﬂ@@@tlv%% Heh RRGLraKer 2285
Ilterature are conbi ne Bi ol .

Chem 950586168 50 Eherirres 16 e iihodh Adhq i et 2P 1B i of
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[0244] EXAMPLE 7: _ Measuring Tau Self-Assembly into Filaments using Stable-Isotope Labeling
[0245] The protein tau self- assembles into a polymer scaffold known as paired helical filaments

(PHF or Alzheimer neurofibrillary tangles). The incorporation of stable- isotope label substrate into
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[0248] EXAMPLE 9: Measuring Tubulin Self-Assembly into Sperm Axonemal Microtubules using
Stable-Isotope Labeling
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| abel ed subunits in a control living system to determine a difference in
said rate of self assenbly in said test living systemas conpared to said
control |woing/ayaetem 2. The nmet hod accordi ng to cl ai mpETfUsea0s®L8069
conprising calculating the nolecular flux rate of said |abel ed nol ecul ar
assenmb|,a0eSs MR 8. sai d conparing step conprises calculating the ratio of
said rates and conparing said ratio to the ratio of nolecular flux rates in
said control living system 3. The nmethod according to claim1 wherein said
i sot ope- | abel aehetish sdrinadaewingtie rhtalotitdlfraspamatyedf suldiniein®. bickgicZtreclemtanod  of
claiml, Wg%&%ﬁﬁ' 4t fﬁxmg%g%tgrggs L@P&Jr SUBMR g SeMDRRITREh& c%ﬁwtphﬁn

protelns 1, erein said isotope-| abel ed units
are prion ppmdmmgenng a”ﬁ‘?@%ﬁ’“ﬁ'@@is‘&ﬁ“@?& FRANVINGREHSET for 33538'0‘?”8‘6?65? | abel ed
subuni E&fl(@érﬁfoaéﬁfd QJbStréQ@toaoeprﬁdbtp@tdfé?d intd at 14 omedfReid sofunid aridnat kastwhepei n sai d
i sot ope qu ut ts are fibrin proteins. 8 The nethod of claim1,
wher ei ﬁalgglogc%&s ;5% Sbel ed subunits are mutant henogl obi n proteins. 9. A
met hod accobkdibtaininge htsiamp!e ooy elidiving 8siam: si ng admi ni stering a candi date

agent to sapfhubRSing thé/bﬂﬂgUrMﬁ&&ﬁBd rﬂc@ecu}%r aRbhedgRaRal dhidfgstisampleai m 9 wherein
sai d candi dgt e a ent 8“”%{11“ ere %ffu d adnministration of said

i0
i sot ope- | abél %W?QW "'nﬁorﬁﬁ?ﬁg@bz?%gggb RNy to claim9 wherein said
candi dat e agpstmpasngitierempst eflgledundlesylasassemblegdsrie heraordef Bbelehi d

| S0t 0Pe ahel 2Lk RS Bt uoifing §bag according to claim 9 vherein said

candi dat e agent dm ni stere id admnistratio f said
i sot ope- | ab®IceBPELTE AN ?Lfgn'"%f%%tﬁ%ﬁb%{%%%’gm%o '5"8 a@f’&'ﬂﬁf YrincgiPpiRise
conpri $beigd aubuhitsi is b esritoyivegisgsteubst rat e for a second period of time and

repeat | n&té?;ﬂﬁlg% oﬂ?el[]encé h: sal%iz}atepf &ﬁtag'é%%b@QﬁQJl&ifteQIV|EQ sfeteRi 59 é%n’fp'dfetj;?@éald

conpri sing cond sanpl e and repeating steps c) -
met hod§0fé@b't¥r”§|5}‘ﬁ§e”ﬁo cl al m 5 wherein said candi date agent is a drug.16. The
met hod of chairhe hethodgscBidingsatisim sfottiap esrhalbslg edicgating tireat@edur flatrelee@ll Wit h a

stabl e | é?ag)olgg Pwa%i;ular-ggse m atéglg? %g{em dga%l' Jg}ng)arln%gp%'onlpﬁ%'sqalﬁ&?@c rgl%tlﬁl ed

subst r &t e2i°S0t alm1

wher ei 1aid &dtes and gbnearing @@Ié p@o twibe rasie ofwaelegular §ux raiss inexpidgopie! Hying %vgtemThe

met hod of clzairi hethvl8EBidihgSatitim BIPe sdidiastbesiaberasiubstates e tualiial ed with a
radi oactive isotope. 20. The nethod of claim 19, wherein said

i sot op&IYbUMEF substrate is radioactive-isotope | abel ed water. 2 1. The
met hod of cKaiThe @ethoswbieladir, wherein paidiiselare-lobded BB e MHVIMEHC d&Per i s

| abel ed gpigh 3H 22. The nmethod of claim1, wherein said test living system

and said Cont rTﬁcla me’lth\écli Qfgclasr%%t \ﬁfﬁgrgrr\ gald |s<r)rtlgge|—l%beled subunits are prion proteins.

6. The method of claim 1, wherein said isotope-labeled subunits are amyloid-beta proteins.

7. The methed of claim 1, wherein said isotope-labeled subunits are fibrin proteins.

8. The method of claim 1, wherein said isotope-labeled subunits are mutant hemoglobin
proteins.

9. A method according to claim 1 further comprising administering a candidate agent to said
test living system.

10. A method according to claim 9 wherein said candidate agent is administered prior to said
administration of said isotope-labeled substrate.

11. A method according to claim 9 wherein said candidate agent is administered during said
administration of said isotope-labeled substrate.

12. A method according to claim 9 wherein said candidate agent is administered after said
administration of said isotope-labeled substrate.

13. A method according to claim 1 further comprising administering said substrate for a
second period of time and repeating steps b) —f).

14. A method according to claim 1 further comprising obtaining a second sample and
repeating steps c¢) —f).

15. A me;thods according to claim 5 wherein said candidate agent is a drug.
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23. The nethod of claim1l, wherein said test |living systemand said control
living systemare human. 24. The nethod of claim1, wherein said test

| i vi ng sywoemendizai d control living systemare cell | ipogais2@5/0280ke net hod
of claim1, wherein said test living systemand said control |iving system

are Sperm velt 8 srstet Ut beGe San SR Dot P ete B ARl PP Syt em
and saiigotersntrol |iving systemare bacterial cells.

17. The method of claim 1, wherein said isotope-labeled substrate is stable-isotope labeled
water.

18. The method of claim 17, wherein said stable-isotope labeled water is labeled with 2H.

19. The method of claim 1, wherein said isotope-labeled substrate is labeled with a
radioactive isotope.

20. The method of claim 19, wherein said isotope-tabeled substrate is radioactive-isotope
labeled water.

21. The method of claim 20, wherein said radioactive isotope-labeled water is labeled with
3H.

22. The method of claim 1, wherein said test living system and said control living system are
mammals.

23. The method of claim 1, wherein said test living system and said control living system are
human.

24. The method of claim 1, wherein said test living system and said control living system are
cell lines.

25. The method of claim 1, wherein said test living system and said control living system are
primary cells.

26. The method of claim 25, wherein said primary cells are sperm cells.

27. The method of claim 1, wherein said test living system and said confrol living system are
bacterial cells.
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