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cellular aging. It is unclear, for example, how the organelle functions as cells age, and what role,
if any, the peroxisome plays in the aging process.

20 The present inventors used, as their model system, human diploid fibroblasts (HDFs) - -
cells with a finite replicative lifespan. These somatic cells divide (or double) in culture until
they reach a limit referred to as the “Hayflick number” (Hayflick, 1965). At this point, their cell-
cycle arrests, and they are termed “senescent.” This process of cellular senescence occurs in
aged whole organisms as well (Dimri ef al., 1995). Contributing factors to cellular senescence

25 include telomere shortening, DNA damage and related genomic instability, modified gene
expression, and the accumulation of reactive oxygen species (ROS) (reviewed in Johnson et 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.



enzynes, a variety of hydrogen peroxide (H202)-generating oxi dases. These
organell es also contain catal ase, which deconposes H202 to water and oxygen
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of ROS. How the organelle maintains this equilibriumis unclear, though it
i s known that AmehaRGSsvatcepreothe perdxisorhés-whichdmnbes among theig bddsytuegupl ed, and,
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produce increasing amounts of ROS as an apparent consequence of this uncoupling of
peroxisomal pro- and antioxidants. Finally, the present characterization of peroxisomes in aging
cells reveals changes in the size and number of these organelles, as well as in their ability to
cycle PexS5p from their surfaces and permit its return to the cytosol.
25 F.G. Sheikh et al., Proc. Natl. Acad. Sci. USA 95:2961-2966, 1998) described human
cells which did not import catalase efficiently which were derived from an individual with
severe neuropathology. In an effort to restore peroxisomal catalase in these cells, the
investigators altered the targeting signal of the enzyme. However, the protein was reintroduced
by fransient transfection with the corresponding gene. Although this strategy corrected the
30 cells’ inability to import catalase, this document provided no detailed analysis of why the
approach worked. Moreover, transfection of cells and accompanying (drug) selection for stable

transformants is clearly not compatible with the therapeutic approaches of the present invention.



Upon inspection of the oligonucleotides used in this study, it is possible
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2 findings suggested cytosolic accumulation of the enzyme.

The Jin et al. study lacks any description of the presence, in the primary structure of
catalase (or catalase fusion protein) of a strong peroxisomal targeting signal. It should also be
noted that others have developed protein transduction domains that permit delivery of proteins
without requiring denaturation and, perhaps more importantly, without requiring in-frame

25 fusions with the molecule of interest. The present invention is also directed to such molecules.

Morris et al., Nature Biotechnology, 19:1173-1176, 2001, described a protein
transduction approach which effectively introduces a protein of interest in its native state. The
“carrier” simply dissociates from its ligand once having entered the cell, and no longer appears
as part of the equation. The present inventors have conceived of combining this technology

30 with a reengineered catalase molecule as the basis of certain embodiments of this invention.



The present inventors have designed a new, nodified catal ase nol ecul e which
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20 possibly reversing degenerative changes that follow prolonged oxidative stress.

Based on the new understandihg of the molecular mechanisms of peroxisomal protein
import, it is now possible to efficiently direct an enzyme to the organelle under most conditions.
One basis for this improved targeting efficiency is use of an altered PTS on the catalase
molecule, which permits a higher affinity interaction with a peroxisomal protein import receptor

25 protein, Pex5p. The examples below show that catalase with an altered PTS interacts more

efficiently with this Pex5p than does native catalases.

In one embodiment, the present invention combines the technology of catalase “protein
therapy” with the ability to “transduce” or deliver the enzyme into human cells, using the
protein biochemistry that creates a high affinity ligand for the peroxisomal protein import

30 machinery.



conpartmental i ze catal ase as they age. Concomtantly, these cells produce
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enzyme to quench ROS from there, such an approach does not appear to be the most efficient

strategy (even though provision of catalase in such manner might indeed process some ROS).



Figure 2 is a graph show ng catal ase | atency. | MROO HDFs were treated with
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passage | HDFs were treated or not with proteinase K and Triton X-100,
as indicated, FignckYise grapbuahd senies afitdangiovam anrmalpobd ek Spibindihg irsadolid Pex5p or

anti-catal ase antisera.. Figure . 5.1s a_graph _show ng that H2 whi ch
Accumul at BESF AR FIGITR3AS 7 WOV ras@%&& %?Fﬁﬁ%?%?é‘?‘ﬁ?ﬁ%& {mrF_(i%Sr‘\),
passage | NRAQIHERAS(OVRT)Sverd Elale@BhBGniWolildr WIRZaiNHe biH@ihngf E9TRLx PRIt vas
examined as in Figure'l A Results (neanSD) are pool ed f 10

romfive
exper i nenesamang. alues Bhavad absortiahes units atl@0 enl) wpresend thevadaneSI) ).t kigand y set

at 192(8) t 810P§srsg'istare shown in Figures 3B through 3F. 800 ng of Luc, Cat, or BSA were separated by
SDS-PAGE and either stained with Coomassie blue (Figure 3B) or transferred to nitrocellulose
membranes and blotted with GST-Pex5p (Figure 3C). Figures 3D, 3E and 3F: 200 ngof
recombinant human catalase containing its own PTS1 (KANL), an altered PTS1 (SKL), or no
PTSI1 (-), were separated by SDS-PAGE and either stained with Coomassie blue (Figure 3D) or
25 transferred to nitrocellulose membranes and immunoblotted with anti-catalase antisera (Figure

3E) or blotted with GST-Pex5p (Figure 3F).

Figure 4 is a series of blots and a graph showing the association of Pex5p with organelle
membranes. Figures 4A through 4C show that Pex5p accumulates on organelles of aging
HDFs. PexSp was immunoprecipitated from detergent solubilized organelles of early passage
30 (E), middle passage (M), or late passage (L) IMR90 HDFs using anti-Pex5p antisera (a5), or

preimmune sera (PI), as indicated, and immunoblotted with anti-Pex5p antisera. Organellar



conparison. Figure 6 shows catal ase inport in early (E) and late (L) passage
human diploid fibroblasts. Peroxisonmal inport of biotinylated catal ase was
exam ned apodeaplidoped (Terlecky et al. (2001), Exp. Cel igcﬁ%zoo?/@ﬁsu%‘ 106)
in areaction normalized to cell nunber as outlined in 1 egakis et al.
(2002) Mol. Biol. Cell. 13, 4243-4255. Figure 7 shows binding of Pex5p to
catal ase derivatives. Surface plasnon resonance was used to exam ne binding
of Pex5p tRMRIAtveds alse exgnpined hysimpymolpiptgng. dhigharesAdbshonmgpardidicationiof the aSwi t h an
altered PTS tal ase- . L e t t S r se

ani ¢ s ( RS R AB ltohy LRA Bo B S Bl G 0 Sl FIRRE TS
surface. hodbbitreypEnsiealeitiresuiltowercobtaidéd inghyge diffeenbex peaaments URigexk 4Bshaw Vb

sensor chip surface by am ne couypli accor.di to BI 's progocol. 10
S e e S B RS H B b A Bk

| QULINg N NIQE paksdple TMROO BITAsGRFe (rlaRABPRAWiB R einae KR rtdh Rliloo SXR&fidatRNT S.
Figure 8 shows quantitative analysis of peroxisomal protein inport: a

conpar i sorindthe r¢syltant ereanelles ingrynoblofied with antiaBexSp okaut-datalasp entisetant o hunan
diploid fibrob . Pe ' | .2 ié@@;- f. o hiotinlylat l.uci ferase and
cat al ase was rrg@%?sel ¥ Q@as?'?‘gﬁ‘g ﬂfa?ﬁész ;}Ehaér%c'gﬁ@tﬁf E’a éng }ﬁg]asa{ﬁlﬁlﬁsati ve assay
as previ oystoyisemsiqrotemdmpdier Eaipassege IMRIO(HIEEWere fiepeatédewith Rg3,an@63, 98- 106.

Fi gure 9 shows per.oxi somal i rt.of. catal ase derivatgjves: i son of
catal ase- PHRRSPREKMPOR N CHTIIas UARK | AKRREIS RS D) e 6ofle] R aBes of
humanjcel legperfi@hfah A5Malizdi2e itte WdtreddddtohifdIWaRE EAbIGALIRsBE 101 d phitves was
measured at various tines by an 30 ELI SA-based quanfitative assay as

previ ousl| yompysenbed (Terl ecky et al. (2001), Exp. Cell Res. 2632, 98-106).
7 WD 2004/ 0420 / 0 . Fi e h ransduction of

cat al ase. V‘éstéggﬁ#ﬁg%@% \A‘/%%{eagesle éﬁé gaé@g]?) a&ég?tgﬁg\ﬁsr% %fq%léqaﬁglp?%gat), | MROO
cel | s (| Vibhblasar Paaisamalsmpbrofibiiglatddaananscess exainihel ds@dscriled (Ddrieeley ¢ Acat  +
Cat) or His- ed catal ase (Acat .+ His-Cat). (Anti-human catal ase,

ant i bodi es“?‘ (é@ﬁg l‘gé'e‘gel sy 403, @r‘f{%ﬂﬂ Le3rEign ApmatizedNg el nymbes psetlingd iy rer s

M gragse atyoSfkidkdar. PRoSPHoR BRAGE) 1 Eus e sl shows an anal ysis of cellular
hydrogen peroxi de (H202) |evels. Human acatal asemia (Acat), and

acat al asem a c&liguge 7 shaveschindiug ofiPexSpda cattlascalerivatiaes. Suffacd plesaros reseaanceied  f or

the prese NG &%%l r%? I%J?aé%i}{g i)l'ﬁgmg P§ I;%x!gy %}[c%&lﬁ?g $v1t€¥§ 0\%'1 PT kcaaﬁalllgs@- J I ein

di acet at e. Irve an accurul at ed ce ar fluorescence was
per f or med wigh angltbied POR {Catdlasel SKIL)l Noteahat e reiaidth presehtddribg@spbn&ainitsgR1E) anlliot e
that the rheageugeteg c rie%tse?l r}gren%n-ssgg:%cabigd?ggr tg%chnt?cII surface. 1000 response units of GST-
20 tagged PexSp was coupled to a CMS5 sensor chip surface by amine coupling according to
BIACORE's protocol. 10 uM of the catalase constructs were injected over the chip surface at
10uL/min for 1 min. A BIACORE biosensor 3000 was used in all experiments.
Figure 8 shows quantitative analysis of peroxisomal protein import: a comparison of
luciferase (-SKL) and catalase (-KANL) import into human diploid fibroblasts. Peroxisomal
25 import of biotinlylated luciferase and catalase was measured at various times by an ELISA-based
quantitative assay as previously described (Terlecky et al. (2001), Exp. Cell Res. 263, 98-106.
Figure 9 shows peroxisomal import of catalase derivatives: a comparison of catalase-
SKL (-SKL) and catalase-KANL (-KANL) import into peroxisomes of human cells.
Peroxisomal import of biotinlylated catalase derivatives was measured at various times by an

30 ELISA-based quantitative assay as previously described (Terlecky et al. (2001), Exp. Cell Res.
2632, 98-106).



approximately 60%in the |evel of H202 in catalase treated cells. Figure 12
shows schematically a quantitative in vitro assay for peroxisomal protein
import. The assay is ELI SA-based and enpl oys sem -perneabilized hunman cells
and a bi OYPRYMAERYL i nport substrate. In the "basic prot BEBUS2004BHEL2 i s
assessed directly in cells. In an 15 "alternate protocol,"” inport is
quantitated aftrer isolation of cellular organelles/peroxisones. A avidin;
B, biotin; HRPg; SecRa xi sonal
Cargeting o ghiirt SRy He EEAth GRS RERRY B0 Ty Tty

EMBODI VENR&atal@setfiirecetls 6s0atit IMR ¥odels (IMR9AR keasatlaszmia céibttrapsduced mth:hainhaen

enzymos, | ARG FaRap ot gkl Skt BFHEML ApuiRlan ch Rt erfifefe’ *°™

targeting vadr@isad in thb prikdddlincubdtoh "NOR} cdtfisk afdathés tigrife@t B RDEBH snstvent ion
is based in part upon the notion that catal ase engineered to contain a
"stror?g" tpaﬁ(gl:e ing signal such as -SKL or functional derivatives of SKL
Wil reduce, Okjgiel MRRRWE YR Pnal BRI B julaF 1,% ORide 50 g. .
age-rel ated cel Ilggl ar ac‘gurru aat}ﬁo uahﬁHh eﬂtp(e)x?lc ?%alm?‘lle\%l o%}égnn speci es
(ROS). Su @hatdaaemhaa@est),ané a¢a®fl@pme¢etlswm@cmwab cdtatandi(Aca o' Ca) wert exagened”

cat al ases ef arr e modi fie ata uence has
been rerro\/fce Senge S}F l’uf"é%l ﬂt“ﬂ“%ﬁ%’ﬂtdg‘r"& t7f @a@?’iogﬁgﬁesc\%‘r[\#‘&%ﬁ%t her eof (See
Exanpl es) Qmmamrmapsls effactiifulated teplapt flateestitlce GagpdiormedasihgNidbngl | nventi on
provi ded that this variant binds to Pex5p with 30 sufficient, but not too

hi gh, aff.lmtwe%fieﬂéh Wagﬁeﬁﬁﬁ‘{"%'eeNPieé}Paéﬂle resplsopTeseatsd shew adecseas ofcat al ase
into per ox,5e0% el 6b%, NEE ROY-of COIRQtehie@ReiRf H202 generated in the
per oxi sone?ﬁtgl n oe??;e1 8 VO 2004(310 gill PCTI 682303/ 034512 enbodi nent, the
tripeptide is Htgureu_shovvn sghematiclly alqtlantlsmper xafvemasslaytfnapew)hsarmaﬂ pxptqml de not
be preceded ref.er KL vari ant east e ﬁm no acid

resi due aﬁﬁl% e?‘be aé???’ ﬁéﬁﬁ&aﬁﬁea"dc?p R B |P?‘meé‘a?6“g$‘ @"8?‘19 # residue.

For a det aildtﬁhgilad&&ﬁﬁdrpéubﬁfht@fln FHeObaSidpretdes])” ipoyt ioadCessddr difetlly @.cellsd g€, for
exanpl e, Schulz, GE. et at, Principles of Protein Structure,
Spri niger - Vakermae prRiogelydmRort samantitatedafisrdsolation Af ceflufar organelies/peraxisomies Ay ur e

and Mol ecul,pfn. B bidgh; horébralisi h&GUBAR GBxisonrA PTE! ARG algafiffy  Whi Ch
are hereby |nncor plor ate ’b?/ rllat?ls nce. etﬁpt y’b‘é% o? SubStlItUtI é%?' %hat may
be made i rsignhleSAnitreptaridind sequence nmay be based on anal ysis of the
frequenci es of am no acid changes between a honol ogous protein of different

speci es. Based on 10 such an anal ysis, conservative substitutions include

exchanges such as ¢ okl @4 or Ind bbrBk kBN N BoNIRARCES" o o!1ont 1Y

20 The present disclosure makes clear that certain cells (including aging human cells) fail

to efficiently import their peroxisomal enzymes, including catalase. Catalase contains a
particularly “weak” targeting signal, the KANL C-terminal tetrapeptide. The present invention
is based in part upon the notion that catalase engineered to contain a “strong” targeting signal
such as -SKL or functional derivatives of SKL will reduce, or perhaps even reverse, cellular

25 accumulation (e.g., age-related cellular accumulation) of highly toxic reactive oxygen species
(ROS). Such catalases are referred to herein as “modified” or “targeted” catalases.

Thus, in a preferred modified catalase, the KANL sequence has been removed and
substituted with SKL or a functional variant thereof (See Examples). Any variant of the
tripeptide SKL can be used in this invention provided that this variant binds to Pex5p with

30 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



residues (A S, T (P G; 2 Polar, negatively charged residues and their
Asp, Asn, Qdu, amdes Db N, E, 3 Polar, positively charged residues
H's, Arg, R, 4 Large aliphatic, nonpolar resid Ile,
Val (Cys) %2204192%?1 V (C) 5 Large aronmatic residues Pheyg'@yg%ow%gﬁ F,Y, W
Most substitutions according to the present invention are those that do not
produce changes in the functional characteristics of the peptide nolecul e,
vi ewed prierbdim¢n@theittiseptidd is @t S1$.. dn pEnSial, it iEpefertad @t ihe tiigeptldd ddtbell t to
predict the exact effect of a substitution in advance of doing so, one 15
skilled i PrecrteddY &AWL | appreciate that the effect can be eval uated by
routine screeni\gnRRREYSKL vitidt @tn@éa{ aﬁetahﬁmbdcfalr@ga&aahdm%rmp%?ymnea& assays
herein. The substituting am no acids ma natural | y-occurring or non

nat ur al | y-sebstithtad byg dafférerd residuds Fora defail dfﬁ@mnﬂwd of protein ehemistiyrapd struchige,

bst t ti t f
Subot i Ut 00 ARl SR GIIRAL PRLHE: AR S A0S SHin PN T ©
(pref er abl\ibrlé 19779 @nd Creightang €. Eof Piordiny.: tSnvaictbbet andl M aleduldr P3incipts) Wil IFreemad) R or

Hin place Kin the s n ,-2 osition; eferably M in
pl ace of % Eﬁ PHEE ERfiSegs @%E)ﬁﬁ%ﬁr P%ﬁby ‘N‘l’&rlp%ﬁéfg%yrfﬁfef‘?i‘ﬁe O’Fhet‘%igesé’ﬁove types of
substi t ut isghSinltnARSERIyHRIntrde e %ﬁ%%&lﬂ%éhuex%éb&ty'b%%ée@'&n\éﬂilys'i’{'&fthes AKL,

which is a known C-termnal sequence in several peroxisomal enzymes and
an ef f ect iftequpTies of arpinepcid chang\?s)beh@em aheeelegbug atoéﬂnagfedlffannmemse@amwn by
maki only .a Si cl cat al ase
sequence, WHEF a“?‘ﬂi‘g ﬁ,lggg.g,g B ‘%M@éf B‘H‘g? P e 05 034512

per oxi somal i TP t PBfalk‘J ‘gi ar od 1 Siaﬁgsa'ﬁdthm SO | nvention are
addition vari ant S . th r t he

C
WO reS|d‘ues
N-term nal si cu i i

resi dues are AN ot on——of ys—K results in
the catal ase Lo i Smﬁk_?lr?ﬁlc ?oﬁpoéaﬁofb\ S'é’p de {H ?Ser’ ﬁro Pgs a strong
A

£
|

such additi on

- id . i : _
is contenpl af ed grovi 065 not i nt Hl(H\AR%’)y?’he pler oxi somnal
| mpor t - enhan crmy e L el onpdirtesiadt + 9& ST YREHTRL, e, Val (Cys);
M,L,1L V(C)
5 | Large aromatic residues Phe, Tyr, Trp.
(.Y, W)

Most substitutions according to the present invention are those that do not produce changes in
the functional characteristics of the peptide molecule, viewed primarily as its action as a PTS1.
Even when it is difficult to predict the exact effect of a substitution in advance of doing so, one
15 skilled in the art will appreciate that the effect can be evaluated by routine screening assays,
preferably the biological and biochemical assays herein. The substituting amino acids may be
naturally-occurring or non naturally-occurring amino acids or amino acid derivatives.
Preferred substitution variants have conservative substitutions of any one or more of S,
K, and L. Preferred substitutions include:
20 (1)  A,G,CorT (preferably A or C) in place of S in the N-terminal “-3” position;
(2) RorHinplace of K in the second (-2) position;
(3) 1,V orM (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
25 enzymes and an effective PTSI. 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



For a discussion of variants that can serve as functional PTSs, see

Lamet schwandt ner et at (1998) J. Biol. Chem 273, 33635-33643 and Cotto et
al . (2003) J Biochem 42, 1660-1666. 10 The invention also includes a

"uni ver salVPe8R# W8l targeting sequence” ("UPTS') whi cRCEER208¥0HPRended
(preferably fused or conjugated) to any protein or other nolecule in order
to target that protein or other nolecule to peroxisones. Preferred UPTS s

have bet wegRiuds ar@mamefsub%ﬁmﬁaﬁ m Iéyal(ldﬁfor tReRn INplea1abA heRehMaen 3 and

about 16 residues, preferably ‘between about 8 and about 12 residues.
For conveffraineang w@arr plidehat Will, pansr @ gtronecneraxisomal importsignal anie usi ng
ascendi ng tive int egers as follows: NH2-...Xaa , ...

Xaa- 4Xaa. §§}§ 2Xaa.i-COO-. (or in single letter code NH2- ...X"

X4X-3X2Xi - COO )\lsiﬂrnm;ded im the ¥ entma atkad ditiPT Hyriaxman Which tohdottmodetharand n

ot ur a1 1y SRl P N CemPR e 25 SEEChL i i ARy S8 b Q1AM no et de

or am no asm@lnﬂ%a )zh%tvidé@ﬁmat a6 M i@t fyre vAMEheEPIROG RN mit-dnfigncidgMendtiopn 1s a
nodi fied catal ase pol ypeptide having a carboxy-term nal peroxisone

t ar get i ng o§thigrpgptidepstrg§tuiehat has been nodified froma native sequence of
Lys- Al a- Asn- LeP'or(a%I’r_'sQuésRn var:l'c)ntsqxva% c&‘rPée%%E"ﬁg&néMai pT?sl %ﬁ?mw& Elgr éthe
ependent

sequence Xaa_3, Xaa-2, Xaa_| ereln I's Ser,

Ala or Cysl (KSIS)B) J(al?aolzckm 23/_& 33&35@336143 Mckﬁonmda( @003)Xh£ _qchcns; Pel660r1 6081 . In a
further enbodi th cat al ase pol,, e as
bboved f ur ther TRoyichato pEdRA SiveBelReisaER SREP e TP 1aT ona
ani no aci evhichsasl besppehded gproferably fused dh cinfliga@e) tolRey YRR dr ctied nidheule id 7, the
addi ti onal residues being nunbered sequentially 30 from Xaad4 for the first

addi t i onalordegtsi target thas ps@é%tn onothgrmalecalede peraxigemesh Prederred; (UHAY's have pefween 3rhe
addi t i Onalan@{fﬂoﬁngﬁﬁl% 0T, Gt BRI ot QG 31l bt 96 RSy o q)'réf‘%r%i variants

t her eof Prefera is IS ween “about out
about 7 ar’odt“abmlioull&ndcn’oowdﬂmues};@m@@m@@%@ﬂcildmdrmﬁﬂwmﬁmC about

9 an(CjMabo trmll,S Qr S) dI ot 2 (;l nis at least 1, 2 or 3, and
resi diles AFTHNY USIBHECE} "}ﬁﬂ?g%hg"g?g R£5 ‘éof”é Xaa.a are hydrophobic anino

acids (e.g., rﬂ%dUESa%aab(&4x@amagnaaar@oo |(BmRaRRastdrtodeeu (L), Val (V),
e (1), AIa(A}{or Ay (@). In _another enbodinent, n is at |east 1, and
resi due Xaa4 i YHa pdi ti Jamino acid (e.g., residue Xaa.a is Lys

(9. A9 Sy P2 b fud s, PEA S1aRIok X §2a(1!91)\~ouﬁreﬁ?%r1§b in any of the

nmodi fi ed cat al ases o i’nventi on Xaa 2 is Lys (K),
and Xaa.1l i s LA&mifdacidslimanyd tiersoqutnees of the irventianphaydemeturally occurring amino

20 acids, or non naturally-occurring amino acids or amino acid derivatives.
Accordingly, one embodiment of the invention is a modified catalase polypeptide having
a carboxy-terminal peroxisome targeting signal (PTS) that has been modified from a native
sequence of Lys-Ala-Asn-Leu (SEQ ID NO: 1) by replacement with a PTS comprising the
sequence Xaa.;, Xaa.;, Xaa.
25 . wherein, independently, (a) Xaa.; is Ser, Ala or Cys; (b) Xaa,; is Lys, Arg or His; and (c)
Xaa.; is Leu or Met.
In a further embodiment of the invention, a modified catalase polypeptide as above
further comprises, to the amino-terminal side of Xaa_;, » additional amino acid residues wherein
n is an integer between 1 and about 17, the additional residues being numbered sequentially
30 from Xaa. for the first additional residue to Xaa o 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



PTS does not conprise the sequence Ser-Leu-Leu or the sequence
Lys- Al a- Asn-Leu. I n another enbodi nent, catalase is nodified by conjugation

of a pepti of SKL that serves as a strong peroxj eting
si gnal to‘gﬁggncéioq}rport into peroxisonmes. A 10 pref erregbi 0#8%5 tic
conmpound mmcs the biological effects of SKL or of a biologically active
variant thereof. A peptidom netic agent nmay be an unnatural peptide or a

non- pept i 3Bout 8@RAabdubdt; ot OY: 18 dh&BereMBoditnentePBRAleast!], PbORAN etiBudfat hitye
bi ndi ng el enents of SKL such that it _has the recept or - bi ndi ng acti vi ty or
bi ol ogi calon@ekanyopsofoXaagie Xaauharp hydrophgbig pmingacids {eg niepiduesdfaas loXagkaE% or in

the form ?é]deﬁengﬂf? Pgﬁﬁzdvél?vji'i‘lgg(lg‘?ﬂa Q()Qatr@l 0G)). RGnBh&T é?ﬁlfog eﬁggqgﬁetor to

whi ch 15 e m netic ust m nmeti ¢ woul
consi der edeastol, bed msideaXat 4 ian @osifiely chmﬁcsgnmSami Kag.l gcsmime Hadi is LygKoahigy

activ e 'd 1 i 'I. have, a bi

i nt erdct SL(\P}f?Hilgﬂl? Pregf,; Q@%?%?Wy vwa" cf?]h Alﬁf%cfga)lasew he(m?'f?:"l(ttluded are
conpounds Xahais Jee{S)] Xadak Lysa(lx)mnmaﬁlels Cha(I9C litsrieSsnibodimen thea¥sligehent any

pr ot eol yt| cal | y unstable  bond within a peptide of the invention could be

sel ecti velRfS ﬁ%éﬂ“ﬂ?eéh?ﬁﬁﬁueﬁﬁqré?‘b%‘i%r hieavence LinAlsAsinleUsost er e

(N-nmet hyl ati onjy dfo@@} focihéh:, @falade 1%%%1%@ Oélﬁoxb@lnéjpéﬁﬂhén%n{eh@of gt of
the mol ecule retains its peptidic nature. ptl om netic conpounds, either

agoni st s that BeIvas s estromperqxhﬂomat targetingtsigpal tbemnd@gmortb@td peroxisemesufher of
bi oac gg&&%edgjgﬁndso%ﬂeﬁg co cfij'n?lPs thggﬁlo&c ffects Q[‘ %Ior 8f al_{)lolﬁgigg eas e,

etc. esi gnrng a prepar dre known
in the ar tactfvdrvakiynt tﬂérebf A&emhﬁm@g&anﬁ@%aﬁmwﬂ%&)de df\ﬁln&r)ﬁpeﬂﬂdé et 25
at, Med. Res. Rev. 27- 384 é1993 at, Adv. in Ph% %

