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this text; and, each of these documents or references ("herein-cited references"), as
well as each document or reference cited in each of the herein-cited references
(including any manufacturer's specifications, instructions, etc.), are hereby expressly
incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates generally to the field of proteomics and to

fields which can utilize subcellular proteomes. More in particular, the instant
invention relates to methods for the fractionation of a proteome of a biological
sample to achieve improved detection and analysis of proteins comprising said
proteome, in particular, the detection and analysis of low-abundance proteins. In a
further aspect, the instant invention relates to the parallel separation and isolation of

different types of subcellular organelles from any biological sample by continuous-
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flow ultracentrifugation. Further, the nethod of the

i nstant invention provides for purity, enrichnent,
wa@eeu/osd4et i on, and integrity of isolated sub ceCT/UBZNN4/008655

organelles and for proteins contained therein,

thereby offering an enhanced strategy to study and

anal yze subcel | ul ar proteons, especially | ow abundance

protei ns. BACKGROUND Proteom cs attenpts to

under st and bi ol ogi cal phenonena-e.g., disease,

cellular differentiation, growh cycles, and

evolution-via a detail ed know edge and appreciation

of fidvh altfadaetifpaton. SERER)] the afetivd oPthe ReRht Mivadtion provides for

| ocations, interactions, activities, and quantities
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SRR DT LENERE Ly SRS ARS8 sty n

di sehge sufdehiiaopiotsnid, Bstecianpldve-abiddahye proteifir
exanpl e, drug discovery, preclinical and clinica

research, clinical diagnggsigRsroet®rinary nmedicine,
forensics, agrochem stry and bi of herapeutics. Conpared

to the Iﬁfo?elo%lc%fat& o%deﬂ%ﬂ@%?dlogl@il%@%&%—ég dlsease
regarded as having a significantly higher |evel

c ovepliulex differerTiation,cavoptieictoy, angswblugionr-om & kietallctylmimledge and

h ot t I
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es and

st d@doegny, pieakinicArang l¢hfﬂc@1 &Eﬁakc)h alﬂlﬁbﬁ&ﬁagaiohudsevabﬁnarpEnedicine,

the proteone_organi zation. Furthernore, nonitoring

dyieEsrsies.perchemstiyind peetherap@iticas, for exanpl e,

pr ot ei I.al

P ot cong HERE) Gk Aa SOAHMLES, BRARIP prb@6ARSIU AR oo

f rlmdngcrrmgmﬁnarttbzdhgmeq Ueel bf atlexityal This baviplekite resaitofigm the

nmet hads in. cell bi ol and bi ochem s %pr.

%ﬂﬂaw‘hﬁwaa%% IR RERtEiC ontent A@caﬁ%&%w%éranﬁ dPIAl sadifiFations,

et arfal protefn© @m inrRRi 1c§1‘1§5as a]f?ﬁll@tlw be¥me STRSse changes vary

hese proce ures ‘exploit various

s eq;nmr@tln@mduelshnssqa@ sellsandhorganellds asd pycugiadispense to, for

centri at | flom1electro hor esi

C el S Bt atgS S Sb RRe R ey R upes Rl Risease.

of subcgl predent, tREr8 AR bifSle e Pitant ALl BNt SAdREH Al levels

targeted organelle prepared from distinct sources.
Apirthe progaemiesyRaitizaitpn rfglrthamgé@,édomtonng dynamic proteome changes

such as, for example, protein localization, requires special techniques for proteome

analysis at the organelle level.

Subcellular fractionation techniques traditionally have been among the key
methods in cell biology and biochemistry for isolating and characterizing organelles
(Bonifacino et al., (2000), Supplement 3-6, John Wiley &Sons, Inc., NY). These
procedures exploit various separation techniques, such as, density gradient
centrifugation, free-flow electrophoresis and ligand affinity chromatography. In
most cases, preparations of subcellular organelles are optimized for a single, targeted

organelle prepared from distinct sources. Apart from isolating the targeted



WO 2004/ 083405 PCT/ US2004/ 008655 organelle, the
remai nder of the preparation is generally regarded as
waledioss4sohd di scarded. One exanpl e of i sol at i PQI/ES2004/008655

targeted organelle is described in Price et al.
((1973), Analytical Biochem stry 54:239-246), wherein

the authors describe isolation and separation of

i ntact chloroplasts from spinach brie by

conti nuous-flow zonal centrifugation in a CF-6 rotor
in gradients of colloidal silica. The authors report

the recovery of chloroplasts which is supported by
Efg%ﬁelf M RShindbCoARE ?&}Saraﬁﬂlq iCORERN rr@%a'r&fd #fdebris and

T ast speci fic protelns per uni chl or ophyl |
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I'sopycni ¢ bandi ng zonal rotors such as J-1 and
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nmoni toring dynam c proteone changes at tE E,Og’t%ﬁ

| 6 PonosnieHicasa] chiSFoRISAFRACEIC BIOUIEA B Uit gh S Gy fpalerial
T S PURE ML DYk aghbanisayipate

s iBigdheniigtpe Lohgrsg @rﬁil-? ®. reﬁdrﬁs@atalmon of plelpmptlastspﬂmn other plant
there is a need in the art t% evel g{x new c

|yl
[ Cal CoBRED P ESTA RS S e- Gy Cae padod zpp rotor
t¥9a§f9q{ gggqules in parallel in order to provide

one ski inthe art with the elucidation of

or ganelOtkersppaisf afengrivriep dynamisshengesiio the. projeenje ot e

al ., 003). Eur,. J.. Bioche 270: 5895 099) reports

t ﬁléb(i?i‘léé ?68)?1 arp %@WF‘%@"% ﬁ]}?ﬁeﬁd’é?t]fog‘?dﬁ% %Vt oring

pr ot ei HLEans hloc(@mo@p MR N Seca 22 95VET) dbpdifs Ah & infishitofiY

be associated with certain subcel lular structures onl y

i yoanicairotepiny Qh@ig@g picthe organglielsvelyprichass foe exampmepyotein

stat It 033|b t I | or :
elpgzﬁjé)n evglil}é,ﬁs g’% espfecé‘]]a ggﬁ%ﬁ? ?&Sg%g(t‘aggé ﬁostcﬁz"alcgghﬁfon

n Lﬂ&!hﬁﬁfih'e@éﬂ@ desibh@rfol edfigh fdrivesigglé hﬁj’e&)f oegaclle. t’hl&t authors report
these studies provide [imted informtion on

dyibaithare pﬁrm@dn@ﬂ@rﬁm@@wl@p W celylar ﬁéﬁlqnﬁtl?fh@damﬁu%%sfof
t hegmf% gg{ GRS F’ Sf%ﬂgﬂ?és fu??aﬁﬂgl  in@PdR 8 B de orfd Qkilled
or neI peci protein

t A e@catthm elddditidnarfatganell Gepevitic potei transl¢2000) J.

Bi ol . 27 1
0 %]r%g]er et a15 (%290%?3 El%l‘g (}.Zg?ochem., 270:589-599) reports the need for

improving techniques for monitoring protein translocation events as several proteins
may be associated with certain subcellular structures only in certain physiological
states. While the authors state that it is possible to separate major cellular fractions,
such as, for examples, cytosolic and nucleoplasmic fractions, the authors report that
these studies provide limited information on the dynamic proteome changes to one
skilled in the art as they do not enrich for organelles and, as a result, do not elucidate
organelle-specific protein translocation.

Additionalty, Gerner et al., ((2000) J. Biol. Chem. 275:39018-39026)

analyzes the effect of Fas-induced apoptosis on the cellular localization of the TCP-
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anal yzes the effect of Fas-induced apoptosis on the

cellular localization of the TCP- 3 WO 2004/ 083405
wWOEAER0D4/ 008655 | A protein. This study doeBCTUB2004/008655

provi de one skilled in the art, however, wth

information as to which specific organelle in the

cytosol has acquired the TCP-1 A protein. Cbtaining

this informati on woul d be useful for designing

specific therapeutics ainmed at bl ocking or enhancing

specific protein translocation events. Sim/lar studies

were reviewed by Huber et al. ((2003) Crcul ation

Reisepfotdin. THR sAGR-REShot ProvilBbse 806N tROSS, HoRMveMiwith
the authors note that the present state of the

alinwaation af oachiclsnecilisroragnete in thewytagpklias raémireéiat{lé TCP-1A
C PR SRR SRR ER TR o FETR AR BB i

etthéhpeutiat hingddeat bldteBg o8 etiline gt etifit ppstemiteh@slocation events.
i nformat.iQqn on _the dynamc changqes [

JQ ] th . .
or ganel VB apgufies ¥epiisyierid Py daibes af't 4qoﬁ@0e0,&9 Gicaladpp Research,
t @r%ﬁétﬁgl h??ﬁsglteéerﬂ ZB%FGVH&V,& axﬂﬁ&s%\%ﬁqﬁé&ﬁh@gres?nt state of the
el | ul ar t [ east

subc ractionation techni ques erein
t vaot dliowessfoofracticgatien dslls by difécrestiahabrite fimationh into three major

enri ched, accunul at ed and separat ed .l e maiptainin
PGP TR A TS e B ey (ieHEne, o Cemer o ol
det-eQt 1Akt UBSRY bt bRIvidY iafehRton 8H e Bfami@thanges in the
exanpl'e, | ow abundan roteins. A need also exists in

t lneganelletspeadBy prodgn Idcplazatioonat i on t echni ques wher eby

b f |1 . | b I d
and Lopar et e oot Pl @ e B o) Wasntr e gLr

r efbdetivastioreciRiyies MhereRd Stlesitwo Bipeé bf egamdlict b be
subtypes of subcellular organelles can be determ ned. .
swmmﬁme@rslsrﬁElqhqdfaqwma@ﬁieané§9@%ﬂteéwmlﬁénalﬁt@@mg lggh purity

r eahﬁtlﬁtﬁc&g ssfﬁ%ferb?Hﬁc?&sﬁ’%d(h?%%{’é%#lﬂﬂrgﬁoﬁf for ?fogéﬂsgls{lﬁis as, for
such as subtéllufar organelles, Troma sanpte,
pregbmpdd low-abididahgbeéls. Asasgdl dso eiigts Behanats asvehsid

accurul ati on of the or%anel |l es are perforned by, for
exEspPRaton techniies Pihgieby yubEyRes RSBk ar PEgAnplics e e

e AL SR Y D2REy kB MR M AFBootvd whesty
c éh¢ piotemgeic prafilenof therbubdypesiof suteetivlat organtlkes thobe determined.
ultracentrifuge is used to separate and accunul ate

organelles. It is understood, however, that other

continuous-fl ow pKeAGSEERYIGR THEE INVEINRAIGINt hat t he
instant invention 1S no fmtie 0 € use of an

ul t r ac €vne ispagef thehaventiontrelates tofeparation agd aetulmdatmmef

f ro%ge{nieﬂgs%ts% i asl:s%gce?fl(l?a%lrge‘ahehgs? MDA Qa%llglg‘,sprg epabpyea L%fo%?cal
sample. The separation and accumulation of the organelles are performed by, for
example, fractionation by a continuous-flow process. The continuous-flow process,
in turn, utilizes centrifugal force, such as that generated by a centrifuge. In an
embodiment, a continuous-flow ultracentrifuge is used to separate and accumulate
organelles. It is understood, however, that other continuous-flow processes can be
used and that the instant invention is not limited to the use of an ultracentrifuge. The
contents of the organelles are fractionated. For example, the organelles can be lysed
and the proteome released therefrom. The proteins and peptides from the proteome

can be separated by, for example, chromatography, electrophoresis, continuous-flow
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and the proteone rel eased therefrom The proteins and

peptides fromthe proteone can be separated by, for
wex@apsxrps chr omat ogr aphy, el ectrophoresi s, PCT/US2004/008655

conti nuous-fl ow 4 WD 2004/ 083405 PCT/ US2004/ 008655

centrifugation or other art-recogni zed techni ques. The

separated proteins and peptides can be characterized

and quantitatively analyzed by a nunber of techniques

such as, for exanple, mass spectronetry. Afterwards,

the proteins can be identified, if possible,

characterized and used for downstream applications.

Makgtrigpegiohiof atHey artRedoanizbé tesBpiauéd. Erheeparaed yidtkiak efld
subcel lul ar organelles, and the separated an

adwnHilseen deicbunaBTFRIAREUBRHEEY 1% analsredty asieberiof techniques
d%‘d@ﬁ% ?&%ﬁﬁ'@l ?r?a'éé ﬁ{éﬁtror%@lﬁg ?tﬁf’viraﬁag "d‘l)é1 rojtelﬂfs clﬁﬁ%e identified,

f or “exanpl Ilng ar ’or
anfipassiblQwhalviet asicardpised firdswnbtecsh agplichgorsubceel | ul ar
organel | es and/or | ow abundance proteins, |icensing

t he subaetd dplecificallyg BBR the Sepasitell 810 dcermaRtsadanssiular
proteins, protecting an intellectual ]g)r operty interest

| rplsaﬁ@l e% @@@ &4 sgparpted ppd Awunpdateh Vo RbUnganesrAWiIsc ean be used
fvﬁsc‘tr 1RG S 'Sﬂ&?%{}ﬁ]tchﬁ?&sq @H&e fcgﬁeg{amlpoet, g?ngg the

ganel | es an OW abundance
i rshbo@lutﬁtoagmlsﬂemﬂﬁ lmmbumnhc@pmltéms B&smgmhlé siddelldar

third art| Agai nst this background, and
aceemllrandig! ﬂWcﬁb@niq% afoteiRt: lispnypgpsthe ﬁplégegmar organelles

| nyanRk U&Vaab&d’&%@ﬁﬁtén?s Bfo@éfduﬂgqnfl%u dl g%ﬁgmgresﬁ%n the

accunul ati ng or gahe fronTa sanple ing t
0 rsg‘acv@mleewgdmamsmpdtdn dowabpslante p@jeinedegdaaigg infiermation about

g%ﬂ&l a{ (E)r?;gleag (? %Wa@‘%ﬂ%‘&te\rﬁ?? Efr:]:sl? 0 tat}i%tabase which can
cq,@hbﬂm&ﬁﬂoowe@wmﬂfpuﬂ%s c) applying a centrifugal
force sufficient for at |east two types of organelles

t o m grisgansiithin backgrmind cand 1nyw<g1ré@we mtith qmcerrd;odlment of the

col | ectl n%ﬁ the a deast %g of su i?, 1
oPGERR ¥ %"Po?n“} d%ﬂrs‘w{‘i}%g PagHng go %"C{‘%m AHPporepgeties
t Heondh shiepRicohRisingNBS or@hndl1eb RN ind tBE stepIaM a) tebssink fhe
anot her enbodi ment of the invention, a nmethod is

pr%gqn@bl@s from thesemunie @tmtrfgiupm thiyorgaaeiles iop dersityeradionh
orv@ﬂﬁﬁ cgﬁt’l Jbﬁl‘ 'R éeﬁ mglgmg) cteh ?ﬁ 'f&% %1'&?10168 for at
or gan e ron1a sanp gane

i ﬂéarso'dmtctypgs Mhr&ga:r(ﬁllgﬁmhigeae wdthén fhemtanﬂw gacadmte piid d) collecting
V\/lthlrlacontlnuousfl?wcentrlfu apply
f

c &b #lilparghro horee! aied Weﬂrgwk}%%?méée é‘?ﬂsﬁﬁ Braémlt 50 as to

a t d) collecting
tﬁlgﬁgyg%naz i&o?g%ﬁ&t% ﬁgg%%ﬂ{é?éfﬁ%a?ad‘% ent e) lysing

the In another embodiment of the invention, a method is provided for
accumulating low abundance proteins from organelles, having the steps of: a)
releasing the organelles from a sample comprising the organelles; b) introducing the
organelles to a density gradient within a continuous-flow centrifuge; c) applying a
centrifugal force such that organelles enrich and accumulate within the density
gradient; d) collecting the organelles from the density gradient; e) lysing the
organelles to form a proteome; and f) collecting the low-abundance proteins from

the proteome.



organelles to forma proteone; and f) collecting the

| ow- abundance proteins from the proteone. 5 WO
wWQo/0888:105 PCT/ US2004/ 008655 I n a further erdDUBI084008655

of the invention, a nethod is provided for separating

at |l east two types of organelles froma biol ogica

sanple conprising the at least two types of

organel l es, having the steps of: a) releasing the at

| east two types of subcellular organelles fromthe

sanpl e in a honogenate; b) continuously flow ng the

hompbgenat e over a density gradient and applying a

cent ri flgarth@repebddiingi ofUAtentidtS 4 ineihebls pRFiRAFH: Rbarating

the at |least two types of organelles to enter and

maé teattdvioryipeseot oa&am@ﬂ%%/fr@n adidpgictlsamppoeinpténing the phigast two

S N i -
orsg'aaﬁ]lul% osgadclestisdmtiid sabhdpye ﬁcu.lﬁdmo geamnd; ) cdnﬁﬁh@islyn@owing the

orhacEREATE prer Gopb ARG SR e%géétﬁé”g%{‘f%égeelﬂihta%ount

. RV @ Por @acﬁrsme% feakt t%e&%éée fogglr%aﬁg% I?Aﬁﬁgqa@ﬁn the

| east two types of organell ogl ca
s ai¢p$1’e/ gradivitrig atpieitiogtie & dEfISIT.}egl a«hbntaﬂunh tiopt theadensity of the

bi °| C al nge%rqe?lé/gqtfcgeg% (H%lagl}e }regpec € ngcalnﬁ]gé %r% éulasé.l)lr}tlally equal;

mh& E:) ﬁblahﬁ Ry MRt WP drRrgieNBoRAaliss d&)sﬁiz %%&éw
sai d organe | e honogenate |nto a continuous-f

ul t r acqptIstifl YAEHBAMKBEH: el‘ijtedﬁlllé ﬂﬁv&ftﬁﬁiﬂ & Mothdd) fo?@lﬂjl%#ﬂhgand

a centrifugal force such that at eadt two types
oraganmhlhfag atilepstitveo Bypds aftmgmellag fomi 4 biblogidabsabepis,i Haying the

di ept d |l ect I t
orlnaT 2 g ARGHs b e gl e G ash Ber D 2e
t henRehiSRg thd MRub RS aPhr QL3 AR éeﬂ%natkﬁal%@tfoﬁpé’ﬂ 5‘1%51 nelle
enbodi nent of the invention, a nmethod is provid

aél@mmemt@ 99 feedingagishergaisdle mpmogemaée nte amantsubuelﬂbm ar

O

S lﬂ@gﬁﬂv&d'lﬂypés ofWrgaiRekd RSdrate)and Bédi@EISE REtHIN e density gradient;
subcel lul ar organelles to a density gradient within a

c 3R Pherdigsting g at Le\astrmm@@s of preapelispitirgn sheodansity guadight so as
f Qg ﬁt‘?h Qattlla?% @gﬁﬁj%gl €§}fyéganel | es mgrate and

accunu gradient; d) collecting

th b II f t he de

o) 1 yorRge bt s%é??lmegt efstpa R EhielE o ShelRed b aanded ot

P et RQIIRLUS ReIbsh@dtice foroteiab Bl d Sl ctiRgar &@‘mﬂl‘é NelARELhe steps
praoteins fromthe g@ﬁteone suspensi on; and

9
uef Dekegsing thel syhedl areasnellgn foersiasainplecommtsénesthe subcellular
organelles; b) introducing the subcellular organelles to a density gradient within a

continuous-flow centrifuge; c) applying a centrifugal force such that subcellular
organelles migrate and accumulate within the density gradient; d) collecting the
subcellular organelles from the density gradient; €) lysing the subcellular organelles
to form a proteome suspension; f)  collecting the low-abundance proteins from the
proteome suspension; and g) utilizing the low-abundance protein in a process
selected from the group consisting of selling the low-abundance proteins, leasing the
low-abundance proteins, licensing the low-abundance proteins, protecting an

intellectual property interest in the low-abundance proteins, placing information



sel ected fromthe group consisting of selling the

| ow- abundance proteins, |easing the | ow abundance
w@e@iessy |icensing the | ow abundance pr ot ei NBCT/US2004/008655

protecting an intellectual property interest in the

| ow- abundance proteins, placing information 6 WO

2004/ 083405 PCT/ US2004/ 008655 about said

| ow- abundance proteins into a database and vi ew ng

i nformati on about the | ow abundance proteins in a

dat abase. In a still another enbodi ment of the

invention, a nethod is provided for purifying and

a%ymhﬂ%@%%lﬁ@aﬁ% lhpbtdins Bltd aaslabes ot efevAnpinbAskteal about

sanpl e conprising Said subcellular organelles, having

t Hes ovegamddnce gyotems e datibagesai d - bi ol ogi cal sanple

into a centrifuge, said centrifuge conprising a

densi t yn grtlliaanher sobadimont cdapinedntion, s etk ie provided for

di screte | aye each of said |la r hav oId

c g e Edrgmy SR e foctl B greaht o drear s adtcu S

' rboﬁlfpﬁglﬂg 'sﬁH%H&éI‘F&% oYQanel?ésoﬁé’lﬁﬁg #RIstkpa o€ Wy tAIdReingReid

purified subcellular ofganeflles in said di Screte

| éy@pgcalwamplmn@ea @bn@eﬁﬂge,tswdgmamfegﬁ caraprifil o denshe geddient

0 rSgQWg{l Fé@’%{f t&sgpaer a{ﬁn lfl‘js?I dﬁS%& zﬁ' Y& eacf,ﬂgog%aé flqa\?ers havmg a holding

Féditysﬁiddo)d ensi deﬁtnf@glﬂ% Fsli] blcﬁ@glbdl iseiiplevih @rcehtinifoak ¢hode to
east two types of subcellular organelles are

ad&@fiﬁﬁ? stid @ccatmtdat@é geé puited shcelfulygrorgametlas Wy siddipapiglpyers
t %ﬂﬁff Lk lagn \?\ﬁ%ﬁl&dl&%salug%ﬂl et é A alem léHstSftﬁéoglIyﬁes of

| ayers, eas mo accunu
s ub&dllulak argandieganierdte svithiresepurats dsdrétalldyerd withiatsaidl density
yet further enbodinment, of the |nvent|o a rna\thoguesare

presvdieRs qolugen, veaeEeimspiskat iigs CHOCEP TR RO iR 67808
h aa\%tﬂﬂulﬁ‘@ﬁ fg EohRhtratFdd W of 1rﬁﬁgglaféﬁg9§o&1|tﬂ%oldmg capallcllty of said

ultracentrifuge to o taln sal d ul ar ordane
f rapitaast thioaliwgite Eyessaampd whemsin sid dtileiseivo gdcaindlateridsubeellular
so as .to isqlate and detect a | ow abundance

It
pr%gaé{ﬂes qep St Y PHa%not her enbodi ment of the

i nventimgg, e@ﬁ;‘?ﬁ%ﬁ&ﬁbb«ﬁnﬂﬁ%tﬂ@&v@ﬂt‘ion aGedRat Riprerddad for
| east two dlfferent types of subcell ul ar or ganel | es,

haagturgulaties m’oeplhdar orggnatigs, darivgthnsiep et vsiema continuous-flow
ul tracentrif .o oht i d at di.f
PR OB Br a7 TruREr Pelhetl SRk BRI SHERe n

S Rk ertt Riekbarid Sir@tso ¥k & idolarRding detetya BSv-asurdence protein

i sol ate and detect a | ow abundance protein therefrom

| ihere§em) | further enbodi nent of the present

invention, a nmethod is provided
In another embodiment of the invention, a method is provided for

accumulating at least two different types of subcellular organelles, having the step of
using a continuous-flow ultracentrifuge to obtain said at least two different types of
subcellular organelles from a biological sample in sufficient yield and purity so as to
isolate and detect a low abundance protein therefrom.

In a still further embodiment of the present invention, a method is provided
for analyzing proteomic profiles of at least two types of subcellular organelles as a
function of time, having the steps of: a) releasing the at least two types of subcellular
organelles from a biological sample at a first time; b) introducing the at least two
types of subcellular organelles to a density gradient within a continuous-flow

ultracentrifuge; c) applying a centrifugal force such that the at least two types of
7



for analyzing proteomc profiles of at |east two types
of subcellular organelles as a function of tine,

whawisngpsdhe steps of: a) rel easing the at | easPCT/WB2004/008655

types of subcellular organelles froma biologica
sanple at a first time; b) introducing the at |east
two types of subcellular organelles to a density
gradient within a continuous-flow ultracentrifuge; c)
applying a centrifugal force such that the at | east
two types of 7 WD 2004/ 083405 PCT/ US2004/ 008655

subcel lul ar organelles mgrate wthin the density

Okastefiar ofbhn ARk hlﬁ?faitdl@ithmh@aeﬂsw%ka.diérmgo dJ RSB the at least
subcel lul ar” organelles fromthe density gradient; e)

i $6b atriengl sbgelbupl drginedlep fromethp densiraradient; aiselatng and

. f. bcel | I ] .
AR P TR % B Bt

s ubgetebiil Afro AlegAREi 28 feast twodalpesfdfsBbeelliiam®igahglles at said first
rel easing the at | east two types of subcel]| ul ar

ot &) 1ekeasipg 8in ah leastcBiodyP g5 fisbidlaar gxgapelbesdfrory a second

Se¢ e § ' : S ygue a): b ; :
SRR LR 57 SR8 10,8 ) fain
t warifypeprotdinsiinahidut &rastomgaypts afsuba@lldkr erganelées ta determine

proteom ¢ profile of said at |east 1 es

s @%%tﬁflm%ﬁogfﬂg% e 8 Laghtvg tg%?fdﬁ“ ub‘i“%‘t@? 85%?8&%5 at a second
an@dhey 2h9 b8z REMEHBonRE Bl &Sat 3hid FRbt%nl isEIndaRsks to detect
second ti'mes"to detect changes in said proteomc
prebéiigee 1 seed protamut ponfiles astd fupctiqmofdine.i | | furt her

enmbodi qent_.of. t.he invention..a.method is_brovi .

el vz g tfl s sersaaerS it P 0 SRS dae
PraRhi§king Me ParkicRh@el Hidkess TR k@nslosudiofl pidtainsdfatadlogidal sample,
process relating to the intracellul ar novenent_ of the

t saidgtanslacation progess elatinggo she igiraedllghar srovement efithedranslocation
first. or | . N i )
b EATOE o SRRV o ochfhely orsi

| @aslbgiciiGatniplee sf0ifiicsion baWinethat e at Baspsoafme geihts, having the
deternmining the relative amounts of said transl ocation .
prstpaich (Ph - slgfegmimng die rlalve anewys of sthBrrséocgfionPigisia fn said
bi [ ' [ i i.cal: bai

" i RLonn HIBiLe B4 Hr bl bl gleR Bl BRTBIdRo2i0f SAiiple
ofbeinpdsaigiediara figst tie pointstcomprisigihe seps sfphegemdieg the first
conditions sufficient. to release said fir nd, second

o TR CamP I T FONEN S QL For e L e SR B

Or HARRIILESH PRGNSRl $1i G and $RORH brafERIREIL I Bprising a
i ntToduci ng sal d honogenate to a density gradi ent

wistibéatlutar podedme; iatoslucingwaid honaegsnateitd adensitygpadiemgvithin a

centrifu farce to.said honogenat. ch .t hat .t he

F et Host BhaCerr uREiPoLTE BrareturChTor DRl doBeryee

Orsaeh 813} the frQmRY isBebnd drghrbiléshigiing witeond denganahliest,

fromsaid density gradient, solubilizing )
removing said first and second organelles from said density gradient, solubilizing
the subcellular proteomes of the first and second organelles, detecting said
translocation protein in the first and second organelles of the first biological sample,
measuring the level of detected translocation protein in the first and second
organelles of the first biological sample, determining the relative amounts of said
translocation protein in said first and second organelle of a second biological

sample, said second biological sample being isolated at a second time point and

repeating the above steps; and analyzing said translocation process of said
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t he subcel |l ul ar proteones of the first and second
organel |l es, detecting said translocation protein in

wo bw4/083483 and second organell es of the first PCT/US2004/008655
bi ol ogi cal sanple, neasuring the |evel of detected
transl ocation protein in the first and second
organel l es of the first biological sanple, determ ning
the relative amounts of said translocation protein in
said first and second organelle of a second bi ol ogi ca
sanpl e, said second biol ogical sanple being isolated
at a second tine point and repeating the above steps;
anthnsldahty Bpt@teﬁﬂdtsdsatdiaﬁ&ﬁdiﬁc&ttirﬁ@bja taapagahe ﬁﬁbﬁn&i Ié@els of
2004/ 083405 PCT/ US2004/ 008655 . transl ocati on
asaieiecteuhizanslosalm rrpien w ¢ Brp and pryonshargzpgl rf@ﬂeach of said
I f protein in the
f ?Dgglt §1c81 %8 conofﬂ %%ggttne%l% %l}l egizoﬁﬁgf said
bi ol ogIIQ@Iet sSiipdrembodmh et eﬂthatlnmtlbn,af msthbd is proeided for

point.s. In yet another nbodl 0 he i nven n,. a
mebiRIRIngE PTG figaysubgsiiu %}f&r&m}%ﬁﬁﬁaﬁ %@éw ﬂfl?rs# Raving the
SL@,&%% lolpud ‘"i‘éle PME s lfbé}lléﬁ{jo@zl@eﬂe)é%ﬁ& sﬁm%rp%%eré&woﬁga

ste asi ng the subcel |l ular organell
a r’mlolsginalt swrspée foh mtmdﬁcmg tm albccﬂluiﬂroggwllwawhﬂub ty]hf)s thereof to

| nt t b l.ul d

({ 61? 163[] %étﬁlgjll zf (ie;)naﬁlécg)[rsetﬁ \g\l’&%{aﬁpﬁ%guag% c)salilaplyn){éJ a centrifugal
c GBfde @u&u&mf heWubdeliLRE 8#bahélfdd GRd s€D-typRP N ndgrate and
centrifugal force such that the subcellul ar

orageweileteswidlis teadensyp edicnbineofingle gizitead dhd  collecting the

SR Sy b D RS LB SR B DR s g
Suhepyﬂﬁﬁsﬂﬁﬂfﬁmf fromthe density gradi ent and

obtali ning the tgr oteins therefrom These and ot her
enbodi nEHEe 2 ohprembpgiments At ﬁxeénmw gesPrpyided inggreare obvious

e bR e O Rl PR P D oS The
fol'l owi ng det BRIEF DESCRIPTION QFVEHEQYRAAVINGS

exanpl e not |nt ded tolimt the | n vent
soIer %ﬁ% §§é@#? Eﬁ%@HPﬁﬁﬁﬁg%ﬁégﬂﬁ?ﬁé@np ‘&ﬂHOt

b&afenti& toNGEH ﬁ{eQBQerfuBn SRl \XI;[B Ghd %ofﬂctéihﬂoﬁﬁnents described, may

acconpanyi ng draw ngs in FIG 1 is a flow chart
déyesiche mgietdumdnatchngdn@fonsm;ﬂatMtalcmmmmhalWMgam wh1ch

im; gr 19 | l&ﬁg? flo e“g‘ian“g Pﬂﬁ 11?%'@1%];}33:\% H%CHO Sgrtft PILf: 1 Suilation
Chaloagdn@lés 8k eRBoditfnt SIUAB irtviedtibOn.

