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WD 2004/ 042011 PCT/ US2003/ 034512 PROMOTI ON OF
PEROXI SOMAL CATALASE FUNCTI ON I N CELLS BACKGROUND OF

WA RIE40MENTI ON Fi el d of the Invention The presPEI/US2003/034512
invention in the field of biochem stry and nedicine is
directed to nodified 5 catal ase proteins designed for

i ncreased [nmport int XL S n [ ' f
PRONA N BE ekl RSN AL CRTALSE BN T 10N I CELLS
delivery and uptake of proteins. These conpositions
are used to trgaAlCKOROUNDOF TEEINVENTIODEases and
di sorders assocliated wth aging or with peroxisone
Fidl@bf teqneontiond resul tant excesses of hydrogen peroxi de
and ot her reactive oxygen species. Description of the

Bac kg ?@Mt dntidQinRBE BXIHSOBBEheRiRryQas aRlicAk is directed to modified
subcel | ul ar organel | es of eukaryotic cells. These

cathape rpiging desimadl fos incrrapedrimgor Mt Rere g Fg And ?f%n‘a%ﬂ“@mﬂtvse with

t RN THREOBI d
RS S Eon DS o Oy ROGRD Bkt v e

to tigad cmduttqns,auclmscdcﬁe@se@d dofdscs assoclatedweithogingsr siithiperoxisome
de{;I cel\e/r%:P/ an reSLH{"?urltoe))(clcess e{l%? H%%%?y.pmél ?chﬁkérqg‘ac{ﬁg] grgspemes.

o carry I'ochem ca
nmet abol i c functl ons ascribed to them Oten, such
Désariiptiomgd thhecBackpround A¥® di sease (Goul d and val | e,
2000). Despite major recent advances in an
und@emsxiaooksrage @ﬁenﬁdwubwﬁulpecvrgadelimré ealrainatis celtsd These

mt{ltéig\gétw?lﬂ dtrtl%lgrle%l zgfsg?}rr%ur%lhl epca(r) t i oerchg?trageh eﬁlc?‘gns ocf some two dozen
pr&ahé dh1B pa@king (Terleckyaind Feanssal 20000 1 THeXeodarp beticahmocdskes; defects
anelle functjons as cells age, .and vvha({) rEJge, i f "
leaaﬁg;ellsleﬁléer At P iR HRIgMAS T D P’fgé“eélﬁf FrgIEFoMEs’s o sryekthe
mﬁfa@ %FﬁBcHeﬁYﬁﬂﬁrﬁrﬁetA&)ﬁg furRfors A&IribeMRARIm. SPREE BUchTHIRR result in
ploid fibroblasts (H s)--cellsvvlthaflnlte
dl&ﬁ@;ﬂpl(ﬁ@dﬂ pReVallef 2¥0hn. These somatic cells divide (or
dou?gﬁ%tﬁ 'nﬂ,ﬂ?lgéc%:i% aﬂxkeﬂl@és an Ipﬂ%ﬁaarn?fﬁg Iaﬁﬁ‘ovl/ g-g'ggro&%gﬁé Eﬁéx‘i,s and
fuptibms, pnly b@nrmfmhhuonoymadalaqs ?gstlmlg t@rrdlatxdrrsylpaxf éhetoegandtk and
"senescent. " process of . cellu senescen
el hEes s wiskdh TG EOr gt L5 eI SR SRAR G gpd what roe
if &b perbibdnid fkisiimthe agiag gfosesg 0 cel | ul ar senescence 25
i nclude tel onmere sharteni ng mage and

;
gendhf BreseRsingmters pspd, %laqlvfmf&fl @’é‘ﬁ@’ hlé%*r%gladaﬁrﬁgﬁ& (HDFs) - -

cellGities ﬁh’if@-‘r’eﬁkh@% 18Esphe &Pﬁeké/ ﬁm%ﬁb’ 9&@ d £8oubRPR) culture until
(reviewed in Johnson et al Wth respect to

theylveach atlimétrreferred ok thed Haaﬂlak eumbeaj eﬁpyﬂ@bj,alﬁéé)d A&téhlﬁ heint, their cell-
cy&e arrestsce?nldI tfiley%f %egl%?le cheﬁtl ’Offthﬁc?@?Eceééfugﬁ d&\@,\%‘e}f% oBcurs in

cus reer a I Cal ass
agé’cD\Qque oﬁaﬁéﬁi@a& vaidDAN® 8; al] 99B).. Cbiﬂmlmtmg facidr oadebulelrseaescence

. ar ot the onl rce of cellu WO :

incoss 4oty TorSeTRUSS0 damaAsd St GrRBR e LB, redog gene
exhrR&si RS EIPthS Q0TS UM CIT réMRHFLoxy SHRPELIdSHRDS) GONENEd it @6Hnson er al.,
1999). With respect to the latter, mitochondria are widely regarded as the chief cellular
generators of ROS, and ironically, a major focus of free radical assault (Lee and Wei, 2001;

Beckman and Ames, 1998). However, mitochondria are not the only source of cellular ROS.
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enzynmes, a variety of hydrogen peroxide

(H2Q2) - gener ati ng oxi dases. These organelles al so
weoeoaiicat al ase, whi ch deconposes H202 t o0 waP@T/US20d3/034512

oxygen and, presumably, prevents accunulation of this

toxi ¢ conpound. Thus, the peroxi sone nmaintains a

del i cat e bal ance Mﬁth 5 respect. to the rel ative

conBBHESTR DD FRuIGEAre depgiop syaes Y hiph hauise, apopg eir cgpstituent
enBSARY a8 aRty e hydR6ed 59&&1@@ (H,0h)-Rratiio¥%idREs. OtganRbdnblles also
maintains this equilibriumis unclear, though it is
cortzin arfalpseawhich ép@mpgmﬁizopﬁoovataﬁad aten end, Brgprmaablys arevents
accubeiHiby oFRUALALcorfling UARE! tn{10drBBkorf b0 B Retiddf bABhce with
ccunu |on ) occurs. i's al so not known
reshep peths reﬂamvb besentragigus cmmzt'mjtiermﬁﬁam empnesds esete| o n(emrdductlon

anj s age 0. Prot e directed
of RDROHo ok o Lp Beingte B iy B obly EREES o e[ S rown ha
petdRIsONAIPRERINd ahtdbgednts e SiHaRabspldd) ik hindenhbrafal ednditions, no net
cogni zed by receptor nol ecul e Al but_a select fe V£
ac%ﬂwéﬁ%% &F BRP 96FHE- IB‘P alse podneyn Phpthapregg fo tese regulatory mechanisms
as &1 PN S8 sHsN@e. S€quence (Subramani, 1998). PTS 1 is
Identified and shuttled to the peroxisone by the
sol Bt@lteenspefr diricted tapdir BroxiBumaRy spagific peRtide saanerices, pglgd peroxisomal

targ Qmétsgﬁ gx%{nsc fare%%o%%%?@;:g%%%%ulfg &%uﬂoaﬁe%ct few

hughio by sd’n@l atoeejnmmamrﬂT S{ Sudnttzgermidd §8)enck (Subramani, 1998).

t L | PTS 1 TS1 .
p1§0 &g 5ol SRBS e remiisnsr Ty e T FEERNS. Ay @gtomai and
Subratdl 2001 PERr thend6ity b) pe(ch&i&dﬂUl‘B erdfphed, RASI QY mﬂx&ﬁﬁé con@\ﬁtmg of

di scl osed herein, according to the present invent

SerhssleeudrSK L hetta qopely Telated @a@n&(éubramg@a OBk F@E@@tn?aﬁlf&ﬁ s PTS1
is Monaﬁﬁéﬁ Cfl wirsh cg}igrstllﬂg bf‘tﬂe fouf FhinBaEHELyS- %@askgxﬁlﬁl LRANL)) SEQ

i n agl ng ells, to significantly
ID(NQ flé:ﬂbmduelampéazar%’f f1i9%6)en0| es. As discl osed her ein,
agi d]c Iclgg l¥1er6%:§’nt BccBldd L{S Iprr]%grﬁal’?\!eggonaﬁyen&lsct 9{ PT%%Ie%ﬁ to
an a pare consequen A uncoupl i !
displﬁflnxteS@ﬁionpjyd’ex.ﬁn dith SKLOielr@arfﬁISaett& s[lbdtﬂa;e th4n#€ANL, and, in aging

resent _char eri.zatio ero nes, i n a
ceRufo AR Sy gear PicphEls AR ST bk Hprpblasts
prodiu SRREHA RSy andunMRE ROBSs hmaﬁpa@mrcoamqhéﬁcy of Bis WBYstpEng of

Pex5p fromtheir surfaces and pernit its return to the

pergyispre| pro-2md pntgmxidapts; Kinallt the|presenscharactegation ofpsrpxisgups in aging
celg%egﬁ c‘ﬁ gl%ﬁ@mze]a]%g ﬁ?lmge?r%‘? fﬂegéetg :méﬁ&nas \&ﬁf Assfn W@fr Qﬁhgr to

| not | mport catal ase e |C|entFy whi ch were derive
cydle BerSpifronnidiev sutthads anil pérmitgsvetne théheraypatihol ogy. | n an

ef far Q. festore p I

Ehef - ShBkb Faihe BRe i B S uSE B g0 2B I oBRERsGPey Ryman
cel@NahicrEdid evipett cathlag: @ﬂic@énﬁy ﬂthSNd%edeﬁivéd) tomed mdﬁ)\}ddual with

transient transfection with the corresgondlqg gﬁh he

severe Y IRpRtPIREY: 18P Stfergip YT BEPREOPHEA BB TR hSe
m\JeQﬁ“’éaiolré 41%rddQhd ﬁ%@ﬁﬂg s@@ﬁ%f@&eﬁnzwé SHSW&/HF%tpr&&QWa@ Rfntroduced

det ai | ed analysis of t he Egroach wor ked
by manmw gansfactigmwit dleucelmesmn gege. ahithauel Bigrateey gorrected the
I r I
cel d %n%%%t% i et 9&1 sg th8 ha&h& %egltagic o %ga;fgg S%agyssfso 3%@6
appbﬁfheﬂtrked’] \Mdil‘t:d)\(en trangecthon 20@4¢ QRO ddmPRATihgISROL) 316315 TG stable

transformants is clearly not compatible with the therapeutic approaches of the present invention.
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Upon inspection of the oligonucleotides used in this

study, it is possible to conclude that the genetic
wa@oeougiswet s produced in this study woul d encodeCHUS2003/034512

catal ase protein having at its C termnus the

sequence KANL- SLL, not even the -SKL tri pepti de

termn t the ors _.osten sou
i S S L
gehddiG @6@%&91)1@[1&%5 1OfRisrsqslly Wohld@nﬂﬂb alcaaiasd pro®indaling ki iBeC

of one particul ar atl ent - did nof disclose wha
tergriuis theseqUeRge KNErLy woticugehr é‘%ff@ﬁe caffeniRisdhat g guthors

ostl@ﬁéilﬁ?r ERient th Gpdend 4 tht COBrmidlsHf baklad® MAESRE ihdstedy focused solely
as€ occurs in aging human cells. QCbviousl g}ﬁ t hen,

ontr¢storiBp edtklasedn agpll ligfodf enepartieiilay patéant ebetrfhd Beigépelope What the
prégt%t 1r97@nt8Is Halé &Edo@greg ?\LJ (ﬁscporsg Y koq‘fﬁel fﬁ@tjt eh s?mﬂr%stggmg of
I'ng processes nor acenen e native
catKLAMmGn‘s @r agingisingh céitsnﬁ)bvma!;l;a,lthmetthhhkh b/ stoquieert dsl not even
ee Radic
sofgied e aign of gepg e S provhy sl oo peie 2B oy o e
replatbmestog el nhmeq{thteﬁﬁhh@f%Smﬁ@ catflésetvelihithe sequences disclosed
transducti on domai ns" (PTDs) which are specialized
ei‘ﬁébt i de sequences. However, the Jin et al.
tr aﬂzﬁ Yitd: QN ﬂ?é k%@bz@gy{ey\@ﬁl 50614 5 & 2b&; Bsclbhe ‘tl?a'i Eatalasémay be
reconbi nant fusion protein was created, in
e tenenarSiomarsy s hich are specialized
pe%t?dtg%eq%ggcneg Iﬁ?\f&/%\éﬁ% Ié%en atl %laﬂsd\ﬁ@t‘f’ él%ﬁlécﬁi%go%g ’wgp H(gt s a'tel-(ﬂr-the -art.
A fécotindrni @s®n@ostelintwae nx:eated hnewﬂleh] dtelﬁrénwmtlsﬁdamecttyhathe N-

enter d the had.to refold . to it ti,ve
R L e o CIRBAT P 501 e8] el L onpein Sonditons
an&® heN BRied @81 Bk dives kleSe NEitPROSE FSRMUrSDER1Zthat EM@EEthe cells
was no evi dence suggesting t hat the nol ecul e was
hag| @l refpld tedts petiverarmp e‘?lés@luelb docupmegt prevjfgsgyidence that the enzyme
en#e Ql‘izseclnld?l'&[assgtfjgd' FE0OS, HM@@QS ' 10 é-\)’l(ferl](% s‘ﬁgéyélru?gr t}{at tlﬁenﬁolgzglle was

|ngs uggest ed cytosolic accumul ati on of
debmqﬂrte them@xilspme etits atorresf’uudgpwlhlc},d(sdcaw dulsed, iq;ﬂhﬁ ogntrafy, the

f Eres n the prim cture of catal ase
1n; gngs ng]SOIIC accum at ono y%l
fl usion ein strong per oxi somnal

t ar gas Ji 1fi gt Al sgmyl lackb hn}&h:@dﬂpdombﬁhe presente) iretle bhmhrystrhremm of
cagg\ﬁl%og cea\égl 3 %;1 %gtte%# gﬁagt&%ggs gql;\'ﬁ():%lml onﬁl galcr)gea Iag glg{?é t should also be
nof@ ARk bithads vk &Ogopeﬁgﬁ&éﬂ $raffRh®ioh ﬂﬁﬂﬁﬁ@ﬂ{a{ ﬁerdeElﬁ\Qb}I of proteins

requiring in-frane fusions with the nol ecul e of
withqutaequing denetursties andk pérhaps morimpoganlys withgut eguisigg frpframe
8RR o RS gl AR SR 00 s

ap pMeaderwh) Bivuef Higethinvioky 1Pt TbblUéeE)Oeh qtmmbed A pofein

interest in
el anproet ¥ Bed Pt g s et g et dn B R stare. The
“chrflb” sinflyldifsdclas GO iR NRERT dhee Hﬁflr@%hter&lf thé &e8l, guRtlonyer appears
Theﬁtﬁr esent inventors_have concei ved of conbj ning thi io
as pat et eyptign Themresent ivepigishaws icevrdf Sambinpe éfeme@hna gy
wiltEreli Rl etre@ Latigdc Al LuRiR AL Uﬂﬁpgﬁceggmtemb§dﬁd3¥t‘§ Bf ih%nnvengon
WO 2004/ 042011 PCT/ US2003/ 034512 SUWMVARY
| NVENTI ON
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The present inventors have designed a new, nodified

catal ase nolecule which is used in a new process of
w@e@aniiong catal ase function in (e.g., restoripPgr/ius2008)34512

def ective peroxi sones. The conposition conprises an

engi neered derivative of the critical anti-oxidant

enzyne, 5 catalase. The inventors have al so discovered

that as human ceIMé‘%RYtQ.E: EJNVENTION, correctly

artnmental i ze catal ase i n peroxj.so
%P@W@éﬂ“"@%ﬂa"é qesyened 2 nﬁ%ﬁ%ﬂ}ﬁedﬁé}aff*i? wiglggyle which is used in
a ng% é’g&% gﬁﬁﬁ%nﬁé S4alhdd Fﬁ%cﬁ@r@m (§§ re%{oﬁf@ it Qd'}tdkféc@\% &%xts@mes
0 not appear to fected to the degree

Tht hanpqsatoa lcormprises an efigingeried d@eflatlmﬁédhet@ltlb@ adﬁx@Xtdentteh@me
catﬁ 2 r o mve{ltlares I?Tgélgg ng%chrigxl%% Eh\eﬁp%scﬂuﬂﬁﬁ gg‘llsoafgﬁg%grt a%lll('i}y toTJE@rectly
comph&ﬁenﬂd]hza%lasa irdperdra®mes s cxofnptdmasade dlulme dnzlymce,lrmmaly

cat al t hose toxic The
PSP I BT RER P HGHER RGeS o IR ght CY Glogit pear o e
affedt@VoltheCRBlee BRNEAAIARY IO ITHiTs bR vaDb g dﬁH m@as@tura BEkthé BTSs on
nunber of diseases, particularly degenerative di sease
theytharelasse PLRTeteth e TherpsAxiaBgktadastsicormyp &epredace HyO; and other
Rcfsa%d, 'B?&ﬁsesbfq{esrgcﬁégi 1&:41;9%%& $hodl RRRHFoatBMULhEARRIafe. The
ateral sclerosis, etc. hus, the present
buildrve nf ROS ini lnghinrcelds ie thopghtct@qugmﬁ@nscoaﬁd)umtm@@l sgifigprocess
amg ooanxputm gcr)f(r%e sle%se% rtl%ﬁltar \éii?ggx)ler'ﬁ%r ?Xsled%gﬂﬁ 1n8ﬂhg*hgse in
neﬁiﬁﬂégﬁneratfm diseqzecPLkiadns d’m:hnAlzbdzthSr s leaBd'J atnigetraphal latedl
reduci ng the accumul ati on of ROS inside this
sclghogisrft | e, and thereby, inside the cell. This
red llrﬁl!is' 4R pheSe? iR Shtfon@slditeRteld RE ER@RBitibMenk infefhodP 82 pRimoting (e.g.,
such cells - and/or in sone other nmanner to reduce the
resgdringlpesoxafomabatiase imsacfiEe formdn prmgksts. REpfesably mapwadipmeells,
' 8k fiide thi
eGSR AE A6, BUADPE e LM B 1090k i
orgahellenmidehublam imielc tereel nEhio fedpaionid wedietkd forintredsa the life span of

su%@@;m hliuiéor n %onber 3%%31%%'83 tﬁ I tglcl)ceﬁnes f?eggé rﬁ%l %/m%dj 2§ \?V%ﬁ eﬁ%eventing or
poldASY fevérding UHeRerhiierchmeds thay fgkéw poladbéd edidaney str@s.use of

an altered PTS on the .cat a]:Iase %@Dl ecul e, i ch )

per Bated on theingHatnderptpnding of thefpelpalarimshafiisys of peroxisomal protein
im| @1{ Qesk ﬁW?bssz[eotB Rl idn P Qfrdct & Ofo ROoRhR1E ufder RR¥SBnditions.

hé exa es bel ow show that catal ase with an altered
Orbgsis for dnsa.lmpsom tasgetiag pificicnenip ysoyif emalfanedsP Foeqsthe caalpse
t

moqgc%?e ?ﬁlgiﬁ}gco n% egggre;ﬁﬁm %g 1(%1389% g){%in{ali] gr"%‘?g‘fﬂ% receptor
prdithﬁ,rmyﬁ) Thetelrarhples mmw slioyw thax catalasansidhuaedltesad RIS intemcts more

e enz | 1s u3|ng the protein

efttfﬂ %ﬁ? k/)e"tsﬁétfan gge GFEh affinity |igand for

t heIrD@feQﬁﬁbS&lHﬁht ﬂk@i@éﬂ% inveR@ntcodBineBemb tddBidlogyb Wilase “protein

2004/ 042011 PCT/ US2003/ 034512 This invention responds
thargpya Wity abifiteto arsducey opfdeenibhenzyre Hitp ypitesls, using the

[ [ iF! nim

2ty TR S5 ARRGBRI I BB
magbinpgct | y
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conpartnental i ze catal ase as they age. Concomtantly,
these cells produce elevated |evels of ROS. Using

wo b@iu4®ki || in the arts of protein trafficki nBCT/T81003/034512
bi ol ogy, and protein biochem stry, 5 the present
i nventors describe a strategy - and by extensi on,

unds reverse hi s catal ase . .

def (B élhvag}tl%masp%cﬁme 8 g B gL b hsprna o biplagical defiiency.
The Shuliieh dscritsed hBlnaldagp dethorf3&ie thabh@hdateBddle GRS i‘tﬂ@@%@ﬁectly

(supra) disclosed that catal ase m stargeting in hunma
comﬁmeﬁtaé,lzm@%ﬁe at By et 1-opconigpdy. dhese P@&P@%ﬂlevawd Tovels of
R&g S ﬁig IEhelr skil\Gh e QHE of ﬁrgﬁlnqﬁ‘fﬁékg‘l%nﬁe'ﬂtblﬁgg}x R& ﬂ%t@&%chemlstry,

cata e technol ogy I npacts human heal t h; di sease, and
theggresegt mﬂ_@to‘fh@smb@gsmteg)esmdt by @c@g}g@g,t compamnds, by which to reverse

thlﬁo%tal?i?%%hmel}cg artld reg ! %lo?éeerh n apﬂm%mﬁe ceﬁula15 %ccuﬁl&gﬁsn of ROS.
enz }Sﬁﬁklﬂﬁﬁllwuéa@ﬁdsmg;phﬁ) rdmloyed thattclﬂﬁlaMﬂﬁﬁgetmg fﬁhﬁhﬂn cells is

the enzyne is dilu dj.st he site
assam@ﬁ Stithgre Sevamwgrehg@ek lioaf?% th?fffﬁo ftﬁrﬁievel?m%e& pLAAs prgsent
ca@rasa@%ard@y irfRcts Iﬁ@M@IVEeralth Asehdsard@gmgdenonstrated in
| ower organisns (e worns, flies even i ncreased

cyt dbepregent @etéwuggpstéw itradection Af saialase itahmmpancells viskqus
) 1 Wil ROGBinGRPAY Smulbfiy RIEHSRh 1
BR3P S RATE AL P i, AR
Theerey the vwme ng dibithy dtstaotrto dife Séte of ROB cpqupgtiqnnqmrsp@' gt to modification,
ina%gt%zit iof é’f eagrgatdﬁiogl é‘fné Lot e?s h ug%g dgl(T)lPIr; eciie? n lower organisms (e.g.,
wotREJTHES), v ed mbhezsed E)h&oﬁﬂ zeyéte of qatalze caiﬂgﬂmﬁ{ahl@tldl‘é'fﬁfcﬁ oniliffe-span.
normal Iy resides and is known to function

ef f Briomipempodippls, thepresenhiention Felequsgigwe foebRpTasissn dig first
inffi$es S0l &Roh ¥f @&ﬁicmblhﬁmhm I} ngm @ndyHRIRS haMah cells, termed

proteins into cel met hod with great prom se
“delivsrybe dhe spcerldiings toaomly cg@nmmlawe 'enzZAIMeHe ﬂgwrgapelle where
O BT k& BB FALELARE Th LS gt

fro lﬁew hettods so cnlrrreantiy apyiladle chintlebse fggnesaqu)aaotem@ iheceilieOne

ff |ent at ven .t.hough praqvi sion of
m‘i{*léct lﬁ's%ee} Rrogﬂﬁeﬁ’a ??ﬁg’?‘yaﬂfyj?ﬂnefl %eélggl bdr%gcess sonme
ROS)Mthou'Egh\(@n%ﬂﬂdU Ho4:s261d fo F63h 4820433 kDA S ddrac Bl drly and allow the
DESCRI PTI ON OF THE DRAWNGS Figure 1 is a series
engymg R QuateB ROTdTaprthere( suskey almr@e’é dopsi “ﬁbad’P?af ithDethe mst efficient
strﬁ'@e}_%@e@en BEh ptRisPonRAS LS iR YR AL nqg' ihddel pR:&3 tSme ROS).
Figure 1A: Sem -intact | MROO HDFs were
|ncubated at 37C with biotinylated luciferase in an in
vitro inport reaction. After 45 mn, the 5 cells were
centrifuged, honogeni zed, and an organelle
pel | et/ peroxi sone fraction prepared. The |I|evel of
i mport in equival ent portions of the organelle pellets
was determ ned by ELISA. Values presented (nmeans and
ranges of duplicate sanples) are absorbance units at
490 nmwith tine zero values subtracted. E = early
passage cells, M= mddl e passage cells, and L = late
passage cells. Figure 1B: Sem -intact Hs27 HDFs were
i ncubated with biotinylated luciferase as in 10 Figure
1A except that inport was assayed directly in cells.
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Figure 2 is a graph showi ng catal ase | atency. | MROO

HDFs were treated with increasing concentrations of
walk@uneoin, and the | evels of catal ase (") andPCHUBEN®034512

dehydrogenase (S) were determ ned. Data are presented

as %of total cellular activity (set at 100) which was

determ ned i I 1% Tri -100. Solid
synbol s = earﬂ@mﬁ&uc. .@OF’L{M@ late 15
passage eIIs e ser e ot
ot £ =sriryl Fb By heude BT8GR AmpER iparyide, and

lat@Seishe hith SHMiflofibrébl g (BDFEN (Figuredae Sebtilintact IRGY HBE's were
(Cat), bovine serum al bumin_(BSA), or oval bumn

incg a)t 3%& with bigtiedatedhlueifamse ittt i afrafBIppe reaghp. tAfist 45 min, the
celF anc @Uq%;)nf I%Qedﬁg%! an?f;?@a?@:el%fﬂeélslee%ﬁl‘o% §m§ t?rgwg)lg prepared. The
levélmffm)lport_m@qnﬁalzﬁl pottmis a@h@«y@ar&tlepdhm/wamdnteﬁmgcd esEIIBA. Values

Pt Boidgng e & PR SRRt Rl T e

zerb PhIgeY 2b@R)}edOIE £ éaR) Phehderdlld, M Anliddde paskdge 088, and L = late passage
menbranes and blotted with GST-Pex5p (Figure 3

celsj giguae 1Bp Sex-intag) Hsp? HDEyw g ivsbate %hhm%et%f?ﬁ%ase as in

Flgg?etﬁﬁ{@:& tQH’aﬁtnﬁb(m Wk ésﬁaZe@d‘iﬁctlf Vi cdiid KANL) , an al tered
or no -), were separated by

gr&% tsﬁ&{nn tAlIAe (ﬂatgﬂc% hINROITBDEL Gefelthdied with increasing
(F|g re 3D) 25 tr nsferred o nitrocellul ose

concemtﬂtlamse@ @@nlnnmnb@lemli @fctawasdw(!iﬁnd lagtateglehglsogenase (@) were

det?r%%ll = 9%Ee%ted3 E%) (%gtotgl cgéular ac v1 (b?@%rl(ﬁ)) )v(vzlpch was detﬁrmmed

in &b @Wsd’il@e bf’lP% JBisoACK-200. Bolia syreiSp eamlytﬂassagg@lne;l dpen symbols = late
menbr anes. Figures 4A through 4C show t hat Pex5p

Passeee fAlY: at es on organell es of aging HDFs. Pex5p was

| MPRAR Rl ipﬁtaﬁgisér{eﬁ)mlﬂlﬁﬁ SHo98Y anS@hIyAL bf Z&8p binding in a solid
organel l es of early passage 30 (E), m ddl e passage

pha(swpssaaormgaueesqg s pmofdugiferase tVRoD ca@m (G89.rhgvianseruipalbgin (BSA),

o T PRI BB O 5
exﬁnﬁﬂﬂ. A0 GHRML(hbIBEbRN 4SO 3/ 498 41511 i’eprdgw_ﬂ& mam+8]b $©6-5). Ligand

exam ned by i nmunobl otting. Fi gu e 4D s
blog psspsiarg wavp dnFignres B thepueh A Adbaeott i~ (Ff“ LT EFA Yorp parated by

SDSASIER R dStheHTRESHRE odnRISLIBO AtiY AR r3]?? y‘t?an@f%hte@toq{‘trocel]ulose
the ordinate are arbitrary. Equivalent results were

meoraTed Bt G- P¢Xép gigure38ar FizsnessD, BEguAdF4 200 ng of
recom%mant l{upn%B Etglés%%o mm %gvg%fg;’l] I(%Rﬁb? %1% t%?de §f§l gKL%, Or no

ganel tom L at ssage ce ane
PTB a(e WS Ssparatel WSDSHDKQE aidresthérrseniied dv1ther’(bﬁiasm blhe (Flgure 3D) or
protei nase K %d Triton X- 100, I ndi.cated, ~and.t
trafgaTR e AtrogIpE PPEbraRi Al BBP R b aathf?talpf&esgse&(l*"g"re

3E?91tmot€eatvahpé§r PBLJpSPigare FH)QUre 5 is a graph show ng
02 which accumnmul ates in aging HDFs inhibits

Per P PRI a s@ﬁ(%to?bf&ts' a'ﬁ'@Q aph ﬁﬁmlﬁ{ A8 5§88 8idnMrPEx Jpith organelle

were pretreated wt and per oxi somal inport was
megbzanich eigures HA tFrogah éclsbow RetRextp aqavpalreSoR orgareliso of aging

HI;F:%O ?gx%p 07 Sé%mt%é(%ﬁec Vpnﬁ%l %r(a %Ie?é) ! [T%llubﬂ(iez%%i %%taﬁg}l%bgf eta{)ly passage
(E)p 8idald passage (M), or late passage (L) IMR90 HDFs using anti-Pex5p antisera (a.5), or

preimmune sera (PI), as indicated, and immunoblotted with anti-Pex5p antisera. Organellar
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conparison. Figure 6 shows catal ase inport in early

(E) and late (L) passage human diploid fibroblasts.
w@eeoenidonal i nport of biotinylated catal ase WeSI/US2003/034512

exani ned as described (Terlecky et al. (2001), Exp.

Cell Res. 263, 98-106) in a reaction normalized to

N R

im@iundtgot wdtht a0F 3 idilra Imseo@yarsnmmmmas im&Gerahalgser, pﬂ"%umm on the ordmate
resonance . was used to exa of Pex

areaxbigpry s Equivlentirgsults were pht gn% lérfe%glgtle m}aelggeqxg lrtlglgg 4E shows
thaWPE)B %Bcu%lutla%sqgl thelcutdideddratAn@teSkbm. lat aéeh:@ﬂs tdhganelles from

resu ﬁ@esent ed are response units and have
latbg@ﬁagg éM @ Hed stwsre trpated gp@f “fll]hd:)rqulﬁﬁip anldél‘ rore¥riP.@s indicated,

and He r&ﬁﬁa t %ggecl)fegﬁ% SloH&i With ﬂ{n— 1281t1t giga%g arF ﬁé”ép

was coupl e sensor chip Sur ace am ne
coupigungs aaqmapi shgwing thBt ACORAish gscwtidates in agﬁng dPEsfintibies

cat al se constr wer e inj over t
PSR pA TR RO b PRSP M R B g and
perdRIgOmi¥AmpbiS @ds bxaniddd a HTEFUrEBAL Resufts QUE@iSD)ShepSoled from five
quantitative anal ysis of peroxi sonal glr otein i n(p
exz%wawlag%ﬁowhzqdde fheangeedconelyalyp (proifarly st ¢ q(imefmlt
colPRRGL. | nto human diploid fibroblasts. Peroxi sorml

I mport of biotinlylated luciferase and catal ase vvas
meaFigueel6 stowsanibesimporrinseatly (Rranglats/l.) passegs human diploid

w05 5T A3 Ll sy

al ST FRg.r @il B raEl3, 910%) in aakactiah adbrambzalan celbiuimtes as autlined in

conparison.o KL) and cat al ase- KANL
Lega I‘_’& %%Q%W()f%f?? % %%#é of human cells.