33:91-141 a@%@‘@j ‘ecreﬁe%\ fisteregspatiyl Pr%&’\'}‘es? ‘ti"ﬂ ing:elementg off Sk sycpdlegt ¥t haghi ¢

ref erenceshéak Eto?-%ﬂfdﬂ@a%h@i@ d¥idi &[ﬁ:ﬂ@ﬁy ofi gK1t gﬁ-leﬂ it804t theE ¥drminl@g € NMet hods
are used to nake peptidom rretics possess Pex5p binding specificity and

bi ol ogi calcatalasd ariim thedprmepda UI?(TFované@rgte amthg@pzteld)e Bieoniferedyrecentdr tpovkictal

or gan e i e art. are.suffici in
oronte | SRR NALRIAIL R LRl ARl BT SHREED
conpounds PeES:]T Siilanhy @ ,a lﬁmlﬁé"icdbl@[a@ti\d(SMUmehdbsa Wldbﬁlmdtdeﬁtl ihvectbifding

e T gk itk SRR S SR DRR  ELtP P o
in conpl e&oﬁYp&d?ld@thltlrem pdA ey @J:ﬂarif)%ét'li%2§91?4xgl%ﬂﬁl%y Hrétgélytiﬂarlf@r%%w such

as Pex5p ernatively or additionally, the structuré of a peptide can be
obt ai ned Ppnd withinapapti uésheonvqnu@l @4ld beneledtvely replacsd Ay e aowpertidiceleasply. The

\l/)\,ie: Leéot i;nl%:ﬁ\éh gg 1so&£retéﬂer{1§t{€ﬁém q%CBeamléo a[c}/c%) %I' ;elas%ed%teéfc%gatoh&) Q/hﬁ)J n‘gt (ﬁe ptide
pepti dom rthcleagemams 16 plepsncmjﬁhtdre oYeptloomlhen&dmdﬁnmﬁ hlt}Rngonisyspmbmdt@c ul es
di scussed o?? Yb?tbrs,ahasvee %gennddescn%eg ?Jr\é?lgmber of bioactive peptides such as opioid peptides,
VIP, thrombin, HIV protease, efc. Methods for designing and preparing peptidomimetic
compounds are known in the art (Hruby, V.J., Biopolymers 33:1073-1082 (1993); Wiley, R.A. et
25 al., Med. Res. Rev. 13:327-384 (1993); Moore et al., Adv. in Pharmacol 33:91-141 (1995);
Giannis et al., Adv. in Drug Res. 29:1-78 (1997), which references are incorporated by reference
in their entirety). These methods are used to make peptidomimetics that possess Pex5p binding
specificity and biological activity of SKL. Knowledge of peptide chemistry and general organic
chemistry available to those skilled in the art are sufficient, in view of the present disclosure, for
30 designing and synthesizing such compounds. For example, such peptidomimetics may be

identified by inspection of the crystallographically-derived 3D structure of a peptide of the

invention either in free form, fused to another polypeptide, or bound in complex with a
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per oxi somal targeting sequence - a PTS2-type sequence - is naturally found
in sone peroxisomally located protein nolecules (but not in catal ase), at
or near t nus. The receptor for PTS2 is Pex7 \ii ew of
PTS2 sequmes anzgwluncti ons, see Purdue et al., 2001. T/Eg&)g?}";“?
N-terminus is neant within about 40 am no acids of the N-termnus. A 10
consensus sequence for this 9 amno acid targeting noiety is:

(Arg/Lys) -ll@hr&lltbdeb&k Meeh hs PodSp- Aatbinaﬁ\(aly‘oradd&tiaiallysuhﬂtm):turd of a)epﬁdbf(ﬁﬁ bed

enbodi nent ar get.i n i et as..t he am no LGHL
(5201 b nebtengy By St Gie el oF et poeier B o biramediossopy s A etk Mttt e, o1
NDr e CONSQF thdkiekBelRMishy of EHelntetdbednl If el popisde M thUTs, ligafi® oa+es@pt¢rmlupeﬁm the the
invention, provided that they retain peroxisomal targeting activity. One of
skill in tatiengdesignef spehuprptijorpigstic agents. put ati ve sequence to det ermne if it
retains the de t t t ptide
of thg i nventi gllnardgﬁgﬁc%oﬂ]ypl tgrémﬁ?%qgg:?% glk%yrlfceleg,’rageugélegg? g\geﬂgls @%‘é’x?ﬁt ype
sequence aeroxisorsal @rpatimgisequsncea afgjSitype smmnmtg ig rinmxraldmfoem u&oﬁé’SZ type

sequence describ ref Vi n seque f SEQ IR NO 11.
The PTSs SERRENREM SR BroRhBHgtaky fons i Ehitsh o CF A i SertinBond b v e
of the Catrébbﬁt&ﬁfoﬂﬂfsmﬁp'&tﬂ’e Fozﬁrd‘%sl of PTY2 E’&Sancsewemﬁaﬁmﬁav@m@@mdzescri bed

for a variety of anjnal_ species, and can _ be "m xed and matched" in nodified
catal ase pPOt dhnaeast the Nstermpinunisinsant vithinshopd) amipeprids 5 the Nesreifusnd ani mal

SPecCigs | LohdBhdOsHdrGHe fd?ttl’ﬂs @Qﬂiﬁ&%"md%ﬂ@é‘dn@%oxét} is! éArB/'L?E)@(i@Qh@N%

Cross-species antigenic effects do not occur” i ed cata?asg nol ecul e
used in t {Bis€dmp@dd/Léuibte).alnc prefetietemboflimeng thmta@wtmg)mommasm? afnenadesid ved

or of or abl yeNRtRaR-C YECHETERR 50 17 e Sht e D Sl s

rei nt r oduegélor Mbre LonsevBiNG agiieacid substitutR@E beut, htel’aﬂ?do lacnudwlm e 119/ent1cih chi cken,
cow, sheep, goat or horse), a pet animl,. or patient being

treated f@Foviied tht theystaieperorisomal targsting patiyity.i %of Smllléﬁ ﬁaf %&aareaeév %¥i2ecul e
f'romsone paniiiBleqRRECh Fetelrink THif QAUS &R dcmeg agﬁ\‘?{gh Qlecorfn f}/e§ modlified §atalasc

preferable that Cross-species antigenic cts do occur.
sequence @blyaeptiderefthe myentios engycomprise, msld@SEQommmadZ)f aH"ESN‘@eZ@QWHMOM

VoD TDE 6 T RS B S S PR e PSRRI EP TR
VRFSTVACGE$avidg the ety BDBER) EBAGKAY T Ehe BNy dNb istdfératipRhgindeRERd PSR

NPQTHLKDPD 181 MMDFWSLRP ESLHQVSFLF. SDRG PDGHR HVNGYGSHTF KLVNANGEAV
YCKFHYKT D@4y the-tegniaeg ol Abpatalagehobbpitide G RDLFNAI A TGKYPSWIFY | QUMTENQAE

TFPENGFDLT PTS1 and PTS2 sequences have been described for a variety of animal species, and can

be "mixed and matched" in modified catalase proteins of the invention. Of course, when a PTS
from one animal species is introduced into another species, it is preferable that cross-species
antigenic effects do not occur.
A modified catalase molecule used in the compositions and methods of the invention can
25 be derived from the catalase of any animal source, preferably mammalian, most preferably
human. The modified catalase can be derived from (and reintroduced into), among others, an
agricultural animal (e.g., a chicken, cow, sheep, goat or horse), a pet animal, or a human (e.g., a
patient being treated for one or another disease or condition). When a catalase molecule from
one animal species is introduced into another species, it is preferable that cross-species antigenic
30 effects do not occur.

The sequence of a human catalase protein is (SEQ ID NO: 2)
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301

KVWWHKDYPL | PVGKLVLNR NPVNYFAEVE Q AFDPSNMP PGQ EASPDKM LQGRLFAYPD 361

THRHRLGPNY LH PVNCPYR ARVANYQRDG PMCMOQDNQGG APNYYPNSFG APEQ}’SALE 421
HSI QYSGEV@,@ w TQ\/RAFYVNV LNEEQRKRLC ENI AGHLKDA SF Hg%[%
NFTEVHPDY ﬁ Y NAEKPKNAI H TFVQSGSHLA AREKANL 10 I'n ende are

nodi fied catal ase allelic variants of the above sequence a nunber of V\:hl ch

scauence.of lafisiebttp bl Mo TR b o
sequence o n talases
of "non- hu aglm@lﬁ BPR g FFLD! BB %LNTQ’E[ %waléysmgag &R 3&1’1

variants arai MVGEFIBDRE ESLHQVSF Llrysmac; GIR iHB NbEA‘&‘IYR[KElH\EKTbﬁ al so

wi t hi rb thezddcGWL(SNEDMGARLEQ@RDYOﬁIRDHFEA% G&h%%ﬂ(b"f( HQWIENQAE TEEFRPROATOdi Ng

t he
NO;
gag
cca
gtt
cct
aca
aag
get
gat

ata tt

528
ctg
cgc
gca
gaa
aac
aca
cct

cca

above RHKREAL dhvaKia RpNBY'”@"FﬁEVE ﬁ

X Y 3 DF%d&QRLprglPD( SAE,Q ID
bRt S G TR S,

0@ 9ga gac aaa ctt aat gtt att aca gta ggg ccc cgt ggg 144 ccc ctt ctt

cag gaz&lsmn%ngédtarg ﬁl%dl‘?i%fl cﬂﬁ&segﬁ@ila;agargseéf tﬁ@%)o% geq&%e agl‘ﬁl%b(éggf wifgh aga att
gag a aaa gga gca gcc ttt ggc tac ttt gag gtc

cat gehavabcien admnﬁaka Tﬂ:a«prdsmt uaragmfaaﬁbludgs;eatzaasgs gttla t}tetsbqngagp afahy eftithesgga aag

gac ook, s2g) dheieSerpie ypiegntf e pargry s e e gan  gar

aac t%tl@iﬁilly%ge%ted%ﬁtﬁlagi\tangﬂ@alﬁﬁﬂragﬂiéﬁts ?Ethe Gfpes dséritiell GlskWherehdrein@®t gat ccc
480 ttf cca tct ttt atc cac agc caa aag aga aat cct cag aca cat ctg

g o within tg scope of e inveRfipngac ttc tgg agec cta cgt cct gag tct 576 30
cat cag gt iyl gly uEﬁc@ of £guctlé1&ac"f‘c9£ncgﬁﬁg ﬁxggb(gfggnoéﬁhuﬁgﬁcagﬁgse BReiffl - cat

cac atg aat gga tat gga tca cat act ttc aag C aat” gca adat ggg gag
gtt t anclodjog astep tadonost (SEQ IDENG: J)ct gac cag ggc atc aaa aac ctt tct gtt

gat 0gCfg06& g8 agt leg tcé’& Sé’caagc%hc“c‘ag H#3Ccdg?badtgg Hag C9948al ctt tit
gcc atdaggcay agngagggfgc agagpal gct @At gtc xtyorcaadt §dd g ﬁOggmt C c3g gtc atg
€4t azk t'f tafCtaP& qtaa9q% écgégtﬁg acc lggg gtt tgg

ti(icaﬁi?% R g;ggcg;; S GEC Tt Sudoetd gepcnt 8 cociaha oL

aac 3
gtt a tgetttgagg geacaagaataatgmt ddaC tgadce Gng 288
gca aag gta ttt gag ¢C t gga aag aag act c¢cc atc gca gtt cgg 336
25 ttc tcc act gtt gct gga gaa tcg ggt tca gct gac aca gtt cgg gac 384
cct cgt ggg ttt gca gtg aaa ttt tac aca gaa gat ggt aac tgg gat 432
ctc gtt gga aat aac acc ccc att ttc ttc atc agg gat ccc ata ttg 480
ttt cca tct ttt atc cac agc caa aag aga aat cct cag aca cat ctg 528
aag gat ccg gac atg gtc tgg gac ttc tgg agc cta cgt cct gag tct 576
30 ctg cat cag gtt tct ttc ttg ttc agt gat cgg ggg att cca gat gga etc.
cat cgc cac atg aat gga tat gga tca cat act ttc aag ctg gtt aat
gca aat ggg gag gca gtt tat tgc aaa ttc cat tat aag act gac cag
ggc atc aaa aac ctt tct gtt gaa gat gcg gcg aga ctt tcc cag gaa
gat cct gac tat ggc atc cgg gat ctt ttt aac gcc att gcc aca gga
35 aag tac ccc tcc tgg act ttt tac atc cag gtc atg aca ttt aat cag
gca gaa act ttt cca ttt aat cca ttc gat ctc acc aag gtt tgg cct
cac aag gac tac cct ctc atc cca gtt ggt aaa ctg gtc tta aac cgg
aat cca gtt aat tac ttt gct gag gtt gaa cag ata gcc ttc gac cca
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 cgc cat cgc ctg gga ccc
aat tat ctt cat ata cct gtg aac tgt ccc tac cgt gct cga gtg gcc
aac tac cag cgt gat ggc ccg atg tgc atg cag gac aat cag ggt ggt
gct cca aat tac tac ccc aac agc ttt ggt gct ccg gaa caa cag cct
tct gcc ctg gag cac agc atc caa tat tCct gga gaa gtg cgg aga ttc
45 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
50 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

55 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 cgc cat cgc ctg gga ccc aat tat ctt cat ata

cct gtg aac . tgt ccc tac cgt get cga gtg gcc aac tac cag _cgt gat ggc ccg atg
tgc atg cggoég(@/oé%ﬂ”cag ggt ggt get cca aat tac tac CCCPSg@SZ‘{j’é/Og‘&Z ggt get
ccg gaa caa cag cct tct gcc ctg gag cac agc atc caa tat tct gga gaa gtg cgg
aga ttc 45 aac act gcc aat gat gat aac gtt act cag gtg cgg gca ttc tat gtg

aac gtg Clgls @thoddén aGadlasddolecd Gatthas Atthchddlth&dé@d of@6r Mdre PSS (e JIC Cac ctg
aag gat gca caa att ttc atc cag aag aaa gcg gtc aag _aac ttc act gag gtc cac

cct gac t 3PTHYEr migecticof a RIS andhgriipnally pifurther eoraponent ahichaservanes apolypgefifeaag cct
aag aat g ] . 9 , 1t ; g gag

aag gca ag’?"%@?‘ge ;&%gre%;(gs &el%‘ggﬁ?{g%ttagﬁggtl%gg)is%\ggrésﬁ%%&@%ﬂ%’r ?ges ag&ngrts ?fgd of

i ntroduci rgingiag ahmieulenito a cell)iwhalea8drpating’s tefdns tadringinmg a neddchike.intbm a cl i ni cal

setti , this. m e.perfornmed prophylactical l o sl.ow down .agi ng-rel at ed
o ot ReRIPBY; vy sl SR e i e e Pl af BRSOty
associ at eGihwkdth et 081t ehiey. t S for@k HEFIS,MorHia ¥ al Nouprd, 88doBdrd fe¥eRiSo
Conposi ti QIFI.S utseef uIt f or re1l(§§V\D 2604?3%201% PCT/ 82%03/ Og%gltgﬂgf[ﬁies nmet hod

conpri se a0 ueErdse Aipleaed drategais an alloys: anAKlY engitesrdratsliee BPleRYs.¢ 8ATSs
(9., 2 cHBIhsy SR, ¥Rl With Apbdial ARen AebERAUAiM, Bar it BELIEARRONENT
o] e 3r pepti 5% e

whi ch serves as a pol ypepti Ivery (as distinct froma
"t ar get i ndddlitatgsiteentry Ao hemah ¢edls.eThis délivedyisyseny doasaberequiteche telivagipeptide

nol ecyl e into.a cell,  whereas "targeting' refers t.o brjnging a.nglecule into
o5 ol oxite b SediGieptalars, Ropsoes cfs® B R hASp Bird REPL O TERBEIl y pept | des
or pepti dggoddssedh dyadvaitdpRIos mafly Qlic@ ablive] Jystbrs is@i ity reqRed Mha@%AoRbLE,

Morris et al, supra, incorporated by reference inits entirety. A preferred

strategy ithe ‘@aylpasiInsvigin pROTHEWRYveBrad selsequenanairation widhin thelcell. Ehigaspect

cat al ase- d.s i ne. ] | ' ' | "coats"

t he cat al ?E g’ eellllrﬁnh alg :B?slte? g? g’se h i%tsgdgﬁﬁ%&%gnftx%&ﬁ&hglyggﬁﬁﬁaﬁﬁf%ggﬁ? very

syst em doesllndihismeethod tekdshadvatdge vEthy faotthatifoldy fblied pravens bt tleen cat al ase, nor
does tal ase hadve t 0,be denatuF)ed prior o?ébhe 'Ztr%?%dﬂction" .Brocess. A
di sadtant dGBSBFEATIRSS 05 PlasTP mem W%PV"&K}“’&{‘% °ing IPRAEed pia he REFRYisP g In
denat ur at itRigstafe. the "payl oad” protein prior to delivery and subsequent
renaturation within the cell. This aspect of the invention is based on

wel | -t est ed apPe&PRet delyery: rnbde/ naypsptiteathvich nrematepecdionisn andirapslogations.  Thi s
o o SR bl kel s SR R0 Do
t he per oxitehitrfromnhe Antennapoedia homeodomain (Derossi et al., J. Biol. Chem. 269:10444-10450
20 (1994); Lindgren, M et al., Trends in Pharmacol. Sci. 21:99-103 (2000). The latter peptide, also
known as “penetratin” is a 16-amino acid peptide having the wild-type sequence
RQIKIWFQNRRMKWKK (SEQ ID NO: 4) or two of its analogues/variants desiénated WA48F
(RQIKIFFQNRRMKWKXK, SEQ ID NO: 5) and W56F (RQIKIWFQNRRMKFKXK, SEQ ID
NO: 6) (Christiaens B et al., Eur J Biochem 2002, 269:2918-2926). Another variant with both
25 of the above mutations is also included (RQIKIFFQNRRMKFKK, SEQ ID NO: 7).
Another protein (family) includes VP22, a herpes simplex virus (HSV-1) protein that has
the remarkable property of intercellular transport and is capable of distributing protein to many
surrounding cells (Elliott, G et al., 1997, Cell 88:223-33; O’Hare & Elliott, U.S. Pat. 6,017,735).
For example, VP22 has been linked to p53 (Phelan, A. et al., 1998, Nat Biotechnol 16:440-3) or
30 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 ypepti de which pronotes cell
entry and translocation includes the H V-TAT protein (Frankel, AD et al,
Cel | 55: 1%,2) &ﬂ?g 1998), and the third a helix fromthe Ant enna edla
honmeodoma 8% et al., J. Biol. Chem 269:10444- 1(}’@(’5[}5380301?83

Li ndgren, Met al ., Trends i n Phar macol Sci, 21:99-103 (2000). The Iatter
peptide, also known as penetratl n" is a_16-am no_acid peptide having the

wi | d- t ype “BEREYP2ReKeqtidpsonmaiaiORS (BebYirp). (g 325-363) andbasdreen shewn to
anal Ogues‘oé’\?}\tfpghﬁ@%ﬁn@?&'llﬂﬂa@&ﬁg%&ﬂ%r evéo?goliﬂ Eﬁ%ﬁ%l\ﬂ% 3'2@ oG Gen) and

Ws6F (RQ Christiaens B & EurJBl ochem
2002, 269 VQQ&QI P02:8219- Nﬁ@ﬂ héﬂ thﬁss*rpremms W\'them@ﬂ?ﬂ}wfwercdﬂelaamm thatit ati ons i s

al so incl ein am |y)

i ncl udes %ggl (aa e!r”l;gs S1 np Celﬁ'?agu"%‘s%@t&{g‘bd@ &e)%artfef?sﬁaf vaen{%e

remar sabl e pr o.peo inch@ed aet” ﬁmcﬁaddameawattvlea’nﬁmrabomdtercelmmkﬂaangBr
distributin tein to.m r.royndi cells (Elliott, , 1997,

Cel | 88:22% ‘ngy Bl B H IV '%*JT o YE32 whieh ‘“81“391‘70%%0““ B'Pa‘é‘ganpl VP22
has been Lindk@fod Parfam3, @PQ&E&ERoréhen‘ﬁ&al%Envan&e%%hxch\'?&m@hx‘étd_@ﬁxﬁb@%l)ow A440 3) or

30 thym di ne kinase (Dl bér, M5 et al 1999, GCene Ther 6:
faci | it at fungtienabdesiyateedreisins mrieagusadle tppnglocation ot ipterogHylansperiadigs C¥R2A2slikeh vi tro.

VP22 h k'
P22 has, DO RENSReyl L ASCAISAR 4 e e B IS, AHER LK <
WO 2004/ 0420dells BCHat ISRA) He Bd bF tively trporiSi/into Mso&r&é@pﬂ‘hﬂﬁﬁﬁ&’sﬁpaﬁmﬁlthe, 1995

Arch Virol 40, .355- 36 and has en s i ntercellular
transport p%?Fet“eF“%lkt%gee%o'ﬁé’a%eﬁﬁf’llﬁéﬁcP%ﬂmfﬂd&‘mﬂ e%f‘t ’aYe““g’}Od:g‘mtfP“@en Virol .

81 Pt 9: 2348ra8%e39 bncofiphsstDastsP b« Gﬂa@ﬁerh@’\/r@gatrdfl@ssl%fQ/H&Bér){héthenﬁerr@ﬁs%@ kd ul ar
spread that provide an approach for “enhancing cel | ul ar upt ake of the

nmodi fi ed &wcanandiveor thejaiernativehetedn. 5 Al so included are "functi onal
derivatives” r feins
such as. 11 v- TATBHE DI R Bplel e sHHE B0l M Anen BBLUNAIK suBbRE O
vari dst s, bodndalgfoten’ théyarehﬁﬁpmhg,dﬁihlav,attmgetﬁd camﬂasehhéxerafm raxmedafl ned
below. A fupctional derivative retains, surabetra tiqQn,or

i ntercel | 9I5% Vagtﬁzgeédﬂ]eﬂg&(l&/%g@ Iy gy eifeg &vg‘a%tv?ytqq&pe 611‘*H‘g“lé’iﬁecessf ul
entry of thg telagd éeaicamge%@doa@,rne{&e@waecaermaﬂljuoadedcfaﬁaéa%ﬁen isHesckibéd cell's
so that it may then be effectivel orted into peroxisonmes. This process

pernits tieMopisat eﬁ,ﬁuﬁauislﬂeptlyWh@glbas f?@?ﬁ@éﬂﬂ’l’b’})aﬁﬁﬁ aaewuﬂawwnm th the

P agment RETEN Ry TR TN PR BARE oML A W01 e o
t he a0t er (Bt i vehydesphiobic TEecelusetif dmatamhtg\[e/emrxammwst(Kﬁﬂ“WEfﬁW\ﬁTEWs 8EQ to
work best when CI(\)IBl 89 ahe te%mgf regNélues of SEQ ID NO: 8 above). This motif is desirable,
or required, for efficient targeting to the cell membrane and for entering into
hydrophobic interactions with proteins;
(2)  ahydrophilic Lys-rich domain (KKKRKYV, SEQ ID NO: 10), the 6 C-terminal residues
25 of a sequence derived from the nuclear localization sequence of SV-40 virus large T
antigen, which improves intracellular delivery and solubility of the peptide vector; and
(3)  aspacer domain (SQP) which are internal residues of SEQ ID NO: 8 and separate the
two active domains, and include a proline that improves flexibility and integrity of both
the hydrophobic and hydrophilic domains.

30 Accordingly, another embodiment of the invention is a deliverable, peroxisomally-

targeted polypeptide comprising a modified catalase 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 disadvantages when using them A nore effective
delivery ide that can be adnmixed wth the targ and
does not ﬁ@e%’gf}gbfel chem cally bonded for its action is%&?ﬂgﬁ%@d&%ﬁn Morri s
et al., supra, as Pep-1, which has the foll ow ng anphi pathic am no acid
sequence - KETWAETWMEWSQPKKKRKY (SEQ ID NO 8). Pep -1 consists of three
domai ns: F@nslacptiop-molarieproneisty bepnd therptoop assecizterhtherewithg The dedivery polessle dues
( KETWAETVWAZ de b fde. elbhe N-termnal 12 residues of SEQ ID NO 8
above). Thi sg\%rrgﬁgéa fsp%dggePabﬁ’g%’ or required, for efficient targeting to
the cell nenbréme 2MY-TAHT peoteinor mganslocgionlychetiyedepivativerthereafct i ons wi t h

proteins; (2) hydr ilbC . -rich d i 10), the 6
Ctermnal r es&)&uesp eg%né:h g‘ﬁ%é’&ﬁ%ﬂ%’??@%@%ﬁ#ﬁ@%?o&al i zation
sequence of S {40 apenetfatindadsnt W4sEHavigEthe ssfibde RQIKMPE@SRRMKIWK R (ISEQar

delivery and sol ubili tes_ of the peptide vector; and (3) a spacer domain (SQP)
which are internal PNPdles of SEQ ID NO 8 and separate the two active

domai ns, and ipglu Al i dA{k e Pﬂﬂﬁﬂ(. FkROsEGY oOf
both the hydrgighogaiepceﬂ%t%mﬁ?fﬁ?‘é%ﬁ%@%ﬁ?ﬁ%&?g ccorg ngly, anb§ (g,r

enbodi ment of the iIPM¥@t8on is a deliverable, peroxisomally- targeted

pol ypepti de copprisin modi.f i ed.cat al ase o i Qv i ivery
o 157V 2004/ Bhzo Fi b BRBY0S FOAES-Aisher kBTN RRM AR R kiSOl YT
boundot hereto or asyociated therewith. The delivery nolecule may be a
pepti de or pol fEepti de, e. 9 , .(a) HIV-TAT protein or _a translocationally
active derivat Ve theEessmpleryyrusprotsin VP12 TR fpnsierationallyagiveiomologue

RQ KI WFONRRVKVWKK (| SEL=d fioNCa d{lf}erenﬁhé'@s viuP@petratin variant WABF having the
sequence RQ KI WFONRRMKVWKK (SEQ I D NO 5) (d) a penetratin variant WG6F
havi ng t he seq(@ncdeRd KaviRONRRIGMEIKKKETROVET WWICE WEQPEKXKRK Y ESEQ IRt i n

vari ant having the sequ§gjz;,99 RQ KI WFONRRWVKFKK, SEQ ID NO 10 7) (f) herpes
sinmplex virus protein V g)'r a transl ocationally-active honol ogue thereof
fromila differ eiMhehedglBsrproteia; suoh aq th¢ péptidesldiscistud apve ad aPTOL OHE

KETWAETWM EVWSQPKKKRKY  (.SEQ | NGO 9). .
sequer%g are present(m a %od1 1ed catalase) polypeptide, the order of the sequences, proceeding

from the N-terminus, is preferably: the "delivery sequence"; the PTS2 type sequence; the N-
terminus of catalase.
As is discussed in more detail below, a deliverable, peroxisomally targeted polypeptide

20 may be associated with a liposome. Accordingly, another aspect of the invention is a deliverable
polypeptide of the invention (such as a modified catalase polypeptide), wherein the delivery
moiety associated with the modified catalase is a liposome. In one embodiment, the liposome
comprises effective concentrations of external membrane phosphatidylserine for uptake by
phagocytic cells or other phosphatidylserine-recognizing cells.