FIG. 2 is a flow chart depicting the method of protein characterization and

quantitation.

FIG. 3 depicts the percentage of mitochondria, endoplasmic reticulum,
Golgi, and plasma membrane in collected fractions for rat liver.

FIG. 4 depicts the enrichment of mitochondria, endoplasmic reticulum,
Golgi, and plasma membrane in collected fractions for rat liver.

FIG. 5 depicts the percent (%) integrity for preparations of (1) endoplasmic
reticulum (76.3%), (2) mitochondria (72.6%), (3) Golgi bodies (89.3%), and (4)

plasma membrane (72.7%).



FIG 3 depicts the percentage of m tochondri a,

endoplasmc reticulum CGolgi, and plasma nenbrane in
w@olohegexl fractions for rat liver. FIG 4 depPCIl/BES100£008655

enrichment of mtochondria, endoplasmc reticulum

Gol gi, and plasma nenbrane in collected fractions for

rat liver. FIG 5 depicts the percent (% integrity

for preparations of (1) endoplasmc reticulum

(76.3%, (2) mtochondria (72.6%, (3) Golgi bodies

(89.3%, and (4) plasma nenbrane (72.7%. 9 WO

2004/ 083405 PCT/ US2004/ 008655 FIG 6 depicts

transnipggi @QeFiQHah&Nistibe ERBfrEPRSCr6 SRPRY ¢dilpadrh@ the organelle
organell e content and ultrastructure of a crude

exontaot anslaphsrugfure ef 2 ¢rndeextest sana af e ispoes ashie

retihcylumfractio s _prepar th .
PO ARG oSG Y o BB Pl Gpcmion
m t och@uidy 7 depieRABPHasafitapelcfnitichbidria, Gadd@lasnAdbticulum,

pl asma nenbrane in collected fractions for HelLa cells.

FIGmlgiganibpirsma meprasip sphesiad factions e disdgraells.

endopl ' i j s . Hﬁg;ﬂg&% [

col | ecﬁ?‘?ﬁ%@%{lsgﬁé c‘):}m% %%%ﬁhsn@&?é epil:%%}g,cutu €

| €0dbi, aiid plasihe hreattirarefin @olqpeed fractions fadsdllacelly. t he

met hod f the present. i nvention. .FIG .10 depi,cts the
Coant | F1008 EFGRURS N thof SHArIT L of p SPECLHG MR Tel e iche Fuethod
Flofthe]grggg%pirﬁ,gﬁﬁ&pe per cent age sucrose content for

col l ected post- centrifugation fractions of _
honmogerilge 80 derdcts ¢t quahtigeed stplabs foekaod fraetion shown in FIG. 7.

anal ys 100 R Pdsontes HoFeBT -RORDFRTGI o

f egiineshtioh fRoHeR Fhel Eélﬁké&éﬂd&fﬁl{rﬁ&ed IFEIG celB.
depicts the results of 2D gel el ectrophoresis analysis

of HeL&IGel? depicigacomperismof 2 gxllcdfctppheresivanal ypgonthe crude

pl a rane fr i.on. Fl 4 I: t mass

C SBBH 4CE0 PR bt A e rr iSRGy BRI

13. Fl GIG1 93 gbsivs thd@sulgsofi2Degdd kledBoptresis analysis of HeLa cell
el ectrophoresi s analysis of rat liver cell  crude

eXtiecTsraghn 8 Godeidrgtiph.asfelaser eembine f13e4%%n. FI G
Lo oM 82yl SR.Rplc) bl ORIOCSL B o 140t
migochondria fraction.
FIG. 15 shows the results of 2D gel electrophoresis analysis of rat liver cell
crude extracts and an endoplasmic reticulum fraction.
FIG. 16 shows the results of 2D gel electrophoresis analysis of rat liver cell
crude extracts and a mitochondria fraction.
FIG. 17 shows the results of 2D gel electrophoresis analysis of rat liver cell
crude extracts and a Golgi fraction.
FIG. 18 shows the results of 2D gel electrophoresis analysis of rat liver cell
crude extracts and an plasma membrane fraction.
FIG. 19 shows a flow chart to provide information pertaining to the method
of the invention to third parties.

FIG. 20 shows a flow chart to protect intellectual property flowing from the

method of the invention.
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FIG 17 shows the results of 2D gel el ectrophoresis

analysis of rat liver cell <crude extracts and a Col gi
wo ea@ensanms FI G 18 shows the results of 2D gel PCT/US2004/008655
el ectrophoresis analysis of rat liver cell crude

extracts and an plasma nenbrane fraction. FIG 19
shows a flow chart to provide information pertaining
to the method of the invention to third parties. FIG
20 shows a flow chart to protect intellectual property
flowing fromthe nethod of the invention. 10 WO

2004/ 083405 PCT/ US2004/ 008655 FIG 21A and 21B show
resul t 16 2100RI 0O¥ SESREENIL sfhtﬁhaegpmwdﬁagpﬁﬁﬁglggﬁﬁ@
obtained fromthe nethod of the invention
anezagssitainadh@omdhencthod of fhe inveriopr ot ei ns usi ng

2D gel IS the e

bi ol ogi@@ﬂ%‘%@%ﬁi ?"Z‘E SP%V&E?er eeitie rrg}l ?gg{i%@#ﬁ{&nsqs & h 3p-gel analysis
dehe eid @tmatedi dmoun€ @tiviegitsl hiteriflraqiiad t6 @wjzh Mueietein

FIG 22A and 22B relate to cells and tissue

r dlsjsetien lpaltyrelativede therotsineapy SupBaT- el %2% @Bd 22B relate to cells
di obvi ous from and enconpassed, b

t @&#&%@9 res%rec@e?% | ed Description. DETAILED d

DESCRI H’ﬁbﬁ\hrﬂ&thﬁeamﬁddirﬁéxgmamsﬁsblcamﬂ, a2 areawbveodzotommend

of the invention_involves . ohtaining a biol ogical

s SREIEP3siEdy H@ ﬂ?eoﬁollilf’?yfngas?t?’&ﬁéesﬁppgg%el | ; honpgeni zi ng
the tissue and/or |ypirAgLiEpeDRSCRIPFIONOVI de for a
honpgenat e; optionalTy crarifying to Tenove certain
mat er i a\s, sesmghFigeresflomdey amrpmbodlmm el the ﬁré@dtlwgmhhyes
é@})enat i.nt.0 .a gqn {11 cﬁgwutrac rlfue h
e Bite by dgrant it BBl Rl Heg ghobHfing the

Catild dnd@alysies &8 ckl té PR vIRTOgERGh6gdnates Spt%r&ll? chifidlying to
accumul ate 1 ntact o\g{glanel les; collecting the

orrgraned ¢asiin mariakis aw@r@x@m@ nusdel; feedine thpdpomogenate into a
d O\anlgl{'oeg er ﬁ%rggen%ﬁﬁl\%_e 91‘?11'1 ens g%% IEIEQH%IQ{HO g}?;ﬂzlng a

tainin ance erns from

Orcgiifighdae Sorbeytd 146 hﬂﬁlogélﬁt@tro@albwhﬂe ead hecunellaesstattheganelles;
prot eonme; separating and accumrul atin

t.he
| wlg%wgd%@r@amlbﬁem@ﬂ%hw%ﬁ? lleg ﬁ%gﬁ@% Apwpsigpam processes.
q l@lﬂat u'élll gb@ﬂstre% rohéss %ﬂ loﬁtalﬂlﬂgﬁ)tvél % ﬁﬂ?ﬁnﬁ}ﬁrgtelns from the

| ow- abundance pr el ns; usi ng ance

provgaiciss b}nlyﬁmgtt]hmorgdmm:s tO‘ rebamsgthe pests@se; separating and
accumulating the low-abundance proteins therefrom; characterizing, quantitizing
and, if possible, identifying the low-abundance proteins; and using the low-

abundance proteins in further downstream processes.

Obtaining the sample. As seen in Figure 1, the method of the invention can
be applied to any biological sample known to one of ordinary skill in the art, or any
sample comprising a biological sample, isolated or obtained from any source using
any method known to the skilled artisan.

For the purposes of the invention, a “biological material,” which can have
the same meaning as a “biological sample,” “biological specimen,” or “biological
substance,” or any other similar variation known to a skilled artisan, refers to any
type of biological material known to one of ordinary skill in the art, including, for
example, whole cells, cellular extracts, tissues, homogenized cells or tissues, protein
solutions, subcellular structures, such as, for example, organelles and organelle
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otaining the sanple. As seen in Figure 1, the nethod
of the invention can be applied to any biol ogi ca

W@ 200plogs4bhown to one of ordinary skill in the BET/USI04/008655
any sanple conprising a biological sanple, isolated
or obtained fromany source using any nethod known to
the skilled artisan. For the purposes of the
i nvention, a "biological material," which can have
the same neaning as a "biol ogical sanple,” "biologica
speci men, " or "biological substance,” or any other
simlar variation known to a skilled artisan, refers

t QuBRYes, by Y @helthakodi thalone®F 8fdimgdry KIitvin tﬁ@ar@%uldfconmder to
ordi nary skill in the art, including, for exanpl e,

wihslaebielepics] materinlyl A bioksaived sraicrial pasilensbe pBhinYEHI; B ture,
¢ esh%Pse[ns%ron tslu gr?ﬁie bl%&t 811 fﬂlg O%?lll ﬁﬁeo Qﬁch a%uﬁq‘ggscglgw%%[ a non-

st'r ures, gané
O@@B@bhl&ohhoﬂﬁuzﬁ @él;/ ﬁB&éﬁ'ﬁ)lP@ﬁhUﬁﬁﬁ%ﬁ%ﬁﬁ?ﬂ comprises a
btypes, or .any ofther material that one of o%ginar

s mlpgm el e TS GRE RefoTiesamBle, an Breanaly izirganelle
Mo‘%é g:ieg ff?:gﬂ§ 3l biBRLRAI 1ﬂL1teﬁ BhS Hlvgﬁtuﬁf‘é/an be obtained

soI ture, “'suspefisi on, substance, fer, or

arfyom)ﬁny hma:)vlm $ogirces hamgax deddy Bucéxaasnﬁh @xalaph%oan organ bodﬂy fluid,

bi i cal Iutlo zuchfas for exanpl e, ?hosp

b ‘P SerPWaP Aot doags: fe5e8) Wiiec %ﬂm%F%‘FP‘éﬁ 18%‘8{3%65“6

t NRhRIeBnats %ﬂul@ﬁextfa@f oB¥FAR Riid aRriQEARBA A I@own or?amsm or

organel |l e~ subtype. Nbr e speC|f|caIIy, a bi ol ogi ca

matagirthereofofr vits, ingluding; ot n@hhmlﬁed tshfet gxeaple, ﬁm‘rpmk?ryote or

kno sour c I|v ing such as

)g%yo‘igomrf ra];tc]e ’ eg%tlr% gdor’ ané/ amsnil Suﬁ% ase ;f%ﬁgéaﬁfp

t %@[rﬁal, ﬁﬁféﬁﬁmaltﬁhﬁﬁan, RN hotde Qlish, hlrme,,antlhs?eﬁu @r plants, etc.
honogenate, cellular extract, or spinal fluid, derived

f rgnaAgmRinetenscheradl sm or  part thereof or virus,
I nCl Udl e 13 5y
pr okar ylgt%ge gllﬂ)o %en tﬁ% Bl‘ﬁ%\gﬁc% Sagj?fg e of I nve‘?%ﬁ)éblrn gogordance

Orwidtinthe Pk am 1ﬁmnt1$)n,01|§ n@sint incthe exianpy biodopicARensalas t}&: smallest
mammal , a human, a bird, a horse, a fish, a ro%ent

i iBeBbrangPoyndhady capaile of wlepgagentarmipAlgtionn dn £ REPAdSE S sefise,
,|, (r:}:e F@aneég)é}gx' g@ﬁ%:yd‘tﬁ%r\%‘!rcﬂ{%lﬂgﬁﬁalln §@cﬁ%ﬁ it ﬁllﬁb&%%#reﬁléged that

I n accor dance he present ‘i nventi
mesagwd! dan bt lobtaoredifirvam g nivilodadlgylac atgamsms @ tiwsud, heell or tissue culture,

oY BRUBEFISH coh s Aol GAAEY. S BB A WeloELaL PG L Ude

eulsahab ?&cﬁfedﬁh&k&?éeﬂoéépfémahjﬂa%% bt eelll Eoﬁ%lhb siRellular
appreci ated that a cell can be obtained froma

matticiveds) mchdings fareikampleaotgendles andothet subsellulpsgmetures.
? lrjlofnuraﬁgp g?rts?;ﬁlg’é F%dal‘sugg% ag ocr:gzlfnle ’I lw%ﬁ) gmehave%}lfel éalﬁ{eemeanmg n

the invention, are understood by one of ordinary skill in the art in the ordinary

biological sense. An organelle includes any type of complex structure that forms a
component of a cell and typically performs a characteristic function. The invention
contemplates any organelle from any biological sample known to one of ordinary
skill in the art, such as, for example mitochondria, chloroplasts, peroxisomes, Golgi
apparatus, endoplasmic reticulum, nuclei, proteosomes, ribosomes, and others,
including, any known or unknown sub-types of organelles, such as, for example,

smooth and rough mitochondria, early and late endoplasmic reticulum, or any sub-
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further appreciated that a cell, especially a
eukaryotic cell, contains subcellular structures,

wo pkishi4ng, for exanpl e, organelles and ot her PCT/US2004/008655
subcel lul ar structures. "Organelle" and "subcel |l ul ar
organel l e," which have the sanme neaning in the
i nvention, are understood by one of ordinary skill in
the art in the ordinary biological sense. An
organel l e includes any type of conplex structure that
forms a conponent of a cell and typically perforns a
characteristic function. The invention contenplates
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of ordinary” skill in the art, such as, for exanple
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ri boso ers,
u I’ﬁ@p@l’dﬁoﬁ”ﬂlm&iﬁ?& @Eu‘tﬂp@:ﬁﬁﬁ bk @partﬁ:uxah oagnelledfopRrdionli€a cell
snoot h and rough mtochondria, early and | ate

erfBdigs disting i seme manns e Hieremamdenolfhe sunape 34 rzanclles of
P t I
pﬂét%@%?&élg@ggrg glfcfr &iﬁgg a%ﬁ.ﬁ?}fébﬁ% -t éésﬁgctzlg&%é’lfferences based

di g furexaibk, the cvamllaizeandishaeyfake digandilet the dandity dirthe
accord th t he, present vention, an organelle . .
ﬁgante@&eb e aracggrbstlc%?}ﬁllnd)(qpaﬁutlog g}?f[ }sequglresis%lg gle composition of
S l*tﬁe B%ahél%&fnbﬁng’ afrtah ¢ BhRE 8@%8 gkﬁl%rmhﬁb gl‘éé‘l di&tirRtion that
I's distinct in some maRner from-t
r emmldu e knofn tdie §hﬂﬂed lagtr.sen ofome gagaeblllﬁs:oofam mhlambr@aﬂevhlch
exa ,organel | e sub-types include

?8?%ﬂc8¥$8§@é@e ne$or exanmpl e, the overall size

a n d shapgs Lo ddderstiodans! or@anellBEh ANk k¥arRiple! dM@racteristic sets of
organelle, the characteristic protein popul ation that

| sbl@mpleelslgwn partigulen ﬁb@r@wn@w sgts ofrieteivs gat s1ake up subsets of the
gevgni? dteuq ?%gyemetnp 8{ 8 Las s%lbéje% (?tathf; Mol B{gglgg%lf %%ell The

|on Known hé™s

arshb@ealafpﬁwﬁs asgamed IW@@l mabalumm&nbmmwe@ch ashfog kxaraple, an
cal |l ed ganelle menbranes.” It is al so understood

t rpaga@ﬂlsem hosegrofaine forming asast of the Fafits prefengompleag of a

f . i I ,
oreelr SRR, E Whife el AR L B o SIRPRELAEbER PH B
C grapti@it@vhseodf aa crgdrlellashs sliwelislapprotdomevdsadoat et with oine

of a cell. The subset of praqtejins assocjated_ wt
supsdellgisaec! ?Pliﬁ’éf{%?r—ethoé‘a&%“‘d%s thelgre coniaimed within it dirctly

Or&E}HcﬁHcﬁ b8find, li‘l&ég‘raféﬁo&eitﬂ%héd% TG oBnd s &hbidhe 108 be

entire proteln conplement of a cell, tissue, or
gemfmr@d ¢ans the “prgapelicqaoteomas’ An' s ghelk kditape cpxndtam aproteome

s ek PoREl e Bims G bt BRLE o PR o Reeicia som the proteome

that is formed from the combination of some or all of each of the remaining sub-

types of organelles comprising the organelle. '

One skilled in the art will appreciate that the coining of the term “proteome”
is generally given credit to Marc Wilkins of Macquarie University (Australia), who
defined the proteome as “all proteins expressed by a genome, cell or tissue.” For
example, and for the purposes of the present invention, the term proteome refers to
the entire protein complement and includes all of the expressed proteins, of a
genome, cell, tissue, or organelle. As such, the proteome can be thought of as a

dynamic collection of proteins expressed by a genome, cell or tissue that can change
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organel | e-specific proteins-those proteins that are
contained within and/or directly or indirectly bound,
w0 nioegsrded, or attached to the organel |l e nenbPEnESa$008655

be referred to as the "organelle proteone.” An
organel | e subtype can have a proteone that is unique
inits conposition such that it can be distinguished
fromthe proteone that is fornmed fromthe conbination
of sone or all of each of the remaining sub- types of
organel l es conprising the organelle. ' One skilled in
the art will appreciate that the coining of the term

"RA 9&&9&%% vith HERRAA SN eRcoFL dhdh dsOfoYRESmMIE] HkRfowth
of Macquarie University (Australla who defined the
pranﬂ/@o niffeasntiagioh siggo ok eall, enpmeb Xrg@rn@l egenompcntelehitors,

R P R I U

ent | I e TRlseineicAses ARilepRMipradisted Al Welesn atdanélest fikh as, for
expressed proteins, of a genone, cell, tissue, or

oregample, éntOAhorsi@@ nd fshl@rqpﬂ%ﬁs@ epriaigdheinawn KBiggHsORes yhich can
exg%géaggrﬁ? ?f’ %f(}télﬁpasg% Qfe@ R&ﬁfshntﬁ gl}ﬁ%ﬁﬁ%gﬁv\é@ftaﬁnng organelle.
genonme,  ce

I'Ssue can c
20 83406 sIRTdd Mﬁgﬁﬁ#ﬂnﬁﬁlﬁﬁﬁandl thatahe:mraﬂmnyz ef pmotdnnsathat
variety of different factors, exanp

é as, for
t IFENSHBIGAR OTEHIEHS PralsonieaTe GEPEEe R?ygﬁ%@fél ?hrameéwes and are
i t

¢ ARFGRRleadf (B bR A e R, 2 VRS P REmep RS Such as,
arfbr samplé, nrapslveativased vesitulai ddhvb]ey appreci ated that
cert ai anel | es, examle,. .,
i 1 oehdiRrrebaoreR Af BERYREbE B I m i Raicr” tf to the offor
Chb eERSINBEe lﬁﬁjﬁ‘éﬁleQ A ludiD FOSX 2B PIE idntitiBe qRARERE, NSructures
associ ated wth the chronbsone-contai ni ng or ganel le.
Howmd \beachemiigal gikd ¢ellatir Aitctionn ohpll tha prateinstia gy orgraism, vegan,

it ot ei ns hat con tltute n
e, RS s 8 sl B orE Rk g R RRASE flekébs, apa how
artﬁeset}if@}fb‘i’@@ma@ﬁlrﬂ gphek, tlth% b paRsiblogicaf sthta! Qtf\ﬁﬁlt be further
vis-a-vis a variety of mechani snms, such_as,

emnw@ted t&lampt@@mqsoweahaat%fbp aafuzg ofrsilulas pspce$56$ throygh the
P SHBRSER o 050 AMEPLL g B AT B AAE) s, suh s

| rfcf exchiniyde, ﬁr@ﬂ‘elrﬁaﬁ@fﬂsklem prod'ﬂeﬁ; pbstemnsigtiami intddéfcations,
structures and bloch§n1cal and, cel lul ar functions,
a|1ptrqqf§gu]§1r caligpdiops, ag pg}tagmrgtﬁ*n lal;eéaé;rt.lons,twl 3Elew to space

{'_f{l)l Rt kﬂkﬁ&ﬁgfegps‘%ate CF}&)ltef']on‘ﬁEs CARBEh b Eon1Pihe &htification and

r eof ese properties vary in
s pplaet,lﬁctatm odlprbtgihy, bubdxlsxgthcaletesmmaelon bf theirl Ibcdbleatlon

furt appreci ated that pro m CcS. | ates t he
SoeBeasictR oty e et % AGugRD: et TuhdtEnt
Homogenizing/lysing the biological sample. Referring again to Figure 1,

once the biological sample is obtained, the biological sample is homogenized and/or
lysed. The product of the homogenization step is typically referred to as a
homogenate. A homogenate is meant to have the same meaning as recognized in the
art. Thus, a homogenate is the form of the biological sample following
homogenization and/or lysing of the biological sample. The process of
homogenization and/or lysis is further explained below.

The methods and materials used for homogenization and/or lysis are

generally known in the art. In accordance with the present invention, the term
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characterization of the many defining properties and
behavi ors of proteins, such as, for exanple, protein
wezpresaIdn profiles, post-translational nodi fPCHUSING008655
intracel lular localizations, and protein-protein
interactions, with a viewto space, tinme, and
physi ol ogi cal state. Proteom cs includes not only the
identification and quantification of proteins, but
al so the determ nation of their |ocalization,
nodi fications, interactions, activities, and,
ultimately, their function. Honmpgenizing/lysing the
bi“ab@gbsatatDaMRherelRed fihk, RdcRgaifs dxamblgUbRogenizedce
t he biol ogi cal sanple is obt ai ned, the bi ol ogi ca
s dwplogenisngorageir 3o anaeidy wrict) gidednianss upaddaieie affordinary
t %Ellﬂ%%%%@ Itozgtit%ﬁe%% B4 & ?rulpﬁoﬁ prlscs?slsg 1¥1t<{]§1f1£fe Eﬂd Bl%réaﬁmﬁorm
honogenat e onogenate“I's nean ave

Meanipogeas snacmllz afld emdchnulaﬂnatenmmmpmlﬂme gesrmat For
is the formof the biological sanple fol]

h&HBYRIs: banpEmizHan of a fiydiesgn e R éhebbraﬁlsag up ot thgrifseue into
ThEqiR{dA5ER R g& ch tﬂ&’lﬂfﬁ@ ENiAREAD @R arl Y H Eetdched g&ﬁlf&tsh
expl al ned ow. The nethods and material s used

hotiryend frati oty andédhldrysiteriadr dhe tremes lhahiogekimtwm and/or 1ys1s

B 35 SR b Bl T R S i

Qﬁﬁ%ﬁfh'r 28inbORentsA Mthus Sindlkc 8t d iRk Rith $ phesast inf@tion, the
exanpl e, honogeni ze or honogeni zi ng, can refer to any

ofhomogamized fyssoes erdecmmrtagniasd erber lwsdméls @tm et fathy release of

ALy e 8 BS54 o

C ehirsccBiidr othp@rats! fdna Ither@ﬂf-‘idcﬁbs Cibﬂ'@;fan’iplél,g)rghﬁlles it is meant
ti ssue. For exanple, honobgenization of a_tissue can

r dhaithe Birerdlubr eaRIPABENIHIG fongeraerpssnafingd By a cellular or plasma
||%% | cells such that the cells becone separated

and/ or detached fromeach other and from any

extrac Gd)ﬂdbfafrdlmiaﬁy@ldlain thd bet Wik apprebiatenye madety o approaches

d/ f th t pt
a&va@e{blq FoaB e JIaPHa S Sioes SEUR, i lvilheh fhprecided tha
g GEhd dbAdisih ﬁ&p&ﬁ%%lt ﬁt}Hé dis 213 6PHHARAGI M EMbERE such that

sent |nven i on, onogen tissues or
h dh@gﬂacdhﬂhr&ndtponeﬂt;gsedl i) tﬁir&xample; e@ahd?lldsnarb hedeased. The

rel ease of . th bcel | Iar co c d ng., for
ej@mg@mz{t i %{Eléogﬁgqlsf céc§1 WS C?Igg @ te%fso Hl the'ceffular

| Rh&AGahd 1 BErupRIRane @ﬁlﬁlrﬁﬁﬁ@tﬁé‘&sﬁlﬁhbn of ﬂférbrgeﬁlellé fembranes.
exanpl e, organelles, it is neant

i AVethodd fouk mstmgﬁbgwmnéltms toorshmve ﬂ@‘ﬂﬁslﬁ Oé thefdeHeldr mgmbrane

a i le nl{{n%{'uz%g t’l)‘xe ;ily31s of tHE organé]Fe membranes are known and can be found,

for example, in Current Protocols in Cell Biology (1999), Ed. J.S. Bonifacino et al.
and Subcellular Fractionation: A Practical Approach, (1997), Ed. J.M. Graham et al.

The present invention contemplates any technique for homogenizing and/or
lysing a biological sample known or that will become available to one of ordinary
skill in the art, such as, for example, any chemical-based, mechanical-based,
pressure-based, or temperature-based technique. For example, such methods can
include applying a liquid shear force to the cells and/or tissue by passing the cells
and/or tissue through the narrow annulus of a ball-bearing and a metal block in a

syringe (“ball-bearing homogenizer”); forcing the cells and/or tissue under high-
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One of ordinary skill in the art wll appreciate the

variety of approaches available to carry out the
waoele@nogi4ndn of a tissue and/or cell. It will bRCT/US2004/008655

appreciated that |ysis and/or disruption can result

in the disruption of the cellular nmenbrane such that

the intracellul ar conponents, such as, for exanple,

organel l es, are released. The honogeni zati on and/ or

lysis conditions can be adjusted so that the cellular

menbrane is disrupted while mnimzing the disruption

of the organell e nenbranes. Methods for adjusting

t hese conditi ons.toachi VS-S +; t:h e
o Ugh : PR ORERE N Y Sph B8 ARIGR inc b @itReTeh hinder
NREIDERE®Se AdEthki @4BingNikoogina heedlovalds, sufloas, éxanpigle, in

Current Protocols in Cell Biolo (%?9%%} Ed. g § he cell
Boringacilie sewicafing th el iAo EEP At s Ting the cells
B0 5 SR R85 Bond 98735, (Esardp TGBDA0 L@ The

LSRR on cortenpl ates any techni que for
hayiegaailZie@ SBISU); @ontaktis thy tiasusiantleyicelld withespltivn Sk

or that wil|l becone _avajl able to one of .ordi y :
sikpyides opaqiie shiess, Sehcs, ’exzfrgplee%lﬁ%?sg}on% ﬁgécﬁ%, hypoosmotic

chemugaky PBREHRM GRtosbas@ton 0P0.2Mulag-aha applyingrshear
tlgr%per étg%cgza?‘ggggd t echni ques. For exanpl e, such net ho%?ender

Cfances; such us)doappinpile gntaoduciygithe Beseas andircells gite pdissue

[ d/or tj [ t h | .
IR T L O
andl 8 nfields ,,og) 51%? KinePadiliti Al ia@Rdé khawh tdeaikiigd artisan.

honogeni zer orcing the cells and/or tissue under
hi gh 16n¥\6f @AY SaHGH tHRETY \w@zmnqcmeé@sspeﬁrf@s@m%s and/or

through.a small orifice; .exposi I j
B e
t gfaﬁa’sg hhRcIRasleekiaby 8kinSliedt, @gg, Yrain, extslopd,er other organ, and

syringe val ve, sonicating the cells to disru t
c epdcifivemobreanef callsningludingg for iggample) Gssug AHPYE C?lﬁss §%E%ult‘“e

W th detergent such 3 o) ; ek dice witt
sﬁﬁrsuﬂli anéf&g%ec%s%eg}l 1pas%13é9%f1$1%1{1)£§p ;B?é%ggl i grcl:l;Zr élﬁﬁlglnatcﬁ% tissue
apdhRiGué 8t hrdcoiukéitiat Balesighahfor hptrticptap vissiesindomoeli.cior
stress, such as, for exanple, an isoQsnotic geggdi u

hypoplediver cellaamuhives omogsnizaion wethofthat 1 E%’ng"er the
sol ution of : | )l h CSth

< feoyTfion O belChahat ARLER e 1A RRDmAREEERe many
c @dchBiques 6 calltaind sivsncioamgenizatfaand/asel Iy ¢angrnpund in

bl ender, Waring, Laboratory, CT);. or an onbi natq of
C Kol RTHB PO ERET TR SE SR LS

KAWL ¢BEinSK ol Tl BEraaddy N Ahal, OPecapiondn 9891aTtd Sistihg Harbor
t reciate at specific sources and/or
t YpBsraafry Pressues from any bi ol ogi cal material (such

as, f orT h%)‘Eg J‘s%bstggt?a{lfy’ inRIPGERA D the relative degree of integrity of the

subcellular components, especially the organelles, at any point during the method of
the invention, including the point at which the organelles are released from the cells
and/or tissues following homogenization and/or lysing or during or after the
continuous-flow process, such as, for example, the continuous-flow centrifugation
process, or at any other point during the method of the invention. Whether the
organelles are substantially intact can be determined by any known method to one of
ordinary skill in the art, such as, for example, by quantitative enzymatic assays of

organelle-specific markers, Western blots to organelle-specific markers, or by visual
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gl ands, nuscl e, bone, kidney, skin, liver, |ung,

brain, or blood, or other organ, and specific sources
w@boogm®83485 i ncl udi ng, for exanple, tissue cul tBCEUS2004/008655

cells, cell culture cells, or any type of cell in

suspensi on) can be honogeni zed in accordance with a

techni que or procedure that is designed for a

particul ar tissue and/or cell. For exanple, liver

cells may have a honogenization nethod that is

desi gned for the honogenization or |ysis of that

particular type of cell. Information on the many

t gAML ssiRd mE@bdcopRbuth 88 Y6 &@Wdt@ﬂﬁésﬂfh @ed R microscopy
cell lysis can be found in connerC|a%@% avai | abl e

hdAgBHols thesiseiof agcrompy@est@ ﬁbﬂ]@d agisab Pold RPDrecigte the |

Mo or n
NS PR AT DY GBS s rom
" Sy Hia0gical sodrck rah&/@t Cell ef t@fsﬁe type hh@ wik badérstendiegy &ejudge
of integrity of the, subcellular c onents
espeheaia gveraewiclaiemiacs basgd ogige rp’«gg?n ard%}?ﬁphelosr?@l
”Eéhﬁ&QteﬁEtl t he invention, including the point at which
t he organe es are released fromthe cells and/or
t i ssuesnfonk lembbdigndnt rovgrereilz attegrny aadbe enzlyytmltingjl}mmeasured For
during. or after_the continuous-fl ogh%r?cess

f oAER AR arsapeile REEPAT PP RAS T S5t S r@&a@% a preparatlon of
p rrﬁﬁg&%ndﬁ’a[ acbrdhy toothg HveRRV el d’éﬁ deheni@hdyado pbllet the

the invention. Wiether the organelles are
s ubsalalie paitiop, whtchc:tan cemphes ideceongamaids byd amlonmtlweof such
rrethdto ne of nar

s O il ien, e ottt boblelip Ry ondRe
0 r@ﬁﬁﬂnbxﬂs Sﬁ@ﬁmﬁg anyB616BIe rot¥ibs bed/Br l9hfes i@leased from a

ook BB he P s ot
m Stk gfeﬁggéecﬁ%ﬁ% suc s %glaé@lngﬂ ﬁ%ﬁ@lﬁé fh?tp]ts E)laﬁ%hfag’ % a