Per gigusOBlow silidg 6TPeldpQb tdidxdeateohtivad. EHuafé& plasmon resonance

derivatives was measured at varjous tines

wagpsegAo prasete binding pi Rexpw to calalasg Wil ithewy PBY @valﬁééwﬂlb)eﬂd well as

R d
R EF TS R o b BRI P e iy 0
hashmes cérreetet] rfmdtspetcnfmbmﬂﬁng:tataabm surfiset IR répponss updty o GST-

ener at ed of al
s Perdy s fou e CRERADL R e ERThlnat e SEids
BIA@OaﬂEﬁﬁﬁotbé& allO tMGathe catalakd c&nﬁtﬁ@@@&r@ﬁjeﬁied@ﬁer(tmtp stirface at
- hunan .cat al ?Qs{)(% ant i bodi wer e used

Loph{ it oy P IRG PGF0T Ahes 3 20 R <
mg F?gtu@e 85hRA Qﬁltfﬁﬂ/e I?Q«?s@ JPPéxikoril gw%tﬁn Idp Q\W6mpdiison of

anal ysis of cellular hydrogen peroxi H202% l evel s
lugifgras\(-SKEpand] cawlasd (aK(\Né)atn)portanis hiwan diplsbifbrablasss.| Reroxisomal

n -
IR S 855 L SR, LB BT bt
quaiititative hisay af predowstodesaribed atedeca;tyet al. @iant EJtpaCeNlees 263, 98-106.

analysi s_of accunul ated cel %‘iaﬁ’ir fl uor.escence

per FHEmAEA SHST G RUpIBPOT o Gfilise HEaL S spspepi ! catalase-

SKIN@Ser ; )lanSQsmfa@er "RANNGLeANIDEMpbi thté P& kiESmdI0E BRAAERIIS how
a decrease O
Peroxisomal import of biotinlylated catalase derivatives was measured at various times by an

ELISA-based quantitative assay as previously described (Terlecky et al. (2001), Exp. Cell Res.
2632, 98-106).
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approximately 60%in the |evel of H202 in catal ase
treated cells. Figure 12 shows schematically a

wa@e@anitoat i ve in vitro assay for peroxi somal pPOL/ESI003/034512
i mport. The assay is ELI SA-based and enpl oys
sem - perneabilized human cells and a biotinylated

t t th " basi |
e R ko T A B Rk o

ac1eREDells (AT QH\JR%&GIIM@NIH%)?bﬁﬁaﬁfaEJnQE cd:lEOiaﬁiduOtEd With human
cel l ul ar organel | esggqer oXi sones i din;

calglag (Avat ) o -Sageediatatis (At ihisoan). RAng e soyaase amtibodics
weid Red RERONMIRBRouboH N ATcatds I H i ShERDSPMDASDS-
DESCRI PTI THE PREFERRED EMBODI MENT

PAgiesent disclosure makes clear that certain cells
(I n%%,gtillgtlf eshoglls g:?%g? g‘léﬂogcqiuh %%jé%gen pertogldgi zg zé:%tméll yHumam

acﬁﬂhs&h%(@xcmmh& B@Salaemﬂa:blls mh(arcéq/wﬁh\%ddﬁset(Acag e{CCatl)gwere examined

sjgnal, t KANL C-terni nal rap t| d The. pr.esent
for e 120 bR FHOSHEE G 6 e RO Rt

Qlfaa&tad@saﬁalwgbmarnadaté@c&mm Addlesdencs twa@mfonhad @sid Ngional
gnal such as -SKL or functional derivatives of SKL

hlaﬁarqws of Elgaihes Imsge pepfrpe Dotrhat Bpaesylés pressnied s pdecrease of
o ar accunul ati on)
op R el o P S BB ikl Re) . Suoh
cat Hignseh2 shows sdkmpticatly o qu&metaevwna/gré Feeagi o1 mndmmmal protein

iméér? a %tags%yllsﬁlgil%ﬁiéseezi &I gmgfoyi,] emi gg%nﬁal?l[elﬁ%@lugan c%l and a
bl(ﬁiﬂbﬁfedﬁrﬂﬁcﬁdsumtfaltb SKkheObasic Ifrbnﬂé‘du" eipalt ivasdsaditditebidy i@@élls. In an
"y See Exanples). Any variant of the _tri tide SKL can
qiRsReatord): thP%rt }Srﬁl\‘}%‘ﬁkt?tﬁfﬁ AgFrdRAlaien of sl e %5?%{%80% A,
avmﬂ" BSbibhn; wmofﬁ’b&msﬁ&r%&fsé q ?&Bms&ﬁg PP pek@QsoMalfirgeting
finity so that it permts efficient inport and
Slg’nell, SAswreptavidit al ase i nto peroxi sones and, thereby, to
deconposition of H202 generated in the peroxisones In
one 8 WD 2004/ 042011 PCT/ US2003/ 034512 errbodl nment ,
the tri pepti £ ]
that the
g;gfl"gr ﬁ?genfstg%closﬁx[e xﬁaﬁ(tes agar tl?a%l?érta % l?{ﬂcnlpdél?gg%g%g lﬁl‘?ﬂaq léals) fail
to dﬁf&feﬁﬁl}eﬂﬁpoﬂem@mmsﬁml alzyieésamlchadmg estalaseptdattase tontains a

|ncemstr see, for anmpl e, :
palietlaf ik Earastinigvat i KA Gt sFaptdP T R Bfng mention
is BREd iﬁgﬁft upst tﬁl@ﬁotloNQM\zit ¥hikse chBihSoredd dofkehifiaghkshy ta-lf'geﬁng signal

Proteins: Structure and Ml ecul ar Principles, W
sugly aseMigh or fangtipnal degikativenpicikdewill redsa, or RpRhaRS X PRIeN s S§lular
€ %
acélﬁﬁq’z{tgﬂ )g@% %el? gtrecl? g&fu e(a‘gcrthm§%ﬁg C) ogﬁ%hgl Ltlcgﬁg léégénﬁa‘}f o%eféeﬁ Rpecies
(RD&3 eRlich natalnseh ysusfeméd tothereinf as Enpodified ew “trgetadi’ nefalassis.d
changes. bet veen, a in of
s peg ﬁ'és = S eraed moggg&s)%ag asgﬁhgfﬁg‘ﬁ SPENE onsé%\lll ativ Igmved and

substifdd With $I0N8r 4 fidmttivae] xeitaliges ($eH ERaraples)h e\nsz @hzham)hge

1 Small aliphatjc, .nonpolar or ht | ol.a
tn@é)fslde SRk ce(rﬁ?%dlse n>;l)13 ?nvgnéon provided tha(t]thgs \Xmgnt bmds to gexSp with

sufficient, but not too high, affinity so that it permits efficient import and release of catalase

into peroxisomes and, thereby, to decomposition of H,O, generated in the peroxisomes. In one
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residues (A, S, T (P, G); 2 Polar, negatively charged

residues and their Asp, Asn, Gu, AGn; amdes D N,
w@2003/0Pohiar, positively charged residues H s, PeTUS1093034512

H R K 4 Large aliphatic, nonpolar residues Met, Leu,

Ile, val (Cs); M L,I,V (C 5 Large aromatic

embGbie g b b S n mhobR e et BRbE gt e
prd&@dedm&m changes in the functional char acteri stics

of the peptide nolecule, viewed primarily as
act iwra@rrsd Bl variant 3t Y8 AR I geR e mefer%'%y only one, is

qu{ o difer€it ?&tdugf fr@rcatde&he@de%&mﬁkh bEboRMh dHemARYARE Gructure,

g so, one 15 skilled in the art will appréciate

seq, rﬁatexarmde,ewhekzt Gart diePeveblane/dotsip Srooura Epingeedatlag New

Y&ERI9YS del: h?on?l_’? IEy }—’il?)?eng %lttrggtb;ceazjnd%o(?ecmagg;]ﬁ £ ,|W.H. Freeman
assay <R e 'substituting amno acids ma e

& Qal, Sarawrhgmsoc cl9B4 |w1gc1mre m«sbynmtoqroadtécybyaefewnce rtheappen of

i ds t 7
sufGhPns e 25 abiin i G DR o Sty b Blisd e pralysiing the

fre@ﬁen@féyo%ﬂn@imd@faﬁgd@fbetsaeen Khorﬂd] olus prdtedf @ﬂ difféfent species. Based on
substitutions include: Wé‘) C or gpref erably
sugh ggrangysis, ﬁorﬁplaefévecwb%mtwn% uflg ?XéP@Iﬂg?FaSI“Ch asghe fblepingon;
(2Ror Hin place of Kin the second (-2) _position;

(3) 1, |9l alighttiseRomesias BT ighy PP pl af e"’défse‘hlrl“rfp’toh@w

t hii rg fibeﬂéu fﬁnct;lfllgn*r: gFgn\/girrmd'\(lbnat Lo ]Iu (l}]ln

t Ol BEETEWCIBS IPSEIRALEPTabl € d
Sﬁ :f S)lmdﬁ% variant—is AKL \AtE| ch &:E’ng 5 ©

C-It ef mi| hakr B‘@ﬁ‘d@ﬁé@rﬁeﬁreélé\‘fféral pero<| sorﬁi&L Eg?'stanzymes
an antaffacti ve PTS] ] nf eresti nnl £ u-

calt af as ga@ﬁﬂ‘pﬁ‘g‘cﬁ}o&?&’ﬁ S maki ng JM‘?}“;@ L;&?Qgcyé% no
acl-d—substit uti-on—n he Nnativa ~at

o (8 PR mal o VD 20b4) OIIRLFTY

P JE (s YaYateXi n’)/ll:‘l') roct dAiing Aara AN

Vol 1t
7 \JUI_UU\.TI UUTJI L T CQI UUCTS AT /AN II C SUMNSUI l uttl n

of a Lys (K) for the Asn (N) results in the catal ase

Mébse bubstiatio3Acothrdifly RAhe PrbseRERYnE6n 4B @osddihbd ddIBHREUR changes in
strong peroxi somal inport signal on the enzyne.

Al's
thg ﬁ%‘?t@%‘&hi‘fﬁ“ﬂﬁécﬁ ofesReptide moleculey dichedRimaTly ahtisagtign as JaPTSL.
Ev\éﬁ1 \Nﬁgh Iy ﬁ%ﬂ‘%ul{ Mr&ﬁé 'tlgatéﬁ§ct @fféet of’a ﬁﬁggtﬁﬁitld%tm taﬁ‘x%nce of domg 0, one

term nal or its substitution variant
skwlg@mrt_he anynl}sapptecawdhatltmffest ca bmvehq@teébs @bl{yn@mr@b@mg assays,
pre%t%r%l%ly I{l{eé)gcﬁ cali] and ?I%Cr}]lg{ngc% a%sa\é/\n? B?rﬁm %hep Selltpbgtl rég[n%‘nn? a01ds - may be

naturally-occurring or non naturally—occumng amino acnds or amino acid denvatlves.

Preferred substitution variants have conservative substitutions of any one or more of S,
K, and L. Preferred substitutions include:

(D A, G, Cor T (preferably A or C) in place of S in the N-terminal “-3” position;

(2) RorHinplace of K in the second (-2) position;

(3) I, V or M (preferably M) in place of L in the third (-1) position.

Any combination of the above types of substitutions is acceptable. One preferred
substitution variant is AKL, which is a known C-terminal sequence in several peroxisomal
enzymes and an effective PTS1. Interestingly, a targeted catalase can be prepared by making

only a single amino acid substitution in the native catalase sequence, where the three C-terminal
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For a discussion of variants that can serve as
functional PTSs, see Lanetschwandtner et al. (1998)
wd 200Bi0edo11 Chem 273, 33635-33643 and Cotto et BET/US2003/034512
(2003) J. Bi ochem 42, 1660-1666. 10 The invention
al so i ncludes a "universal peroxisonal targeting

e S P i e

terinfhatifyf €Hgl ad AKLPpepede thdd aill mncﬁetralsﬁoxcgrpem)dm«amahinimaulgaaltan the
per oxi somes. Preferred UPTS s have between 3 and
enZgBBut 20 amino acids, nore preferably between 3 and

abopiso LR 1JdRS ik fwerdRs hreRA8iki6h a:kﬁaylts iPEHIOB Bhe 1@ restiues are
and about 12 residues. For conveni ence, the residues

added @t the Mbiermaigalisidgiof BRE oOits SibstEptiANigEats Aﬁg‘na@dém aggition is

thal -enhancing fu
coffEAAL Y ro W FHALR 455 e %? it proxdital impogentangipe function
of thiddeptide. supture, . X4X_3X_ 2x COO) Thus ina 12
' eS#%e%§5§§n§ V?Iﬁﬂﬂ&ﬁ@’}% el ieﬁvg ag 2"“&@ ?]ncapgl“§ setelf_ametesall“\la%lndtner et
al. (TDO8YL. iBo1. Oy, RT3, Baﬁurnbhyar@o@oﬁo@ ap (E[IB)nDBzth)enaGleBSbO 1666.
or non, natural I y-occurring am no. aci ds am no gc|

der TReainypsien alae tsludesig VS e BRI s o ECe s
wh'nc‘ﬂ\é%‘Bé Bpehded %prgfe%fy fedd %ﬁ@ﬁ%@%@dﬂ@laﬂpﬁﬁfehﬁ& oY hd@culd in
car boxy-term nal peroxi sone targeting signal (PTS)
ordehtpttargeishas eeatcimppthirarplaculsrio Berpsisanyes. Predejied AEFd St have between 3
Y,
anﬁtéﬁ)éufg‘gﬁ%ﬁﬁ{él ar%]gy tréég%keeg%ugﬁ% %2 l% agﬁ @%u@?@%@ﬁhe&s\,ﬁfkg Eg)?eferably
betwlear gont 8 amickbperideesiduys. F(oa):orNameﬁi:e; the BeidpesAlramonbe@gddtom the C

Xaa 2 .Lys, Arg.or and (c Xaa 1 is Leu or
“ii}ggus “Tlﬂg%?c'll”fﬂ"i%égatgﬁ‘%ﬁ?ﬁeﬁ@ﬁ?dud thc(a |)nvent i_onI Sa ’

”UdNleEdXQa’i,I al REEeXpO/XapERta, dB0@S (ab@winglefletter bede
rises, to the amno-termnal side of Xaa 3, n

add Heonan anknbs%eX-4CP&s) dues wherein n is an
Thb) A EPES reBRLVEE TS, AN ofRABE Xat [yanl R RRAIGhd1qnal

rési dues bei ng nunber ed sequentially 30 from Xaa. 4 for

t he Afimesacidsdilattyi of kel sequsnéed @ethe gnviatzonaeyfhgmatupadly occurring amino
ac1§se\c/)regct>neneart11}r a(gc%l ! | g ]i% Ino aglﬁé glua?mn chd d&g’gﬁ\; | Onal am no

aci-ds may f y occurrin I ed

var Aacnirdinglh aone efnbodlﬁlelﬁfoé the bxh\y:ntlcm 15 8 n’@dtﬁ&é eatalatmqmlypSptide having

and about 17

a crhpysleHm e ARES f@%ﬁﬁé@%ﬁ%ﬁ%g? irs‘il@%s%%ﬁfp agative

seqBfbedP Alk- AJIQ—AsﬂlLe\QQSEd D RO reR4toment Ve thia PTS dotnpaibing the
east 1, or 3, and residues at any one of any one

Secb‘f«“%i%?a@ X@az(a%am are hydrophobi ¢ anino acids (e.g.
res ke i
{V? ’ 2 l@%@?ﬁl#ﬁy,@g@?'&?g %err, %h)(}g?%;?)f\g%'aws L}Js A'rg(olrh s; and (c)

Val I n“anoth
XagnisddioeMet. n is at | east 1, and resi due Xaa_ 4 |s a

E;gi tekgﬁ?t{l e(r:nrllagél?rﬁqt og'lrﬁl;er'_}'r?ve%f ?_B p 1 e e’éircgfgﬁige ;%)y}g)e%as gbove

furffee Efiglabsy to tlhél axﬁﬁh}b télfrmtaln adﬂﬁ)@(zfalgedadﬂatoahlmﬁﬁo afid tebldues wherein
i nventi on,
" lxaamieg?rsbemn i La)‘d ot b @eéiﬁ%a?ﬁéﬁtduest%fvgr@&ba@é fesppntially

from Xaa.4 for the first additional residue to Xaa_y for the seventeenth additional residue. The

additional amino acids may be naturally occurring ones, or modified variants thereof.

Preferably, n is between about 5 and about 17 (e.g., between about 7 and about 13; or between

10
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PTS does not conprise the sequence Ser-Leu-Leu or the
sequence Lys-Al a-Asn-Leu. |In another enbodi nent,

wa@ atoaloa®el1 i s nodi fied by conjugation of a PCT/US2003/034512
peptidom netic of SKL that serves as a strong
per oxi somal targeting signal to enhance inport into

o SALIBE e B b B BEToA LTeRTA. P TP v any

ondb QP Ghsax )ta)é 6 tORAd_ Ve u;ampamslc axhemeﬂ‘ds (. ,Q@sﬁ&ded om EﬁBtXa@ 4 are,
ag ent e an unnat ura de or a non-

mda@e@ﬁ@ntkyw\équ EdcFab Y )eBe th é\las@é 8 9%(59} dp amtb«?sémbp@gl%% nis at

leabtN€ard IQQHLEQX%! ‘SE@Q&%\QT RltbeSiiio hhate b rehiase x4ah8s Lys (K), Arg

recept or ct|V|ty or biological activity of
(R)SKlﬂli (bﬂeprefetabilstm(Ki)h Breferatdy, i anypfdic m@(hﬁ@l catadasesrofjthe invention,

R

PTE’G&&mot a'chn@sé Itt& saqumtel Ser-bhaulLeh @l tbmseb@ncmhwldmﬁesd Iteo. be

ubstrate" for Si toabolo cal |

2ot PSSRt AR PO REIrisegl o1 ol ARggagmimene of SKL
thaPbetts A9 st DeforBRbmbl tbxg g@ﬁghéi tYetHAn@ Hihpbit @G PerbFisomes. A

receptor to which SKL gq so included are

preesteg oepidomimetic oompannd mpiaiesitey biplegicrlgdleetnat Hel ey ofgttidiegically
actﬁg aﬁﬁ?@gléte%¥ ﬁﬁ)!ptﬂ%&ﬁrﬁ&lc% ift ﬂla}r ¥e &H‘%ﬁﬁ:‘reﬁ eﬁﬂ@ dr Mhdhbdptide

e I nvention could be sel ec I'vel

aganemhacerdatbsytha stnl@osppmbprqpmvemfehmmm@@elsmems afsSI@nsuch that it has
theﬁg%gtoe émg N rrg\xt%gr Oé %io oglcfileasc 1v1§for}%tlﬂdg w‘i’% ec u éhe?ééj?e%mmus of

cathlta§e dp @pthe dorer sTAURTS. boB&emttb dmamptdtﬁn)c anip pwﬁﬁ&d r&@eptheto which
goni sts, substrates nhlblt%& % have
8 °h

theBigtefiF Bt FEPxsP- niPHS e TBImeB LK) émdabeg Qb sylstrate” for

Peﬁ%‘ ‘S'ngllzﬂgypctn b @@sFogicaMy Botivt BKOFRh e, £ heYtiRsRInRAS Kill B{ve a binding
0

Met hods r designing and prepari Etl dom meti c
face Gvipolymepsacsy witlk #eydigandorrereptar (o h.q‘rh‘fﬂgL ypds). Also 1ncluded are

s

bortlvithih a pEistaie mﬁdmlmvi&ﬁncﬁﬂpoﬁldbe cdeQis3ly rep@cad]hy sn@t -peplidic element

Adv. in Dr R re
o839 B ERe LB P BABR D) P B PPGE 7 BB fstof
theTBS16QUSTeARR itd pEtidichaliRk EPepRIIniRliE EonifotRds! Hittier HOABBSSibstrates

Pex5p bi ndi ng speC|f|C|ty and blologlcal activity. o

of
or mibitoRgnRAXF Berdedessribpior p AuNkan ahbigtstiye Byideieeh 2 opioid peptides,
VIB/ (B3R, H@‘h?%téﬁsé YrcaVadhoab R d&é?%rﬁx{koa-i@ p%éf)hlllrll%]%ph&bntlhl%tlc

art are suffici ent, in view of resent scl osure

comipyundgare faesymyini thearadbiulesy Milh @miymgr%i}cw&d ABLUAYS; Wiley, RA. ef
al. %ame Re? Ush,PeR) Q@@@f VS F}e % a0y [#hgrgﬂ]: ?{/ bg(ﬂsgx (1995);

’ins ection of ‘the ogr aphi ca
Gu&fnisUaﬁ: ulirRivoh BupRed IZQid? 781(1 99l7i)3 Whlch\tefmtenﬂ aeiihdogporaten by reference

free form, fused tp anot ptlde r bound, i .
in R B b TSSO DO S DIPTSR 19 B384 Bop binding
spdcifBAN and B6RRIcAN acHHE D @KLP@ﬁ5WICd£d 6ﬁfeﬂt@del c‘lﬁ@htéu@ Bnd general organic

additionally, the structure of a peptide can be

cheswiptay 2vatatis/forthese slallerhindirerst a5 Syflii e ViedcfH{ dh Rresent disclosure, for
desrl GEntRREST &?ﬁ&?ﬁpouﬁge megﬁﬁlekﬁg{ﬁﬁﬁ&#ﬂgmlﬂénc;, RSy be

ereochem stry of the interaction of e peptide wth
ldemtlﬁed bygaspdctom of ﬁc@msmﬂownﬂlcabbﬂm\tedﬁﬁeﬁruﬂaw aba abptlde of the

o P B LR B B B 0

second, conserved,
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per oxi somal targeting sequence - a PTS2-type sequence

- is naturally found in sone peroxisomally |ocated
w@e@imizninol ecul es (but not in catal ase), at OPCTIES82003/034512

their N-term nus. The receptor for PTS2 is Pex7P. For

a review of PTS2 sequences and functions, see Purdue

G RieRios e R Bt o AR B SO Tk PErETECT Gpege can b
ob&38 6y the %cﬁﬁqu@ RE ﬁud;léhg nfagt;eﬁlc 9:/sarmwwspemodcdpgr @Ré bet@r knowledge
noi ety is: Lys Leu/ |1 el V
of (}ﬁS?}’ e@l:}f?)'ms(t%(l Oéﬂﬁéﬁtﬁ‘igﬁté‘)n ofthe pﬁ%‘%@%‘@‘r‘ﬁe‘%ﬁ’é‘?ﬁblﬁﬁcﬁlﬁ?ftwm permit the
rat¥oﬂhlsde§1%§_|9@hkﬁé%pﬂ%lﬁﬁﬁéub Q«%:Bn{she anmno acid sequence:
. Active variants of this
seqheqddelon itmthv\ﬁrtemmmaé PgS1-typgmwlesulepdiseuseed pbevey asqcord, conserved,
ut,i r n
ro BB B B AR RS, By RSl
peltoarsgxatliyrigca&(dtprmelhynoléaukss (Hfut sdtiih tatdlase}, heoranedr tha@nN-terminus. The

utative uence to
reqeBPEIRETER Pagr deht AT S AGREat ot Mgty Horler ot
200BIRY B84 thei-yepeidilié Bendaht wikten hbovestt armﬁo BHYs CORPNitGminus. A
in addition to, or instead of, a PTS e sequence
congensup peguence & {Hif Y aming asRTREREIRRITH @ é)fcxﬁ)r@ewgﬁlé’ al)-(Xs)-

(HF 7@%)‘ EMQEelﬁﬁ%l)'e Cagprgf%%&f A0 Vifis ta%eﬁﬁﬁfn@t&y)’has BRAHED acid

he 'sequence of I'D NO 11. The PTS2 sequéence is
seqneecfeeRh@W L@ﬂ@ (uSEéhrI@cN ol IpeAstiveoprianteefrthis h@lqueem mhinse.g.,

oneé 8r mor c&? E 3| tff‘\Yc' 1% é’cgp? Bﬁ)gtﬂgnod]ggccm-%e ﬁ&qnf fm the. mvefmon

ences nave or 'a varil e
prejideditles theprethic ﬁe’toxﬂﬁlﬁnal argetidg andityre@oheftkill in theoati dan eﬁddlly test a
puf%t?}geaslegﬁ’eg‘;é) : %tgteelgﬂll% 1t rtggigg it nvdeeislged aﬁtll\flg/d lﬁ%g%f%%g{yoa Modified catalase

poBP&tAe bf the B Effon nhdy cbﬁlpﬁé’eeanﬂallﬁbﬁto‘; breihsteddsTSa BPSIClyfSsequence at
antigenic effects do not occur. A nodified catal ase

its fplearnnsea BeRside having e EoERSYS § T OnPessauenes frsgrabedbevgepreferably
bi ' ri 82 BY5 8n@hecfidMo b
Y R EORHETle et e AN ol o
nedruheN-teriilirers b thie Cateldseqmlypkrisle. can be der i ved from ( and
;ﬁ: %?Pd%cfﬁl%z sg(su% des %W%%Ig é\e@cerg edé goz%% var1 [of ymrtﬁ:ln gec‘)ies and can
be PRiixed Bndmhtchat‘ 1rﬂnbdlff&hca(zﬁasg protedins qﬁ ﬂielle\mhtldﬁm Ofcourseatted a PTS

for one or another di sease condi t.i on
frog,png|agime ?ﬁiﬁf”gﬁ 15 irqdpesd, ntg ﬁgotg(ﬂl S]‘.ﬁﬂes,slblé @%eégrvl\;]g thafcross- species

anhg&k@@l@ge@oh&to@c@not her species, it is preferable that
cross-species antigenic 30 effects do not occur. The
seq iesfcatglasemalecwla e as be sorapesitions andmypthydspf femvestion can

o S SRS TR TR o SO

hutiian. ViR DRERIdR afaRs/EAAKEAIS | Ad @R ERTHD 11 DY S AR among others, an

EH GKKTPI VRFSTV. GES 1 GSADTV GFAVKE
gesh\lw%{m? (BEEpFH ﬁ%ﬁ% qsﬂahuman (ega

palidV B i5krdaRd E&LdﬂQ%SEﬂtheSH&QsE’aGdel md'EEafélaVMNGEAé/ﬁom
YCKFHYKTDQ 5. 241 G KNLSVEDA ARLSC?.-__DPDY G R
ong PPk SARISs i WWW groBleRFRepiesy I 18 preferable t at cross-species antigenic

effects do not occur.

The sequence of a human catalase protein is (SEQ ID NO: 2)
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301 KWWPHKDYPL | PVGKLVLNR NPVNYFAEVE Q AFDPSNWVP

PG EASPDKM LQGRLFAYPD 361 THRHRLGPNY LH PVNCPYR
WOARMABMORDG PMCMQDNQGG APNYYPNSFG APEQQPSALE  BQIIUS2003/034512

HSI QYSGEVR RFNTANDDNV TQVRAFYVNV LNEEQRKRLC ENI AGHLKDA

Q FI KKAVK 481 NFTEVHPDYG SHI QALLDKY NAEKPKNAI H

TRY(RREbA< ARGHMNarAOAdiABOL TR RBARGORLE VIBViGPRESEL LvqDVVFTDE
6cata FARERBH [ERVVHAKGAG AFAYSFEUTHI NEKeXaWeF stmm&m:lelA &RFSTVAGES

12|1 GWWBDEQ\AG%W(FW&%GWMGNW rﬁ’ifFﬂ@(ﬂ%L FﬁH PQTH\L&?SB
3% gEDA ggﬁ ;éfgégéﬁ Mgiggi# 5@’%@% oAl TeMPFDLT
SBypLY SNﬁP EABP prLQGRLFAYPD

36@.a HRS EBNYO fLH DV RBAR VAN (SPM dadneyPRsd APEQQPSALE

42ar BSIQYSGEVR RFETANDIDSY TQURAF#EN/ ‘ILHEIEQHKIRSC NI AGH Bigiive QT BIQKKAVK
483f NETFRYHPYYfe SHERYADKY N RUPSAHE TEVRREGSEHA AREEANE al so

within the scope of the invention. The sequence of a
Alsipteadasl sacindiBedesrlasg alidlis vatiwnseofites: abavehigavames atnamagieof which

ha@{ L) ldt?:l‘ltlﬁedn (ﬁly SﬁeE‘&t %&/?JU%R 1190%9&&413%&:5 \(’1%?86 s%ul\lge o’lszny of these

cgg CCC gcC agc gac cag a
vaﬂans hggelaangallélaac vagiagts ofgptadggs gfmon-homarcagmanabs. mdli@raitfonns of
c,ctg acc act a . get. ggt 96 0, aac, cc ta a ,gac
art%‘g;glll&c%aggfata?s[e vgﬁftnt%@él 15 tg;éle[ét@ &f tg% glp%sgd[escdgﬁg ilﬁﬁ»%%éecl%rem are
alsetwithéi the 8dobe 628 B@ént@hg gtt ttc act gat gaa atg QEt
cat ttt 192 gac cga gag aga att cct

ag
cat Theteananse gfanuglesr gistenooding e equwatﬁ‘z;gu%fbc gatl%se gfin,
1n<gﬁcﬁn%3§§%o;pa)tdmg"i‘§ @&Eh I@CI@O a tac tcc aag 288 gca aag
¢ cat att a actt CC% atc ggca g
gg@ﬁ 3%§§ 4% 9F s tgszt gaeﬁcea;% (53 o b oot
aa &ﬁ‘caa@ d gfGafatt t'CQ aaad ddg ccg:(:ag'gtgggaaa 144
ccmttt [l at:'rac zsageqtgg«ﬁg a'ecc aﬁ;g gaaaam 9k é ittt gga 192

Bio o8 Geadiic il B 8%t Jes

a§§§t tf:tcgag cr.htt ti @gacamgiaagigm aaa aa:aggtaggt'aatt_;g cct 336

t§§ ek B S T

ttt cat tttgatct CCaagatgcgéa‘a aggagzg @atitdctoagy gt atgtc g;g
aagagat gt Zgg Hi-t A9E (g2 a%tt Q?Q Gcaag

t € tc.

toh30 46 oo a%egcm%%t Soiflt B slbel e
gcaadatt gdg &g gai(:tgt aatcegy ¢tatcataaa mcactt Uact chggt t

@‘ﬁt a%"‘ 8%o g@ tC 3 e 6agcy ?°§a$§§atat
& €80 atacet ttt c a&c <56 Gratac 35 aag
e e ct Jtactatt ¢da Lo gat Ctoay cgaag attgtegactt t

g g a at a g
sagddiac bﬁtﬁiﬁ § § E{cg 9% 22 438 Tita Eﬁg gfctc
agaCdac ﬂ@g@ géd gﬂ&@ttg%Q aaat afgﬁ tﬁtcﬁgCCa
gggtctgcgg'tg aatagctt gagtq;;tga; actc cggggc am‘t: @@ac%gggaegtggt ac

a g

ol 630 352 tobdtocaty 585\ St R asd oo
gct cca aat tac tac CCC aac agc gg ccg gaa caa cag cct
tct gcc ctg gag cac agc atc caa tat tct gga gaa gtg cgg aga ttc
aac act gcc aat gat gat aac gtt act cag gtg cgg gca ttc tat gtg
aac gtg ctg aat gag gaa cag agg aaa cgt ctg tgt gag aac att gcc
ggc cac ctg aag gat gca caa att ttc atc cag aag aaa gcg gtc aag
aac ttc act gag gtc cac cct gac tac ggg agc cac atc cag gct ctt
ctg gac aag tac aat gct gag aag cct aag aat gcg att cac acc ttt
gtg cag tcc gga tct cac ttg gcg gca agg gag aag gca aat ctg tga

One embodiment of the invention comprises a method of introducing catalase into
animal cells, such as human cells. In a clinical setting, this may be performed prophylactically,
to slow down aging-related or other pathological processes before the various deficiencies

associated with aging or certain diseases have manifested themselves. Compositions useful for
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agc aac atg cca cct ggc att gag gcc agt cct gac aaa

atg ctt cag 40 ggc cgc ctt ttt gcc tat cct gac act cac
wW@g@4baoicgc ctg gga ccc aat tat ctt cat ata BCL/U§L0g3/034512

aac tgt ccc tac cgt get cga gtg gcc aac tac cag cgt

gat ggc ccg atg tgc atg cag gac aat cag ggt ggt get

cca,aat tac tac ccc ttt
this erhad gomirt a GetalasepIoyly tha LAt ot o S e PlSes
Uquﬁoﬁﬁﬂle@il of APBS hidd; oﬁﬁmﬂl&y} a &ﬁ'ﬂleﬂﬁﬁnpaﬂént %Ichga’ﬁ/esﬁh’ia p@tybeptlde
act ¢ sag gca ttc tat gtg aac gtg ctg aat
or @Wﬂd%@’g“@y g ginglfromt¢ aiggingghyystsic A’étuf;edglleéem’g@%hv@ refers to
bm(féd% éaf%gleglﬂte i Qcéﬂa@hégis v Getifth CrefeBOio BRBgi AR mdeBulbirfio a

aac ttc act gag gtc cac ¢ct gac tac ggg agc cac
perakisorsag Dgh‘terxcmblecmlesgzogf&mph@é hergin inglpdegolypgplefleapipeptides used by

othﬁsg g@ é:t ge‘il%lag 8%@3 Uee %géx g e, M r% ?[ éz"f ta% aC ‘fncg%%%rtegtbﬁe&?rence
in @ entifedy. | A\lfﬁéféﬂrmu@mgymrs s &ﬂ;loﬁs meﬁdwiyl e@indemﬂrcmdlum mg}ecule e.g.,

cat&lpqeﬁ%@zﬁs ,ngglh% ed SVI}thtrzr%p%cqilldyeﬁ%nea @F?tgl? Pp&ﬁch Coats tf'ne catalase Shd

facRIt RPN REY ifiéthiian cell® "ﬂll@(‘l&hd&wrd a¢ks h6d raded 1S delt iR beptide
pat hol ogi cal processes before t¥1e varioqus deficiencies

to Brsfugedde edtalassanaridpes caglapghaye taokerdeastired paerde &y “fragsduction”
[
BB M350 PR ERRGY ho MaEh it Ao o

thec‘pb ddasls pratoh poarite dtlh'any and subatquanthremhturdtonetithirothe cedk. This aspect

of g‘gfrt"s%ﬂﬁ 1§/£asg(9?xbw?ll]1 galg{ea_ O}?F[g%aﬁ}é%st o%omﬂtg) rotelg%agﬂgcmon into
celRO My Ramithadicaked bdvaafapd sfahelfabt thae IfMly(faBlediplstehrfsphavfngdbmrﬂ

t
gy e BB PR A e gt Y e PSS Sme
this {t&kgeting” refers to bringing a nolecule into a 5

peroxi some. Delivery nol ecul es contenpl ated herein

i ncOu@ib’ppef ;dpbm”d@gtmfpob@muda adiqhpsemaesgs ceepigy anditegnslocation
inc lﬁl t%t I—ﬁ'@l"llAuf' arroteenn@r%kel c?lr c&it %5‘9'@‘9 11%% rs §9§%%¥1d 91' third o
5 t'e tiréty. X

|ncorp ér'eiice its e
help¥ ﬁ(ﬁrﬁ mreefdztéiﬁmﬁdeegyxom%mﬁrrmemm et al el Gbergi 26860464-10450

catal se npl ec - SK| [ [ ted ..
o R ot e b PR ool A5 B, s
kn&éd & %@&n@ﬁl@l ish atsJalnmo@tcﬂﬁ)epﬁ@ HAGE Yhel WiidOoypdiiEgience! | s.