25 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, ina
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

30 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 discussed above, and a PTS2
type sequence are present in a nodified catalase pol ypeptide, the order of
t he seque eding fromthe N-termnus, is prefer t he "delivery
sequence" r\gﬁﬁgo‘@f%??type sequence; the N term nus of canF}&é@O?’/ﬂ%ﬁVs

di scussed in nore detail below, a deliverable, peroxisomally targeted

pol ypeptide 20 nmay be associated with a |iposone. Accordingly, another

aspect of fidyehtd Va@i?ing Qﬂsltesfrcﬁn d@lldcmeg &atathing) ¢ adpitioh italecavdlytidte] dbv@ntioon (such
as a nodi fied catal ase de),. wherein the dellvery noi ety associ at ed

with the rﬁéémpvaéamwataalﬂa%elﬂ@rarhqﬁp%%ﬁéthe FHalgfcsieni9deRIFRYIRs that pre only 98¢ oe
conpri Sesea%{)iﬁc%‘cﬁ HBrGUMrERE fuﬂtlb&%%cmﬁ@pio%n us TRI®k frﬂ&am% Bhatdcdy heeri ne

for uptak agocytlc cells or ot phosphat i dyl seri ne-recogni zi ng
cells. 25 térrmmﬂlPTS scluerzeadraiciverp kegpepts @dlsoﬁsstd@omvmhqda tcgenetde of any
suitable le h OVId tains the .ability to reduce the |evel
of Hogo" ariaeRien 473 o pastigh bt G Bprh el Bty o Bl 85 At
consequentdoyventihad 'Dl%“énnsﬂ?&elh%ﬂi}peﬂmeaﬁdip@hﬂ@ﬁé borB&intds ubdtEinteathadgedtlg Sites
of catal ase protel ns froma variety of sources are well-known to those of

skill in thfeihribe lenglyafpopelypephids inged isended to bediniter Ay ReBICH R SiES S18i n of

the i nventi,gip&alesd enPestiiRiov@fa? Peptide that 30 consists essentially of
one or nore Catalytic sites of the protein (plus, of course, a Cterm nal

PTSI -t ype sequémeembédimpms of ﬁwemnenmn ia A giglynuckaatidd- (eey, i mlatﬁli@Mtlglptmds)eq uence

are offo bk b b pAPLE0GR Bopiirbi ST RRF il O

fragnment s dpesablynigkédto an z:q;résmﬁbmﬂoe@dqhaﬁe GO taintsl podinutlBotitiddnd hwvleid seid
catalytic site, additional anm no aci ds on either or both sides

of the cat®fysef H‘tcéF}iaBgeaP]M?‘ﬁGl"e)cH‘%%mW&lF°té’Fé“a¥ 1spde ARy madifipdeatdlass short er
than the Bwné)peﬁtﬂeame GRREGRS Fhicth @bfpribed PPTSI dniRr ﬁTS?Eé@ih&?&le abdisugéguences, N

t erm nal sequences or dellvery sequences as di scussed above). Methods to
gener at e Sibgvd. tQuitionallyy @gM@lean@bﬁahqraMsthdcllrmy Reptige asedmussedenzyrrat ic

act i VIgY 6% RRU! Rnd10or GAVERL ARl or IS MR ATQL il ccRthupsgt | de and

peptide are Soneri nes uded 1At 'ef changeab HErss

"pol ypept i pﬂ;@:nuusotiaethat m:aamﬂedaoty@eﬂaﬂe bftﬂ’ﬂ: tn@éhtioﬁ iy \diffR lﬁfohcuﬂlawralasy deurrihfus
"pol ypepti des” and ' F‘F i des" gg % nbodi mrent of the invention is a
pol ynuc| ecERYFace Jogexama theprlyp 60;5'81: Ay Eefled thediegeneragy efikie genelic e0dsndi f i ed

catal ase pAlNYPRRLY ol a Uikt PHIERbIRL eheleiRadhia FRAhag nsemuence is

operably linked to an expression control sequence. (The ternms polynucl eotide
and nucl ei Rolautleotidas of thesmention ercolselinly e ghfoy expessing the mesfighiatalase| eot i de may

encodg, any. ipdl 50l SALRLASE 2 183 HRSR bilfioffor bigal REE hlobftea G oY 1 ses

a PT sequence as
further use, in vitro or in vivo.

As used herein, the term “expression control sequence” means a polynucleotide sequence
that regulates expression of a polypeptide coded for by a polynucleotide to which it is
functionally ("operably") linked. Expression can be regulated at the level of the mRNA or

25 polypeptide. Thus, the term expression control sequence includes mRNA-related elements and
protein-related elements. Such elements include promoters, domains within promoters,
upstream elements, enhancers, elements that confer tissue or cell specificity, response elements,
ribosome binding sequences, transcriptional terminators, etc. An expression control sequence is
operably linked to a nucleotide sequence (e.g., a coding sequence) when the expression control

30 sequence is positioned in such a manner to effect or achieve expression of the coding sequence.
For example, when a promoter is operably linked 5' to a coding sequence, expression of the

coding sequence is driven by the promoter.
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above. Optionally, the polynucleotide may further encode a delivery peptide
as di scussed 15 above, fused in franme at or near the N-term nus of the

nodi fi ed q@ba}#(ﬁﬁﬁmﬂ'he sequence of a pol ynucl eotide thap-fREISR3B312

pol ypeptide of the invention may differ froma naturally occurring
sequence. For exanple, the polynucl eotide may reflect the degeneracy of the
genetic code; and/or it nmay encode a variant pol ypeptide of the types

di scussed el sedhitable dxpreedion confol syqugndes oarn kpesslegted fandost nompatibdity andedesisedf ul |,

e.g., for expressing t.he nodified c i.de.reconbi nantly in a
host cel | P* sseasﬁrr%f%%lu‘feoF’g'pFréhﬁgcrefsnsg&%s?oﬁnogi%(?g&x gg@%Y’alg%ucfo ger&bf urther use,
invitro QFndtimtilwé \m)mo?as,ldﬁ&ﬁbllhweairﬁissubhﬁaetslﬁécﬁﬁd'&eﬂwmismeﬁ@t}raoillomaquence"
means a polynucl eoti de sequence that regul ates expression of a polypeptide
coded for sslﬁctaeﬁbwﬁ%e celleparasion, RiAmesrsithatoan berl{ﬁm;&dawamfeseloa’deﬂa by

i nked.  Exy o8 Shaflcf@l pREGEMMANEAVAD, IS, L EXCk ool 42 ST AliaR Rost

pol ypepti de.” Thus, e term expression control quence 1 ncl udes
MRNA- r el atcells; &b dag tecs ordkopromotetsdombactetial thests; ©f @plnfastor, Slcokol @kidasenorPGhbcl ude

Phar cont aroas s v cadh £l R 2 (3 LEGRTCEo B aRRe e RS0 o na ng

sequences,Dinh@NgC(1084)iJoMal. Bie 166, A21-035 U. S tPat. NONS,8XIN6 35S Studier ein{ 198h) Gaguence
is operably linked tqo a nucl eotide sequenceoépg@g., a codi ng sequence) when
the expr edZPEssiebhtchrlonyh indMeflieds datrampioey 82 - iMnafrehexpresiennttelh ef f ect

or acty ev%e(ﬁ?éﬂée‘%ffﬁigg& My B Be B Lk PiBssIRANBAGE e conttRhanfy ) £ ex%?sﬁbn&%_oﬂﬁ@mt er

is operably Iinked to a codi ng sequence, expression of the coding
sequence issqugn¢efeam pyatalpss ppoteimoanche usddrto\dGve 0B 4xPr4sshbf PETOBARIN@IBHAE1 2
Sui t abl e ex ssihon_control. sequences can be selected for host conpatibility
and desi recalgfage r°|c1)§6)§8t.1 eﬂtwf S e ude, e. g., enhancers such as from Sv40, CWw,
RSV, i nduci bl e Methode bfhaking tev@ntifiabineingcts, 8Nwhicted seqlistiee eoding & priteih ype
specific el enents or sequences that allow selective or specific cell

expr essi ornNte®5tofish &% %mpﬁﬁfd gatalash golyRepYde. ds Qperatively lipkeddQ pyprprostien eRpdrol 5

e.g.,1;an %egeg&ngul%mweggagiaﬁ lrm gMEY, 2 B seqtedie ofintedest %sfoipélqm?@iiﬂ&_de& gn for

manmmal i an host cells; , lac, tac, or T7 pronoters for baCterial hosts; or
al pha f actespressidneoniodl seqienicedr an expredeibh vestasnitconsirutla recembinantSenstruet) g. |

Melton et al, 9 Pal ynucl eot | Res. 12(.1 7035- 7056; nn. et at
(Togay 3. bR plafne DrHER 6 aldhd i hRdanc LR RN° oRdRPY of

al . (1987) ket redoribiasdonsrutBasnaliag ynany 6f the biherdfioleduldrbioloaidadgigthodused 0- 89.
A natural .expression control 10 sequence of a gene may be used to express

the pepti dBoorawnsHeR Fihthepresgnt inventign. ¢ disessidons-c Bramprooks@ @ d k88 r om a
cat al gse DyAt&ID @MInd e 14863 idrPrihial CHPRaBSPLBERERP PREs, BoldXpPHE HAARE,
nodi fi ed catal ase polypeptide of the I nvention.
N.Y.; Ausubel et al. (1995). Current Protocols in Molecular Biology, N.Y ., John Wiley & Sons;
Davis et al. (1986), Basic Methods in Molecular Biology, Elseveir Sciences Publishing,, Inc.,
New York; Hames et al. (1985), Nucleic Acid Hybridization, IL Press; Dracopoli et al. Current
Protocols in Human Genetics, John Wiley & Sons, Inc.; and Coligan et al. Current Protocols in
25 Protein Science, John Wiley & Sons, Inc.

A sequence of interest placed under the control of a suitable expression control sequence
is generally cloned into a suitable vector, to form a “construct.” Large numbers of suitable
vectors are known to those of skill in the art, and many are commercially available. The following
vectors are provided by way of example; Bacterial: pQE70, pQE60, pQE-9 (Qiagen), pBS, pD10,

30 phagescript, psiX174, pBluescript SK, pBSKS, pNH8A, pNH16a, pNH18A, pNH46A
(Stratagene); pTRC99a, pKK223-3, pKK233-3, pDR540, pRIT5 (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 nodified catal ase pol ypeptide, is

operati vel‘¥ li nked to an expression control 15 sequence, are conventional .
In general% O3"¢d4 ™My sequence of interest is operably | i RRES93/43¢512

expressi on control sequence in an expression vector. A construct (a
reconbi nant construct) generated in this nmanner can express the protein
when i nt rQBluexﬁdnal) nHOWa/ef;ehy othMplahﬁdsbr ®éctormrealy ibe gsetl @€ o bR repliostdd andct s, as

wel | as man the o ar .biological nethods used ip conjunction
with the ﬁf liémheuhﬂ%ﬁ faaﬁm%afr%ﬂw@c‘ﬁ%'&aﬂ &tjsm S‘i‘ﬁW‘gdWIUJ;teéi (1989),
20 Mol eculzgkafsbREyaskt, 1§sebtaaﬂ@5ﬁhﬁf heMamig@hammadMaf, Jehs. D gd sdtRnBIPE Press,
Col d Spring Har bor, N.Y.; Ausubel et al. (1995) Current Protocols in

Vbl ecul ar cBassugigdnd/axofthe palyheptid prepded thesehy; cantbg\prepated by Expressmg@e, Basi c

Met hods in Nl El seveir Sciences Publishing,, Inc. New
Yor k; Cksl—lar ?loes gtqHL?‘.;lta?%glggt)%}éH'Nucl eic Acid Hybridization, IL Pr ess; Dr acopol i

et aI Cur r ent MeRrods tmdoﬂrmiubmpd’rbmmalnot@mefﬂlemvenlmhlimw\i(:d:ltswo&‘c&um&t” thenels) and
Col i gan et. al |n Sci enc hn Wle

Inc. A sed’bé’ﬁ” @ évogg’g FWE@E&S‘%‘O% ]I?‘;l%e K EPeFS)% I?ﬂtS udgfi& cffanéfi%étﬁm fi8e 5‘6?”8 d §Ly Sons.

expr essi OIDEARDeRkanS MERFEphobphatd pReipRhtion), GhBARA vidd Arad véswri(@p] Rird@&isOr , to
forma "construct." Large nunbers of suitable vectors are known to those of

skill in tedenoxires, adene-apapipted viuse SRS REPYAPLYRORTCIATIIUS O PPRYIE Ve Ng

9
(G noleh il Blol SO Mibroierith, AT Rion Qb h 2 REE L, 1B iy © e 0
pgﬁga( Pﬁwsmpofemgﬁﬁx;otﬁam%@wo BBIRﬁGQQalthI%SZ’B)), TS (é)ia@BRMO,
(St 1 at agents TGS TP histec R ool o uine Mot torpin SsoBes 10345 12

( Phar naci aaposdﬂcewmmpeamcomr{gas pﬂbamfesdtaﬁaard/mh@m)nwea?toumdm&a upRRgY as it
is replicable and_ viable in the host., Suitable host cells will be_ evident

to the skidnf etergaapetosisipechaisnpg s askilled workepwHlrgensaize, spmsg of theipreseding and
ani mai i r}ﬁétlﬂﬁkﬂﬁ Hﬁ%@hée@% "cSﬁtL&lb‘scellk‘;"r{xgﬁo m&%éhdag 5rh:‘3nta&ﬁg%wsqgﬁwoand/ or

of the polypeptlde encoded there can be prepared y expressing the

const ruct with ml)epapttdabbﬁhhwcntmel(ég wethodsder administeningtbere tpoiupjeatin@etd des of
t he |nvent+r (ﬂ ? ?’ﬁ to "contact” the cells) invitro wll be evident
to the skif9& 'I?‘éul’ss Ye include, e.g., transfection (e.g., mediated by

DEAE- Dext r an 0Celsdoipiging 8 sRhaiedtids &hdintéaitiod ay bé fhceutddumdar cBnditiotisr al
vect or (eé:g‘r retrovirus,, adenovirus, adeno-associated virus, |entivirus,
pseudot y p&dfertie fhe grprestiomehihs reermbinant Beluneptidernceged by ithsrpolayelpotide.

m Cr 0jq) e“éffe@t‘i‘ve c%hcﬁﬁ&ﬁs%%@w@an t&tﬂ@%ﬂ’éd%dr?é} Tﬁe@%ﬁx&%&hﬁ&%ﬂféﬁ delivery
(e.g., Lipofectin(r), Lipofectamne(r) (G I t hersburg, MD),

Super f ect (cobcepiBitmgofi( 02 or CO,, suitable culture vessels and media, or the like, all of which are
routinely optimizable. Methods of harvesting and isolating (e.g., purifying) the polypeptide are
conventional and well known to those of skill in the art.

Another method for generating a modified catalase polypeptide of the invention, or a
25 nucleic acid encoding it, involves producing a polypeptide or polynucleotide by chemical
synthesis, using conventional procedures. Portions of a polypeptide or polynucleotide (such as,
e.g., a portion of catalase, such as an active site; a PTS; or a delivery peptide, or a
polynucleotide encoding such peptides) can be produced synthetically, then joined to other
polypeptides or polynucleotides that have been produced synthetically, or joined to one or more
30 molecules that have been produced recombinantly or that have been isolated from a natural

source. Procedures for joining such molecules are conventional.
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Inc. Hilden, Germany) and Transfectan(r) (Promega Biotec, Inc., Mdison,
W), or other |iposones devel oped according to procedures standard in the

art), -nedi ated upt ake and ot her endocyt osi

skilled mﬁﬁﬁ@?ﬁ/@\{zpﬂer ecogni ze, sone of the preceding 15%%8@%@ 2al so be
used to "contact" cells in vivo. O her nethods for contacting cells in vivo
with polypeptides of the invention (e.g., nmethods for admnistering themto
a subj ect in rnaether énitedandnks, afeq,rdéer&wsﬁteﬂ ibditewd t6dleluSe 6EIgERd Balde

pol ynucl eot jde of the invention may be i ncubated under condjtions effective
for the eXPeE¥THAN Bt varqus R*aéle}?mcﬂammﬁ@rswé&ﬁtheéareﬁew@aposg&w@%ég to

pol ynucl egt gfeurelal%g afd/befde! N AL R cMididr fadio ‘élege@Bnélf?or{s t@ﬁc]ﬁéﬁhél ed

wor ker. These include, e.g., tenperature, concentration of

sui tabl e dleﬁasmoedMemldmahc&) thatidan be preveritesl dritieated by methbdsfi tbehnmneon routinely
opti ni zabl d tin and| urif t he
pol yg%pt i glug %0" i ﬁs\/ae'n Jafilnja‘f"?h ed‘g‘ °ﬂa‘ brl?gnvm’%t] %’e r(ﬁggee%“'f‘gs%rﬁ“%mai%g}}f e art.

Anot her n&tslhﬁag ih@bnagRBIY BV avgilabil o lévewaeaalaieme cpeseyRaptided l@i‘elstdfe
i nvention, 25 nu | ei ¢ aci encoding i nvol ves produci ng
pol ypept i ngaqy} aﬁﬁblli’ﬂ?tﬁ‘e geralign p{ROPeMethafls foxpreyqatiag er trepling sich G?R}’étr?f‘f onal

pr ocedur egomgZRE {1y GE 1Rt RSk UhePRODSH FPUGLERS H8, lANENerG, na® 0., 2

portion of catal ase, such as an active site; PTS; or a delivery pepti de
or a pol whlumdé@bsed@némothmmoyu@hgp@mu des) can be produced synthetically,

then1§01ned € Qo QLGS P RLURSRLHES Heul KPUEKRELLISLR  RaMRaSRR

produced synt hefi
pr oduced as&dmrﬂanmmhyg Mmhhandnlfm(e ghedhiedseahattiedsdoianed withnad insdeuatssour ce.

Pr ocedures for. j oi.ni n ch nol ecul es are conventi onal WD 2004/ 042011
PO U500/87 8 SE RIS SIS, G S B erE PR EIET P oY AT Q8! S oot o

to the usgo@ifiedcaadse 8 fd uﬁemdnaﬁefeeiblmﬁnm&%gd RNvérdbl¥ Fhd PR RS st 0gi cal ,
pharmaceutical or therapeutic conpositions, e.g., to treat age-rel ated

and/ or f r the inrvaetiosaAmang gheetipds o eenditions thatzpan bepthmrmji asdreatgdh hmethedsof
|, udi
(i nchyding, uﬂleﬁt%g?‘?ed , 4 ﬁigtdks%?s%s §’{t8%h§r9| nc{ §%y{ogo§ tectdhe &ga a};ﬁx‘!&g& ?éi’%é’w ‘h

treated by net I nven drtion soclate
per oxi somaﬂan@sramt camtértradiationrindieéd danengei(B)ischpmial partituarlyyto prodeveagaimssul ting in

abnormally | qw avail a i | evel.s.,of catal ase.and consequent rises in

ovel s of feptioR ST, AIoHSID8 LT LET PO RIDT R SRR HSTUCABE br event | ng
or treati Hﬁmﬁiﬁ%mﬁ%@ﬁ@pﬁﬂtﬁ&ﬁuse“c@ﬁﬂﬁh hf)ﬁe&uwag&tglihembewaﬂexscaaéerdzpz and ot her
ROS in a peroxi sonme and, conse ent in a ., and subsequehtly in the

sur r oundi n@ereS@@@tWel@SanﬁSg@dé gingt he i nvention relates to methods for

tr eaEP ng a su bfh%%&ta%?e glzgnglmtqgg{r@led erHgtﬁ'ods%? thg uWéFﬁcm m%.lff)xfn? fn vprgchf 32

condition (e.g I sea S assocl a an |nadequate
atom is present in the catalystic site. Alternately, the apoenzyme form of the enzyme, lacking

an iron atom, may be used.
One preferred use of the UPTS and peptide delivery system, and, particularly, the
catalase targeting and delivery system of the present invention is for administration to skin in a
25 topical carrier, for example, a cream, to prevent and/or treat an age-related skin alteration.
Correctly targetable catalase, introduced into human basal skin cells, will enter peroxisomes
and contribute to the prevention of age-dependent changes and protection from the sunlight-
induced changes to the skin. Since a catalase solution at certain concentrations has a green
color due to the iron atoms associated with the enzyme’s active site, the substance may appear
30 unappealing to a potential user. This may be managed by either using the catalase apoenzyme
lacking the metal atoms or by inclusion of dye materials in the vehicle formulation to alter the

color of, for example, the solution or cream.
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| evel of peroxisomal catal ase, conprising admi nistering to the subject an
effective anount of a nodified catalase of the invention, preferably

adm nistering a deliverable, nodified catalase of the invention. Anong the
types of %’Qr?gf"'t/?‘%?fé that can be prevented or treated by BSd{UAS/3¢5135 the
invention are, e.g., (1) diseases of the skin, preferably to protect the
ski n agai nst age- reI ated changes and cancer radl ation-induced danage; (2)
i schem a, par t Aeutetrdbpve, themresentdargeterh¢atadase teeknodogygon bmuaedjtmwnd(ﬂ&)llftﬂmerl ng
of serum Lini 0 i dem as,
'n part beeel St oy ALY Eohs BOSIND e hulaiSE houo MRS58 2

neur odegeneér By m‘vredmmg@agmeerecmmhlz(ss)ntca@e ngls aﬁdDdewmem atrakBoRescthe populatiay be

used in ds of thel ti.on in ormin which an jron mis present
i the o aBSHIEE pter eprediteLip e, Theneeseis ORGP GPHHesRed naralnte)

| acki BY  gphniaf BB cAfuiMand Y ogganmedeve@eopmﬂqprer 6 poisiffatidh dbhlﬂmg"%irﬁbam
peptide delivery system an particularly, the _catal ase targeting and

del i very 8ymcelisen ¢ HisTeaTed sasoen Fh‘i\}‘é\ﬁﬂlﬁfr?fp@aﬂqu@‘d?h%g@ﬁrHN“@FFIXséhes kinin a
25 t /
opi Cag Jﬁlgt{(ftfr?ﬁsr :Tre é}’@f?&éﬁ%ﬂ@ﬁﬁfsggt aL 9, Qﬁe\égx%ulﬁfhﬁi aﬂFnafsh;fe

age-rel at rgeta e catal ase uced into
human basatimslkionhwednss, will enter peI’OXI somes and contribute to the
prevention of ede t chan a ection fromthe su ht -
Phduced changeltrissehde DRt he SangEale PapEfdd 8 bt meliine court hrayy o

concqut r akh efepd @kedp GERARd ploReériitor EHUE frbM agﬁg mﬁ&e céllsQiidSverp iPRduti(/d Wi th the
enzyne's active site, the substance ma)g pear unappe to a potenti al

user. Thi §xn?avveaéo wam’g ey wyciemswéw kg ﬁgeyt%ed@af%da@é f%ﬁ@ﬁg%@nwrac ki ng
the netal ﬂ;}%@'ﬂé&@ﬁ ﬂhs &}] lhéhtsu{e%o&@@sltm@b? 8@\9\6%@' ation
e so eam 2

to alter P co oro or exanp utton or

2004/ 0420meﬂ®ﬁlat68@0®3¢d)®4:5n@ed Asmmdised aghdase or tyhe ipnlwkegtotipdengetemd cat al ase
t echnol og an be.u xt end e life span of cell.s  inclu man

co 1's. Cobr HumushT GordeficBE LRl SomirRa A Sl ofaG et ety

i ntraduci pgdit)divecbrRimeRienkastern 819, dnb stemekellSpragest inahPti§snEiotgaR @6HX i SONES,
the popul ation doubling number is red| cted to |ncrease. The present

conposi ti 6‘1‘?@3’@&?6)%@“{%(3%’ et“HYHFtBP‘HH@“‘Il fafegting tgrPSWx&f’théhe(F@F‘lpﬂq“éﬂnsand t he

or gani sm Ggl:l@éé@ laBove Fs%h %E@Js@asﬁhﬁrofb‘ﬂg Hedifd s%n gP4bh caB HRRRL: 48 Stem

cells can be 1ncreased, as can | ongevity of certain artificial organs.
Ul ti mat el yairtdieed lm@ﬁmﬁxfuli’ olats, mdé)ra:pxpﬂlt scpdstance m villn arising fnggn mivliple hendspan of
| tura

Feahnol og9 FEodBp N BsTEdpeBharp o E e P s B Brgion e PR It £ oal 1y
in DO anigHgbaRwfat atikeelorgdnem and progenitor cells fromaging. These cells
are very diffi I(%lljsl r;[ote(dé}}rlla(%I this targeted catalase technology seeks to increase life-span, not by
removing natural barriers that prevent damaged cells from dividing, but instead by preventing
the free radicals from accumulating and induced damage from ever occurring.
One manifestation of ischemia of the heart or brain is ROS-induced damage, which
25 results in tremendous damage to the tissue of these organs. Much of the pathology results from
ROS, which accumulate, particularly during the period of reperfusion. This is a serious problem
in patients who are receiving medical treatment yet suffer morbidity and mortality due to the
reintroduction of oxygen to affected tissues. According to this invention, the peroxisomal
targeting technology, preferably coupled with improved delivery into cells of targeted catalase
30 or other proteins, is applicable in preventing reperfusion injury and for other uses in treatment
of ischemia. The timely presence of high levels of properly targeted catalase in tissues

experiencing free radical assault would benefit the recovery of the patient.
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expensive) to prepare; any nechani sm by which they could be rendered
functional for longer periods of tinme is of great interest. Thus, in one
enbodi e ositions of the present invention to
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woul d beng&h osttldf 18 9 (ﬂ\éqeh’ireg sggxﬁ ¢ RPht ﬁmvx u%ll ﬂ@a%@n@%ﬁ%@é %%e adjusted to
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present i méaRdrapRitic s'meudnher apeutic conposition, such as a conbi nation of

targeted catal ase 5 havi ng an UPTS such as SKL or AKL at its
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ingredient may vary from 0.5 to 95% by weight based on the total weight of the composition.
Those skilled in the art of therapy of conditions associated with peroxisomal deficiencies,
including that due to normal aging, will be able to adjust these doses without undue
25 experimentation.