OSCO

S kgﬂzére@fgaﬁdules)amtmhﬂ, cﬁp‘tﬁh’ Beasated witerespavt nhl@cbth glhdl(aﬂganelle pellet
characteristics and features of any and all ty

origeribe Teawinipg MPeEIAAItBICHRR- Vil 299 ﬁ%eﬁﬁ@ﬂé‘?at élaeq meH@Fed
ti osrgﬁi?ellgé’ 191@1% ﬁgﬁ el 1y§é'&%%fo§‘i s e%'lﬁ\gﬁ &P ﬁktggc féaﬁ@l‘ie—

ven org e Is’1ntact e pa Icu
rrmpphﬁbmmrloml characteristics. In one enbodi nent,

organel e integrit an.be enzymati cal sure

ot cOnesi i anet £ e g ars s s EeRent S
ASorg &%ﬁle@%’ﬁmelv% diffeRhERRY AktlRP« ganéﬁ'elsﬁgaﬁa Bfakirs” that can be
accordlng to the inventive netho can be centri fuged

t odgpesitddesstyeel oripnelzddubitle ap antitiody in vder to dedermeantive iegachment

| nttagtor ofa 8 e 18'11|arec§rggr?e 1eP %ro} I<3>(()arr]r‘?p11é hc?l{oc%rdmécig %}Qldase and/or Tom20
(18kDa) can be used to detect mitochondria; beta-hexosaminidase and/or beta-
galactosidase can be used to detect lysosomes; peroxidase can be used to detect
endosomes; alkaline phosphodiesterase I and/or NaK ATPase (150 kDa) can be used
to detect plasma membrane; alpha-mannosidase II and/or GM130 (130 kDa) and/or
P115 (115 kDa) can be used to detect the Golgi apparatus; catalase can be used to
detect peroxisomes; lactate dehydrogenase can be used to detect the cytosolic
fraction; and RNA and/or BiP/GRP78 (78 kDa) can be used to detect rough
endoplasmic reticulum. Preferably, antibodies against mitochondrial-specific
Tom20 (18 kDa), endoplasmic reticulum-specific BiP/GRP78 (78 kDa), plasma
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as, for exanple, organelle fragnments. The super nat ant
contains any sol uble conponents, including any

W@ eloalosBoPpr ot ei ns and/ or enzynes, rel eased fr oPCHUS2004/008655
fragmented organelle of interest. Next, the relative
| evel s or quantities of an organelle-specific marker,
such as, for exanple, an enzyne that is particular to
a given organelle of interest, can be nmeasured with
respect to both the organelle pellet and the
remai ni ng supernatant fraction. It will be appreciated
that the pelleted organelles my have to be |ysed

prh@hbitafe- WNQEAQ‘PaMS@kD Y Gdlgl -$pe6idia €NI€30 (130 k;Da) and
speci fic marker. One of ordinar il inthe art wll

a@ﬂéﬁp@p@cﬁﬁdé (415 13)esan b lklﬁ%de%l dyttest ancbw@ﬁfésf the pregienge of the
h . .
%¥§ é{rﬂg H@% gl?ésc a %ﬂ(ﬁéh{](g%t & g&ggg‘ga ed ﬁg@&g F %@glgs \?Vlf {}he

arpresehi inoehtionnistigdal stivatdeineams lﬁﬁwhht@ tedgliliddn@tikan, such as, for
factor_ of a particular organelle. For exanple

cwa@ﬁ%ws@%klogawnéﬁwwl&m ?@sw@&pd@arﬁaﬁée obtained
t r

o Rt o ik S i HIS B0 aNe S R arresscEN

| Y¥osang BC penad),dad drooaascademissed t o det ect

endosones; a I ne hodi est erase | dor .. .
NaATPagEs  isg e B R SRGang o terdl HpfhacHien into solubl
Wﬁ(ﬁfeﬁ%ntﬁérﬂhﬁsdlﬁﬂ@ Ps%hﬁ »eBeth ha@tﬂﬂfsof&ss O det3%in Qﬁ)

and/or PI15 (11 can be used etect the
amygcm@ﬂ%p ectiag gqad@e mdaﬁh ﬁgctupy@dmtd)the@l eqraparing the relatlve levels or

P éu%tltt%ei% rhg'sor% ?‘%‘1 Oqchgns ]?(?éé/ 1erg h V\él é)%%ﬁﬁrkégﬁgeﬁ%ﬁat tRe hi gher
Blra/aMel(cﬁﬁluKﬂﬁjl of &2 d?ganéﬂedgéd)ﬂéﬁiaﬁ@r cb1Bi@Bd in the insoluble
endogl asmc reticulum Prefera ant i bodi es agai nst

niffasEamp Rrooatpatadde it selublofrpgiond 3011zmpnd8etﬁ @dpehes gpgree of

SFALTLERES o) Al AR LSRR

Nal$édiRE036, 0% ®0kDar) ovef00 i intpwess d fahédibatklled aﬂaﬂy[hége of the

and ol gi-specific P115 (115 kDa) can be used to

dé%\@@fwam?ﬂtﬂ%mw tqthesteep Pé bemedhepraapelesspeci fi ¢

organ elﬂl%ﬁe 'eﬂle{ﬁﬁleH %?%aﬁgpéln%egr g@al ﬁ@&aﬁéﬁlé{%gy d1v1d1n% the

bi ol ogi cal sanples of e present 1nvention usin

suelabix q,uamﬁtgne;f the oxgandlie- maeifmkndtﬂ(eldneasur&da‘nr the unnximhﬂf];e fract1on
tern b ot t nobl ot t i

f .
TS S Pt i E R SRt iGh A Lo rP GG B & Both fractons

S Q168 Bed WP@D t%sylélﬁ g%ﬁ@nﬁo@ﬁﬁtaﬁﬁ{%&o& e grit TﬁTFi%%%%lee a
(Victoria, ada), and from academ a.

| pregration qumb@s@@cbabﬂoe@@piawﬁaadrtg ferm opgjtehef fngtochondria (and

P rfreapgfal{e%Es oqnmltoc‘ﬁondc'na subfl as those mitochondria that have been disrupted

and/or lysed thereby releasing the intra-organelle soluble materials, such as, for
example, soluble mitochondrial proteins, including a mitochondrial-specific marker)
and a supernatant comprising soluble components of disrupted and/or lysed
organelles. The relative level of mitochondrial-specific protein and/or enzyme
(mitochondrial marker, such as Tom20) can then be determined for both the soluble
and the insoluble fractions. Percent integrity can then be calculated by dividing the
quantity of mitochondrial marker in the insoluble fraction by the sum of the

mitochondrial marker quantities of both the insoluble and soluble fractions
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(supernatant) and insoluble (solid pellet) fractions,
assaying or detecting an organelle-specific marker in
whodoh/o8xext i ons, and then conparing the rel atiRPET/Us2064/608655
or quantities fromboth fractions. Cenerally, it wll

be appreciated that the higher relative |evel of
guantity of the organelle-specific marker contained in
the insoluble fraction (as conpared to the sol uble
fraction) corresponds to a higher degree of organelle
integrity. Preferably, the invention contenpl ates
equal to or greater than about 60% 70% 80% or over

9 Qﬁﬁm?h@&t);n eoGtodbtdihe p@fc@ﬂtﬁ%& {Rsreflecta e 2la8ige poftiohh the
|nven ive method prior to the stage of |ysing the

ol prepagiensapiorRiRiact Biigakmdrie. i ntegrity can
be cal cuI ated by dividing the relative quantity of
the organell e-specific marker neasured for the
i nsol ulat &if baapprociated By thresksliva avfisanhBatracvdlifer l/&?generally used
quantltles of organell e-specific marker in bot
rdé‘&l £ drshompegenizatip proggssa die dpyepiien goniepplates ﬁfly pujable buffer
r
RSB P DRI b 0 UAGPAR ol S8 84 e,
mfbnc:mmlﬂe iTritoa] sodinagivdatydsvdfateniSO) hanldhe dks selts, asch as, for

19350 LRI B Dl fase 880D 6 SLUBSECBAEAPE i

=3y @NA'aﬁd RVI& Re@adink ‘éﬁzylﬁé%am &y &Hér%liﬁlonal components suitable
m tochondrial proteins, i ncl udi n

mifeoesson @rhomaggp@@twn tiffenr Tk“bfv ;kﬂl@m@maarswﬁbamchaﬁ@ that the

Co Iogllgg a%grrel%ug er el%gﬁ 1on the t de'\:/ %r{d/&ts%grc%no?élologmal sample.

Ive

m t och @ﬁﬁbﬂdlfmﬁﬁdaﬂoﬁ shopotredfarriag deginh t€ FZyu@®1, a cell and/or tissue
(mtochondrial marker, such as TonR0) can then be

d &aragende of Be bé@@&tcalwen@lﬁ Wheeein figdiofiegenaie serapiises intact
ovgﬁeggé%sﬁgﬁgﬁ tlel g9 d}eié}o“vé%eﬁ i %eﬁlﬂé &Hllﬁl;o%gﬁtgysuch

ochondri a

| s aluclel. eNficlaic typmmllmoldchethsnmmﬁorfehte in Aistraplepnahiagl for
mar ker quant ities, of both the insol uble and soI l.1b| e
f reemplen stheBongendlse i s saisEn ey sadion4/ Bugahe nuclei can be

mflefnbp%d £6m¥e L0t gn&btto&lh@cdfhr%ﬁtﬁgﬁsﬁmﬁgﬁmﬁ?@% tlBﬁ{plr&;%ssofthe

he relative portio ondrial preparation
canteationng | nt act mtochondria. It will be appreciated
enera

by the skill art that a b e
G| ng AmerrdiegGaiaTaRror Trorebe fanadrds i Aanted Bine
C QR SRRhAeSn aﬁﬂmuaﬁagtaﬁh@t hutib@to, cktAMEation. ORG &hmple, to
ordinary skill in the art including, for exanple,

d @ﬂarrfg@dtosnogu@h usigg a ceurifugeanpl eentrifipe browq tosengi af prdinary

r ottt e B G e Al el B BR sl Bttt iR etatve
f Qen@fasa |f@rce PROFPiDS Ssukh as, T @daﬁ@ﬂé;from about 500 x g to about

40,000 x g can be used. The centrifuge separates, for example, the nuclei by
applying a centrifugal force to the homogenate to cause the nuclei, but not the
remaining organelles, to migrate towards one end of the centrifuge tube, for
example, towards the bottom of a centrifuge tube. In one embodiment, a low-speed
clarification centrifuge known in the art can be used to clarify the homogenate. The

low-speed clarification centrifuge can be a continuous-flow centrifuge.
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of DNA and RNA degradi ng enzynes, and any ot her

addi tional conponents suitable for use in a
whormgeidzati on buffer. The skilled arti san w PECT/US2004/008655

appreci ate that the conposition of the buffer can

depend on the type and/or source of biological sanple.

Optional clarification step. Referring again to Figure

1, a cell and/or tissue honpgenate of the biologica

sanpl e, wherein 'the honbgenate conprises intact

organelles,is typically "clarified" to renobve certain

i ntracel |l ul ar conponents, such as nuclei. Nuclei,
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centrjf forc , , such as, .for.exa e
C reh A SBnmts Tig ki HrigonBst aiimigsShu i gow
Thengmntd. i fuge separates, for exanple, the nuclei by
appl yi a centrifugal force to the honpgenate to
cause tégley kreeoniigyrations of fhe comémiuﬁnﬂngf @mg“sfné¢ w@lsthe

rat tovvard one end o nt e t.ube.. fo
b et P B M iaf S ePhipB TR} (e el BSinioh For
on&arih diermntinucus! W sReesin ol @t fol&ak be mletesafdranfdmget such
known in the art can be used to clarify the

hdh#igesaapde caprhe congppeysbieds 1eqeamtﬁen@§atm@ﬁu@@rﬂwlfgb@@ inlet and

ngsp 155 RHRR O SO S o V02008 OEA e

onmEnieh@ithowt aagiutlat, aHaWIﬂg&hd: erﬂi][ﬂér&gmd:czﬁdualmﬂf fntrottieed into the
cell is lysed, the_ honogepate and/or product derived
t Hatos b Pt contippeyshytrleaged: oWRergdhe Taigr iy spianmg: 2 gradifnhean be

a 48 %frﬂbﬂ%zﬂé Isé%%lfsﬁg(i rf g, lé: i {s'}gleﬁ’sléﬁ ﬁleQ;uﬂEp&m also

present 1 nvention, contln ous-flow centrifuge” I's a
t Wm&onﬁnmt}mrﬁmganmenﬂy tacacelated iof ugetredvatd odo theavtor shrough

rotor wiith an, inl and general | an utlet erein
G o s Ml ST S stmp R ttal Sy eh B eradient The
t hh@éi&'&n%ﬁﬁterrﬂp[ﬂt&t any%lulrrﬁ)é?gf ﬁé?,sé%%%ﬁﬁl% g@a«ﬁérﬁ@hﬁment to enrich

le in the rotor, "and allowed to exit through the .
OLﬂn!detpcurmlle‘@rtm pnganglles| ow centr i fuge can enconpass a

sem - copt] gqg&gr‘f’t_cah%\évremoved from the rotor of the continuous-flow

centrifuge at the end of a run while the rotor continues to spin. In its place, a fresh
gradient material can be added into the moving rotor. Once the new gradient is
established in the rotor, another biological sample, such as the homogenate of
another biological sample, can be introduced into the rotor and allowed to contact
the gradient. In this sense—where the operation of the continuous-flow centrifuge is
such that a first gradient, having a first biological sample separated therein, is
removed while the rotor is spinning or rotating and replaced with a fresh volume of
gradient material while the rotor continues to spin for the separation of a second

biological sample—is termed “‘continuous-flow mode.” Continuous-flow mode is

20



centrifuge. Any known configurations of the

conti nuous-flow centrifuge and the continuous-fl ow
w@eisfage rotor are contenpl ated by the presPCI/US2004/008655

i nvention. For exanple, the continuous-flow rotor can

have an inlet or an inlet and an outlet such that a

sanpl e can be continuously or intermttently

i ntroduced through the inlet and continuously or

intermttently rel eased through the outlet. The rotor

can al so have an inlet wthout an outlet, allow ng

the sanple to be continuously introduced into the

I aid@imikdto A@ling Ot tefiiirsd Mﬂ%@ﬁ@s’i%ﬁd sed&&%ﬁadiéiﬁ BRk&her, any
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material over the gradient. The invention
cdirt “Qtes any nunber of passes over the gradient
suf ficigqt i ;
The. ar o am b B ol ap RIE L invention
c onuth auobemb gamate Qfelrhmﬁogwgbsaatpltt leen baitbadéd mio the amhtihle)us flow
t he ﬁﬁ“or contlnres to spln k%%np ace, q%fre
grSBiTEHES R BRTUaEl 2Bl %‘iﬁ?&ﬂ al“ CHRATREY i Yy *awBle
O%Boﬁd@%%ﬁ@m/ BERdi®tny a‘?prc@%ﬂa@@'ehéi}?@é’r diéctidnfes! &dnWe employed
anot her |olog|cal sanpl e, "such as the hoanenate of
aripasaitale man@?rda ackigymihe auwamtlb or peiir vHemmeic loadingtof¢he
t he radi en

goﬁglg)gl%nlgsraglpil 1%0 the(r%%tt%lo 81;1 fco?%%uog %]tolw i %nfug? O% ad%ltlon to the
ceohdihg bibe lb'ﬁolo gl RampRy, (e dradigit ngHt@ihl e alsh dY ldi@edinto the
first biological sanple separated therein, is renoved
wHPtas of s coptimtousdlospreniiifige &t 2 meneali HEOHALE PlessMawEtpmatic
W [
B b
bi sybiegis aad/ossoffwae If(& the bd&l’&ﬂ)lhngmidl/dilm(b@aﬁalnﬁng pDthe automated or
Conti.nuous-fl ow node is 20 WD 2004/ 083405
PEFPUSBHORIBTTIESEDS not |inited to adding and renoving
only a ,
er Pl RAE A 80 < it AL ittt by
r ey Bthsfaumani, iec. ¢¥est Chldgell, Nbtiocludiog sy amotahmltaah;o, models

ny ogi cal | es in successi

C HER BB an B8 Pt terr 5B Fe Tiorghodess BB Moty fgited o
S harty /ovno@raA w3 1860, QWoPK 97300,hew esu400 T Wae PKBIL00, and
invention further cont’enplates that a biol ogi cal

s el BK 3100 hBotomyefirigher, and lower volume are contemplated to fall within

the scope of the invention.

Other continuous-flow centrifuges can be utilized by the invention. These
include, for example, Beckman CF32Ti, Beckman JCF-Z-standard core, Beckman
JCF-Z small pellet core, Beckman JCF-Z large pellet core, Beckman Z60, Sorvall
SS34/KSB, Sorvall TZ-28/GK, Sorvall TCF-32 (P32CT with 940 ml core), Sorvall
TCF-32, and those manufactured by Hitachi, such as, for example, centrifuges
CC40, CP40Y, C40CT2-H, C40CT and CP60Y. The Hitachi centrifuges are
distributed by Kendro.

In another embodiment, the continuous-flow ultracentrifuge is a rate zonal

ultracentrifuge. Zonal rotor assemblies have been used for many years and
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such as a honogenate of a biol ogical sanple, can be

| oaded into the continuous-flow centrifuge in a
woratvgas340aut omati c, or sem -automati c manner. MOT/US2004/008655

exanpl e, a robotics system including any appropriate

sensors or electronics, can be enployed in a suitable

manner to achi eve the automatic or sem -automatic

| oadi ng of the biological sanple into the rotor of

the continuous-flow centrifuge. In addition to the

| oadi ng of the biological sanple, the gradient

material can also be | oaded into the rotor of the

C QBAL A 1hdrairCi8 AL Aildbikdsh B sabjBBN Yadormaksroamit Sor rotors is
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PK366)) @nd, AMARKINAPRpa A PR 200z Efig ati SAMIPKEA AR of
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conti nuous-fl ow centrifuges can be uti]ized by the

i nvent ko themyereses phidiedgenentippra EREHBER TUBeE¥eR O the moment
CE i, ..Begk -7Z- . . - .
R BT T S 6N SR o hving
Beqitafonméd @radfent vaith 1S3t KioBpedantibihe sdidpl284 pdcessed by the
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f | | AR d TR thrEBPET2: (hmGRACT
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anflridd o¥en00rk A3 ﬁ:glgtleﬁglre[téﬁﬁg%é egﬁ% & ruLQNYcH@r ARl Bnstant

li'terature is avai e on the subject. Information
aloyarizdaspeedot ors is included in nost purification

handboagks an iochemstry.texts.. .S i fic.infor i,Q
v bo HEanrh o Pe Sl T pRREE ChE i SR Ty
Sepal@funO For eRample/ @k nfietibn,fsugastid¢i\Naid Roahulzeaoe ef the

I nstitute Monograph No. 21, 1966); Anderson, )
subcellular organelles and subtypes thereof are performed in one centrifuge run.

Typically, preparation for and conducting a continuous-flow ultracentrifuge
run is either manually performed, automated, for example, by a computer, or a
combination of both manually performed and automated. Preferably, computers and
software are utilized for controlling the centrifuge and calculating a centrifugation
protocol. Such computers and software provide the operator with operating
parameters displayed in "real-time" on a control screen. Automated programs can
also be run from pre-stored files, or manually through a control screen.

In an embodiment, during each centrifuge run, on-line data monitoring and
recording of set parameters, run parameters, and alarm status are made and are
down-loaded to the system memory. Such downloading may also be directed to an
external data storage location.
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Separation of Sub-Cellular Conponents and Viruses by
Conbi ned Rate and | sopycnic Zonal Centrifugation

wQ Dimirioggaes Cancer |nstitute Monograph No. 21, PAPE83004/008655
and, Anderson, Preparative Zonal Centrifugation, in
Met hods of Biochem cal Analysis (1967), all of which
are incorporated herein by reference. For the purposes
of the invention, a centrifuge "run" refers to the
noment when a sanple is added to a rotor, either with
the rotor already in notion and having a preforned
gradient or with the rotor stopped, until the sanple
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con nu ace e run I s el er
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maliley BySqasr Pepamtye thitﬁﬁlg‘aﬁdn A PraceixaidpeoadhyEdited by D

ot R e apIeys R A MPGoanp Lamiolagye VAT 82
CFIhH% &P foin 9%ﬁ5a@10¥1' I@(ﬂte‘dhﬁ Mﬁﬂ‘é{/ bf Egﬁs&f&g Academic Press
cal cu (0] pro

ating a centrifugati ocol . Such conputers
and®98pf t ware pr OVI de the operator WI th operati ng

par aneters dis ed [ r eal on.a contro :
Dot aon T renabatP il b ORiAy S b B SpRieF Shite sradient. A
Proeaifras 11{dhllc%5butqg nbEHRdd 04, 4 BERUGR-RIIGR. nTHeQiensny gradient,

screen. In an enbodi ment, during each centrifuge run,
orm Itumecaaild:teafqmmmp]m mgvrmmdousrge@lmﬁ, adisopntgmious gradient or a

OSSR, PR TR B TP S BB e

dthﬁ@détﬂﬁhﬁ@syanalp%ud@ﬁd&isﬂﬁ@t @6nﬁ1§b1ﬂﬁuse@>§r&ﬁékﬁ|mdi&ﬁa’:ls
storage | ocation. 22 WD 2004/ 083405 PCT/ US2004/ 008655

A isdpde @y wwtablearastialt matainb keewn fewsediasdinary skill in the art and
I 0, t

m%ﬂaﬁ% +1¥))€/ BIS%E/O \';Egglmneg&a%b&g;?@%ﬁ@a ;39 rE‘he sf rrge(ai alilﬂ%an Gradient

Vaﬁatexb:ile $nclude, but are not limited to: an alkali metal solution, such as, for

example, cesium chloride (CsCl), cesium sulfate (Cs,SO,), potassium tartrate, or
potassium bromide; nonelectrolyte solutes, such as, for example, sucrose, mannitol,
or glycerol; polysaccharides, such as, for example, Ficoll® 400 (Pfizer, CT);
iodinated nonelectrolytes, such as, for example, metrizamide, Nycodenz®
(Nycomed, Inc., NJ), Todixanol®, or Optiprep®; Percoll® (colloidal silica coated
with polyvinylpyrrolidone) (Pfizer, CT), or any other suitable material known to one
of ordinary skill in the art.

It will be appreciated that the gradients comprised of alkali metals, although
corrosive, can create high densities with low viscosity. For example, cesium
chloride, which is frequently used as a gradient material, can achieve high density
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Such vari abl es include, for exanple, the physica
characteristics of the target organelle; formation of
w0 bw4gsxroi ent; and the cal cul ati on of run par aPEL/ESR04/008655
The physical characteristics of the target organelle
useful for defining a separation protocol include,
for exanple, the sedinentation coefficient (S20ai) and
buoyant density of the target organelle. Such val ues
are useful, for exanple, for reducing the nunber of
trial and error experinents. (See, R ckwood et al.
Centrifugation Essential Data, BIOS Scientific
Pubitiishpialiliupits epbrdIM9 oRub s hesther exWihpRy p&a&i)l!itﬁ bromide
Preparative Centrifugation: A Practical Approach
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st e B A B BRIl et ain it voed R banding

MR Eduiclos, alleRedtiNel, Rtredtdlh Al Srolhi@dapitityTRURS dafle rotor. The
known to one of ordlnary skill-in the art and that

c atreb @rasheniihonicebymiicidnafiry contiprasdloadopsyatiaf, for example,
ski rtisan. e
oty Ei P Aoy G B vo TRREE) TSP lordieds aiso
exizsipdbis ateriifitel 0 LRhg step (gEBSiG:éIbts fo? ésigiperivds batige in a continuous
(Cs2SM4), potassiumtartrate, or, potassium brom de;
ndhaY Etet Py eantiash adews-vissputy salitionoyuchyaa fsfe masifesed dhe
I
g%g@ft%ﬁ of &; h?%}}e%ws)‘égsg@dn?t :;?1%12 IR ’ﬁ%?:%}{cgleoﬁ, (:;[8 ?Ilrflbg%e g%lscg)ﬁ{y and
nommhﬂnb@ﬁk&ﬁﬁsumﬁmnhmmgaxbﬁﬁmﬂ%@ﬂhWEnmnetrizanide
Nycode n&j@ Nyconed, . Inc., NJ), lodixanol (r), or
Opti pr glé’(erl?"e P&BPqe’(nP atf(sd’é}nlg&néf dYPese gr%%le%td’éf’ BE i t h
p%ﬁé’én%h@ﬂ Pfo‘ﬁlé df’l'ihe‘)coﬁggn'tl%f%n plg}:l? i 1 5 %0% W e skilled
sul t erial known to one |nary skil T in
t hletmntas tHet vamiatibn bethe ppmcentratmrbﬁth@gra’dtwt geduineot material along
rlsed al | als al t hou corr S|ve

FpgiiendP the EoRn BRp TR EHc Rt el
C Qﬁr‘eb‘t’i@n BBteObdtH8en. VAW &RRh the oFRMAR B Ve &Sﬁlgaaﬁgraﬂlent ” a “convex
gradi ent material, can achi éve high density

2 naties3a0Borcre lgmb@kt/ @086 8B continuous gradient,” or any other suitable

form known to the skilled artisan.

Sucrose is a preferred density gradient material. Table 1 describes the
theoretical separation requirements for the separation of mitochondria, endoplasmic
reticulum, plasma membrane, and Golgi apparatus contained in a homogenized

biological sample using sucrose density gradients.

Table 1. Theoretical separation requirements for homogenized biological
sample.
Component | Amount Banding in | Density range Separation
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As described above and defined herein, a continuous-flow centrifuge run can

include a number of passes. For example, a homogenized biological sample can be

passed twice through the continuous-flow centrifuge of the invention. The first pass
can be carried out at 20,000 RPM in a PK-3-800 rotor using a flow rate of 20 ml/min
(1.2 L/hr). As such, the materials over 487 Svedberg’s (S) are expected to enter the

gradient. The following parameters can be used for the first run:

G force core

24,379 xg

bowl

29,562 xg

K factor

121.94

Time to pellet

15.00 min

Transient time

20.00 min
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Sucrose* Condition Mtochondria 16% of cell 42.5%1.19

g/cnB8 5,000 xg, 10mn protein 1.17-1.21 g/cnB
waodoses 25 nmin 16% of cell protein Endopl aBei/vSH04/008655

of cell protein 37%** 1.16 g/cnB*** 100, 000xg, 120

mn Reticulum 24% of cell 1.06-1.23 snooth 150, 000 xg

50 mn protein 1.18-1.23 rough Plasma 2% of cell

protein 37% 1.16 g/cnB 80,000 xg, 60 mn** Menbrane

0.4-2.5%f 1.12-1.14 100,000 xg 60 m n honbgenate

ol gi 1% of cell protein 33 to 36%* 1.14 to 1.15

g/ cnm8 100,000 xg, 55 mn 1.12-1.16 150,000 xg 20 min
*["DerTvedgiipadRauddansisty data using sucrose tables
**_based on a step gradient *** based on bandi ng
simlarity to plasma nenbrane As descri bed above and
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raneters can be used for the first irun: G force core
4,379 xg bowK 20t056304%Y K factor 121.94 Time to
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004/ 083405 BEF) PRKSOL 00BEE5  Syedbdrg val ue 487 S

he secondTpasint imEUFM0CaM be carried out 40,000 RPM
s such_the
Svedberg value | 122 S

T NT O W

e HAS)

Alternatively, the second pass can be carried out at 35,000 RPM in a PK-3-
800 rotor using a flow rate of 20 ml/min (1.2 L/hr). As such, the materials over
1598 are expected to enter the gradient. The following parameters can be used for
such an alternative pass:
G force core|74,660 xg
bowl| 90,535 xg
K factor |39.82

Time to pellet| 15.00 min

Transient time { 20.00 min

Svedberg value | 159 S

The length of time used to carry out the centrifugation at a particular RPM
value determines whether a particular material will pellet out, which in turn,
typically depends on the Svedberg value of the material. For example, using the
PK-3-800 rotor at 35,000 RPM, the material over 53S typically pellets out in 45
minutes. In the case of 120 minutes, the material over 19.9S typically pellets out. In
both instances, the RCF values at the core and bowl would be 74,660 xg and 90,535

xg, respectively.
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materi al s over 1225 were expected to enter the
gradient. The follow ng paraneters can be used for

wo bw4sgaond run: G force core 97,515 xg bow BRABUH04/008655

xg K factor 30.49 Tinme to pellet 15.00 mn Transient
time 20.00 mn Svedberg value 122 S Alternatively,

the second pass can be carried out at 35,000 RPMin a
PK-3- 800 rotor using a flowrate of 20 mM/mn (1.2
L/hr). As such, the materials over 1595 are expected

to enter the gradient. The follow ng paraneters can be
used for such an alternative pass: G force core

74, 660 pghed BAhe BRvRIReotBticdsdBMmbMatiSD rBdesbMBe bfanelles, for
pellet 15.00 min Transient tinme 20.00 mn Svedberg

v aixgapis migcipudriaeplgsrna srembians, @nsc@@lasml@mtwluﬁu and Gelgi

e RO B0, 31 Y UL AR pfReC L SLTRIRS. For

t [ cu eria
| Nextbhiple, thdmwmehyn@lmeﬁd&gam ofhﬁtoa«@mlmangam m%m(bfrane
the material. For exanple, using PK- 3- 800 r ot

atendsplosnicrRpgulyneandds gl eaqpawéﬁralsssfqlw% 5p.P90 Weﬁq %OSS 50
1
e &R0 P LR Gn DD 0bOS; £075.0B) 5 ToBd|cEfo.0deh
msﬁ:p&n‘maﬂy ‘the RCF values at the core and bowl woul d

be 74, and 5 , respectively. 26

2004/ oggl 9@?‘7"8% B%?’E)B EHeTS §€ g&%%%swg\%\)ﬁan be

t hrpsrein&RlFcs %Qérﬂﬁ@tlﬁa%é@éh Eéﬁ%@a@én 4th® cvogendlih &% PK-3-300
for exanple, mtochondria, plasma nenbrane,

errdtyplatis 2 enlfmeini samplﬁrﬂovamﬂe Gt Gines topppedletithe $ollavsing homponents
bel o t he tgg&reu d for pelleting can be

es¥Y Oc“étﬂm : the known sedinentation
I FOGRPoRéntM t OChIARKAb &g dehs@HR | TRHP (p&alet Capture rate
(min)

Mitochondria 10 000 S 0.73 100%
Mitochondria 50000 S 0.15 100%
P.M. 50S 146.33 0%
P.M. 1000 S 7.32 100%
P.M. 100 000 S 0.07 100%
P.M. 500 000 S 0.01 100%
E.R. 1S 7316 0%
E.R. 50008 1.46 100%
Golgi 1000 S 7.32 100%
Golgi 10 000S 0.73 100%

At 35,000 RPM in turn, the times to pellet the following components in a

PK.-3-800 rotor at a 20 ml/min sample flow rate are as follows:

Component Svedberg constant | Time to pellet Capture rate
(min)

P.M. 508 224.29 0%

E.R. 1S 11214 0%
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endoplasm c reticulum and CGol gi apparatus are as

follows: 10,000 to 50,000 S; 50 to 1,000 S and
w(a2®4083303 0 500,000 S; 1 to 5,000 S; and 1, 000PE€DUS2004/008655

10,000 S; respectively. The tine needed to pellet out

an organelle at different speeds can be determ ned.