Thi s del |ver%llg%stem oes not require the delivery

RIKPVFQRRRMIC (SREEUNO o)A 50 &%‘tﬂ anﬁegueé{a@&aﬂ@éleﬂg%?éf‘é‘ WA4SF

RGRBLEBHIEFT SRR 20 b (0N AR, s
NCE.)ﬁs((émsgaesns lrah?gl ey Bw;eqm 2@, dEN2R1812826) o nother \tahlent with both
orp B B DR R AR ST

I NVARbtheproteinlTRARKI) ﬁﬂu&@NP-ZIZ,&SIﬁee}d:s amnﬂexachhxe $H$‘0-Fl) protein that has
pronoting protejn translocation, jnto

therremprsaPle RiPBEOR{VAIRCE b JPIPAR 2R Fanahlgto?fiﬁrfibwgowa@w o many
sum&hﬁg R8ls (RAGHNG ebﬁe Modkd chil 8IS H B AareGE BllfoREU Bl B£I61017,735).
nbrane, are capabl'e of being i nported into the
Fop@mmpiesm2 has been linked to p53 (Phelan, A. et al., 1998, Nat Biotechnol 16:440-3) or
thymidine kinase (Dilber, MS et al., 1999, Gene Ther 6.12-21) facilitating the spread of linked
proteins to surrounding cells in vitro. VP22 has “homologues” in other herpes viruses, such as

the avian Marek’s Disease Virus (MDV). Marek’s disease virus type 1 UL49 shares homology
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this state. One type of "delivery" peptide/ pol ypeptide
whi ch pronotes cell entry and translocation includes
WO b@4lodd1iTAT protein (Frankel, AD et al., CellPCT/US2003/034512
55:1189-1193 (1998), and the third a helix fromthe
Ant ennapoedi a honmeodonmai n (Derossi et al., J. Biol.
witE@V-120%2 Y Qb fiedfA 20412 09451 984) Virdli MOGI5E1B62 Mrfdthadbeen shown to
Trends in Pharmacol. Sci. 21:99-103 (2000). The latter
be sapsdleds ntereelpyilar frABsRArt akerexegeneus applivations(Dorange gi/ng00, J Gen

Vzﬁ’oq ' 6q IQ ephi oo iNK&?(V IAlﬂghéSQ Fro‘t’é‘n{scﬁatlé’tﬂ@ pl%?&%}qﬁercellular spread that
pr@m@ﬁ @@@p@ﬁc}aﬁor gﬁntalsm@@ll Araitngake M@Fm o FEH KatFIEENRINKINKEqtion.

o) (Ul e V?f?a’fp&ﬁ% VARl 58 e

“dA6Ry2 DideirOA6H as ANGTAGTor VRR2 svhich wiclude homblogdusamiidrweid

S e S S e LA AR

fuetioRd1 AESvail ERkns dabitsbld itodatioRlo trdreluRatpré@me (me like)
remar kabl e property of intercellular transport and

achypyApat @rasmoter the sucerseiplrgt pHbe desired Pioksiny pr%?lﬂbmmfiﬁ@d catalase,

int %L‘lllsgs_o e kel rﬁ"}ytthencée%?fea ve1¥ 114\?&’?6(1 ift6 bgro%gorggss TR pr&eé’s‘e}feﬁmts the
& Elliott, U'S. Pat. 6,017, 735). or exanpl e,

prétein’ shibity, b-gnRetpewicpid 3cqorhkateamith the pegsend inventipgg 8F urmmnal

AP b 4853, T B8 B e

thesq:ungmdm@forlthervkteman\mr}mtm ns to surrounding cells in
Vit VP22 has "honol ogues"” in, other herpes vjrus

suc e%?élse R 200YG {ARSPRE, PEORILS 4 sai i dvork besEw Wluga‘ede or otherwise
boM! 8K piotdth HRASR th Uftm%,ysﬂ@l as, MafitcaRataR e, A OIHumbes of

‘WD 2004/ 042011 PCT/ US2003/ 034512 with HSV-1 VP22
disadptageretippasog them. A mogstfegtiverleNyenspolyperiide thysapadmixed
with e AR téa%;alagéﬂgﬂaffaoss%t P&atenetemidily boHaed foelirk MR is described

transport ter exogenous applicati on Dorange et a
in Mp@ds et 31 Gopra, W E’apH wiichbgs e KoY Phipathid anihesad sequence -

f ceIIuIar sl ea -
Kﬁ%’[&?wﬁi nappr oa Ebflg N(gn%% l con31 tf (&Iﬁflree glomams.
(1)u pt ak@drophabheTrpRidh inoadc@aﬁrah@ﬁﬁ: h réshiuSs ammWEmwwﬁ“Ew SEQ
included are nct.i_onal rivatiyv

aboglal‘%%%ﬁ’e%wﬁma 'Eeé‘%‘?sﬁﬁsg D Nf%@m?@w Tb'.s &Oaf jgesirable,

suclr RguidaVol £ficRht Mg&tnghb felell RehElSe BRIBE &S 1RB1 NO

acid substitution variants, "fragnents" or cheni cal

der hydrephpbic intgpaptions path peoteins def i ned bel ow. A

t | et .
" BB A ol RIHCY, TP RO Foy PO ST BB
pr owbi gguérive deued dosifthd nusiear lyocahfzattdneseqiemeroé & Vptotisis lgrge T
referably .a nodified catal ase S sq. t hat
P R e e S O iy eRbr MRS LS pPdightor and
(3)Thi & spicecRamiP@QP) viich AR intmeledidues oESEQ 11D WO: 8.a8d separate the
t herapeutic, i.n accordance with the present  invent

" Fuhtq "?Célﬁﬁfjomﬂésr’ adyinelydesa pr@h%h:ﬁ Aaprovesflexibyity andalmggr lt}’ of both

fragm?@goﬁhokﬁ@g@rhgh@gﬁhpﬁo,ﬁgﬂ@ her the terns are used
in the conjunctive or the alternative herein. Because

t he Astradiaglyr anetipoembadinenésfithe mventioniisch debiveseble pgwsisomally-
tarwgcppoq%ff&ago%%ngﬁg ngirf \éﬁ gStalase of the invention and a delivery or
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15 bound the protein they are transporting, such as, a
targeted catal ase, there are a nunber of

wolb@magdyant ages when using them A nore effectiPEr/us2003/034512
delivery polypeptide that can be adm xed wth the
targeted catal ase and does not need to be chenically

trAQBE R hechleSr ﬁi%ie't}%buhﬁt}gt%%&'a%giateh hedd¥ifhl SThEelRlery molecule
supra, as Pep-1, which has the follow ng anphlpatliy

mayherapepiidedr pelyprptide e-g., KETWAETWAMEWSQPKKKRKY ( SEQ | D
NO (8). ) [ - DRENSK, 20, (1) a
nycipnol b FAF TR R adplocairally ARRELRR s,

 esie)ues peETANETMERIE AL qBER ROEINBQNRRMKNEK KK SEQ b Nal: 4),
12 resi dues of . SEQ | 8. above). Thj i i
G Pab BponcBitin gt EAT hasine i ricnrs kOB EQNRE VKK (SEQ

the cel | pwmobsane and for entering into hydrophobic
interactions with proteins; (2) a hydrophilic Lys-rich
domén ( KRRRAn VBEENt WS flichavipg the seqpene ROKIWH KFKK, SEQ
resi duesy 29. a sequence derived fromthe nuclear

| ocal i zati on sequence of SV-40 virus large T antigen,

whi €8) | nppareedin atipm delihgitha seqiedde REQYILIERONRRMEBFKKS FEQ ID NO:
of the p@ptide vector; and (3) a spacer domain (SQP)

which ar€ internal residues of SEQID NGO 8 and

sepf) at ehdrpe siniphéx ik ipieinl VB2 BiSs tradbidcdtidfd1ycRtide homologue

proline that_ |nproves flexibility and integrity of
both th em%"%f%ﬁ*odd wrentharPRS YrspHi | i ¢ donai ns. 30

Accogdi npdpys, haneE e seRBRLRUHTERMVETTW WiTe W B KRR VI (SES ID
deliverabl e, peroxisomally- targeted pol ypeptide
conprising a M@dfied catal ase of the invention and a

del i d / . PCT. 3

b e e P el N o0 e B e A i B2 o
se@es@arapregnt inemendifidd. cafhitage phdypieptiteythootdecefl the seqagnctsepraceeding

eptide ar pol i de, .e.d. a) H,V:-T rotein or

i o SeBv Rk Fiso S hden R P L PG piens; -
teemBiof adtilikehavi ng t he sequence RQ KI WFQNRRWKVWKK ( SEQ

ID NO. 4), 5. (c) a penetratin variant W 8F having the

s eq TSR KIMHRORIRIDRRY (2 dsiisrabe; peggxisgmaliyjtpragted polypeptide
m Gbdodihiel vx){tﬁra'l%%on}ézi @Ezc&@i\l(l%@gantohﬁr P GPRE invention is a deliverable

KI WFONRRMKFKK, SEQ |ID NO' 6) (e) a penetratin

pobyaentigaof haviverfioni{s:ch eguendiécRAAHISHPINRRIESKKherSE dlivery
R bl RIS SMRLES RN 8 SRR, B osome
conhpfifes effertivéempa@srationsud pxtomal(rggmbPap-phosphatidyisgriiidfer uptake by

phasgeogytl%nc%ﬁs &%yl%%%s nfr?es-rr(flz?:ré}g/ni 1§gE C lfs ,D NG 9).

A modified catalase polypeptide of the invention can be of any suitable length, provided
that it retains the ability to reduce the level of H,O, and, indirectly, the level of other ROS, in a
peroxisome and, consequently, in a cell. The location and properties of the catalytic sites of
catalase proteins from a variety of sources are well-known to those of skill in the art. Therefore,
for example, a modified catalase protein of the invention can be as small as a peptide that
consists essentially of one or more catalytic sites of the protein (plus, of course, a C-terminal
PTS1-type sequence of the invention and/or an N-terminal PTS2-type sequence and, optionally,

a delivery sequence as discussed above). Larger fragments are also encompassed, including
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15 When a delivery protein, such as the peptides
di scussed above, and a PTS2 type sequence are present

wo pooa/omodi fi ed cat al ase pol ypepti de, the orderPof/Us1063/034512
sequences, proceeding fromthe I\I-term' nus, is
preferably the ' delivery sequence"; the PTS2 type

BN ERaShe b ol R B8 P Bularg 388 20

addif6aeiBlo E@ihé’cﬂﬁ@&bﬂﬁ boﬁﬂldﬁlyf the cAsl fGitatte ¢holdctilds that are only one
| i posonme. Accordin ,. anot her aspect of the jnvention

amjing agidcpbprtey éhiag hecfull ggbffé&hs‘a%m@rn hé therbyirminghP (Sgpences, N-
N APEqRALRE BisbiElSe abB QST Rletholid}
tergiﬁ]afll\)/g?% qﬁ(lf?glgsec&% ase z}gc |qat g%l/s with th g ?T\%ZI f |eeg c atggrlleézgg
sum@»le@frdgnpms,@né to dspblishethatthrydétain gnzymaheaqtivipgonigutine and
co%%onglﬁ :ﬁjﬁ ngs gﬁ)%olte\{r? R n%pﬁﬂé ; J?dt oﬂegﬁ%e ag SO ttlﬁlreg Eéaeél 6%t§rchangeably
heetl. [The dZH‘ngt(htolﬁ e chﬂhﬁﬁt}iﬂtﬁﬁs by Insemdednte-be Eodtgat tozany patietlhissize; thus

ed catal ase pol ypeptide of the invention
pégﬁepggeo ‘I‘“d ?Ptlgﬁﬁ PEFI%® | ength, provided that it

r et @hdémbd¥enald bt ﬂhE Mw%ﬂkldnqgélﬁﬁyﬂdaféoth&\(@k ed isbldf2d palflucleotide)
the | evel of other per oxi some

i ndirect]| RCS,
enepding acrmdsf{ed&éﬁqtawpolmp%\d%é the, invegor, &Y@ﬁﬁe}ndhe ¢dléng sequence is
opgrglgl? ﬁﬁ]&édqg arpéxpggﬁor? @(}n"ﬁjoyg b&engé t('ﬁ‘ﬁ: t&ns p%%@élaﬁ%e and nucleic acid

proteins froma variety sources are well-known to
ard Usedimtepthamdentyly herpint) hEleaJOIynudTmludefr@V encod¢ any ree«hﬁqﬂ qatalage

di f.i ed. catal ase protein. of inv ' n. be..

polft SE0E BB RER A RS Rl B
ab&Ve. Dpkienalisfthd ydliruckblidamof fuitlee epdodt £deliveryl peﬁt,ldeoafs discussed

course,, a Cterm naI PTS.1-t nce of
s N 0 st o N L ] T TRSBITEg 5618 Jaf Seaueatg of
po%ﬁdl&ﬁ@é Mt encédled € bbIVHLpYidS SAHERGEBR nfdl AFHS HBM aaRAYA)y-occurring
Larger fragnents arée al so enconpassed, including 16 WO
seEUH/ Gavoampecie peyooELOdusarelledt figdeermerasnpighneenpte code;
andof i FROIPY SRR HONG PR pet RuREUBMKENTe. o
Pobﬂlﬁﬁﬁ]’tldeﬂoﬂﬂ(ﬁlhw’mtld@&'e ofeftlheg.cht atp]¢sslog shetxmdlﬂled catalase

hat. are, on one ort
pol RS ErEom RGN Tt &P s A pe BFA R pREU e e e o
fuldbSuSEeHURRCES vidb. term nal PTS sequences or deI i very
sequences as di scussed above). Methods rate

sui PEBF heTely SR, expiassiod koAt Wﬁi‘nstarpés’“l‘@?‘ﬁﬁdﬁ sequence
thd? RRU IR bpraGibh \Sf 5 oly;ﬁ:bﬁder Qutd B?b)aﬁﬁolyrﬁl‘éﬁgﬁféttb Qhddhit idhe

terns pr ot el n, ypep de and de are soneti nmes
ﬁam:stemalllylﬁtoecr@lﬁahgmw )ﬁxpfﬁéﬁ‘l@ @n bErrﬁ@ula@ﬁ gt the &svelepf the mRNA or

poglg il tulsdtﬁe telrf?i e%(??rgssiolﬂtcgﬁfoq geq%t?ncg ?nc ddgg %ﬁﬂl& %la elqments and

| cul ar” Si ze; e pt
prmﬁexrélapd el@nente Niohl elemeits m‘clutlb] promm tiommns mthln promoters

ngtf?é%‘(ﬁ&J o 3 3 e Wgal}é{se%ele%{ftgﬁhéé:gll %?%d% Pt yg épe%?o {t}lgr ggs)pons:el:' glements

ribo§HAR BihdIy sehi\(i’é‘ﬂf:@' flarsEYEptioRA it i R €10.C ineﬁpreﬁpﬁhfo@bﬂrc)‘l sequence is
linked to an expression control sequence. (The te

opg@bly hinkqdde p pedeatide saquence (48 sgoding spquenaes yyhen the expressxon control
se d%h&rlgg&p %p |n3éu(g'1 &f Qhihe) toUﬁ@ct BPAIWE LERLSRR oY c6AFLLGuence.

ny no catal ase pol ypeptide of ‘the invention,
Fonkraptples whpr 4 memorr PBerablyhivkedrs' PRSRding qequense, gpression of the

coglmg sequenecgj is driven by the promoter.
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above. Optionally, the pol ynucl eotide may further
encode a delivery peptide as discussed 15 above, fused
WO poofogawel at or near the N-term nus of the nodPET/@82003/034512
cat al ase. The sequence of a polynucl eotide that
encodes a pol ypeptide of the invention nay differ from

occurr| uen [, EX l e he. )
oo S feeatreen g e RRE e e AR atnayBio and desired
pu@ﬁibet’ﬂhéseqﬁ)aﬁle, e.aNéhhariceistsudhbas fORCHALH, TMNAIR SV tinducible or
| ypepti de of the types discussed elsemhere her ei n.
corpsawmeqogl@f%é%d SH-oHTOT PHYEHPE SPredics reatsor seagenges thatgpllow

selEFRE B8R 8 bdifexpREidH. GoR@biee 8andf uRE WRIBRE &xPRession, include,
reconbinantly in a host cell, as a nmethod for

e.gpre padogenput hemetdiMMEY , SHt&IQ4¥, ¢6r, S-flabintetsr fonsrmmniatian host

Ce%o%ﬂ’ ﬁ%ogag,;% Iﬁ)\é(gnoterﬁse £Oﬁz)a<gerbag osts o gl% fta Oty alcc?h)gl) )? ﬁassle ooq PGH

pronfvddrs for GedsatSes, X Melsniepa. (11'984&) Mlnyﬂeqﬂwed@s a@deyj 7f)3ﬂ-7056

o efE QP i Il bl S SNSGoRGbpsaf 987 e

ExpR&sidrePRhndM gyl A /MM z3R0BS), $PEIdLd9d e natliblSexpielifon control
erm expressi on control sequence includes nRNA-rel at ed

sequPRGh & Sengriery bsnsrddp exnress srequpiidegpeontbinantty ¢ig.» n §xRsppsion control

sede Je lﬁqy?n apéa%f%% ﬁfo%em ga%%'u@e?l thI'lb(%]{ﬁe Q{Cﬂ?&?itoﬁ bPa recoRBihif AMBdified
enment s cers, elements that confer tissue or

catglesd po@mepndewftmynventwponse el emsnt s ri bosoms bi ndi ng

seqyences. . transcriptiona etc,

oV ERERS o AR ol e Rl i g i fi o Sopg 2 rotein of
intérost) EH hsﬁ&m&ﬁﬂ&tﬁd’a&&sé @olg}eptldb Q(U.ﬁbﬂ'agveﬂﬁlﬂlhl&ﬂ ©e9n aMpessidrhe@ntrol

expressi on contr ol guence is Jtioned i ch . a
sequghfifett® PVentoagk hbgenare ad n%%ﬁ?@scgp et Aeere il d o an

exﬁ@sqibﬁrégﬁrol sEREN@ KR xBres eV cRr. PARBRNAEL (h FecOBBIMARcYnstruct)
' to a coding sequence, expression of the

gercemifpdwlg tl@eq@m eanj expig#s theprotein when iprasiyerddinto axwll\iethods of

maﬁ%gééc%ﬁ%%&t oetuts22034,93 ééﬂ&of tﬁ'éjbt%n&%(ﬂec%ﬁpEﬁ‘)?o%'w(aﬂnethods used
cofntro sequences ‘can e sel'ecC or ost

in comijqmatiorbwith thy peesait thesitioachre giscussdee. g TinsSambiook ardEk (1989),

nhancers such as fr /40 V., ] ci.bl
Mgl (ot e R e el COH B b s, CORSBIR: Barvor
N.Yi asagtﬂ;et AL (BIVBY: iChui-renRrBIvesTS 51 MbleSRABINNGES N a¥ohalWilsy & Sons;
sel ectjve or specific cell expressign. Pronnters t hat

Dayig ¢! He(198@aBasis Methers reMgfeslar Biglogy dlsayeis Sciengey Pyplishing, Inc.,
Gznia&ge@ﬁﬁ'e% eP&P{[@EﬁfNu&M Neid %ﬁi@dzzcgw ILcPrés‘é’SDraéopgil Qp&l NCurrent

etc. for manmalian host cells; lac, tac,
Prgppordoindfgndndrentiistiehn ‘é/llleh&s$®s Io¢ @ﬁmgémﬂbﬂurwnt Protocols in
pronoters for yeast. See,
P”%an%gwﬂﬁ?(%ﬁ%szg?5m56§%4) Pol ynucl eoti de Res. 12(18),
7035—56’@56()6 of Buterast lacal und¢rtB8dontrd] oflelshitablRi expreiHén control sequence
477- S. Pat.. No. 581636 Studier et al. (1987
is genyally %ﬁ'ﬂﬁgé‘%tg PGW‘*E’CW‘THBT Ay ST “EH’%W%E%I&@&C
vedtdrs aR®né&Pa toAhddabiskal in G?é@&ezﬁﬂln% 61@ rablﬁ@llercﬂaﬂy QU6 CEheTbllowing
a gene &%gbe used to express t
Rat

p
VeGiIE B HT by wayofigxample; xtﬁwés&@%?ﬁ R(Sl;ﬁo,; PRE-94Qiseand8Ss, pD10,
I S
phige &R plR1 7, PBfeRf SR BRORD RIS i, PrYEn. pRGrdsA
(Stradd ggmey i TIREE 9 pKKR 23 -3,rpKdB B-3npDR 540, pRITS (Pharmacia); Eukaryotic:

pWLNEO, pSV2CAT, pOG44, pXT1, pSG (Stratagene) pSVK3, pBPV, pMSG, pSVL
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Met hods of maki ng reconbi nant constructs, in which a
sequence encoding a protein of interest, such as a
woreekhimdl cat al ase pol ypeptide, is operativel ypeT/nkmd3/034512
to an expression control 15 sequence, are
conventional. In general a codi ng sequence of
(Phlauqltmeclr Ez%m%ve?]ve angy(reg( err lsasmlg§§geé%? b%é%{l) gilt%lr“g%tﬁ? getp{igalble and
v1abE(1'>10ﬂl‘bhmnSulﬁbl&&bftuelts)wﬂlgpe eeidatt ecdthb wkitléd @orkarané inchen, e.g.,
ress the ot en introduced into a cel
PR HEU G5TSRG4 e ampiapt ofbe
cor SRR, Bik/ok BEHhOpAGHephEd @esdedithddity] AEibe plepied Bpelgprdssiag the
in conJunctlon with the present invention, are
confraetifsa wrtable hgst celin Sambr ook, et al . (1989), 20
Mol Gl toqltﬂﬂlh%}po &u&%ﬁ%%ﬁﬁé’ inVEHH4R lmto g@fs ‘éto H@&Q&E” the cells)
Laboratory Press, pring Harbor, N.Y.; Ausubel
in @tro il b d@%) to thmslmlédtWOerot Blaeot Biciude, M, dzosfeationiag: ogg»dlated by
D%YR%)S%% P)ﬁ Fmgw pspha q%P Flgl?%longlm%é%}lgln Pna( 1v?r§me’cto??e g retrov1rus
addidbinissddengrassodiated VlrusNemlemE lpseddamasd Ietroﬁfus o( ﬂ&i&ﬁ)s vectors),

Nucl ei ¢ Acid Hybridization, IL Press; Dracopolj et al..
infESPRGHED ASpRIBEBEBHED e FRASEHOTSARACEEON JUlRC W ligpogme détivery
(e. %gﬁ ofebt®; Lipafactarle? gﬁBC@-Bﬁt In&UG SigiREsbitg OVOG Fuperfddt® (Qiagen,

rotein Science, Wley & Sons, Inc. A sequence
IncoHilflem, Gpré@qnybqndaé@s@ﬁa@r (Em@e&ao%*pw Ingsf Madisam, Wik peother
I
hp(gs)(()glrﬁl? tﬁ abﬁge(f/%g&g{rﬁ t&;grg%%?lfchg gtaﬁc%g%??ﬁja? &f rgclegtgleﬁileéh%@ uptake
anmmhtr@ndoogfoss mietlnisens. e e shitled womkekwidlwecoguize, hmseomle preceding

me%,?gs may {1118?,\?%1@963 £}) 8?%;?%' cg!lémav?v%\/ I‘bgg%enbe%ma%ko\f cg?r}{g};tmgrpﬁlles in vivo

w1tB§b6Iy9épti@|3s ofAREAentipRXR0L, meﬂ@ﬂs Qor(a@naﬁs&ﬂ)ng th}EtSto AHBQct i3 Qeed
phagescri pt, psi X174, pBluescript SK, pBSKS, pNHBA,
thepaQbyendisquRiad BRlOWpNHABA  (Strat agene): pTRC99a,
PKKEZR c%mpﬂﬁﬁg V\ﬁ N%vuclém thelfehok B@Bé@@ﬁ‘tﬁied under conditions
Eukaryoti C: pOA4, pXTl,
effétive &ir Aigerreesyynacahe rp@P\bmapmdypepmenwew Q@@&Wg@m ge.
EﬂP 19(/ g§%&?§§{s Qﬁﬂ %&g\ude(nf) QQHJ@&IH XVorlt%PV\@He%E mcﬁllax %t rltgrhperature
or vector may be use as It
corroemkatxoa bf ©, ardO;, vulmblle euliure t/drseelmmltmedm pt t:hbhbe A of which are
cells will, be i de to . the ed worker. a :
ey gt Mgl e Biind el e e Bl e ppyggprce r
convftidndl 44 WEARNBWh 8 thoseF bigH il@E @@ anounts of the
construct, and/or of the pqolypeptide encaoded. thereby

canApethgimessbaddar sperating e il Gofplass pelypipfifeeliths ivention, or a

Bgtt, b1 Qg3 phRpbgHdt 8 leotide by chemical

nuéghbﬁEEQEBt?Jés okmﬂk@ﬁﬁngengﬁggﬂﬂntgyggmceo?f Y chemica

syri’fhnsm mng conYratioml proyeduien. Portipws afialpblybeptidy priitnulgotidedsuch as,

S e | e,

eg( ; portlon O%th?seusugh %? lf%g!’t rPa](\r:S %F 2 ccl:éll ¥ ﬁfn?t ?q%bsp at e

po@ﬁt&ﬁdoﬁldé aicoding such Ipé]ﬁﬂbs) @in bd oduced s;atheuaﬂ:lp,cther( Jemgd to other

po{ etrqvirus adeno- associ at

e
6 o ety %ﬁ%ﬁaverbm Bofyegs s hesséﬂl:/' frjginéd to one or more

moV&RG1e®tha) havd BednHr&fatddQBoontbirahitlRsr tHAthh R BHkR GbiaRB from a natural
el ectroporati on, sonoporation, a gene gun, |iposone

soyges.  Ryeqegures for gnmnuwsbfr@&zvlﬁx 1§ convepsignalet ani ne
(@ BCO-BRL, Inc., Gaithersburg, MD), Superfect(r)
(Q agen,
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Inc. Hilden, Germany) and Transfectan(r) (Pronmega

Bi otec, Inc., Madison, W), or other |[|iposones
walenweloegeed accordi ng to procedures standard i nP€TES2003/034512

art), or receptor-nedi ated uptake and other

endocyt osi s mechani snms. As a skilled morker Wil |

recogni ze, . sone of the recedl 15 net o

be. o HOSEBIS o PR S JUe T RAlF TREOL HaEerg cualas

of&emve&tdnnﬂv&@uh §hysrblaghaép phéMnB&buﬁ@h'l ¥P@OkpAES cothpdshiRns, e.g., to
i nvention g nmet hods for adm nistering themto a
eer

treaj a¢-eedated; and/er Brer ragisalrrelafeyl humen eelldlappahciogies Syndigepy (@cluding
t

dls?;%ggtgddftlogg o %?(ll%% z%t ?%Oﬂﬁg?evg{)t?ae Qﬁé&%ﬁ?gﬁﬂe dgrgﬁ/thpﬁwentlon

inchxdp cesigions aasﬁcmtbdawrtb pankisemee abrpohslpEpoi dmicenciga:i pdtipyfarly those

restg@fe% E&%{‘JX{’%&M %Varlszlgt}’%{eﬁe& Ofvc‘aﬁ;]l I geear}dtnc((:)?lg]eauent |1f1!§e§ ?n levels of

inttaCTRRK BLOJ Mid gefPdtivaf RASI MMetigids €2 peeverthg or &edtingllidh conditions
culture vessels and nedia, or the like, all of which

comprase redyging 15 el Tz 2h ther ROSHBAZIGKISAAY sk TrEUERHlY> in @

cell, 384 @bsddlerdt idthe s@t‘t’(ﬁdnﬁﬁﬁ@'ﬁ@uet he pol ypeptide are
conventional and we known to those of skill in the

ar t In gapesalnihe lrrm@melﬁ@s togeeieds forigatingrobieridd ge amamas such
as B RLIIIX%L? QJferglﬁg b VJH%HHIHXI? pe Oé d%rhlsegsre) fhat 1% QSSHH%E With 3f ﬁrgdequate

enco ves ucil n t1de or
levpbdf)panoxisemallcdmlabg( cmhp!mrtgaddmlmgtcﬁdgee e subjscptrag effective amount of a

mo‘éﬁ{'eé E?r}%llagen |t}2f§£€eglﬁ@# rpggerablzlg gcgmmsén ??lgr ra gelggé nga Csaéalase of

theswdﬂn@ﬁ Aflo@Cth ¥PeSdficadifons THat cdiifbe@rd?l'elhtbd/&ftYeaQG bl indehods of
pol ynucl eoti de encodi ng such pepti can  be
theﬁpnge se}gﬂ(p]}é{weeéqs |o§thetsﬁgfpr?f6qah]éao prgtest tﬁg skin against age-related

chgLyRE Q&ﬂcgﬁ%dl%orpﬁhvyd%' Qlirﬁz%te' @?ﬁcﬁeﬂﬁ& pRRNElalE BProtect against
produced synthetically, 0 Kg0|ne to one or nore 30
P

remtﬁlmumelsy, (hdewérmngef brvem dhuevaningenorit aggpis Biyep o treat
hlgp;ldelgpa}a\{sg 1Snb % %?)e&a%gé (?e'ftgq h&éﬁ{&cﬁplca%ﬁléﬁt@ &)Q)Fgo%"ﬁ&e? tancer; (4)

ol ni ng
nelﬁodlﬁgamatﬂlaiseasd@amﬂlﬁgmg 042011 PCT/ US2003/ 034512 In

oth odi nent s, resent vention is rec
P rvaepiny gecel s medpdnd BrnydRlon VIR Gh Fsh o ron
ato‘ﬁfifs ipRknt RHOAS ERAI PG G, Amd]?%ﬂpb&@}wne ForbnT IR lacking
a

conpositions, e.g., to treat age-related and/or free
an jrgpiplesy MRBPRYEd human cel | ul ar pat hol ogi es. Condi tions

(i n@hygeefé&ed HleRARU PRI HERIR deﬁvew 5@&%5@) Jrhaharryame

be prevented or treated by nethods o he i1 nvention
catalagd tergetingand deliveryssysters of thameadenmrtvhntpmnbfqr sdmamistration to skm ina

onf QLR gt iR Py RS R0l 44 et BB Rurgor.

CoeaitBltag&atae Ehtﬂmsmﬁbkﬁfc’téd toSRigah Ibaslaeskei &liofwill enter perox1somes
i ntracel | ul ar H202 nd ation of .

and) ¢S th &ﬂed%rew%% Age-4% depepreatAaREes 8 pm%‘m‘? athe sCHlight

induSUBAREs {NRe §8Y edificef catPle sAlifdn At &@tainRERednfatfons has a green

per oxi sone and, conseauently ina cell, and
colordhsde) theronytams assesiated widLikdiinAyme § 8%ive site thei Shbsg%ﬁ%may appear

un&sdégalfng Yc?%é&tgrﬂla{ ﬁge@t Biis {nQy b C%%Q asl;ygeﬁ L u%n ?aéars? arllpgoenzyme
laCng mheanemi rachntﬂ aviyy é@ltgxop ofdyti rsaersds) 1ntt}ha¢teh1c1§ fasmmnoatt@dter the

color ofh fo? & examp €, ?h% so}u%on Or cream.
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| evel of peroxisomal catal ase, conprising
adm nistering to the subject an effective anount of a
woaishimdl cat al ase of the invention, preferablpCT/US2003/034512
adm nistering a deliverable, nodified catal ase of the
i nvention. Among the types of conditions that can be
pr evRNHLRME abdvel the ﬁfe%t BYgefE@thtQﬂé t&dhndidg} EHp He rﬂl‘!&ﬂ‘) 'th@nd the life-
are, e.g., (1) diseases of the skin, preferably t
sppit oltcells lrtchlélrgmumaagd sn §ellsirpemali S§Rasee atpRpiHefE c@nhlmgs of 50 or
C n-.i
60; ﬁyﬁxﬁt&oﬁb&% gll-g(u%er&l g%g@%qgtg%tﬁs an&lé%tg rt?e goﬁ("f‘Somes the population
do@Bl)nQ mowber ip gredicted eo imarehdep iTHSpliesenCMI}mBuObmsman he hsh:d to prolong life

agents given to treat . erlipi deni X [ ar : .
oL B P Qo ip e ko R TsnoheBoH opbfing mumber i
steBBEIe bin HedncreddQl) hOSHRAGRIOh @ Ity 6f déftaﬁ afHkial afehs( ltimately, the

aging. 20 The catal ase .enzyne may be used in nethods
0061190%@8 PrERlGaBls t moreasing e 1ife spp) the gnagriceiralanimals, gets, cloned
anhBSS Humhiy t he catal ystic site. Alternately, the

apoenzyne form of the enzyme, |acking an iron atom

may The pugsratitecidatogp issdppliably teithe fighd of iesuePTEnezndg peprcifdally in

e il e a
an?clg!eﬁl &5 Xee%%tseg-‘ %ﬁlp %mtoqggls tﬁéo# %HL%/ The&rcglgéé n%%erl){\sc;igfﬁfult (ﬁmd
exbmsfve)rto mhpam; :mymmchzomsrrt oy \Sklbllﬂthb}’]CCﬂlld %eh@padcfahctlonal for longer

a a cream t revent and/.or treat
pefiitpsBie it hsustt ERFPos T Bisr AEPOHRIE ] s Rt sk Present
inCetil /6 Belivert FOCIGRA sttt RNDUIERY cRaSHEItypekinblugiak ketipotéht!stem

enter. peroxi sones and contribute to the prevention of

cely alugiapient demeratiisritras collhgompvitcdstambeells phanytlineage, including neural,
caﬁﬁ’d@l 1'1\thboné %Hcﬁ@ @tcc E’t@xﬂg% 5.191 sttéﬂ?ce?lgkafbsen%ﬂq&l? tidsue, organ body

catal ase solution at certain concentratlons
cayftyehodycilidr Bylergrytiototdalls dnd dargeding lmpea@smea,tthdcomnomwmse
dls%%g%%lg)g gucﬁ'll gate‘fl%sgt K] t %?qlosnéglzer % ann?gter%pc[be)gsa \Er\{%igegtlé%sg are
mdiptaiaed ilner‘ ym&hﬁng’ stdng andibrahldbie schpenta ynRiro Iaﬁﬁkg figmnhgtiple rounds

tal atonms qr by inclusion of d%e materjals in the
of BIQ dn eng, ogp%/eah svtlcél treatment ofﬁ o}rcﬂroﬁcm&fr celilsolpcreases the
10%?(;61 BPdf@n aftifRiabGot.i on or cream 20 WO 2004/ 042011
CT/ ' US2003/ 034512 As noted above, the present
t ar et ratedcthetdhia esetedaialssoigghneloay brsks iodurrease lifersprm nethy

b R0 L G AL By B nin
theBfyeei radicabaifnan ag:uemglnmg erde thdvtl dhmage fram evet beeunelgl s and
I nt nE: H}gl fesp géﬁ) )é 1%0 = 1a o heeheglg gr ra?ihlésglg?é beci Ea%lage, which

er I cre

re@ﬁmaﬁehiehdh% dﬁﬁa’geb@thd?u@ﬁle oOthpder@ng Mutteofthspaalivledy resiBs from
ceI lular and the organl smc levels, For example, the

pchar gt BrTtsy v dHsme theperied efrepaziupign s 3 serious problem

in biteh@ 338 dre @@e]\s@%nmw@al kenasMmyevsultEr HEHIRY Qn@ﬁ)Bthlt%Hlﬂ:l to the
organs. Utimate the conpositions are applica

reltl@Odllﬁ@Qﬂ@é@iwggn th detéﬁélS%lp&a Megprding, tg this inggntion the/pegpxisomal

tar? nﬁ?&l 1'101(9 retéeg%ﬁ{qc;% BIF@QI tﬁﬂt\ fo e{dl ng&g c{cerﬁg optralegggﬁgatalase

or ethgi metems ngapphsanmnfplr@a:hting réparfusiénh myur;airtde”nmthérmsésee peatment
of %S/stéfes%% Inﬂ?eﬁr }{e Erl(st%e%ée gﬁughsleve ) orppro%erlygfargete tal%ge 1|nstﬁssatlnese

experiencing free radical assault would benefit the recovery of the patient.