The active compound may be administered in a convenient manner, e.g., injection by a
convenient and effective route. Preferred routes include subcutaneous, intradermal,
intravenous, intraperitoneal, and intramuscular routes. Other possible routes include topical,
oral, intrathecal, inhalation, transdermal or rectal administration.

30 One preferred embodiment of this invention is the present targeted catalase
compositions in a topical pharmaceutical (and/or cosmetic) formulation for treating human skin

to prevent or improve aging-related changes.
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10 a small nolecule that stinulates SOD activity. A therapeutically
effective anobunt is a dosage that, when given for an effective period of

time, achiygyegpestrasurable clinical effect. A therapeut .i’éi‘)Ulsﬁoo%MsYze amount
of the present conposition nmay vary according to factors such as the

di sease state, age, sex, and weight of the individual, and the ability of
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intramuscul ar routes. O h?r possi bl e routes._include topical oral,

i nt r at hec &Ftersi(iRg okateq riglycsrideabandayaxss (Prraffinayaxa eATPatbs A% sRdbeesvary) T%
preferred gahedidERl@f this invention is the present targeted catal ase
conpositions in a topical pharmaceutical (and/or cosnetic) formulation for

treating human [ fee . J i hg-rel at. WO
2004/ 042011 PCH E%éz}]ohﬁg%%éé{sg’%aﬂké’%%@é?‘t??%‘ %g%‘{?etﬁgﬁf@a%%%ﬁ% le
carriers oahiciehuifersi® d dagier,ch dilstanty baa dispersasiogapabbe/éf debivening attagetpbdagaddshin ene

| ycol., et hanol ..(95% oxyet hyl ene nol aur i at 599 in water sodi um
P ot s i Papmadith ncqlEelvesy Bonts SisnebPiei i Golo inpb dptite hirs

hurrect ant Shereof] witkgut iydus texidity] it@tation( hlRrgenlt ity @d theilike G ddaitioa4s BeNsi ons) , and

simlar agents may be added as 5 desired. In addition, fragrances may be
added to tRENGtSABOACCERtDIEs thedonigabeastier Preferpbly pessersesfpvorahie easBIgtipRyepartest o

ol ary o] R RER AT AL B o LT, AUl Piaciiibe BpNer el M pRediPer ©
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20 Sagarin, E et al., (1972) Cosmetics, Science and Technology, 2d ed., 1:48-65), incorporated
herein by reference, contains numerous examples of suitable cosmetically acceptable topical
carriers. Examples include various emollients, emulsifiers, humectants, thickeners and powders,
and solvents (including water) as described below.

Examples of cosmetically acceptable organic solvents are propylene glycol, polyethylene

25 glycol (200-600), polypropylene glycol (425-2025), glycerol, sorbitol esters, 1,2,6-hexanetriol,
ethanol, isopropanol, butanediol, and mixtures thereof.

The cosmetically acceptable vehicle will usually form from 5% to 99.9%, preferably
from 25% to 80% by weight of the active composition, and can, in the absence of other cosmetic
adjuncts, form the balance of the composition.

30 The 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
(cycl onet hi cone) and 10 fluoro-oils (perfluoropolyethers). Fatty al cohols,

fatty acids éstearic acid) or synthetic fatty acid esters@et hill ol eate or
triglyceriRYMA M haxes (paraffin wax, carnauba wax andPHBESHEMIA  al so

be used as fats. As used herein, a "cosnetically acceptable topical carrier”
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Hydrophilic gelling agents include carboxyvinyl polymers (carbomer), acrylic
copolymers such as acrylate-alkylacrylate copolymers, polyacrylamides, polysaccharides, such as
hydroxypropylcellulose, natural gums and clays, and, as lipophilic gelling agents, representative
are the modified clays such as bentones, fatty acid metal salts such as aluminum stearates and

25 hydrophobic silica, or ethylcellulose and polyethylene.

An oil or oily material may be present, together with an emollient to provide either a
water-in-oil emulsion or an oil-in-water emulsion, depending largely on the average hydrophilic-
lipophilic balance (HLB) of the emollient employed. Levels of such emollients may range from
about 0.5% to about 50%, preferably between about 5% and 30% by weight of the total

30 composition. Emollients may be classified as esters, fatty acids and alcohols, polyols and

hydrocarbons.
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cosnetic or dermatology field. An emulsifier and coenulsifier may be present
in the conposition at a proportion ranging fromO. 3%to 30% by wei ght,

pref erabl wd foemddon% to 20% 10 relative to the total 2|953/(}3
conposition. When the conpositions of the invention are for ated as an
oily solution or gel, the fatty phase may constitute nore than 90% of the
total weight of the conposition. The conpositions of the invention may al so
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together with an enollient to provide either a water-in-aoil enulsion or an
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50 20080 Bkt T Tes B sl A SRl BRI g Bl Mres s or s,
Acceptabl e f atExempilarghjdescarbon chhu@erodnbw dhhinaghyvdie, fréhh €2 fyI0 cadBAeRne.,

dii sopropé di merate, and dioctyl succinate. Acceptable branched chain fatty
esters in P"(ﬂfé; CZaIBP]ﬁilF‘C]Hé‘?(WneF?}/Pil:ﬁﬁ?lé“mlegbp‘ﬂbﬂiﬂe agd isqpaeffingnd i sost earyl
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trilinoleate and trilaur cltrate.” Acceptable straig aln 5 fatty esters
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ol eate. P sters i oca-gaprylate/ c abedf
coco- capr W 26/eﬁ¥i g&gp&egg&jyﬁ g?“ggg?@ﬁé“ WESF Sy b’f % POEer acetate,
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Carbopol®. Gums may be employed such as xanthan, carrageenan, gelatin, karaya, pectin, and

locust beans gum, Under certain circumstances the thickening function may be accomplished by
a material also serving as a silicone or emollient. For instance, silicone gums in excess of 10
centistokes and esters such as glycerol stearate have dual functionality.

25 Powders may be incorporated into the cosmetic composition of the invention. These
powders may include chalk, talc, kaolin, starch, smectite clays, chemically modified magnesium
aluminum silicate, organically modified montmorillonite clay, hydrated aluminum silicate,
fumed silica, aluminum starch octenyl succinate, and mixtures thereof.

The compositions may be in the form of a lyophilized particulate material, a sterile or

30 aseptically produced solution. Vehicles, such as water (preferably buffered to a physiologically

acceptable pH, as for example, in phosphate buffered saline) or other inert solid or liquid
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so: i dsor h.chubxdfe%gMﬁ)ﬂQC(ﬂﬁmmmmg ldﬁﬂﬂeéi/p@ﬁéka?l?bemmexboﬁi loﬁuugh?] asI gor gal
saline or various bhuffers e parti vehi sho e
sel ect ed ERPUbHR ﬁ“ﬁa"zféhetti’féet%i‘%ﬂ FFB*E r“‘? 1pa4on 8’9 aﬁ&?‘é‘ﬁ@’ eptide

admi ni str ﬁ;dn%probﬁatgﬁﬂaﬁérﬁbn i EinBRdeddviRRRMERBERsIRA! 1EASEALCt #OMBesi tion is
prepared by mXxing, _dissolving, binding or otherw se conbi ning the targeted

cat al ase w®ithivaeitine skillvp the ars ﬁedmnnmre@plrsaumle frequeneyl angdlos desagoweedeiredde| ubl e

aqueous orchq&nﬂ%q*ég%ldg) ﬁgﬁﬂk es. | f necessary, another suitable additive or
adj uvant can ed. Is inperative that the vehicle, carrier or

exci poent, as Tl adctigsagbiliteare predérablp insorporatel dmortopbilngpplibd vehicigeascitdson ar e
such that sﬂgtiorr]l(s),tsuspensions, emulsions, oils, creams, ointments, powders, liniments, salves, and the
like, as a means for administering the active ingredient(s) directly to the desired area. The
carrier for the active agent may be either in sprayable or non-sprayable form. Non-sprayable
forms can be semi-solid or solid forms comprising a carrier indigenous to topical application and
25 having a dynamic viscosity preferably greater than that of water. If desired, these may be
sterilized or mixed with auxiliary agents, e.g., preservatives, stabilizers, wetting agents, buffers,
or salts for influencing osmotic pressure and the like. Examples of preferred vehicles for non-
sprayable topical preparations include ointment bases, e.g., polyethylene glycol-1000 (PEG-
1000); conventional creams such as HEB cream,; gels; as well as petroleum jelly and the like.
30 For the preferred topical application to human skin, it is preferred to administer an

effective amount of a compound according to the present invention to the desired skin 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 pharmaceutical activity of the proteins
or peptides, In the present nethod, the conpositions can be given one tine
but generally is 10 adm nistered on nultiple occasions, possibly on a

regul ar bagpodsmameeks, nonths or years. as is wthin ppeskicshsai, the art
to determine enpirically. The treatnents can be perforned daily (or nore

t han once per day) but are generally carried out every two to three days or
as infrequently as once a week, as is beneficial, desired or necessary.
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pol ypeptide i a e.praoportio included within the.
conposi tion. | E)egﬁ?f; "r% ero\?tf &g‘{ﬁ 5‘5{5%“0“&}1? ?ﬁ%r‘fe F%}BR".“H%S)S'RPX #’e (ioﬁgﬁﬂlea art to
det er s ne redtHal toogrbtedt thd @mipb ERILEIHE the ABKUNQT eflgHiRgQcidSand dthé nhral ssrditRMe t he
desired outcone(s). 20 The active _agents are preferably incorporated into
t opi cal | y Y4p@ naxingesivate thesompeyndg I husiy may Per@essw%@as%eﬁempeﬁmnw@ner oi | s,

creans, OicBIaHﬁl ister thO 0§1t10:l Wﬂh ’Eﬁ%tténal ﬁ)adré/\f%ﬁt’ ltsqrcl%t&enﬁm lFlnk&’alalﬁﬁe GheTaRNS for

adm ni stering the acti ingredient(s) directly to the desired area. The
carrier fomse cmmaoﬂnmerﬂgemlewrb@tmttsr(eg pancstplruay)allsinenlubltqron sprayabl e
form Non- sing a
carrer 1 RO SrophOihRe 378 gt Etepdrde it Tl ay Pl AR e Son 1
pref eroabl Ywaranofin-arn erthfilgibneds widltas tonvehtionsidipoSsines) (S&85an @RyL., P®84pL eri | i zed
or mxed with auxiliary agents, e.g., preservatives, stabilizers, wetting
agents, bdYeeremundTdy ts for influencing osmotic pressure and the |ike.

Exanpl es of pr £ @er p aal
i ncl ude oi nt ne%ﬁqbfgeggg%ﬁ? Qlﬁ%%to&igt hylreﬁgﬁgﬁﬁycoﬁtéeg%aogﬂg}f%&ag%% g

convent i orfasioncreteins cenjegates SrapIRss vasians, effemay begpdministredada p@ﬂm@bb@mtjoelbd y and
the like. régasg QJ “Jug'tgln&f r%fc%'é") %ng&%lld ﬁxE}HLésCi‘#ésé’f&nmatM @luﬁé(lglﬁ' nBt s

preferred to adm nister an ctive anopunt a conpoun accor ing to the
presekft i dingted kapelt-®-tlher Bééacneeblﬂmlmlwghd“ehmiymer'Iélmybnammlrﬂcetwp (EVAmneral | y

range fro @ag U@gg@ gjﬂpg 6 WO
200 STy Bl s S oA R e PRI, 1,
t he topi caglolyurinp cdrbonanpbdlymdlgxmtepmerb@hereﬂhydmgeis,ai]) andppobpialt. dedtiderglysolide)
oi nt ment Wger ein artr)lgu ot v:vlhrc 1o, about gotaiﬁr%etﬁ)eff g?C\;[n' ve é ngr 8d EC ao' S used
per m of® %‘M’f“‘ﬁ%ﬁ 55 ‘é 28V BEE Y pe i ﬁg%ah"t FE'°8%
admi ni st r atHi¢hrare licheby ambnpmteabymmds( ($J)S PatyntHE 8TICRRS £4J942(038, 4587%0@ ial to
protect the (?ngr t.h ? t he at yr al
Condi 11 ond 2R R RRecTE 4225 srL e plaht e BEOTG R FemicEdry o
coat the coOPAIkd Réledsd, 1591-08 (1990); Greig, N et al. J. Controlled Release 11:61-78 (1990);
Kaitsu, L et al., J. Controlled Release 6: 249-263 (1987); Yang, M.B. et al., Cancer Res 49:5103-
5107 (1989); Eckenhoff, B et al., Biomaterials 2:89 (1981)).
Sickled erythrocytes may serve as carriers of modified catalase polypeptides. Sickled
25 erythrocytes are known to be more adherent to microvascular endothelium than normal
erythrocytes and to adhere to a greater extent under conditions of local hypoxia and acidosis.
Hypoxemic conditions have no effect on adherence of normal erythrocytes but sickle erythrocyte
adherence to endothelial cells is increased significantly. The polymerization of deoxygenated
hemoglobin § results in a distortion of the shape of the red cell and marked decrease in its
30 deformability. These rigid cells are responsible for the vaso-occlusive phenomena of sickle cell

disease. This increased adherence to the microvascular endothelium occurs because of

abnormally increased expression of 04, integrin and CD36. As a region becomes more

27



co-adm ni ster the conposition with, a material to prevent its inactivation.
For exanple, one can wuse enzyne inhibitors of nucl eases or proteases (e.g.,
pancreati in inhibitor, diisopropylfl uorophosphat e and trasylol) or
appr opr i atgve6 %@5’5‘}28}15 such as |iposones (including 10 waREFUSHOH? 45i2n wat er
enmul sions as well as conventional |iposonmes) (Strej an et al., (1984) J.
Neur oi mmunol 7:27). Modified catal ase pol ypeptides or other polypeptides for

per oxi SOMBypokiR| YEAMY and PGtIbdin@predsivhioneadtial GidbBelivnP N upBatlBed, tfa’bFﬁEE nts,
variants, etc. may be adm nistered via inplantable controlled ease (or

"sust ai neEivePé‘F‘E%%‘Fé’“}at‘f‘S)F‘ﬁﬂF‘h?q“éHbth%lﬁgmﬂ’at rices. These fornul ations include

but are not 15nkidPréeeh ihnRBH, Xv'h@npftqs de'suéarto @«I:ll\}eﬁgh'oﬁlf@&:bﬂélgﬁ m%ﬁﬁﬁl&' oe)

pol ymer, ethyl ene-vinyl acet ate (EV. | vax

appl i cabl enmqbelp@m@/wpdmaﬁ@ qul@eémebaweptldebtocyeﬂs)uiltm @dpthblyamrpymculdersn

pol yigino_ca m.al a eres roge oly DL

(I act |§1de/ g c)}cvo?&ga e, sw%jed% o %‘ n;rrg Ds ugetd %grg A ceﬁlcyels eag? szsgfkﬁf g%lgt

detail i ncenlbe&cﬁmhétemmtq@mrepte&namdnmbéyl at@hdriiabundehpiyBioRER cbﬁm@&m but

i ncorporated by referepnce (U S, Patentgy;? 891, 225, 4,942,035, 4,877,606, 20

4, 906474, sigklgpns hysqme adh?w 5 pgidotic aggior Byppxerpio mjgrgyasgulatutep Usp of sl sigis 961

Jeyant hi , cdls ¥ d%iwery df agbit td tQanFsQS E@ch%@s%ﬁbedl?A %klaﬁceﬁljrga%@e’tra@f@dt& orNet al.

J. Controlled Release I1:61-78 (19 ; ) , J. Controlled

Rel ease 6tram3dged g/3th @poserf intygpigt a MffBren@attloastagoéznm¢ce¢zas§nn@ea@mm3hlu@qa@eﬂ

(198 E t 9 I yt hr ocyt es
y 38 o LB Rl srhe it AR AL BB itte et B

eryt hr ocytmesleatedsikkiedwells ovilbelssrwok. adherent to m crovascul ar endot heI i um t han

normal erythrgcyt to adhere.to a greater extent under .conditions of
| ocal hypoxi a ﬁﬁé‘%ﬁﬁdd’ Qcﬁesﬁwgﬁ‘é?ﬁtﬁreﬁgﬂmt??@’h@y RGOy 1 ?1%{]&

adher encep@feveR iHERIckRl ¥ MbRHYS RSteddl forSAEb |aﬁ‘d Rh p]f_ﬁeh&%d E@sele@t@ﬁﬁbﬁmﬁ%efflso
endot helial cells is increased significantly. nmerization of

deoxygenaP&frablyethp gells BrerickyeredJnirayenopsty ¢f I@T@?féﬁ“b’lﬂbhblm veprel peragiee vPpedifie red
cel | 1and garg Fsl%axg@fqﬁt%?tee g @arbttl@arég' gﬁ{a el Ritotd] Yrtery! Q&S&ef t'hgéa%e%%br?t ofil €

responS|bIe or the vaso-occlusiv nonena of sickle cel di sease. This
i ncr easedtimelregrieadder thoinfusien nf xgonveatienal tleoddransisingl and in a)tbeuap@tlbdtyaffs@wof

abnor nal | n S| [ on
bocome. iRl bEGRSE YR SAREOR s Bhe GHS bl B BY Loy L HiRe piR ol

P-sel ect i mlvameesslzsrkifxlcngpaﬂalaftunsadmmbtﬁrh ¢l v, UVBriafbneldeL&@Hdldﬁ €llhe tredva@y 8¢ even
nore circul atjng sickled c in the re ion. sen i nventi on, when
T s desBSRY vERaVERy SreeamAlheeh fertmpy @g@lﬁéf%éﬁﬁa& may, ee’%?“ K eic acid
encodipng Hdgentadideh@ty MRh ¥PARAPS lefiRnset 0 cells in the endothelium
particulary in 5 mcrovasculature, sickled erythrocytes may be used as

del i very vehi cPrasemhadiment okthe javentiop i 2 phagmaceutical composition comprising any of the
modified catalase polypeptides of the invention and a pharmaceutically acceptable excipient or

carrier.
As used herein “pharmaceutically acceptable carrier” includes any and all solvents,

25 dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying
agents, and the like. The use of such media and agents for pharmaceutically active substances is
well known in the art. Except insofar as any conventional media or agent is incompatible with
the active compound, use thereof in the therapeutic compositions is contemplated.
Supplementary active compounds can also be incorporated into the compositions.

30 " Preferred pharmaceutically acceptable diluents include saline and aqueous buffer
solutions. Pharmaceutical compositions suitable for injection include sterile aqueous solutions
(where water soluble) or dispersions and sterile powders for the extemporaneous preparation of

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
physi ol ogi ¢ conditions but sickle and becone adhesive in acidotic and/or
hypoxem ¢ m crovascul ature. Use of such sickle «cells for deIivery of agents
t o tunor swas20eeedrodescri bed. A sickled cell may be transl;‘ ﬁd

transduced with a gene of interest at a differentiation stage t hat pr ecedes
enucl eation. Nucleated 10 sickle reticulocytes are the preferred stage for
introducing the genetic material although enucleated sickled cells wll

al so wor kas TRaitel, gkbitd, sedipminhloride may by iacluded inthetphemencpuicelompaditign. By

i njection n c [, C etested
for ABO a%lgéafé?’ %’E 8{'131 pl)Jgéss Econﬁg}gftgxgg%&a%?%%ge %néi;%ﬁouﬁd X‘fjae Ytziﬁcf Ghe cells
are del i veabdelundet mavermmmls yf manufatureardetdragelayd mastadndiideqiesenathes t}ﬁerf using a

specific 15 site or. organ,of. i nterest caro ortal ve| n,
oo al C aPRush ontindigd Sl nictoBizanons syeh ahae Rt fod fipg HispsoResan i b6 n usi on
of a gonvagsdraal 1ylaé1@pqiiqala@6§f&uﬂh&rg1ﬁag dnld nﬂx&mrtmhh&ﬁldlw tﬁi‘d&ectl ve
amount of cells (i th del 1 ver a therapeutl ¢ amount of the

conposi t i @fﬁ)ﬂarymn@nwﬂpf éﬁ@em@e thes¢ pepaTations mpy comaipda pefseryettvr dalprednt s

adm ni st efed il of M Q hour period. The treatnents are generally
gi ven eve{ygmhre% lagog)r%fltﬁgugh treatnment schedul es are flexible and may be

ext ended or Ziheshmwict andd adelyerdr dlgaecqnmmaiupabommhing, ﬂoesqampk:ewatéh e

orbo oLty S ST 58 BRALERCR SaL COIERGLL IO SRIP AT @7

phar g.c e Ulikef,and Yuifbleek fulbds ého2eof! PheibpeP Fluidfiypédnl tﬁrmalﬁsmb@e& ebaﬁﬁlﬁb by the
"pharmaceutical ly acceptabl e carrier” includes any and all solvents, 25

di sper si o¥seipbalFeating suchian lssithipdwithermaintenasre ofithe wavirednagisle sasdmthg casebt oni ¢
and absor gt e%l%h@ﬁkmscgg&%gtm@nd the |ike. The use of such nedia and

agents for ‘pharmaceati cal active substances is well known in the art.
Except i nsof arPra@anyodeenm oiomatoorgeuisias can tegelntvaddy ivadaspatitiattesaland h - t he

Cont onpl PR R ASHRS HArg Ay CEBONEL PR AL b o BF RO i nt o

t he g¢onpo@elikens. 30 Preferred pharmaceutically acceptable diluents include

sal i ne and aqueous buffer solutiagns. Pharmaceutical conpositions suitable
for injection |3W@F%60@P@Fthnéaf5@ﬁé‘%§%§>’ fosmplated frsdospramitdoyfoeease of ubl e) or

di spersi ofig;@iathidhGhd {nﬁfd?ﬂi‘t? 61 dos Oéés Dorge Gt RFRQLRREO PRy sRABPALRIL QO

sterile injectable solutions or ion. |sotonic dgent’s, for exanple,
sugars, pslmyfahscmﬁt@!lyslosawhfor 2 ra@aligOshbisdt2 eath ummmmmmmd quantityanni t ol ,
sorbit oI i um ¢

i a1 ol POl sl faftt o e BB B SRR GS Ly T "
shoubd bercﬁtlut:ﬁdd;hax’cﬂacﬁhﬁhﬂcdrrﬂ&ﬁ TietspdeifizatiorOfer the desagemlt forasof thé inv@itioh agt ur e
and stor aglgtataeg (lj)y gllljdscglreictl)(': !iclf)gr?degtr oens(g)rtgg axgxglﬁzschgrgctgnstlcs of the active compound and
the particular therapeutic effect to be achieved, and (b) the limitations inherent in the art of
compounding such an active compound for the treatment of sensitivity in individuais.
For lung instillation, aerosolized solutions are used. In a sprayable aerosol preparations,
25 the active protein may be in combination with a solid or liquid inert carrier material. This may
also be packaged in a squeeze bottle or in admixture with a pressurized volatile, normally
gaseous propellant. The aerosol preparations can contain solvents, buffers, surfactants, and
antioxidants in addition to the protein of the invention.
Other pharmaceutically acceptable carriers for the compositions according to the present
30 invention are liposomes, pharmaceutical compositions in which the active protein is contained
either dispersed or variously present in corpuscles consisting of aqueous concentric layers

adherent to lipidic layers. The active protein is preferably present in the aqueous layer and in the
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prevent contam nation with m croorgani sns such as bacteria and fungi.
Di spersions can also be 5 prepared in glycerol, |liquid polyethylene glycols,

and m Xt Urgg r6AR4RY] and in oils. Under ordinary condi tﬁ@’f‘ﬁjsﬂi‘mﬁ}@fﬁge and
use, these preparations nmay contain a preservative to prevent the growh of

m croorgani sns. The carrier can be a solvent or dispersion nmedium
containing, for exanple, water, ethanol, polyol (for exanple, glycerol,
propyl ene lipidiclayer, ingide ot cytside, proinyeay Byank iethe hgnciemoggnepus kystent geneialeknowand

sui tabl e mixt. .1 f. [ A i iyt Ve b intaj ned, for

exanpl e, lr)gfl aEhﬁgesgﬁléceﬁgéeggog'og?e?hﬁémgg@{%c fﬁte?’l Og(]:'wdﬁclcl?i%rb%n gy%g# rﬂ)? enance of the
requi red paclusiedlyg cempsises phdshkolipads auahfas leditlsip endssphingamgelby steto@ls wah aof

surfactantgs., Prevention of the action of mcroqgrgapis can be achi eved by
Var | ous. arfEPGRIDIFIOH S48 OO RGRAGAT SRS SroTs SREEpHasPrg, SBHine

chl or oput apghespitaRAkid, ARV RE matetifls of AMydRIpRSHAL natded 15 the Iike.
Parenteral conpositions are preferably fornulated in dosage unit formfor

ease of adni ninsa praferrehembrilimentslinopames thef caeys i exanmie sefelagmPrLiar m refers to
physi cal | yderr?eﬁ s& Pﬁt Wi b face W Ak qra @fog%i%&yiag gﬁ?.g ?ﬁerte ﬂés e de'df

subj ect; each unit contains a pre ity “of actiVve conpound
cal cul at edntestigatiodintetht Arindelaspledipidventagefiiriner aflfoatcr membems teaflests ionellsi t h t he