For exanpl e, based on centrifugation at 20,000 RPMin

the PIS-3-800 rotor at a 20 m/mn sanple flow rate,

the tines to pellet the foll ow ng conponents are

shown in the follow ng table: Conponent Svedberg

constant Tine to pellet Capture rate (mn)

M t ochoqgdrhaivk8,, 8060, S0 ORFSI M%ed\fotpéﬂbﬁﬁél fdlRwafs Shents

0.15 100% P.M 50S 146.33 0% _ P. M 000 S 7.32 100%

P.ive PK38-80000fsr at 70 mbovis spope f@(wa@ﬁ)@ess &Il MVSmO%

- - =~ faVaVal \y W aVaWal

UG ol of| T60D0E B ARG FOYEAC BRlcbop KRR ® T

urn, the tines to pellet the (@hlhpvvl ng conmpognents in
Pl S-3-800 rotlor at-a 20 M/ mn-s

F.Vbl | ows: Com:éﬁ@nt Svedber g it ant Ti me e pel | et

OﬁQJQJ""\Irn

rerate — P M—50Sp 2909 51124
@@7 WO 2004/ 08§4%5 PCT/ U82004]l(g388655 AI ter %ét ively,

at 40,000 RPM the tinmes to pellet the foll ow ng
conponents in a PK-3-800 rotor at a 20 m/mn sa e

f1 ow r alhe thnetogeand @ nagigyiar comperat hagps apartiyuls nye
T Bsth@ Rf bk AbteRREH" Bof &ta&plé, [&é@ictmns can be made based on

centrifugation at 35,000 RPM using a first pass of 45 min and a second pass of 120
min in a PK-3-800 rotor as seen in the table below. The table also shows whether

the banding is completed after the 45 min and 120 min passes.

Component Svedberg constant | Time to band Banding complete
(min) 45min / 120 min

Mitochondria 10 000 S 0.24 Yes/Yes
Mitochondria 50 000 S 0.05 Yes/ Yes

P.M. 508 47.78 No/Yes

P.M. 1000 S 2.39 Yes/ Yes

P.M. 100 000 S 0.02 Yes/ Yes

P.M. 500 000 S 0.005 Yes/ Yes

E.R. 1S 2389 No /No

E.R. 5000S 0.48 Yes/ Yes

Golgi 1000 S 2.39 Yes/ Yes

Golgi 10 000S 0.24 Yes/ Yes

In one embodiment, the continuous-flow ultracentrifuges contemplated
herein can be used with different size rotors with differing geometries so as to
provide for a scalable separation. For example, the continuous-flow ultracentrifuge
of the invention can be configured with different size rotors, such as, for example, a

15-inch or 30-inch rotor. It will be appreciated that the geometry of the rotor used in
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P.M 50 S 36.58 0% E. R 1 S 1829 0% The tine to band a
particul ar conponent having a particul ar Svedberg

W@ oveNsds can be determ ned. For exanpl e, predPCIL/Us2U84/008655
can be nade based on «centrifugation at 35,000 RPM
using a first pass of 45 mn and a second pass of 120
mn in a PK-3-800 rotor as seen in the table bel ow
The tabl e al so. shows whether the banding is conpleted
after the 45 mn and 120 m n passes. Conponent
Svedberg constant Tine to band Bandi ng conplete (mn)
45mn / 120 mn Mtochondria 10 000 S 0.24 Yes / Yes

MihOmbiapdinlétha caf 8ffectGh&mYes of théaampldvhatiinbedfodkSsed, the
No / Yes P.M 1 000 S 2.39 Yes / Yes . P.M 100 000 S

0 ngpowaess jof thesedimaptatonpatip gndthy, toighrevistange tpwg requiygd for

[ . 0) / '
) et g hinmolitor?y e BBl o R Soontlhued by the
O ity eatibe dim@drate ithe “@oritntingatrsdibhtattednt’ madeesit the grgdisnt moves
contenpl ated . herein can be ed with different si

.u Z .
r St Ladinerpositien éhqr}?@n@éaﬂ%wrf)ée opgaiianal gostHpm, (e o gosition)
a 458 Bhﬂo%?ﬁ%@ﬁ@tﬂo@ﬁon QhlIE g&rﬂr&%uc% Eﬁle_ction. During use of the

cont i nuous w ulftracentrifuge” of the invention can

b eotoodontpudatedby bhedink ¢rdioanthe sloxepatio bbihs samplshmatsrialfoaan enter
e le, .a,. 15-inch o O-inch,rotor. 1t wll e .
A Blctat Bieriont CBR 0% helRaend) oiote e cehiep bt pE B cqreyrhich
WL SOQA/ TRt RIS SB2O AL S8R to ekie af ARERH product lines or

i nvention can affect the volune of the sanple that can
bduhpsocessed, the narrowness of the sedinmentation

pat h, aft‘ldantola‘%lr'I %@hgérll’n{esﬁ iasstcglgglgpa}étﬁ i% ?%#ﬁﬁq Jsﬂ{g the same rotor

separ atTon. e contirnuous-

ul]ériotic Bt chbh gl 8 tHeQdoafigm@ ol oMl adtetlcdry té bigher iredieabi DRrease
can operate in a "reorienting gradient pattern” i
wehenh Kaexgmale edespahessn cpmspding 449 nppitsation erial No.

( I@Vd%%h?i'no&?&atté eih%ngj‘%fe?lkla,qg@ﬁeﬂl%ﬂit%ig’zﬁly involves using
(vertital’ posrtion
cores of different designs, such as those having radially projecting “fins.” In an
embodiment, varying the dimensions of the fins modulates the volume displaced by
arotor core. For example, scale down is usually achieved by maximizing the fin
size, thereby reducing the volume available for a centrifuge run. Scale up, in turn, is

typically obtained by minimizing the fin size, thereby allowing for more volume in

the centrifuge run.

In order to carry out a scale separation utilizing different sized rotors, such as
those manufactured by, for example, Alfa Wassermann, Inc., a number of ,
parameters are typically considered. These parameters include, but are not limited
to, the Rumax of the bowl, Ry, of the core, xg-force at the bowl, xg-force at the core,
time to pellet, transient time, K factor and sample flow rates. Such parameters can

depend upon the Svedberg value of a particle being separated.

For example, the separation parameters for a particle of 1,000 S are
described below for a rotor, such as those manufactured by Alfa Wassermann, Inc.
The rotor Rpax (maximum radius) in centimeters, rotor Ry, (minimum radius) in
centimeters, and the ultracentrifuge (UCF) rotor maximum speed (rpm) are typically

known and are specified by the manufacturer of the rotor and are incorporated herein
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and back to the | oading position to allow for product
collection. During use of the rotors contenplated by

wWa bh@4foss4ent i on, the flow path of the sanpl e naR€r/U81004/008655
can enter the rotor at either end (top or bottom end)
t hrough a center port of the core, which then can
flow through long thin tubular shafts to exit at
attached product lines or tubes. In another
enbodi nent, a scale separation is perforned using the
same rotor |ength but changing the configuration of
the rotor core to either reduce or increase volune.
Fayy refeddtieb € Ttsassod@®eml tbadkilkdGeridas fcht i@ fdtoBvolume (ml) and the
Application Serial No. 09/995, 054, incorporated
heraiimupyflevefaie drbeor pHaimaifarofgpire ey pyaisbledsom the
usj res of  dj Si h as those
nab R gciaEr Sete bt AR ntBR IR RED 2% PORT o
varyi ngA plendienedns iscakcuddted iehd tate roldud edntsfilgheforce (RCF)

S | oq RIRAMIOp it B Fisgh ReseF i icAgsPRARY Folovdhgequation:
t hereby 11RAUE KRGy L i)Y Ol HITE RAYAL kéﬁxﬁe deffriffed g&{gé ({H9R =

run. Scal'e up, Tn’turn, is typically obtalne
mirading @inggand@ =f speed (rzeqlutitverpebnimitt o iongxéroplenmpaticle of

I i th tri Lo d t t
s LTS enetpantetin prre s EttoruRadt s SRl F Gk Petitetds:
sugh, 8% cnt, 03 . MPEHS REh hﬁQin}?tYm sf)&:(i @Z(mﬁbﬁh Pef@lculation is as

H
Wassermann, Inc., a nunber of. parameters are
t yipllews:l y consi dered. These paraneters include, but

are not ljipte to. the e bowl, Rmn of the
core, xgkkgpﬁeqéﬁ}%ﬁgxbowﬁgﬁég?Lgng at the core,

time to pellet, transient tine, K factor and sanple
flow rates. Such paraneters can depend upon the
Svedber g Ridi Tie 78788 par t:040-85 bei ng separated. For
exanpl e, the separation paraneters for a particle of
1,000 S are described below for a rotor, such as

t hose namdizet 42g030y6Akf a Wassermann, Inc. The rotor
Rmax (maxi mum radius) in centineters, rotor Rmn
(mnimumradius) in centinmeters, and the

ul tracentydg Ugg{ Yefrker ot or nmaxi mum speed (rpm are
typically known ‘and %re specified by the manufacturer

of the rotor and are incorporated herein 29 WO

2004/ 083405. PCT/ US20Q4/ 008655 r ence. al so
cnown o GASR 1 B9 VLR R SR BE 30 G J13 r chs
angdlculi®ed A9igveef | ow rate (L/hr or m/mn) of the
rotor are readily available fromthe manufacturer and

ar e i ncqtlr persencterribitins pajcyletbé iscthe duration of the run, which is a
function of the K factor. The duration of the run is typically referred to as “run
time” or “time to sediment.” In order to determine the duration of the run for a
1,000 S particle, the K factor of the rotor can be determined from the literature or
calculated as follows:

K= 253X 10" Ly (Rmax/Rum)
QZ
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A paraneter that is calculated is the rotor relative

centrifugal force (RCF) (xg). (see R ckwood, 1994).
worgB4083309e cal cul ated using the foll ow ng equeECT/U82004/008655

RCF =11.18 x Rx (Q 1,000) 2, where RCF = rel ative

centrifugal force (xg), R= radius (cm, and Q =

speed (revolutions per mnute). For exanple, a

particle of 1,000 S can be separated in a PK3-800

rotor based on the follow ng paraneters: Rmax 6.6 cm

R.,,;,, 5.45 cm Rotor maxi mum speed 40,500 rpm The

calculation is as follows: RCF = 11.8 x 6.6 x

(40, 50G/o1 00RY18, thBR& factof 31 f BR 318004802 FRBE.6em, Ry 5.45 cm) for

12,1030. 76 xg RCF = 121,000 xg Li kewi se, for a rotor

havi,®Q Sp&ticleand avaton@astmemsgeshnf 4090 can bpsalculated as

nglim ated as 99,900 xg. Another paraneter that is

carcUfsted is the duration of the run, which is a

function of the K factor. The duration of the run is

typi call)f(referred to,as "run time" or "time to

sedi nent £=1 n &2BX o ddinelOf/Hd5} he duration of the

run for a 1,000, rticle, the K factor of the rotor

can be determ ne romthe literature or cal cul ated

as follows: K= 2.53 X 1011 LN (RMAX/RM N @ 30 WO

2004/ 083405 PCT/ US2004/ 008655 ,_For exanple, the K

factor of~3a PK@M& o%“b(%ﬁsé%“g)ﬁ cm Rmin 5.45 cn)

for a 1,000 S pajjiglte and a rotor maxi mum speed of

40,500 RPM can be calculated as follows: K= 2.53 X

1011 LN (6. 6/5.1469)24440 50DPIK5= 2,53 X 1011 LN

(6.6/5.45) 40 5002 154.244 0.19145 K = 29.53.

K= 29.53.

K can be also calculated for alternate speeds. For example, at speeds of
35,000 rpm or 20,000 rpm, the following formula is typically used:
Knew = K(Qmax/ QHCW)2

Qumax — rotor maximum speed (revolutions per minute)
Quew — new set speed (revolutions per minute).

Thus, to calculate the K factor at a speed of 20,000 rpm:
Knew= K(Qumax/Quew)’
Kpew = 29.53(40500/20000)>
Kpew= 29.53x4.100
Knew= 121.

Similarly, the K factor for the set speed of 35,000 rpm is calculated as 39.
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K can be also calculated for alternate speeds. For
exanpl e, at speeds of 35,000 rpmor 20,000 rpm the

wo edokosd4ng) fornmula is typically used: Knew = PCT/US2004/008655
K(Qrax/ Qnew) 2 Qrax - rotor maxi num speed (revol utions
per mnute) Q - new set speed (revolutions per
mnute). Thus, to calculate the K factor at a speed of
20,000 rpm Knew = K(Qrax/ Qnew) 2 Knew =
29. 53(40500/ 20000) 2 Knew = 29.53x4.100 Knew = 121.
Simlarly, the K factor for the set speed of 35, 000
rpmis calculated as 39. 31 WO 2004/ 083405
PCT/ US20044 89885 Ratiddstihe IR R tod, iiAuh @ndEantthéh B¢ calculated. For
factor, the run time can then be cal cul ated. For
ex@iﬁmp@ sedidienatioatiner(T) fanebe(cp)cudated befodlgiveul at ed as
follows: T= K/ST - tinme to sedinent (hours) S -
sedi mentation coefficient (S). Thus, for a 1, 000S
particle entrikiged in the PK3-800 rotor at a speed
of 20,000 rpm the run tinme can be cal cul ated as
follows: T =K/ ST = 121/1000 T = 0.121 hours T=
7ml6s. +n . nt the run tinme can be
cal cul aitqe&ﬂl?%o}%alﬁq?@% manner. More
speci f|$alsb<§/imehtaﬁoﬁobéfﬁwenqs00r mul a can be used to
determ ethe me _for a. seco
scal apl b1 Fﬂfﬁlﬁ‘?f@ S TaghEle R BR t%?é’?{?r O%O%afa@quof
I X GGU@EA e MRS &nTberdatcaraltea & fbhgwsedi mentation for
a first rotor, Trotor2 is the sedinenation time for a
second rotor, Krotorl is the K factor for the first
rotor, a _Kr 2 is the K factor for the second
rotor. nld_ Of{%r

T= 121/1000
T= 0.121 hours
T= 7ml6s.

In another embodiment, the run time can be calculated in an alternative
manner. More specifically, the following formula can be used to determine the run
time for a second rotor in a scalable centrifuge run:

Trotor2 = Trotor1 X Krotort / K rotor2),
wherein T o051 18 the sedimentation for a first rotor, T roior2 1S the sedimenation time
for a second rotor, K ;o1 18 the K factor for the first rotor, and K ;o2 is the K factor
for the second rotor.

Yet another parameter that can be calculated is the sample flow rate. The
sample flow rate is a function of the sedimentation time (T) and is calculated as

follows:

F= VF/T
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Yet anot her parameter that can be calculated is the
sanple flow rate. The sanple flowrate is a function
wo@boothgs4sedi nentation time (T) and is cal cul at BCI/ES2004/008655
follows: F= VF/ T 32 WO 2004/ 083405 PCT/ US2004/ 008655
F- flowrate (L/hr) VF - flow through volume (L) T -
time to sedinent The P1(3-800 rotor typically has a
50% fl ow t hrough vol une. Thus, for a 1,0005 particle
runni ng at 20,000 RPM the flow rate can be cal cul at ed
as: F= VW/T F=0.4/0.121 F = 3.3 L/hr F =55 m/mn.
During a centrifuge run in an enbodi nent of the
i nvention, the organelles becone enriched and are
accurmul ated (wherein accunul ated can al so nean
anpl i fied)low tati h/Bhe density gradient. In one
enbodi ngnt nore types of organelles
and/orngﬂbF§g§§£$%§&%%‘ é?é enri ched and accumul at ed
in a densinigtogedidieant by a conti nuous-fl ow
ul tracentrifuge. In another enbodinent, the at |east
two or nore types of organelles are accunul ated until
t he gr agj i t.£ehom ] t t
or mor o gnce o AT AR SRR, HReR ol RS, TR fora
melt, G fti¢lh eurinmneeat 20000 RBMntha Jesustecaade waichbteisast he
at least two or nore types of organelles and/or
subtypes thereof in a quantity sufficient to isolate
and identify, $orrexanple, |ow abundance proteins,
known and/or unidentified, that are present in the at
| east two or nore types of organelles and/ or subtypes
t her eof . The 9?5?5@5 us-fl ow nmet hod of the invention
al so advant ageously arlows for the accunulation and
enrichnment of |arge anobunts of specific subtypes of
organelles having a |l ess conplex proteone in relation
to the eAtTre h?%géﬁne of the population of an
organelle in the biol ogical sanple. 33

F= 55 ml/min.

During a centrifuge run in an embodiment of the invention, the organelles
become enriched and are accumulated (wherein accumulated can also mean
amplified) within the density gradient. In one embodiment, at least two or more
types of organelles and/or subtypes thereof are enriched and accumulated in a
density gradient by a continuous-flow ultracentrifuge. In another embodiment, the
at least two or more types of organelles are accumulated until the gradient becomes
saturated with the at least two or more types of organelles. The continuous-flow
method of the invention advantageously accumulates the at least two or more types
of organelles and/or subtypes thereof in a quantity sufficient to isolate and identify,
for example, low-abundance proteins, known and/or unidentified, that are present in
the at least two or more types of organelles and/or subtypes thereof. The
continuous-flow method of the invention also advantageously allows for the
accumulation and enrichment of large amounts of specific subtypes of organelles
having a less complex proteome in relation to the entire proteome of the population

of an organelle in the biological sample.
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WO 2004/ 083405 PCT/ US2004/ 008655 For the purposes of
the present invention, "enrichnent” is defined as an
wopmressEes in fold (e.g., 1.1X 2X 5X 1(r)X, BOKUS2004/008655
etc.) of an organelle or protein thereof at a
| ocation in a gradient, as neasured under nornmnalized
conditions, relative to the sane organelle or protein
in a biological sanple. In nore general ternms,
enrichment relates to the increase in the relative
quantity of an organelle or a plurality of organelles
in a particular gradient fraction as conpared to the
rel ati v@r tRPupbsed bf HeprérRAEnOE@RAL dngichie” s adfided a0tn
organelles in the orEginal bi ol ogi cal _sanp

e.
EdRsierardnfolide. gl 4d%a ZFePih HPXpUFL feichef Brpramsllger protein

or . ; o h : ny
odhERgt L3 1BORLE p BT asmlo iR BRER bl Rnalfons elative
t he thadansd dryargiladi pruteit vt bndsgied panplet dn irfvee garesdl tgtms,

of the organelle type. A.conmon approach for
dSnEFRARtTglatasdo herineRane iR t@rf@@ﬁvgﬁw platpprganglisiosian

: ‘ fi o LR ) . . .
Ry GlorBupREC d fart QA crliol TR 24 @ared D the rolative
penionhribstsamnn osgrabisorsplonlignofor granelkd @-thp edgihakbiological

mar ker, such as  an of. those previously nentioned.. Ln .
patPPls BRTChBS & s riuslaptritioption atp,redielf ggpulations in
U&h@ﬁoﬁ@%éi’ﬁ‘cé iAQKat %P&ﬂa!e‘s 88zahBlidtyp8s MbSdiketeadct@nd 0P the
conpar abl e anounts o materials) of both the gradi ent

f rdgasifsogragiont thalegosrespenddathy drgsity onthe hegaselaty@ei on and

accunul gt i ) fel ' t h
cor  cspartApoE e chEeb e 4 duiadth ok BE crmamett o
| profagnthebe atl :AdpeclifioYoddtivh ¢ o gratifedt, i€ baticvar, a0m ypdcif gradient
t he .neasured organelle-specific nmarker in the

gritrstiandis £ pRrfaranWestermnatysiston 3y qraancllpsneific parlgiesuch as any

ORI LA, B PLAESEN SRRy, SHEN v
ofusidgenorgizidanianfitiaqeiggstamfardinédeareiddr cantpatdbde anowitnad

correspandj.n i ol ogi cal sanple are normglized usin
P tFRtlE K badthee 2 3@5’510% tegest rqopfting i g, soparation and
BrReifh tiQI'fi meHROf 1Y iﬂb&hﬁn@ﬁﬁ%‘ﬁhe‘%%%%nﬁ%wihgeinal biological

materials tor such assays can be prepared
s ksiatipéed Bnrtchseent isrtheacobmuddetey dividing thewslapyoasdurtes the

& e et Iy P st ) SIS SEs] FABIEFS) igh amount
PUh GG REbshEIRE .:il%ii(ﬁb%iﬁél%ﬁl f.(e.g., QAGEN, INC,
CA). The determnation of the total protein

concentlatexampleotndystahfinsheden thetiotah prateiaconesmiratens dféhe

or i gi-nal 1ol eai cal s | e. .nel udes t .0f
s ttiPfitadia? ph B e B iR ebaRPohiRe iRl supete we
prrﬁ)hﬁhmﬁedtttrsﬁfgeirﬂrecsgtﬁkbd&‘échrﬁ@fes,@&@Hﬁé,Q‘or SRMPlaABradford or
rot el ns. e
P Lowry protein assay. Reagents and materials for such assays can be prepared by the
skilled artisan in accordance with known procedures (e.g., Current Protocols in

Biochemistry, John Wiley & Sons, Inc., 1999, Edited by Juan S. Bonifacino)_ or

purchased from commercial sources (e.g., QLTAGEN, INC., CA). The determination
of the total protein concentrations of both the gradient fraction and the original
biological sample includes the step of solubilizing the proteins, especially the
insoluble proteins therein, such as, for example, membrane proteins. The

solubilizing step typically includes, for example, a suitable detergent, such as SDS

34



solubilizing step typically includes, for exanple, a

sui tabl e detergent, such as SDS 34 WO 2004/ 083405
wERONANERAD4/ 008655 or Triton-X. Once the protBCHESHANE008655

solubilized in each of the sanples, the insoluble

material, such as residual nmenbrane material and/or

debris, is pelleted by centrifugation and the

remai ni ng supernatant, which contains the solubilized

proteins, is renoved. The protein concentration of the

supernatant is then nmeasured using standard nethods,

such as the Bradford and Lowy assays nentioned above.
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represented in a digital format,such as pixels.

means, such as, for example, introducing and detectmg a secondary antibody
specific for the first antibody. The primary and/or secondary antibodies can be
covalently linked to a detectable moiety, such as, for example, a fluorescent
molecule, an enzyme, or a chromophore. In the case of an enzyme, a detectable
enzyme substrate, such as, a chromatogenic or fluorescent substrate, can be used to
detect the primary and/or secondary antibody. The amount of primary and/or
secondary antibody present on the blot can then be measured and represented in a
digital format,such as pixels.

For example, the enrichment of mitochrondria in a mitochondria-containing

fraction can be determined by Western blot analysis by measuring the relative

quantities of a mitochondrial-specific marker in normalized quantities of protein
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For exanple, the enrichnment of mtochrondria in a

m tochondri a-containing fraction can be determ ned by
wOoe®Hes0hl ot anal ysi s by measuring the rel ati REI/US2004/008655

quantities of a mtochondrial -specific marker in

normal i zed quantities of protein 35 WO 2004/ 083405

PCT/ US2004/ 008655 fromthe mtochondrial fraction of

i nterest and the correspondi ng origi nal biol ogica

sanmpl e. The detection of the m tochondrial-specific
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t he, bi ol ogi cal sanple. As such, the gradient naterial
céﬁﬁﬁ%ggﬂg%ﬂ“#éwﬁﬂ@-continuous-flom1rotor and t hen

centrif : { L] t '
o adi eri Y gne, bERERGTL fladkhnh D RAIARhE L ddifmous.

bi fdvo gintiafugs anpdeeoctumg tontbe niethodnifitlodine edidnn tRor tkanple, and as
rotor.while the rotor cantjnues to. .rotate.
QBB B FABIBID B e pite o0 of the
U YRhEAkdu¥-fRWQNRERBE bR iftrodtcRlgddl RNl SedRABPRNAs such, the
contains organell es, cytosol conponents, and possi bl e
megridientandterza wambe addgdttp thradanginuevs-fhovw vator and then centrifuged at a
! ns%)reé)dj slill%ficnlgntttg gstgll)l?slhqgé gr%ldieﬁe nBrllc% thg gradient is established, the
biological sample can then be introduced into the rotor while the rotor continues to
rotate. As described previously, the biological sample is typically a homogenate of a
biological sample and contains organelles, cytosol components, and possible
membrane fragments. Optionally and prior to introducing the biological sample to
the rotor of the continuous-flow centrifuge, the biological sample can be clarified to

remove large particulate matter, such as cellular debris and nuclei, as previously

explained.

As previously explained, the biological sample can be introduced into the
rotating rotor of the continuous-flow centrifuge in a continuous manner. For
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nucl ei, as previously explained. As previously

expl ai ned, the biological sanple can be introduced

into the rotating rotor of the continuous-fl ow

centrifuge in a continuous nanner. For 36 WD
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sanple is fed into the rotor while the rotor continues

to spin. The speed of the rotor can remain constant
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for exanple, the conponent S sedlnentatlon value and

buoyant Bether 2 particular component of the biological sample enters the gradient
is determined by both the physical characteristics of the component as well as the
parameters used by the continuous-flow centrifuge. Such physical characteristics,
including, for example, the component’s sedimentation value and buoyant density,
and centrifugation parameters, such as, for example, RCF (xg) at the rotor and flow
rate of the biological sample, were previously described herein. The centrifugation
parameters, including the RCF (xg) and the flow rate, can be increased or decreased
during the operation of the centrifuge to affect the entrance of different components
into the gradient. The parameters of the centrifuge, especially the RCF (xg) can be

changed throughout the operation of the continuous-flow centrifuge, including

during the introduction of the biological sample.
37



and centrifugati on paraneters, such as, for exanple,

RCF (xg) at the rotor and flow rate of the biol ogical
W@ 200plogg40sver e previ ously descri bed herei n. ThePCT/US2004/008655

centrifugation paraneters, including the RCF (xg) and

the flow rate, can be increased or decreased during

the operation of the centrifuge to affect the entrance

of different conponents into the gradient. The

paraneters of the centrifuge, especially the RCF (xg)

can be changed throughout the operation of the

conti nuous-flow centrifuge, including during the
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at section of the gradient. , Collecting

. oty sedtionf thsgredient. i n Figure 1, once the centrifuge
run is conpleted, the organelles that have m grated
i nt o t eollpctidg enganelles. c Alslsent iadigunyl, omretthe eandgfuige edh is
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alptrecsnmttmwitioyn, For exammye, ou:gamllﬂsactandn aohlestedby remeying a
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i Gatiafefe Bt sty iRy S ndRelk ermre

I %oﬁﬂé[ﬁa@iﬁﬁ higdreest, aﬁiﬂﬁ&e@%md/ﬁ 12826 Lvesddl LicRAOBr example, a

1/1, 000t h, 1/ 100t h, or 1/10th of the tot al vol une of

t ﬁ@mg}eatgb@ nf\ny @mta@h‘:yﬁactlon volume is contemplated, such as, for example
1/10,000™, 1/1,000™, 1/100™, or 1/10™ of the total volume of the gradient, or any
other suitable volume thereof. The volumetric fractions can be the same or different
volumes. Further, once collected, the different volumetric fractions can be
combined together.

The fractions can also be collected on the basis of a specified density range.

In one embodiment, a fraction can be regarded as the gradient material between and
including a first density point and a second density point, where the first and the
second density points are different. For example, one can collect as a fraction, all

the gradient material between and including 10% to 15% sucrose. The density of the

gradient at a particular fraction can be estimated or measured using a commercially-
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ot her suitable volune thereof. The volunetric

fractions can be the sane or different vol unes.
wao-eooitlgps once col l ected, the different vol uneP€T/TS2004/008655

fractions can be conbined together. The fractions can

al so be collected on the basis of a specified density

range. | n one enbodinent, a fraction can be regarded

as the gradient naterial between and including a

first density point and a second density point, where

the first and the second density points are

different. For exanple, one can collect as a fraction,
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f GrampleapisFiEon BIGRICPBY GHiRY SEblyCWbmeHi- SbHBFscupepds, for
nPethﬁgle, By Jrgﬁl%ﬁe @E&Beﬁ{ﬁon 6 fraction can be assessed and characterized,

for example, with respect to the relative amounts of different types of organelles

present in the fraction. For example, by performing a Western blot analysis on a
fraction and testing for the presence of organelle-specific markers, such as, for
example, mitochondria, endoplasmic reticulum, plasma membrane, and Golgi, one
can assess the relative amounts of each of these organelles comprising the fraction.
Information on the preceding protocols can be found in commercially-available

literature, such as, for example, Current Protocols in Cell Biology, John Wiley &

Sons, Inc., 1999, Edited by Bonifacino et al. or Current Protocols in Molecular

Biology, John Wiley & Sons, Inc., 1999, Edited by Juan S. Bonifacino.
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thought of asa method for “pre-fractionating” a proteome of the biological sample

since the proteome of the cell is divided up into the distinct types of subcellular
organelles and structures. Thus, once the organelles are separated and purified, the
proteome of the intact whole biological sample is effectively fractionated into sub-
proteomic constituents. The process of the invention reduces the complexity of the
proteome of the biological sample and facilitates the subsequent analysis of the
protein constituents of the proteome.

Lyse organelles. As seen in Figure 2, the accumulated organelles are lysed
by any technique known in the art. Lysing is typically performed to disrupt the
membrane of the organelle in a manner sufficient to release the contents of the
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Also, robotics or high-throughput instrumentation known to one of ordinary skill in
the art can be used.

Other technologies useful for studying proteins include, for example, liquid
chromatography, such as normal or reversed phase, using HPLC, FPLC and the like;
size exclusion chromatography; immobilized metal chelate chromatography; affinity
chromatography; any other chromatographic method; protein binding analysis; yeast
two-hybrid analysis; three-dimensional structure studies; gel electrophoresis, such

as, 1D and 2D; and most recently, protein/polypeptide microarrays, and

bioinformatics.
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interface. Independently from the strategy used to obtain the data, the
experimentally obtained masses of digested peptides are introduced into database-
searching programs in order to match the obtained values with those theoretically
calculated for the tryptic peptides derived from all proteins within a given database.

Characterize and quantitate proteins and peptides. Referring again to

Figure 2, techniques to characterize and quantitate the proteins, such as low-
abundance proteins, and peptides derived from the invention, include, for example,
any known biochemical approach, enzyme assay, antibody immunoreaction, ligand

analysis, protein/peptide mass spectrometry, substrate analysis, or combinations

thereof. The type of experimentation used to validate the function of the protein
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Thiafferainehdse dqualad dendiferanee ihhiesmaoset bfithd hhﬁgeaﬂddrgharﬁdtgents
an]éelelc%usedthe peptides are being measured in the same mass spectrum, it is possible to
obtain a relative quantltatlon of the peptides and therefore of the proteins in the two
proteomes. ICAT is useful for quantitating proteomes or sub-proteomes that are not
amenable to two-dimensional gel electrophoresis.