21



10

15

20

25

30

expensi ve) to prepare; any nechani sm by which they
coul d be rendered functional for |onger periods of
wo 2ome/oi®1Df great interest. Thus, in one enbodP@EDE2003/034512
the conpositions of the present invention are
delivered to cultured stemcells of any class or type,

I nClhedbRGerte@thiRfl ﬁiﬁfccﬁc‘f@ﬁ‘ﬂ préRht ifivenRbisiaR@In@A41. The invention is
henopoi etic stemcells, commtted stemcells of any

particilaghy asefitlie tha dresfmeniedt haman subjests |y B termi"{reatingbigriutended the
R i
th¢ presentiaivérgioan dht thegpeitingompogpamoxich esresqmliifiion of targeted catalase

N T

adfifidistei@d Redmbfimalianysabiedif prtferablyal ymaa) it A @harinabdubic4lly acceptable
senescence, i Ltro arisin?tfr?n1nuLtiple rounds of
U

| V. .
cagjey i3 *aﬁbg*r:ﬂpy(ﬁ% ctseb A therrtuticaliceftectieampspt 10e compepitin may

beRiRAQMnE 8f in&BhbRatidhGHi@PmBthet 41Rnt. 20r LQRPRY Ithay Bk a@Rinistered in
artificial organ. It is noted that this targeted

coppeioasdthracnohpptisy pr Bersie having syeereidedismptases[SEHR) agtiyity, or with
[Ld: .

o B SR BRG] 5, LRk ARTHRG s s

théty weenrghdindad 2 effedive gedodrof @he, achiaesla meeducbtt diaivalgdfect.

fro ver accurring. One ni festation.of ischem a . of

t he “hBSPPeUFAI gt YT O e haeiEl AR Mo Dhes g Ui 0
fadt@S WhdhSis it diseBAROME, A @@evdight bi@e idSadial, @hd $hBability of the

organs. Mich of the pathology results from RGOS, which
comppsiHen tielett @Q?Str?dcaﬁfwwn derindiyided e Dgeast grginggs may be adjusted to

pr&BRENE UshRim th-EﬂiIJ&Jticsr%@o&@rﬂ& dRaniP1Q LR divitieBAbdeS Ha$ be

who are receiving nedical treatnment yet suffer _
admpypigipigd daaly-om sherfopa may hepreppstiqnglly reduced @b indicalgd by theexigencies of
m@%%&ﬁ?u&@ﬁﬂﬁ%ﬁCted ti ssues. According to this

i nvehtion, the peroxisomal targeting technol ogy,

pr effaredfottyvecionophted thaitdrpetedipitadase b gdedraNyeeywdentabowt @ Inhsogram and

of targeted catal ase.30 or .qth roteins, is
sbgiy R bk PR Py reagd pF g st Papbhapeteen
abBikth g MRED ﬂa%’kﬁ.ﬂ:%@&g@?&ﬁns s@ftablSENREN adifistrhtid preferably contain
presence of high levels of properly targeted catal ase .
(far thet Iptées dese rangehleemn abrait B! g éel (04 cf aftivesrgedient meruing. The active

By 0L Bl B e G YRR O

Thoseeskdliet] in the @niof haraps ofcondirioms assothaediwithgrtdxsomiabdeficiencies,

. particularly useful in the treat.nent of hungan
indl§ipe Bl i narinal agientill iR goIor Shest st pndue
expsHmhdkagibRr i Ng to subjects of a pharnmaceutica

conpositjon conprising a nodified catal ase of the

pr edénecHvAgRARUAH maY Readmigisigprdiin p eosHpE SIANNYNe-&5 Widtion by a
cofenfnE AARUBANE O it B ABLER: idhal GbEutinds. ﬂstradgﬁl\éi ng

an UPTS such as SKL or AKL at its Gtermnus) m xed
intyivehouPgptraperifogeal, addriintrastusewa rowesa Qthenpabsitderogteb jrebide topical,

r.ef erab uman, .in har,maceuti cally acceptabl e

orll 2%, Yot Pilisetehel g PERRR

t heiOmp ptefdrezd lempodiint @@ thieinadnbivn is. thelfreseaDmipert tatdlasemay

be gi.ven alone or in conbination wth another agent )
comgp-TsPs ot @PICPRP?*WC%C%&%@%?%) E’Hn“l&teﬂﬁ fopzeafip human skin
to Plebéht 3r RProReRINE J8ated ciRggdsl de havi ng super oxi de

di snutase (SOD) activity, or with
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10 a small nolecule that stinulates SOD activity. A
therapeutically effective anobunt is a dosage that,
wok@a/ogioven for an effective period of tinme, apti/esme3/e34512
measurable clinical effect. A therapeutically active
armunt of the present conposi tion may vary according

8L ar : <?srs 3 lé'?xﬂ% c%ll aﬁpgalb gﬁe ssctalq inc ud?giguifi ?)gtﬁolatgrrr]ldisopmpyl

e abi
palﬁﬂtﬁﬁpﬁdlydtlgmenb @lyebli ﬂhdnoh(Qd%ﬁ,l pdexYeﬂSyﬂmB &ﬁ)nblﬁuﬂidntE(S%) in water,
j.ndi vi du ge be adjusted to
sod T A SE¥se Q0 RTATE NP TR SELHAEe e, huRRrints,
v1s§(%‘i/t§ L@biliddry (SR usRS BFecliBY s@ﬁerﬁ@ﬁ&)nérﬁtsﬁﬁlﬁil agtisl ayOde aliil as
dose may be proportionally reduced as indicated by the
desitefl g Bypddision dfagrangrs may e agdedite the spmpepition to IMRTQVE fhsgsrens or
talase is generally between
0018%2Egén{so%aeh%gl?%%&g%&%ga c%ut 50 mi|ligram per kil ogram
of Buihfomsilgions mhy inblede @yigh e eninperrod r:@nmlfeff' eﬂsa1b¢1yd1ng mineral oils
(lic@ﬁ %A%rg)raéuzr% Qr?tUtlg ?lﬁ]g?i f?a&?ﬁnh cl)fs n?taebylgﬁ(t)tﬁr f)urne vever QD [ Mame oil), animal
oil§@6ﬂ@ihf®sql(afeﬁ¢e) tshthdtiatoile(putleB®@ oilnRdednd dils I(m}ﬂbmethl&ne)]ang
to 100 g tive in i ent r unit. The_ active
flupriepils &Peéﬂltorwiv efhsrsy #ﬂ?%ﬁf g, thiger be2tie pgor SRR Gty acid
estEtQ Cethy? ofthte\WR irbcerffes f 4R8 wWaREIPSrh LiinGikx, calthBLweKarld RekwaR) may
he art of therapy of conditions associated wth
alSQé@ B3eld 28 s def| ciencies, including that due to
normal aging, wll be abl e to adj ust these doses
Wi t ﬁ@med e a I sestirally asartehle tapicaliaeriesceniay sosratisdlyrgeeptable
33 r
velf . R ARG S hab ot UMK IR MO ein o Bngetd catalase i
corﬁ’blaﬁtmnneldl a alitdeBvernpdpti depdyeptidcatn di@uskin (onto raadmrnmqte layer

I nt.ravenous, [ntraperiton and intranmuscyl .ar
thepdg o s Rren B o s TG e Ron. gy
codnittic Aty REeptablel, the @dp&fal @ﬁnerﬁafcﬁ%&lﬂ? poRdss@IfavoRdbleddosmetic properties
adm ni stration. referred enbodi nent of this
sughyps omerald feel, gbl{qyéobq@g m,tlaq,kg(gteégfs%\ée( grpagingss, efc.. Most preferred

toptQTBRS b Q)?gahﬁ fatdr@RIif @hich WAEH%&EM% bé @i%s@ﬂ or dissolved

cosnetic) formulation for treati uman skin to
SagarmvE at aloﬁ%hb@metl@gm@wc etdTastinadenibel., 1248-64 incorporated

rem ﬁlér? e12e9111 cg) ?T{ls%%zog g%ﬁ#&% of %lgl%fe cBgﬁfﬂcgl fa[clc%ﬁﬂz}b CF topical

acce e carriers can I nc
carﬂeisr (Elxahplﬂs mclsdlqo\raﬂpyd enpAlients, echelsifipn| yuetdophis/bickéngsahd powders,

hanol 9, X ne nonol auriate (5% in
an‘gﬁ’t}‘éernts (‘f&g'glnﬁﬁ”{ai%glﬁ%g‘rﬂ%gé?‘?’bﬁ W (5% in water. O her
mat ekdralss o?‘léﬁﬁne@@al%%d: %ledasing, so%ﬁf?@lfeﬁpiﬁp?lene glycol, polyethylene
Vi SCOSI t(g stabilizers e%Dfor aqueous i nject

glyseld pehe9Brmojypropyleng glysq éﬁ?-Sa?Q ik Elyeeagl, @ébl@(lj@pé@s 2. Ghexanetriol,
ethqgcﬁl 1@(§gopah91 AP nd Irlfﬁ%E?t‘ﬂ&%éf may be added to the

tions to Inprove their scent or colored agents
t o Ehdw@mmetlctaﬂxe acrce]aplﬂem}mi@eﬂll Bually foom fromeih tord?. %y)referably

[ ogeg of . et of exenpl ar
fromnf,#e)?J 9 80 (ﬁ? ?()éwelgﬁiog the &ctbveetcromlpgilt% ?nd% qan. 1{1‘%he algsenﬁ: ofn OQhCI' cosmetic
adjuh@s tforenthe balkiek iof e bothpaittionsunf | ower oil, sesane 0| I )

ani . .
’r}ﬁe compositions may be in the form of aqueous, aqueous/alcoholic or oily solutions;
dispersions of the lotion or serum type; anhydrous or lipophilic gels; emulsions of liquid or

semi-liquid consistency, which are obtained by dispersion of a fatty phase in an aqueous phase or
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oi I s (perhydrosqual en(e), synthetic oils (purcellin
oil), silicone oils (cyclonethicone) and 10
wo bavaezooi | s (perfl uoropol yethers). Fatty al coPol/8$2003/034512
fatty acids (stearic acid) or synthetic fatty acid
esters (ethyl oleate or triglycerides) and waxes
v1s§> Q/eraa or Slggft'nsm’n%\sr emueilsdorﬁ e()?@é%(ﬁl‘? Qelﬁggozlne?golmﬁgnm&éncy opt%e cream
or gl ayel ahése compositins e fermatatedaccaading ESthEhSuaHiecthynques well known in
acceptable vehicle" refers to a carrier, a dilutant,
a di spersant capable of delivering a targeted

cat g/iR88 dohpodifolt SR MAdtONisbintulAedCalah edlsion€h¥ proportion of the
ptlde/polypeptlde to the skin %or to an appropriate

fatfyzppase neayarresiiiond 1o 817 bnteight BseteEdblyfrom S¢4 toa yeprrlative to the

totgilvll n%hg %Péh‘e‘ 'CBIM osftfon! bﬁs lelnhl%ﬁeké’]arﬁqg 'eHug'ﬂﬁeé i‘ﬁc&ﬁorated in the
cosneti cal acceptable, the topical carrier

Comp@ﬁtmnab bm%wﬁms seflewted iyl amangdimse usﬁdppwemnaésm the

COSITIC%C or gerr%\a{%i al lﬁC{de%n emu?sdier %(ﬁ)éc%em%?sl lel gl% ge plieSen %%F
excessive gr &dsiieds) erre

compassﬁticmras a groPoidibf &digihg Mdinal. 3% ke30% by\/mnerght bfe&r:ﬂﬂ)t frome 0.5% to 20%,

ent can bg%géﬁggésed or. di ssol ved 20 Sagarin, E et
rd% © 1o fhedeiahw EYNPAsHicRNce and Technol ogy, 2d ed.

1! 487RR the coRpOSifcHs At B invBRIRiake RYMUEINEE hELACAY sSl@ﬂBrﬁérrg‘él the
nuner ous exanples of suitable cosnetically acceptable

fattygpphpseanay cemstitte more b elshy il raightefithapgposition.
eov\ghé &ﬁ]ip%smgﬁg%ﬁﬁé‘ 1h€ern§i | n%% Gtath acfdtﬂx@é( 316 FRavald Wthh are

ers, sol vents di ng wat er) scri
comehmmal Exlamﬂsmstmphacrmgmthatm deymagloglptletblct% S@hgahych‘Ophlhc or

) et hyl 5 ql. |
B o PRy BB 5, 4
sols@ftd Iﬁfagﬂan&stfﬂreﬁs, bakteticded) 0d@nbioibedd and d@édmﬁﬂ;(ﬂr ,colorants The

i sopropanol , butanediol, .and m xtures theregqf
amewgﬁefioﬁﬁe%wravmﬁée@ﬂveé@r%a%‘ﬁmﬁla@ ¥ CORET AP Y’f‘iﬁdrﬁ P gftyand,

for2XarhPle A8n 2% onPd 81 R1t&POY of the IR FRYHE Qf tﬁ@ YoriposiiBh. Qt%)e&ﬁng on

t he active conposition, and can, 1n the absence
thegrtriatvee, dheseredditives andf adiyenss mﬁbbfmntfﬁ@cbfhmﬁh@é fagty phife, or into the
aq&%ﬂ?&ﬁ& fion. 30 The conpositions may be in the form of
aqueous, aqueous/al coholic or oily solutions;
di spedsplths geﬂ]ing dpents otclude canlnommalrpot)y@es (cahhxydr),@uryh@ r

coprg e tishas A o AP ar atrs o e Sl & gy Lietes, suchas

hydrekpYorieBelodeNnatita BEIMB AHS cIRN¥A&R, &1ipdphilOgel A4 Qdpkesentative
PCT/ US2003/ 034512 vi se versa; or_ suspensions. or

areghemediad clars suphasientorgsnfattseaid metg) sallp Fqca ag BlHEIEMEYiRRjptes and

hy@rt)pﬂo‘ﬂﬁ: s?lfcgaépetlﬁfice@ﬁl)seta}{@? olyclh\@&f, conposi tions are
fornul ated accordin he usual techniques well

knodhn oilrer offhwatgrial, maWbs mresent.dogetist withian emollingt th prpEe Eigher 2

{
water- 1\{ i nﬁl.l@lé)ﬁ%ﬁ@? ?lgnﬂlg\g regrlr% %Qy ?%)%%:gglg Ea )g V#eo%nch%five;afég hyd?ophlhc-
11pm1ﬁ‘1ﬁceb‘a&dnbg/(HIrB)mf Btoetoll Eo0émpl@leat Laselstod smdh&moﬂlmhalmay range from
tion. | s l,s] f
sl O oD PREGHDCh-RYen Aot SHEm SR ARSI SO ptot
coRPoitidnOBmbRiERRs 812 bS Elh il ds EskRINfANRBMs hitPA&hUREFblyols and

conventionally in the
hydrocarbons.
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cosnetic or dermatology field. An enmulsifier and

coenmul sifier may be present in the conposition at a
w@e@posdoion rangi ng fromO0.3%to 30% by wei ght PCT/US2003/034512

preferably fromO0.5%to 20% 10 relative to the total

wei ght of the conposition. Wen the conpositions of

t he_i.nvent i are for a [ I ' .
ooy ENEE SR S LT A e e P AL 98 g
dictiie sdbadasd, diepoipyl diinetateeandaliqeos ictinate. Aheeptbiyiosichédahsin fatty

of .the invention may al.so contain additjve nd
es G RV LSRR BV ES o G RPRIRY] SR #1715 RL B BLipg, Acceptable
trilfSR 678 C Qs it de @i s SHREPTREBhOBitE @ld thila@hyll cit@1C A cadptable straight chain

hydrophilic or 15 lipophilic gelling agents,
fatyegieespraldedausy] nalnpénim Myristyldetate @legb@ﬁqaéq and stearyl oleate. Preferred

Loy, X £ Qb Y& 15te ahd BLLARGER), propyl

eSt?{SF%g{d\é?%?a%? lg}a?ég%d gagef @%Ecr;?oa%sor%g%s gnd%es uf % & one
ghcol royrastyl stherfaetate adrosnprapyfdipelvand cetglrdctansataddi t i ves and

adj yv. re those. conventiapal l i n.t :

Bl iR 35y ARBRTIRE tmh Rt bt RpiEbr 10 0 20
caiboh abmyeEghtialdf prefesrec aapaticbmpsundDapk adietgd, @yristyl fpainmitic and

na{ ugg‘,ﬁ t hgse addi tives and adj uvants may be
stepry] plepbgls@ad pHES ¢ he fatty phase, or into the 20

aquUaHAse PHIISIS whidd GhQREE hCentfflidntsGe MEBN{N Yrdiehdddain alkyl

car boxyvi nyl pol ynmers pgar boner), acrylic copolyners
polyhrdionyd carepopnds. doa PrapIpi pippEene g:l_yﬂgb |s?;grgtpl§’nd glycerin are preferred.

A B iR B B P R P and yeege ool

Bugiderleiapdplopylere giglol amglsagpatidly prefpraiss peeetiation erhameetshe

nodi.fi ed clays such a entones,. fatty agid t

Cal EsElk S ed B aaPRE g a3 S gbon aoms
Spsdifi¢ @ampls irRlddy hiedrhlWilpstroR0M j¢IB] yfbleyd Mddsopavaffhis] or

oily materi al magq be p{,esent, together with an .

enoPPPBFFcategony b ingiional ingregdients wilipdhe Gopmefiq coppasitions,ef the
prédEnt&eRMidn drdmMREREs. SHickbRR will QREMAbd Hedel i @mBbuRBarydBere from

average hydrophilic- lipophilic balance (HLB) of the

0. leto@0Y0 tyrweighiymirefyrablly flomyabout GT% sukdie byrkighteditt I qegposition.
PSSP0, 34 RN B L 30k s

Cagtmppi®s | GunxmayHnodnipl@ed suchmay xdnthao) @ssgdena gelsting s4rayas pectin, and

ey S5 R0) BB T O ORIBS S et lPh PGS Rmpished b

a TR aled setvin s i lScondeCaivliadat. €F ok adstayiced] bitieGHe @i ihedcerd of 10
di butyl adi pate, diethyl sebacate, diisopropyl

cerfistrkpieand estar gudh 8 ey rrobuer e dusddespenslibe br anched
Chaipfydé! f)y bEREGHSratel Htd'HE canRliD¥dmtRibh e iieRidR: These
i sopropyl stearate and i1sostearyl palmtate. ' _
podere plag bickide thallh sad¢,kaclin, siarch tsmeetite playsu chentially supdiigd yiagnesium
tr.ilinoleate and.tril. it ate. . s
anlipsh DpEcBaaR R b B oo 51 T RN M i siticac,
furped silidagdleminpy stathydctdngilcduadimate, ahdmiixtaey theeef. and st ear vyl
oleate. Preferred  esters include.. : . .
c 00 S BRI HORY Baphep Ehe e HORGlize Rtieslpp Jeisrigh asfile or
asépRIE Ay GRRIuBd b 1utiBh.ONYRiEIBE sucllay Gater (FYdtéraB1Y bufBdrbtEio a physiologically

acetate, di-isopropyl adipate and cetyl octanoate. . .
acceptable pH, as for example, in phosphate buffered saline) or other inert solid or liquid
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Suitable fatty al cohols and acids include those
conpounds havi ng chains of 10 to 20 carbon atons.
wespaoimili y preferred are such conpounds such PGST/US10¢3/034512
nyristyl, palmtic and 10 stearyl alcohols and acids.
Among pol yol s which may serve as enollients are |inear
mAGSh RlcRashGhatfhdordhkdils bulters Yy 86 P?éyént Cﬂimﬁﬁf&dﬁr vétidle should
exanpl e, propylene glycol, sorbitol and glycerin are
be p?lecft@ﬂp@dtlmIZAlt@Gomlﬁéﬂﬁﬂﬂn fﬁ’atyplb‘é b SHBFHARGOHS ly’étr%‘l%luc h

I,
2 PR DA LSl Bl ENAENE LRSIy i
dlspolefngrlnnxﬂn@a qﬂmﬂsqf cimtpming thia dargetedscatalase @(mqsitlan ywth one or more

d. b b hai
aé% %sgoﬁ é c?rn\¥a6 soP%%raggf?#ul gp %aaﬁ%?g’uga\l/? \é\F; dﬁ necessgpa?no her

suitdtle adaRive of £Kahtelah Ye inSYUEd. nie iBipdative apathafvbhiols, carrier or

Anot her category of functional jngredients wt hi]n t he
eX@IgisHie s elbas P@H“B’Pﬁsfobﬁ’“flﬂé“ngﬁ?"e%%‘?ﬂos‘Pﬂ%%‘ﬁts?%‘n‘ 3 dg not
adb I RKERES e bﬁotgﬁhlcdf %Hﬁ’fna&!ulnl:al u&@ loy'thl Em‘i’élﬁsscﬁ Reptidas.

anmounts anywhere from O.

pr efrethg pteyent meﬁhpétthﬁﬁonwosm@waqb@/glw (w@mgmbubgeqeﬁ@y is

Q

s AR b Ao B EBIR B} L EH DR BB A2 Hiohin §FSbars. as i
wihan the plaill Of the a@tﬂ@etmmebmpﬂma]ly)yﬁlé t&amftnasarx'ampdnﬁmned daily (or

carra eenan eI atin

Ll
MR HHE S e Stsubper Ty B R ahdive ¥ Pese i R infgaventy

as bHRGIWQRR, 4¥8YbeRenic CRIBIA ot Redsdaty. DosiRtaad HadticH &@ulrements
serving as a silicone or emollient. For_ instanc

betyqen subjrstsguaye ayug e ddnandrbodptype e?ﬁfﬁ“@i%k‘“é%’eeé‘rf’&oé‘s]t Qpg- about
I st [
| Gl AR UEL 82 BB ANG R P tliBE AR b 16Pg 10
abowrtp o, bf thi tacdetcklivetalasey prefdrairdy in Thebmatiqrovities selldejivery polypeptide
. include. chal k,.talc aolin, starch,..s ct te c
in o GRS T PmcS dSE Brisiadimig e Sl PXFoua be
witHigRtisdkilyinRchird o @eteRin empititd9thd feqaty ,andwxddoaigedequired to
alumnumsilicate, funed silica, alunm num starch
aC}é‘E‘t"’éH‘}/ﬁesgﬁfk%‘{“‘r?&%eég) and m xtures thereof. The
COMgYe thva Beent¥BYe ﬁ@fefaglytlmrﬂo?eftéﬂ afo t@pl!:a)f@ﬁb}')lte'd%@ﬁiicles such as
particulate material, a sterile or 0 asepticall
somg@us@plersmhmmchlon&/em cleams, os,njmhntayowé@rarhmrpwé#, egleds| and the
hkg ugsfaenlqe ns %or a(%ﬁ g{:%ﬁ ggﬁtﬁger%%i‘&?(?)e‘ﬂ‘te?‘wot? tlg esﬁg‘dl afre?a The
cafizk fofﬂ t}mracﬂNGQigerd m’%&& bY\ENTRD GriepEd 0 dr REEHLIFADO DA 3 %ﬁ%prayable

mat er such, as saline or various b ffe
foffs B bEtemn s Sy foo PP e O R S OB @B egtion and
ha¥i@g @ @Yhaidie Gisdobi®y SrefFRBE/ dda@ taQkhat 6PV A&! T0desired, these may be
subcut aneous adm ni stration. In general terns,
stepihizedrar exed with %d@ﬁ&g}?’é‘s’@m?‘f"i‘%&lS?%’F@W"é’d“&ﬂgenm buffers,
or gﬂé'f@ﬂnﬂueﬂhﬁé QJnYdt{ég)resQJr@Q{dr}ge e. %%PI\# rERFR] VinRes for non-
t targeted”cat se conposition e or nore
Spmaabéer topndmrmtaaomnnme@nmhtwb$ee, gy ebathybne glycol 1000 (PEG-
10 @ fcfni 1on? creaInLSJ e%cﬁntsas (IEIIaEfrl? neea?nes a[% ’w&ﬂg? {)e orleum rff) ax{dlet\k}ee like.
t hatFot e préeaitied topicalapplitatibn Cﬁ‘hurrﬁ}( ckipj xei’stprefﬁﬁed\/te bdmiagter an

the conditions for fornmulating th It are. .
effgggvﬁ amQuRt of @ copppound according to thegpreser?t ncl:voen gnstottheo&m?edeskm surface.

This amount will generally range from about 0.001 mg to about 1 g per application, depending
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adversely affect the biological or pharmaceutica

activity of the proteins or peptides. In the present
woreaohod01t he conpositions can be given one ti meChUS2003/034512

generally is 10 adm nistered on nultiple occasions,

possi bly on a regular basis for weeks, nonths or

ordE B e B ol o B s Pl 4585 e

prépRfaBor 1 @R oRRESt RBEreklaydut DWW ndd © 2BEN 60 &gl of actiierihg@eliéhy s used per
every two to three dgys or as infrequently as once a
mlgf alatmens byse, syesAiE- desired or necessary. Dosage
and Dgﬁ%@ﬁlé 3R tHe &H& BW&%&%B Vi@@&tl%@@ﬁﬂ%ﬁﬁd(mﬂamrc%ated ina
due to rn and body type. Typlcal y between about
maItﬁgpal togbatent thergmmo@dgronptheﬁ@ma lof NZ3oY acids @dg)ther agmgt condmons
Whl(‘b z{{giﬁ?%vzge H)D Forflﬁ(; f errggltlelag e}/ﬁeﬁ%gag’y %B‘Erogl?tg? % é/o%ltlro]n with, or
co-@@nﬁbﬁ%tthe&h&nﬁpbﬁfbrﬁmﬂiﬁlalm&k&ial wergvepatsypeptatide. Forrexample, one can

r rtion, is included within
s BRIt o RS0 Bt SRsas o DRA ARG § ne
dllﬁiﬁkéﬂylﬂuﬁrdph&pﬁefté aﬁ@tr&’s?to@rdffhﬂﬁolﬁfﬁm dalréed duyh d16posomes (including

frequency and/ or dosage required to achieve the
wagpadi-pidn-BaeeonEiiens as 36l Fheonyettiopd liggwries) @F@an et al, (1984)J

Akg&g&gFgﬁb&7 j.ncorporated into topically applied

hicles such as solutions, suspensions, emulsions, '
oi | Modtfwéaml,asemotwmwtsqr qfdmuelmeptlﬂtrsﬁommxsson@hﬂaxgssng, including
and the S Q ]

fuslaorr]l d)rroet%ws n usgjitbs &z PE a{1§nt§ e rgg geggxﬁ n%{ekera%allﬁ'xglaﬁt%ﬂ% ¥Shtrolied

releaag for &nstﬁmfd relbase’ aﬁmnuletlcmg emt matngcs b"éheeq formmrations include but are not

lirrgtg&i] ?c%) S@ nI?]'j g CI; gcgcgqboly%lyf:(%dmspo L qurgl%Meanﬁ g%erta&)e @if Ac:

ElvaRr d'o‘g'enrmst) twhich uapplaiablap@olycpqttudmn gmdra% bhamdnbtg; palyanhydrides,
&ﬁ?lg? ca%tio]nata ég(? ?rgélggl 1c osrq% resgﬁe%roé;l% Fn%ne CYI]%Lr (la}#ldeé%ycohde)

copiilyiniiersa aorgi odtiels v&gﬁmteSglveﬁ irggreat pdstaSﬁrthkﬁbllc»(’GSg patents and publications

AR EHET REmEet PRSPt Thaep R 2B v Bhocyy

4,9064H404, 808502V 617188 |5 B 4{003,6TTOBP 9250 8BY, EBIND. EPQ166896B1; Jeyanthi, R et al.,

reparations clu i nt ment bhases .
i yzfﬂﬁéﬂleéffe ! %‘F k/-%‘o@ .890%6%61@5@@(‘?- Bl TeRdlsrsn i Bl 1990
Kaﬁf@ﬁ@ﬁalsmcﬂbﬁ&&fewsae@s@ @aTH9- 2@&|(1$87)a$’?n@€M|.% asalp Eutidel R&sT19:5103-
n [ 30 Fo erred topica
51 7 P%@é}( giﬂif fgt? Ha °‘§‘P€?rh@‘ % }{b lﬁg@r eferred to
ad MeRkRYE efyﬂa&yte@hfagz 6drl /& RRREIYL nfdldifRd CAHTR eptides. Sickled
according to the present i nvention to the eS|red skin

enyghrpgyigsare knpiyndo bevponsadigrent togaiseqvascpipr sndathelivm gip

er}Qhrg%}esq?d 10dAR0W a dreHerR&lenARRE &AL of @&Qﬁ%bﬂg and2aQ1d051s

WO 2004/ 042011 P US2003/ 034512 upon the area to be
Hyppxeatie dordii®ns heye naefiect onhdhetegce afpioudl eydioaytes but sickle erythrocyte
adﬁengr{ceoy ?ndsﬁg%i)cerl]]g f rlggr asg&) L %rﬂhcanp e?l@egp%ﬁﬁ%giz%ong)? deoxygenated
hem6globie Siregtte th aemtomsn oftelshape ofthé redfcelbhrrdtnmmd deaeese in its

EG 1000. Dependi n_the rou
aclyiiifg: et RO il TP PURE S SUAER &5 Uit PBRoBtER eigicke cel
disekbea This k@B ddakindrncBIOhE ficrbliec iR BRI Ui cR8rs BRause of
action of enzynes, acids and other natural conditions

abuyivmely wespases xrrésyign ef ¢4ffe intepmip@nhED3GhAsa ragioghpcqsees more
necessary to coat the conposition with, or
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co-adm ni ster the conposition with, a material to

prevent its inactivation. For exanple, one can use
weeayow0inhi bi tors of nucl eases or proteases (BCTUS2003/034512

pancreatic trypsin inhibitor,

di i sopropyl fl uorophosphate and trasylol) or

A R MG N

evenGRote Birduldiiak sicle@Sé]lﬁ'(ﬁSt)le teglonej an et al ., (1984) J.
Neur oj mmunol . 7: 27). Modi fied catal ase Yﬁ Etldes or
fefi gat

ot BB Diayorias YIsh NedSrLE daie & alase polypeptide, or

a nbd&ik vl e&odfngsm&ﬁod@mtp% Jﬁb@pepﬁ@fﬂkd&ﬂﬁ fSthe émm Sparticulary in
variants, etc. nistered via inplantable

mlgqusqamtpr@dswlql@ﬂ qg:g cxt@rmayggg@@ Jseglivesy ehicdes) Use of sickle cell trait

celngrglg lrhg{e%]ogpgc‘oi%? ?rle g?e{fe!er}gﬁ t@l‘gﬁc% %;F{e/é_?f B{)r%aw bl@&ﬁ) deQJngjiﬁons but
sicldle lao l;mblylg hytesive thedcidpond armténr hymxblynio’anemasqyllatum; disatoé such sickle

colsgpy ey abeeri Cumarar veon Brelrh ok sPRR BT RRd el o

tramhwd RithQ gas bnnate@n at 8 afffewmnaiogl sBat ehafprededequnaclesion. Nucleated
ydrogel s, D and &mactlde/glycollde
swlels 5%109#9%%3 arey g ﬁ{fff SR e ok nepdugine g7 $BAIG Matgra gtthoush
em@feta@lilswk]@dt:aﬁ WifthlsOWold patents and publications
whi are hereby incorporated by reference (U. S
Pat @m sickledgaythraoBes ate igrnnigesd paregprllpbpinjgtonorge@apy. First,

hmé%y%?@z)ﬁ éggéry@gg Xé%%ﬁ: te4tEé9 %?Agpand Egpg%oﬁﬁ % ele comgatnble cells.