20 required pha utical carri.er. The specification for the dosage unit
oot " iR aBRl BB e i S it B R gt Rn SR bR YN f he
uni qugy ChasidGF Heicéll membiihe, WiRreas phosFhabGRRIBANARA PEY RefoRAllih kdiatlvely high
therapeutic effect to be achieved, and (b) the |imtations inherent in the

art of coepEnmiionyorthe Ruighsuafacs efdhememphyantd ThisPi/ R ratiodentsigeiinside) isensi tivity
in indivi dadisq inZ8lne! ' ' ' ' . ' : sed. In a
spr ayabl eqaer oqslo ag{%‘ﬁé’%@%%t i:ﬁ%hg]L %%%&?ﬁlg%g%? ?’\?%ﬂag??%?lg?iﬁ%ng%}gég Flgmgonbi nation
wi t h a solapdptotic dellgjisieffe¢terbintpac &y recegnitiautof theaixternBhPS byresceptals 9a pbagopaickaged i n
a squeeze bpttle or in,adm xture w.th ressurized vol atile, nornall
Gaseous. peBTuFEHmacTiRERE 50t 5 lopthel ot SV G SHAR R LR R PUPB S or
sur f apt antténds @dnarRBcEIDbeleike. This A bE bl nbtnty i vRFOBIR aRo Whed §iRh | Nvent i on.
O her pharmaceutical |y acceptable carriers for the conpositions according to

t he preserftPosomess pigvgtechin vikoand takers i partigHar sitarwigh peyer signseisiand brak..i n

whi ch t he td t LAl t Al Qi } [ 1pr esent
in corpusc g’sfoeé%ﬁ@ng %\%nc}& %cqiﬂe‘g{ﬁlgqi&sﬁ(gé‘%? gltgﬁ@gir"%%'a@ﬁ?é\f@hjtgwgtrilg’i dic

| ayers. THepraetko & @radt éirch BoclemeBoplatsl 200p Mayd it 3(10:41 +52; BajassbramahiaryKrer and i n

e 20 10 SOLLORR0HS PSRN B3eaone RS AU e Rl i o
| i posgyTi ¢ SUBIIEAI00D Febl 1R T9ABIBO HoFmbraV IR of 401 J CLIPBIHL.Q0bENGY, general |y,
but not 12;155(4):649-59; Schlegel RA et al., Cell Death Differ. 2001 Jun;8(6):551-63; Schlegel RA et
al., AnnN Y Acad Sci. 2000;926:217-25; Fadok VA et al. J Biol Chem. 2001 Jan
12;276(2):1071-7; Witting A et al., J Neurochem. 2000 Sep;75(3):1060-70; Kamps JA et al., .
Biochem Biophys Res Commun. 1999 Mar 5;256(1):57-62; Bevers EM et al., Lupus. 1998;7
25 Suppl 2:S126-31; Bevers EM et al., 21: Lupus. 1996 Oct;5(5):480-7; Bruckheimer EM et al., ]
Leukoc Biol. 1996 Jun;59(6):784-8; Tomizawa H ef al., Pharm Res. 1993 Apr;10(4):549-52; Lee
KD et al., Biochim Biophys Acta. 1992 Jan 31;1103(2):185-97; Palatini P et al., Br J Pharmacol.
1991 Feb;102(2):345-50; Utsugi T et al., Cancer Res. 1991 Jun 1;51(11):3062-6. ; Connor J et
al. Proc Natl Acad Sci U S A. 1989 May;86(9):3184-8. ; Fidler IJ et al., Biochim Biophys Acta.
30 1988 Nov 15;948(2):151-73; Allen TM et al., Proc Natl Acad Sci U S A. 1988
Nov;85(21):8067-71; Schroit AJ et al., J Biol Chem. 1985 Apr 25;260(8):5131-8; Schroit AJ et
al., Biol Cell. 1984;51(2):227-38. ; Rimle D et al., Mol Cell Biochem. 1984 Sep;64(1):81-7,

30



excl usively, conprises phospholipids such as |ecithin and sphi ngonyelin,
steroids such as cholesterol, nore or less ionic surface active substances
such as di phate, stearylam ne 5 or phosphati di i [or other
mat eri al svg‘fc&%o%q?%?gphobl c nature. In a preferred enbodi ﬁgﬁ%&o?/%‘g]&ms t hat
carry, for exanple, catal ase-SKL, are designed so that their surface is
rich in phosphatidylserine (PS). There has been a great deal of

i nvest i gatFiddt Ij értad, mmemsnmbmp,mqmp&mmomm @l ) hoeNatAdadSd BfS Aenbr ane
| eaf l ests in cel |, health oung cells, PSis found in

rel ativel Q9ﬂq kﬁﬁ)cb%r at‘YlB ‘Hﬁ“’t‘i‘?@’oﬁ%‘? E\ngﬁ“&e BEFiRi de of the cell

menbr ane, mer?ﬁ§p%ﬁ%ﬂb@iﬁl@ﬂédﬂﬁ hﬂ@wsammnt(o%ﬁby usihg lipbddehel With edlafveyel y hi gh
concentrations on the outer surface of the menbrane. This PE/PS ratio

(out si de/ ihighicgecentragions phEs eretheir puterdayey te @imis “mgrkedheedlsnbhis gpfsacesthecancer
cells.s F’h%ﬂﬁ?e)ﬁwcgfd%L% aﬂﬁ@e&faps%&'t Undtdrial, @%%Lr%é&s%ﬁ'mcﬂéraéafs&ﬁ% in part
ors on p a

by recognition e external PS by recép jgocytic s such as
macrophagestosoiandmhIthmanybhrethecpebklsory@es i nvol ved |n cI earance. Thus the

external PS 15 ,tends tq "mark.a c for t.ake. seen. not only
Vi tro but | B Rhed R e i ut coMPHR L iratth, i BRI en up ot
particul arthes¢dfaﬁat§mébsa§ﬁlédgme pﬁ)pétuss;bgsa amﬁbdaroavlmal prot&8E, Sukk pro®warlle,
Kagan VE et at, AmJ Physiol Lung Cell Physi ol . 2003 Jul ; 28@8) L1 -17;
Bor | senko berselknawn toAbe skillsd sramksians dp ﬁwsseéomemgp & iy § Bat: 391

Bal aspgbr a n QR@ bl;g% May
01; I\}aléﬁnol%@hgﬂdétgggcuﬁ%%g% : Zg‘%\glg E) SCHZQ%E é? Cg%l:%ﬁem 9; “8%‘2221339%943 8;
Hof f mann RRJ Bthita{1930)Céin RBL. Hhysicl 0521 6 NoCohPentis gl aetled9 cdiche WSedtoayash sk et at

Cell Death Di.ffer n: 8(6):551-63; Schlegel RA et at, Ann N Y Acad
Sci . 2ooop§‘?%“sz°ff’a§5§%ﬁé° L O 0k o Chem 5005 Jan 12;

276(2):1071-7; InWrEIateﬂgmBoﬁ'tneﬁt, red bldvad GElBOAGR ferdDN) OreSBRD0d 01830t 0 afdy BOusedanps
JA et at, Bi ochem BL op s Comrun, 1999 Mar 5; 256( 1211 57-62; Bevers EM et
al,, Lupudsenhgepsdd ewnﬁ%ﬁﬂesznt@s&%l@f“s & thercempyitiqns of the snventiqnq See abryes (ct -
5(5) : 480- Tt Bratekhginer EMet at, J Leukoc Biol. 1996 Jun; 59(6) 784-8;

Tom zawa Het at, Pharm Res. 1993 Apr; 10(4):549-52; Lee KD et at, Biochim
Bi ophys Acta. MaolPo{ithedigdusgion Bythis ap@at@n;is d?'eﬁcmditm'rmﬁiﬁed peroxis@ne-targetedr nacol .

51(11) - 3069 peroNRanils. HRFNRL ot iR Gy S Hedensy

86( 9) : 3184arfeting caEalddeeﬁoléclll&tIo pdroxisdiies cn HmaBpl(imlhy sthécinalecul&hs %ﬁ&nﬂlohat 15;
948(2):151-73; Allen T ‘é{ cFI‘OC Natl d Sci,US A 198'3
85(21) : 804heEse tpreetsd polgep eﬁﬂa ¢ uged in poppositiops, C%Parﬁ}?;le ) - 5131 8;

Schrojgt  Alie&kibedfor tar lg%leglcatgﬁké Th@%%oﬁg-&aﬂe Aeehitidf can betised & thiglilannolecd®! Cel |
Bi ochem 1984 Sep; 6 81-7; 30 WO 2004/042011 PCT/ US2003/ 534512 Fidler 1J

et al., C&ﬁmeSR@@efoli%meDeb ;aqaqfareed: mbechn@nt hedargeted mplegule ispnpthaNai | Acad
SCi U S Apromo esare t1 r?éfsg'xe ﬂe@g fZIzOz I ﬁbg nll pgrgxggm@t ed by reference

her ei n.
In one embodiment of the invention, the targeted molecule comprises any of a variety of

small molecules that can modulate the amount of peroxisomal H,O,. Suitable small molecules,
25 which will be evident to the skilled worker, include, e.g., small organic molecules that inhibit the
activity of one or more of the oxidases in a perosixome, or small organic molecules that
stimulate the activity of catalase. Methods for attaching the peroxisomal targeting molecules of
the invention to such small molecules, as well as methods for testing for their efficacy, are
conventional.
30 In another embodiment, the targeted molecule comprises any of a variety of enzymes

other than catalase (or active variants or fragments thereof, as described above for catalase),
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This property is exploited in the present invention by using |iposonmes wth
relatively high concentrations of PS on their outer layer, to mmc

"marked" QgJ doba/abiiss enhances the 5 efficiency of delivesyr®ér0biiBasi2
encapsul ated material, e.g., catal ase-SKL, which is released 1n the  cytosol

and can then nove to the peroxi sonmes. In another enbodi nent, |iposones
further conprise a protein, or fragnment or variant thereof, that possesses
f usogeni cWhich prdped thelevel of peroxisomatbydrogen peioxise. Puchtepzymses iSuds, pg.ofadans wil |

be well k 2t k] . di.ScuUss faor e le, in US
pat 5, o100 HBa bl Puabons 6dy ale SRl A Glepl(p AL 58 b BhoiABRL", 195y 5
Bi oener get i cs TH afeetitztyedice RDS i6 dperoxaode, AylutethiohOR2a)ctéaand Relvtattibngsi ol . 52,
675. Conventi.onal rreqtﬂhods canﬁ;&?j used to_attach such r teLns or, fragments
Lo a |1 poREFmidast pus e P Spatrorsrh ot Hesesnel e A Bppp e sufsble ERathigRerediedsey), red
bl oods cel {s tighfagdad glihibRe R ehse, FhichhAMGAShigR 1ev¥I8 bY red&del GlRshibid 1A geer t ai n
cells for the conpositions of the invention, See above 5 list of

r ef er ence®tosplickmerig thhauitgble glutashions perpxidapes isthphiraan glwathjone gerexidesed. t o

modi fied peep ﬁo?e%{gethts A& 1@1‘2% itn%?%gﬂo%%h% X@g&rﬁvk $fdkaodpmever, one of skill

inthe art w recogni z targeting catal ase nol ecul es
t 0 peroxi sonesA gaetbef pappirededins maybh esedimthe cohpssitaoss avel hethadsdftheat  t hese

t arget ed nol ecul can, he used jn copmpositio and. net hods conparable to

those. 20 HUUEPTodist BPUAE eyt dn BAFI RS MLt ARG S nSTORG Bt | on can
be used t aithile geroxieddpxii®hre ey, Sthe Rimdnng@st to peroxisones. In a preferred
enbodi nent, the targeted nolecule is one that A pronotes a reduction of the

level of H202 (b} Peseriesdontmd (Thiorgdoxin patexidiveZ; Thioredreinsdapsrdentprroxide ¢ he
| nvent I ONpeghcifRe tz?ﬁrgﬁk@%f)fiﬁ%ssaﬁg@gﬁ%ﬂoﬁéeﬁat@ﬂwmﬁér Bl ¥ﬂ{2agghéfagﬂcor 0y mal |

nol ecul es that can nodul ate t mount of per oxi soma urtable small
mol ecul es(NKEFSAWhiThls engyrhe i invelved arntddxaegutatios kf the eell; woeduees pareidasaéth e. g. ,

smal | organi ¢ nolecules th inhibit the .activi of .one, or reof the

oxt dases TR TR R ViRl et plgton s bt o8l SR E v 1 e
activsty efzymahnl ke an Mejdiattsolea clahinaigipe@xidecgdnefatdidafnginethbdl g andg

nol ecul es of the invention to such small nol ecules, as well as nethods for
testing f®ieht pastigipate injthegignaling eascadeyRf@rawth fagtors ang tyRorAcERoRIS fActor3llia Bent | t he

targeted gggﬂgﬁéltgeﬁﬁg&n?lgpgm@é}lyraggns%fﬂg?g_ety of enzymes other than catal ase
(or active~varrants or tragnents thereof, as described above for catal ase),

31 WD 2004/ 0420\ Reréxiredoidn @ (Bhio@ddxirperowidast | r Buoredoxirhdeperdent of per oxi somal
e N T
20 factor B (NKEF-B)). This enzyme is involved in redox regulation of the cell; it reduces
peroxides with reducing equivalents provided through the thioredoxin system. The enzyme is
not able to receive electrons from glutaredoxin. It may play an important role in eliminating
peroxides generated during metabolism, and might participate in the signaling cascades of
growth factors and tumor necrosis factor-alpha by regulating the intracellular concentrations of
25 H;0,.
(3) Peroxiredoxin 3 (Thioredoxin-dependent peroxide reductase, mitochondrial

precursor; Antioxidant protein (AOP-1); MERS protein homolog; HBC189; PRX ). This

enzyme is involved in redox regulation of the cell. It protects radical-sensitive enzymes from
oxidative damage by a radical-generating system.

30 (4) Peroxiredoxin 4 (Prx-IV; Thioredoxin peroxidase AO372; Thioredoxin-dependent
peroxide reductase A0372; Antioxidant enzyme AOE372; AOE37-2). This enzyme is probably
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To effectively reduce ROS in a peroxisone, a glutathione reductase and a

gl ut at hi one peroxi dase nust be co-transported into the organelle. Anobng the
sui t abl e q’l?#t at hi one reductases 5 is the human gl ut at hi one reductase, which
mai nt ai ns WY g0 s of reduced gl utathione in the cyt oBET/USHEAYSIte

sui t abl e gl ut at hi one peroxi dases is the human gl ut at hi one peroxi dase 1,

whi ch protects the henoglobin in erythrocytes from oxidative breakdown. A

vari ety ofinofle@¥i feG@DPé%ﬁl&tid?ﬁ:‘fﬂQQemSE%ghﬁtefslﬂﬁa@W@ﬁb?Nplkﬁpﬁ@inWﬁé faste of the
i nvention. These include enzynmes from both human and ot her ani mal “sources.

Anong t he by 2anagiylatiameid-keppoRialnba ghospliorgption. ¢ . the human enzynes: (1)

Per oxi redoxi n ' ' |xEainds ' I - e er oxi de
reduct ase 2; P?sg@:_ I"Qgﬁgm b E}? atxed p;n(z)gt %‘FQ’%&\%‘A%{} Ub?(gr%’ E&lq]ﬁ?@?rp{cell
enhanci ng ehzywteds 166) TPx tWSEWL Aydr. tisTuei 2D)-page ype 71 B; Alncodrepeessoml [Hodwssapiegi)l at i on
of the cel]; it,reduces roxigdes w.th .reduci equj val ents pr.ovi ded

Chr ough_+ REtewipdsR B R A B S bE e s towit Biatlon Fa i S P i oy
play an i mp@bieierdxideQnd B1k§l Hylioperbkiaes. MRS srsieRfiaydR aeintinaokidatt piogectivd abol i sm
and mght participate in the signaling cascades of growh factors and tunor
necrosi s Felefbdiffgientiissypy undes permat sangitiopsand during @flpmmatorcRiAesssssr BES ons of
H202. (2) a) dl i T | | k hDs endent
per oxi de. P e R e e L R ur
Killer cel¢sobnhenk$ amgstr@o résalotion. TBe gexERcod)ng. perbiiredoxinzywees aleemateviotfiagd i n
redox ,regul ation.of. the.cell; it reduces.,peroxi.des, Wi th redpcin

Cout V8! ontenstel BlisehsiEt erere PRIIPAT PP Sl b F  Hbree 0 api e
t o recei veraficEpt vadiatts {9, bahdit)ehegdapaistinct i$dforfid hayad t¢n @entifigddod thidlgesiedl € 1N
elimnating peroxides generated during nmetabolism and m ght participate in
the signaling (&eaiedoxin 6 @eroniedoxind: antioxidant praiein 2: PcIelsaiun gluthigne | pha by

regul atin it I Ul 3 i D1l Ig_%;gﬁ xi redoxin 3
(Thi or edo ieltr(l)El gigépegélé (Ziﬁtg A]![:)lglrngfé?eggmrée u%ﬁg%?ﬁqg’olcﬁgsn ri aed&g% gjcf:)(ﬁllricgor;

Ant i oxi darsepignstit EeroxirgdorRinif)is a MERbernfthecthiol-bpsnific autioxidBa@oteinF BRXily.Thjs. Thi s
enzy is_involved.in.redox re tion. of the.cel]. .lt. protects .

o 0 - o @RIV EH BB e Bt Bl AR LackilEuE Ly o PR RS Gromanton; ng
SKSt emd 3%f(h§)celﬂ?€t’@hird€<ﬁd@l§i@} afid é}RrwéchhM;orgBIﬂicgfa&g@oia,rhn@ph&ghdifpaf A0372; E372
Thi or edoxi n- dependen per oxi de . reduct ase 72; Antioxi dant enzyne AOCE372;
ACE37- 2) . MYPROBCT@X9SrnK may Py 3 srnﬁe %ﬂ%@%@@ﬁ?@h?‘m@mmﬂﬁm%@wmlz

i nvol ved E%tg&lggggaq&ggiiagdvgth%_ the cell. It regulates the activation of
NF- kappa-B in the cytosol by a nodul ation of |-kappa-B-al pha

phosphor yl at i oAccordingly, one embodiment of the invention is a molecule, or a combination of two or

20 more molecules, that reduce the level of H,0, (and, indirectly, reduce the level of other ROS) in
peroxisomes of a cell in need of such treatment, such as an aging cell. For example, such a
molecule may comprise an enzyme that participates in the breakdown of H;O,, or that inhibits
the generation of another ROS whose synthesis is dependent on H,0,, wherein the enzyme is
bound to a PTS peptide according to the invention. The enzyme may have a PTS1-type

25 sequence attached at its C-terminus, and/or a PTS2-type sequence attached at or near its N-
terminus. In one embodiment, the enzyme is a peroxiredoxin, such as one of the six types of
human peroxiredoxin described above. In another embodiment, two molecules may be present:
a glutathione reductase and glutathione peroxidase, both of which enzymes comprise a PTS of
the invention.

30
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(5) Peroxiredoxin 5 (a,b.c) (peroxiredoxin 5 precursor isoforma,b,or c;

anti oxi dant enzyne B 166; TPx type VI; liver tissue 2D page spot 713; Alu
co-represg&r h é{ﬁ? sapiens]). 5 Peroxiredoxin 5 is a nenber of the

per oxi r ed3 Y/ y of antioxidant enzymes, which redud®€ TGS 1Ber oxi de
and al kyl hydroperoxi des. The protein may play an anti oxi dant protective
role in different tissues under normal conditions and during inflammtory
processes. ThIBavHKgrﬂbK&egelﬂerlaW @dsoritied thid ihvenfReX THe.sarhb @/ilC by mblredifi1y Ufdettt®dof this
protein i @ﬁ E reduced form has been resolved.to 1.5 aﬁastrom resol ution.
The gene refgrense e e fllpyungexgmples whigh areproyided;by way afillustationaand ket i on

i nitiati oRotShtbRIRd E&’oeﬁﬁﬁiﬁﬂé&ﬂh@b{e%hﬁmﬁnbﬁ|un¥é§s petig¥d. somal /cytopl asm ¢ forns.
Three transcript variants (a, c) encoding distinct isoforns have been
identified for this gene. (6) Per OXI redoxin 6 (peroxiredoxin 6; antioxidant
protein 2; non-sel eni um gl ut at hi one peroxi dase; acidic cal ciumindependent
phosphol i pase A2; 1-Cys peroxiredoxin ! Hono sapiens]). Peroxiredoxin 6 is a
menbe? of the thiol - specific anti oxE LEbtein faml y This 15 protein is
a bifunctional enzyme with two C’Mﬁfehgﬁtangﬁétﬂﬁf' tes. is involved in
redox regulation of the cell; 02 and short chai n organic,
fatty aci Bell§ulukehosphol i pid hydroperoxides. It may play a role | n the
regul ation of I rotection

oxi dative injur W%E\%g% lgh%é)l a;‘}? @%%gﬁgﬁ%(?}éﬁr?ed B tﬁ%%émnﬂl ﬁlt?%%o

mol ecul e, Agfngﬁ?ellaﬁﬁhshaﬁy!@meﬁflnshm for Meaealrmsarcmtaﬁwérew) atnlaastmceduce t he

| evel. of H202 and indirectly, uce the | evel of ot

per oxf sont¥dangss %\V(‘ﬁs)} ‘Iesﬂeﬁt“ff'i)éd”e@fcungEﬁ‘“tl?MgM@ﬁPle%’ﬁfE%W&E lg(? fg@‘lh‘?é"‘éel | . For
exanpl e, %ﬂﬁﬂ(@bc&@rﬁﬂ%l@nm)cmmlﬁ%n@fbeﬁwmﬁ trhatbelRaferd ﬁhlﬁﬁh@@ al N the
breakdown of H202, or that inhibits the generation of another ROS whose
synt hesi s37°€ in bwmﬁd'mdtm@hatbﬁﬁﬁpplmteélmthtSIYeC@mz"i]tmzchuts'e htgbeuristage 1&V€ﬂ’STS

d h
Cetuence. SFanate &baldlf ohBYE bR Bl PAF T2 P St B M nea o

or near i hér Nplidativerbontkende by QAR BORNBNCe-adsbateD B AR ctbSidRe BEdeStibe@dOXi N,
such as one of the six types of human peroxiredoxin described above. In

anot Rér effBdi¢hahtl99Dwo nol ecul es may be present: a gl utathi one reduct ase

vention. 50 SiGESE G100k e S BRSBTS AI e aNER S, )
descr i bed(Bibwuiceldernational, Clweardby€AWM | | be nore readily understood through

reference to the foll ow ng exanpl es which are provided by way of
i |1 ustr at IoHitroahmipat Assagopt i ntended to be limting of the present invention,

nl ified. . . . . - .
unt ess spec I%(rjomsomal protein import was examined in semi-permeabilized cells using ELISA- and

20 immunofluorescence-based in vitro assays. Both approaches employed the PTS1(-SKL)-
containing substrate protein, luciferase. For the ELISA-system, luciferase was biotinylated and
import quantitated either directly in cells or after isolation of cellular /organelles/peroxisomes as
described (Terlecky, 2002). A diagrammatic representation of this method is shown in Figure 2.
To ensure that comparisons were being made from equivalent numbers of cells, DNA content

25 was measured and appropriate corrections made in all experiments. The fluorometric method of
DNA quantitation was as described by Downs and Wilfinger (1983) except that SYBR® Green
(Molecular Probes, Eugene, OR) was used as the DNA-binding dye
| The immunofluorescence-based import assay was carried out as specifically detailed for

IMR90 fibroblasts in Legakis and Terlecky (2001).
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5 EXAMPLE | Materials and Methods Cell Culture Early passage | MRO0O and
Hs27 HDFs, obtained fromthe National Institutes of Aging, Agi ng Cel l

Reposi t or wbd/G2b11! Nstitute for Medical Research (Candgg f;?j;ﬁgﬂATCC 10
(Manassas, VA), respectively, were cultured in DVEM suppl errent t2h 10%
fetal bovine serum (G bco, Gand Island, NY), penicillin, and streptomnycin.

The cells were maintained at 37C in hun1 dified i ncubators suppl enented with
5% C2. To achTesamieghesffeases #g0, drampbis, cellstherepeltrleae&\e\remghtpaﬁhdeﬁlpWrough
sub-cultivation. Late Passage cells were confirmed e at or__ near

repl i cat i VeOsBeuReaEMRe Bedi, r‘H“?’nEj“fz6‘1*’“8’6%8@’8’8?1/@8“%“@?%?%’?%“@58&Mact osi dase
as descri ped mggmglq&ggrd,ed@g al ., 1995). Were indicated, cells were grown on
gl ass covers i ps pretreated with ProNectin F (Biosource International,
Camari | | Olm%)mc hﬂrhy}nisi ,Mgggq chpy’ssays Peroxi somal protein inport was

exam ned i ceI | s using ELI SA- and 20

i mrundf | uor es c@ﬁﬁb@rbus enl glass wcrslapsa\s@ra;ised fBothappH&’a@He)s)amfwrr@LdehydB he

PTS1( - SKL ) protein ase. stem
| uci fer as}ew?/tvas lto [ ny‘lth W‘a‘ heC] 5’?{[“63815%1?% f%"e tFEér(tv&?FreE!gf‘?yﬁ cells
or after (sl edre blbclaafd forelhl witta4% /(‘QIVQ]BSA|ahd331klﬁiﬁteﬁ)wl&mf&ﬁarﬁ5ntlbd&58ﬁf i haad

1) £ ol R ST b o B

nunbers Obﬁﬁnh%dl@%r&&@&&rﬁ 1/250 d’iﬁﬁomw%&ﬂcﬁﬂ%e@ﬂ%d&%'ﬁ@us@&ﬁt&eﬁ 1ons
made in all ‘experinments. The fl uoronetric nmethod of uantitation was as

descrlPbed 1/690 Dditien, rablit antitRex ppjentibpdiessre used ept Uﬁ%dll\SMB-Fa(ﬂg)C\@'@mgated

(Mol ecul a 8PF‘a§b1tng Qﬁs WQQ)U ot a H‘z%@b’dlﬂﬁ]ohhﬁn?gﬁt L0 Gordy & dTH%P[s

i mmunof | uSPeécence- ba rtassay was carr ou as speC| Ica

det ai | ed fCoversliph/Refe lﬁodnlddbismglsmwfadelaegﬁ&ﬂ @ dewlaf @rdbek W Z280AFM-3 BY V\D
2004/ 042011 PCT/ US2003/ 0345 To. e ne the effects of H202 on inport,
cel I's wer &O75PqaL MISEQSEPEXAS MB] HPbW“taﬁq{fn?@schﬂ?’ﬁécsl n serum contai ni ng nedi a,

and for 2 h priqlkne detddasySdelRgr HEBDhE méhbd @;ﬂpwéd\va%fiﬁodmew&@om aelumfree
medi a, | munocvt ochem strv/ M crosconv 5 Cells, g}éown on ass coversl i ps,

wer e 18 xed9%4ond Bassre Al 1983 odlewwy affls kYaliea‘I‘aé‘Mﬁ‘éP"d@Hy S and yreatadefar ¥9RInBY nin with
10 M NH4 %C \9“'9250 El(dr?,é}%lchl%goq]ugggmé dlgéeﬂltev.vI ’lt’l'Q c%l{? \i/é/lje \(t)asl;lérd'a%é)lg aﬁir Jeﬂgl'ar

fluorescence examined by confocal microscopy using an excitation wavelength of 488 nm.