Identify proteins. Any identification or analytical technique available to a
skilled artisan may be used to identify the proteins and peptides obtained by the
invention. Technologies useful for identifying and studying proteins include, for
example, mass spectrometry, co-immunoprecipitation, affinity chromatography,
protein binding analysis, yeast two-hybrid analysis, three-dimensional structure
studies, and most recently, protein/polypeptide microarrays and bioinformatics.

Some of the more common identification techniques include 2D-GE combined with
43



using a suitable workflow instrunment. For exanple,

| abel | ed peptides produced by trypsin are affinity
w@eoos0saos from non- | abel | ed peptides to reduceP@iES2004/008655
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about 1,000 copies per cell and are known as the “low-abundance proteins.” The
sum of the low abundance proteins in a cell generally constitutes less than about 3%
of the cell’s mass. For example, tyrosine kinases are present in the range of 30-40
copies per cell. Further, certain low abundance proteins may be present in the about
picoMolar (pM) or 107 to the about femtoMolar (fM) or 10™'* concentrations, for
example at about 10, at about 10", or at about below 10” concentrations.

Low-abundance proteins are generally difficult to detect using known protein

analytical instrumentation and/or methods. For example, low-abundance proteins in

the context of 2D gel electrophoresis can be difficult to detect as “spots” (an

electrophoretically-separated polypeptide on a gel) based on low copy numbers
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anfgor\r/l@d(l:ecz!ttqgassf t\ﬁ%st%gsl ofl s%bgeqﬁﬂar organelles are then isolated and purified to

determine a proteomic profile of the at least two types of subcellular organelles at
the first time. This process can also be performed with a single type of subcellular

organelle.

A second biological sample is provided and the at least two different types of
subcellular organelles are released therefrom. The at least two types of subcellular
organelles are then introduced to a density gradient within a continuous-flow
ultracentrifuge; and a centrifugal force is applied such that the at least two types of

subcellular organelles migrate within the density gradient, preferably in a single run.
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protein in the first and second organelles of the first biological sample is then
detected and the level of the detected translocation protein is measured.

A second biological sample is similarly processed along the lines of the first
biological sample. That is, the second biological sample is homogenized under
conditions sufficient to release the first and second organelles into a homogenate,
wherein the first and second organelles each comprise a subcellular proteome. The
homogenate from the second biological sample is then introduced into a density
gradient within a continuous-flow ultracentrifuge. A centrifugal force is applied to

46



i ndi vidual s or different groups of individuals. In
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It Eggng%g@gggeg}%tog g(gg gqqtqlgzra:qgr\ég'{?ﬂ%iqc%rlggicaﬂﬁtfgrc et:x%gnple by email, or

over the internet or a network to a third party, to or from a database, to a laboratory,

D

individual, or research group. The data can also be transferred (e.g,, posting)
electronically to a network, such as the World Wide Web or other global
communications networks.

One of ordinary skill in the art will appreciate that the databases of the
present invention can have many different forms and/or structures and can use any
known protocols for electronic storage and retrieval of information. The invention

further contemplates providing access to the database for commercial purposes.
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After the translocation protein and/or translocation
proteins of the first and second biol ogical sanples

WO 200desBe: ed and nmeasured, the translocati on pPODESH04/608655
anal yzed. For exanple, the translocation process of
the translocation protein as a function of tine is
determ ned by conparing the neasured | evels of the
detected translocation protein in the first and
second organelles for each of the biol ogical sanples
at the first and second tinmes. The invention further
contenplates, as indicated at Fig. 19(A) (3-4), that
t heccessdagbigRldcaonivaktat bi¢g ¢16bdl kemanmicasioss @aterork, such as the

aration _of organelle proteins and the detection

an PEd WideWWstri cati on of | ow abundance prot eins
t her eof red
in a da(f)&%gggﬁt“g e dglg%e& SsS eﬁl JS% &%ﬁﬁgt egqgtg%ﬁ ich m%ﬁh%d
bycottemplaediey tire iavatibey suds es by iaes speviesiietoy) the complete amino
contenpl ates .t hat any data. generated or . coll ected
d lfﬂdr%g?%e RGO YAPAF R TARPTL L b htaingd figm ayvhole-
PrRh&RFBeRiendel RN ITR: mlvé}ﬁi‘o%%ﬂgeﬁf%ﬁteﬁ rp‘?ét@é fhe %@s%ssk?ﬁent of
transmtted or transferred to a thir
exbhpitative ﬁmagteordwaaloweamdmemoottm@f pmslteetrby @:fmparatwe

R G R RSR L A —p—

ew b@ﬁ?ﬂt@ﬂsdﬁweﬁré’l @vailaBRAbMEE dAr DALkIdD C@fnp@.teg ot w@ﬁ&té@i@n or
transmtted electronically, for exa emai |

o@gaﬂ%bﬂﬁeovqastaéaemrkosucb ap &eM pd Widg Wﬁ: rt@t Epiay, alg@tbms for

OIS Py OB g, W Yk it

( etngno aqidst¢quegdes coheited ¢k dafabyset® identiBt Mpslypertidehading a
the World Wde, Wb _or ot her gl gbal conmuni cati ons
nSENATIEEQUBRR WHPSORUatRIH iy alseat ko Fidisgancygl ppproach can be

a 114

e o Ao b el AR Fn b M £3GR pot positvely
stidantifyla ésrcéina fcuraanquﬁsyes@lnyncelbm(mmiymstabbﬂmb a likelihood that a

el ectroni c storage dretriev | nfQrmat.i on. The

| RO A e Sipesd %iaéf_}?pcrfaﬂle@arpf%woalr PSHpIERgtip can be
t RerrdatAPRSRIthO! cmGINES: GhMatPBE ROSERn of & Iﬁ)WQem of interest, such
2004/ 083405 PCT/ US2004/ 008655 Access can be

elas,dbr eviinplas mbmceaprgtaitbal communi cat i ons

net wor S Wr | d. vv Once the . .
ow ab S BB g Rand S fing el frkiVisy o8 G b Sesigied precicted
metmgidn besyat H@Jni}tia@zdw@)ée(%d%ﬁcé MaBREs g, B3RO0 s&)‘c}ﬁﬁ%%

spectronetry, the co e am no acid sequence of
pPERteinFegengesgnaanons dajrhases, sweh ascfon brample §ienBenly,$wiss-Prot,

W@ﬂh Brotein Data Bank, etc. The term "percent identity" in the context of amino acid
sequence refers to the residues in the two sequences which are the same when
aligned for maximum correspondence. There are a number of different algorithms
known in the art which can be used to measure sequence similarity or identity. For
instance, polypeptide sequences can be compared using NCBI BLASTp and/or
FASTA, a program in GCG version 6.1. FASTA provides alignments and percent
sequence identity of the regions of the best overlap between the query and search
sequences.

Alternatively, in the context of DNA or RNA, nucleotide sequence similarity

or homology or identity can be determined using the “Align” program of Myers and
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genonme sequence dat abase. The invention further

contenpl ates the assessnent of the putative function
wW®@R00a/083308 abundance protein of interest by conpar/asicn€0086ss

sequence anal ysis nmethods. Such nethods are w dely

known in the art and pertain to conputer software

avai l able locally on a desktop conputer or workstation

or available over a network, such as the World Wde

Web, that enploy algorithnms for conparing an am no

acid sequence of interest (e.g., the "query sequence")

wth the am no acid sequences contained in a database

t oviigeNEObMmal RAbMASRS iflEinBAvVi g8 CABIDY A1 1SEYUO8®end
whose function is already known. This eneral approach

caavaijeble pldGBLS Tb@ltea@s "“mniantsgwl eiarlt; h hombmyeg%rr instance,
searchi n oes itivel. | fv.a

a Véll‘ﬁlgF %;é g%%ﬂ%cgqu c se llle)}lC% §%/ %‘?n[ es nﬁlclat uahn'n?aélve nmeasure
t f‘tﬁthomolc%fﬁdt\ﬁwn&bvo%equ@iaéﬁ Hteagee@nt b&lusmlmﬂaﬁﬂymah BE
functlon erimentation can carri ed out

rer mINo) "\ 40/ Nt é’hﬁlﬁﬁl Nan @tth%wt@fmaib@r ot wmidentical
of r
prrg%@?%. : eu%f{%“%% s R R M By of
I nesidtiesdn oaanf the sag&nge’se Hercedhe DEA sdquanda AGTOALEDC ovill have

: . I
e g TR by Sron Lt aretssod AT DG ar b2
S U&Heﬁ&weﬁ}p& ﬁﬁﬁi&bﬁ}, G‘%ﬁﬁ@zﬁlﬁ » with $&pEE Q6 seqp@ﬁé’es Fr’éf%lfsecb Rhe

Dat a Bank,” etc erm ercent identity” in
c oninebetr 06poatmns ovitlvidenticaé qurémmles divedesl ‘ttydht: hemb@scpfdmekzotldes

oo PRESEmbS R bR i S B an e
di dt@n@mdd i a8 ddndBBvithRe Wilt? ahd €ihdn M/gbﬁthnp@mmﬁ and

used to neasure se(éuence simlarity or entit For

i Nsipanasel 988 AN PiSIAIR0: §%@)u ém@%ar@amsm %an@mzm@ﬁ Xy
6. Iiucle'%h@%sp\g \x%n&j gléth Q c’leo%tdgsr 996.3'%, & e?, 8 % o\fglq gncp computer-

pr oV gnnents’and uence

| deBikict Yingllsit hal ﬁlﬁ'ﬁl@ﬂﬁloﬁfof ifeeschegice aviaih@pdibgae@ent can be
the query and searc sequences. Alternatively, 1nthe
c dienEgEeEly mRRreed rpg cwmeé%@lm@fa&@de OFReEas (8-g-aktelljgenetics

T e L L

P(IiE\/VblSZIéQIéé GﬂﬁfﬁﬁEncel\iHéﬂt&y Wl(h TONAI seqhendbd, giymeidire (IThin the DNA
Li near Space" CABI 4,11- avai | abl e at
NGFfuerPRds qoapidgred sfns |t‘aprw]<‘% %FM&S?%CHB?

" honol O@% o a iRAtiVeR R &ed AMclibn [LRPEE dtlletd‘To?a given protein of

nucl eot 1 de sequence, Is Intended to indicate
quaterést, zspecellymdswrabundance protein, a patent application can be drafted and

filed with the with the appropriate national and/or international patent office. The
application can be directed to, for example, the protein of interest whose function is
predicted from homology searching. The claims can be directed to, for example, the
amino acid sequence of the protein of interest, its utility based on its predicted
function, or any cloning vector or expression vector carrying the DNA encoding said
protein of interest.

The present invention, as seen in Fig. 19(C)(8), further contemplates
validating the predicted function of a protein of interest, such as a low-abundance
protein. Validation can be carried out using biochemical, immunological,

physiochemical, protein structural, and genetic techniques, any of which are known
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of honol ogy between two sequences. The percent
sequence simlarity can be calculated as (N,.ef -
WO 8D/ N, ef , wherein Nd f is the total nunPer/Usf004/008655
non-identical residues in the two sequences when
aligned and wherein N,.ef is the nunber of residues
in one of the sequences. Hence, the DNA sequence
AGTCAGTC wi I | have a sequence simlarity of 75% w th
t he sequence AATCAATC (N,.ef = 8; NdX1=2).
Alternatively or additionally, "simlarity" wth
respect to sequences refers to the nunber of

PaS bhd ONGrdMabNskillBNthE 62 1RURS 8abbdlgenthy bétadn Pig. 1DEB)(7), the
nunber of nucleotides in the shorter of the two

s elama@hee sonbieplaten chiningnite mticleic acifeserumics @Q‘E@ﬁ%ﬁle eEgtein of

e SRR A A R 1 1 ol A o

8QuéiRbiide deqficricoSheviimy a poitdif ofintéredlOVW & iczemple, 2 Qegenerate
nucl eoti des, a word | ength of 4 nucl eotides, and ap
pakaleptdeprohs cane wefigliiased om i ssaeencankll paiaicyR inferest and

' %&{ ﬁ’)rs%{e%h 'aqﬁ\l_@for DR RO nﬁ)q a,gﬁ'ﬁ 1H R L dbNGone carrying the

gnmen conveni e ormed usi ng
c @rmmhng puleb@/oféﬁNlAl dblaﬁotﬂmn@{aamie (aﬂlugleptldm!mllubm@@ned)dlng the

a8 et isln b dpitied By PCR yA SR dutore SBON N LE
| d8Menbd oMb rd%i'ﬁ of LR %rthéxh Emnﬁig'k@ep(s%n bé sﬁﬁ%@q@ﬂﬁy

sequence I s onsi der ed equa tO ur aci |
s equindowl tarhten shquanstiipteonal cqnied recgmm of mhﬂsfmcgﬁlng smcleotlde

cSpaterBt T RlsaaRorbanR 2k bE aPline TpEpERsrom the original

aRBhice 3F bR gEaN il dut 8o &deh ardoitthes @omfcé bf bib® gidal Material
the appropriate nati onal and/or international pat ent

ofshamg&mﬁerseapmcps:atu on can be directed to, for

XD okl B0l BESIe OR8] WG O

&
_predict eIH; sear e can

diehgile@@d o ah @kp@W@torI é}@resaﬂi i lesst celk explerat; and then
t he \ﬁ)rotel n of interest, its utility based on its
privdheaalyreiersses aut assprjaip by skpeivetatinn Be function of the

e?ﬁ%t%ﬁisdﬂﬁte}@gf & eus,(ct‘?lé %Jéiggg?ﬁedség r?tPh]é r{ﬁ"&%ﬁgﬁl@&ﬁﬁﬁ' glch as the

eino S ention, as’seen in
Fl dgtectd (18 {aBhnddnoe pi'mmns; ard mﬁﬁ@d&scom&ﬂhmﬂb(tandgna}ma expressed

redlct d funct| ote| i nt er est uch
 ShBE . pRGrgro DI Bl cORreEait 5o 4f FTE JDEA
Uk n@ésoi‘ﬁ réq{@s@ ?rieﬂ seh@ﬂé&% Q%eﬁ@xlally bRRYSLEGNEMIE & |

protein structtral, "and genetic techniques, any of
Mfmbcrwtwnkhwmanﬂamai Wﬁﬂ%ﬂ@&@@ﬁqﬂ@%@ thap @@dBactional in

gﬁlaggli?%g% pgsrt ggrezg)él?ﬁlr 1!rl;|1|e lig?(é’rrésstiglte g}ar{tptf)} sequﬁléces and the gene of
interest, can be contained in an expression vector that further comprises a selection
marker.

The DNA sequences encoding the polypeptides of this invention may or may
not encode a signal sequence. If the expression host is eukaryotic, it generally is
preferred that a signal sequence be encoded so that the mature glycoprotein is
secreted from the eukaryotic host.

An amino terminal methionine may or may not be present on the expressed

polypeptides in the compositions of this invention. If the terminal methionine is not
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i nvention contenpl ates cloning the nucleic acid
sequence encoding the protein of interest. Different

wa@0anggdes can be used to clone the gene, geneCT/US2004/008655

fragnent, or nucleotide sequence encoding a protein of
interest. For exanple, a degenerate nucleotide probe
can be crafted based on the sequence of the protein of
interest and used to screen a DNA or cDNA |library for
a plasmd or vector clone carrying the encoding piece
of DNA. In another exanple, a nucleotide sequence

encoding the DNA of interest can be anplified by PCR

USildaged bl IR kpldisibn Ab&, P asgdifdBsitddSbe sleamiesIlbereafovedBy
proteln of |nFerest Furt her, cl oni ng steps can be

@@éﬁ@ﬁvmméarrled out to obtain the
t r ansc rA §§1£ieo Qﬁ’ie&)? Sf’]é){p%lslsl ofi %'o&%cgr 851%8111%{18195%15;}9% em}gloyed n

nucl eot’i e nuc € sequence

0 mxpreﬁadg EhHDNm s¢qhemess éreddpitiy WaTV pebpeptidesfused in the
I)gllaoglcal mat eri al,, but al so from anot her source of .
C@mlcaﬂrﬁwpp%‘ponsmawa?@n@ oithia imsphiere n el GResssion

t %cﬁpscﬁg 'eﬁ‘lge,rg& lﬁ%{s' ﬁ’l%lu%@qﬁd? B&fmpie, Rk RRehm Oﬂﬁsn‘?g'j‘ékpp@sswn

furt engl fnto an expression vect
e xpn&e]wquenmeaﬂbmsﬂvma bbying papitomd viraphdehenrusf adebdr@ssociated

ana to gssess an ascertain. by experinmentation :

© Rt R E At NSRSy o gAY SRR U s Bhy Rfbression
PRle¥RePlor B8stedl Holte il @R tekiAMAMhiAL, su§1l1J ﬁé"'th@§e 68 E. coli,
det ect ed Iom#abugdance proteins, are produced

r encndinp Bidogcraptd, mEEXEE, kil essad, col B1upCREIHBR ¥R, pMB9 and
hosts. In order to obtain high expreSS|on | evel s of

f dhelr gerivBhies, PEduLh sederibastyangssrlasiide, syelavRBAPhegnDNAs,
OB AR OEE ALK, L PIB e RSO e

f whagéso Nadefiil rexpﬁehs&omhﬂﬁc&@ fdrq&:hst cBlleinehudb ity 2;1 plesmid and
ex ression Control sequences, ne_ of

gy aiates thegppth s vagtaa dor IHS%% C@jédpé@g‘? BXLEt or
t hat 1 uhLABKiG 8@; JfSERide Vﬁi%t? oF !3 essg@r &Elfrol Eﬂ\ﬁ/er@&A sequences

sequences enco the ypept | ent
nejateontralythe Bxpresasmmfei E\Nm quaéncs eduee perablyflirtkaé to it, may be

o B R bt ViR o BHest e ohaketides JEh ke owosiiggs of this

t NRVERRbH! Sull ¥S&PRIRbREAoh SontDE §5cﬁfeﬁéiasf1ﬁ<9m4 th8 expression control
eukaryotic host. An am no term nal nethionine nay or

mqmewsw@ts@ mithestructuen! gapmsef ﬂmforqgglqu@cptasaes vegiors.

N RN TR
late promoters of SV40 or adenovirus, the lac system, the trp system, the TAC or
TRC system, the T3 and T7 promoters, the major operator and promoter regions of
phage lambda, the control regions of fd coat protein, the promoter for 3-
phosphoglycerate kinase or other glycolytic enzymes, the promoters of acid
phosphatase, e.g., Pho5, the promoters of the yeast-mating system and other
constitutive and inducible promoter sequences known to control the expression of
genes of prokaryotic or eukaryotic cells or their viruses, and various combinations
thereof.

The term "host cell" refers to one or more cells into which a recombinant
DNA molecule is introduced. Host cells of the invention include, but need not be

limited to, bacterial, yeast, animal, insect and plant cells. Host cells can be
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cl eaved by the expression host, it may, if desired, be
chem cally renoved by standard techniques. A w de

WO 200408340Df expressi on host/vect or comnbi nat i oNBCTHS200€008655
enpl oyed in expressing the DNA sequences encodi ng the
WAV pol ypepti des used in the pharnaceutica
conposi tions and vaccines of this invention. Useful
expression vectors for eukaryotic hosts, include, for
exanpl e, vectors conprising expression contro
sequences from SV40, bovine papilloma virus,
adenovi rus, adeno-associated virus, cytonegal ovirus

anglide LR o EASBS gioe] MAisi duBitd i gusEsultukeiidholayers or the
expression vectors for bacterial hosts i ncl ude

bdtkee Hoal cobls axyi alisp, besdestved diredilysw ipdignetl frogptigsues.
i ncl udi . pBl uescri pt. 8 - 2T 0r.S I
e RSl EREE Bl BERS Hus PUSHYGEL ek o v

Wise@ienbéSdncbding EhaP Afraptiges 186¢ th s pRinacpli@@ecdMfssitions of
eé%f“ the nunerous derivatives of phage | anbda, e.g. .
xdns anvgrttonGihese hastg mayHegludesnalykrowgdsagyotis,and dsdiapyptic

Y, r IS pi t 2. bl 1 d :
e
I indedidel1p ViichOabISpoliopracidfi-igiperda §99)pdnimahcalls suar a=€H Oafnd

G035 b Do ATOFTes ERACSGARD MRS SpEPaar oF] e 40,

t Qi BMTBY, BRI SRR dshRtis\Ralt @ESs.t O express the
pol ypepti des used in the conpositions of this

i nvent iZohost Sel ks 'isaffotmedk dryeswictac eadwheh thenuedaic egid is

i nclude  the expressi on,contro sequences  agsoci at

o EPoF T R <GS e SRl s E AR ahy BB E ot or
VafuhSffring MR 88id Rhto UBSEM mBXHE Bl BB 1681 tuhRks otherwise
sequences include, for exanple, the e%&fy and late

ri )
pribdieated kerein, dvesgiod implyany pritigslar pethadad delivering a nusdeic acid
tr.p, _syst.e e TAC or. T m....t:n T7
p rlgtﬁo%lcee ilsf%rtt%% aﬁ%jpoplcg |1oaé v %ﬁﬁ’g zgn%e ps)lrl% Fr‘g[ to-girafﬁgg]i' ons of
phage |mimgarestibe copidlsequenediiodnuokiddiCaqteieailgtinegulates
the promoter for 3- phaosphogl ycerate kinase or, other .
18789 p)&ﬁrqa@lm.yﬂggr’lscpﬁgmb ,lg}%gtf@]nsatlgp agg@fogtranslation). Expression

p .
OB R Cody yavanaewthE & QTR Pl & Gpyhost cott
i rodgemidoh . pr betokat pokaryetic esd &rkavyotichoste)) thicofype bftranscription
expr essi o enes of prokar otlctgr eukaryot.ic

! .of .
cainftde-gp Whieh  PRIFmeraseYstISr sz the SRGURAG bife cell type in

t : - L 1" " ef . .
g i ot g5 00 e

i mressoiiodlht celdsypegel | s of the invention include, but
need not , ' bact eri al geast

meect Apopolt diasuth s Gerepatrol e Mha R vsed heren,
refers to an array of nucleic acid sequences which control, regulate and/or direct
transcription of downstream (3") nucleic acid sequences. As used herein, a promoter
includes necessary nucleic acid sequences near the start site of transcription, such as,
in the case of a polymerase II type promoter, a TATA element.

A "constitutive" promoter is a promoter which is active under most

environmental and developmental conditions. An "inducible" promoter is a
promoter which is inactive under at least one environmental or developmental

condition and which can be switched "on" by altering that condition. A "tissue

specific" promoter is active in certain tissue types of an organism, but not in other
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51 WD 2004/ 083405 PCT/ US2004/ 008655 wunicellular, or

can be grown in tissue culture as |iquid cultures,
worwessses s or the |ike. Host cells may al so PEI/US2004/008655

derived directly or indirectly fromtissues. A w de

variety of unicellular host cells are useful in

expressing the DNA sequences encodi ng the

pol ypepti des used in the pharnaceutical conpositions

of this invention. These hosts may include well known

eukaryotic and prokaryotic hosts, such as strains of

E. coli, Pseaudo novas, Bacillus, Streptonavices,

f URGie tyY&asdm the ARRUrghBih S SEHEAE developmentally-regulated

Spodopt er af rugi per da %SFQ), ani mal cells such as CHO

amomaeuseacted duingsomiedan ngr dbdevistnmreptal sfapes efipchpsherganism.

aos 1, 7, ,
TR Y T

" el OR ARH cadie Bocited e hficRab Sevehe thdubndbist phies B6indhe start
is translocated into the cell fromthe extracel | ul ar

enitf phmsatiptioyTheptaliednelde seqaaages Fequitgd ot Pefopmation (e.g.,

S5 P08 £ L4 B R  T pboric

p all‘a:nislatild)m(e. grptitweomebitithg sied)j aid pesrnalstationalahddificatians de.g.,
cell, nor that any particylar. cell type is. the.subject
ofglyseaHaR leh%&%wsg}eﬁw?%@ﬁt oy e, et e ke |

?iucl ei erifaGlh GRRHBAF EntMIh ¢iFefsq8 Blitli6sal J9RAS BAREERShRleic

.e., transcription, RNA formation an r
t raatisdxptdssind corfixgl segmnon(sucipat 2 plonsdeuenauesy afdyangermyion factor
dependi ng, . for exanpl e, .on the chosen hast. cell or
TN LaE 2 SRR e PG I BT ion control
hagtsehee féotd ¥RRcAPtidd GBS hidlbic @Bid defreéponing: to thddeebnd
RNA pol yner ase nust recogni ze the sequences), the cell

t ypeudnpe. whi ch the gene is normally expressed (and, in

turn, t ;}E%o?ﬁd%f%i}lgs%%)tega gri%é?%g ﬁgart g{ﬁ{c zlf%}/vecporrg 3d %#r@ss%o%agontrol

cel | expressi o

C GBhicAkesSOTLRAGEN ajidlly 821146 eghrbgIrtBé Polypéptides mehtlodd herein.
array of nucleic acid sequences which control,

r dyrithar wilhplbhests Binetéen equatls el with themame cyRrgprent BaHAM.

( %—Igw%v‘éﬁlo%}e B ?lﬁgqn ﬁl%aaﬁlﬁ%ﬁgﬁlak@ﬁ sﬂ%&%n%ﬁc%‘lg‘lhe& vectors,

pronot er Irncludes necessary nuclelc aci d-sequences
nexpression sérardl s&juceasfant] hasts eviihptit widne sxgdtinamtatidnmantvathout

case of a polynerase |l .type praonoter, a, TATA el enent.
A depgiag ot {h scons, s dpventon, hptsiatogle, ithiclssting a vector, the

a%ﬁﬁ?@é&ﬁ‘ﬁ}ﬁﬂfl}e ﬁg?ﬂgrég%msé koA ey RpARIED k. The

con ons. n pronoter is a pronoter

whiector's sopynacnberahe abiidity @t cohtrakthatorepy enwibeg tineattihty tocontrol

del}llt%lgr% 1gr?,r} gllly, and the expression of any other proteins encoded by the vector,
such as antibiotic or other selection markers, should also be considered.

In selecting an expression control sequence, a variety of factors should also
be considered. These include, for example, the relative strength of the promoter
sequence, its controllability, and its compatibility with the DNA sequence of the
peptides described in this invention, in particular with regard to potential secondary
structures. Unicellular hosts should be selected by consideration of their
compatibility with the chosen vector, the toxicity of the product coded for by the
DNA sequences encoding the glycoproteins used in a pharmaceutical composition,

their secretion characteristics, their ability to fold the polypeptide correctly, their
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condi tion and which can be switched "on" by altering
that condition. A "tissue specific" pronoter is
W@ewuwes4dh certain tissue types of an organi snPCHUS20040008655
in other 52 WD 2004/ 083405 PCT/ US2004/ 008655 tissue
types fromthe sane organism Simlarly, a
devel opnental | y-regul ated pronoter is active during
some but not all devel opnental stages of a host
organi sm Expression control sequences al so include
di stal enhancer or repressor elenments which can be
| ocated as nuch as several thousand base pairs from
the start S| - rL0f 18R ascdr¥rifib afon M6k YBEn of the
855%%%5@‘?33%@?2%“&%?&%ﬁA&¥%%ha?$bn (g.g., cappi ng,
sRbigitnehded fordryathé DiNvakéqmnand pol y- adenyl ation, where
appropriate); translation (e, Q.. Jibosone bindin
si te) ; Wathen wn%%ﬁ@sa?ﬂ%ﬁékgm&ﬁ? FCaEY SRS e s
g&e\éfo?/%%%ﬁgéi&{leo PSRk Rt QimbiABd dh ltiadt v express the DNA.
prenylation, and the like). The term "operably |inked"
refeemet encodingtthopratiudts nkzlge thephesanacatip] cPeIPEsitiges ep
expressi on control sequenc such as a pronoter, or
aCFRFIHHOn TR BT g?é##%ﬁﬁﬁg&ﬁ‘binding sites) and a
SeCcoNdTRLGIISh&ptiak dhsERIHIERAGEs iWRariel May e iwtnedfsmnahe
control sequence directs transcription of the nucLelf

afermentatioresnsH ¢hlgretand phefisd Bepg any el eaiedy of oREHAH

of coyrse b der.s d.th r.

OB RGBS R oy by B0 91 iy et e
Welokt dpPrdprRfcasslatidieardqiuyiieptiordeshmigudsivatiedt Aeragting from the

Neither will all hosts function equally well with the. .
Ssaept ok BrvisxrBions e e LSRR meBa bR or SapSp L Of beine
Zé 'Pg%a%te% l§tem%{ l?’cgisgﬁ{é&%i B0 dNERR B Gh&OHS for such proteins,

sfrori co sequences and hosts w t hout undue
e pe kg ahabl #Narksng ofbttitablet detate@s.t i ng from the scope

of this invention. Eor exanmple,.in, selectin v, r,
the  hoses fpdisaiony! o ribel et dored nsdoaldef ke

v e | Dintslc6RRYpropEpethat
RSB, Bt st
t be panédtal by appleog &triagrationdl cmmytpmahgnql n@te@txcbfe@gegi tg pheggrotein

_oth tej ded by t o L
R et Wb s gon gt daev ot hipeE PR Sligs iigedhy B apino acid

c Qélﬁieﬂgé; &d furdchoR Sh@6t HibIheRAl £atiAI9SES Eohcomithiitalucleotide
sequence, a variety of factors should also be

c serpicrlex, end thEfebming vrstordend eximessioanyseiors haboring the jcgreomitant

strendti of Lhe fronpl |ciSn of th tein of interest

SRS e, BB, cRSEAPABE o of g g

S @anE&dktablieh the amﬁ;deguiﬁ@mn fdrendtdining hinatiomal @nirtemational

in particular with regard tqo potential .secon ary .
patent. The information generated by the above steps, 1n particular the validated
function of the protein of interest, such as a low-abundance protein, can also be
distributed or transmitted to a third-party user, such as, for example, a
pharmaceutical company, a biotechnology company, a database service, a
bioinformatics company, or a private or public research institute. The invention
contemplates, as indicated at Fig. 20(C)(11-12), that the information pertaining to
the analysis and separation of organelle proteins and the detection and/or
identification of low-abundance proteins thereof can be provided to, transmitted to,

or stored in a database to be accessed at a later point in time by the same or another

user.
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structures. Unicellular hosts should be sel ected by
consideration of their conpatibility with the chosen

WO e@i083403 he toxicity of the product coded forP@lUS1964/008655
DNA sequences encodi ng the gl ycoproteins used in a
pharmaceuti cal conposition, their secretion
characteristics, their ability to fold the pol ypeptide
correctly, their 53 WD 2004/ 083405 PCT/ US2004/ 008655
fermentation or culture requirenents, and the ease of
purification fromthemof the products coded for by
the DNA sequences. Wthin these paraneters, one of
skill iThd heseaf invemionSRHBET enéaibMNdss a MReHod Jfe4REBHSh Odhta, for
contr ol uence/ host conbi nations that wll express
t HEaDRke dl@éq%& Beqmine il Aeduehes pirtbelifsntifiedgtain ot the nucleic

fer

otr%fec{r%'ogercgfee e% cf %g? (? che%lgggd Hr%tem 1{1%6%%5@ Jaééﬁs]th% dlseanebre C?ted
i I’prbﬂ&bﬁlelpwﬁilebf@ Bpdtifyc hgahdel oﬁlfoeghnfanésniﬂfbmmtlon on the changes in
fermentation or cell _culture and purified using an
a Rrglepeeprefile of ﬁ@mﬁw&ﬁnel}w RESRECHR 4RqT) w&c@%ﬁ\{?épémﬁc
hesrtlﬁhpus NG £ 2 Qétﬂ % eLtcH Haﬂskﬁtt@d' b &% alslﬁ!ﬁﬁﬁt such as by

nmost apptopri at | soldt1on and pur i¥icatio
t a"atﬂnmda,ﬁemmMmMI delppirdniengy & glohaltcbmmm@penmﬁembﬂs such as

[ [ A f I s .nme ound, or .
b Bt wisPn g it bR he g W ageavaine
u Ss.‘uelg 2By M@nﬂ)’t%% sbRcl/f2Burdabcds® thepdts Andb V@R tronic mail
usi n a variety of suitable detergents.
owé/m Ivéa fregﬂpb@mm ﬁR,dﬁdltoh@lqmmre@rrptmr fraquenaystigriad, apndownmia
i dat.ed.b
Lot O e PEE BBl ion PR B S hggmission of

thﬂ{sO&(ﬂﬁIBe&‘;d diys @Iﬂﬁ)yddﬁﬁ)uf[éié hard\@divedN@ otBér apparatus containing
i nternational patent direct ed to the protein of

i rthe pdemationdn elgstrorip foray awyp@tl angnignRIaei ddec @rms of the

P 78 Bl S e S B0E S e

Nuohgethicdds & asar@eﬂ“enmag dcddit@mg k@thierigventioh @ns tramghitting
expressi.on _vectors, harboring the conconitant
n l}EfOé’él?‘?l%ﬂ’%’é{?é‘h dr inptanegs ¢ pre Arapore paeics fhodhensfirther utilize
est a I&%Hq{fﬁlyﬁatt Fﬂr@ r@é‘%‘"r e%? ﬁ% or %t aﬂﬁ OduCtS such as
naherapalticeyrassays and diagoestic testadnelrttc. Tihie mvehnomectmpmhends disks,
ge r at ed b% t he _above st eps, in %art Lcul ar the

HECBPULF Y 9E PIIGhARPRIATROTIRANS {FOF SHPTIneRrdPRedyIng gy frppsmitting
aﬁia@a SrOWRRHRCRBSGRaiRM %tlﬁffoﬁnat?&f‘fr@thslﬂetﬁ@ds AR kDY BEkhods of
or transmtted to a third-party user, such as, for
e)(fhmﬂVGlen Iihar e swentiomboroprepenis 2 metbod)fceémmm@l}g

IR0 corgpr?su?g Ser%o%\{lllgca mefhod as discussed herein and transmitting a

result thereof.