Prem:ltbdaaﬂe cells3rddbli@Bed( il )opslGoentgartetidty imbh blodd veSshperobihgdspecific

s D P LRt ety gl ey afpg oy e e mounto

tima Irequlréaﬁbﬂtﬁé inR8®n 492 &hGtiorml Bldod tila‘ih&ﬁglon dnd klem thefapeutiBallt effective

ot G TP TR B A Bt PSS encompass
a vBRIMSRE PL 2 TRBof patited Bk additnifbr¥d 1. Q¥ Lshe A PeAOINTHe Arefents are
nmore adherent to m crovascul ar endot helium than nor mal

gensally Eiveigrershrandeyt Ythaeahdicamer sehegilesarelioxiil @ may Reeytonded or
shar@Rdi dbpBS g Qﬁon Qhafdnr DB and aci dosis.  Hypoxemic

condi tions have no effect on adherence of nornal

er yPhe erahadiments of the invrationdy § pheprpecptécal eammopiging eonipgising any of the
mRIFOSREhLfebh el BOLARSHh FBRLLIGA Kool ciint
cmﬁnra dlstortlon of the shape of the red cell and

reas 0 de These

col P BeiRC ey hedcRlaBs Rplt oyt o Bl bl
dispérsivh alelia, @rlihgs, Aitibaesial andhnsfuhgit sgasedotanio eﬂd?zﬂﬁaptl@n delaymg

the nicrovascul ar _endot hel i um occur s because o

agentsy ad e }1]§€ iTAe qué% suh mediagad pghtsder g&{r@qcegtﬁglggqqnﬁe syfbgtances is

weltRR6wn tglift‘ iREGLIEAY H&{v@nt%ﬁalmm% #0adompatible with
PCT/U82003/0345 2 hypoxic, VCAM 1 and P-selectin
theepefiveceoinonnd nser thereafiiny the deerpeis dopnppsitions by cogtemplaied;
I t he
SubfIERBIDY po(R Rl ERn G Sy RYLE OB IE hiBhSelihe. 15
to Hefarmee phamaeitifallgdccepabl aﬂnmnpohglmgblmb@,nd @queogs buffer

e aci d .encodi ng. t he di.fi.ed e
solBtéﬁ)r]s &’ﬁzﬂ'me%;]eém(éeﬁ aw#ogﬁﬁoﬂmultg@? %(%I‘IéIHF |f?) r?/ Eu%g Qnie aqﬁeous solutions
(wher€ vaiéasotut1@ ok BiSpersibns lh Steile Yo WA fok 6f cRBYpbRANEIDE Prepsration of

delivery vehicles. Use of sickle cell trajt
sterile injectable solutions or dispersion. Isotonic agents, for example, sugars, polyalcohols such
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cells (from heterozygotes) are preferred since they

are normal under physiologic conditions but sickle
war@4loemwone adhesive in acidotic and/ or hypoxeP@€T/US2003/034512

m crovascul ature. Use of such sickle cells for

delivery of agents to tunors as been described. A

si ckl el | t ransf ect r . transduced, w
15 GBHLoD PO etn Sionkded PE LT L P B P EPRG - borosion. In
all B4s8E 261G Ste RALIELE Bel cOMpodNibalsBall€ Be §6)ils hakéhBuld be fluid. It should be
reticul ocytes are the preferred stage for_ introduci nqhat

stablg ainggas thetdopdifipnseal anuiagtymy a%ﬁoraéfh@élr@%ﬁ waluds preseaptives
pregg;lt c§nt¥‘ﬁlln|at1ﬂ'l S0 W SoreahMis §u(§1|ﬁ|s 85k t&{avdnh hRRY t[ﬁﬁ)e@fo%s can also be
m ni ster parenter%ﬁ ection or i nfusion.
prepaneem glydevmm‘ﬁsrd poﬂﬁ@y@n@kw@dls en mh@rresytthersofmné in eitst Gpder
henot t

ordsfiy SRS ot u PR Wb Fese RGBSR A oot provent
theigii&\fztarotfﬁﬁdr&brlgmsm a bl ood vessel per f u5| ng a speC| fic

15 sjte or an I nterest, carotid_.arter

o Th et on Pt o dasryon aetin bR 8 SHEMRr e
ethglflol ﬁdlm(fbﬁa&hmdgliv@&oltﬂ?&pwm lg@b&narﬂfllqﬂld%bﬂvéﬂ?teh@gl%ol and the

d transfusion and 1 n a therapeuticall ective
hk@)nmwltdﬂe wéytpes thereef. The preperdfliiditenn he mrig ¥a&ﬁéuﬁ°r grample, by the
A A0 fok Antend et AR Y RMEQPRASS sizéin th f
] u%rarém%fsu%}?%zlg ’g)f, pac te cgl I's a%cir%n ni ster e(SJIlzl lnv e oaseo
dwpmepnamﬂnathUﬂﬁpwﬁm@dw The treatnents are generally
glr ‘éF %ﬁﬂog%éﬁhg ac 1on 0 Xﬁcrggrt I?l?S {)e? Q%ﬁgcillgﬁfa%%gyin?ﬁactenal and
antifepean ﬁlgelﬂg, 6P Oxungpld) ﬁirhl&mt, cBlofc&ﬁﬁ\ﬁdﬂS@en&]&ScﬁMt@didﬂﬂhﬂﬁeroﬁal and
the invention is a pharmaceutical conposition
thedd¥pri sing any of the nodified catal ase pol ypepti des
of phentAV&RidoiRoRek freRRRBlTBGRIHELCAldoYagd Ghi€ RirmTbRase of
excipient or carrier. As used herein
admpmmamwtqnefanw of desae. ddsagecumitiprn refarntoniucslly dipergiganits
hial19S; d quanti
su@edtas %gllt \(g@&sg?es C?%ach %lﬁah gﬂ\i égggég%} lélﬁto(i%s gt ompéedgtegnme quantity
of adtive cprhpoind dalbdytedy predyesiths desimdi thetapeuticledlect Thassodatiopfwith the
it PR P o Tt TR R o oo gt B dgention are
dw’l’eﬁe(ﬂf}yan@ @[}Vcﬁl'ytde@d'ﬂlabnt OB () TheQiniqag eRdradtesistitsad heaikiitd dbmpound and
the active conpound, use, thereof int

thql?‘?gfcéib‘é ﬂle¥a§e‘5t9r?§5%t|t %éﬁ;gwygi @gﬂ,\(pé% |llg)(1téaons n eerent in the art of

cotﬁﬁ FHISMAYacA do\ﬁﬁoofﬁ%@tﬂ@ f8atmant o lse%‘é’ltlbﬁy in individuals.
cor orated Into the conpositions. 30 Preferred

ph an@g@mstdh@mbly agrosdizecdiolusions areseds In peraygble gerosah preparations,
ou f
oSSR i LA FOPBERI L o, s
alsade emhgedoh ukqum& bo(tlhhle lrﬁidvatere vath aubb&s)rlzcd volatile, normally

di spersi ons_and st owders for r
P RLR PR, THF seratobppaefoRy S apb e Pl e DAY Bn
anfilb:3RRsSh AdYitidrS I Préteid@E the Snveht@in, €xanpl e, sugars,

pol yal cohol s such 28 WD 2004/ 042011 PCT/U82003/034512

as [Plen Phasmaceytially peseptakle eartiers &35 (thsrGomwosignspecarding @d%?dpfesent

& ke d

e FRATBESIA LTSRS B LS
eltbd;rdwpdrsd:ﬁeorfvlauo@ly plr@sesthm cdrpusbles cansigtigeofiaqekens egneentric layers
ad err q to f\}g{fl% lagffers c%vet: pro%malrs] %re?er%l?gr%se%pgx tﬂyz?qtue&ﬂ %ygldaqld in the

S
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prevent contam nation wth m croorgani sns such as
bacteria and fungi. Dispersions can also be 5 prepared
w0 poogloyxoer ol , |i quid pol yethyl ene gl ycol s, andPei/Ks200&634512
thereof and in oils. Under ordinary conditions of
storage and use, these preparations may contain a
: glservat ve to revent t he. af, nm croor gan
lip a@&epﬁl%ﬁ,ot@gw Or inany %veeﬂ% n eaons}boen}c%e%er?uﬁ%y&% n%eneral'ly known
as @ﬂﬁés@ilnw sag?enileﬁ Biea{yml o@hobiﬂhﬁ, or lipidivalayer, geﬂahmobut(rfoor
exanpl e, gl ycerol, propylen and |i gui
exﬁw{;@t RORieS @*P%?E‘%ﬂhpldéﬁ‘&htaﬁgc‘%‘l aﬁ oK sﬂ?%‘s pych as

chOTktdrbl Fidrel PR Rhic s“f@ceQEt‘N%%ﬁbsﬁdnb’és@h&lyas(iﬂd&egﬁ)hosphate stearylamine
mai nt ai ned, for exanple, by the use of a coating such

or plspsphasidlictaiid, anig{or other mfﬁmlfé@fa*ﬁb’éroﬁhdﬁ%@t?féq ui red

parij.c o

oot GBI 58l S LT S0
desigred sothgatheis srefacais risk na;ﬂimslﬂuedyld@yna/@S) ).ollsere has been a great deal of

RS oo R SR P AR ohREmE PR Batss o
In hétnaE hesdy youmgdells) BS i @uld ik elatRalyaiighedoatencratighasi thé @ﬁl@lasmlc
are preferably fornmulated i.n_dosage. unit farmfor _ ea

sidg ot tha el RPabIANS, MerreanRhosr R Ghanglapined SEAgdountis %@éwe‘y high

contehratibRd S ﬁu@ b SsubBeddT¥iR rﬁéhllﬂr%ed 'T%ﬁrF%f/ISS Hlﬂb (Sutsid¥ihdigd is
as uni tary Osages for a mnmmal i an su J each unit

inveoed iniagwg aclpr edo semeriynesdf gensen detls Pl@goce(ée Pl@@amwﬁ@g;mjor
apop%ota:cglilsc L% g{féc(?edo ¥1 %?ﬁlfi B? hetcg%g)?%g Eh%%é%&%[}?@ﬁgllecﬁ)ttcﬁg ]:)1? ﬁlagocytlc
celtsaduch @rmactdphagepesivfellaabihercefl gped ineold@hmgk:amncd: Thorthsexternal PS

of the invention dictated b
rile ST TP T M B SPGB P Stioaat gfo phen such
lipBéonleY Bre G§)BREN FinBRHd takaeuprm bsmauarasned JUER APkt blﬁusefdfs @fid brain..
to be achi eved d (b) th imtations_inherent

Set. T SHAbISY Kace 5ot b W  £0EHP! AAmE el VST RESTIDAES Fiss(LL-17:
Boki8&kb E}%ﬁét'&?nkr&hé&{%ﬁf ﬁﬂows yzow Mapdiddyal 7. @Jsutﬂaagman K et

Instillatioh, aerosolized solutions are used.
al.sfnanRedyl Rhysielr Y3 65p108 Fetr Brub@A Mag 81 tMennach, ?M_é meCéﬁT%ﬂ Acad
o8, 2pb IR EOERNA 80 s iSO bl B G0b PREY
1zsqﬁ(eyea@ imtsblhlegeoRAn anaa,cﬁnlbnsame:)lwmt hooa me@e@wsi-zsepschlegel RA et

AP RL e e R DS R

122460 RE6ANE, SVittBiddA e § Nmra@e&szooo SREd b B): 006 0L ; Klaﬁlps JAetal,
protein of the i nvention. O he har maceut i cal |

Bigghew RiemthyeRessFommpz, 199} M@h%%% 4% Peyess EMcefraép h‘@f’uﬁo‘”g 7
Sukﬂ% Q&g%?nﬁevef&%M '})’E”hh q Qg ‘?9%1 Vﬁ&%ﬁ.ﬂ‘ﬁ%o -7, Bruckhelmer EMetal,J

armaceut i ca 04 tiohs in e active
LepkaotBoIn1996 Jemhf(4): 71834d8 Tomizagrn Hiér gpehipen Res. 1983 Apul(4):549-52; Lee

KIF Zegltoclléln ]%1 Sl{i:'&ae??%ﬁnl? érc' gzr) q%S ?ﬂ Li%g lgop a eﬁt 5 i’]?armacol

1995Fw1e)fza)ab5 YO Utess Mer LX) Cah@r aquemsmhaysa(l 1auad62 61 menor Jet
29 WD 2004/ 042011 PCT/ US2003/ 034512 i dic %
al.iPreg Natl %qad&&tglsd% 1989 Maiyﬁ6@h§/1%nfldlqr ¢/ b, Bioctim Blophys Acta.

1989 RN S DLRNEIBY 735 X ALELTMIL RE PRl NatKAQWR ci BS A& 1I9wosom C
suspensi on.” The h drophoblc | ayer, or |IgIdIC ay
NayeR3ex1%B067- 71b§phrp,mu et al., ] Biol Chem. 1985 Apr 25;260(8):5131- 8 Schr01t Alet

al., Biol Cell. 1984;51(2):227-38. ; Rimle D et al., Mol Cell Biochem. 1984 Sep;64(1):81-7;
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excl usi vely, conprises phospholipids such as lecithin

and sphi ngonyelin, steroids such as cholesterol, nore
woro4es®1i oni ¢ surface active substances such BST/US2003/034512

di acetyl phosphate, stearylam ne 5 or phosphatidic

acid, and/or other materials of a hydrophobic nature

G S IRBESh  S BRBSO L% B b s o

1936IMBATHS): B6031 T Rwhiich 426 pisqhRkdtdydysefetenee ﬁe%i“x) Th ere has
been a great deal of investigation into th
ni ABHRBEHROE LR eiteddm e Rreseit VAN ByAding | pgsomss ifh sgiasively
hl%%ﬁéeﬁt%t%né b 1L b‘ﬁelr ot lﬁ‘ﬂaf & nimftealatddy” ¥MYNDhis 8hHasces the
I's found in relatively high concentration on the
effipjaneydfalshiery ethe mrépsefatqdheat@el le.gmeniBlasmEKLaeheig seleased in the
wﬁ@ga&nghmg%l AR TTeIN Q%Q@r&gE) is found in relatively
concen ratlon the outer surface of the
me n‘brmmher éhithodiniRint, FPISosoateB Gurhertosipded 4 preieile pr fragment or variant

erted in or in_so s _of. cancer . .
e PP R PSR L 20f WO SFe PSP ctie s protens wil
be &l lkfovnStoahd ﬁﬁleﬁdvdrkbr Bad dre bﬁécdsﬁﬁ?@)ﬂ exanle, @f UIShBat. 5,916,803;
external PS by receptors on %98 %LVﬁ cell's such as

Hughop §pitayewren Sigled Ro%dlogsHa @eelicn Puriradranes 22. 675;
an&: WE f1Y96) AN HSY. 3”'@%1& X§2957153|Coﬁ§en%5n§1%{k@i§>d§ Ban Y¥RA] 18 attach such

for  uptake his may be seen not only in vitro

pﬂb@nS%ﬁE@mwﬁehHSM%ﬁom¢lposones are |nJected in vivo and

t ak k1Sl [

an dﬁ%rrglltalt’]ea m%%&hfeﬁt? Leﬁ bleoégtﬁﬂgl?s 60§ ae%ﬁly\)lég Blood caf@%n%g §1ay be used
as Biiiysded ldelivengvebelds ilvb berﬁhycs:llmfor ch(ZtGﬁlpdsulﬂlan 85(11b)n\deﬁtioh7 See above
I g%r%senko GG et al., Arch Bi ochem Bi ophys. 2003 May 1;
SYOIEI9I%Y- 52; Bal asubramanian K et al., Annu Rev

Phy $1udh of tRO8i3suaSior hlthid 4ppliclith 128Gt iy mddifiel/BerbRiscme-REgeted

al. 7. Proc Natl Acad 20 _Sci US A 2002 Feb 19;
catglggespolypoptisies HewseveRrannotkillp thejart willegqopnigs et thopsthodgfhr
tar%&m% @g‘lglége n%lgcu@e% 10 &11 c&bed bﬁl@éd to ofﬁ%{ 1|n0 Q@lﬁ@ﬁs well, and that

Jun; 8(6):551-63; Schl egel Ann

theisg Mrgé@é(m@twles Q@O@ @QﬁmZQI?lptzgﬂlonFembRetWS@pmaﬁrablg tcBhesie

deﬁﬁgﬁe%dofg lerﬁeteég%@la pﬁﬁgfeégod%gfé% I;Ben\ﬁ{%h urp& e&é{o t%{get:ang;| molecule

of BitaahepeBixipphys IReprédaradembodigfent, Nhnarget%ﬁ@mww &-062 that

Bevers 9 Su 2: S126- 31,
progeye e entiet o eva gt Heousioneh 8O teR poBriafiago. 7

Br ugkdigichBbdifhidf tidd invendon, BRUMEGeBindleculd 8(9ﬁpn]s@sﬂany of a variety of

59(6; 784-8: Tomi zawa H et al., Pharm Res. 1993 Ap

smalh mejeculapthatran modulagthiecamoynt of peogispmAh HB30ap ﬁyléabwll molecules,
7 hibit th
}ﬂrﬁlar lr%‘é)ggflﬁént ]‘U]'@g glgl @\?%12(32 clﬁ’@é @% 5 @}nallf)g%tmln@lmoiecﬁ'és that inhibit the
actSatyof pneRe snord §xhe dmiasis @ﬁ(ptm)nx@m@zbr 6mal] m@@mn mole@ules that
stix%!ufa}egﬁeoq%&uﬁ cl)f a%s%%g%tﬁods % agp#?rgggtﬂc Pé’rb %ngl %\%n'ole;cules of
theliny A48 %)su&lﬁslna?ﬁnolé&tﬂld&]‘hszl&% mizthods foF @stilyefot théie afficgi are
US A _ 1988 Nov;85(21):8067-71; Schroit AJ et al., J
copegionthem 1985 Apr 25;260(8):5131-8; Schroit Al et
al . 1n Bobr &tdddimehP 8 @rherdd mdiéuid %mpms& SHg%f R vBlietfbf enzymes
Mol Cel |l Bi ochem 1984 Sep; 64(l):81-7
oo cualEse (OROTYUBPRTS PUBEBEDSS tHeregf.ap desyribqd ajpve for catalase),
Cancer Res. 1980 Dec; 40(12):4460-6; Poste G et al.
Proc Natl Acad Sci U S A
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1976 May; 73(5):1603-7; which are in corporated by

reference herein. This property is exploited in the
w@e@gmmoli nventi on by using |iposonmes with rel BtT/Us1093/034512

hi gh concentrati ons of PS on their outer |ayer, to

mmc "marked" cells. This enhances the 5 efficiency

er f. the. eng ul a
whigaise kel ot e P BEEALER T ShefeinFidapdnge @
corfiBifatidneT ghilii@oteded R RisdRIdQXItADICRS perdA1d38:0kl €) a peroxiredoxin.
enbodi nent, |iposones further conprise a@g‘r ot eqi?g, E’:ﬁ .
f r agAeectiyely (edhsedHeS maRsrediome; Hgltafhione sedugtaserand 3 ghyathione

ek RRE hisE6e coetraglsport@d ﬂm@ brdahe1}él ARhonp Rt Gitdble gltaibne reductases
proteins wll be well known to the skilled worker and

is the burgansglutsthioge refdwtasex\alwph mainfainsbigh, levels of rslugedasl@athiong ; the
Hugh

oS P RSl PSR AR

wh(chgﬁmcmm heﬁaegloblﬁ’myaymtocyﬁgfrmﬁbsida@arhre:k%mm al

thods ca beuedto tac uch r.otei ng_Q
(T aaane’s of e e o RECin T e i ot mfheds ot
inveht®Rd Taede ificl@fe, enpn@s EoaiBoth huneh Jall 00er 4fhidl sgito&! S\nidayg the
be used. as enhanced delivery vehicles into certain
suitable| neTERAdaXHE A Aifo TP BAL Y MEY e | nvention. See above

15 Fl') PhroRiredofindlr dﬁ” Hﬁ?e?lomw&laxﬁﬁsebh ?hi@feﬁ@ﬂ?r»ﬁla}%idéd'ﬂ pbrBkide
applicatiron Is rected to nodifi

reduetrepd; Porhderationepatoetited prateih £063; bbtuyqj dpler edlenhansingfestor A)
(NREF gg kIIS <|anz g}sérg\?ollﬁegtlré }é@tdé% reg&lﬁ&g{' }?e] ctehal'i retdnges peroxides with
reqnemgquﬁm praﬂddzﬂehmpgﬂ the dmbredaxirfmrstembluem Iﬁem glatanaddxin. The
and that these targeted nol.ecul es,can
R cleligeleit ?yoaﬁ‘émaﬁ%“n HI& m&‘&ﬂ%‘?"'&%‘%“%“ﬁ”ﬁ%‘g‘i“% metabolism, and

migi@ peftiched ih Mk siAllBeaRaded bBEB& fadibe afi®tuff Secddsid fi@or-alpha by
I nvention can be used to targt any nol ecul e of

regulating hstintrasel dar gacersrations afflB2pr ef erred enbodi ment
thec ztg%gﬁﬁga% @@ﬁgke%oklﬁ fp%s%ldamt ThidfABRh&Spdent

reduction o l'evel or ot her in a _
peporidoxédscta®; Thinl-gprefie amdidasiproteih (THi); PRYeNatighkillerteell enhancing

an ule co e |
o N PO S TR AP AP
peroRides wﬁhltd’dﬁcbh@ecﬁiﬁﬁlehts I‘pﬁjvﬁted It}&Sugh t%thldmdbhm\wdtém b&he enzyme is

evident to the skil rker, inc]ude, ., small . .
oo S STt AN b1 | TER Bl HE PR ol Toumgting
pet@?fd@s stneltaﬁﬁ dehLASEsolikM, MdREERTartRIPRie iR the SIERAlIngQhGadYs Gf

nmol ecul es that stinulate the activity of catal ase.

gravesh Fastpss dndrtumen ngerhpin Gctopralppebyoserating the infregsliplagconcentrations of
6D| ecules of the invention to such small nol ecul es,
a% wel |l as nethods for testing for their efficacy, are
con{® ReiogitedoxinI) Thivrednsintiependers paiorEatedutthee, miogendrtl

R A ARG O B Son LTS PSS

endyRRrie vaolva@md&ﬁﬁfrééﬁwoﬁ bote cIDITt gratcats a8khl-sensdfivézymes from
2004/ 042011 PCT/ US2003/ 034512 which reduce the |evel
OX’(S‘P“‘ff‘éjraé%g%%‘ladﬁ%ﬁ%ﬁ@f?gﬁéﬁtw| de. Such enzynmes

i nc t4§ PeroxBeddxin 4 @rx-@v ; Thioredoxin peroxidase AO372; Thioredoxin-dependent
peroxide reductase A0372; Antioxidant enzyme AOE372; AOE37-2). This enzyme is probably
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conbi nati on of gl utathione reductase and gl ut at hi one
per oxi dase; and (b) a peroxiredoxin. To effectively
WO e@o®0ROS i n a peroxi some, a gl utathione redPCT/ESE03/034512
and a gl utathione peroxidase nust be co-transported
|nto t he organelle Anmong the suitabl e glutathione

duct ases t hlon e, .
R MR SR IO R CIVA A —
byh%dﬁhéh&f@@ﬂI-kaﬁﬁmmlphmsh&pmdrﬁbdlcﬁl gl ut at hi one

per oxi dases i s the human glutathlone per oxi dase 1,
whi 61 Peioxiredoxin & (ab.chEAstitedsin 3 pre@yser feErpagsoricy gitioxidant
edg”llté ,Ptlsrg YRV tis SRk xpd%m@ejxl%b rr@pd&&rns[m sapiens]).
e use e donpositions and nethods

Petonuedmutﬁns aﬂeaﬂ:er ofrilnd mﬁd@ﬂ@d@w@mlb’mé mtbmdhntimmm%awmch reduce
hy%r‘é?egsgepé(w hé/grso'geram #16 %rotelghom%ﬁl{lfyaa%l a%tl(eﬁslant protective
ol differefitizxiied uﬂde( Adrimar c&ﬂdklbﬂs epﬂfdﬂﬁhgﬂﬁﬂ@mﬁatory processes. This

Thi or edoxi n- depen roxi de _reducta
P et b A g e Rt Stﬁﬁc%%?ﬂf[lm@telm f54qucg foprras been
resbRkd tND MG HE rdsiatiod. TAY gere mn@p}roxﬁmoﬁlmmtmﬁ\te in-frame

involved in redox regulation of the cell; it reduces
trapsdationiiviaationisites to ERNSTAY MEOBTANAA PRSI SOP3FyiRRpSEH Gt Three
tra&%ﬁglt \Qllngﬁtg ﬁc}éﬁ b c?éﬁéo%m l?llrgtm&qgof&{‘rfg Wa&l ﬁé%@[d@gt%dr}br it %ene

y p an rnportant role in elimnating
per (ﬁblwwex@(pedxmdpm@ agtoatdentipsetein énmbn-sm\eghmn glutathione

artic i.n_t.he si asc
pelbRichiss 08 G b moP R PR HaRSF AT CE i iome,
sapiéiR])i PeroaR&lokinl 6k a GRMBENIf1iia thidhspebiffic bﬁtﬁl&l({aﬂt) protein family. This
Per oxi redoxi n 2 (Thi oredoxin EffOXIdase

profgin bsraelﬂgl)pptll.pnale?géﬁaeew(th B@c}j%}ﬂﬂ CHEICE églé m.volved in redox regulation
of{Halcelh “iBRACddubEHAT Lah @ S HHERhinRE hi%l ﬁn§ Ic%)and F%Dpha}@w ral
l'er cell enhancing 20 fac Thi
hy@mze,rﬁ?édﬁtsSIt iy play e dolp m thw@stlah@mﬁpa@apbﬁhmql W%@I"Yell ap n
th reduci ng equival ents provi ded
pNﬁﬁ?%ﬁQ%mpﬁghgﬁ#gﬁiJg&in system The enzyne is not
abl Actmdihglyﬁim embbdimentof thefimentigl ist arodaolei or.a clotnbinayon of two or

| ay. an i nportant [ i ti .
i bR en TG Pt o e e il B B PRTptotpor ROD in
pefoRRombgdTal el éh £88 6BUEIS tréftmerd) QYN & dnagingicell. afud ekajﬁmé such a
necrosis factor-al pha by regulating the intracel

mc&qﬁq@éﬁqyrcgmpgppsan&pzy%thm@clpe@i inshe brepkdawp of H2@,, or that 1nh1b1ts
the &B&@ﬁ&#&f&h&h&w@ﬁ‘&k sy i pEREMInAES, wherein the enzyme is

mtochondrial precursor; Antioxidant protein (AOP-1);
bowzr@ apPrT@tp@ptnﬂemmlo@to thiBavarsion. PRoenzymg mayhyvs a Péfr$25m@
se%lenci %he§ gt dlkscrgfe%ggnﬁsg a?cggljeaalte"fh%ntﬁg Seb&glfné: ﬁjtg)c(}ln a‘i or near its N-
terdﬁ‘mﬁgm di¢ embodichientathe geayereas a pfgo;s;&db)em suas(oh} of the six types of

Per oxi r.edoxi r X Thi or edo er oxi dase. A037 .
hurpgp Bera Pﬁnﬁsﬁeéfd*eaﬁwe Je Rt eliBE e i epus Tl i present
a g\ihthid%é aidtase AAY %’ﬁta g&oxﬂgé%oﬂzaf whitHh énz§&y/dBmptiSe a PTS of

probably 32 WD 2004/ 042011 PCT/ US2003/ 034512
thg inyestiged i n redox regul ation of the cell. It regul ates

the activation of NF-kappa-B in the cytoso
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by a nodul ati on of |-kappa-B-al pha phosphoryl ati on.
(5) Peroxiredoxin 5 (a,b,c) (peroxiredoxin 5 precursor
w0 s@iosvie, b, or c; antioxi dant enzynme B 166; AE@RUS300&034512
VI; liver tissue 2D page spot 71B; Alu co-repressor 1
[Horm sapiens]). 5 Peroxiredoxin 5 is a nenber of the
i.redoxin f nt|o i dant z
Featbung e adr de bR RN ni TR el Gsidhsppgerstoos
thidti @ refefentadty thd @Yowing aﬂinhplesl vdﬂcﬂiar@pr@tflded byw®ay sfdllstration, and are
di fferent il ssues, _under nor nal Fg nditi ofp?g and during
nof wtendghia be HipitHie of dhegassentjpertion yiessspeciffier act s wit h
Pex5p. The crystal structure of this proteininits
reduced form has been resolved to 1.5 angstrom
resol ution. The gene encodi ng peroxiredoxin 5 uses
alternate in-frame 10 tranedMPLBII i nitiation sites to
generate mtochondrial or _peroxisomal/cytoplasmc
fornms. Three transcrMaterjalyandMethods 1" 5ng )
CANGARIrRg distinct isoforns have been identified for
_hls_ene é Per oxi redoxin 6 (peroxiredoxin 6;
ant Eep mweé\‘! P@ pnd Bs27 ks setaanad franythe NNatipmab Fstitutes of Aging,
[
Ag/*@r@eﬁ ﬂ@g%gr@g%lgxg gi;(tg g&pédwﬁﬁgsgggg n%aiﬁ%?ﬁﬁ R LhPARSEC
(Maegsens) Veid cespcptﬁellyswae ol fyipalrin BMEM@unpﬂmmnt®p’ed1 lfQ%, fetal bovine
Se%g#(ﬁﬂ)é ranﬁl Pslie ﬁl(zlifhng) {Rngr%rpﬂll%ﬁ and Hg[%to %(th r elc\?lelé ngrte malntzil{led at

37PGinl Hih‘lkﬁdil‘ﬁe(dmlciiba[(ﬁﬁﬁPppIeﬁ@htbcﬁMtl@ 5% Q0. Ufbeicﬁle{/d highelr p&sadge levels,
reduce H202 and short chain organic, fatty acid, and
thepe8s ers e panded HyRweh B g aeen I RPEYEDIS Wgreonfimped to be at or
neglj}gplircgtg}él s@ﬁe‘s%c@l@y éi’ilﬁ’i g hglsérﬁécgnée%sgbgfé?erdéﬁgaIMS da@SasldBscribed
protection agal nst oxidative injury. Ac dingly, one
(DenmtbexchilprE9M5).of the invention is a nolecule, or a

co nat.i

o BTyl s i gro ¥ ARERE PPy S eliicaty Aun PE(UER F
(BivkoudtdTaterdRiBnal,idamapito,@xd)somes of a cell in need of

such treatnent, such as an aging cell. For exanple,
InJueH Impor@h syl € may conprise an enzyne t hat

parti ci pat es in the breakdown of H202, at ,
i nhPFFP¥isomalpEotefa fraport WexFXaingd, B st PW‘W%@Q@"“S using ELISA- and

1m§%ﬂ$fhf°o§és§enb§béjs@@ BNIRShssBR. H@@%pprwméﬁérﬂplbm tRIEDIR-SKS)-
bound to a PTS peptide accordi ng to the invention. The
coptpiningeubsiyte prafein duptegisq.- Forghe Bl ééqaﬁ@ndém&msawwomylawd and
1mg{>r‘? %&m ﬁgi{aememi'e?f ’dr\rélas/n? rEﬁlﬁ SE é? hs%iéﬂgn éﬁ%g@?@ lﬁ@ﬁél?%/@&gxlsomes as
desonibgythE etlecks, 2002)0XA dmgtommanc spekentegion n'éthtsﬁn@llml’ is shown in Figure 2.

types.o human Xire n _descr.i hed above. .|
o, g R sommbtT e et RS THRGr EOmI L VY HEDRS SEisis: DNA content
wad Iniéh @ik dall 400 @ppsrophittd TRt n@ldinall kRkpsigndat! Tht dasemetdio hfethod of
of which enzymes conprise a PTS of the invention. 3Q

Digs qmti@@emweﬂ@cﬂfic ety Borang YifAnzer (L3FA) gyceRbilat SYBR™ Green
(MIRRAAPbYes &aﬁgséd%&l@tm@&abpfg £y will be

nore readily nde tood through re e to the
f ol lrbwmgur@ﬂampisoescevmsadhmameaqsawwsd:emebyutmwp@ﬁﬁcally detailed for

Il\/h{9b lf'% orb?as s in Legaﬂls afd 1l::erlecky (2001).
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not intended to be Iimting of the present invention,
unl ess specified. 5 EXAMPLE | Materials and Met hods
w@eiok/oQolit ure Early passage | MROO and Hs27 HDFBCT/US2003/034512
obtained fromthe National Institutes of Aging, Aging
Cell Repository/Coriell Institute for Medical Research
(Canden, NJ) and ATCC 10 ( Mana , VA spectjvely,
wer &0 EXATinG g effertnEls awpé’ﬁe@é TR eﬂ‘i@"f’ﬁ‘é’f"ﬁl’t Wit 125 M
szgw Sfim-S&HidHhg ﬁeéﬁ Ond %@nﬁpdos kAR es PO medaHa g Mﬂ{lzso M
and streptomyctn. The cells were maintal ned at
H,Ro mi sgivim-&ee mpdiabat or s suppl enented with 5% CC2. To
achleve hlgher passage | evels, the cells were
pRrytec ultlvatlon Lat e passage cells
wer Eel?oniolwrnrg%d tsso cov%rsf"t Qbre tRERfor 16 Rlnln ﬁl%}b Xw/v% araformaldehyde,
sene§CeRce gsaf OF °séRescence- assoct at &d
tregtdd tpall @ atin SvltH as mMN Hi@S and peedeabilized fir Frohin etithal% (v/v) Triton X-100.

N T TN N DXTE - Y

sedol2y Britbo@yfdk 30-G8RA. 1 RAWBit aktrPMP70 (MrdxifonlalMVRIdbras PaNEn of 70
Per oxi sonal pr otein i ort was exam ned in

kD@é%ﬁtlbg(b?%% peed2éd 1@%@ flidutign, refpitpniigaalaggantibodjes were used ata
17308 B ngfn? %F mqleb Q/efé'ugécpat 43504 %llut%t hd cys- -conjugated

appr oac es enp oye SI(-SKL)- contai ni hg
gowt)t;{rabmt@nwmdte@ were tlscrtatfaelﬁé)@ dllutﬁm AlhadEohShers yondunted in PBS.
Covertslllpse\xgeg«les rr% ?d 1?511}%t %\ﬁagg %n?1fa§F ?Mofeg\]s? ar lrftar?b%clsl))ﬁ n% ?glgst fﬁ/l-z, 10
confotdl uhcabscbparwgmbd pbpar ﬂkﬂ@mr msagesd escri bed

(Terl ecky, 2002 dj mmtl re ent at i

thi £ _%ﬁ%ﬁfﬁpg st 10 o3 enPRyE g HaR PRSpRG fom Ofb et .
1995 As$ N3, YE3E HR, E‘eﬂls%deewefshm}@ Gith \PRISQAY treAEDRE $0 fiin at

cells, DNA content 25 was neasured and appropriate

370 with@d uMn% Tralirhlareflugrdscip digestitere Rhescelly weref wag mrapg cellular

T S

W(lévﬁ)indfcalﬂeé,reaﬂ’y pipespe HsQQEDEFs welkd)“labaed’ Usyealoxdng them to endocytose red

fding dye Th escence aseq i.nport
Fh&i’g@ﬁe VRETERR %’r cﬁw{?ﬁrogﬁicﬁx t?rcaamvvnzfgf lgﬂﬂ@an;?ébese cells were
wasRdashdf sk &e@BhR%bverbiips 'e@rgﬁkl'ng gﬁﬂﬂbé’i&f” R5dPaséag00eds: TBAe mixed
WO 2004/ 042011 PCT/ US2003/ 034512 To exam n€ the
popylftions of ¢efls pprathesrexpminsd for theggepeyatiyaf ThPet r eat ed
overnight wth 125 M H202 in serum contai ni ng nedi a,
Engwmie fatenoy h prior to harvest/perneabilization with 250
M k- o, .
ey R A T R AR from Wandors 1. (984), Brify,aconfluen
15gmadish mweislsddl Z)Swlth\HlBSSf andelek debs ref@ved by trypsidiation an)l resuspended

in P30 AL AN ANICsH 7.4), 025 M sucrose, 0.1% (v/v) BtOH (Buffer A). The cells
were then (i.) pelleted in a clinical centrifuge, (ii.) washed 1X with Buffer A, (iii.) resuspended

in Buffer A, and (iv.) aliquoted into appropriate digitonin- and Triton X-100-containing Buffer A
reaction solutions. Permeabilization was carried out for 5 min at 4°C, after which the cells were

microfuged (2 min) and the resultant supernatants assayed for lactate dehydrogenase or catalase

as described (Storrie and Madden, 1990).