Where indicated, early passage Hs27 HDFs were “labeled” by allowing them to endocytose red
FluoSphere® microspheres (Molecular Probes). After an overnight incubation, these cells were
20 washed, and seeded onto coverslips containing (“unlabeled”) late passage cells. These mixed

populations of cells were then examined for the generation of H,O,.

Enzyme Latency
Latency experiments were as modified from Wanders et al. (1984). Briefly, a confluent

15 cm dish was washed 2X with HBSS, and the cells removed by trypsinization and resuspended
25 in (~10 ml) 10 mM Hepes (pH 7.4), 0.25 M sucrose, 0.1% (v/v) EtOH (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

30 as described (Storrie and Madden, 1990).
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Cells were blocked for Ih wth 4% (w v) BSA and incubated with primary
anti body for 1 h and secondary antibody for 30-45 m n. Rabbit anti-PMP70

(Peroxi so ane Protein of 70 kDa) antibodies were d a 1/ 250
di lution, %ﬁ%@%ﬁf. -cat al ase anti bodi es were used at apﬁﬁ%%’%“aﬁ ution,

rabbit anti-Pex5p antibodies were used at a 1/500 dilution, and
CY3-conjugated goat anti-rabbit antibodies were used at a 1/300 dil ution.
Al | react irrBgaralisofslavinids/gebtéins PBS. Coverslips were nounted using Sl ow ade

antifade (Ml ecula ohes). A Zeis SM 310 confqcal m croscope was used
to obtain all &H%ﬁe‘%gi(éﬁ\ﬁ %W&éé?ékglftf’ﬁ@“ﬂ P PrStobYectass Y’E‘Ieéifeaﬁ?gg, t he
net hod enpligvgd 19ascietide §dqgehct iPie $hdd o GFRin the péépﬁ-%%%atafi%cﬁ&ﬁ&h@pal@l L
1983. Here, cells were washed 3X with PBS and treated for 10 mn at 37C

wi th 25 MAlto, €A)dind Bl13 nusleqtide sesuense i the dt endeof DyRed2de hepDaRe®R-Gh ettt agai n
and cel | ul f r m ¥ 300 1 CEOSCOPY USing an

exci tgs!ti oéemﬁg*)ﬁ&ﬁﬁﬂﬁ%%mﬁgﬁﬁgre i ﬁg}%cat eaga, &qelgélg passage Hs27 HDFs
wer e "l abelBGAABZGICAGA TCCGER3T (SEQRINOY 12) s;compéthenfel ti@Sphleptiderspquence

m crospheres (Ml ecu obes) . er an overnight.incubation,.these cells
Nere’ 20 vereneam oiitr WALl S vbisharipe e i (B ey T at o
passage CeabdFotcghfEBATAG X$8AGEINTICAIGEIGGTE-CAIdCCORG RGBT @MIKHD or the
generation of H202. Enzyne Latency Latenc&gexperl ments were as nodified from

Wander s etN@13).,conglemented thedasy22 piclegtidqs 9 FP andscreaiednndp-figens Jngrdhwbic X wi t h
HBSS, ;pand | L i nd 25 in (-'10
) 1 v Tl Spoifr ETRG pfing SR el AR SESUMREMRRNLEY W' e
cel | s wer dutdedimed), a jtopeddoes and an Xhal stei(loivembsey elfvr DsRedPeS KL the Jorwerd peoher]. X

w th Buffer i f , {\V.,) aliguoted. into
appr opr i aic&%é#%ﬁgﬁc&gﬁm(ﬂcgﬁ Qﬁg&b&ﬁ{ %ﬁﬁ?ﬁgﬂ ﬁ(ﬁ'flé@’ Cﬂmpggﬁﬁ?ﬁ?g‘ﬁ

sol uti ons.nublestiRakdUehdkaipbtesamVsTshe T RedE A TCUkarf $te, WhitH dbnfilined@n Fab4 7 sivddi ch t he
cells were_ mcrofuged ( i and the resultant supernatants assayed for

d (2
act ate doRgaTeTeRETE: 5/ CERHPEL I TAAT EECGAC AN RGPS BT S GRaGRBtRTen,
1990)+ 35 ME 8049 04201 BT LIRORR HSLRIELPBRIAS LNl PLAR /P ot o ns

The pG-P- KANL a DsRed2- SKL mamral | an expression vectors were created by
addi ng a X5dwhishéntuddd nsdeptidesomding fortthe Biroxasochablarg@fidy signal 8K R@EEHIB3)\eect or

d h, . Pal Al s ~CA d I i 3. d of
(L ont oyl o A i e R LB S s P ©
GFP- KANL, ROTES§sai@400, pirigPevo pdbymer4st GRARETECACATRETCTic Rling (HigReh® 0.  12) |

conpl ement ed t he nucl eoti de sequence upstream of the GFP ATG start site

whi oh contearatid e BEBRANE oL Pekedd ke fasbed tyekcpf {IHapd ol sies. The PEGFP-

20 C3 and pDsRed2-C1 vectors were digested using Xhol and Eco4711], resulting in release of the

GFP- and DsRed2-containing fragments, respectively. The linearized vectors were then ligated
overnight with the appropniate digested PCR fragment, either GFP-KANL or DsRed2-SKL,
using T4 DNA Ligase (Roche, Laval, Quebec, Canada). The results were pGFP-KANL, and
pDsRed2-SKL, mammalian expression plasmids with GFP-KANL and DsRed2-SKL,

25 respectively, under the control of the CMV promoter. Ligation products were transformed into
JM109 bacterial host and plated on LB plates containing 50 pg/ml kanamycin. One transformant
of each was selected, amplified, and the (pGFP-KANL and pDsRed2-SKL) plasmids isolated
and sequenced (Robarts Research Institute Sequencing Facility) to confirm proper construct
sequence. pGFP-SKL was similarly constructed, except that nucleotides coding for the

30 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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CGTct cgag TTATAGATCAGCTTTCAGCTCGTC- CATGCCGAGAGTGATCC-3' (SEQ ID NG 13),
conpl enented the | ast 22 nucl eotides of GFP and created an in-frane 3 end
whi ch 10 i ncl uded nucl eoti des coding for the peroxi somal targeting signal
of cat al as@ 2004¥¥b11(underlined), a stop codon, and an Xhedy/gédo6s/dskHer case) .
For DsRed2-SKL, the forward priner, 5'-CCGCTAGCGCTACCGGTCGCCACCATGECE 3
(SEQ ID NO 14), conplenented the nucleotide sequence upstream of the
DsRed2 AT@m%ﬁs’aﬁItiliiih%_Ni-m rogerrr@r&%%aﬁn@ém%r&egigmd tl?&n&iﬁmﬁaﬁ
primer, 5" CGIctcgagT TATAATTTGGACAGGAACAGGTGGIGECGECE- 3" 15 (SEQ ID NGO 15),
conpl enentiboxyHearmipusteither (hLibe aduiabeeccarinpKRatpseqprnce (FeANBY (mhar $KEr ame 3'

end which L.t | ' fer t L, Sopal t] si gnal
PakL " (und S eI ERELNUALER BAG ROM DGR BnERRE RO M KA, SR

per f or med simplyadeReed i To geherate tHeseadierulesPERhGyiat amld @éhe wisiPOR dvplifipd Frgmer ase
(Roche, La n ) ielding.f ments that, encoded either G-P- KANL or
DsRed3- SKE@I'EH%GSE@ %‘B%zig‘lvltﬁ°ggfﬂd[@%§ﬂ“esf?'t‘”ééd,ap “é“ﬁét‘;ﬁ% t0 gPHY 537k G DsRed2- C
| vect or s j¥ahiRe U@ rhikShubB ot PrinRd’ ECo47HI, resulting in rel ease of the
GFP- and DsRed2-containing fragnents, respectively. The |inearized vectors

wer e t hen AGHaeetGElAAFRCOFEATEREGEEDY 6RFQ HP? AQ1il feepmapdenmairdftheagnent
i t her GFP. : ' L gase. £ Rog , bec,
Canadn) - fepemlfal S{IEAYE oPhimen ARIR0aI0%, L MBBSERR IR U, e o

plasmds with E@],}l ﬁﬂg Red2- SKL, 25 respectively, under the control of
the CW pr ormtgge ig'fatetl onergfoducts were transforned into JMLO9 bacteri al

of “cdln was set paooir T EREARRTIRoCEra AL AT B el iy T
Faci 1 1y) to cBAPPPREbaRar! EaraCeitt  CeaRMnEeCe saRbtaChRaTE LTy

construct ei): 18xampt that nucl eotides coding for the 30 peroxi somal targeting
signal -SKL were used instead of those for -KANL. For use in the

Pexsp- bi ndi ng #s66Y6CAWTEETTGASTICCCHNGEO0GOUARG TGRS aisBgEDNo! Byns  differing
solely by the identity of their carboxy-term nal residues were expressed in

bacteri a aRet desifnddled gloAdleAHRANLPSKL (dad 0L 3/RASdLcatdMst,| bdpRstivdlyl Theseng Ni - NTA
agarose. The reconbi nant proteins were designed to contain at their

car bdRy- t @rmersgentainedyacleptide changes fhat ¢pded foy the aprrepriaiyarrinRiacid sehsBE@Ns KANL) ,
(ii.) an e Of (d-L = In the
Lt or “cadivor REMR PRkl Plorld (odePAoliiR sholRUERAE) Ehafictart e

nol ecul es stop heddnu iBach afaliedicatglasaygnreswaee drpiRfiadpy PCR €Eprendmt Bastercydldr),| engt h

cDNA clone, (I.nyitrogen). The sape f d prinmer was used to anplify each of
Che. t hr oo i) srepEsieiang lgeieh oo PAERBKF (Bheenl: Ligion picduch el

transformed into the E. coli strain DH5q, and recovered plasmids were confirmed to be correct

20 by restriction analysis and DNA sequencing. The sequence-verified (His)s-tagged human

catalase constructs were then expressed and purified according to the manufacturer’s instructions
(Qiagen).

Nuclear Microinjection and Imaging

Early and late passage Hs27 cells grown on glass coverslips were microinjected on a
25 Leitz Labovert FS equipped with a microinjector. Glass capillary needles (World Precision
Instruments, Sarasota, FL) were prepared with a Kopf Vertical Pipette puller. Plasmids were
diluted to 15 pg/ml in an injection buffer consisting of 100 mM KCl and 20 mM KH,PO, (pH
7.4). Cells were nuclear injected with either the pGFP-SKL or the pGFP-KANL and incubated

for 18 or 45 h. Live fluorescence images of microinjected cells were collected on a Zeiss
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ACGCaggcct GCTGACACGCCGEGATCCCECC-3' (SEQ I D NGO 16) conpl enented the
am no-term nal sequence of human catal ase along with a Stul restriction site

(Io rcas reverse priners: 10
MW%@&@TTTGCCTTCTCCCT 3" (SEQ ID N 17) PCT/US2003/034512

- GGECGCAAGCTTTCACAGTTTCGATTTCTCCCTTGCCGCCAAGT- 3" (SEQ ID NGO 18), and
5' GCCGCAAGCTTTCACTCCCTTGCCGCCAAGTG 3" (SEQ ID NO 19) were designed to

produce th@udﬁ&NSlO(SK{LcneafhdcrOSCOEé/&fu%ped]ﬁlt@ﬁn EHICHAi 163 Sct ah@8 PEDS daMtRtay Imddegse 15
priners contai ned nucl eotide changes that coded for the appropriate am no

aci d substiefapresgised USipgPIIsiCag: | ‘gtag’(ﬂﬁé" fwarg {PCQ ¢ ¢Dlmwagipglet i on site (1 over case)

was al so i ncor peeAbGHP-KOWNS iERA3- skn%veresmeﬁamfmme&@&;}mgﬂanwﬁl ifigt al ase”
genes were anplified by PCR (Eppendorf Mstercycler), digested

appr opr i atla gassagn HDEFs.ghtyedert addsd pGERDcextratiaq Qi@@ tu);/mllgng as ugr’ml,pcapdmybb wer e
t ransf.or

confir rreﬁ%f’eﬁ%l c%"??e%’c%%”"é’a ggev ?oé'glis{}‘? 'tnf%ﬂn]g‘%%ﬂ gr‘@qﬂ%&as dé’?ﬂ'ﬁ’f‘ . The

sequence- 6 glabs stides( ﬂilesélﬁ,—\bmgﬁ@e@mmelswlaﬁlaﬁ%ﬁm@& ucts were then
expressed and purified according to the manufacturer’s instructions

(Q agen). BiadinhlAekfsnj ection and I maging Early and | ate passage Hs27
cells grown on gl ass coversllfs were m.croinjected on a 25 Leitz Labovert

FS equi pped wi Hpman Fexep diapjselatedpas a éu§§§°’@z§p‘i’4“F@Fa§e fusion Ipegeip figm) Id c@l @%i si on
| NSt r umentygec iRy (AxfehPer ol I-?00 I@otgfn?gﬁfaﬁﬁf‘ﬂohks KPire Y&hdd i o} fTP ctdtitdr Well

puller. Plasmds were uted to |na I'nj ect1on consi sting
of 100 mMViskigs (Mndsomhmmmm h(I'{md) ov}:mdght irCH] ind1 sodivn cnnmnear(pﬁi Aj0gcted with

either th NL.and i 45 h. Live

F1 uor escorbdnamptasdh of e B mihan R SRR Wi BB Poen B8 s 57 wo
2004/ 0420 bifdrfatd mqsrm& &ermsﬁeaezx whH PBS| A BIdcREH BT 4 hQEROOSVifdLI pped
with an FITC filter set_and a CCD canera. |mages were processed using

Sensi Cam ingdsl nogfat BilkwaPBS pled® 06%mviviThypang0: Thi atellperp-weahad aghia ams Red2- SKL
wer e nucl ' it wer e
Added i TEELRIE AT OIS ARARSINER Ry ac b RACARNR SFOSTPLAEY (P ¢
wer e 1gr owbowrd, the asls were evashddpand indubsted thlembbndantﬂGdeahMﬁﬂwéZdllutlbxal @500)Af t er

U0 B S el S S RS 0, a8 R 2GR e one
S-transf enafewbrd Aeoped RhEitbpped meﬁmb‘é@tsmﬂ& et al., 1992; Terlecky, 2002). A
microplate reader was used to determine the absorbance at 490 nm.
PexSp ligand blots were carried out as described in Fransen et al., 1998, with the
20 following changes. Here, no methionine was used in the reaction buffer and the ligand was
GST-Pex5p. Also, after the binding and washing steps, GST-Pex5p was detected with rabbit
anti-GST antibodies (1:2500) and peroxidase-labeled goat anti-rabbit Ig secondary antibodies
(1:2500).

Immunoprecipitation/Protease Protection

25 Immunoprecipitation and protease protection experiments were performed on organelles
from IMR90 fibroblasts. To prepare them, equivalent numbers of cells (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

30 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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described (Anery et al., 2001). Proteins (obtained from Sigm) were coated
onto mcrotiter well 10 strips (Mxisorp I munonodul e, Nunc) overnight in
50 nM sodi te (pH 9.0). (Equivalent coating of i i

m cr owel | y%gﬁ@gﬁﬁ?r med by the Bio-Rad protein assay pgﬁ?}ﬁ#@@"#‘ﬁ“ﬂ tu.)
The wells were washed 2X with PBS, and bl ocked for 4 h at 30Cwith 10 ng/m
nonfat mlk in PBS plus 0.05% (v/v) Tween-20. The wells were washed again
and i ncub@mefbopascipifatighihe bigdahellks Herg s with Pavcdificd RIPBSuffa¢SOIRMETHI/HE] t he
anount of GST-Pexbp 15 bougd the wells were washed, and incubated with
rabbit antPH &8% lahmMdabd /‘(4’!("!) MPFGD-F0 DB0dPoxscllEetro sy vpePskPliase- | abel ed
goat - ant | HfABL i ARblARHASe E8lidaltLishina). #RAM.Perp!(6f prfShlinePantiblifies vel | s
wer e devel oped and stopped as described (Snythe et at, 1992; Terl ecky,
2002). A addedr diflen? b at €40mra mawr, metdintAosegdbareserfbigma) Was aldedfobahoén @4°@90 nm
Pex5p Jigand.blots were carried out as.described in Fransen et 98,

it i e S0 Bkt eiearng ee e ed B oot SeRteh: wiheh MR B E Ao s RiRAGE At i on
buf fer andell Refiel irgrRfd toM@iGoceTMbsdYehe Bibts virs Brobad wih ahth e Rdiitidied fsllowas hi ng
steps, GST-Pex5p was detected with rabbit  antji-GST antibodies (1:2500) and
per oxi das®Y Fhgsluatneseut sesprdany antibedies| (P LeaithgisbyredP)-bodi es  (1: 2500) .

| mrunopr eci pi t gt I e L OTAND; i Dl i d protease
protection expg‘lrh:eﬁg{no?%%tg%%%b@% ?%?ﬁal ‘gﬁgg}cganer\?@{s%*@ﬁnﬁo%é‘éi% br obl ast s.
To pr epar €Siginenfor 2 min/al ieat Thewredodorswad temehdtad yabaddditbmbfByndlWA  cont ent
measurenents : as.abov wey e wi th HBSS, harvested [n ho epnj.zation
pur 1o Pbem PR Brhite SESTASHE SSitpl A aees BenRd ofhBISTA e 1 o
Et OH, 0. 29rdbindkeparaed on Wil 0% gal. AP REnsRA td KEHRNMuI0S) tnllsdbltid Reke BYifdASEa0E

t hrough a narrow gauge needle foll owed by 30 Dounce honogeni zati on. Nucl ei
and unbr oRet apePEX R Paticaiplstecatibadies @hehave. (Y here tdicated,1gamebles were disrupted i n - at
4C and or b 1Y) ' tion at 10,000 X g for 20 min at 4C
(The latt g‘?{ﬂgt/‘l’egﬁté’hzﬂﬁ‘gﬁf%‘?‘g‘g%térfﬂf;e‘#gﬁ‘PNWO/ per oxi somes fromthese cells.)
For 38 WO 2004/042011 PCTf US2003/ OBE%W%IHOW ecipitation the organelles
were |ysed wth a nodi fied RI PA buf Tris/HC1 (pH 7.4), 150 nM
NaCl ,151% (v/v) NP40, 0. 5Xgé-ReMieddrokncind ESldmportEfficienty) SDS) pl us
protease inhibitors (conplete cocktail - Sigma), and anti-Pex5p (or

prei mune) ant Bioohkmeisallyaddfiael in Alttocassazls WeratuseliGo slfbvathaieddxisomapP T8 Ieprotesh
sepharose . (Si gma), was. added for. 30 mn at _4C. 5 The i munopreci pitate was
col | ect ed "Bgaor_glé ﬁ%@ﬁ?@aaﬂng ﬁ?‘f%@gwad?] Theenesmalpved in to, aseig&_gﬁéﬁerq@i&% ORf t er
transfer tRINHDFOGHI WriRffpastd&d Q'a@ﬁiﬁve%{n%gﬂét@iaé‘ﬂléﬂoh Ro@Hnl; 1dven PEDE)! | bodi es

followed by chem | um nescent 'secondary anti bodies (KPL, Gaithersburg, MD).
A cell’s PDL may be considered akin to its age (for reviews see Beckman and Ames, 1998; Dice,

20 1993), and for our purposes here, we define (IMR90) early passage cells as PDL 1-35, middle
passage cells as PDL 36-45, and late passage cells as PDL 46-60. IMR90 cells reach replicative
senescence at ~PDL60. Hs27 cells, which senesce at comparable passage numbers, were
similarly analyzed at early, middle, and late passage. Interestingly, both cell types showed
import deficits beginning in middle passage (Figure 1).

25 The import substrate in these assays was luciferase, a PTS1-protein containing the
carboxy-terminal sequence, serine-lysine-leucine (Gould et al., 1987). In Figure 1, A and B, we
utilized a biotinylated version of this substrate and an ELISA-based quantitative assay to
evaluate import. This assay employs semi-permeabilized cells, and measures the accumulation
of biotinylated-luciferase inside peroxisomes (Terlecky et al., 2001; Terlecky, 2002). After the

30 transport reaction, biotin groups on unimported substrates are blocked, 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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When protease treated, the organelles were incubated wwth 50 g/m proteinase
K (Sigm) for 30 min on ice. The reaction was term nated by the addition of
2 mg/ m 1\(\), phenyl met hyl sul fonyl fl uori de. SDS- PAGE sanpl e buffer was then
added to YRS'YMHLs and the proteins separated on a 1BGTJER0034884547
transfer to nitrocellul ose, i munoblots were performed wth anti-Pex5p or
anti-catal ase anti bodi es as above. \Were indicated, organelles were
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its e (for,revi see .Beckman and A 1998., Dice 20 1993), and for
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begi nning in mddle passage (Figure . 25 The inport ‘'substrate in these
assays washhwofliarsswe sgn# D8tinsd it laigaly@lror-apws, rypartreduced bblowy-cedsini nal

sequehce, serines| wsi.ne: | i uld et at., 1987). In Figure 1, A and B,
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ilize 0 oh of this substrate and an ELI SA-based
guantitative assay to evaluate i Tﬂ' assay enpl oys
sem - perneabilized cells, and mamh 'Igccurrul ation of
bi oti nyl at ed- 1 uci f er ase Chstadeeristiesaf PeruxemedinrAgingkCeld al ., 2001; Terl ecky,
2002). After the 30 transport reaction, biotin groups on uninported
substrat es ar eehixyomeslof eartyg] nidglerand dssEesigel HDES brerexamined gaindiréces pr epar ed

D e i BBRIEIL L SR e AL L e
enpl pyed, oRifepetoxisothalfrbrRblad Sorlck 76@@?&3{ HBémdas R RattIROT t Was

reduced by up to 60%in |ate passage HI alitatively simlar results
wer e obt apune@teistrigigrenin epriyrpasergk ellsr dnmiddlecang fatephssagp oells, the supberpbtheseand and
Subr amani 3 p-et_al. N I cell e nmeabi | i zed
wth st respt{“ST}‘g"g ?ﬂﬁ-%?éaar’{g r?%é“%%ﬁi%%@ﬁ%%éﬁ%ﬂtwﬁ F& lllngéfr]de%? S%%e?? fer ase

det er m nefinmutoeactivelBetictats ste unic hredinccafiy meiddls,aie latdpassuge IMROO tdllseWeby

counting i noreactive structures in each of the cells. In.early passage
cell's, th@%@a'afgwﬁwmeﬁvcéém&aén el Fpssagselly Hers o L 6ncudlierdteli e, about
40, omd i g1k €02 in late passage cells. Similar results were obtained with Hs27 cells. Furthermore,

this increase in peroxisome abundance was also observed with antibodies to the membrane
peroxin, Pex14p.
To compare early and late passage cells more directly, we analyzed peroxisomal markers
in co-cultured cells. For these experiments, early and late passage HDFs were sub-cultivated
25 onto the same culture dishes and coverslips prior to immunostaining. (The identity of late
passage cells was confirmed by staining with the histochemical biomarker, senescence-
associated B-galactosidase) Once again after staining with antibodies to PMP70, differences in
peroxisome number and form were manifest in cells of distinct ages.
Peroxisomal matrix proteins were also examined by immunocytochemistry in co-cultured
30 cells. Two antibodies were used for this 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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passage cells, about 170. Wth this system inport appears even nore
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I mmunocyt Qexhp:rashﬁgeaxnd &c@s@'t&thlefc%ﬁﬂllc c@Rpd@lchbwasifforea! APafY, ad pyedtg used for

this pur pose,; t hose generated to catal ase and those specific for a peptide

cont ai ni ngorgseiratigpyehdigitoaimihe a¢latvpgmpunief desertable eatalgsa suap sighifieantlz bigherén  Bot h

anti e A | ate
Passage oo S SRR EENE LA B Gk o e iBles b AR RS Ee e 70
was not i celmbbymplett fedeasnodf, catatase WVROGEY rebliveth imatfferssupmeentsd wiphpEatoe X-108s s
intense, wth a considerable anount of diffuse, cytosolic staining. The
behavi or of peroxisomal matrix marREAMBUE IVt e passage cells was al so nore
variable. In Hs27s, for exanple, sone old cells catalase appeared in

di stinct, peroxisQatdlaseiJouediby £Weak PTSawhichi Iatdriits Pysrds@ith Pexspot hers, the 5
staining was nore conpletely cytosolic. These results suggest that at |east
a portion of ce&hd ipatt of PTS1-proteins containing the prototypical serine-lysine-leucine carboxy-

20 terminus is clearly compromised in aged cells (See, e.g., Figure 1). Catalase, which contains a
divergent PTS1, specifically, lysine-alanine-asparagine-leucine, also shows age-related declines
in its import efficiency (See, e.g., Figure 2). To investigate whether or not one of these signals is
more significantly impacted than the other, we nuclear microinjected plasmids encoding the
green fluorescent protein coupled either to serine-lysine-leucine (GFP-SKL), or lysine-alanine-

25 asparagine-leucine (GFP-KANL), into early and late passage HDFs. Live cells were then
examined for the expression of the hybrid proteins 18 and 45 h later under a fluorescent
microscope.