Further still, the invention comprehends methods of doing business
comprising performing or using some or all of the herein methods or organelles,
proteins, compounds, compositions, or products derived therefrom, and
communicating or transmitting or divulging a result or results thereof,
advantageously in exchange for compensation, e.g., a fee. Advantageously, the
communicating, transmitting or divulging of information is via electronic means,
e.g., via internet or email, or by any other transmission means herein discussed.

Thus, the invention comprehends methods of doing business involving the
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bi oi nformati cs conpany, or a private or public
research institute. The invention contenplates, as

wo pabitos4erl at Fig. 20(C) (11-12), that the infoPCEUSIN/008655
pertaining to the analysis and separation of
organel l e proteins and the detection and/or
identification of | ow abundance proteins thereof can
be provided to, transmitted to, or stored in a
dat abase to be accessed at a later point in tinme by
the same or another user. 54 WD 2004/ 083405
PCT/ US2004/ 008655 The present invention further
enco sses, a - t LA
R DE o e SRS s foRRR AT aRBpeRhs dRlcIATRLR, and
pmetheiNoOthe ihentitiel ei ¢ aci d nol ecul e encodi ng said
identified protein, information o the.disease-rekﬁ%ﬁg

pr ot eokiusp p FFLPErtys “cHoRp S1 F5AHSS IYGHRHL §i8-» Via any
gféeg?lﬁ?}éénglf%ned na oiPthefd3 %]ﬁqg?ﬂf‘é@%ly‘ ﬁeg&é@fnﬁﬁﬁﬁtlon or

a specific organe or organelle upon
apdrireaibh epecidllyeord gred iaf toca paticutar arsino ggigtseagsnce of a detected
exampl e a drug, .each.transmtted by digital ans. .
Sleehibdagee et 11 S<ErEa St CTHE 1 Ot STBRE s niogpation
W%le%\%ggni%%%ﬂﬁg s&@ 4sQAS iRFhAFIf inBateB réfuestithigedMtd wlebsite) or

e

. For exanple, data can be transmtted via
wetasitadl. Jstviendor casirhsmai tey infonmeationpe-Boiagiy of the

BT U TR R R STy

Offi@hetl (FRABGMAME s8b1EBaL subdaftivn otiselectelceess maibbite)oir gmails The
over cable and/or satellite transrri@gtj on and/ or vi

t indpraprtionicen come gy Ry forpgihwEie ¢ ad 3(1’%151 ’methodvcgra}lse ofa
conput er ' t i -
L
t prRtfd] SEd gomendftingra libray of arfomnafontfiven perfomning seroaor all of a
e.g., via facsimle transm ssi and the like. Thus,

t hereiretied onusecipieria ﬂ_ﬁ%ﬁ@?ﬁw&%mﬂﬁ_ IS Y

t %ll&\pﬁl ALY 8k QLB the ﬁﬁé{? dtdeMBting BAQHFHRL {h@Mibrary that is

t hier ef F om for t

i nst ance, one or nhore parties who
t hpoiidive toehe tgukdtze some or all of the data or

informgtion, e.qg,,.in the manuf.acture of produ

such a ICC?@Q}E’Z}SSB‘? yentiof sy 808{1?18@6%8?, S’lcg‘ijlfét}s %g fnd
et Crornlgton, é,g){ ¢ LlieRori® FRFEBENAE fBinSd St trareBssion discussed

conputers, Or other apparatus or neans for storing or

r abevey,i fngm performimg i using g herta metiodion ppPareiis-on

contai ning infaormtion from . .

et hodd Parespanyyiohs o oHHG AeiehBR By oy hHollowing

C OIR2H 48 §i5n AiniEih B Betainples tHad pvidetd trgter indepstamtingof the present
conprising performng a nethod as di scussed herein and

t mavestpr pihel iss meey advantages: eof .

EXAMPLES
The following examples are set forth to illustrate various embodiments in
accordance with the present invention. The following examples, however, are in no

way meant to limit the present invention.
EXAMPLE 1. PARALLEL ISCLATION, PURIFICATION AND

ENRICHMENT
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Further still, the invention conprehends nethods of

doi ng business conprising perform ng or using sone or
w@bkdo4083401e herein net hods or organelles, proPEI/NS2004/008655

conmpounds, conpositions, or products derived

therefrom and comunicating or transmtting or

divulging a result or results thereof, advantageously

i n exchange for conpensation, e.g., a fee.

Advant ageously, the comunicating, transmtting or

di vul ging of information is via el ectronic neans,

e.g., viainternet or email, or by any other

transni ssion neansFhereOUHHSPRSSE GOLTAUSHDIELASMIC
i nvention conprehends net hods of d0|®égbu5|ness

i nvol vi ng the 55 KABIPCUALDE34D% PEASUE2G0ENMIDRASH. FROM
organel | es, prot %ﬁt‘lﬁﬁE %ggﬁﬁl tions, conpounds, and
er

products deri ved efrom and nethods of the
i nventi on. Thus a flrst party, "client" can request
i nformat.i on, any of the herein nentio

ed
t r ans iy éﬁ"ﬁ?sﬁﬁsﬂw"ev‘%%@ﬂw@@\lﬁ bR of 1t lisgsa g Rarvested from
| nf L Wgﬂapfbtso 1504 Iz@bgj B 4,08 f%?&fés%'nlughﬂ{rﬂﬁ (& Hs RS idQatfn.

particular am'no acfd sequence o
| duvahwertanoeogenikdiimfive vaimas sEbancgenarmtiyn buffaf(ﬁdlM Sucrose,

ot EETHER kR kB NirCl shrentteT patpdiD T e Bcase

VeI b#&) CSktaiVirém SBRhE) utﬁﬁﬁlgvaeM%g SanALF @0%Bdnds AL, 10
|nfornat|on e.g., via any o he “transni ssi on neans

hegeingds hight mlébseca@kiﬁdnwé\g@aimmg npmogtrazAtiooni posremniear

S internet {for nce.se bscrj pti.o
0#8 SR s coééaén?/\e%‘felnel}%%ﬁm&%i ﬁ% Fq fﬂj { ? h flowing
c alie Genpost-hoslefepin e fPemanBt Whs ddcdanRll careRRILI The post-nuclear
met hod or use of a herein nethod in response to the

r éamﬁé%%tantdvasmémbpew toripetagic sonditions by addifionsoftreragiual volume
r f; f ion from
per %@#?ﬁgﬁ§% or aﬁfE§g&5ﬁ @%?é?énﬁgéﬁggﬁé use of a

her ei n Gagonditshiow Meeickmngfildation. eRteSIntif@dustiivencditrifgation,
all owing the client access to the library or selecting

4 RSOt BALPHRS taklighadin the BK3-889 peipsiies vitach the rat Liver
I fgHe %] até%ﬁ@feq'lﬂtglt}{e mta@ﬁ?é nx ﬁ'PJtvér {r:rhget: 8% :ﬁ)%ré)&ﬁltaﬁﬁ 20 ml/min was

conpr ends col | ections
e luegt andrthe PRl way qamaite(hmltﬁaﬂylm 205000 rpn Sor ths tfﬁm pass and then at

di scussed erformn using a_ herein

TR e Db Fiu b SRl P Snb b HOmane cffucnt were

agdglithicanal héefex%%ﬁfzb@ ?cﬂdé?éhrﬁ‘ﬁé’th@fcaﬁtﬁ?e éfﬁ!:lleﬂc‘fy 109 t dhe target

illustrative, non-limting Exanpl'es that provi

bergagellasn 4y g@lteélndwnge gifrert drdalitpmes e after all the homogenate had been
fed to the system to reach their banding densities. The rotor was brought to a
controlled stop and the rotor contents were unloaded from the bottom in 25 ml
aliquots.

In another experiment, the PK3-800 rotor was filled with buffer (250mM
sucrose, 20mM HEPES-KOH, pH 7.2, 5SmM MgCly) and air was removed from the
system by spinning the rotor at 10,000 rpm. Flow through the lines was increased to
300 ml/min and flow through the rotor was reversed several times until air had been

cleared from the system. The rotor was brought to a stop and the gradient material

(i.e. sucrose) was pumped to fill half the rotor volume (approximately 400 m).
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invention and of its many advantages. EXAMPLES The

follow ng exanples are set forth to illustrate various
wepdvemsrent s in  accordance with the present |PUENS1004008655

The foll ow ng exanpl es, however, are in no way neant

tolimt the present invention. EXAMPLE 1. PARALLEL

| SOLATI ON, PURI FI CATI ON AND ENRI CHVENT 56 WO

2004/ 083405 PCT/ US2004/ 008655 OF M TOCHONDRI A, GOLd ,

ENDOPLASM C RETI CULUM i, AND PLASMA MEMERANE FROM

LI VER Tl SSUE Li ver honogeni zation. Approximtely 100g

of rat liver was harvested from nmale Wstar rats

(150- 26QQ)ofoP hs WekRrdi8® hidhr QMBLRO Bpelfib®fo the midxSSHR speed
i solation. Livers were honogenized in five volunes of

hé%@@(hrmablr Hh0ufpier Flov BK/bsﬁ@TWIIOWQWWSﬂKO—I

| ﬁﬂ?%%{%%e@@@%e nﬁs 2 o t%ﬁztr}bmart%ﬁz { nngcea oqﬁ?%enate pool
blwa@&xdy(fé%r%@ Sthb QWor dfed @6 oS ediagf0,060Ngnil OThe
| o

seconds Fol lowi ng honogeni zati on, a post-nucl ear

s hpmogenainwanéed a6 BPml/man and theehilyant mgtsriabyansollectsdand e

t the first post-nuclear

S&%£m zmqaﬁg@?%%ﬁé%&E&ﬂ¥ﬁdecanted carefully. The
p os;I n llGie&’edfd wadgvdtchad aadk todsfferand thb mbeq)ebd) wias mcmmsed to
condi tions by additjon of an qual 0 ilu
bap 190 of 30,000 +EPESHieen; cayepd Bonsiberlgazym Teshvphsngs-fed
LoV Ui 1T AF 8N AdiH I8hé Qﬁlueﬁpskfascmte&t@&ﬂ QNS 2 EAR¥le was retained for
centrifugation, sucrose gradient was established in
t hetePKB18BG0 r ot or after which the rat |iver

honoge s fed, i he hi n Aflowr

appr ox?@&efg%@ QSOS‘WC ﬁ‘aﬁ ?t)xfa@ bﬁgg@ @i’?& N : (g The flow
0 Q@Js@ﬁ&psh'uf‘bitf lafd {1 BiteR ) iR AL fORIPWRMallbRed td b&ld BASS minutes or
and then at nmaxi num speed, 40,000 rpm for the second

pAdmursaFis retor fivas fpraught tf & tansielledsiop and Hpetionsdvernimmediately

 RoE Ao LB P e SERGAT SR G e

aghihiapedlat 490Mr ahin@fiafd dnalydR. honogenat e had been fed
to the systemto reach their banding densities. The

rot or Vdetificatiephe/ arganelles gnitonsng @@“’Wﬁ?ﬂcﬁh Afterecepiifygation,
CQRL & tg%tyve rsgpalﬂ:m %agl%fjer{r[c%ehp@f ROt sgpa%d' &ggrﬁell@ were determined

by Western blotting, enzymatic assays and electron microscopy. The results of these

experiments are summarized in Figures 3-6.

FIG. 3 shows the relative distribution of mitochondria, Golgi, endoplasmic
reticulum, and plasma membrane and sub-types thereof in different fractions of
sucrose gradient following separation and accumulation of these organelles as
described above. The X axis of the figure corresponds to each of the fractions
measured for organelle content. The Y axis indicates percentage of these four
organelles and sub-types thereof, detected at the corresponding sucrose gradient
fractions, relative to the population within the range of gradient examined for each
of these organelles and sub-types thereof. The Y2 axis shows the percentage of
sucrose for each corresponding fraction of the gradient. FIG. 3 indicates the
distribution of each of these organelles and sub-types thereof in distinct and well-

defined locations in the gradient.
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aliquots. In another experinent, the PK3-800 rotor was

filled with buffer (250nmM sucrose, 20nmM HEPES- KOH, pH
wQ2@4/08338 MgCl2) and air was renoved from t he PCHESING/008655

by spinning the rotor at 10,000 rpm Flow through the

lines was increased to 300 m/mn and flow through

the rotor was reversed several tines until air had

been cleared fromthe system The rotor was brought

to a stop and the gradient material (i.e. sucrose)

was punped to fill half the rotor volune

(approximately 400 m). 57 WO 2004/ 083405

PCT/ US20844 9QR63Re raﬁﬁferé?ﬁl‘éﬁm\é@tsof@ﬁ%hﬁﬁcﬁiae @Cﬂ%d@fdoplasmlc

automatic operation to the maxi num speed S rpm

orrefltmhﬁﬁ),omdmmsmaﬁhmbme ot $udbrtypeasthaleb bineditfersnt Bantions of

eSO S BRGNS Berion it ¢ aud G SElust ol s

t t@lgsdﬁl?ﬁeﬂ’ EbSRE atheVRSxiE BEtHe bk OcotfbsPSUsi®BachldTahe fractions
honogenate was fed at 20ml/m n and the effl uent

neneasigfl fcwasla@m vigendly asrcarespanipl EhadPxindicAlesTqleive

| RO PLNS! PpdliE (5K YRS OB ARE knd QUL Clhrcor,

or s ncr ease

4QefioRRd aThe cefrbdpeadingcobibecs fradicht Hmtions r2@{iGOM thppopulation
feed was then re-fed to, the PKI t 20 m/ 'n.H‘Ih

efvfifhie He rapge feradient syamigd af%f‘éﬁllﬁ Pgﬂ\ﬁé%orrgé‘% °Hé ?@rtypes
! Q%e%%fa XS Scis sl thEHertBita T%éé%t}sﬁ&%ge RackeH &r@é&&rtﬁﬁng

|nes wer e cI ear ed. low was then s

offfactiond of the gresliemt.i BIG.idnsholve th@tedﬂtlvmsndhh@md eaah dfdhebe
for 45 m nyte

2 Th ht. t
OB St bR Pt FiEC e A PRy O n' e
v%l;&cﬁ&{t%gm gAhd ABBbE oMBicanifRaAr ed and stored at -80C.

king alrquots were nmaintained at 4C for inmmediate

anal ysis. ldentification of organelles follow ng

centrifygati.on. .cent.rif ugat.i.on elnt
separ atﬂ%n SO tﬁﬁﬁj ﬁfl{yolfev?q 4 t]?e 18?13{ gé’ R %SeT %ve
WBhRed @}}ﬁd’a‘l‘l&@@éﬁ inANe MESTRE BathlsBéWd hes eriogMBmid 1@’[1&51&1@)/3
and el ectron m croscopy. The results of these

emécrqhn@@nas Golgi apparaias. anddlasmangnbmae,3mg sufstypes ghereof,
f
G(?I?ta neEl o %%nety ges\fr%flscofd/l 6%% g%lldb#nﬁ&n% eﬂ%&é@rﬁg %%n% ?mltochongna)

reti

S(89- Et% IQGSIgI)ha{dem 7%(pRbthh efeditiraiid) ,afet;peanselpf TntsgHity o&6
gradient follow ng separation and accunul ati on of

t e

Pyeppparing the level of an organelle-specific enzymatic activity
between the soluble and insoluble phases of the organelle preparations of the
invention. The enzymatic activity of the insoluble fraction (organelles) was
compared relative to the total enzymatic activity determined for both the soluble
(supernatant) and the insoluble fractions.

Integrity for endoplasmic reticulum was determined collectively by
quantitative enzymatic assays, Western blots to organelle-specific marker proteins
and electron microscopy experiments. In particular, pellets and supernatants were
assayed in parallel for organelle-specific marker enzymes and proteins. Detection of
the marker in the pellet at a level> 60% is indicative of intactness/integrity. In
contrast, detection of the marker protein in the supernatant is an indication that the
outer periphery of the organelle is compromised. For Western blots, the same

antibodies were used to detect organelle-specific markers as used for the method of
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descri bed above. The X axis of the figure corresponds
to each of the fractions neasured for organelle

w@ ot esa405 The Y axi s indicates percentage of tPEBESI00U008655
organel | es and sub-types thereof, detected at the
correspondi ng sucrose gradient fractions, relative to
the population within the range of gradi ent exam ned
for each of these organelles and sub-types thereof.
The Y2 axis shows the percentage of sucrose for each
corresponding fraction of the gradient. FIG 3
indicates the distribution of each of these
origaR@idigs pany. Mhndy pas-HBikgrerfs élﬂlb@ﬂ BPHEIOXIENEIES) was
defi ned Iocatlons in the gradient. 2004/ 083405
PaprdS Y, eOBEEBMIFTECUTS hows the relatlve
enrich nﬁaﬁsn‘? ssdgﬂ %18&?0‘%{1%{@%%@3% ]%r%[) %A d O{%g)/ Smnlqyﬁag It%glfahtatwely

reticulum

| mhdnat:u‘emzeme ifite gityi odMise GrgandMe vRSLVIQ Iﬂz%ii ®BiphbWgi\king shape,
aratlon and accunul ati on of these organell es as

HE i Qraspirgton)Tkick caupktesfitthiamnetionyr ko depreinp evgaselle
t cfnt%@tﬁ sq; etléli( &roh WAELds S eﬁﬁ?gﬂésy{(&q tho ﬁa&@n@ﬁ{)ﬁ/ §rocedu1e were

or gane respo axis'in
r e:beqtmbmune@amlgA ﬂoﬁowmgl¢he céres fgnsen (qavoid poteifal Uhasg: from
detected at

L -t t
¢ A i S 87 B PL RS RS GiRecieq dratpyange as
t Qeﬂdi’@dﬁﬁ?ﬁiél lﬁEﬂaﬁHe fdﬁ"tﬁ@fe@péch@e 5%&981&%f nge@féﬁ%tctlons were

exani ned for each of these organelles and sub-types
t petetod andrfisedvin zeselwionrndiigo fdmald@hy:@w fl %gglutataldelydo se0.1 M

BB B PR LA o kRl e

0 vge elnbesdedetciottdt MRRsd Widneafyl hetste 9hi NGH caffe and observed
wel | -defined locations in the gradient using the

nisHed AisstlRetionvEAtosePe. FI G 5 shows the hi gh
i ntegr 'Ptlé 15% @k)argg thehleEMS?ﬁe (f?ia 69({1%% gglg ean bagimgld?%lﬁmm

val ues "typi art

enetaplhas maetmsrefoﬂlowhngme fiattiaekion eéictltnd deatihcdappd. ahsls,
and plasma nenbrane, and sub-types thereof, attained

i ﬁp@@anefigo fhekid of fhergudesrtent étmaamSéerr et thasvhppllular
2ol EREMINNI B 1aB0r 2t G B ke 1n@0Cy LRl A8 R,
rane ely. i hed y

respectiv ntegrity

c (Ilhmmhsagzaudme qhedivatlvebf illastramfsgha al gheieg;:mcuf fourdtyeandyendithment
phases of

| Vi en the s bl e and |nsoluble
@ &ﬁ%{éﬁ? %faﬁ}%ﬁa?%me d 0§ e IRgentjony dirhe POpBsDection, the
e 'il?ti’a@ﬁ{létﬁread}tthé/ bitg¥ndes tBoth MO HI gnd A GR é%ﬁg)tl(z‘sl are seemingly

( anel l es) was  conpared relative to the
rintact candistenttwithide dighi loed of tntedyuy las titternsiobdi hantitatively
(FIG. 2).
EXAMPLE 2. PARALLEL ISOLATION, PURIFICATION AND
ENRICHMENT
OF MITOCHONDRIA, ENDOPLASMIC RETICULUM,
GOLGI, AND PLASMA MEMBRANE FOR

PROTEOMIC ANALYSIS FROM HELA CELLS

HeLa cells were cultured in Joklik modified SMEM (Sigma, #61100-103)
that was supplemented with sodium bicarbonate (Amresco, #0865), 10% fetal
bovine serum (Paragon BioServices, #30101121) and 50 ug/ml gentamycin

(Amresco, #0304). Cells were scaled up from roller bottles into a 40 L fully-
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(supernatant) and the insoluble fractions. Integrity
for endoplasm c reticulumwas determ ned coll ectively
whgoo4@8nt i t at i ve enzynmati c assays, Western bl BCBHUSH04/008655
organel | e-specific marker proteins and el ectron
m croscopy experinments. In particular, pellets and
supernatants were assayed in parallel for
organel | e-speci fic marker enzynmes and proteins.
Detection of the marker in the pellet at a |l evel > 60%
is indicative of intactness/integrity. In contrast,
detection of the marker protein in the supernatant is
an indication t . - r i f
orepider Berdaert b8y SELLERREK S, oot vas

apdcliBosli £5envly 6f LS tllgrlect organel | e-specific
mar kers as used for the nethod of 59 WD 2004/ 083405
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rmne organelle " intactness by electron
m3ei w3ty aligmippl es fromthe fractionati on procedure
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expect ed densit reported in the |iterat
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wer e enbedded, sectioned, stai nlggq Wi t.h t%éan | acetate

asdor Hhminytes: Hadlogrine bdestpest-n4sisan §Pig. R SUReAE Yasn
md%&afﬁ?e OR8;e dulcfear gelﬁ?mﬂh‘%ﬁ r%d}&e-g BfgeRerafcUiRcsid fREhuclear
sanpl'e and an endoplasmc reticulumfraction .

f glipepmditing utitieirforatdtnden &G sen. ot Hiddsed ddighi ol Gdvovlew) Mg 5
conpared to_the TEM of tht%gcr.ude extract,

it can,be
S GBI Db fler) S8 ERRF BRI SR AT EeT A PRV TP Rgoond
ER L e idaP Eh}ﬁvﬁﬁtﬁit P e &N Eddumi e nbiRAGAR &8 Hir& post-nuclear
reticulum “This observation qualitatively illustrates
t Bepdrhaghntd dipeaesudihninooladyhoarvgerate weh regst in tebPRilfed by

e RGPl Dk DY s -
| ROROEY 1hiREatIitge and the ER sanples are seemingly
To gauge the overall organelle content of a given fraction and to compare

between fractions, the refractive index for each sample was determined using an
Abbe refractometer. Percent (%) sucrose may be calculated from refractive index
measurements. Alternatively, it may be obtained through conversion tables of
refractive index to percent sucrose in reference texts such as the CRC Handbook of
Chemistry and Physics (Ed. R. Weast, CRC Press Inc., 58th Edition). FIG. 11
depicts the percentage sucrose content for collected post-centrifugation fractions of
homogenized and centriguged HeLa cells. This figure relates directly to the
fractions illustrated in FIGs. 7 and 8 (described below) and this example.
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wel | -intact, consistent with the high Ievel of

integrity as determ ned quantitatively (FIG 2).
WEXAMeREH02. PARALLEL | SOLATI ON, PURI FI CATI ON AMNCX/US2004/008655

ENRI CHVENT OF M TOCHONDRI A, ENDOPLASM C RETI CULUM

GOLE, AND PLASMA- MVEMBRANE FOR PROTEOM C AN\ TALYSI S

FROM HELA CELLS HelLa cells were cultured in Joklik

nodi fied SMEM (Si gma, #61100-103) that was

suppl enented with sodi um bi carbonate (Anresco, #0865),

10% fetal bovine serum (Paragon Bi oServi ces,

#30101121) and 50 ug/m gentanycin (Anresco, #0304).

Cells r chagdn [

ful 1y 0 S S s R SR b BeRofifhdics e

b| isvletad fiactidrvdirn echjedtd o ¢omtunaticd0d ceckion ngaroserpy analysis,

rea or. was, seed t .a density of. 1. 0x105
e paiShink R e Dy e s o from
the reard Rkt RAhiAANEEDE 61%51‘i‘éjleti¥olaﬁcﬂﬁ gehpleafrof AW fractionation
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subse qgléwmcgnmm@hatclwfg@@Yalnatth@ano epeidingtential ¢amagedeom further
The cel.l..pel was was

(oREvagEh, SHnDRa SRt SR R RRRR AT ek O
ZQQQOrtddﬂﬁTtﬁélﬁteﬂa%ﬂB”lfWhé Sespddiiee @men@st wecmsﬁarcﬁaﬁwdre
and t he cell ellet was stored at - 80C in g 101 M

ATbeisd 58 el el # 06 ToeEeb U daE NS
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( Ow&®d embsdidady s&noﬁﬁhMaHEEE\StM@ahylmbbﬂte%ndﬁm diygk and observed
EDTA- f rﬁe Pr ot ease, | nhi bitor Cocktail from Roche)

utSIEA AESSel BB BRfeni zer (25 strokes). Fol | owi ng
honogeni,zagdrQ8 stafd RADE WLk %Iotﬁx%ﬂd@&?ﬁ%ﬁ&‘@s%ays the protein
obt ai ned by centrifugation at 40
mi cont@sratibod dfhe nzanbiée- comamngcfactlmecw@ra detepinmed hiyd3radford

- aBro OB PR R Skt St B SEeEEh oSl ReBent for
S U@y 1 afufitat Hdm tezﬁﬁ@gar@febmrtﬁ@ BbdoHthnS € Gras hRMkurd®(86m). A
H gh, and 10 sec. & (l n 5 volunes of buffer) and

W

s asendenhaurye wgagm@nat san@B&As(P@@d #am The second
ost-n ernat ant_was d

\?vi th t %h?r e&rrrg%lgtg?th chrPte il g’oncc%%? ot orgacﬂg?ll Q:%gtalmng
fractions, the fractions were ascertained as to their organelle composition by

screening each of the fractions by Western (immunoblot) blot using antibodies to
known organelle-specific markers. Equal quantities of protein extracts from the
organelle-containing fractions were resolved by polyacrylamide gel electrophoresis
followed by the detection of the organelle-specific markers using appropriate
antibodies. For example, anti-Tom20 antibody (BD BIOSCIENCES) was used to
detect mitochondria, anti-GM130/P115 antibody (BD BIOSCIENCES) was used to
detect Golgi, anti-BiP/GRP78 antibody (BD BIOSCIENCES) was used to detect
endoplasmic reticulum, and anti-NaKATPase antibody (UNIV. OF JOWA) was used
to detect plasma membrane.

To carry out polyacrylamide gel electrophoresis, samples were mixed with 4
x NuPAGE SDS sample buffer (INVITROGEN, #NP0007) and 50 mM DTT prior
to being loaded into either 1.0 mm x 10 well or 1.5 mm x 15 well, 4-12% Bis-Tris
gradient minigels (INVITROGEN, #NP0335 or NP0323). Samples were
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supernatant. The resul tant pool ed honbgenate was used
inthe PKII for fractionation of the organelles.
w@\dogued4ss of the crude honopgenate were stored BPCT/AUSBO4008655
for later analysis. To gauge the overall organelle
content of a given fraction and to conpare between
fractions, the refractive index for each sanple was
determ ned using an Abbe refractoneter. Percent (%
sucrose may be cal culated fromrefractive index
measurenents. Alternatively, it may be obtai ned
t hrough conversion tables of refractive index to

per.cent. suc ' e . t .
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m croscopy analysis, Wstern blotting and succi nate

d dblyyirogsensesmzpnayaesiys veess ayried out todirthegassess tietipiesgty of

f o Il e isol ation, f i g i
SRR arrogTe b Bee PO bt ot e SRGl AR R so w
Pi@plel Ebrgdasmogadtiontvdsunédbated wignd.puhlatfiadn01Ndaoitien of

wer e sel ected based on the exgect ed densitty range as, .
r epdinmesyceinate KBigmat €32X78) & 9.87 M plosphafp butipy, gt 7.5. Following

. L | es. . i
¢ TSR EIOrR 37%F KETDTMinhlch. | DO Finghfl GRS
gIt1¢>lf.loal(lgltacittet@etzys4 Cﬂ@mitv_‘ﬂ?th (lNgb é@fgmmmswhmof%rm phbisphate ufter, pH
stored a until need, tion. S I )
wdrewenbidatbo dhe et Meroacuied Had e OaHaHF Dhsdeagtion was
ag{jolpgg@glitﬁltﬁe{ Qfdﬁi(gncgf OHRBO¥ @lgxgl ?{a@eg cPhakl: SRcHBdBadiRAcid in a
m c e ndar di

scope. In order to sta ze Western blotting
angtieas fat(vy,vas SEhespbdsheerp cetteifuged @bht 80 rpmt fayrismofute before

t he organel | e- cont ai nj fractio re determned by
BABIPGHIEE (s 8RsayOaRF &5 AN HEBOieO e hees b Swroty ae
| REHRRLGE] W FibumCegr@ssi e reagent for five mnutes at
roomtenperatire, and the absorbance was neasured

( 595NMEIGAT skavesntia relativer ddetrihg@grggfmitgq}@@d@@,i engommic
E; g %@éﬁﬁ%ﬁﬁé&d IP%B]%EI& gﬁci gﬁb(rﬁy@é%?xg{teﬁf HIS &iﬁ%l%lnp fractions of

sucrose gradient following separation and accumulation of these organelles as

described above. The X axis of the figure corresponds to each of the fractions
measured for organelle content. The Y axis indicates percentage of these three
organelles and sub-types thereof, detected at the corresponding sucrose gradient
fractions, relative to the population within the range of gradient examined for each
of these organelles and sub-types thereof. The Y2 axis shows the percentage of
sucrose for each corresponding fraction of the gradient. FIG. 7 indicates the
distribution of each of these organelles and sub-types thereof in distinct and well-
defined locations in the gradient.