35



10

15

20

25

30

treated for 10 mn wth 10 M NH4Cl, and perneabili zed
for 5 mn with 1% (v/v) Triton X-100. Cells were
whb@skemdifor | h with 4% (wv) BSA and i ncubat eBCTMIE1003/034512
primary anti body for 1 h and secondary antibody for
30-45 mn. Rabbit anti-PMP70 (Peroxisomal Menbrane
)._anti bodies were used at a 1/250
ARACAHOLY oys aftl - cat al ase anti bodi es were used at
a 1@hé;5(5ﬂ®KGk!NILﬁnt1 @m,sRmtﬂmt mamtnahﬁee«!ﬁasm vl were WREted by

used at a 1/500 dilutjo Y3-
addipg p léawad%ﬁ?ﬂv%aroetlg i ﬂgﬁg ﬁ#ﬁ%@@ V&?%&l%ﬁech Palo
AR bA? SAE b i1 P AScIWRHE s 0Hde! 6 1REI3 1 dhd BBBsRdCqY e %bsﬁ@dz\l@f Gector
mount’ed using Sl owfade antifade (Ml ecul ar Probes

(Cloaiesh) by BURammificationt HeGFiKAN s éh?pféf%prm& to obt ain

T e T A

upstteamn of e GFPOATG REGIrt Bae;wheh c@dtamed]&%sﬂm sig. Delrewrsaprieer, 5°-

A ICAGEI R R PR rat ik hfcpd Y St

N(yvasye co@plREntadit hisearhueRblidds 3f GFP hntiresaiends-faxmant afvhich
confocal m crqgscopy usi ng an excitation wavel ength
mcélfdeq geclentides apig dori tFF‘dl?eé‘B‘tl@Bla Begeline Yepabofgatalase 7-

(u%@flﬁled | 2keh @(Qion b¥d ah ey i (bRERAskP 1R BRRIE2OIEL, tRDforward primer,
FIl uoSp here (r) microspheres (Mol ecul ar Probes). After

5 é?ﬁ(iﬁﬂé“rGﬁF@ﬁTACﬁ@@H S CENBSECER’ I(SEQED M0z 04)naeplgmented the

nu?&?ﬂ%%g %@rqce%ﬂﬁt% ﬁ?}%\fﬁ{f:%shg& RQG &lrtnslltg qYl{lch%héHl%b gﬁi E% 47111 site.
ate sage cer hese nm xed popul ations o s

Thweaverst: bmnereimmmaMAmTjggm@AGMAmeGTﬂmﬁ@CC -3

(S%@&]Ig 2{(}! 1éat(‘,§'Plp %F L}ne ﬂl%ﬁl erfuf:mgmldgs a eiﬂé hx?c{j crg_qgceoc{;arrr)‘ in-frame 3’

endl Wﬁf&hm&d‘é@ﬁlﬁ%tl@g cetiinp fdd ercXidmbier tﬁ{g| @mm@nwhned) a
trypsinizati on and resuspended 25 in m) 10 ni

stqp@a@gl QI'FSIHH?(})Q} sn@(l%ermsg)u @@S\@as p@rfg%e(i@p\q)l)eﬂ_:tndilmer GeneAmp
sfeﬁ{246)) us@@v&%oly%e%é ﬁ(&ch@ rla((dl danQ@Jt)l ﬁt& 'fﬂig%ents that

cI I'ni cal centrif
en¢dded eifher égﬁéww@dDSRedZ-SKﬁffbtnked byeﬁ@d47(HI wnd Xh¢1| stjesotléd pPEGFP-
C3I>e|;]1ti %B)aﬁgd& f \Izeacqo?s di ? ]dlgg st us1n§'38}oir£t{dt19c%47l%li resultmg in release of the

contai ni ng I on ‘sol
GHPe arxkBiR ddR zadithiaing \fragmernas, réspettioely. Ty lifeatided va¢tor4 Gyere then ligated

BT ST CELLS R o Lol HIe TP, A,

usHE MY BN0Y ENASAROEheCRAVA], BBEbec 30anada) AEBRCIbUNE hefeBGIFF-KANL, and
and Madden, 1990). 35 WD 2004/ 042011 PCT/ US2003/ 034512

PDBR edPa? k- imeainoaliap Exs e 98 Plsotds Mtk GER K ANERDRRReRnTKL,
resg&%%@lgﬁm%%ymﬂ dri @mgfﬁéﬁb@ﬁ MERLR 5&&\&5 fefe ru%ﬁ‘stf&%ed into

ng a 15 nucl eot | sequence to the 3" end
J I\JIEHPbadnertahhaospﬁﬁl-ﬁR\t@onﬂdﬁ plates (@itombg 6hyg/Bhkanamitino Onéﬁ)msfonnant

of F%ﬂtvﬁés ﬁé g!ﬂg}gé g zvlag}f EEF (I% t AL &%SRB@C’%@ p[?s smlgs isolated

an&EHéAA cb& @ldbaxs Rdié&dﬁﬁ&niﬁél‘slbquehmg mnw@rt@i caHfirXgopebconstruct
CAGATCCCCT-3" (S ID NO 12), conpl enented

sequsacen ROIF g@gﬁld@asssga%}yccgnstm cted, except that nucleotides coding for the
peroxisomal targeting signal -SKL were used instead of those for -KANL.

For use in the Pex5p-binding assays, three (His)s-tagged human catalase proteins

differing solely by the identity of their carboxy-terminal residues were expressed in bacteria and
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upstream of the GFP ATG start site which contained an
Eco47111 site. The reverse priner, 5 -

wEthanenag TTATAGATCAGCTTTCAGCTCGTC- CATGCCGAGAGHCH T SX00 8034512
(SEQ ID NO 13), conplenented the [ ast 22 nucl eoti des
of GFP and created an in-frame 3' end which 10

pukified ﬁtﬁﬁﬂ‘xng«{Q‘lI BQLARS. Theliet@nbifknt bﬂa&uﬁeﬁe@é(déigﬂ&i to contam at their
targeting signal of catal ase, - té underl i ned) ,

éb%bteé‘a%ﬁe“héhﬁ) 15 nsyeAlly opquaing AR scquggee (RANL), (i ) an SKL

semé&ﬁ%%éc_r r (ifi. ﬁo bog Y‘@Jﬂ%&%lﬁ@% ! Inthe latter cczssei,, [t%le’\IIE)ANII quuence was
SImIdebleménT@gbnth@ these olodegtiles] éheshyq@@ ﬂ@@lawm@m wanR R amplefied from

a ileﬁ-lenga'x cﬁ&f‘k g’ltoge ¢Inv§'3r<§ %h)‘ V'\ﬁll Sgné: f%%zﬁh Bﬁlqexa\pas%%g’cﬁtyalnlphfy each of
Site. e reverse pﬁrlrrer,
th&thedetoistigeag TIAT ARTebliGERCACTRACAGCGT GGTGCECGEECE- 3" 15

AGFCRergh Tk ATRERERAERE G A B BNy et & ine

antifGleuARel seyleh@odfihd@sn e04lhsaglohgkvith ASnIeEsaictisN 8@ (lowercase).
targeting signal -SKL (underlined), a stop codon, and

an Aeelesist prifb@ver case) . PCR was performed on a
Per ki n El mer GeneAnp PCR System 2400, using Pwo

pol yreirRssd ARGheTTEAYAIGA TaASt) TC I B [gsmrmmnwz
that encoded either GFP- KANL or DsRed2- SKL fl anked by

Ec0475dg@nch XbelrrschencTiNe dxEEe REEBrardGebaRed23'¢SEQ ID
1 vectors were digested using Xhol and Eco47l11,
NQekaniing in rel ease of the GFP- and
DsRed2- cont ai ni ng fragnents, ectively.
| i neafiCA&e-AREERI ECAE @CEH“EQCIQ Ae%GT@\ﬁe(Srﬁ%H?Nﬂ i#
the appropriate digested PCR fragment, either G-P-KANL
wege devizRedi-peduce the KiANE, RKLDMA ‘1 yasens(oReaiplase, Teamestively. These
I
pn%sgg %El}rgﬁﬂgcq&)nde ]}Iﬁ%g(%%éﬁ Bécgeg\g?ﬁgﬁe :%E:op nﬁAléllmnoa;ﬁgi substitutions
an(loPdd{&iNins. a dihH Rect BicHiih $1teZ5W'CH$§IQ ohs aled incorpordied dbwastream of the

Lrol t duct
ST drbal P ke it app B RS S yeien.
digeBtel h?ﬁr%a&q)ﬁ had Mdafd 189 pQERD-XeqQaig)] Digafieproducts were

transformant of each was selected, anplified, and the

tra(npf@md@mhea% dob BstRe BRI sKand resoxased plasmidere senfigg to be correot
aCI ‘ﬁfl?’tﬁ)?/i sﬁ%@ﬁj A ﬁ%ﬁ%fn h Th@ hhdrdL- @elﬁ?quggzﬁl tggged human

0 con I'rm'propéer con ruct
capEPedikiruosagers ihen bxprésyedcamd ptn sl agchrdieg tethe mihiefacturer’s instructions
nucl.eotides coding for the 30 peroxisomal targeting
<Qéftg§?? -SKL were used instead of those for -KANL. For
use i.n the Pex5p-hindjng assays, three (Hi s)6-tagged
N 1 differing solely by the

expredy b s pigeiedf R SR S S SRR D T Tieroimected on
Lﬁ@ﬂaﬁ@%ﬁ P8/eQ@agSldviththictdigettart IG14sE tapaliahy nd¥dls agan®BRcision
The reconbi nant proteins were designed_to contain at

Ingtpygients, Sapspigxblrvernpiseredky iftheKoph Ve)mqahglpﬁ%& Ri!lg. | KJasmids were

SRS [omf S0 TRQUFAGR- St bg oo Sl pspbiSpB0. o

7.4)atCells wea niecledr Imgedi@@Nkltls@ﬂpaxethc pGIRRSKL3r ﬁplpﬁFdfeKANédnd ifigubated
th I

fog@?rgﬁ_me}ﬂee %f%srg%gégrggg%qf mlfrgwgﬁn’ﬁg %%Aaer?a %S;o lggted Sn $93iss

(I'nvitrogen). The sane forward primer was used to
anplify each of
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the three constructs. This nucleotide prinmer, 5'-

ACGCaggcct GCTGACACGCGGGATCCCGCC- 3' (SEQ | D NO  16)
waeeomlogavent ed the am no-term nal sequence of POTYER2003/034512

catal ase along with a Stul restricti on site

(I owercase). Three reverse prinmers:

Axioyjert S100 1nvert%-crr%§:%§gélg&eg wit gg%ﬁﬁer sétsarEl(Qa IC%D’\clca)'mera. Images
( §$ 168 SHPANS dnl EW&E%&T& @TOCCTDIRRERDAAGT - 3'

ID NO 18 .
TERbasEMEr BierqinEeed gmpinequ)y into
laty\%{sgaggﬁl?Fg %la\%/%ra gé(%q ld?i%ogékgm%of 29 enélgiﬁ&l 157 i} rml res ectlvely
Thesertids wieel gmumloa@lasda)vehhpsgmscrdnhﬁcted; @dé fixddot2 It later. After mounting

te m no. aci
on &%F)Se‘i?‘lﬁf)sm g’e Cﬁl '8 ?”i“igei? 8%? ?léﬁ ‘&’6 ﬂplglﬁ@cﬁs%%gr case) was
g! E |ncorgorat ed downstream of the stop codon. Each
Pe 1 ase" genes were anplified by PCR

( EpHemaoPéx siyaab %myealaea)glutattﬁo@estraﬁfema mmmpadtahyr,omam @oli as
ated into (Qa en).. ation products wer

deqcpgq%ﬁgfeﬁaé@ aj. g%l} r%otEms &(8) qmegtf{oa} %g@%\gere éﬁ)ﬂﬁed onto mlcrotlter well
strip @@xm&gm&]ﬁm&aﬁlmﬁ&) ek KT S0 Qﬁn&@&ﬁ@&hw&&q 00).

restriction analysis and DNA"sequenci ng.
(Egeplenhemtingef frpiears (Ws)@eilaggs@pnﬁun@rby tb@B@r%@@rotem assay
onstruct hen ex
per? rn}e% in sz Au aecvtvedfrs éNre.'reSwasn% uglqh gﬁg %6]&0&(@@50?2 ﬁl%?d 89vith 10
mg\h CiioRifa) Jnﬁltktm BBS @nﬁ olosegivivy Tiagd-30. arhd wedit e/eﬁ:a»sashcgmgﬁs aﬁd
cells grown gl ass _coversli ps_were m croinjected
inegbaterEoEBETS Wl i 65 FESBP JHRR i fE TR ELR P S T-Pexsp

bold R wWeRtPhlcat AhdiCHRY lsalbﬁtmvhﬂ raBBs GhiSGRT anfibtRitds leam%m 2500)
Safasota, FL) were pr epar ed a Kog' Verti cal
tip

follﬂamétby eerpmdaseflabemdegsm agjti- rmrt@ntlhhdleatcb 1:2500)/ ffter; wiashing, the

ARy R g APBSLALATSh e 408, 1) hgan
mlabplhferreatdbxequﬁiééa tBldeteaminé the ab@ﬁﬁné@dﬂlé&@md i ncubat ed

for Live fl i f .
T CPE R B e S o LA p e GRC/g (L1 9 i the
folbRNQfld &AR&% 1HBETAMURARAMRIAD dekd ifehl @d4Rfidn BuERD amcmne rlgae]d was

mcroscoFe equi pped wth an FITC filter set and

GIabrzrR. Alsperdiss the Rindingsnd wadhingestaps, Gyl - E@ﬁguwﬁ?tﬁﬁabw%mbblt
OISR BodiREP2 5867 ah IBGb ke -1208RA o HiFaH: - 1@RFondary antibodi
anDsR:ar\c/ig?“SKL V\((J/gr g&r?acl ear m croi nj gct ed si rrul?é}n%%arga;/” o

(12510 | ate passage HDFs, they were added at a
concentratl on of 20 g/m and 15 gg/m, respectively. 5
HomiPretegped um'lo ass coversl i pSs,

011131‘12 o%geitcﬁ)atgtlon atnﬁ é)ro)%e rotectlon ex(:“errlm%xtst were peii’lo%ecpc% organelles
ﬁoﬂ«lﬂ\ﬁmoaﬁtﬁomgtsr ORQREare tRﬁK&hulBhlBﬁilnﬂglbé\S 984edls (confirmed by DNA
content measurements — as above) were washed with HBSS, harvested in homogenization buffer
(10 mM ethanolamine (pH 7.8), 10 mM acetic acid, | mM EDTA, 0.1% EtOH, 0.25 M sucrose)
with a rubber policeman, and disrupted by passage through a narrow gauge needle followed by
Dounce homogenization. Nuclei and unbroken cells were removed by centrifugation at 1000 X

g for 10 min at 4°C and organelles isolated by centrifugation at 10,000 X g for 20 min at 4°C.
(The latter step quantitatively pellets PMP70/peroxisomes from these cells.) For
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Human Pex5p was isol ated as a gl utathione
S-transferase fusion protein fromE «coli as
walemanitoed (Anery et al., 2001). Proteins (obteeTes2003/034512
from Signa) were coated onto mcrotiter well 10
strips (Maxisorp I munonodul e, Nunc) overnight in 50

m\/lsodlumcabon . 0) .. (Equi,v.al oat i .
i eapgciRiation e Sodr Sosaset it £ AinatiRn A, BB (g sy
(pHPY. QL@S@ﬂmM Nayl, me(wfvam 0i5% Gt dedxylinatiye 196 (WY sDS) plus
ed 2X with PBS, and blocked for 4 h at 30C with 10
profegsainhiltisem AomalaikcdckabaSIgand a5 XCp/ (¥ proifgeme g ibodies
e o
o BE Y51 4B 0D B0y TSR] L YL S
Thofmrﬁ‘ﬁibpi%wpte s baﬂlﬂ:r:tdd by mm/ﬁegaitlsn Wbedwasihem on ah@fo SDS-PAGE

gell:l_;l%% 3nsge[r£4 l’lllge\%gbl Blg Eg)xﬁ vae&g Bml %j an% xt%p anti bogles followed

by aldniitufriddltdnt adabnda@dmesod(aél(Km |(§m\tharsaﬁg) O\)ID) Af t er
washi ng, the wells were_devel oped and st opped

desWhenBrpteassijaaied. the orgpnelles|ya nclatqdaigh 50 %mblyrotemase K
(slgaltns);fggi P Jiad eﬁ]eve@a%nmys ta&lﬁa%degyrm%dﬁtm Rbs@ykpnce

nm Pex5p ligand blots were carried out as
phmhmthMon)dﬂ\Fndns 8S-®AGH sampled@sfer wis thent 4dded@ the samples and the
prorteel%lsce aral %cha%;,/e er trTnsPer [E‘S;H}‘&c%ﬁbl&}’x\%% rg)%ﬁ)gs)&}«&e bg'?ormed
w1tafah€-ﬂ)eiijﬁorbntﬁl-datmlgseaﬂdbdm ias sgvetWwhse 1rﬁ§BIteE’&X§1Del\lﬂSvere disrupted
ted th rabbit anti-GST antibodies (1:2500) and

W“gér/bi‘i‘tﬂﬁ s1QOp510F EOPTfEAsE TSHEPPr abbit 1 g secondary

anti bodies (1:2500). Inmunoprecipitation/Protease

Protection 25 | munopr ecpﬁi“%\&lr ﬁpand pr ot ease

protection expes REBANDMEEEnPars1anifRet RfficRhegnel | es
fromIMROO fibroblasts. To prepare them equival ent

NUNMBRk FenRitalG&letified it 0ol A DEWEY ubdAo sk Yeroxisomal PTS1-protein
measurenments - as above) were washed w th HBSS,

imprgt iy eesfueed! in aging pdllgEHEwat ). ohhelsals @pploxeg an thag analysis, either IMR90 or

5 DR D5 oSl AR o B AT e

A @ity RbIsmapbecbnbijerphasaydtstage (fmghvmwmmerﬁwklgmé Amaes a1 998; Dice,

B R T e L R

pasSage@ellOds FISL 36-45,ahd e paﬁdgdﬂegﬁﬁbel?ﬂ)le% 6@ OIMR Bk elly reach replicative
centri fu?atl on_at 10 g for 20 at 4cC. The
senesgepesrat s RHOY AT iceSy Wbléb §enﬁ%_¢ﬁ |ate‘f°§1 PRFRF TS ey ere

n(f AaLIERE A L@k SmilldIEQhd B OOrH 48R, both cell howed
"B ?1& al3%33/%34 12 | m’runop]yée%cal%pl tati oﬁgﬁ%hg ocrenglynp(‘eelslS s

lmm@eﬂcysmlnmlmhn midddopassagel(Fuwalbuf f er (50 nM Tri s/ HCI

( pHTlZe ﬁf)&oggsgl?strgwfl,\@%e \/V/Ss;]/ayS/ ‘géé’ éu&}" rND 42PPT§1 a'c{?e(nvgo\ﬂ?ammg the

deoxyc us’ protease
catborhy-teimhinalsequeacy kezine-lisoeKewire (GoBd gna), 198N d Irelfigire FPeA Epd B, we

o R A B AT DB o By Sere? vl ¥ 513008

evdlidie mpoikc This at@ emmaymm@emabmmi AS, a6 Hemtee dheth)ccumulatlon
centrifugation, washed, and run on a 1 0%

of biefinylated-Beiferaseriagids Pefayisomes Geapelyico e, 209heT eHPf&tysm%)r ghfter the
traﬂsrpQR ?&g\c%rt, Bio®A tg%ouE@&%nﬂﬂérte@@@Bsﬁ%teg e |bf86@5!i, and import assessed

either in organelles prepared by cellular homogenization and fractionation (Figure 1A) or in

(lysed) cells (Figure 1B). Irrespective of the cell type or assay variation employed, PTS1-
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by chem | um nescent secondary anti bodi es (KPL,

Gai t hersburg, MD). Wen protease treated, the
worganeohies were i ncubated with 50 g/ m prot ei PeBE®S1003/034512
(Sigma) for 30 min on ice. The reaction was term nated

by the addition of 2 ng/m 10

oS R BBind 87V 6 0 8 SR T, PP S s
weS€piiaddatingan amhifo-fedrescAfideasddrimpsit aysay (CW endland and Subramani,
nltrocellulose i mmunobl ots were perf

Wit h
1933itRarpesdp 15¥) i T oR I8 e Em RS Rl Wg@ SEBRIQRYSINh apcbthe
pef&gbﬁﬁ‘lta%gumlﬁit% RE N fSraVedeforfline UPhEhmbst &ﬂle@ec@aﬁe' geRRisomes

X-100 prior to protease treatnent. EXAWP
waadeteReihedt rometirig) immunerefTriSy strupPiuestin Bfch;of ﬂ@r?@l}S In early passage
i
colf 36 AFTAFAUbLEN TR 406 B RSARLIEIR, #EE0, T i ter
passagea@ﬂls;gbmellm With ¢his systen, m'ﬁimet appédrsevenpiowdfehnamaﬂh pffected in

Il
w8 ol e betRnsutanns s rede iRt o RRs R bR indne
1mhﬁM@ﬂlLﬁ)re(sE€ﬂb§ Signafobiginkd B 1421y BByr-heheC@ipditdeduee Bdow a tertain
ge Sf or reviews see Becknan and Anes, 1998; Dice,

Crlﬁeali‘?g@la”)ﬂlsﬁmyflﬁrbeéﬁ'i“tﬁ@xr poses here, we define (I NMROO)
early passage cells as PDL 1-35, mddle passage cells
as PDL 36-45, and |ate pBSANRLEBI| s as PDL 46-60.

I MROO cells r Qﬁﬁ?a&@:ﬁéd&@ﬁé&%xns&ﬁéﬁﬁ%@@@k - . PDL60.
Hs27 cells, which senesce at conpar abl e passage
nunb%%soxﬁ\@ro? carBy, Hiidddd, hiyd RRPa%EQMBE s \eé}E Ei’amlﬂédjw ifdirect
and | ate passage. Interestingly, both cell ty

imgHpeligrestaRpomicIerednyeiThe Otﬂé@ﬂ“ﬁﬁ |1¢¢gtlﬁ¢d 'fm tkmr @a@é{stg H¢fd antibodies
o JELI BBl RSE o EUDEATENE S5 RyBB A
puncaatb sm;ptltr@nmearazl passageumﬂs eln siddle prd ]ayesgamgd ®Us,|threnumber of these

siet st Ry Pl ek e ot PE S mavarer
imaéfundrkdchie haﬁﬁebsq,uﬁnﬁﬂ drétih ¢@lyp isdie, b lae\pabsu@dmmmni We
Thi s assay enpl oys semi -perneabilized cells, and

foupd Al fr Ve ancueh HEHCRTS Brparlppasaes cflisythereaurd L i midglegassage

cellf)ahdte2 RALE PSRRI TBMISTKN1E el obiaind@Qdth HE@Y b&KK Yurthermore,
2002). After the 30 transport reaction, biotin groups

thig i mcm%mp perpHisoEe by ndanrewasale dhseredovith antigodiease the membrane
peﬁb §1e§ég either in organelles prepared by cellular
m’)genl ation and fractionation (Figure IA) or in
(lySe d()mpzed: ¢asly (ahd tuer @sshgBlells htoredipedy, weenafzedperoxabinal markers

in SRS TR OSIOU P B8 S 45 B ER FOGF & erpab-eutivared

onfolBIGRE cadurtl Bish&d 26 Yorerslip ﬂ§rﬁ)r W@ﬁl&&gﬁstglﬂﬁl% ('l;ihe identity of late
wer e obt al ne usi ng an

Qualitatively simlar resu
pawmkﬁ& wwaé@@ér‘wétaﬁa%wth thp Sistochraaiea) bIOWBEEE.SRRESEERER-
asséglg{eggﬁglactosﬁ% On mea{ftteﬁétammé %%ﬁ)anﬂlﬁ'bdyg(%'t&m% Id%fferences n

er nea stréptolysin
pepaisome summr aabfounweact mmifesxfin kellsiof distrseagbet er mi ned. The

oSOl S ARl DT PeL by Rt fRefiigy H co-cultured

celt | Tvéo antiBodd@Weye 2d Sc&glas purpose; those generated to catalase and those specific
for a peptide containing the carboxy-terminal PTS1 sequence, serine-lysine-leucine. Both

antibodies recognized punctate structures in early passage cells. In late passage cells, however,
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cells, the average nunber/cell was about 160, in

m ddl e passage cells, about 40, and in later passage
w@edosmg20about 170. Wth this system inport appeBUS2003/034512

even nore dramatically affected in mddl e passage

cells, perhaps reflecting the threshold nature of the

assay. That escence, si gnal )
the SRR nogcqaﬁlrygié&v% 1%?3{% H%t Mo TERES APREaReBsSF igggnse:
with a&Bhd Rt leldhdunt 6 G@dse! %ﬁﬁ&hc%aﬁr{mgs | THRIb¥hdVadr op Beroxisomal matrix

detected. EXAMPLE I1] aracteristics _of Peroxisones
maykgrsag latqpaseaige eelidavas ise Botesvaprble a2 75T gramplgsgme gldgells
catB@s%sagge?fe'd%ﬁlsm ARG uB¥irel, rl‘)q{ L1865 the cytosol In others, the

uor escence m croscopy. The organelles,

stainghgntas ﬁnoe@cdmgplcttbie cytosodiac Thase teyulw supgesirihatisblghss g portion phoellular

Cm%&ﬁéﬁ&g@ as %ﬂgﬁvnrgge S@%%e“gﬁ%éFZ?‘ éﬁ?%%gpres in

ear Tyinpasigatg thicpdintSurtien, wa pédbﬁnﬁﬂdeﬁc&taﬁalm@a@ee E)e 4 &js assay,

t he number o he structures. i.ncreased
carlyAnd dalg wsa@s@hmﬁ cell§iveersysaed WIRdnGIeAsie éanﬁentéatwamfeqlgmnm and
theqaeasb m%gcﬂ@ﬂabt\a@ Jehydrspehtls€ BndABérokiSbhal Péailase Rva aichdired

ddl e, and | ate passage | MR90 cells. W found that )
enzfyoratleaum Ht dfeugibdighenin éqceaﬁfedqhvﬁre@nw visa ghursbcamistely released in
here we - 600 m I '

oo JFASEAE b o L BRESREE PG L it o o
clahig 7 Tiietdrsentfation éxeabiislies the pbink & whmﬂrthaplesmznmpmbnam WaHTE

abundance, was al so observed h ant| oth
CoRBHBISNET B0 B RBRa fo PR ALou ot it Earsatr
coRBHEAORs STRiiSnADIE rélitive Ginbint OY\@etéﬂfk’-bﬂeyo'é&@as@ ®aONjnfifieaatly higher in

markers in co-cultured cells. For these, experjnents,

thedaie pyssags gelisacnfivaygdbremisorahizpiignsuggssted By immpupqfiyorsscence. Note
tha?%lét@ RS c%éélag%ﬁs &ilﬁ%ﬁ?ze@%u@@&%ﬁﬁdlé@&t&r Wi Trtlt@n X-100.
nostai ning. (Th dentity of late passage ce
was confirned by stalnl vitl.E Re hi st ocheni cal
bi omar ker, senescence- d&S5ocl ated 0-gal act osi dase)

ggfefgganas@fdoﬁrai&g@mmw iR Thid0dl Bsord A

{l‘ﬁ Gt oh%f 9?&1 Ero?écmsdc'oﬁt'éfn tthe‘f’E;} R glrsgﬁhiggﬁé 1¢TBhE Ez?fboxy-

were al 5o exan1ne by i ocyto mstry in
termmus sl cﬂelarlg domBPOmgset] irsaged vadls £3vei dap dFigwre W r Gatelgssdwhigh contains a
dlvgfgggtllﬁlé pspfgpcaggolgﬁ)l{ufg glgmr a?]st%gra%me ?%{;lﬁe A5 s gvgs z}gg-rglated declines
in Raintpo ¥ilciiby (S2k, &2 Fidurs B URNRstigate whether or not one of these signals is

seri ne-lysine-|leucine. Both ti bodies r ni, zed
m%‘ﬁﬂ%‘tlg‘iaéy% IPRAE I Fhes tberpt@&rwv%gg@aw@ %‘ltTdsPC‘aSl%Hd% Heeing the

orRASFAIR e PrdtSin c&%ﬂ@é’e@ﬂher 14 Q@A HRALQARQETP- SKL) or lysine-alanine-

PCT/ US2003/ 03451 he stai ni ng was noti ceably
asprdgingrlensine (GRPKVRIOs intdxatli amﬁalme iprsspger liaFs Iap@@élﬁ @gre then
eler%?lg'd #OF {hg rég]%qessmwotf Bleiﬁgr?cg}ﬁhg% zi‘?ld ?ﬂp HR&E uﬁ)(ier g'ﬂ(l&%&:%ﬂt

avi or o peroxi somal matri x
nuaamhpes in late passage cells was al so nore vari abl e.
for nme old cells. cata

o B oKL W R e bos AR patoots Pl e BulHt g n neregizomes

byi1B ht NEla@YaR8& celld, imPrh&tSdeldybE with solely faint fluorescent structures

appearing at 18 h. Only by 45 h did GFP-SKL appear to have been imported to a significant
extent. GFP tagged with the catalase PTS1, GFP-KANL, did not appear in peroxisomes of early

passage cells until 45 h after microinjection, and did not accumulate at all at 45 h in peroxisomes
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5 staining was nore conpletely cytosolic. These
results suggest that at |east a portion of cellular
wa@ atoaloa®e1 and ot her PTS1-contai ni ng enzynes arBCT/US2003/034512
m slocalized in | ate passage cells. To investigate
this point further, we perfornmed | atency anal ysis

of %}%}V%g%ge % F'l ]lg)nq}\stc:‘?elélg,t ?tgcg]ia oanev\}ﬁs ll}éﬁ %? 1d lso?ttngd%ﬁmﬁ was finally

dete@@icentrations of digitonin and the reI ease of

(cytosolic) lactate deh dro%enase and (peroxi so ‘?‘F?
cat Wiealse SWamINFREE PRt of GRS TER PRIt (AP TP §oFRes In the

sarﬁ‘e (géﬂe%h{j cell. alﬁttlﬂ§ &p@&hyrqr@g&a@%@s 163t RSTne HRIRlAIBEY
eased’'in early passagg cells. simlar profile

(DW@d2tSEﬁié,| ané GFRivas coupled tp @agbmm@amragbmleuowerﬁ@iFPé%M Note
t
o2 e hlchofigorb SiFRESRE upl ity BELARAST SRrcd TR K ANL
rerm«ctdangﬂg & thecitbsel. dylbam/ohg'img mmuanismm pam»ssoafaf protkgdimport
At this reat er con |ons of digitonin, the
apl?aéa\t‘ést Mk ﬂ}iﬁ%& C?)tf‘lafjeéiagi’?f‘ f%c {al ase vvasg
Si gifoltCHPE Y-chitgiiRp piofeidsSis H&@la{ea'b? P@)&)‘@Sﬁgﬁumﬁeb@mr molecule
confi rmtwgyt he m sl ocal i zati on suggest

whichshiBes kebres diereiosolpd the ofgiatlled Brpmat @ldrsé‘g@ﬁ’é"é" 601; Dodt and
Goﬁﬁt IR CpABS’ s (PJHCMorfa? Zc%gnﬂeﬂcé?, WlthﬁesbﬁM £Bﬁf§%ﬁ¥g%% the cytosol.

th Triton X-1 IV Cat al ase ntai ns a
A Mamstanmmw dlﬁqr@matméh@mprtyffwmwe@@fMQ PTR&-cpRipiping
ro t 0 :
ey B OSSR AR08 AL sy s
pretf@émfablmc&edon Wxtmgmlms&bhtsm(@e\eﬁnma Iysine-feugjue BTYl), e.g. luciferase,
| ase, whi cq con ains a di ver 1hé;{TS 1, d
"efé‘;}iiet P CRYPINRE 2\lysgy “H}eaaﬁP‘i’i%g“é"slﬁ ‘é‘gﬁ; f-gRfalRse wgregorme
solﬁigm%e aaaergﬁrfal lﬁétQﬁ’n lsé se(:mgdrés IA-SF). A fohdr] 16EiRRRBY, catalase
O, ure o i nvesti gat e, whet her or nat

angfye c&ﬂtr@lms@@n% Hidf gerwg albypreandioyalbrmihiereyrotpherie gy wells of
mlérgﬁ E % tﬂ%}ﬁﬁ&m %G@P?J g&f hﬂaﬁr@kfﬂ é?(%fnﬁﬂd pbasiag indicate that

encodi ng t %een l% rescent protein coupled either
Pentfq» $b;ndmgtol lycsfena@e W@ﬂmmeter(tmiﬁos&blgheo thah yosqatpdase (samicpessentative

ex%aggge %Enlg’lgllx_r% l’:‘(,;\l) C@ﬂ&ﬁ:ﬁ: bWL WasI o%tsé%ve%ﬂr It ?Htgol tpﬁottgns

Sere theh “exam ned
(Figep Bas,sun@ fo binding a/ah yhaedted ip erqieemreﬁts ]:8ndfm@1d 4z5th ki)l retRer 5p added,

(ii. g{a]c? Sr[gfegﬁzclpéj;gc{ Z’ﬂérof Gt W%.élgs C%pgg% é;: r&&lﬁs gzere obtained with ligand
bloRS HHAMER ol it adeNcadRR4506h 8 B5R e schdn ;18mhm wdle bephated B SBYPAGE,
cells, i nport was del ayed, with solely faint

trapsferendda pueeel kilose apdi bleteutaPirdar Pree againg e Rinding|of Pexpp to
luCAI’éraQe \gésddrﬁlcf 1c§§‘h %%Pﬂn%rl tJ fHle Bffﬁg rpﬁﬁ‘l tés % gs 5]9 e
ext ent . t al

si gni f1cant P tagge ase %’TS
1, WreRIsGANEressed dnsmmnt bp peamining bpwémgxxf §@tﬁp$o pirifeed rr¢0ymbmant

BT bt Bl 2B e SEPBEL SRR Bl 1
thi2 &Qé1iRdRt0dalal BEHNEORIOB 10 Bddidetredad cd)rﬂztlﬁé a palssmeme ﬁgl (for

In old cells, it took sone 115 h bef rt ofP
PR RN RS 1T TS 3 RGN bt e by (Rt PERb O)- After
ex;?rggggylﬁql,tep&fﬁcﬁtﬁﬂ?ﬁﬂd%&a&%ﬁaﬁbrﬂ(ﬁ@réshj® BIP 1R Hffed speBdRBE Bhotted
with Pex5p. As shown in Figure3F, Pex5p preferentially binds catalase with the “SKL” PTS1.