GFP-SKL was efficiently imported in early passage cells, accumulating in peroxisomes
by 18 h. In late passage cells, import was delayed, with solely faint fluorescent structures

30 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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cat al ase and ot her PTS 1l-containing enzynmes are mslocalized in | ate passage
cells. To investigate this point further, we perforned | atency anal ysis
(Figure 2 assay, early and | at e passage (I MROO) cells were
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in early passage ce at|ng In pe OXI sones n | at e
passage cwlefesemlalmnomt:uona«wﬂd[abaymedQntwmmg asmreﬂysnfedeumne‘lﬂimr egdediferast,r uct ur es
30a earin h did G-P ear to havebenirrported
to aTS ont e dinee Conbinift  besbolimlatatpatpein iR ire L1001 s S 1 PEERRRANL . cf
not  appeagolidphite Ak iig@aBht BindR@bisiys (PRERSIR- 3B b5 the Férher, 4ivifbrasd, talase
m croinjection, and did not accunul ate at all at 45 h in peroxisopes 41 WO

2004/ 042038 tEETPIES protyigskevive sepym plhyraingnd Qyafinyip) Yere coatedoinip e els ofi ¢ t ook
some 115 Hné?&ﬂlaésemam%ﬁdl Jggg\éhhmﬁn f)é)& eka&mn&?t@&tr&%ns mﬁw%%t exam ned

the i npor t of reporters COI’]t al ni he two P sequences 1 n the sane

( senescenPyxSplelbindirgto lusiferasexpascomsatantly BIReX anhasthm;wh@kaset (see representative

serl G- | ygyip@gﬁlarﬁl’slﬁciwpr? in Figure 3A). Only little binding was observed to the control proteins
(Figure 3A), and no binding was detected in experiments conducted with (i.) no Pex5p added,
(ii.) no proteins coated, (iii.) or heat denatured Pex5p. Similar results were obtained with ligand
blots, in which luciferase, catalase, and bovine serum albumin were separated by SDS-PAGE,
transferred to nitrocellulose, and blotted with Pex5p. Once again, the binding of Pex5p to

25 luciferase was dramatically higher than to the other proteins tested (Figures 3B, 3C).

We also addressed this point by examining binding of PexSp to purified recombinant
human catalase molecules differing only by the identity of their carboxy-terminal residues. In
this experiment, catalase molecules were engineered to contain a poly-histidine tag (for
purification) and either their own PTS1 (KANL), an altered PTS1 (SKL), or no PTS1 (-). After

30 expression, purification, and characterization (Figures 3D, 3E), the three species were blotted

with Pex5p. As shown in Figure3F, Pex5p preferentially binds catalase with the “SKL” PTS1.

EXAMPLE V
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5 (DsRed2-SKL), and GFP was coupl ed to |ysine-al ani ne-aspar agi ne-1| euci ne
(GFP- KANL). Note how 42 h after mcroinjection, DsRed2-SKL appeared in
peroxi somes, whereas GFP-KANL renained largely in the cytosol. Cearly,

agi ng corrm@@‘(yogmzotlpe peroxi somal protein inport apparapdsusiolbsskye PTS of
catal ase particularly affected. Inport of PTS 1-containing proteins is

nmedi at ed by Pex5p, a soluble receptor nolecule 10 which shuttles between
the cytosol and the organelle (Dammai and Subramani, 2001; Dodt and Goul d,
1996). Pex5p's functional cycle conBesdpd&ycling h the binding of its cargo in
the cytosol . AsBot Giitd @hefiddR!sAili 8 thelpRlox bt HeRSF AR Hollnd Bitgd Rk with
efficiencies o PTS 1-contal ni ng Sr otelns is dissim recogni tion by
Pex5p at tdetlengprefsins oo t@@umnﬂqﬁmambm%mnsww tralpﬂl@rrc,ealcamuulaion of the

i nteractiaon t rot ei.ns cont,ai ni.n e- |l euci ne,PTS 1

it or asdoeehlet thab SR iR i Wl et I vEM S e A £ e
PTS 1,5 €. Gesutait addasidon ifVBropsii ingforDodtsad GdulldhEQSG) ardexam@i@eheitlepér ot ndi ng
assays (Figures 3A- 3F). In the forner, luciferase, catalase and two

control  praBttENhBEXSP YAliRE WagisseRiatrdwith reingrallo v apehradthelere of paedsPmsnt o t he
wel | s of S &r&l;b% ned.
Qur resul tagé oﬁﬁfg?l};g%% tT%gtg © Spm%gwtg)?sgﬁltegﬁg nélﬁgg[ﬁq%}{r.'gggﬂ\?\g? %%Hntgl)églmtlant ly 3
to 4X hi greeounts ahPMB7Q; dioad HBEs (tsleféer«rnéggee,saednramuwr@apl@tcpé’pxipe(ﬁtgu@héWn in

Fi gure 3A) n o th 18, SQMt rotel S
(Figure 34 %D)%rrﬁ%/ortantﬁ)%l n&evepgfl mgn affe- a%%ogl {eYief’%xg “éz}sl %%entfe@ Lin éﬂd@f th (i.)

no Pexbp ad et pasdaie cells. ncoﬂrdbte@enmeﬁt@ &Ivezded t(mtl the thtabimbeRof xRt PéxSg didex5p.
Simlar results were obﬁal ned with ligand blots, in which |uci ferase

cat al ase, ™ghehapEsn theseestlspn tB?J?‘H‘?PW%“‘%@p‘&H‘%W&@"’H?"BBQT@SKPS altefednsf er r ed
to nitr OCEInHﬁhQs?aﬁmné‘@ﬂPe%ﬁ’H&ﬂs Wntﬁlﬁné%ﬁtﬁéﬁ o-fNE& iRG8IsP in ﬁé?&u&)‘nﬂddsg&laﬂfm Pexsp
to 25 luciferase was dramatically higher Than to the other proteins tested
(Figures 3B, 30 Reqmtlbalps@pamm@@e@ attually qnmﬁmpblsoxmlanammgofbism@m@ of Pex5p

to purlfled i.n huima tal a es diff by the
dent ty orelt AL ARLSA IR 2000 ToRBRatRe T A oo AP Lt ol ase
mol eclsl es dbedireeddn fitdyRedagelcdllo waooi ﬂieﬁheﬁlbmb yr inbidé thdiof@nélRQwe péformed a
purification) and either their PTS 1 (KANL), an altered PTS 1 fSKL) or
no PTS 1 (Proteaspprofctiopmassay Fisuts 4@3’“ Injhis exRegimtentoprgangiias e laie passas s¢lison

(Fi gures 3Ryre Bhled dilkGroBhek-18 RREInERundBlbRed? | Rk te&flts M@ilule BaXP&sp s Shown i n
Fi gure3F, Pex5p preferentially binds catalase with the "SKL" PTS 1. EXAMPLE
V 42 WO 200dmpteh0degrabeiyyube piosags uiiepcondisioaiin Gghidhi theylumengd anaymsf catalase,
"extended shuttl e toth eroxi s and ondc 0.int Ch with
docki ng pr oﬁsz r%ely on " tléle or é)ﬁ%)qyepg%ﬂerr“qrgcais 8 W?'ﬁ‘ cof“ é’?éc?'fi%ad%d %‘){ %rhgnm ent;
accumg at ifsteaaé whé}ethe organelles were pretreated with detergent. Taken together, these results

suggest that aging cells accumulate PexSp on the surface of their peroxisomes. It should be
noted that Pex5p also appears on the surface of peroxisomes (and is largely protease sensitive)

in early passage cells, presumably reflecting normal trafficking of the PTS1 import receptor.

EXAMPLE VI
25 Role of Hydrogen Peroxide in Peroxisome Senescence

A potential consequence of peroxisomes exhibiting a reduced capacity to import enzymes
is a loss of homeostatic regulation. That is, perhaps there is an alteration in the balance between
those peroxisomal enzymes that generate H,O; and other ROS, and those, like catalase, which
degrade the toxic metabolites. One manifestation of such a disequilibrium would be a build-up

30 of H,0, in cells. To analyze this, we treated HDFs of various ages with the oxidation-sensitive
dye, 2’,7’-dichlorofluorescin diacetate (Bass et al., 1983; Ohba et al., 1994). This compound

enters cells and is converted to a non-fluorescent, cell-impermeant derivative. Exposure to HO;
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receptor at the peroxisone nenbrane is associated with errors in the cycling
mechani smand a 5 resultant reduction in protein inport (Dodt and Goul d,

1996) . To“ﬁfﬁﬂb&ﬁoﬂrether or not aberrant Pex5p cyclin mas aSSOCIated W th
aging cells yzed the | evel of peroxisonme- associ Ho
acconplish this, we isolated organelles, which were nornallzed to equal
anounts of PMP70, from HDFs at different ages, and i nmunopreci pitated Pex5p

(Figures édhvcrts‘ltﬁé corhpoad tetht Fyoredchiet vbsion) 2’ Of-dicklotuTRbR s@Hf MGichiedadigx5p was
consistent]y her tn m ddl e 10 and | ate passage cells. Control experinents
reveal ed f’ﬁ‘é‘l ‘Z‘E t8togp! MiSERSFAPY ok iteH 20 Me5 SqsR y i ryiand “‘r‘f&e%%?ﬁ@%e Bn these

cel I's, OngwtNe iR TRLSHssRS SAR aaa@ﬂatw 1¥1<’£i‘ea@é saneRbS assésmdars%ﬁﬂae@&uﬁé W&k ed.

| munost ai ni ng of Pex5pin cells confirmed this age-related increase in
per oxi somebtaisebwhentthig assaRweeparfoymeduitse-cudiyred h@x\}martddatamsawelljpl‘@nﬁéao t he

per oxi.so 2001). To
Get or i ne e &F b patshle HBREUIE e oo Tnb SRR B0 T MR an D0 C b
cells was nrﬂncttohefmwi)\veaﬁﬁnﬂar to it sken td"lete(pasgaagmelellse Thive, amamfghroneducﬁes

pr ot ease- prot ection %tﬂ% ure 4E). In this eﬁ&erl ment, Qr |1 es from

| ate pass&ge! )@qquort %'SW‘FH’%FBQ%?‘H%E% PrafertioRRfH I‘B d%d. Qur
resul ts i pgs£atast metex@@b‘mlmtnmme&mwn Wﬁ%epquekm 1) gAse, under

conditions in which the |um nal enzyme, catal ase, | argely insensitive.
| npor t ant extirelpelegps why He@t agcumelatgelazgelygn htmaqgg@wélsweax@@rth@@@t that t he 20

rot gase et her,
Phesatr oo HpRsdll pfh AR e 8 B iohiafihd SINERe Ml EASERAN b, PAGR H00C!
their per oeﬁeas)ﬂesnvol\tcmmnflgﬂltzhmonerm@aﬂatdm'totﬂaex)'c't@soab HQOﬁmmﬂng aotivitiése
surface of . peroxi sones | ar rote ensitive) LN early passage
ol 1o pr ebbmeBsy Brirecse] fig RS e B R RGP Fer T R rpor
receptor. EXAMBlekelMiondhipBetwie®telimad ﬁdéﬂxﬂﬂlai?&{ ¢PH, 08 ahdthERdAichTe seRBeacence A
potential consequence oF per oxi somes exhi biting a reduced capacity to inport

enzymes  PRengtypohas alseady drenestablished. r%@&llﬁa%llmﬁheffﬁﬂﬂtl’tm@ (1%%) H&b@d thaeHBFs s an

| t t t
205 3nd SPiE VEuBAL AN ARG diar RaRAHSNERATRS oFRENIER Lt ARE" o' ©
net abol i tg&wt}are:snmdu(:ed&tmmmf cnﬁcai;cm‘.lhlaaemtyxsemamd arﬂtagcd’hmmpﬂodbgye\ﬁée bui | d-up
30 of H202 | | t f th
She oxi aariesdNBhx SrBEGHabeSion s Pt b R SHeE 9 ot HORISE 8 Bacs et

at, 1983; p4hha3 cBlls t8H,01 W86l indlibd DefoRFPIAL BhescBileB ! gndCetfeka rRMsted BbikQRYErted to
a non-fl uorescent cel I -inmpermeant derivative. Exposure to H2ZO2 43 WO

2004/ 0420 the orgeweligse GoBybMERstitucnbeRAERess QUs EesBliriyagastithisds thesase| asdhBs cent
ver sign, %reat%lent%'lf 8&4_8{%9{ cgﬁfyergcﬁl%k&PTS’Mr Qinlifh 851‘? ﬁﬂ E-.}rx S%Wlﬁﬁ&%&é ﬁegé’ cefionf ocal

m Croscopy was "seen | h ear y an assage ce
accumulated Pex5p on their peroxisomes as determined by immunofluorescence, and

immunoprecipitation. In sum, these results suggest that H,O, amasses in aging cells and that
such accumulation may contribute to a reduction in the functional integrity of peroxisomes.
These phenomena presumably contribute not only to the “aging” of peroxisomes, but to cellular

25 aging as well.

EXAMPLE VII

Additional Studies of Catalase Import into Peroxisomes

Subsequent studies were directed to understanding the molecular mechanisms of
peroxisomal protein import and organelle biogenesis in human health and aging. As shown
30 above, the peroxisome import apparatus is compromised by age — with the enzyme catalase
particularly affected. Peroxisomes generate H,O, as a by-product of a number of oxidation

reactions carried out in the organelle. One consequence of a reduced catalase concentration
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However, in |ate passage cells, a dramatic increase of the ROS appeared.
Simlar results were obtained when this assay was perfornmed with
co-culturq? I d | ate passage HDFs. Also, 5 treatnent of earl assage
HDFs wit h ﬂé%é&lf%qgse i nhi bitor, aminotriazole, resul teHCFﬂ]SéW:’/O?%H?ECti on
of H202 very simlar to that seen in |ate passage cells. Thus, although our
studies certainly support the idea that peroxisones may contribute to the

product i ORyigHin e PerokiSorhéds he pORAEATE: ankdunuldtion oLKI@®NA poEntidly SoxeOROSI but i on
remai ns an_i nportant open questi on. entirely clear is wh% H202
S

R . Al so not
accurul at édieregleiugessied that azipseedls de indeqdirsodugpelpyated levsls afdlP: ppgithatt
per oxi Sow%lxayﬁ{a(? EInBitufER S further BducBGRYn th@%b&r?&ph&tymfﬂ@o?gaﬂ@ﬁé%?o,%é I's
(Figure 1). "Perhaps this reflects the involvenment of glutathione peroxidase
or ot her dgssoftheibelar@driveerpareiisanad pror gnd dngiexidagitoney alspeeniribpteito cgllubacess t he
ROS a(rése e\égqlt ually overwhelned in | ate passage cells. The rel ationship
bet ween céFI"fl ar accunul ati on of H202 and the induction of a senescent
phenot ype has ahe prsint neatiore picaiobsly biserveSharpetdxisdhey in dghgrhuaiad clises ( 1994)
showed t hat  HDFs 5 treated with sub-Iethal doses of I—‘{ZEOZ di spl ayed many
char act er ia4P9ued ugtbleopdaciey impart Geir copsiitient RREYGICEMIEYFIHP IeESAPPeA R ed
activity Qlumefdubl T m&hhiisthPthat@BAYAR Sero:38¥hedbgeRGR Gnay TRV OHLLAG MisaWé so
addressed a slightly different question in Figure 5 "by testing whether or
not exposithay thezprgapellgdividesgo theabsence of sipifvanipudtein import eThipehsorvatsmrmas
senesgence’ . - t abil i Q . elde to i by 1 ts
conat  uorieasy i Bl il G1GE e chioty eor bl BB J8RE Cafe fefab PG
t reat nent fibrobtast ¢learlyi cgmiainiagdatlidry of sahlicesiclEXibtreted &itringthopdroxXifongpsse@nb) .

Furthernore, these cells accumyl ated Pexsp,.on their peroxisones,k as
det er mi ned Y PTIRRRERFGT HEBSAC A o4 a PorRRHBReSETHFs PR PRI Gpratese

resul ts sugagebodidd dpectiRAsr RPGXERASEI hbmBidhdotel 0SPRIPHO) fadtgoldSHEdlesac cumul at i on
may contribute to a reduction in the functional integrity of peroxisones.
These phersesandaly prtibodisebl y contribute not only to the "aging" of

per oxjssonmes, b L ﬁ)%E/IP = ) Addind |

St udi fess of Cat étsgissgus%grép%}?%é? rsﬁn(%?c g‘%ogglgos@%é@ﬁé geufbcséq é’% ls%édl.(l)dl es l%ggﬁk

di rect ed timpaircgesk@omalitfunictien”mihatds;|tiaat themcthatyiof nataof pergxasomeal erzymbs pr ot ei n

import and o nel | e hi ogenesis in human heal th and aging. .As.shown 30
above, ¢ e B BreTBrm peic L s 15 et dneed SBRS BrReTRRS BYF G HECHVAPR Y ¢ he
enzyme catagbuidfatedBi(, TUisadshewad diafcb R usif@iPaskH A0 hzafieN@hpbRyatElont- as a
by- product of a nunber of oxidation reactions carried out in_the organelle.

One consedlhiespbate geylzansisese QHARA). dBecnene espansibledpr catpdyzigg theohuss tepin 1
PCT/ US200 i b | BO0R: ] ' :
accu ﬁ at %{t)l%?—é?&sé&%}gﬁ& lnabsg'ntsmps?s Pg'{e ?éy%'u?%&?:gﬁt%%bﬁte%%s@ég ée‘m e)tl'ﬁlglt RBuced

otentli
activity of this critical enzyme, leading to the prediction that peroxisomes of late passage cells

R

will contain reduced levels of membrane plasmalogens — the ultimate product in the enzymatic
cascade initiated by DHAP-AT. The effect of reduced plasmalogens in peroxisome and/or other
cellular membranes would be profound since plasmalogens exert protective effects against
25 various toxic insults. The DHAP-AT enzyme itself contains both PTS1 and PTS2 components —
that is, it is a heterodimer. This is supported by the observations that deficits in either PTS1
import (e.g., in cells of Zellweger syndrome patients) or PTS2 import (in cells of rhizomelic
chondrodysplasia punctata patients) results in significantly reduced DHAP-AT levels.
To extend our published observations that catalase is a relatively poor import substrate
30 both in early and late passage cells, in vitro import assays were conducted and results appear 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-V1, supra, which show mislocalization of the
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The results suggested that aging cells do indeed produce el evated | evel s of
H202 and that this may have contributed to further reductions in the inport
capacityng‘fog{mgm&r anelle. Also, this 1|oss of the bal ance between

per oxi so ArE%40HY anti oxi dants may al so contribute t PCHPPMPIHNH5 i ng.
The present inventors previously observed that peroxisonmes in aging human
cells, although unable to efficiently inport their constituent enzynes,
never t hel eggmepipthade cBIY. €A gait) BRI ontdinSa ARCEAGHISIP TS D AK AN &t €- per oxi some

bi ogenesi s nay hawg become disabled so that the organelle divides in the
absence of"Bimhi YrEgHRasHst R acligend RgBing 2ppreach shipyedithas catalaseith a v-caginesieted by
exam ni Ng CogfmliduseiihelPhfh RASKEYRpAE presetY efRlcREmRfe beﬁFtQ§t€199tY0n Wittt P@Ssage
("old") fibroblast clearly contain a plethora of small vesicles interpreted
as bei ng PHEl-penogixeesptondesamnAs dagcribedrhereinl these obseevatiensawiert pstewled Asing east a

porti@n of th sicles i S [ .anttbadi es specific
For par ox PubeE P e e nERe ROl el BRI Son il e e BThiEr

ant i bodi esuppdh whst welis peaviomelst obkepved - catalisesic aseturalycaomainy PTg1 thagobdy t i n
protein inport would result in inpaired peroxisomal "function”. That is,
that the SCPEVeJ° SHmRAECIAP HersioR okine Biokeule AoBie theodikd: kS le dMipushicaba -

ei ther dUQs&%e'&:&%brﬂtrq"ti@ﬁlﬁ%ﬁ@wh,@féhﬁv&ﬂdxﬁﬁé’%?@se@lﬂ@ve"&nhﬂt%@%&l&ﬁ&tloﬁ'&f@r\/-
accurul ated H202. This issue was addressed uSing an assay to neasure

di hyr oxya&deseofEratgshandddratadueacy| t r ansf erase (DHAP- AT), the enzyne responsi bl e
for talyzi ngst e Ll [ . el ' hesi The
res uIClt% s indi caét“Ea t rfﬁ“@%??%ﬁ?é%&ég cle#){}géfgg%?%%}) ql}%eguglé'gj—gg%@%l\t}?? 'I§/Z§'{)n1g “this
critical éanifyme, andeadlasgintvarrd. s shoedircFigwra 81 lneifergse iscadas moresolafst dubstatepassage

cells will contain reduced | evels of nenbrape plasnmal.ogens - .th timate

o oduct " e FENE SHAE PO e R PR a0 Shsrt BRERToL S fee appeidhos
reduced pl asmeORORESCHOA fRPE MééeTORs RIikkt OdtalNeRAFiner& tb UbRAinARIYK BPES) Woul d be
profound since plasnmal ogens exert protective effects against 25 various

t oxi ¢ i nsuMili Be impreedppp cffcienty thabthe naturally ecsuirmg K AR r-portalgng eR7amRTS?2
conparRent $: ;i .t j « LSpt& St

cbsorat i Sifur Bl s prodin; Wb RAIURE bl o1 SHRBSHAREs BY gl

Zel | weger extgmtdTheve exyriments seragperfoinB@ withdwmntan (A431¢ e¢llssa cdmmbnly osed c¢ltline.

chondr odygpl.asi a ,punct.at.a pati ent esults in significantly reduced DHAP- AT
| evel s. Tgﬁ%‘%féeﬁﬂ%@ﬁerobgﬂmqqgﬁ]‘&’&a%ﬁ%‘gﬁl\a}%ﬁ'i ons that catalase is a relatively
poor inport subgtmétt efficRAt okt of Batflask by virie of isaltBRE SPISY ) ebdting sikfal Vi t 1 0

i nport assays were conducted and results appear in Figure 6 (and continued

i n Fi gur esergesanthe dysis igp thejprgsenflinvpntops steategy o ligphie coyrse plngraxisgme deqlige-e

assage h . i - i ; .
Dot ol | ST Setboquodd) G B R ol o AR 1 iy pRYRYeS maihstt A

of H,0, and that experiences reduced effects of accumulation of this and other toxic ROS.

For efficient introduction of catalase into cells, the present inventors utilize a a “protein

transduction” strategy as described Morris and colleagues (Nature Biotechnology, 19, 1173-
1176, 2001). The basis of this procedure is that a specially designed 21 amino acid peptide

25 (called Pepl or Chariot™) will adsorb to a protein of interest, here catalase, in an initial binding
step. This peptide/catalase complex is then added to cells in the transduction phase of the
procedure. The complex is transduced across the plasma membrane and accesses the cell
cytoplasm at which time the complex dissociates. Catalase is now free to engage the
peroxisomal import apparatus and be imported into the organelle.

30 First, using the easily visualized reporter protein, B-galactosidase, the present inventors

showed protein transduction into human fibroblasts. Importantly, endocytosis cannot explain
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enzynme in these cells. Again, catal ase contains a non-canonical PTS 1
(-KANL) at its G termnus. Studies based on a ligand blotting approach
showed that catalase with a re-engineered C-termnus, nanely with an - SKL
pepti de prEQéi#04¥it ected a nore robust interaction w t hPERES20838XM512por t
receptor, Pex5p. As described herein, these observati ons were extended using
5 surface plasnon resonance (SPR) with a Bl ACORE bi osensor 3000 (Figure 7).
These 1 esySresiiiRP Helceid\dre YRBHIN EdiQHRS the BRIGIY @ﬁce‘lluﬁﬁﬁ%laﬁgt@siwsé)mﬁeﬁws
naturally occurring PTSI is poorly recognized as conpared to a version of

t he nol ec theeexperiment manperfomed SKIC g the. abgenchofiggfP.only a single
concentration {;s_.sh Xt ensi "kineth c'. l.yses. have petmtted

cal cul ati on of NS’Hi ca?%n%sggv?s E(%?q vf’rreg né%,geugrvlvéth us \%gﬁq}%use?@’fﬁre ﬁ%t ﬁé?seexperi ment
conpar ed teRgerintepny felief dpoa acatdlasemicdfbrébtmts(— SHE thartexptesd Srilyng siaslzyhidint of

luci ferases and catalase in vitro. As shiown in Figure 8, luciferase is a far
mor e Pobusttaifieempare levels otimmungreactive paiplaserip colls dabgled o Asat” vemmsmEr™ par at us,
an effect «parppundeslashy. HBSeREuPsh Rdns@RlibS calie 10Vl GL klgﬂiﬁfcmwc?&%
results is that catal ase engineered to contain an -SKL PTS | wll be

i mport ed rbtAsaBcéliscilbmtiisytagghdversipofratalasaiivhs/usod ¢ this larggr midebiile want ai ni ng
enzynme. 15 _Fi.qur fi .t hi i ct.ion. catal ase with t "st.yong”
orer 1o 1 R s pEeOHead Elughit fo Rl talih UnaSR BReER sioit oS T o e
Wi t h humaratalédedn 1his stedyl tad ita o&0 PTO Ninthess expetigtlehts) dthe? resufts siighat thaghell ts are

obtained in_human fibrohlasts. The nmpre effjcient inport of catal ase by
Vi rtu@ of iaggg t"ﬁlis’é’a°??b?§‘q?‘)°“1€ésrij’gﬁ?r§'g"a§F‘bﬁ%ﬂ serves as the basis for the

present invent kSpresthi R @Ks hevighdEihovB@thaOble $8ssHe MREKNGSRORcHEQEVRA. 20
Cat al ase "reintroduced"” into the peroxisone will result in a cell that

produces nevbgéHyDeasicemprrsd tofeatipmmsagn gelish dlereik ey demonstsatedehint ceatalesetict s of
accunul at !ff%%hb?&cststallbiroﬁﬁged% %%l'{lg% $of Nz ',lgv%{s.t dt (olefd %ﬂgidérﬁ'ﬁl{' REHG R0 OF
0 , the prese s utillze a a "protern

catal ase in cells I nvento ac
t r ansduct ifarexampleadaelg pasaspe AMRO0 cdird Iiviurtanty, amaskdocionef gatdsse(iMMa thesecells

Bi ot echnol ogy,. 19, 1173- 6, 2001). The basis of this procedure is that a
specidlly db"g’\é“@%g'de‘%‘fei% #éah‘iﬂnlf"bé%)‘{"i’ed‘éusfgﬁs(eéé?’}”éﬁ "F’Qﬁl‘?ﬁype@ﬁ? Bbts') will
adsor b t o qadifitve amalRls. IMp&HREY, the IANCHIBDR ifvells WadiRdided bl dmd%09inngis st ep.
Thi s peptide/catal ase conplex 1s then added to cells in the transduction

phase of teheerimspb@epsheuld kepp in myinsl that these aatptpseinie seflsaormet makawormplagpgnts
menbr ane e I : I i

i 53001 at S BEE. RERTLAS, fflcpuss B pRARIGRE i B b Slot L LU nB O Bk per
appar at us sandhéxeforeg)phesd e@tls should nohlee @nsidered Taged”3nd Monkithe ewpdcreg té mgpoetasi | y

visualized reporter protein, p- t osi dase, the present inventors showed
prot etln t 3Rk ’EYq“dWRilﬁtoé""hﬁ"ﬁ%‘?gﬁ-gﬁobl asts. Inportantly, endocytosis cannot

explain 46 WOsg@ied art/peffordfed In Fhibk-ddidie @ediehd4ed ® include a strong targeting signal
(SKL) and is introduced into a late passage cell. Such catalase reduces cellular H,O,. Further,

introducing catalase-SKL into early passage cells delays (or eliminates) the onset of senescence.