FIG. 8 shows the relative enrichment of mitochondria, endoplasmic

reticulum, and plasma membrane and sub-types thereof in different fractions of
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fractions, the fractions were ascertained as to their
organel | e conposition by screening each of the

wo c@esans by Western (inmmunoblot) bl ot using PCT/US2004/008655
anti bodies to known organell e-specific markers. Equa
quantities of protein extracts fromthe
organel | e-containing fractions were resol ved by
pol yacryl am de gel el ectrophoresis followed by the
detection of the organelle-specific markers using
appropriate antibodies. For exanple, anti-TonR20
anti body (BD Bl OSCl ENCES) was used to detect
msh@i%@@ i@t foMdtingIbardH6R and AccaBful e F €Ik organelles 25
Bl OSCl S) was used to detect CGolgi, anti-Bi P/ GRP78
arﬁes@mw a@B@ BTI@QIaEISI@ES)e faee osmebprdsdetcae of the fractions

e n do u1 (5 tve &g%an&g elalaH(teg re&g?rggr% ?Saﬁ}%sa {]ntdi b 968 ¥Eélat1ve
TQ)rgﬂfeﬂh‘ ncuﬂter REdpYAG! (p1:eIE) dettaed th@éeﬁﬁgzi&ﬂlb@mﬁﬁstﬁ)rt es thereof,
Ies mere mxed wth 4 x NuPAGE SDS sanpl e buffer
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/ US200Q4/ 008655 ectrophoresed for appro te
WA Ledegradiey. @f@sﬁ #&j’“i\?ége Sy e FRRFHgent eF ot thee

t YrdneREOLRS éﬁbgt%"és%ﬁél%of 19%@111@{351% @élﬁﬂ%dﬁ@éa’cﬁn@m the
hours 1n CoomassSie blue in 40% nethanol, 10% acetic

acgmﬂlamtdlsmgbh@m@‘éndloﬁﬂwesthmd in a 10% net hanol :
10% acetic acid solution. |Immunoreactive bands were
detected using ECL detection (#RPN2108, ECL Western
Bl otting Analysis System AMERSHAM INC.) and
guantified using Kodak Digital Science 1D | nag

ATRXAHAMBLE Gt t war cCONBARATIVE BYRICIBENT ' QIHE@ USING

bl zymati c essays, for exanple, the succinate
é@ﬁ%fﬁggﬁz‘e enzymati c assay, were carried out to

f urt herR&Bs@g 30 tHeexbatimgital ondftiont Beesérged at Bthmple 2 above,

organel l es of the recovered fractions. For these

exspEIrsive snrichiant 5Es sludied anprcordmce mithibe fallopang datan
Sodi um HeRb e #0'iflaftat d6 oFnafo 0SB Uk Bhel achicyed by the

buhéthod optte Tnventiél [FJDW'chlgentl dan bbdtienninat qﬁé’l(fatﬁ‘miy &ifher using

m_nutes, 0.1 n of a 2.5 ol uti.qn of
| o sFERrRlets OF sBZyPatifeesays 8 Of@PWSff}F Swlﬁﬁaﬂar%% and/pr gngymes

ﬁthﬂE%@ﬁ%ﬁ:ﬁ/am%ﬁ%@mﬁﬁé paZﬂ@ulWaﬁa@igﬂ%@ intdfd€ thWiRes

mere I ncubat e 10" m nutes e reaction was

s tsigodactiniity presest 1addoﬂhenﬁacdfonbr@n the coigired bypide agscbéthe

etblglggfcal staHp? h}')r?orrqg %r%gtllc?na 101. Rielgltiee enrichment can be determined
based upon the accumulation of the marker protein in the organelle fraction relative
to another organelle fraction. Further, enrichment can be measured by the activity
of an organelle-specific marker enzyme for an organelle of interest relative to the
activity of the same marker enzyme in another fraction or in the crude homogenate.
FIG. 9 shows a Western blot of NaK ATPase as detected by antiNaK ATPase
antibody from each of the fractions of the biological sample.

FIG. 10 shows the measured level of NaKATPase from each of the fractions

of the sample. A comparison of FIGs. 9 and 10 indicate that fractions 14 and 15

have the highest relative level of NaK ATPase. Since NaKATPase is the organelle-
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ratio of 5:5:1 (v,v,w). The tubes were centrifuged at

15,000 rpmfor 1 mnute before neasuring the
wab®enkmEnte at 490nm The results of these expeCT/DB2U04008655

are sunmmarized in Figures 7-11. FIG 7 shows the

relative distribution of mtochondria, endoplasmc

reticulum and plasnma nenbrane and sub-types thereof

in different fractions of sucrose gradient follow ng

separation and accunul ation of these organelles as

descri bed above. The X axis of the figure corresponds

to each of the fractions neasured for organelle
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Zgﬁfi@g%ﬁﬁgﬁ IR&TReASEG/ ) argHS0 RMVE ’13%'1&"’[5 being loaded
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A FTRORIR HRo 250 ek SRS RSkt

' 'ﬂgfg&i‘frﬁaste IRloahin%kes aP[ﬂﬁV s gMES keys ﬁﬁﬁﬁ%fb%@fef [Fox dt&)protein
hese t ree organel I es and sub-types thereof

dendpsiegelatwerhsiamod fadhdhelirn g @mw@ et 4046 methanol, 10%
fractio

r ARG 38]15@1}%%1. g‘%ﬂu\ég@(%‘ﬁ? &ﬂ gr%l'iga}%ﬂ]%g}an%tégdé’ L b€acid solution.

or ganeliesng it polatryRasde bd@leabphokbes, ¥2maks Svesdmomsed with 4
t he percent age of sucrose for eac}?1 corresgondl ng

f iR AREOS DB matgleatuntien (NVATBOGEN HEVEOGHS AP AENG O TT prior
te Eél\; gg?oade it %ﬁﬂ rqfO %npr? Pv%ﬁl%qrieg G eFub: 12%%& ~Tris
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COVPARATI VE ENRI CHVENT STUDI ES USI I\IG HEL A &&%ﬁ-‘rﬁa .
Refestpphpgesed fPhappaerBRchet) Bines i LoD dnesipy g THHng

Baretl et t@llapfﬁ%teln analysis, gels were stained for 0.5 hours in Coomassie blue

in 40% methanol, 10% acetic acid and subsequently destained in a 10% methanol,

10% acetic acid solution. Immunoreactive bands were detected using ECL
detection#RPN2108, ECL Western Blotting Analysis System, AMERSHAM, INC.)
and quantified using Kodak Digital Science 1D Image Analysis software (KODAK).
For the succinate dehydrogenase enzymatic assay, each 50 ul of the homogenate was
incubated with 0.3 ml of a 0.01M solution of sodium succinate (Sigma. #52378) in
0.05 M phosphate buffer, pH 7.5. Following incubation at 37°C for 10 minutes. 0.1
ml of a 2.5 mg/ml solution of p-Todonitrotetrazolium violet (INT) (Sigma, #I8377)
in 0.05 M phosphate buffer, pH 7.5 was added. The tubes were incubated at 37°C
for 10 minutes. The reaction was stopped with the addition of 1.0 ml of ethyl
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conmparative enrichnment was studied in accordance with

the following data. FIG 9 and 10 illustrate the
w@eovpasavi ve | evel s of enrichnent achi eved by BEEUS2004/008655

met hod of the invention. Enrichnment can be determ ned

qualitatively either using Wstern blots or enzymatic

assays of organelle-specific markers and/or enzynes

contrasting the signal/activity fromthe particul ar

fraction of interest to the signal/activity present

in another fraction or in the original crude extract

of the biological sanple prior to fractionation.
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el geidippior esed for approximately 40 i nutes at 150 V

using MES SDS running buffer. For total protein

anal ysilergeteparageroforganedld pfaein@xga¢ts subsequentisoorgaisille Lysis

blvsl/'laes pier oﬁgga IgEEBa@Elahd %letec‘uon was with either Coomassie blue, silver
staining or Sypro Ruby™ (MOLECULAR PROBES). Organelle protein extracts
were compared relative to unfractionated crude extracts fractionated on 2D-GE gels,
all stained with Coomassie blue, silver, or Sypro Ruby™. Digital images of the 2D -
gels were generated and annotated using Z3™ software (COMPUGEN) or
Progenesis™ software (NON LINEAR). Resultant images were superimposed to
identify common and new spots, especially low-abundance proteins.

The isoelectric focusing step was performed using Bio-Rad 7 cm IPG strips
over a full pH range (3-10). SDSPAGE was then performed using pre-cast
NuPAGE 4-12% Bis-Tris ZOOM gels with a molecular weight standard. Samples
were run in duplicate with one gel stained with Coomassie and a second gel stained
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acetic acid and subsequently destained in a 10%

nmet hanol , 10% acetic acid solution. To carry out
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fractions provided by Exanples 1 and 2 were further
anigteyming thyidemityeifl aay etfithoplotiespd. and nass

spectr tr T, naj oo . :
B s B I Bt RS At 8PS Rocponar
gehdeplashic eahunes Golgl Apafdls) and plawhh Inchtbrapiations tet were
by one of ordinary skill in the art_that ZDGE IS a .
paREPrestnt ap geteciabic in hedh aelapt g crudsissirast. hudber & rypteins

gr ltellﬁ (%‘gtéle% ol OF Gl AD R RBarRlIE Bhllidhstét SdMiBE@hEndvong a

broad range of molecular weight, namely a high molecular weight of about 80-125

kD to a low molecular weight of about less than 20 kD. Thus, the results suggest
that the method of the invention is not biased or limited as to any particular
molecular weight. A number of protein spots that were not observable on the 2D gel
of the starting biological material and were of low-intensity on the 2D gel of the
organelle-containing fraction were analyzed by mass spectrometry. Samples from
both HeLa cells (data not shown) and rat liver tissue were examined. Of the protein
spots examined for the rat liver tissue, about 50% were found to match proteins
deposited in SWISS-PROT. Also, the identity of about 50% of the protein spots

were ascertained through sequence analysis and comparison to known sequences in
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di stance that is dependent upon their conformation,
nol ecul ar size and electric charge. 2D GE uses the
wo 200t0834050 of these paraneters to all ow PCT/US2004/008655
hi gh-resol ution separation of proteins. In the first
di mensi on, isoelectric focusing is used to separate
proteins based on their isoelectric point. In the
second di mension, SDS polyacryl am de ge
el ectrophoresis is used to fractionate proteins
according to their nolecular weights. The result is
an array of proteins spots that are assigned X and Y

r I r _
CGBNRANG S SneiEh s SR HOMAA, RhroABANRICR IR @k Bhhon-ra
bd/ataias& Radlideéechd onlivastisaind fre ehm]e in Bi6b 7d dsirel H[Rue,

silver staining or Sypro RubyTM ( MOLECULAR PROCBES) .
Organelle protein extracts were conpared relative to

unfr acﬁg%ép%ﬁl‘?ﬂe & o?)fﬁ C}};}%{eﬁlsfﬁa@ﬁfg' Rasiedo @RowPpdteins in

gel s, st al ne omassi e blue, silver, or
SyrastmgRiaimbads, the gletﬂadd erthg anenfior drtecddd a iy abpisteins,

gener at ed annot at ed .usi ng Z3TM sqf t N)
PR saraG o Cur R £ R TRy RS PR
| FRGS §rs“‘ﬁﬁr§u1§dl§§5dl@Bﬁ@@ﬂeﬂt@(coh@éﬁéxﬁ){ aGO ABBYOn&N Proreins.
spots, especiallTy | ow abundance proteins. The

i EXMPLE & f oc usNAL ¥SEpOS 4R ERGTEQYESQF
V\E@ﬂ‘ﬁgmrl ps over a full pH range (3-10). SDSPAGE

rformed using pre-cast NuPAGE 4-12%
Bi s-Tris ZOOM gepp.ASMA MEMBR@NEFRM”QI@NSM@NGEL
Sanples were run_in duplicate wth o I '
wi th Coonassie aR&ELEQ W&&SQMQBEA% s@@fﬂ&%ETRY
2004/ 083405 PCT/ 132080 AA8RTRS BEYRCHIOPOR ROBaDE! | ©

u

fractions and cr nogenat es were subjected to nass
spectronetry usi TRANSEATIONADIOR OXHERY ARIANTS QFed

of & crute ext riiazc?“}'i%@?hﬁfﬁ\éif’f&@ﬁ%tsﬁﬁﬁﬁﬁﬁﬁi
endopl asm ¢ reti egvieNASPORM ACBINDINEPROTEIN)

Conpared to the “crude extract gel, the endopl asmc
reticulurn gel shows significantly gr eat er proteone

Sl G 3 Lo s

Phﬁeﬁ@célfsl acEcﬁrﬁhﬁ'gt@ EXBRpI 1, As Rlefas TR hefudeliracts, were
ana sis of endopl asm ¢ reticulum fraction,

s lamlvmd B2 gbl eémnoyh@r@ﬂmgd By Shselreuetry. oFhe fragtions mere
&Ega L éng{ggﬁa enéjor a11’1ec§J IngtSer@s. %Epid%}ﬁ as?a@fctB@h{QH, #500-
0006) was used to determine the concentration of the protein in Golgi sample, the
plasma membrane sample, and the crude extract sample. Next, as outlined above,
2D gel electrophoresis was carried out on equal quantities of protein from each of
the samples. As described previously, the 2D gel was stained appropriately to
visualize the protein spots and then imaged by Progenesis™ software (NON
LINEAR).

FIG. 13B shows the results of 2D gel electrophoresis of the crude extract, the
Golgi fraction, and the plasma membrane fraction. Each are provided in triplicate
from three individual 2D gels. FIG. 13A shows a close-up of the Golgi sample 3
and points to protein spots 12, 13, and 14. Spots 12, 13, and 14 appear to be visible

in both the Golgi and plasma membrane fractions; however, the same spots do not
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The resulting 2D gels were further anal yzed by nmass
spectronetry. A nunber of the spots of the gel of
WO-2@@4/09307), as well as the gels for the m tocPhOnti§1084/008655
pl asma nenbrane, and Col gi apparatus fractions, were
anal yzed by mass spectronetry. The resulting peptide
profile determ ned for each spot was conpared agai nst
known peptide profile databases such as, for exanple,
GENBANK and SW SS-PROT, to determine the identity, if
any, of the protein spot. The results showed that many
proteins could be detected in the mtochondri a,
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welirgbiion) And tirdreerage npd etudsr masp ﬁntr@atlhﬁrﬁgm&rte an 1nspect10n of

rvabl e qn the I ofth iolo
na6r VA CondrensheemetiGasnic ahaie il R Bp g pegie
t B onRL B3RS HdtBei6D Rb&}ﬁémisrégnélgtaﬁtwlqnemro@ 1R pozed 18Yand 14
mass sgectrorretry Sanples from both HelLa cells (dat a

n@pmgrt ewgmeprgteimt Thusy eachtaf élmeromrrses Eheanamee sulgrantiglly same
rot.ei Q am ne e.rat.
SR e 2 B T 5 ehlich M bt B4 s from
S\fﬂe?/e% RIRHo gl BloweldiesiheleTd iskVeledtrophonetis 2E1vek ptdiéins in two
proteln spots were ascertai ned through sequence

aningrsiensapemely ippard denstion baaed wi negedadaassiapd gyangther based

2%9140111 % 9115, 0581{ 19§§r‘§9 %é‘ 81% @ét%n %ﬁ&\uﬁﬁ tt$the extent that they
Eits

ecess searc arri e

n Qfe fe@blvediby &bmaoplﬁiﬁﬁsih t ”Shlisf dm; bﬂiBéeraabn blllg@sts lﬂnﬁ sheeprotein
e shown in FIG 21A and 21B. Based on the identit ¥
ofSPfP‘ﬁ d 2ptbiend A arethresgifiererinost-fransiational %%h%.Vﬁgamﬁ orms of

dé%eé%%rﬁ%plg%gl‘g?ﬁ?@) éﬂ‘éeslpg? e?ﬂa@eﬁ’cg tﬂegﬁlll}iddﬁ‘( 1‘8&- n roduct and

e m}ze/rmm,lmp g epc&mapmaemctwp omameqaostmarslaltlanalbrmbdﬂ'md too BJSI’,an
| ement and

recept munol o al onent s
| PSR isHGPERTS PerESpa Bt s Tk S dhsa anans.

SUBCEL L
ey o e e o éﬁ@aﬁaém%wemm First, tho

results show enhanced sensitivity in the detection of low-abundance proteins, e.g.,
proteins that are not detectable in the crude extract but which are detected in the
organelle fractions prepared by the method of the invention. Second, the results
demonstrate that the fractionation method of the instant invention provides for the
enhanced separation and detection of different variants of a low-abundance protein,
which is an advantage given that much of the complexity of a proteome is derived
from a multitude of modifications of proteins occurring during or following protein
translation, - which act to alter protein characteristics, such as, for example,

enzymatic activity, solubility, and stability.
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ELECTORPHORESI S AND MASS SPECTROVETRY DEMONSTRATES

DETECTI ON OF POST- TRANSLATI ONAL OR OTHER VARI ANTS OF
WEEBIOENMLS PROLYL Cl S- TRANS | SOVERASE ( CYCLO SRORUBR004/008655

A- Bl NDI NG PROTEI N) Separate fracti ons containing Col gi

apparatus and plasma nenbrane isolated from HelLa

cells according to Exanple 2, as well as HelLa crude

extracts, were analyzed by 2D gel el ectrophoresis and

mass spectronetry. The fractions were |lysed to

rel ease organel |l e-contained proteins. A Bradford assay

(Bi 0- Rad, #500- 0006) was used to determ ne the

COnERNFPL N of ANBINAILSEh dmm@wmmmmm OF

pl asma nenbrane sanpl e, the crude extract sanpl
Next, as outlinedVABSG&S @R@@ELMEW%W $EL

R T T e e
was stained appropriately to visualize the protein

spots and then i maged by Progenesi sTM software (NON
LI NEAR)TWCF-Fl@len]SBBa gﬁi\ﬁ)@cﬁﬁ&ormw%cme@w@@l various organelle

elf?a%fl&%gﬁ% géi ?%C%I’dl g?o t%%%je fnve ion. 'F%alg%ultmgegels were

frac smama rane rac

prapyiopedtel Nsthinkd bmd)ﬁhﬁz%ed by @mgehemTMnsbﬂwaielai d&Ehbmi s.
FIG _13A shows a cl ose-up of the ol gi
pOTFHEI: MABT BATeBEre Y spcarisd o bERre G 6tpiuf112ty o3 grotein

S{éggt%rg TAER [taﬁt%epﬁdev ﬁ%éﬁgé;lﬁ%ld'eﬂtlﬂ?&f for Eéﬂﬁq {0t sRPdas

rane ‘fracti owever, the same spots do
n Gbnﬁiﬁréd@o A0ty 08349 6f ROEIISRONK (8 655ting dgakases, including

ev t tract sanple. As such, spots
?ﬁﬁgﬂﬁﬂaﬂg“&%g%@%@% represent | ow abundance

pr ot ei NgG, MBS RECETP TR dnd 1I8sS 18 Sldv, @l rbtiltsIBr &IepRsmic

12, 13, ‘and 14 to |dent|fy the pol ypeptides thereln.

Flr@‘.lctdwrnslh‘lmghqnldea,rﬁ@gl gp@plasmarmmgbrm sespertivelye Hn gach figure,

t ﬁgang]e‘gﬁé%\g%t f%giq%éet%g]étge 12naeg§ b ﬁ%oq eecf elﬁﬁ pr&%gme for

(icagh 688 Grimend hattions O The G&hpl'eﬂ: drii@e Sttiaet gal idhottsBown.
Cterminal direction) and the average nol ecul ar nass

i d?lr@@&lﬁdfcﬁ@dh%lﬂcaﬁ@p‘@ﬁ‘thﬁ? ProfaR spash defpctedt psmassspertromgliay-

CoNRFILSEh L, UELPTR, P AP broBYELhaBRipR

VVI thbh@a@ Pordliret eliGpedl 2D1g:ls. 1Bhe tapdow4f Panel B shows the
corresponding localized panel of the crude extract 2D gel, also shown in triplicate
from three individual 2D gels.

From a comparison of the localized images of the crude extract and organelle
fraction 2D gels, it can be seen that numerous protein spots are visible in the
organelle fraction panels but absent from the crude extract panel. In particular, a
protein spot, which is absent from the 2d gel of the respective organelle, is circled
for each of the organelle fraction gel images.. Thus, this suggests that the protein
spots occurring in the organelle fraction gels are proteins which are not detectable in
the crude extract samples. In Panel A, each of the spots of the gels of each of the
FIGs was analyzed by mass spectrometry, as described previously.

This Example demonstrates that the fractionation method of the invention
provides for the detection of proteins in subcellular fractions prepared by the method

of the invention, said proteins not being detected in the corresponding crude extract.
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bei ng the sanme protein. Thus, each of the proteins is

the sane or substantially sanme nolecul ar mass, which
WO g00g08B)St ent wWith their equival ent m grati onPCT/US2004/008655

di stances from the top of the gel. However, since 2D

gel el ectrophoresis resolves proteins in two

di nensi ons, nanely in one direction based on nol ecul ar

mass and in another based on charge, the overal

charge of the proteins nust be different to the extent

that they are resolved by the el ectrophoresis. Thus,

this observation suggests that the protein spots 12,

1Fxxamipll 7ar e t hperAdiffe 10 ANISIN  FERSFEE A DPION OND

ot her variants forns of the sane proteln Per haps,
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di stinct variants, The results denonstrate t

advant ages of t heF%QMMALW@@ﬁMW I&EA@ED PMCREAHC

resul ts showgrhiangeg: sensitivity in the det ecti on of

| ow- abundance proteins, e.g., proteins that are not

detectabl e i n t heFCRITEER PRQAEEOCHIE GRVENARISOHS HEDES.

in the organelle fractions prepared by the nethod of

the invention. Second, the results denonstrate that

the fr q@dﬂcpé}h@tﬂf&ﬁbg@ﬁizbﬁ&z ofortiie kRSdraRdnts, RBRY Heflthy and
provides for the “enhanced seggratlon and detéction of

di dighetie Wlstﬂarataﬁlt%) -Hi0gxatlpwrabsied eremight prier o, decgiaginn,

i's vant aiven t nuch he co it

R0 B8 SRt o SRR Pl
ofin @ive tvBiunges Qﬂf @Uﬁfogé}ﬁzﬁid)hlbilﬁ"eﬂﬁncf Sbjeevddng hefdketisation by
translation, - which act to alter protein

c Hagcharigsl; S@?iird@eth% vhlizisg Wasingdleiel.-e,  enzynmatic

pe Vs S DRk ap et Mtiod: el R SRE VBT A

PRGHE@@Sg (e hoAiR) dehiie GRGANBDO X §MQ'DLIO\EHB1YGSZ IHefstipernatant is
EL CTORPI I ORESI S AND NMASS SPECTROVETRY
enaditied iordsetonis condifiens Rypmldition of apguelayolyrag obdilution

ared according to the
VaJuEféP %ggﬁ&ﬁéh%%dn\?g% @?cﬁ&ds@ B g

I on. e resulting gels were
appr oprCattisuyussfier nedrifugdtionrdie datmanaleaghmem@nsfém fed into the

oA FR0E 1ol PPl Suctaie iony BB & Mo ote of
eacgﬁmrﬁﬁtélyf BS80 hdmkin RERSel 48d fHe300m 1 épérﬁeal{mtﬁal%t 191000

protein spot was conpared to the sequences of
pr25t @0rpmcion thei firsidpasy amkihen prmaxiauabspsed, 40, ) o fiog the second

pass. At the end of centrifuge run, the rotor contents are unloaded from the bottom
of the rotor in 25 ml fractions. Samples from each fraction are analyzed to determine
the capture efficiency for the target organelles, such as ER and plasma membrane.

The integrity and enrichment of the isolated organelles are determined by
Western blotting, enzymatic assays and electron microscopy. For these experiments,
the fractions containing plasma membrane and ER are lysed and the protein content
therein is determined by Bradford assay (Bio-Rad, #500-0006). Samples are
incubated with Coomassie reagent for five minutes at room temperature and the
absorbance is measured at 595nm. A standard curve is generated using BSA
(Pierce, #23210).
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GENBANK and SWSS-PROT. FIG 15, FIG 16, FIG 17, and

FIG 18 show the results for endoplasmc reticulum
woreaoeossangri a, CGol gi, and pl asma nmenbr ane, PCT/US2004/008655

respectively. In each figure, Panel A shows the

conpl ete 2D gel image of the resol ved subcellul ar

proteone for each of the organelle fractions. The

conpl ete crude extract gel is not shown. Circles

indicate the | ocation of the protein spots detected by

mass spectronetry. Also for each figure, Panel B

shows a | ocalized portion of the gel in Panel A in

tripli ot dEt‘%ﬁnfnlﬂ{ftﬁ ¢ pRsttini cBHE AR08 the plRRiatREnbi@Me and

of Panel B shows t correspondi ng | ocali zed panel of
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anel A, eac the spots of the gels of
eac h oleierfEacu&hme weeaswad for zedchyentns srespeltd capnmisition by

descri bed I .
C REREORHE SRR AU DrY G S10 OB & BV S st Entibody for
p@aéhﬁ%ﬁerﬁeﬁané B&edRInemldl aﬁﬁ—Eﬁ’/CPRP’FSEfo@ $nddplauie edtlculas
fractions prepared by the nethod of the’invention,

sdietbcorot Enantsonscatte Heirangertred asmetﬁqlndqtbféloaad#RBN@b% B

e ok el YA A B NG Eh AR Being Kodsk

ENRL IR D %5 sfs sBREwWhteULUM AND PLASNVA
VEMBRANE FROM HEA ND DI SEASED PANCREATI C TI SSUE

FOR FURTHER PROTE(]VE COVPARI SON STUDI ES.  Pancr eas
Homogeni zat I’loo assesg iyt 1'11?6%%t}?&(ﬁﬁ5 s%?a%dsmgaﬂﬁlgg %ra%gﬁ’l hté}/ectron

and
microscopy (TEM) is employed.

(D

To determine organelle intactness by electron microscopy, samples from the
fractionation procedure are collected immediately following the centrifuge run to
avoid potential damage from further manipulation. Samples are selected based on
the expected density range as reported in the literature for the ER and plasma
membrane. Selected fractions are pelleted and fixed in a solution of 4%
formaldehyde, 1% glutaraldehyde in 0.1M phosphate buffer, pH 7.4 and stored at
4°C until further preparation. After selection, samples are embedded, sectioned,
stained with uranyl acetate and lead citrate and observed using a Zeiss electron
microscope.

Additionally, to determine organelle integrity and intactness, succinate
dehydrogenase enzymatic assay is performed. For these experiments, a 50ul sample
of organelle fraction is incubated with 0.3 ml of a 0.01M solution of sodium

succinate (Sigma, #52378) in 0.05M phosphate buffer, pH 7.5. Following
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di abetic Wstar rats (150-200g each) are fasted

overnight prior to decapitation, dissection and
w@aovegRss har vest. Pancreases (100 grams in topEl/YSBENE008655

honogeni zed in five volunes of honogeni zati on buffer

and subj ected to honopgeni zati on by nechanical shear

met hod utilizing Waring bl ender. After honobgeni zati on,

t he post nucl ear supernatant is obtained by

centrifuging the honobgenate at 4-10,000 X g for 10-20

m nutes. The supernatant is then adjusted to isotonic

conditions by addition of an equal volune of dilution

byf&iyatist RPI 2 0EBE B mMEs, BIAtIeRSS 4 MBI dofftfon of )2

Conti nuous flow centrifugation. The rat pancrea
hdmbgetratetraicdiufnedoieh(IdIR) tﬁ&lgrrm #B3800inrddd phasphate tarffer, pH
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rotor c:onéjgnfW re u ded fromthe bottom of the

r SEEFUHE 01 "Mganpl es from each fraction

are anatydféniife Qﬁétﬁéﬂh@ ﬁqsuhﬁ@e E%M Psﬂ@ca@i‘zf:dl € @8 pYashir
the target organelles, such | asma nmenbr ane.

Theehbrabg et E§: imthe p@m:ne@mm@swe gf heaigy WQ@U&@@HGUC rats, the isolated
Orcggan%ilese Tre s%dg & ﬁlr resi “:ft(ij rote\llr\{essatrg gu égclteotf flg otr ?-Hje géGE

casasan n mcrosc

expealysiten Hsscnbéchm the Eﬁamprw CTHY @l $oR gaemeaﬁmaﬁmdﬁ‘@mmat are
and ER are I%/)sed and the protein content therein is

b AR reAdHTbg lereday of BEADTEAE TEeB0- 0006)
S b
B or ETREA I UL ORI o BlazAdfoN or

MANSUTEEN at 595nm A standard curve is generated using
BSA (Pierce, #23210 71 WO 2004/ 083405
PCT/ US2004/ 00865 REGEPHORBEFORE; AYDAETERROSIGLITAZONE

concentration of Nip¢ FAREFRERTMENT GRDIABIZPIC RATAI
fractions, sanples are mExe 4x NuPAGE SDS sanpl e

buf f er (| I\I\/I TROGEN, #NP0007) and 50 nmM DTT prior to

oS b IS, otk s 5 Fet smovn
( 1My gﬂ%@@&b&dﬂ%hts%@ﬁl pype'\ﬁ’%%%aes frarsupsd abﬁﬁwlﬁ{erﬁslesﬁhr basis

el ectrophoresi s. l es are el ectrophoresed for

ap]@d@&mnﬁﬂeel g¢tlm®0fﬁhmﬂre1g igenknegnving gmgt iEBes @D&loated the role
S t gir%Ségllt]a%Olnegﬁ gll}ﬁ‘g L?ItggI}:t%lf IIEJSH?IH secret1 anal SClh ge% m lllSllfll’l receptor

abundance and signal transduction (Diabetes, volume 52, pages 1943-1948, 2003).
This example illustrates the use of the instant invention to further elucidate the
molecular basis of rosiglitazone, specifically, the role of the drug to alter the cellular
localization of insulin receptor.