EXAMPLE V
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same (senescent) cell. In this experinent, DsRed2 was

coupl ed to serine-lysine-leucine 5 (DsRed2-SKL), and
w@ER4med1coupl ed to | ysi ne-al ani ne- aspar agi ne- PEIUS2003/034512

(GFP-KANL). Note how 42 h after microinjection,

DsRed2- SKL appeared in peroxisones, whereas G-P- KANL

remai ned largely in the 93%‘3%0' CI early, aging

conpromi ses the peroxi son‘a’ﬁ—np#o{-eg n inport apparatus,
wi t Aspliwe oRESentndzd tshltts go ﬂunmocmbmc,lfscxaf zir@datoeuid cdrgmiotetact with

. PTS 1-containi roteins ted
Sk SOty BoBhE 0 PR PG o 1
redep@r S\hOFeRlxidRE nﬁdﬁﬂnﬁfe@ﬁﬁ@dcha@ed(@ﬂmfﬂirs iankt Suligaf®dhhnism and a

2001; Dodt and  Gould, 1996) gD s functional cycle
resyBRRTERSEEONR ?Wtq“h’élH?Ftr(QP?ﬂjm%ﬁoP]@s O4) gk §*Amingavhethet or not

ab &19?&'58 c#ﬁn? QLENES G te LW R 92["&( defil v&fe‘%ﬁlal%é(dftﬁer R &8 pdrBxisome-

e 1 ficliencies of 1- cont ai ni ng
assppxateé PesSpi Fodiersiphish this, we ese@mdtqrgﬁneltw vHusdgerg moxmpaliged to equal
amou ® of II P?(?tﬁ%r rﬁ:;[}ﬁﬁs ét dlfF %&é egla%B lnﬁ%ﬁl‘ijoé)r&ﬁp(?tfaf%ﬁ %’Q;Eépa(blgures 4A -
eraction w NS CO
4])3 ermmtaht%s t}re&edeh@f(mmﬂ)r&'ESssb,mae:d@exﬂmasfoenastﬁ;tly higher in middle

rsus those containing a :
any [ REsir el ot TSR FeyGlshansespral gt of pellplag Bexsp did
no¥\haR&Jih @fem11§ Wniydhehas et anetidiedwindodimlle BlemBiangs was altered.
assays (Figures 3A- 3F). In the former, luciferase,

Imgainggtaiias OBy SR irelbrrnianed his pas-Friatdg Byt MsReFQiigome-association.
al bu ”th p9,z/ |\ T HaLEaRAAE qleq,eltosalssm@ VBl §f1ereact10n
m cropl at €3 t he bindi ng of tagged hunman Pex5p
cydx dpanmed an@mbrareml 2081} Agidetetraing tfalne peReEsBplessisicigidAgxSp
ob%er¥edl’1lr(1: aftee ! gssége c\:rNZlé Fvég 21?] th%:n} \n1}1tb| %18 %r 1t1191de4,r %lge %r%ﬁ%ﬁakb&*é %Q‘f&n%ed a
pr&b@él-pﬂ)teﬁil‘k)n as€yl (}ﬁghretétE]) elrthia dxmaglmm]s oxghmne;vﬁdmtlzﬂe pztss!age cells

control .protejns ur d no_bi ndi.n
WP oERper e A GoRatid 2% stk oyl it Bl yes
comPied, deg(aﬂéd l)y tﬁ@pﬂé[e@ieehﬁlﬁr §6281t®8s in(WHhidh: the Rinife @ﬁzyme catalase,
denat'ur ed {')“ rt| mlar results were obtained w't
PR

was |lf§%1€ﬁﬂms¢31ﬁ'@t’% pirtlyeRexonend @isdase werehot @awletedn éegraded by the
b

o ROUL ORI AR B0 0 SRPASL 0 DT SR P s

sugdesteha gging cells hecubiutatd PexSpbn Pexdybact of BBir Ipcmxlfsgn@ss ét shawd be

RS AL AR LT i

in €a¢BPakagiOcells, pekisti@atily rdPextng nbengd taffickiag of ﬁhe [31ip ) nﬁmiﬁ receptor.
human cat al ase nol ecules differing only by the
identity of their carboxgXAMPLE®l residues. In this
experinent, catal ase nDIecules er e, eno|neered.to
contain a pSfEoh ¥ F
ei t her the|r own PTS KANL n alte ed PTS SKL
or MgPatsplalpopsequengg Shaeroso % xodingen reqhsed papasity § an(?rf enzymes

is &8s SNRMRERLcirdgldiion. Tt Sy p&Bapd @lere?lanm aﬁéﬁzﬁlo‘hhﬂi @1 balance between
species were blotted wth Pexbp.

thgsg gerexisgmal pasymiss frabgeaedietiOp pyd qﬁhfﬁd?sosa atlchﬁhageehw fplaspavhich

Sﬁ%‘b&ﬁ%@gﬂ%@%@?mlﬁgyggﬁ%}éﬁ %ég%gé\{s p%ig&kllﬁlb?um would be a build-up

of He®4 vl Toramtlyteethist we trestedddPBifyan®is aBesxdith the dx15mwnc$en51tlve
S35 90 .iﬁteract Wléh ) )
y€, 2°,7 -dichloroflucrescin diacetate (Bass et al., 1983; Ohba et al., 1994). This compound

and

enters cells and is converted to a non-fluorescent, cell-impermeant derivative. Exposure to HO,
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docki ng proteins on the organelle's nenbrane. This
interaction is transient; accunulation of the

WO e@epiwil at t he peroxi some nenbrane i s associ BABUSH03/084512
errors in the cycling nmechanismand a 5 resultant
reduction in protein inport (Dodt and Gould, 1996). To

exam ne whet r. not aberr t,Pe clin . .
coR6 G0 ABEO U L GG oo A BT T i feadily
visRBliZ8X by EdHEocaPid ket aye ditPe KB, wabQedddn 04rP/ dnd fnilldle Passape cells.

i sol ated organel | es, which were _nornalized to egual

Hogi¢pernindate passagopells, ¢ Agmefiprgreae OHF}‘F#@SG?PPG% sSimijarfesults were
oblalHH GARS @Afs' a@éa?@xtag Per?&?ﬁ@@wﬁfh&%]%ed%ly arﬁﬁ)ite passage HDFs. Also,

[ mportantly, evel menbr ane- associ at ed
treginicdigeilspassaee YD ghith the catalaiseiahibitan amppgtriagele fﬁ%‘kﬁ‘ﬁ’@é’l

n V& a h

mdailllgrttl)oﬁln(if }p@ %rP/ rs1 fép fof hﬂgge'ﬁgn %1% nggtagéj eth Ehtltshﬁ hhlg%@ur studies
certnl) sypponlthe 1t1dsmetha menonisoraessmyl cahieitiuteitd ﬂne progacteinloé H,0; in late

menbr an |l nmunost ai.ni n Pex
PASBIE T G PR ‘U PO op EIR A TR aage fucaton. Also ot

enfd€yQidaB 8 WRrydB 69 GdcainuRiks 1dReBERtlAtY paske$ 5als\/\@é‘sp1$ehtﬁ&\lfhct tﬁat
actually enter the peroxisone as part of its reacti

peioytspaal PIFFANPAh i 2B5eady Areaied “2‘9(5‘3!;) 2 paaexselle igte 1) fPorhaps this
reflddf t%ﬁ%@/é&ﬂ?o%%ioﬁé S(QO)P 8262 Br kRer@PREI1¢ Q—QOEﬂeérQ&n?g activities

passage cells was on nbrane or insid
whoseyrapadity ¢9 pmeespéneﬂiﬂ&md e‘@nmplﬂBm‘@a@l@lrp?cbmé%@ passagaseiby
(Fi Phe r%la%]io% thi brétv%elgn% 1ffRGLd %ﬂ{t%n Sf ﬁ%]ednh B {;{Iugmd'l (ﬁta%enescent
passage cell @ freated i'nase- K an
phemsmpe (Y] abﬁehd;cbeeﬁmabm&dl Bpecifiedilyc alhen aﬂdattmése(xw) wsved that HDFs
degr ad rote under .conditions. .
et WS- e - Copion) el iy ettt s od S guegTs including
grdvitR 8R&H, trédﬁ@ed dd &ﬁﬁhl:él celA8% oRzyaRel fdhalASE M@ﬁ)m@g twe
conpletel the 20 Erotease when t he

ad@fﬁfg%@sllgégy Wéﬁ%éenbwwc@av Eguigi > Ry tgetingrvoheter Orm& gfposing early

gsg%ectenf o’HZU1 %ﬁldrlﬁcﬁfé!a t‘ﬁerox%égg%é{esgen@é ’ %ﬂd E‘f@ec?;?%e'd&ed ability of

umul at e 5p on the surface of their peroxisones.

thel ctrg@hklmiodmbm 1tm aingidtuerth anzyPex 5§@urabs;1bs syggesh thes ig thetchass, as H,O;
tregtg)ﬁg (%%ecelgs) 51&% Oxtﬁli%ge cs% é?gggro%l %Byiégr%%gﬁ;rﬁlermore, these cells
acdu@tfull €1 Per Op Gxﬁ)ﬂﬁﬁlpelbkla(ﬁlﬁdas&k dé’tgmﬁﬁedtﬂjﬁmﬁiﬁﬁoﬂudrém@fcé and
. receptor.. EXAI\/PLE e of rogen Per oxi
1mmémz?%lawe°rseﬂqé%e eSé r%uﬁwggﬁsr t&fw 1%(9% 3@&%?8%@%615 Relsind tha
suddSicOith S AR E Dhiibhite Rda RAGRIGH G GMBRASIal Mte"gﬂty'dfﬁ&bilsomes

enzymes is a |loss of honeostatic regul ation is
Theserphenpsnenp gregurnablysgonibuiemat erntoj the taﬁ@gb af ReRRdsOBSsRktg cellular
agﬁggg,@ jper oxi somal enzymes that generate H202 and ot her

and t hose, |ike catal ase, which degrade the

toxic metabolites. One %@;ﬁ%on of such a

di sequilibri um vvoul d be 30 of H202 [ n

cells. To Aud ‘ fte; Pe £

age |

e %?da%?‘t%?%%e%féﬁ?*03%‘**3*8%%%@3 ¢ iSlcaormechnigmg
peﬂxbameltpr@tbm imp&9 dnd. orgeneke twogepesimid humman beaith emd dggngafd shewn

conye to a non-fl uorescent | - i mper.neant
b 1 B RE P RIS R eoP H S s ) GUDHE phayme catalase
pafticliaMipA@R B0 3615i120m63(§&ﬁ@£t§ 1,008 aasrpedittoftatubiber of oxidation

fl uorescent version, 7' -di chl orof | uprescei n, which
regconscamiet yut in the organelle One consequence of a reduced catalase concentration

44



10

15

20

25

30

vi sual i zed by confocal mcroscopy. Little H202 was

seen in early and m ddl e passage cells. However, in
wo atog/opmssage cells, a dramatic increase of theCROR003/034512

appeared. Simlar results were obtained when this

assay was perforned with co- cultured early and | ate

age HDFs.. Al so, reatnent assa DF

wilgfeihe P ieameds e oiental Biren peecdmana bt ek SRl Pl os
Thé Res@B supdteide EHapd'glr%fceﬂh?&zm&&ﬂ‘;‘)rcﬁlhéﬁ dl@atel] evelak HS@£4hdithat this

| at e passage cells. Thus,  although our shédles

may apyeaioptrpuisd ppfirther feductions ip tﬂ*ﬁgvp%té&aaaal%a g ofggpelle. Also, this
Ofhd%h | oyl ao@ontPiBE 8D&ITul
o b o iy ot on B e ARl
agingpor t ant open questlon Al'so not entirely clear is
at es
des B e eeREN A St Bt MRl SRS ARG Bl cqle
altiidugk anhbld tmaﬁﬁcieady intport thidt @npatssa geymes, hsve(tﬁelgssrappeh) more

Per haps thi refl] ects the involyenment. of gl utath
nulagrtoggu Ezfmsa}sﬁ r%gyllalfggrqx&somﬁ&)_galéeélrs gy ﬂave become O8iSabled so

tha@ﬁk'o\/gahélfeﬁiwlm%ﬁle aBdRAG! df ¥ighFicRit PERSS ichjoet. REB cdk@vation was
eventual |y overwhel ned in late passage cells. The
exterdedtby sxashinive st and faterassagr s¢llsdy cleRETHPICENCHY- LoigPasspgs (“old”)
f g e RAMY.
fib %gars]f d;%t[‘lgtcf)rﬁﬁﬁg leﬂlé)gaztlgl% Gf Q{eﬁlcl&hﬁt@%néféalﬁag Sing ¢ pﬁ: s)omes seen
by shovedlubteatenédDmRglysid. 5At 1#6&@ e@ttlwu offthesg weﬂléwﬂmpommm@fdecorated

by g'ztf%ogles Pl%g%\ég gl%p(%o Tial m grrgt;rrelgetp%telgjo gﬁ%?%@%ﬁ& g%“i -lab ff:led

sa@hm&yma%omeélular enzynes and an "aged" nnrphology

W address a slightly different estion.in Fi

5, By disgisss OB BT aﬁ%ﬂmpé%%?%“ Juprpipin lalg%g@é% result in
im ﬁifeh%etro%sﬁggz‘ﬁiﬁ@t‘xﬁnd TRAYE ehat 16 ﬁ&i@htﬁ QFE:raRRESERHR] enzymes

effect a reduced ab|I|t of e organelle to
wquwﬁwropmmosms,eémthqr@@ﬁ to theip gﬂmd iRt prepsiiepssdus ig fagti vation by
e -

st g TR TR N 95 G4 it EALEBTIL nlion T ogaggione
phésphath erybneferase (ESRA R 41T), she cagyuengbranatile FencBialygmgttieelirst step in

b f
et}{)ﬁf)rlgﬂ)%glbo 15%%6(?58 c?es%se leF resdlts 1¥d1{:2}?§éflgplr ée ggis?%e s &hlt%atr}gduced

actiiglof (iR AMRAS O, leﬁdlﬁgtol”tge pedittsonahat pt:ﬂfhaisomss.tﬁ'l’late passage cells
accumrul ati on nay contrlbuée to a reduction in the )

will Gortpip graeed; Ieelspf megnbene pRiBylPecsie the ultmpale arong Abihe fagymatic

caRbh&SiHABRY ¥y DRAPLA PUTR: TREt (RbdlcdDplhdiRilogdthi i QeroQifsome and/or other
perOX|sones but to cellular 25 aging as well

celE»Kaxmr@rmes wapldibe profiend Singeiplasnalfgemerrart arpsechipefiactsiagtipst

VarE()el{ QOXI 1 Tﬁ%ﬁﬁgﬂ’u&ﬁ%n cHsS‘i? o%r% bg{hrIelFStl%(Ad tP?S2 components —

der's ol ecular  mechani sns. of per oxi sona
thap ispited a’ﬂldtemnhmtr amd iosuppordd ty thd dgemasing thatﬂdflunam either PTS1

SRl BB o R B Pg BB R omet

ch&HUeydyEp1 g&a&e patitaiksh tedulksah kignifitindlg r&ldcedHBH ARISDIFRSS.
generate as_a by-product of a nunber of oxidatio

r eadp cwigad @gp]&bl@kyeddﬂ)lseryq{lophglama&éqq%lspgela@%y poor import substrate

boglgg é%ir ggﬁe %I e %%%%%?ggﬁlg{f%h ASByCRIE ML AL A rechfts ¥Pear in

Figure 6 (and continued in Figures 8 and 9). Specifically, catalase import is reduced in late

passage human cells — in keeping with Examples I-VI, supra, which show mislocalization of the
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within the peroxisone is the potential for an
accunul ati on of H202, a potentially toxic ROS. The

wo emdloi®isuggest ed that aging cells do i ndeed pCDUSINE3/034512
el evated | evels of H202 and that this may have
contributed to further reductions in the inport

o b Bl SRR P oL S Tt S

termlirg. Stdiks bed 6n 4 Beane blogingrapprbachghaiged thdt@ataragsSeiil a re-engineered
i nventors previ ousiﬁ/ observed tﬁrgat per oxi sqorres in, )

C-tgnings. Rmeln itk pr SKL papiiA@RR§H7I Y AEEA 41808 FAuss 1Btgtacyjon with the

PTSTRApIrt LB, lfé%@ﬁr.t Al HERlibeAMEY I heseMBYRVAIIAL RER cRRARANsIng
nore nunerous. The nechani sns that regul ate

sunfise plassomesdnanggd ARR) witha BIACORE bieswser 3908 diigwel 7) olheseaesults
th rganel | e divi i n Lanptfi .

o5 SRS i RURSORR gl ST 303 por

recyEipadras ogmpacd tp aarcidnalf hepassageonteining the/-S{IeET$ oMithough only

m croscopy. Late passage ('"ol.d, fihkrobl ast ¢l ear.l
o sl Re TGP Et TP STer N TR E Pt Tort B B P ST dadon o on
ratBe bfiGatéN endORS PNigOMesS seen by i munof | uor escence

anal ysis. At least a portion of_ these vesicles becone

[ mﬁﬁ@hﬁééb?r}i‘?e@ﬂcowfeélﬁbq 186’811 égﬁ"éﬁﬂ%‘ﬂ ¢fj the §¢-§KL)-containing enzyme,
lud?@fag&( Fﬁfﬁ&’ﬂla BENG-8NRs HoRnSh Pighfd 8 RMFL 99 i8R ehr more robust substrate

gol d- | abel eé secondary antibodies. 15 As discussed
thaalvetalese far the perssiserod-imperbampanipisig edfesticeinpoyndedpyythe pging of cells.

i mpart woul.d result | i i ' inan—

! RO e s BRI AL 8P oppin g i prsi
wil) @€ tugostedratoresaifigienly thatthe nzltuldly ocoprirg kAL costhintng enzjure.

.to their reduced inport or.perhaps ( 0 .i nactj.vat.i on
Figge SRS E 40P T S DS P oS b P BR8P Ry Bater
exfht. %@s@)éx?&in%&%r@p&fdﬂrﬁé@*&lﬁﬁﬁﬁ@ﬂﬂ% phesBabm@monly used cell line.

‘acyl transferase (DHAP-AT), the enzynme responsible for
Simiaraesyls 31g obtamed inhymag fisfeblapts.20 et her - phosphol i pi d

bi o i JiotihibRisd Byt tlid@ordddP®s DARBALR signal

cel ?g{%gﬁ%ﬁ?m}-e Uced  act iﬂ\},ﬁ’{ly of thi srcﬁi ti ?a?% gl%Slgm.l
serypas i, bakie Autitimgpresont ineenpor & dirasedydn altdnslte qourse of proprdspmsfdecline.
o BRSNS b OO Pl S PEMG LEYRLS gt e
of BhQy4iatthat expeiemasiedided tifedted abyuniidtion Al thisTne otfef @gic REIS.

o PR e B S SR T O e 8 e o
traRs RSHBA" GGRES 28 UEIHbARINMbES hhd®118LueCING 128 BidRGEhnaldyy, 19, 1173-
various toxic insults. The DHAP-AT enzyne itsel

f . :

112ea0@i)nhebrsis obties aroendurefsrihat acsppgivlivalssigned Alrating acid peptide

| r.. . e e s
T
stepe This peptidecathlase @npksli$ themaided tormd Homeheqadnisdustiar plmse of the

PTS2 ipport (in cells of rhizonmelic hondr odyspl asi a
Prostiice a1 O 9Pt S5spled et ik HR g e A Peeae o
c ATwhiely 88 the TomPik @Rebeutts. Putalabesio acw @26 & anghdeahs

that catalase is a relatively poor i rrrfort substrate
perseyispRlimpart apparafusand be yprortsdnthe owarglle: in vitro

i mp i, lab 9siBRRERE prefnt i

Fi gg{rget’ 6 a%%ea‘é@%ﬁs%ﬁ@%l%%&%‘ Iggr leéﬁ%ﬁlgndmg) . 'p nt mvem_ors
sh@paigirdteinatahsductiat infodwman fipoblasts. simperientkyderidacytesiscannot explain

passage human cells - in keeping with Exanples |-VI,

supra, which show m slocalization of the 45
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WO 2004/ 042011 PCT/ US2003/ 034512 enzyne in these
cells. Again, catal ase contains a non-canonical PTS 1
W@ 2008Ml01Rt its C term nus. Studies based on BCT/U§ENS1034512
bl otti ng approach showed that catalase with a
re-engi neered C-terminus, nanely with an -SKL peptide

present, eff cted ohust interactiqgn with the

e ik Ty B L EBBDE e PSSR PHET oL gFAcI O Hase) when
thetetﬁﬁé'ﬁné?xb%%ﬂ@fohﬁ&ﬁatw&13)61&3318%6% sAT 5 surface

pl asnon resonance (SPR) with a Bl ACORE bi osensor 3000

( Fi Yextecapylase Fiaedaiveied inte eells siith Hjp techimare (WigyredPey TBes| v
exp%%%ﬁeé exlqhed 3 LRI Beo brdtSisIALHL b KpRECHTY 4 Bl Fuht of

ot ecogni zed as conpared to a version of

catmatee(cmhmrehmtlaohnmganMQ:tWSBﬁ_aIESF& gells Mbeled dgbat’bvﬁryls narmal

“H\gﬁg&i}g}é@qgfﬁghé‘gvﬁF’P‘IZ%}SJI“%‘S‘? chipn, tc?tglgseslf:vegsn\yere mgmﬁcantly increased

in QSfJat) cellse 3f a BRAagdkRl Vadioest catibisd\wad ined — ﬂiispﬁfgemaﬂlecule was
npared the inport efficiencies of th

apSSier) Va6 GFPEI A 1t BB YRECT MIEGHEN GPELBOTSE) RS Adthpgh the

cat{laldif thi &S 1RWs bin 'Efl“gpfrﬁth&e ekﬂ;é%'nfeﬁfs 3&ﬁer|r§suﬂs fudbestMBhGhe —
robust substrate than catal ase for the peroxisonal

SKilripgget! varsioaohthg snolegple és simbarlyctmpdigedied by the agi ng of
cel
B U
lewetmﬁHﬁ(éﬂasrmmpared foi eailepasbage ctibst Helait wag dﬂrradnbtyat@dbmacaitari@emic

3 505 Eon 9 A SO T e v,

forl SXRAPIL LArly PasBage AVRGD €dlse ImpRiahey) transHi@HR of ¥SlAdeNB0 tese cells
wer e g,erforms with human (A43 1) cells, a comonly.

dragiiepl apdupd e HO S5 oniepin N yacsghseligramest i) HEQV D woRtiHeh
quiddRiRPLAH S Ilﬂ?ﬁtam SheSinlduf (ﬁfHZOE PRQRNE wad re@fed bﬁ&ﬁnfbf}()% in this
virtue of ' this altered (PTS 1) targeting signal
exgeiment Que shpdd seepiin mingythatikespacatadasemia g¢ gmake normal amounts
Ler
or Bl eSSBS, P BEL A SOTRILRELS iy dts
se I @heteforé, these @b bhouldaiot b cdsidasd Yagodipad ivlosld te\egps&tedfto import
02 and Lhdat ex er.i egl%]gssl reduced effects of
catziasy AN IR © ot her toxic ROS. For

ef f Sﬁl'd%@ﬁrelpeltfélﬂﬁﬂﬁ WHhiBh @eftalﬁis@ﬁs?ér%ﬁﬁer’e@fdln@l@dd aSstrthﬁrgetlng signal
(Sgiesent inventors utili "protein transduction'

Y apddgjiptraducedingg 4 lafé@amgerqeg §wa1 @lapergres iy flp@ Further,

int%dﬁélﬁ%mgﬂsg% 1;1%’ea&}§é§sagl- L del%?p(%} elinlin@e AR shs@lof senescence.

this procedure Is th speci al desi gned 21 am no

acid peptide 25 (called Pepl or Chari otTM w Il adsorb

to a protein of interest, here catalase, in an initial

bi nding step. This pepEXMMEBREMINse conplex is then

added to cells in the transducti on phase of the

procedur e. InlVigo Studids R Cagldse-SKIdlirratnac odOMmnimas pl asnma

menbrane and accesses the cell cytoplasmat which

t i meProtetn 'D@ﬁﬂdhc&ibn’dis&&éiﬁﬂn&l}eﬁew ﬂaaﬁ af m&eddcﬁqgrbmmgwaﬂg rélevant

e the er oxi so ort araIus an 3
po} yaﬁ%s%quqﬁlgaqdﬁ@wﬁ g%al@m s gp0pd apice. 40 % x Pfggple, “In Vivo
ProR% TriinsML&ion] DB oF R BidI8Ficddl AR Rroledr BB REMBSIU Beonce, 1999,
the present inventors showed protein transduction
zgﬁﬁf —hefan fibroblasts. Inmportantly, endocytosis
cannot explain 46
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WO 2004/ 042011 PCT/ US2003/ 034512 these results as the

cells were still blue (indicating the presence of
wa@edokiohmil ( 3- gal act osi dase) when the experi nePCT/ER03/034512

performed at 4C or in the absence of ATP. Next,

catal ase was delivered into cells with this technique

(Fiqure .1 ese er nts re

P bfoRtgel Ui TR chflar Sk ks tigp prpenjom. The
préeB®iré isANRMBIvs. OA préreif daiddagdn (MR ot the VeV sTadprotein (descnbed

i munoreactive catal ase in ceI s | a?l eled "Acat" vers

abeis} irdwsed pivRoY-ternset caalase)SKlpohalumistiging Alfinity tag (His- Tag) i

enélﬁé%%q% dﬂe%ole&x%t (@r@tﬁﬁA1 SAEIng cWo?((ﬁb%‘Bf ng@Rtdadlase is similarly
ncrease Acat I f H s-t'agged version of

fus@étoahaﬁév Wasdqn@edwﬁh 8 Hl%ngaﬂIg@Wth?DF@@Ql rowpsC), a native catalase
ransduc

frozn AT le ggg { ewe?cregﬁg fgéeg gé?noqre Lo i gg lt(%/ ﬁg m%glzag F%rggelﬂ:ix)ﬁtﬂ 9 His-Tag.

Addhiogalgbhtebys inelddé Goup N alPiiBeldted protditesfsireﬁepemolcmmr gass but devoid

o ST S SIS LRt L1 L S04 20950 BT e

wa?,ra){@m@a&, $xevi ously showed that | ate passage
br obl asts produced el evated |evels of H202

as

conphe Bsion progeaps aje iselaied iy Ni-ghrpatogiaphy haged paithe binding of the poly-
hls‘aﬁﬂp Qe?fil d;ﬁ% &Pt 'ﬂ@%al %ﬁ% a*l"l?esl%ﬂlted fukioR PQ}@élﬁ’&ﬁt@tl@h déhatured, and

produced very high levels of H202, levels that were
injeoasingigreatohsallyiigh egpatateagroups of micoat dosesf] 1611g e &mp per mouse (0.1 mg
) 1§as«%21?§e I MROO cells. Inportantly, transduction of

S5e into these cells 15 dramatically reduced the
H202 fisOififeBts.of DmRue the 8 RMdsgibanandnd ek dcﬁvﬂtﬁi)f&hél\ﬂ}ected proteins is
pernmitted a quantitative anal

t.ant |
megsstch BigistHpyipniismeaspied b W%éwws Bnpag’irsﬂéwseémeﬁest Total

celﬁﬁér%ataﬁ%’e%ﬁ{u%@ tfoun@?@m@t'@&’s‘éluq HERMA, 'Waﬂ@ MGut AAD. 1R $Rorease in
acat al asem a ‘cel do not nmke nor nal am)unts of

Grourt @h%@@atesrxle%ramwnf@d enzymateadiiady plorapiasy Pisent BVIcEEHemes
ObEf‘F{%Erl gfﬁ}gﬁg’ex‘% ?#o%lagta}éﬁﬂg 'R rb&ain‘fj %{7} g&t drl)(ﬁfney egls/tls%leg taken from the

ese tel P’s sho consi dered "age
treata«blmmaud wledseredx ﬁ&uﬂpeﬁdha:smnarkqdb'rmora 6ata:1asteap|r<asm as gekas eutdldse
s are ger f oren din

enpyf Aty B Rl st G PP b EBERosg (e i TR protei

in péreiadmes (bDKLo¥ cafist, h& increhdeasl eifishe iefitydhatic hatvitypassage
cell. Such catal ase reduces cellul ar, H02. Further

i nt ThelRreseAee arentdyesd oajefasq pretsinear by disingdished temp e éndogenous

{
Lok Oy TSRS S, s, SEREBERO ) o7 i

reagfivilyawithadngi- Hl@lanttb@dws Pr MinH BB eytpdwmidakstainng reggentel y new
for lﬂle blf)(!ll%‘l‘lf)l?tgoli!l e?lilf%ng %‘1&?1{% eleraBl% qﬁ%’n@i@és of tr\e cat%ll%se and Group

pol y 23" e S an I'Ssues o
Dﬁlbtfbﬁ‘lsedlch nirtikltyeall ek tiskaes eesnainggd. e, "In Vivo 30 Protein

'FI'): gggglfufcl%alﬁlg gf @Egclrk%ﬁr% stu%igsgqrgh%igggché%{’e}{még tﬂievf{'gllowing parameters
ané e THRAIngliediAt aretbbtatfed2004/ 042011 PCT/ US2003/ 034512
(1)  more animals receiving catalase-SKL are resistant to oxidative stress than are
controls (To quantitate this effect, cells and/or organisms are treated with the
oxidative stress inducer paraquat, and damage to proteins, DNA and lipids is

assessed. Stress markers, including Hsp70 family members, are measured.
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Accordingly, a study is conducted to introduce

catal ase-SKL into a live organism The procedure is as
wo edokow®i1 A protein transducti on donmai n from tPET/US2003/034512

H V-Tat protein (described above) is fused at the

N-term nus of catal ase-SKL. A poI y-hi st di ne affinity

t ag (Hi 2@%%%%1}%? 61} rc(;%,]egﬁ%veg)of (a opd \;gg 8%? en?s ég)gasu‘egby eggammmg

SI i | ar | e GegrdéSoF darbényl ﬁhedlﬁl:elﬁoﬁaf prdedira) Mdwb} pladnalogens are
Hi s-Tag. | n another control O, a native
cat al asefetermpidand oxidettys d?’?@%@ BdnisiEehben renoved
2?'5 edhsti hid8 afd, MefF%BmE}QHﬂigbrWhé thf@sefhstivEdBkalase falls relative to
Add| ional controls incl D, an unrel ated
pr ot ei n théir shilitytaimpenliefsedaptalsses3but devoid  of

cat ghase Y )
SR G PR oD TR S co
to SKL mmseorﬁtt&s)on prote| ns are isol at ed by

Ni - chr omat ogr a base e bi ndi t he poly-

Pl 01 8 S SdaAEm e AR Tl HEgHAL s S iRy bgocesses
fusion pr ot einfnt#ih @ “Ydiapertd Bxvatofs@eturaast fuhstjoact ed
|ntraper|toneally into separate groups of nce at

doses of(ii10og the gHRgespien Pie i)fs‘e- geFs PhRes exPrei%"‘h’gji%‘yntObe
After intervakgcafed 4tk aE{ﬂF‘ hdre dERIYHEQRHLRS Eﬂabb’it}}oﬁﬂlgeammals

the activity of the injected proteins is 15 neasured

Bi odi st r@ibut ineasures Qfealsibfyeﬂ lify/ (e gz immunecurgiionyBide appetite,
each tissue
activity is %%ﬁél%i ?Crtl%lﬁ%étc Zg&sﬁéo nl?lg;f %“3%2‘; " S@{gﬁl'ag%g
but (4p0t  ddimdlb gedteichemielly @ncddr wegk oAcvgy gtheay ek} wuﬂ'haealase-SKL
anmount and enzmtl C ct | Vi th%/ g% cat al. ase res b‘?
per oxi so gontig ?’\ggm i B sPe 15 ISETRSS 8
heart brai n, spleen and ki dney ceIIs/tlssues t aken
fromthe treated mce is measured. Group A has
mar kedl y nore cat aDaSEUSSIOINCOF EXAMIBIIESas cat al ase 20
enzymatic activity than Goups B and C. G oup D shows
pr eSkngeoxidontetiea skinuimuabigemalln of)mmﬂeeted celisn Ifsesloii wames,
but, .of course, i ncr.ea at al ase enz
PR e proceRe: g Grtibelithe S B B Gt il e seid
an&@asrmo%h Bldsightss hedte ftiadptRable fslaQaRN HaalthC Thab@sRlle carries out
enzyne by virtue of its size (slightly Iar(gler t han the

a f@ﬁd@fg@w&a@% Hithyts axidqges H’m%l%ﬁﬂz &s ar d prodprt i ighly
pofBiidus KOs 1§ﬁgid§|§p&h€§teg ko Mher RRuS the GORIN of Bbrogikéthdll 'cﬂglase at least
reagents. bi odistribution study confirns that
undre amt citshwstguent As husanatlls &ge, therperpismessabildy tupain@in this balance
of %z] t gengr%tlrré%e & 2 %lé/glga}r,c'ltmu aalo I}‘)éltl% and ¥ %r%,%%t B)g}g%&g St %é( %mogg%gnlsed
corftib@omig fetht belutao hglﬁgvpmgesp aTl&rmésentSnveamh lidve ctﬁaﬁdckemmm g

results are obt a| n nore an S receivi S
pero PSR SERE TS AP Sivhar SLOBRPHER o 15% st ol B gquitibrium
an@fe@uceagrg;agaterfgﬁ&lo{,Ilqseguant itate this effect, cells

nd/or organisns are treated with the oxi dat| ve

st r Beyexisoroscmporp eirEasostandatpaphiiEors Sresyiosd i(kazaropnard Fujiki,

d
19?_@ 9813}?&5{?}? tiRn n%e%bsngfrflg %Fgg?eé@ﬁég@ Ot g%rcl@ﬁ%ﬁveré Q)%Ilrﬂﬁjédr!ig described.