25
EXAMPLE VIII

In Vive Studies of Catalase-SKL Treatment of Mammals

“Protein Transduction” is a relatively new form of introducing biologically relevant
polypeptides into cells and tissues of animals, as studied in mice. See, for example, “In Vivo
30 Protein Transduction: Delivery of a Biologically Active Protein into the Mouse” (Science, 1999,
285:1569-1572).
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these results as the cells were still blue (indicating the presence of

cel lul ar (3-gal actosi dase) when the experinent was perfornmed at 4C or in

t he absence of ATP. Next, catal ase was delivered into cells with this

t echni que "OHYHPEOH0)  These experinents, relied upon RGHESNAUHH2
fibroblasts - cells that express only a small amount of 5 catal ase (conpare
| evel s of inmmunoreactive catalase in cells |abeled "Acat" versus nor nal

"1 MRO0" fi br obA @gtdgly, HRMRY RlcondlRRA 14 rnﬁmge;tu%.smm @gee GBS T €
significantly mcreased in (Acat) cel I i s-ta %smn of
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ga
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targeting_s gﬁdsg) (SKL) and is introduced into a | ate passage cell. Such

cat al ase redu ‘cel lular H2@2. Further, introducing catal ase-SKL into
early passage Afdrigersas affz-4 hoursghé brbmaﬁbm)ontah@tharasmltyeift}mameaecbmmns i25
EXAMPLE VI I | L VO tud i es of t al ase-SKL Tre of ..Mammal s "Protein

Tr andduct M§FFUreds Blpdyst éﬂf’f’(‘/@l'ﬂ}eaﬁ‘g Yo‘?nm?tlca??@% lfé‘? st’ﬂﬁ %f‘BtQ'l’eEtalTPﬁ?lrel evant

pol ypepti gélat Bitflase @btivityadfduhd &SHASasOIn @BAlps B, 8,and€, Bttt BA ThOindtea in Se€, for
exanple, "In Vivo 30 Protein Transduction: Delivery of a Biol ogi cal ly Active

Prot ei n i Rrawthis gaigste The saperi@ed enegatic achaty-of Sgalageqrosent i perpEisanes4/ 042011
PCT/ USZOO%QE% tfrc%n helﬁcﬁtgrgfﬂg@%n ﬂea%ﬁ_qu}ﬁ §p§eeﬁgﬁl&jﬂlﬁﬂ%dceh§}n§smsr t?lgaﬂq“[%m the

cat al ase- i've or anl
treated mice is measured. Group A has markedly more catalase protein as well as catalase

20 enzymatic activity than Groups B and C. Group D shows presence of the serum albumin protein
in peroxisomes, but, of course, no increase in catalase enzymatic activity.

The presence of transduced catalase protein can be distinguished from the endogenous
catalase enzyme by virtue of its size (slightly larger than the endogenous form) as well as by its
reactivity with anti-His antibodies or Ni-HRP cytochemical staining reagents.

25 The biodistribution study confirms that measurable quantities of the catalase and Group
D proteins reach virtually all of the tissues examined.

On the basis of the foregoing, studies are designed to determine the following parameters
and the following results are obtained:

(1)  more animals receiving catalase-SKL are resistant to oxidative stress than are

30 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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procedure is as follows. A protein transduction domain fromthe H V-Tat
protein (described above) is fused at the N-term nus of catal ase-SKL. A

pol y- hi st | %ine affinity tag (His-Tag) is engineered into the nol ecule
(Group A) YOIYBIHontrol (Goup B), native catal ase i s REHP$A4PI434%2f used t o
the HV-Tat domain with a H s-Tag. In another control (Goup C, a native
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the nmetal aton@) Thethesuitadgedthéinsghility tpmpoditnsinfused tatize caldasatfalisedativarta
injected intraperitoneally i.nto separat rQups of mce at doses of 104g - 1
Ny pe% nmouse (0.1 “a%llf%torf&@%}n%sﬂ?f@aﬁ%%’val s of 2-4 hours, the

bi odi stri buti qn) angh idifaRelehtvd éitorfialll (Ehct Dveek Grbvery QLR Aeek) vith thaBRASUT ed.

Bi odi stribution is nmeasured by enzymatic assays of each tissue of interest.
Total cellular cat¥layecende] fity is found to increase in groups A B and C,
but not D. The 1 NCIGASe plitixisdhQURd AbrecliisEtbiies S nRAEAMIL, BRIesZY ML i C
activity of catal ase present 1 n peroxisones ~obtaine rom | ver,

fi brobl ast, |ung, heart matan a;youpgegelevel nfisthictimeanddendtiont i ssues taken from

t he reated mce i, megsured. .G oup, A.has rkedly nor.e, catal ase protein as
wel | lgs cat al ase Zéll)enzaﬁ‘?ﬁxlp&es%’l%’f?r\(}ﬁlte)?fg%ﬁﬁ%sgﬁﬁ%%ﬁméﬂﬁk@wné?%ﬁp D shows
presence of the serum abk®udtated Rithhgihgimoreltl3Ell osbiabIgRMat dfYybungef ari@als;Se, no
increase in catalasg enzymatic _activity. The presence of transduced catal ase
protein can be di stq“t)nguf@hsé‘EFSPfdﬁ‘\a‘(“lbié’fﬁf‘id&f@rﬂﬁ%“m@ﬁlcﬁwaé@‘d@r@?ﬁ'ﬁe’by virtue
of its size (slightly |grars IR drandRdQEERM R iR Limprovi! | as by its
reactivity with anti-H s anti bodi’es or N -HRP cytochem cal staining
reagents. 25 THe bianidiads trdated chronicalty(dgce@oreek onevetyhethermsakuvittidatalagerSKLI t i es
of t cat al ase and G o D proteins ge vir.tual | | 1, of e tissues
exan‘iqged. On the ba$ csonogls)[lhvg ap gﬁoélé%i—r%fé?ﬁ??ﬁ%ﬁné%mgrreg%agg?B%uéaé(?’b det erm ne
the follow ng paraneters and the following results are obtained: (1) nore
animal s receiving catal ase-SKL are resistant to oxidative stress than are

30 controls (To quantitate thDISGISHON OEEXAMBLBSor organi sns are treated
with the oxidative stress inducer paraquat, and danage to proteins, DNA and
lipids is assHEegpemxisbneéssubiqritoer aganeheofimiclegiedsghg 01t sode inwarimnsber s, are

measur ed. phyg'%lo\é\gga?ggcfgsgeg',%gc]l&dir?g qéi r%%t?a 84591321413 1sgeciﬁc steps of cholesterol, bile acid,

20 and plasmalogen biosynthesis make it indispensable for human health. The organelle carries out
a form of respiration, with its oxidases producing H,0O; as an end product. This highly
poisonous ROS is rapidly converted to water through the action of peroxisomal catalase, at least
under most circumstances. As human cells age, the peroxisome’s ability to maintain this balance
of H,0,-generating and -degrading activities and to prevent oxidative stress is compromised

25 contributomg to the cellular aging process. The present inventors have characterized
peroxisomes in aging HDFs, and provide an explanation for how this state of lost equilibrium
and reduced organelle function arises.

Peroxisomes import enzymes posttranslationally from the cytosol (Lazarow and Fujiki,
1985). Age-related changes in the organelle’s import efficiency were examined as described.

30 above The results indicated 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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cells. vari o hysi.ql ogi cal pr. ses n

net abol | sﬁﬁb?ﬁh“scﬁ@&'f‘?ﬁh@v u‘?e@B% ﬁedﬁ%%:? %"’E‘F‘étf‘ g’l‘tg%ﬁﬁ‘f’%geé&"‘?j&sor oS 3&8“@@?@ ogen
bi osynt heshgort@fkatalabe is BeléctvelN Sompromised (SndikmR: liesusrh). Thraledanel | e carries
out a formof res |rat|on with its oxidases ’groducm H202 as an end

product . PHO¥ISAMEshngY 5P desivissoriressin apatigntiwithyinpis Befsum s diseass (Briwasm ¢ugh t he
actiqgp of ape{]@@;)l somal cat al ase, at least under nost circunstances. As human
cells age, the peroxisone's ability to maintain this balance of

H202- gener at i nés &mthe-qieiondf why catalaseiis impertaiidsstelfiqrmgly evin ioxartieriassage edlls ess i s
conprom se nt £.i but o to.t cel | ul a | roce The present

i nvent or s ﬁ’é‘g‘éy 5?@%0?&6?‘%%8’2'%8«% i PATAgRCC ﬁ%% %ﬁg%&% egﬁﬂqﬂ?sgw de an

expl anat i @ppeh@ito Bodue} fipart St aliecfa@ thak B&iSp@AlYiPoblly letipnizzBchtdleduced organel | e
function arises. Peroxisonmes inport enzynmes posttranslationally fromthe

cytosol (Lazar oM gesdntrsulididsiidenti i€ leastABe crittlaPiedhadiba @&Sthatis dffRte@iganel 1 e’ s

import efficiency were exanm ned as described. 30 above The results
i ndi dat ed aslnaﬁe"ﬁu tahofFex oxeystinge It anpeass cerigin that theagermylstionpf pridativelyr epor t er

B R
PTSI - cont arganmngaldmg;emﬁssam andt Wei,120111; ichnengagh 199% BéekiD SAMMBATOEN A
PCTl USZOO%(H?\E&%%% gegenerative diseases may also be linked to ROS-induced alterations in cellular
functions (Masters and Crane, 1995). According to the present invention, the peroxisome, an
20 organelle vital to lipid and-membrane biosynthesis and functioning, is a contributor to the
oxidative load experienced by aging cells. The organelle converts nearly all of the molecular
oxygen it consumes to H,0; (Singh, 1996). Coupled with estimates of hepatic peroxisomes
consuming 10% or more of total cellular oxygen, it is clear that this is a significant amount of
ROS under consideration. The peroxisome’s reduced capacity to import PTS1-containing
25 enzymes - especially catalase, creates functionally compromised organelles in aging cells that do
not efficiently metabolize H,O, - with serious potential consequences. Accumulated H,O, adds
to oxidative stress and damages cellular constituents. 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
30 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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cycling receptor, Pex5p, as part of their transport nechani sm Catal ase
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M., Rubelj, I, Pereira-Smith, O., Peacocke, M., and Campisi, J. (1995). A biomarker that

20 identifies senescent human cells in culture and in aging skin in vivo. Proc. Natl. Acad. Sci. USA
92, 9363-9367.

Dodt, G., and Gould, S.J. (1996). Multiple PEX genes are required for proper subcellular
distribution and stability of Pex5p, the PTS1 import receptor: evidence that PTS!1 protein import
is mediated by a cycling receptor. J. Cell Biol. 135, 1763-1774.

25 Downs, T.R., and Wilfinger, W.W. (1983). Fluorometric quantification of DNA in cells and
tissue. Anal. Biochem. 2, 538-547,
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8087-8092.
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CLAIM 1. A nodi f| ed cat al ase pol ypepti de having a carboxy-term nal

per oxi sorre t ar ged modificlicgtaiate po(yPdphle bitvadim hafrtiee esimprduliftb 66 amimorerainaat i ve

sequence o cenent Wi th PTS

conr o1 g FSCi g AT Sint SR Buckerth n e ERes DR Aol [ xaa 3
is Ser, Alte a@cﬂltl(@lerﬁSI(}(aabean iBimbyrsd seuaytidly fidnsXaaq e theaajaddigorabisidite tdvet . 2.
The rmdlfl aase tide.of claiml1, further conprising, to the

am no-ter r)r?“rlfélor i Saveme%?l}gd%ggnal res'd(L:idl tional am no acid residues wherein is
i's an integer bet ween | and about 17, the additional residues being
nunber ed sSequemhd @bdifyedich@mmeaipetide oftdem 2] wiskeiaa divkivearadbottessdndu®ut 7. Xaa. , 0
for the seventeenth additional residue. 3. The nodified catal ase pol ypeptide

of cIa|m2, wherein n is bout 5 _and about 17.
4. {1e moditied catalase p},\%’pepu%e ofu cﬁalm 3, wherc?'n n is between about 7 and about 13.

5. The modified catalase polypeptide of claim 3, wherein n is between about 9 and about 11.
6. The modified catalase polypeptide of claim 3, wherein n is 9.
7. The modified catalase polypeptide of claim 2, wherein n is at least 1, 2 or 3, and residues

at any one of Xaa to Xaa., are hydrophobic amino acids.

8. The modified catalase polypeptide of claim 7, wherein residues at any one of Xaa, to

Xaa., are, independently, Leu, Val, lle, Ala or Gly.

9. The modified catalase polypeptide of claim 2. wherein n is at least 1, and residue Xaa, is

a negatively charged amino acid.
10. The modified catalase polypeptide of claim 9, wherein residue Xaa., is Lys, Arg or His.

11. The modified catalase polypeptide of claim 10, wherein residue Xaa is Lys.
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4. The nodified catal ase pol ypeptide of claim3, wherein n is between about
7 and about 13. 5. The nodified catal ase pol ypeptide of claim3, wherein n
i s between about 9 and about 11. 6. The nodified catal ase pol ypeptide of
claim3, wherein nis 9. 7. The nodified catal ase pol ypeptide of claim 2,
wherein n is at least 1, 2 or 3, and residues at any one of Xaa.r to Xaa.4
are hydrophobic am no acids. 8. The nodified catal ase pol ypeptide of claim
7, wherein residues at any one of Xaa.6 to Xaa.a are, independently, Leu,
Val, Ile, Ala or Ay. 9. The nodified catal ase pol ypeptide of claim 2.
wherei n nl3s afhereedsfied satalasgpolypepticef ampefAlains -4, mégrainiXees it SchXrgdd ani no
acid. 10.Jheanedi fsiigd catal ase pol ypeptide of claim9. wherein residue
Xaa_4 is Lys, Arg or His. 11. The nodified catal ase pol ypeptide of claim
10, wherein residue Xaa-1 is Lys. -55 12. The nodified catal ase pol ypepti de
of any of 1%l ai fygnodified catalgse pely peptideawich eonpeises, Kamnear ltsgmm_OytsmlandanXaa i is
Leu. 13. ﬁmﬂpqé%eﬂgengeaéoﬂlpﬂﬁﬁgtmgl’yw& g&uen%A@Lﬁ?{ﬂ%Wﬂ@%l ) or near its
am no-term nus, am no acl d sequénce conprisin iype sequence
(Arg/Lys) U(W/GB‘Qr/(F\la@Jevfé’F‘?)— (X5)- (His/(jln)- (Aal Leu/ Phe). 14. The nodified
cat al ase pol ypeptide of claim 13, wherein the PTS2-type sequence is Arg-

Leu-d n- V@A Va'i"he"n%&' tgd¥at|a15$% &rgﬁp(l cIaPn [l\pwht],r%)n the:lig’[’SZ-It_ % Q@Qﬁc‘é'ls%gcat al ase

of claim1, which furt her ses, at or near erm nu
am no aci ﬂets@hid%é’el erplyiths-hep (ERE ”P"I‘@th)ype sequence
(Arg/Lys)-(Leu/lle/Val)-(X5) (Hi s/GI n)-(A allLeu/ Phe) 16. The nodified
cat al ase cl i e o Val -
Val - Leu- G?{/ Hi gﬂe&%dﬁ egé%gl % Rﬁ& t;lllll )@-E%ﬁ%%g« CO%@%%%& nﬁ% gég#gqgﬂcodl ng
t he nodi f rednicatcad ssenEabypegig thieP OF2-tpieaktquerdce (2rg/118)- ((bﬁll/”i/yﬁl)-ﬂﬁsé‘r ein the
codi ng seguenss.AS 1 opsLaP!y Iinked to an expression control sequence. 18. A
host cell ﬂj‘éorrp I(SI ng th eZ pol ynucl eotide of claim17. 19. A nethod for
preparing the nodified catal ase of claim1, 2. 13 or 15, conprising (a)
i ncubati nge.a hdstmeigidd cethlate of olripr I Ss@berein i EIT82-¢pasiquenens ddg-hep-Gat Yhinodi f i ed
cat al ase V. [ ions effective for expression of said
pol ypepti 891 Leg%ﬂ%i“?sbljédhgﬁ/elg%y)t he nodified catal ase fromthe host cell.
20. A pharmaceutical conposition conpri sing:

17. A nucleic acid molecule encoding the moditied catalase polypeptide of claim 1, 2, 13 or

15, wherein the coding sequence is operably linked to an expression control sequence.

18. A host cell comprising the polynucleotide of claim 17.
19. A method for preparing the modified catalase of claim 1, 2, 13 or 15, comprising
(a) incubating a host cell that comprises a nucleic acid encoding said moditied

catalase polypeptide under conditions effective tor expression ot said polypeptide,

and
(b) harvesting the modified catalase from the host cell.
20. A pharmaceutical composition comprising:

(a) the modified catalase polypeptide of any of claims 1-12, 13 or 15; and
(b) a pharmaceutically acceptable excipient or carrier.

21, A deliverable, peroxisomally-targeted polypeptide comprising:
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(a) the nodified catal ase pol ypeptide of any of clains 1-12, 13 or 15; and
(b) a pharnmaceutically acceptable excipient or carrier, 21. A deliverable,
per oxi somal | y-targeted pol ypeptide conprising: -56 (a) the nodified
cat al ase pol ypeptide of any of clains 1-12, 13 or 15, and (b) a delivery or
transl ocation nol ecule or noeity bound thereto or associated therewith. 22.
The deliverable, pexisonmally targeted pol ypeptide of claim?2l, wherein the
delivery nolecule is a peptide or polypeptide. 23. The deliverable

pol ypeptide of claim 22 wherein the peptide or polypeptide is selected from
t he group consﬁ%tanGBPdfﬁ “ﬁ#%ﬁﬁ%W”ﬂnggyﬁcﬁﬂdﬁ“ﬂlén ¥datidnal Iy active
derivative thereof, (b) penetratin having the sequence RQ KI WFQNRRVKWKK ( SEQ
ID NG 4), (c)mw pemema btrah@béadbt m¥MBke HAERGLRENLSBRWE RE& iated
Fﬁ]KIFFQNRRNKMKK ( SEQ NO 5) (d) a penetratin variant Ws6F having the
sequence RE!KJWFCNR&WR#NK, SEQ ID NO 6) (e) a penetratin variant having
the sequence RQ KI WONRRMKFKK, SEQ ID NO  7) (f) herpes sinplex virus
protein VP22 ofhdelileddbi, Q%B}n@lmugytemypmld@grrmmuewhetré?@{h@@a.vaom a
different herpes virus; and (g) Pep-l. 'having the sequence
KETMMETMMﬂﬂM%?%KRRR@E@m&m*ME$ 9). 24. The deliverabl e pol ypeptide of
claim 23, wherein the delivery nolecule is Pep-1. 25. The deliverable

pol ypept i de of vl Qlifarle potypesiat chtlahx% z@%lhbl YRl dﬁpﬁo%toy (ﬁftﬁ%e%s‘%gct\é\ﬂth the
nodi fied catalase is a |liposone. - i ver abl'e pol ypepti de of

cl ai m 25 WR®tks gouprensistipdfome conprlses effectlve concentrations of
external menbrane phosphatidyl serine for uptake by phagocytic cells or other
phosphati dyl sepj ne- ;peegni zatmorcd%lahﬁoca%annmtmfa@%@th@ﬁwod for reducing

t he concentration of hydrggen peroxide In conprising contacting
said cell with a nodified catal ase pol ypeptide of any of clains I1-11 and

13- 16, under co6ndi t poesatinhavieg the sgiledcqRONDWHONEEMISWKKr(ge® & NCo4per oxi sones
in an anount

() 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)

(e) a penetratin variant having the sequence RQIKIWFQNRRMKFKK, SEQ ID NO:
7)

3] herpes simplex virus protein VP22 or a translocationally-active homologue

thereof from a different herpes virus; and

(g) Pep-1, having the sequence KETWWETWWTEWSQPKKKRKYV (SEQ ID NO:

9).
24, The deliverable polypeptide of claim 23, wherein the delivery molecule is Pep-1.
25. The deliverable polypeptide of claim 21, wherein the delivery moiety associated with the

modified catalase is a liposome.
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sufficent to reduce said concentration. 28. The nethod of claim 27, wherein
the nodified catal ase pol ypeptide further conprises a delivery or

transl ocation nol ecul e or noeity bound thereto or associated therewith. 29.
The met hod of claim 27, wherein the cell is a stemcell. 30. The net hod of
claim 27, wherein the cell is part of an artificial organ. 31. The nethod
of claim28, wherein the cell is a stemcell. 32_ The nethod of claim 28,
wherein the cell is part of an artificial organ. 33. The nodified catal ase
pol ypeptide of any of clainms I-1 1 and 13-16 for use in the treatnment or
preventi off-of Eredrlbwemsie rolypepdiAtieiician 2ayhoein tedidospine Rororisesealisgite by an

i nadequat gnt&@¥ftons S exRfhPX SRR phYsp Rk lye?m@%'? Q;Ltﬁ(%%y pﬁzﬂgoc i0GelDLoREr the
nodi fi ed catal ase pol ypepti de OF any of clains 13-16 in the
nanufactuP@WﬁﬁmH“ﬁ@Eﬂﬁﬁﬁ@ﬁwEf%F the treatnent or preventlon of a disease or
condition associated wth or caused by an inadequate |evel of peroxisomally

active Ca@ﬂ'as@nm35nnﬁ§ﬁmﬁﬂﬂ%ﬂﬁﬁgHk%gﬁkm%ﬂ&ﬂ&%&&bgﬁ;@ﬁm%kﬂhﬂkﬁo 21 or 22,
for use in the treatnment or prevention of a disease or condition aSSOCIated

with or c@mﬁ)@&nbwn&ﬁtmgﬁa@éabw%a meditied @Rrlasepopypsatise aeany ¢f deifsyd 1 éad al ase. 36.
The use of3-td)endeha&hameRuUiHe e/ saﬁl%ﬁ@ﬁéﬁ*lﬁé QRrRfed ¢ frdXisdRes idhn Fhode i N the

manuf acture_of a nedicanent for treatnent or prevention of a disease or
condi t i onS'ARSHd? BEwd st fCBiraiused by an i nadequate |evel of peroxisomally
active catal ase. 37. The use of claim34 or 36, wherein the disease or

condi tionyd s afe- nﬁe@llo@to?galm 2798he?én thI%di‘f'i%@ca@Jlas@fxﬁ&ﬂgbt‘?’(ﬂe f@ilfhel?’&m whgrein the
condition to be prevented is the devel opnent of ‘age-rel ated skln wri nkl i ng
or other &I¥FY gUFBHBeHion @glewﬁ'fé mMp§y kerng thefpinonassesiategighereyidr ei n sai d

medi cament is formulated for topical admnistration. 40. The use of claim
34 or 36, ygvher flNnding ofLISRASCwRlreifr BRILIT L QReh SellyPeEr | i pi demi a, a skin

di sease, a neurodegenerative disease, an existing ischemc condition or a
risk of reperfusion injury subsequent to treatnent of the ischemc

condi ti on30.41. Thetneethpd @f gfimcd7awhard@the whieis earnofenprtifipeldirggament i s f or nul at ed
for topical admnistration. -59

31. The method of claim 28, wherein the cell is a stem cell,
32. The method of claim 28, wherein the cell is part of an artificial organ.
33. The modified catalase polypeptide of any of claims 1-11 and 13-16 for use in the

treatment or prevention of a disease or condition associated with or caused by an inadequate level

of peroxisomally active catalase.

34. The use of the modified catalase polypeptide of any of claims 1-11 and 13-16 in the
manufacture of a medicament for the treatment or prevention of a disease or condition associated

with or caused by an inadequate level of peroxisomally active catalase.

35. The pharmaceutical composition of claim 20, 21 or 22, for use in the treatment or
prevention of a disease or condition associated with or caused by an inadequate level of

peroxisomally active catalase.

36. The use of the pharmaceutical composition of claim 20, 21 or 22 in the manufacture of a
medicament for the treatment or prevention of a disease or condition associated with or caused by

an inadequate level of peroxisomally active catalase.

37. The use of claim 34 or 36, wherein the disease or condition is age-related.
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38. The use of claim 34 or 36, wherein the condition to be prevented is the development of

age-related skin wrinkling or other disfigurement.

39. The use of claim 34 or 36, wherein said medicament is formulated for topical
administration.
40. The use of claim 34 or 36, 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.

41. The use of claim 40, wherein said medicament is formulated for topical administration.
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