For these experiments, adult Wistar rats are housed in groups of four
animals per cage with instant access to food and water. None of the drug treatments
are designed to affect general well-being of the animals. The rosiglitazone ameleate
is administered to rats in drinking water. At the end of the treatment, rats are killed
by decapitation. The pancreas (100 grams in total) is harvested from approximately
twenty diabetic rats, those with and without drug treatment. Diabetic rats without

rosiglitazone treatment are used as controls.
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Coonassi e blue in 40% net hanol, 10% acetic acid and

subsequently distained in a 10% nethanol, 10% acetic
w@eiod/oshuti on. The fractions are nmeasured f orPCT/US2004/008655

enrichment of organelle conposition by screening each

of the fractions by Western bl ot using anti-NaKATPase

anti body for plasma nenbrane detection and

anti-Bi P/ GRP78 for endoplasnic reticulum detection.

Fractions are characterized using ECL detection

(#RPN2108, ECL, Western Blotting Analysis System

AMERSHAM | NC) and quantified using Kodak Digital
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enzy natr AR RO E bR Bt e el i atese spdient
5@ibst AR EIn (R PRBIBDROL aftérafhit iR theirdt panerRdh&GHoYénbt is fed

0.3 m of a 0.01M solution of sodium ‘succinate
( Sitg ke copgpyzs) Aiflpvorabsn gpmospmately HB0 erl/miplis Tsed.and the PKII

L OO A LS s i

ngpeed, 0500 i @ fthdsecbdipas! Baiples Fbal ihddffticat Bl captiad and
(Sigma, #18377) in 0.05M phosphate buffer, pH 7.5 1is

a T arrpzed B dsteapimeithe eapiire ¢ffigiermy dof BR ang plisma mesybrane.
T eacti LS o ' i : of
IARSEARELIAN S S SR OPRR bl LB R, Pl R
ohomogeriatd Madvhesh fedTtoehé syzesn WEherat@nis bidughed sadondd1180&o0p

rl? F}):p {h%roo%lteg]tsnarg Srfllggc?ed frrgan{il %Iyerlgor’gt%n{ irgle25ar?1f glgq?l%tns(.: ¢ at 490
After centrifugation, the intactness and enrichment of isolated ER and
plasma membrane are determined by Western blotting, enzymatic assays and
electron microscopy as described in Example 7.
To determine the differences in cellular localization of insulin receptor

before and after rosiglitazone treatment, the isolated organelles are lysed and further

subjected to 2-D PAGE as described in Example 9.
EXAMPLE 9. ANALYSIS OF PLASMA MEMBRANE AND ER

PROTEOMES
BY ZD GEL ELECTROPHORESIS
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To determ ne whether the insulin receptor is |localized

to the plasma nenbrane or ER in the pancreatic tissue
w@boohesd4dhy versus diabetic rats, the isol at edPCT/US2004/008655

organell es are lysed and the resulting proteins are

subjected to the 2-D PAGE analysis as described in

the Exanple 9. The gels for the healthy and di abetic

rat are then conpared to ascertain the |ocation of

the insulin receptor. EXAMPLE 8. ANALYSI S OF THE

CELLULAR LOCALI ZATI ON OF | NSULI N RECEPTOR BEFORE AND

AFTER ROSI GLI TAZONE MELEATE TREATMENT OF DI ABETI C

RATS.  TReshuBtdliuf# PR&can® St EER 3N PlAsHRAWICABraAY aﬁ%fﬁracuons

GSK) is a well known drug given to patients wth

| PreideskleExdroples vigad 8 etmfurtber ammheedby éageémlebaqﬂmrem To

f. thi
ALY SO R ARl s B S SRR gt e
| Rldctrpplasrediant  ofSdplatibh 6f BRGAHE bladmaaiéhmbiaad 88 factsNsubsequent
insulin receptor abundance and signal transduction

( B Qe Lyvis) ismerfomeddagdd Praas anddgectizoospy eiffiGpomassic
xR El?ve'rlrs gﬁ{ﬂ% e ?ﬁby %I@Io Uou Fgrdb%g)t %‘fglt%lqvm%gésl Hhe 2D

to furthe ecu r

r @slsglm gwmue:l ambzamx)falt&daismg, 73 peftwat Cohptidn) of P@gtiksis
E{v ﬁ u) % kocal i zation of insulin_receptor.
FS? OBNRRA). nprridant 1gagss apg Lipsrimpased taidenidy srads i n

gb%&%oﬁ&n%%'{nsuﬁmé&'@}ktér per cage with instant access
food and water. None of the drug treatnents are

desi gn a“@us,dheapro@@n S]gérpe‘rtahs o [HR &gl plgsnod mbhbraniaredislyzed
T 4tazone dm ni stered to rats
o st a8 e R b abefie PricsRtiGgiREue hegpre ang fler
k magﬁazdw tideeedi istdonParedkh %doaaﬂﬁ%ae;(t&%cafzaﬂ@n {n'healthy
total) is harvested from approxi nat el twenty

dPaiEeqtic tisatss, those with and wit hout dr ug t reat nment .

D abet |tazon atnepnt a

used ag‘l:l ¢o n% re sﬁlﬁ%attwogbﬁ%ﬂﬁggﬂﬁ i‘%"f g Sd&g%%@ by the

PaKcrr sarnHeith @ENgd aldcBiphoPaiCAlRAEaHeGRIIRH B thef O aE Bk Se one
re and after rosiglitazone treatnment are

& Yegpaly ofruberdivias aroteciaiss, nestchn ananiioring pragein

ﬁﬁsn&cam)ﬁ@g&fts Fol I owi ng honpgeni zation, the post
nucl ear supernatant is obtained by centrifuging the

hExogdPaie1@t  4- EE’KIM)A’KAQ‘ION OFOFHBORBTIEAL AVOUNTS OF
supernatant is th a ust ed to isotonic conditions b
A PROTEIN RELATIVE TO ITS COPY NUMBER IN A

CELL.

FIG. 22A and 22B illustrate the advantages of using the continuous-flow
process of the invention. For example, the figures indicate the folds of accumulation
required for a particular amount of starting biological material typically needed to
reach the detection limit of 50 ng in relation to the copy number of a protein in a
cell. In one embodiment, referring to FIG. 22A given 1X10(9) cells of starting
biological material, one would need to use an 819-fold increase in cell number to

reach the detection limit of 50 ng for a protein occurring at a single copy per cell.

feskck
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di lution buffer supplenmented with protease inhibitors.

The resultant SI honpbgenate is reprocessed to generate
W@2@8083305 post - nucl ear supernat ant usi ng t he BEIES2004/008655

di sruption and sanme centrifugation conditions as

descri bed above. The second postnucl ear supernatant is

equilibrated to isotonic conditions and used as a

feed material for the PKII (Al fa Wasser nan)

centrifuge. Continuous flow centrifugation. For these

experinments, the sucrose gradient is established in

the PK3-800 rotor after which the rat pancreas

honogenpf e kRillk@sh thieRHAVIINE.JpRIE! b B! if BhtRodf

appr oxi mately 10- 30 n1/n?2&fs usggfandliﬁg£gﬁP?ﬁa?20ﬁjnmue

opeiatimantaion al ¢fthe numsrons 041531006 ta hmefbodinkents of the

pass_and t hen maxi pym .speed, 40,500 rpm for the .

S oRTrifith gt el Bl FH o RO v sm eon T tiin the
andopd ol thé fstaA0 flvéaRsh 4l A€ bRIOMPASsHNS tE@BhihEthat follow.
efficiency for ER and pl asma nenbrane. These .
or ganel Vidgssgnileryiiseerplpartids ¢lbisahniedl pad seientifaetermpvsed herein

d L4 f . t en. fed.to.
(AL UL s oo IRAE0B L OGBS e o
and vitheéh the iiventisn Belengs| Mgdegh hietodshed hotdron dimildborm

aliguokg. After centrifugation, the intactness and
PRliFBhEo gpse dsseraeddersin saipbe yied dmthemeriics Rk tegfias of the
defr&fm inesh | x@fe i a
el%écter on mt?rﬁbésl%%g)%r Iggﬁgg%lrd iq%aetgﬁzlﬂﬁ ah%}%ﬁ%@@g A
datbhertions,tfatent ppfleaBomse patemts,call lothea refereneds maitionnd bérein are
insulin receptor before and after rosiglitazone

¢ Peshvae S5e e &t Gt shishil P aessr o fidhaResent

f stédiﬁéatioﬁyﬁbﬁl@ﬁ'\lﬁe PandtibhsPAEnRSwilessTieth dduidaamRl e
9. EXAMPLE 9. ANALYSI S OF PLASMA MEDAI BRAI\\ TE AND ER
P RGeS D1 ¢y daDaex A S PROPHORESIeDN] T dand ¥t 2010 4d IS8 50 5
P léAiﬁl§2004/008655 The subcel | ul ar proteones of the ER
an pf%sna menbrane of the fractions provided by

Exanpl efithbugh @réfer@éBerhbédifetits 3R Byt &enbMveétio®ind modifications
el ectrophoresis. To analyze the subcellul ar

pribereefrisye begnodespieddin sletsd harein, atisiy be wadatstaedtiabihid invention
r ' i f El nd pla

95 8 QTS5 SRRy P B R

p enddificatidnd yn@RxrRAGEs miag bd effected by ohssiille®intth€ brt without

Coonassi bl ue,. silvyer staining aor Sypro Ruby
( M5PEHGE Hprphgseigl angseape af thefayfasiones tefinedhy the appended
claims.
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gel s are generated and annotated using Z3 software
(Conpugen) or Progenesis software (Nonlinear).
wReaulogEn: | nages are superinposed to identifyPGPUBR04/008655
corresponding to insulin receptor. Thus, the protein
spot patterns of ER and plasma nmenbrane are anal yzed
and the insulin receptor |ocalization in diabetic
pancreatic tissue before and after rosiglitazone
treatnment is conpared to the insulin receptor
| ocalization in healthy pancreatic tissue. This
exanple illustrates how conbi ni ng subcel | ul ar
fractions obtained by the PKIl systemw th 2D ge
el ectrophoresis allows one skilled in the art to
ache eleemone of the mej or goal s of subcel [ ular

proteoq1cs e TODI toring proteln transl ocation
event s i’ of é@%ﬂem‘ngmgm lex frppECRET I CApmprising the
A %TERl AL NECESSARY TO DETECT A

PRCWEIN hELA | VE TO | S COPY NUMBER IN A CELL. FIG

227 and) 228 {LLiisl a6 b AR fbg;ggﬁgof using the

conti nuous r OC q on For

exanpl th |nd c e.the fol.ds
accumulht i oﬁnﬁford gglu ?%aorfg%?e S e taldélﬁﬂ“é(rgr ntithgn a
stenttnuogs-Howlcegtrigiade; mat eri al typically needed to
reach the detection |imt of 50 ng in relation to the
copy nuypber g Rre
enbodi rr)gﬁt ﬂﬂ%ﬂe?rl n;é]@itﬁg)gEﬂ e %ﬁk elllt\/%ﬁ %%%5{‘?55’ by o8
ongéﬂ%lbﬁT%gngrbﬁedwdgndm damalttseglradient <anda woul d need to
use an 819-fold increase in cell nunber to reach the
det ect flbn | toflepting tHEQt fegstton tepdsrodiopanecRKCHIh O ddkitR
E%?g e, copy per cell. 75 WD 2004/ 083405

004/ 008655 Those skilled in the art wll
recogni ze, or be able to ascertain w thout undue
experinmentati on any of the nunmerous equivalents to the
enbodi nents_of the invention described herein. Al
such efui valemmsthad eceudisg declet i pwherein satd orghddles comprise
S f tant invention and are enconpassed by
tﬁ@agv%(ﬁ%%%WapgfoIIOMI Unl ess ot herw se expl ai ned,
all technical and scientific terns used herein have
t he sane neaning as comonly understood by one of

ordin ysk# n the art to which the invention
bel ongs. }r?dl}ahO%Qq%aag imelaimnl ewhesbis ssidmatmpie s biological

sample.

4, The method according to claim 3, wherein said biolo gical sample
comprises an organ, bodily fluid, blood, serum, plasma, saliva, tears, feces, urine,

semen, mucous, tissue, tissue homogenate, cellular extract, or spinal fluid or

combinations thereof.

5. The method according to claim 1, wherein said continuous-flow

centrifuge is a continuous-flow ultracentrifuge.
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equi val ent to those described herein can be used in
the practice or testing of the present invention,
W@ aiotakd4es met hods and materials are descri bed PEr/os2004/008655

Al'l  publications, patent applications, patents, and

ot her references nentioned herein are incorporated by

reference in their entirety. In case of conflict, the

present specification, including explanations of

terms, will control. In addition, the nmaterials,

met hods, and exanples are illustrative only and not

intended to be [limting. Although preferred

enbodi rent s ffe théiBoPERBRMAg T WERE |, OPhABH sBRBohiif@ids Gy

t hereof have been described in detail herein, it is to

becuindegestovadisthazonahtador.nvent i on is not limted to

t hose precise enbodi nents and nodi fications, and that

ot her nodifications and variations may be affected by

one skilled in the art without departing fromthe

spi rit mand soepfethbd hdverdiny fndlhian1 dartl@fiheledinpYhd hep
pended clains, 76 WD 2004/ 083405 PCT/USZOO4/008655

wtlélzﬁxgnﬁhefoﬂwt%%tﬂ%t e W@@s} vlereincobyaniing ts aremedles.

S

S ot 0 TRERIBY - ARind O BRSNS pERREE Mol Dugt property

b)mﬂerﬁst mdhe brgnéites, piacgagl eifbmsaﬂontt]me argaedies fu;to grdadalbemat or

within a .continyous-flow c i fuge;
c SHPYIRE RYRrmatnAboul fhe PE3AR eSftE laecgéen F@ay JP%/%es of
organelles to mgrate wthin the density gradi ent; and

d) collecting the at | east two types of organelles

fromthe density gradient. 2. The method accordin
cI ai m B whekhsimethed eccordiasia glaim borpsreiadhe depsity sent is

el%(:&ﬁ'h%% it §§u Jo'i%%sﬁi‘?é EP&?]SM&{I LAY césq?rﬁlsﬁifﬁ@ rhe

mhere sal ogl ca
n&ioh@léoi&ﬂmrsdlun@ p@iysﬁcahaﬁdas, 1M1ﬁﬁtedi ﬂoﬁeﬂd:cﬂiroﬂ)yt@d agl @iloidal

g nari ses .an or% bodlly fluid, blood,
séﬂﬁﬁﬁoﬁe %W?ﬁ@ﬁ“? feces, urine,
9. The method according to claim 1, wherein the releasing step

comprises homogenization and/or lysing.

10. The method according to claim 1, wherein each of the at least two
types of organelles has a buoyant density and wherein said centrifugal force is
sufficient to cause each of the at least two types of organelles to migrate to a density

in the gradient density that is substantially equal to each respective buoyant density.

11.  The method according to claim 1, wherein said at least two types of

organelles migrate within said density gradient in a single run.

12.  The method according to claim 1, wherein the at least two types of

organelles collected are at least about 60 percent intact.
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semen, mucous, tissue, tissue honogenate, cellular

extract, or spinal fluid or conbinations thereof. 5.
wab@4mei4bdd according to claiml, wherein sai dPCT/US2004/008655

conti nuous-flow centrifuge is a continuous-flow

ul tracentrifuge. 77 WO 2004/ 083405 PCT/ US2004/ 008655

6. The nethod according to claim1, wherein said

conti nuous-flow centrifuge conprises a zonal rotor.

7. The nmethod according to claim1, further including

the step of wutilizing the collected at |east two

types of organelles by selling the organelles,

| easi ngi3t he THegaO@bA eScordihe &\QRAD1 bPE1aRh 98N kthESoomprising the
protecting the intellectual property interest in ﬁ%e

orstfRA &F Iemg the alclea tva hpesraf ¢rganallse fofogarrirotssniertootaiming a
datahas - e\W i-nfeor mat i about the organelles
tﬁ)at Q%gnﬁ%%e\g%ﬁ% Bg)t‘%:}gt a g@‘e"* .p%g.eonf‘ﬁ'e nmet hod accor di ng

to claiml1, wherein the density gradient is selected
fromthe group consisting of cesiumchloride, cesium

sul fate, nqgpel ecirol yte sol utes, polysaccharides, _

i odi nateléld nglﬂ@ﬂ%%'il?‘g?ivf%ﬂé%%d%l& 1£iwi?§rem ghapreteicedleeigd is a
Wildh-aBhdEO YRk ol i done. 9. The nethod according to
claim1, wherein the releasing step conprises

honogeni zati on and/or |lysing. 10. The nethod according
to claim1l1, wherein each of the at |least two types of

or ganelyles ant..densi t. d.wherein said :
centrif E'gal %rn?eetﬁ(i%l(g%c%dfnﬁ tc?icéaﬁ%{] f}igwéﬁﬂ%ﬁ’&d’éﬂte cqliggted is
at | east twprésgpicia of organelles to mgrate to a

density in the gradient density that ‘is substantially
equal to each respective buoyant density. 11. The
MeiBeth ?&&196%%91%9t}&h%'bgﬁtlroo"&'&?{?? O & d at least two
types o organelles mgrate w PRYSE o density
gradient in a single run. 12. The nethod according to
claim1, wherein the at | east two types of organelles
collected are at |east about 60 percent intact. 78 WO
2004/ 083405 PCT/ US2004/ 008655 13. The net hod

according to claim1 or claim10, further conprising

t he stéps oflheyssitimgl dcherdatg theddin tSwevhtsepethe@botein collected is

organelles to faorma proteone containing a
present i a

cell in an amount of about 1 copy per cell.

17. The method according to claim 1 or 10, wherein said at least two

types of organelles are enriched and accumulated in the density gradient.

18.  The method according to claim 5, wherein the continuous-flow

ultracentrifuge comprises a rotor having a volume capacity of from about 100 ml to

about & liters.
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protein; and collecting a protein fromthe proteone.
14. The method according to claim 13, wherein the
w@e@iosiIotol l ected is a | ow abundance pr ot ei NnPCT/ES20041808655
met hod according to claim 14, wherein the protein
collected is present in a cell in an anobunt of |ess
t han about 100 copies per cell. 16. The nethod
according to claim15, wherein the protein collected
is present in a cell in an anount of about 1 copy per
cell. 17. The nethod according to claim1l or 10,
wherein said at |least two types of organelles are
enriched and accurnul ated in the density gradient. 18.
The nethod according to claimb5, wherein the

contin W [ ntr| I or .
havi ng voI ‘lﬁ?rneet%%ﬁp%’(r:l% ymclal?g % rom agou{ Fggte%f ﬁ? 15)1 @ population
abfWirgAhelléd, €6:8pridiflg We s260 4 Q806N P ﬂ@%&@ﬂlQﬁ%@ﬁelles into a
19. A nmethod for, obtaining a | ow abundance protein

f rdswsity Eéé@ﬂ%ﬂv}ﬂé’ﬁ %qonapweﬂlqvxé §entle®.%5 mfglie@@plyﬁg secapifugal
Offofd%tlﬁ Qﬁi ﬂlgt ﬁ@ﬁc&&ﬁ%% Qfé gﬁhéﬂfe t it® §nd N late within a

dnS|ty gralent W |nacnt|nu ow centri
whietttoreqithy dagita geati¢ntiid alga:intltj’ mrfﬁelenmo_amn‘ammal ddatectable amount

suffjcjent for an or n e. to nrich an :

SRR Ao R Epe Al Roen Br e 8T sy o P ppliected.
in aquantity sufficient to contain a detectable

anount of the | ow abundance protein when the quantity

of the organelle type is collected. 20. The nethod
according to claim19, including the further step of

rel easi ng a popul ati on of organelles from a bi ol ogi cal
sanpl e % hdhogesibed nagcorﬁngxcmlaﬂnyt?,rigclu&'mgbh@ﬂm@mcmp of

| e befor nt r oduci apul at | on anel l es
® BesineS nondrtgh Gl ho% FORRERE! Rl oLhiibsy it
C | a'FHdVBr I@ing the |b5fl'51b él@altslélﬁlpfeuffetf&@ ’intﬁid%@m%fthe p&dI Rl TGr anelles
| ow- abundance™ pr ot ei n. he met'hod accordi ng
cHaKﬁhQﬂGHMNQIGhWﬁcoIIectlon of the | ow- abundance

protein includes lysing the organelle. 23. The nethod
according to claim 22, wherein the | ow abundance

21. The method according to claim 19, including the further step of

collecting the low-abundance protein.

22.  The method according to claim 21, wherein collection of the low-

abundance protein includes lysing the organelle.

23.  The method according to claim 22, wherein the low-abundance

protein is isolated in a substantially pure form.

24, The method according to claim 19 or 21, wherein the population of
organelles is introduced continuously or intermittently while continuously applying

a centrifugal force to the density gradient.
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protein is isolated in a substantially pure form 24.

The nmet hod according to claim19 or 21, wherein the
w@opaiosd4ddn of organelles is introduced conti PCDUS1094/008655

or intermttently while continuously applying a

centrifugal force to the density gradient. 80 WO

2004/ 083405 PCT/ US2004/ 008655 25. The net hod

according to claim 24, including the further step of

utilizing the | ow abundance protein by selling the

| ow- abundance protein, |easing the |ow abundance

protein, |icensing the | ow abundance protein,

protectisng the miMbehlRediHgto BLRRSS ifcliniihg HEShurinbr §tﬂ§of

| ow- abundance protein, placing information about the

| ovliagrtbatoeapmdariaprotrinotnsdian athader-abundapes poptein, leasing

i nformati on_about, the | ow abundapce, protein in a .

aapS IAEeb s BsensiE eI AP R PPl ging the
t VinRHe@hal ProRnS! ihefest MARE Bw-AhaldastCRbtes PRlcthg information
conprising the steps of: a) honpbgeni zi ng bi ol ogi cal

s dAbpiictha ly-ebundpgeqigrotsin intoratatebasi or giemongrinfegmation about the
hqg&gd%ﬂ%a[ ;Cegggtﬁgrﬁ%brdg&gggey or intermttently feeding

an n e

recycli onogenate into a rotating

contin s-flagw.ultracentri cont ai ni.ng a .densit

o adi et & et (RGRE ol AT A RS P8 el i om
afielogichiesafipes coBpaLap thestdRdF: density gradient in the
ultracentrifuge such that each of the at |east two

types S 1 : I ' fgmk :
‘at a pgigi ti g%%\%éteﬁizﬁ{gt %&ggeiﬁéli st%?/lp%%ﬂgg?el tl; anglﬂggé 8 form
catnl hegtagagateach of the at |east two types of

subcel lul ar organelles from its respective position

i n t he Wensidoytiguadiyantinte@itteitlyriicting ahdrecybling thell@n@genate
or.ganel l e type, conprising the step of.  passinhg a .
bilBioGForknS §8WB}U€“gglﬁtVa‘F1F¥P“r?@t%fu5? EHRNIng agfensit girdient
types through a_  rotating continuous-flow _

ul tracent ri fapplying? esiidigalinereabcingand eferdhe faeding step to the

SRR fgichotB S SR Aubhl QR ABIBE fie'of ot two types of
alubetdinte opfaatidsrentich ghd beugiulgé & DpGaisl wihihYRedenSity

WO 2004/ 083405 PCT/ US2004/ 008655
gradient; and

d) collecting each of the at least two types of subcellular organelles from

its respective position in the density gradient.

27. A method for obtaining an organelle type, comprising the step of
passing a biological sample containing a plurality of organelle types through a
rotating continuous-flow ultracentrifuge to enrich and accumulate a single organelle
type from a biological sample in a sufficient amount to isolate and detect a low-

abundance protein from the single organelle type.
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28. The nethod according to claim27, wherein the

| ow- abundance protein is present in a cell in |ess

wo ban/osdzeuit 100 copies per cell. 29. The met hoPICT/US2004/008655
according to claim 28, wherein the | ow abundance
protein is present in a cell in |ess than about 10
copies per cell. 30. The nethod according to cl ai m 28,
wherein the | owabundance protein is present in a
cell in about 1 copy per cell. 31. The nethod for

anal yzing the proteomc profiles of at |east two
different types of organelles, conprising the steps

of : a) abtai MNGeBod hidtdiRk &l Oging 9?, @Eé?&h?ﬁx{ﬁ%éﬁlﬁﬂdg&e
at least first and second types of organelles, the

f ipreteimisgrssectond cell galess then bhypes 0bebpigs derfdellr ent t ypes
of organelles, the first organelle type containing a
first organelle and the second organelle type

contai ning a second organelle, each of the first and
second . ganphd @sthod atobdin@ tdE1aMRNE, WiRNSih ke loR)-abundance
releasing the first and second organelles fromthe

f inrstelpis presgiicale cel andstethas pbowitlOceniss per ashle first and
second organelles into a density gradient wthin a
conti nuous-fl ow centrifuge while applying a
centrifugal force sufficient for the first organelle
to m grite VfHehmethbdecodedisg to/clgmadl evliertia tiee foiw-siundance
position at which _the density of the density gradient
| PrAGHLS RRISFH P Cal iafdug L CARY BEfdPint density of the
first organelle and which is sufficient for the second
organelle to mgrate within the density gradient to a
second position, which nay be the sanme or different
than the first position, at which the density of the
density gradient is substantially equal to the
buoyant3ldensTheymethod for anelyving tioe grattehlie prodlesatlak atti thvg
the first organelle and the s%fond organelle; 82 WO

2 CBUPERLYBE PRSI 4P BPEYEES hefensofi ating a first
protein fromthe first organelle and a second protein
fromtHe secHingegdhslelogigalsamplepmityininggt tagat first and second

or . . . . .

e e

I regarcileg tharst enphinedie tgpeqmtafing a first organelle and the second
organelle type containing a second organelle, each of the first and second organelles

having a buoyant density;

b) releasing the first and second organelles from the first biological
sample;
c) introducing the first and second organelles into a density gradient

within a continuous-flow centrifuge while applying a centrifugal force sufficient for
the first organelle to migrate within the density gradient to a first position at which
the density of the density gradient is substantially equal to the buoyant density of the
first organelle and which is sufficient for the second organelle to migrate within the
density gradient to a second position, which may be the same or different than the
first position, at which the density of the density gradient is substantially equal to the

buoyant density of the second organelle;

d) collecting the first organelle and the second organelle;
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a) obtaining a second biol ogical sanple containing at

|l east third and fourth types of organelles, the third
w@p@4f083403 h organel | e types being different typerUsi004/008655

organelles, the third organelle type containing a

third organelle and the fourth organelle type

containing a fourth organelle, each of the third and

fourth organell es having a buoyant density; b)

repeating steps b), c¢c) and d) of claim 31 using the

third organelle and fourth organelles in place of the

first and second organelles; c) isolating a third

pr ot ei n.from ' I i .

Prom tr2 fourspiag SEKEpRAAION o3 fedoe uly BBl brotein

pricire dd ecpndbighecsllef adiche third organell e and the

fourth organelle. 33. The nethod according to claim

32, whemein idagrAdglthe pRt@aiie kit ¥Phelfist froRirS@aMBhSecond

the third organelle type and the second organelle type

i PIPl§ELsame as the fourth organelle type. 34. The

nmet hod according to claim33, wherein the proteomc

profiles of the first organelle is conpared to the

third organell e and the proteonmic profile of the

second 3 ganBhid methed ecnwpdingtb ¢laint BE ihcdudinp tlor fpathed dteps of:

83 WD 2004/ 083405 PCT/ US2004/ 008655 35. The net hod

accor did)g t ootthigingaddcondtisiepical agpld ¢dittaibinglad Wastahird and

sanple |s obtained froma source at a first tinme and -

the sedBWdRBPSF8hi cal sanple is obtained fromthe

same source at a second time. 36. The nethod according

t oreangiles, 35 thivd apé ifenrthhessanelle tersa beimgidéffermet types afirganelles,

[ il ; . ccordin o claim 36

wils BB e GRS U LSERHD N BLRh Trctenc type

mebhthihgh feured yrghmdie] dueh bf eieshe¢ abd urtbforgarelled lgdving £

a_biological sanple containing first and second

oyaKaItidessit a first time and at a second tine,

conprising the steps of: a) obtaining a protein in the

first dnganeepeatiog siephblbchepidcd) of stapl d, usirgethe third organelle and

fourth organelles in place of the first and second organelles;

c) isolating a third protein from the third organelle and a fourth protein

from the fourth organelle; and

d) - analyzing the proteomic profile of the third organelle and the fourth

organelle.

33.  The method according to claim 32, wherein the first organelle type is
the same as the third organelle type and the second organelle type is the same as the

fourth organelle type.

34.  The method according to claim 33, wherein the proteomic profiles of
the first organelle is compared to the third organelle and the proteomic profile of the

second organelle is compared to the fourth organelle.
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bi ol ogi cal sanpl e being obtained at a first tine, by:

i) honogeni zing the first biological sanple under
w@ordiogidans sufficient to release a first orge@EUE®04/008655

having a density into a honogenate, the first

organelle including a first protein; ii) introducing
t he honbgenate into a density gradient of a rotating
continuous flow ultracentrifuge; iii) applying a

centrifugal force fromthe ultracentrifuge to the
honogenate such that the first organelle mgrates
within the density gradient to a position in the

dens {ys 9 A¢he oAUl dina YRALARN AhbdinPRbTret b1bhEal

densi t y~of Irst orga ; iv) renoving the first
osgagleld etfinanfroines darsiat y fgstaiiceand; the vgcodé bededisr) sample is
characterizing the first protein in the first
oP@%ﬁ@@ﬁ@“&ﬁeﬁﬁ€eF?W§?mHP%F EYF- sanple: 84 WO

2004/ 083405 PCT/ US2004/ 008655 b) obtaining a second
protein, which is the sane type of protein as the

first type, in a second organelle froma biological .
sanpl e36t he Th¢ olsthgidcaskordingrtp ckis Sonyhensimihg semg soygce 1s one or
second ti conprising carrying out the steps of

(B ﬁvwﬂﬁﬂ'ﬁ%}ah (a)(v) above using the biological

sanpl e obtai ned at the second tine; and c) conparing
the location of the first and second proteins. 39. The
met hod according to claim 38, wherein the first .
organePle dBaprtaeskacgordmertgiclag 36 Whprely thg SR Spyreg s one
aﬂ@m essecond organelle conprises a plurality of

SEeco organelles and the first protein conprises a
plurality of first proteins and the second protein
conprises a plurality of second proteins. 85

38. A method for analyzing the translocation of a protein in a biological
sample containing first and second organelles at a first time and at a second time,

comprising the steps of:

a) obtaining a protein in the first organelle of a biological sample, the

biological sample being obtained at a first time, by:

1) homogenizing the first biological sample under conditions
sufficient to release a first organelle having a density into a

homogenate, the first organelle including a first protein;

i) introducing the homogenate into a density gradient of a

rotating continuous flow ultracentrifuge;

iii) applying a centrifugal force from the ultracentrifuge to the
homogenate such that the first organelle migrates within the
density gradient to a position in the density gradient that is
substantjally equal to the density of the first organelle;

iv) removing the first organelle from the density gradient;

V) detecting and characterizing the first protein in the first

organelle of the first biological sample;
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b) obtaining a second protein, which is the same type of protein as the
first type, in a second organelle from a biological sample, the biological
sample being obtained at a second time, comprising carrying out the steps of
(a)(i) through (a)(v) above using the biological sample obtained at the second

time; and

c) comparing the location of the first and second proteins.

39.  The method according to claim 38, wherein the first organelle
comprises a plurality of first organelles and the second organelle comprises a
plurality of second organelles and the first protein comprises a plurality of first

proteins and the second protein comprises a plurality of second proteins.
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