above The results 1ndlcated that human peroxisomes import an SKL-containing PTS1-reporter

less efficiently with advancing age. PTS1 is a name given to a class of peptide sequences that

direct proteins to the peroxisome. All PTS1-containing enzymes are thought to engage the
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WD 2004/ 042011 PCT/ US2003/ 034512 Furthernore,
intrcellular levels of (a) oxidized proteins (neasured
whyooenauini ng the degree of carbonyl nodifi caP¢DOSmD3/034512

proteins) and (b) plasnal ogens are determ ned; and
oxi dative damage to DNA is neasured.); (2) as the mce

e, thei ilit i nport the |nfus
oy B ekt Pafpeasahat sl Tagoos kit ERaRS! dobjng 11, but
oné BhathS @6hstRtablyaser&ififion( a3) othdds. aAppaAdifg ity BES le(d GFP resulted ina
chronically (once a_week or every ot

her week

fussoqt RIptgHIEhat Rp (29 Jess HReptd] igyportqd tjgnpae%essz? “HiStE: éguawa “RagRETP
refoftkl 1H|e§t‘iy ﬁs&@@@élis &d WYL ohdi REHBNe &l e NMPERSSBSN the other reporter in

mai ntain a "younger" l'evel of structure and function;
latg pasgdge pellshd hesepeselsaggin qgnﬁquéh%ﬁatglé%?é%a ysiyely poor substrate for

| at

the c‘%%g(g i ?r{ap o{eﬁﬁoh{égw ?a L?/%Eoﬁg%ra%hﬁji%nm th I?no"ilgfeggst IRGiEs, two
ﬁbntemumﬁslmes‘ haej baﬂnllstoyatﬂf frd»m pafen(savity. Zellivaganttide flisodeison which the
. libido, appetite, si cal. activity etc.).
e GIBE Rt el BPEmA TR ). i NP pssipa,
pefoRfsombL dhldal{obeerdacikedkn ®patRMENYh PGl RuBalky)'s dkdabe (Fujiwara et

catal ase-SKL 15 (vs controls) live and longer - their
L} 3908)-span i s increased by about 30% DI SCUSSI ON OF

EXANR %eT@J%stQﬁro@ ¥h$ Qﬂﬁaéeﬁs ﬁqﬂégb&lébsté?ﬁ'éerﬁfygﬁ&ﬂd eﬁrlfﬁassage cells
nucl eated cells. Its role in various physiologica

- apd vbetseffectisrxhentarg in iapq phsirat eddel thesmsapidio bp dhe firptquestion
apR RS bl ST haet R BB poofi) rROghiRS BRI OEN

I osyn |sp uman al t h.
Th
it ngc;,( a%ge Sfudlgsqéi{é’nltl?gd %ﬂéadtzo%e B ﬂéngl 81 aﬁﬁﬁé gt%% ihg{lﬁﬁ af%ctte!a in
aginig géilsy o bEREROpISycRAES Tt Sprear icettayn uhmheaarcbmdulamon/ﬁmrdanvely

through th ction of  per somal cat al ase,
A T S R BB SIS CINT RLER e & ST oG detormimant of

or%fsﬁ?él RRERIS (1RBhd Wi, L00 ITBHAEG 8 ol N1999; h@écﬁxﬂ@rﬁandﬁmes 1998). A
enerati ng and degradlng activities and t

numbgrvcg egegsiptivetdisgases pay a pglué@p‘ﬁ %ﬁﬁg@ﬁlc%alteratlons in cellular
fufcRBhd Qﬁg{efﬁrﬁgd Efank hl%9§ lAé&BﬂfngQ&fh@%réggrQﬁ%%onTﬁl% eroxisome, an
present 1 nventors e characteri zed per oxi sones I n
or@gcltagvmaluééypldaamd -mpmbvand dicayntlessis lanch fnctomirfgo s ah:omrrtbmosto the
ox?d%ﬁ\téetelf)%{n ex ?r?etélgee yﬁgin%rcle S Th% %9 a{‘l(’ﬁ%%gl?v%ﬂ(s);‘l h of the molecular
oxpgeatit doﬁfiﬁﬁeatd H{(}all (Bijlgfl,ﬂ@%)t |0}bup?1yd W&b hstlﬁﬂama)lf hWaadﬂ ﬁeromsomes
Fuji ki, 1985). Age-related change
copsiptRE 104 fi ok HES?%‘&/é?llé‘IaéQ%eﬁéH‘S G i e dhitggnt smount of
REPHRr JSid4 854, tThe bordkiSath rddiat chphoRtoRRHER PFOMBStaining
i mport an SKL-containing PTSl-reporter |ess
engyffeis c ewaeinly catalase. sepaten &instionalfe compramised ergancigiia aging gells that do
Cc
R
to indat‘ghistrts@ aghdpageest debuldOconstituents. Finally, the effects of H,O; actually may

further decrease the efficiency of peroxisomal matrix protein import and result in a self-
perpetuating negative spiral. Importantly, this spiral may be acting early, before any obvious
characteristics of aging are observed and may contribute to the initial stages of peroxisome

dysfunction and cellular senescence. Thus, the present compositions and methods, designed to
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WD 2004/ 042011 PCT/ US2003/ 034512 cycling receptor,

Pex5p, as part of their transport nmechanism . Catal ase
wa@oeowaizsl a PTS 1, but one that is consi der abP@T/US2003/034512

different fromall others. Appending its PTS 1 to G-P

resulted in a fusion protein that was (a) |ess

efficientl rted than a

cofrr a5 Pt R BTG RIOESH I P SR Dy i opye of the

effo@ssgmecel | s, and (b) considerably less well inported
than the other reporter in 5 | ate passage cells. These
results again confirmed that catalase is a relatively
poor substrate for DOCIEMENTSCHBEMABOVE ei n i nmport
apparatus (Lazarow et al., 1982). In nore recent

Ams¢rudi. &apo tHpMafinabrt 6. Bis$nidee) I, Manhesgy,HaVenkmeM. iagdVat ed

f ] '
Vetlnﬁ-@ pﬁ%’o&{&)@f Wg’%tft]t‘ Ztg%nec\)/ﬁ’gxépeﬁeialt(e In\c/)\éeﬁog:rmeursgme ar%e\ﬁ'gg signal 1

(PShiddmggirotains in matpihals )BiocHeat AI3a8&35-686. per oxi somes”
have al so been described in a patient with infantile

BaRg DsAlP&rcd] T Seabechafelér, DR Seefta, P.1Sedd, M.C2@ADThonfss, ¥10(1983). Flow
the question of why catal ase is |ngorted | ess

cylopefriciseidies 9f exdaiive ﬁ“’é%“rtlf‘gmﬁﬁ%‘&’g‘@ eyl A grag%femsettﬂe

mé&ih SRl 8%AShRABH /50 1bRS pipassage cells, the
answer to be the first question appears to be due, in

BRBhin, KU, IRRGAHACE N RESosPeYOPre@ Rh¥icATREILY of RERYMARSs. Physiol.
catal ase. The present studies identified at |east one

Reyr 7& P&ab8lrechani stic step that is affected in 15

aging cells- that of Pex5p qycllmg. It appears certain
ChehAQ., andeAmagsc BAN (RO b Rershcepililearow Iayest@aﬁa@éu' hydrogen peroxide in
human dl {TDA Fl():r%%]asst F%Idoacyﬁlaﬁl A[cgh eSc1 ?JS%eM H Rf413gNEScence and

an t organi snmal IongeV|ty
ee, \‘?2 ulbtaRlzagO% n(g_ﬂb? B 2&0 élaqglrl] ?rg)i“f({/néﬁgd e%% s%%ﬁ r&g&or

Peﬂ$1§ & thaslbiarddaftottie fReBHdomdLmaex ahd etwlddao ﬁlelcmoe«ﬂl (I:e]l H)5, 187-

functions (Masters and Crane, 1995). According to the
96Tesent i nvention, the peroxisone, an 20 organelle

t hesi

| | bi d
ot 2, e S R B o5 e vt e 7pode 1)

D RREE 5 Rt A2 RR S So  BoRR. LHEERE S vt
MHﬁQl?eljﬁ Bi gdira-Sk286 0., P@Qéé@lkeeﬁi %ﬁ@aﬁ@kl m?(tl%s)ofi bﬁ%ﬁﬂ&et fhat

per oXi sonmes consunlng 10/60r nore of total cellular
ideysifiesenanesiant hemarl eedlp indnliure apd i agimg skigiigwive i Rrag Nalnead Sci. USA
Zq%63@%%Lmdey consi deration. The peroxisone's reduced
tapacity to inmport PTS 1-containing 25 enzynes -

Do%% RECln :do\(lldc gtJ a{q {tl l%tfﬁ( a%eﬂ% trc!: x%ﬁ?“’ dyfgrlcﬁgglg 9|Fgc§1ﬁﬁar

ahe es rn
dlsnﬁiuabm hmdzsmblrlﬁ@ af Pexfp, tthe RES 1 iopsrt pat@ot eeilerco ﬂfaeEff&lmnm‘@m import

s @sﬁta%?t = Bliag fe?epi%?@ cebfid 1571 ’:ﬁ-ﬁ@f focts of 1202
DGj6bolee BRIV SEESH W it OO RHOBP P AP B! PR Angsiyend

twg@r&@gngﬁﬁglgeggnmve spiral. Inmportantly, this spira
may be acting early, bef ore any obvious 30

Fr&Rad, 38! Blriesity, SR. Ofd 80bagladf & (P18 L TR @REn BBYhuman PTS1 receptor
contribute to the initial staggs of peroxi sone

dogking pratein drschingdeiead fog neFoxisama @ﬁ@emp%@goc Nt Hieds¥itUSA 95,
g08RERPSi tions and nethods, designed to 50
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spiral, add an inportant conponent to our capacity to
waeeobat2osonre of the effects of agi ng. DOCUVENESI/CE20EE034512

ABO\/E Amery, L., Sano, H., I\/annaerts, G P., Snider,

., Van Looy, J., Fransen, , and Van 5 Vel dhoven,

Fuwraxé i éaaé%a%%gza?v%@ﬁr i hal g ot e fpgeke, T

TshitniBad)Talagd ORAICTEND00]. Cﬁﬁgse-l@!@ p&oﬁé&nesﬂ&ﬁﬂmatﬁn& the milder
Par ce, J. W, Dechatel et

forgysof peraﬂaom%‘aﬁ%@em\ﬂlsqr%gs’s?lol ﬁ}ew 26&96%&7?%7 st udi es
of oxidative product formation by neutraphils;

Gaylda§dd Kebapen gla,d SupramaBHiSt Qﬁéﬂs{dﬁmcawrbcﬁ a psroxwﬁwamqgetmg

s S RN § o et

Go?%%'j? I.and VBfeVD (380(? Sﬁezoﬁ%e bgﬁﬂeswglsor&%d G@ﬁ@ﬁ%s arid 11 Biology.

Senescent -1'i ke growt h arrest induced by
TGy dr B§erdSper oxi de in  human di ploid fibroblasts. Proc.
Nat|. Acad. Sci. USA 91, 4130-4134. Dammai, V., and
Ha8uloy Babinse, S.SUeu2BO ShimiZih &N. ,ramdrﬁnjilpe\’dii)@(briéﬁpw sagyletes Hy

mt%réu%bo)? bs?é’ﬁ;ﬁ torfrom)?érger:] g'ir%eeh Si natl F}f?)g‘? t(}ﬁfﬁf); ??dcoéto lgexégﬁxlld PTSI.
Biddhbm. 1.837, 1538665.Di ce, J.F. (1993) Cel | ul ar and
nol ecul ar mechani sns of agi ng. Physiol. Rev. 73,
Hairﬂﬁk,]EQl 965ITE limitéd in viteelifetkme oBashan@lipléxd celPatasisaExpgVICell Res.
Scoté , Roskelley, C, Medrano, E E , Li nskens,
37\14- l§b6|j |., Pereira-Smth, O., Peacocke , and

Campi. si 1995 A bi omarker that 20 id
noSaB L it bon R SR 128, b %agm Roppy
PeiUxié@malPJa%%se hd metﬂﬂ@ﬁi 9ph§9}beast U3 AdidDBoidiRBO BrafdRo - effi9éHcy and
, and Goul d, Ml tiple PEX genes are

mertaé)qm pierifipagee. ér%ﬁ@@l’lok M}%éﬁﬁ]ﬁﬁﬁ di stribution and
stability of Pex5p, the PTS 1 inport receptor:
ItoeR, Haaree Yi.Naro, GTShimopavwt B, Supykpof-t Konds, Ne éinanalsdl Thysyda, N., and

TtoC X, Mh&ﬁ%ﬁ%ﬁ%@l&&& ixﬁfly@ﬂen%ﬁfkﬁ%ﬁegl%éér:% gf%erlrlé??fectwe in

Pegfligetici Biocle. Bivpbfs. RBAComnuel 288, 301eB27t | ssue. Anal .

Bi ochem 2, 538-547. Fransen, M, Terlecky, S.R, and
Joloigbti, A NS incl&r, §.AQ88) Gudrekaeytli. {1969 Moitecolbr EologyrafngESCdll 96, 291-
30%ecept or docking protein directly required for

'er oxi somal protein inport. Proc. Natl. Acad. Sci. USA

S 8 Th003, G BOSENA ECL ISR OUSIE )

530\. , Suzuki, Y., Kondo, N., Imanaka, T.,
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(Annals of the New York Academy of Sciences, Volume 386, New York, NY), pp. 285-300;

Lee, C.-K., Klopp, R.G., Weindruch, R., and Prolla, T.A. (1999). Gene expression profile of
aging and its retardation by caloric restriction. Science 285, 1390-1393.

Lee, H.-C., and Wei, Y.-H. (2001). Mitochondrial alterations, cellular response to oxidative
stress and defective degradation of proteins in aging. Biogerontology 2, 231-244.

52



10

15

20

25

Tsukanmoto, T., and Gsum, T. (2000). Catal ase-I|ess

peroxi sonmes. Inplication in the mlder forns of
w@eoroani®one bi ogenesi s disorder. J. Biol. ChenPCRU¥S2003/034512

37271-37277. Gould, S.J., Keller, G, and Subramani,

S. (1987). | dent ification of a peroxisomal targeting

Legﬂ%i ? E?lg er fc Cgﬁ{ ?%ﬁ% tl’%&g]gro S of ofﬁg%;gfflaxwelperoxisomes.
Trﬁ,;‘fﬁélg,zﬁrz@oyal l e, D. (2000). Peroxisone biogenesis
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19 re
( (19 g%Te lleﬁt%ngés' %8% af??g mgﬁg@gm rfer&aﬁge}eke%én)ce MahdiedRirety,

lﬂhmneﬁtaélyummowe@ ar motp dhimxapplagation #blmtthe isneftferi gsifding date of
U. géglo\lfﬂ%%q 1c§1cufle A 8‘@(,{/4@?1&% HEX %ng)gér 30pﬂé§| \%Ch B%y(forporated
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of Having now fully described this invention, it will be appreciated by those skilled in the
art that the same can be performed within a wide range of equivalent parameters, concentrations,
and conditions without departing from the spirit and scope of the invention and without undue

experimentation.
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per oxi somal protein inport in vitro. Exp. Cell Res.
263, 98-106. Terlecky, S.R, and Fransen, M (2000).
whlowspeoki sones arise. Traffic 1, 465-473. Tect/esiogs3/034512
SR (2002). In vitro analysis of peroxisomal protein
inmport. In Current Protocols in Cell Biology, J.S.
wBeiifiRei no, M Dasso, J. Lippincott-Schwartz, J.B.
“Hartford, and K M 10 Yanmada, eds. (New York, NY: John
1. W | %Ym§ﬁl§9d"§a’talfls@ Bloglpagﬂde ﬂzrlnr%% c!lr‘b%;y-geﬁnﬁng} pe%(llsro% tar%f:tmg signal

ubr amani , Rachubi nski
(Paﬁhthaﬁéllasheenwczdlﬁe@f@m nativé mmmenﬁms -Afa- -k SEQ ID NO: 1) by

re}ggcae%nen K ggggoel Il Jélgnhe\%g%laeeéesga aﬂz 5(%3 & whﬁﬁg?n independently,

R0e9¢aa3BSer VHh peCys; A. J., Schr akan'p, G, Heymans,
)é gg aer H H, van den Bosch, H.,
Schu @éﬁ Y ‘S’ Tager, J.M (1984). Activity of
per 4h SRR ogﬁeenzymas and intracellular distribution
of catal ase in Zellweger syndrone. Bi ochem Biophys.
2. Res Thwﬁﬁeigqgala@@gh}pq}@@g_o spangls Mer qs\gqmprréﬁ)@, to the amino-terminal
sui%lb? 5@5‘?01' addl%one(l :Lgl%%)amd%sg&églvh&@ﬂ%g %htéﬁ@(%e%ﬂ rf%hd about 17,

protein inport in a perneabilized cell system J.
thmdlitloaalabmdlm.?bem@m@al@% seqxlehtlatllbréronielf(@rénctés figsi ectddlonal residue to

aboeare [ ated herein by reference in their

Xaaﬁ? FaF Seveﬂ% %g?%éornasrﬁselglefl cally incorporated or not.

3.Thi qhapmhifeabatﬂmseqio@pmldta becliiers fwhereiif n & betwkeéd dbagt Saidebout 17
of U S. Provisional application Ser. No. 60/422, 100,

- filed Cctober 30, 2002, which is incorporated by

4.1 ef eheRRAIfHE E/NAseipdlybdptide Bf di&ift 3 whEldi E bBdNed 4Holiy7 and about
described this invention, it will be appreciated by

13t hose skilled in the art that the sarre can be

5. Per irat Rdinth bithidse oWgélﬁldE @P&ﬁmoj WM %Qﬁ’veen about 9hand about

paranmeters, concentrations, 25’and con di ti0ns W thout
lldeparti ng fromthe spirit and scope of the invention

and t atj on 2004/ 042011
6. pe A BkR e S5 pofiltEs FRINE . Rherehh K8 2O ace
7. pol Xl‘ﬁeﬂfoﬂdied baaMmgao@p@mﬁb ORaitnel, Wihsi@in 1pie bOMAsS OPEor 3, and residues

targetlgg (h‘Z t hat has been nodified froma

at gy qng of Lagfe é4 8te hygrephebie. iR #4d5 (SEQ 1D NO. 1) by

8.1 ePTAE aRAIMed VathilsePolYpeptia® BPEIAIR )W hbfRf reEEAKSE RCAY $8RaSXda ¢ to
Xaa_2 - Xaa_l, whereéin, inde endently, 5 Xaa_ % i's

Xaggare, pjdgpesdently skeux4al, Be,iAda onfaly. Ar g or Hs; and Xaa_ 1l
9. s LfﬁyT%ﬁ%f cd tzﬁael%se ggﬁ/_g I’ﬂl@g bf élzﬁgl IC @Jh@lleﬁls‘rﬁs QPI é’spﬁpa'hh ‘fje%ldgre Xaa.4 1s

claim am no-ternin
arsgzderekyfcha(gai Bninpaadidi t | onaI am no aC| d residues

10} he Rt ef6 et peer BGRB8l S b B S aihe iy Are or His,
11f r omm&Xaaddied O4talhde@olypépiitle afidiibnl 100 a«herela%sﬁhme XaB, is Lys.
12. The modified catalase polypeptide of any of claims 1-11, wherein Xaa.3 is Ser, Xaa; is
Lys, and Xaa.; is Leu.
13. A modified catalase polypeptide, which comprises, at or near its amino-terminus, an
amino acid sequence comprising the PTS2-type sequence (Arg/Lys)-(Lew/Ile/Val)-(Xs)-
(His/Gln)-(Ala/Leu/Phe).
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Xaa_20 for the seventeenth additional residue. 3. The

nodi fi ed catal ase pol ypeptide of claim2, wherein nis
whetMpenwinbout 5 and about 17 4. The nodifi edpCHUSI0AY@34512

pol ypeptide of claim3, wherein n is between about 7

and about 15 13. 5. The nodified catal ase pol ypeptide

of c|aim wherein n i out .9 about
1491 TS maditeq iniess envesatidy SEUR Ry BEGHT e 152 7k gugnce i
A SINVAL-VA-12u-Gly-HiEa @R IDatOcay.al ase pol ypepti de

of claiml1l, whereinnis at least 1, 2 or 3, and

15¢ es ffﬂqj@gdlﬁgbcaaqlasa ﬁf,clg}ﬁbl dvrhlchégt}@r g@np{ggs At cgrn@ar 1ts amino-terminus,
an g%gﬁ{o%'a%’ %n&@o@@glﬁ% gl’é nge rt%@ @edﬁpﬁye éA@Lﬁ?E@uﬁﬁ:ﬁ/al) (ij)

pept | de of I'n residues ‘at any on€ o
(Hxé@n)e(ﬁﬂdLew@lM are, independentl y, Leu, Val, Ile, Ala
Or ﬁ@/ mg(l? ﬁe(},]ca,?alasedi‘ f %élgig iaY?xéarL:m A eSI%%‘P %2' gee f Cl al m

Ar@Q@ﬁGINVhNVﬂh&&QBSLPBﬂLﬂD(SEQiDN(251 130. The nDdl f| ed

171C gt iy a? %&rgglldgx?oﬁ%t de%cq%g_ngct%@n%fgaq (fqtaj{lr)sg Ie?glty'raﬁ?pzllgg gte claxmal—é 13 or
15%&@@%&6&@&@&@& 19 dQeabWIRHkeA b dnQSpdtbRortdatrdl sbquehdks

. The nodi cat al ase pol ypetgtl de of any of clains
181 - 14 hogitvel epmpricing the paymggleotidgpiclrim §7. | ys, and Xaa_1
19I S k%tho]d%or @eﬁg? %ftﬂe%cﬂ'@d@aﬁﬁ% mllaYIHQPﬁ 'l(§%r 1Wo&Brlsmg
conpri ses, ear Its am no-term nus,
aci th) se quefmamlgmquar ¢edlitheg ccummlsssTeszwle]@zenct@qg@ng: s;ud modlﬁed

55 V0 Sa0H e 0P e Rt g e B PR iy

cat al asepadgeptiiepinidde of claim 13, wherein the
PTSZ type sequence i
gB) e arfesig e mpdifigd catgige fom petpst sy 1 D N 11)
2015 Ayﬁgnﬁe@litlfcm%mgamdn&%ﬁ]pﬂ&ngl aim 1, which further
conprises, at or near its amno-termnus, —an anino

aC| ea) s ecfhe medified pasalnssipalypentide piramy of glgimssleblind e
(H| Lys% %%@%%ggygﬁé&dvﬁé_m%g (r)rrocéﬂel ‘ed catal ase of

21cl aAmhaﬁ;acmale:bmpbdﬁt@nﬁ'ﬁwrisiyg)e sequence is
Arg- eu-d n-Val - Val - L ID NO 11).
"9 nutg’ E‘Pﬁ‘ﬁ% F%a‘ﬁsrilp @B‘f"i‘d‘éﬂfs%%ﬁnﬁ& %’FE%’S modi fi ed
Cat &) as e prahyRepicatRaceéptafl@éx@iplent & cakror 15, wherein
t he codi ng sequence is operably linked to an
22expﬁé%‘éﬁ“t?ﬁe‘&’@?t@@ﬂ’osé‘é(ﬁif@ﬁleésm&o 18. A host cel |

n‘%') | Si RYmboBicl QAtME‘s‘é%%éﬂti@@ of-’zfny%lf glai 1¥or 59and®

od for preparing t fied catal ase of claima1,
2, (8 ora g_}@rrnqg:g\qtmall}g@qqg)table exc1p1ent or carrier.

23. A deliverable, peroxisomally-targeted polypeptide comprising:

(a) the modified catalase polypeptide of any of claims 1-11, and
(b) a delivery or translocation molecule or moeity bound thereto or associated
therewith.
24. A deliverable, peroxisomally-targeted polypeptide comprising:
(a) the modified catalase polypeptide of claim 12, and
(b) a delivery or translocation molecule or moeity bound thereto or associated

therewith.
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(a) incubating a host cell that conprises a nucleic

acid encoding said nodified catalase pol ypeptide
wapaen4wondi ti ons ef fective for expression of BEi/tS2003/034512

pol ypepti de, and 15 (b) harvesting the nodified

cat al ase from the host cell. 20. A pharnmaceuti cal

Spol SoBp e BrromyRab et e PRp R s 5 7o

p h a% a/B.C eHé moadfiey cﬁa@se@b@bémdem b @fielains 1260 IS @id 2 1.
armaceut i cal conposi tion conp risi ng

modibb i eck dehivey 88 Earﬁlﬂcwwa?félw MOpiLy 'Pﬁuilé theéﬁg‘am a(smma&d
pharmaceytLcal ! y acceptabl e excipient or carrier.
A pharnmaceuti cal osition conprising (a) the
26 dTh dediiverablel paseorpgljyypregttd delypdptidn gf dfimci3aivhereid thy delivery
ceutically acceptabl e excipi ent
moi?cu%égr]? P& QQ ?%%%&@ del i verabl e,
27per Ohd dedinerhbly,-peaisgeilbdaggetkd pelypépdide albeipmi B4, whereinahe deheery
Ogodffled tala g ypeptide of any of clains 1-11,
Moy e(“tn")pe:i’ ZJW ¥ t ransl ocati on nol ecul e or noeity

28boumge déﬂl@élﬁﬁl@ pRkisaEg8h@bted polypeptiawbt dlaim?%, wherein the delivery
del i verabl g, perOX|sonaIIy targeted polypeptlde

malesulsrs apengide orplypsptidene nodi fied catal ase pol ypepti de

290 gl a 'd@ﬁv%%ble%@yp@;pt)de df QI%H YEN Ner@h tHeRPSdeR ?Bl‘yﬁé’btxde is selected
nol ecul e or noeity bound thereto or associated

fromhtbe gxaitp honsBEngdNgd 2004/ 042011 PCT/ US2003/ 034512 25. A
del er aﬁf, 2] r t
c on‘tJ i si'ng: T‘E\@)epr qﬁm %PQEL?SYOC%%%@ efecg‘s"g&)ér% %éh%gocf é of
any(f cpeaetrain hdviag thkSequained F(Qj)(IWFQBlIRRMKWKK (SEQ ID NO: 4),

transl ocati on nol ecu r. noei.ty boun

assiéi at HRFrCHAR Et h&g% haging %ﬁé“ﬂ‘@?‘ie&eéﬁ@%géﬁllﬁ&l{wm( SEQ
pexi somaip ot §r get ed pol ypeptide of claim 23, wherein

the delivery nolecule is a peptide or pol ypepti

27. (drhe aReniasingariant Wu@vﬁarheyequaw&&@ﬁwwg SEQ
of clai Mdep. %PGFEIH the delivery nolecule is a

pepti de or pb ypeptide. 28. The deliverable,

pexie3 omad pepetramgetiad hpohythe piqueiee BRISTHFONRRMKFEK e$Q ID NO:
t he del i%ery 10 nol ecule is a peptide or polypeptide.

® herpes simplex virus protein VP22 or a translocationally-active homologue
thereof from a different herpes virus; and
(g) Pep-1, having the sequence KETWWETWWTEWSQPKKKRKY (SEQ ID NO:
9).
30.  The deliverable polypeptide of claim 27 wherein the peptide or polypeptide is selected
from the group consisting of
(a) HIV-TAT protein or a translocationally active derivative thereof ,
(b) penetratin having the sequence RQIKIWFQNRRMKWKK (SEQ ID NO: 4),
(c) a penetratin variant W48F having the sequence RQIKIFFQNRRMKWKK ( SEQ
ID NO: 5)
(d) a penetratin variant W56F having the sequence RQIKIWFQNRRMKFKK, SEQ
ID NO: 6)
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29. The deliverabl e pol ypeptide of claim26 wherein

the peptide or polypeptide is selected fromthe group
weongioging of (a) H V-TAT protein or a PCT/US2003/034512

transl ocationally active derivative thereof , (b)

penetratin having the sequence RQ KI WFQNRRVKVWKK ( SEQ

ID NO 4 5.(¢g) . net [N vaki ' :
|01 N e B BROR B RR PSRARRR $85 0 v
penetrat?)n variant Wb6F havi ng the sequence

RQ KI WWONRRVKFKK, SEQ 1D 6 e), a.penetratin

Var Bt HRE Ao TOSHIRUTE L A TR FR IR e s gmopyeue
NGO 20 tﬂr_e&fff}onlﬂﬁrcﬁ)@éi@lﬁih&’ﬁbsﬁ)ﬁru‘é;i 4ndS protein VP22 or a
transl ocational |l y-active onolyov%%e thereof froma

di f {®r enkephle hpang hip peagencs i TRV EBSHV TEWRRAKIGKRRY (SEQ ID NO:

sequenc ey KETWAETWATEWSQPKKKRKY (SEQ I D NO 9). 25 30.

The del i v)ér abl e pol ypeptide of claim 27 wherein the
31pepiTheldelpverabte poypprtiddef clsins 2§ whereid thefpephdetdngolypengide is selected

copsi st ing of. HI V- TAT protein or a
ﬁotn}{zglﬁgoélgg |SloS{r%n ?y active derivative thereof, (b)

pened)r at HIV-MATi pigeih loe a seploe miomallRQ K &NFQNRRMEM KO f{, SEQ

ID NO 4), (c) . a penetratin _vari = in

seq nc&@é@%#@&ﬁm%ﬁ @@%@@%ﬁ%&ﬂ% (%:é HSNO: 4,
pengyr at i fen¥@dtindatianfBP48FAVIng het ﬁ&%{gﬂ@ﬁ NRRMKWKK ( SE
RQEJI)V\F ISI\/KFII%K, aSEQ I D l\}OE GG)SE%? WO 2004/ 042011 (SEQ

PCT/ US200B8N03%512 (e) a penetratin variant having the

S eﬁ‘gﬁ nce, tﬁt%%ﬁ?%%vi??@gl qudéﬁe R(Zﬁ(IWFbI\ﬁ@(MﬁFKK, SEQ

si ex virus protein
transl ocBXNON&@ | y-acti ve honol ogue thereof froma

different herpes virus;. apd 5 Pep- j e )
seqtfénce? %@?@&EW&EM&W%%E&%WF %@2 SEQID NO:
The del iwerabl e pol ypeptide of claim 28 wherein the

pepti de or polypeptide is selected fromthe gr oup
conéf) st i le‘gPeéﬁln(péﬂ)X Vjug/Proem HP%% & g{ragslogationally-active homologue

transl oC@Li.ONalh % AGLEMRefled ViMRldnYe thereof,
(g)  Pep-1, having the sequence KETWWETWWTEWSQPKKKRKYV (SEQ ID NO:
9).

32.  The deliverable polypeptide of claim 29, wherein the delivery molecule is Pep-1.
33.  The deliverable polypeptide of claim 23, wherein the delivery moiety associated with the
modified catalase is a liposome.
34.  The deliverable polypeptide of claim 33 wherein the liposome comprises effective
concentrations of external membrane phosphatidylserine for uptake by phagocytic cells or other
phosphatidylserine-recognizing cells.
35. A method for reducing the concentration of hydrogen peroxide in a cell, comprising
contacting said cell with a modified catalase polypeptide of any of claims 1-11 and 13-16, under
conditions wherein said polypeptide is targeted to peroxisomes in an amount sufficent to reduce
said concentration.
36.  The method of claim 35, wherein the modified catalase polypeptide further comprises a

delivery or translocation molecule or moeity bound thereto or associated therewith.
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10 (b) penetratin having the sequence RQ KI WFONRRVKWKK
(SEQID NO 4), (c) a penetratin variant W8F having

wo b@4pepuence RQ KI FFONRRMKWKK ( SEQ 1D NO Sl)cr/d$2oas/034512
penetratin variant Wb6F having the sequence
RQ KI WFONRRMKFKK,  SEQ ID NO 6) 15 (e) a penetratin

TR0 et oined: SR A OMPUSEN BUUMA VP2b or a

38t r amﬁé f6Bbd SNMily35aehdrvia tﬁmﬁdaagiges intvihver eof from a
different herpes virus; and (g) Pe JI haV| ng the

39seqdbnmeth \RTEbeep %%@gf NO 20 9). 32.

40 he THEMEMEE SN EmRa! w&eihlﬂcéecems Sakide B &%ﬁmwm%ﬁi n the
delivery nolecule is Pep-1. 33. The deliverabl

41pol Yhepethekolsfain 38 whergin therepteptingtin@ v§&d-i very ni ety
ass t.he [ is a liposone.
2 9%1%@8'? wvctéir}%lg:géwg yf)%pC%ﬁta&ﬁ%?é @ﬁg‘iom 33 wherein

43t heThe methodref ddanml| wbaemftlieexetl |1a/aeste215ca1bncent rations of

SE;S‘@%@%@E&B (g;b rlzf}gl%,& gefr 18?1!:16 ce 1sSpea¥tI an ar%ﬁmalogrgzt(ne by

45phogaphahddit S&kihH e nlafeRgmM gubjbgt ekl fr@ha dBedvebhamdition
reduci ntg the concentration of hydrogen perOX| de in a

assogipted with9praussdly andeadeditats 1! géneaoxesema hptive satalase sqnapyising
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49.p ar} hg Inet od gfr ctlelurfnI 4%I %Leremghe subject is a human.

50.  The method of claim 45, wherein the disease or condition is age-related.

51. A method treating for preventing the development of age-related skin wrinkling or other

disfigurement, comprising carrying out the method of claim 45.

52.  The method of claim 45 wherein said administering is topical.

53. The method of claim 45, wherein the disease or condition is hyperlipidemia, a skin
disease, a neurodegenerative disease, an existing ischemic condition or a risk of reperfusion
injury subsequent to treatment of the ischemic condition.

54.  The method of claim 53 wherein said administering is topical.

55.  The method of claim 45, wherein the subject is an agricultural animal or a cloned animal.
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45. A nethod for treating a mammal i an subj ect
suffering froma di sease or condition 10 associ ated
wowa/omoictaused by an i nadequate | evel of perORCHUSHhMyMSM
active catal ase, conprising admnistering to the ' -
subj ect an effective anmount of the nodified catal ase
pol ypepti de of any of clains 1-11 and 13-16. 46. A
nmet hod for treating a subject suffering froma disease
or condition associated with or caused by an
i nadequate | evel of peroxisonmally active catal ase,
conprising admnistering to the 15 subject an
ef fective anmount of the pharmaceutical conposition of
claim20. 47. A nethod for treating a subject
suffering froma disease or condition associated wth
or caused by an inadequate |evel of peroxisomally
active catal ase, conprising adm nistering to the
subj ect an effective anbunt of the pharmaceutica
conposition of claim21. 48. A nethod for treating a
subj ect suffering froma di sease or condition
associated with or 20 caused by an inadequate | evel
of peroxisomally active catal ase, conprising
adm nistering to the subject an effective anount of
t he pharnmaceutical conposition of claim?22. 49. The
nmet hod of claim45, wherein the subject is a human.
50. The nethod of claim45, wherein the disease or
condition is age-related. 51. A nethod treating for
preventing the devel opnent of age-related skin
wrinkling or other 25 disfigurenment, conprising
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The net hod of claim45, wherein the di sease or
condition is hyperlipidema, a skin disease, a

neur odegener ati ve di sease, an existing ischemc
condition or a risk of reperfusion injury subsequent
to treatnment of the ischemc condition. 30 54. The
nmet hod of claim53 wherein said adm nistering is
topical. 55. The nethod of claim45, wherein the
subject is an agricultural animal or a cloned aninmal.
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