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METHOD AND CARRI ER COMPLEXES FOR DELI VERI NG MOLECULES
TO CELLS This application asserts priority of U S
Provi sional Application Serial No: 5 60/467,516 filed
on May 1, 2003. The specification of U S. Provisional
Application Serial No: 60/467,516 is hereby

i ncorporated by reference in its entirety. This

i nventi on was made with government support fromthe
National Institute on Drug Abuse under G ant No.
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In8REtfdn, many compounds which appear promising i vitro, have been discarded as

potential drugs due to the lack of ability to deliver the compound effectively inside a cell,

in vivo.

Several reports have addressed the problem of delivering compounds to cells by
covalently attaching the compounds to “protein transduction domains™ (PTDs).
Schwarze et al. (Trends Pharmacol Sci. 2000; 21:45-8) and U.S. Patent No. 6,221,355 to
Dowdy disclose several PTDs that can cross the lipid bilayer of cells in a concentration-
dependent manner, The PTDs disclosed include PTDs derived from the HIV-1 tat

protein, from a Drosophila homeotic transcription factor encoded by the antennapedia
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Recent publications, however, indicate that these PTDs
enter cells via energy 5 dependent endocytosis.
Therefore, the "PTD cargo" conpl exes are contai ned
within the cell's endosomal vesicles and not

avai |l abl e to, for exanple, the cytoplasm of the cell
Accordi ngly, the "PTD cargo" conpl exes nust be

rel eased fromthe endosomal vesicles in order to be

bi oactive (Richard et al., JBioI Chem 2003;
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delivering a molecule to a cell. The method comprises contacting the cell with a carrier
complex, wherein the carrier complex comprises the molecule and an aromatic cationic
peptide, and wherein the aromatic cationic peptide comprises:
(a) at least one net positive charge;
(b) a minimum of three amino acids;
(c¢) a maximum of ten amino acids;
(d) a relationship between the minimum number of net positive charges
(pm) and the total number of amino acid residues (r) wherein 3py, is the
largest number that is less than or equal tor + 1; and
(e) a relationship between the minimum number of aromatic groups (a)

and the total number of net positive charges (p;) wherein 3a is the
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5 conprises: (a) at |east one net positive charge;

(b) a mninmum of three am no acids; (c) a maxi num of
ten am no acids; (d) a relationship between the

m ni mrum nunber of net positive charges 10 (pn) and the
total nunber of am no acid residues (r) wherein 3p,,
is the largest nunber that is |less than or equal to r
+ 1; and (e) a relationship between the m ni mrum nunber
of aromatic groups (a) and the total nunber of net
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37 or 5 4C. Radi oacaisi ity was subsequently determn ned
in sol ubilizédP@@MasObed) effect of acid-

In yet another embodiment, the invention provides a method for delivering a
molecule to a cell. The method comprises contacting the cell with a molecule and an
aromatic cationic peptide, wherein the aromatic cationic peptide comprises:

(a) at least one net positive charge;

(b} a minimum of three amino acids;

(¢) a maximum of ten amino acids;

(d) a relationship between the minimum number of net positive charges
(pm) and the total number of amino acid residues (r) wherein 3pr, is the
largest number that is less than or equal tor + 1; and

(¢) a relationship between the minimum number of aromatic groups (a)
and the total number of net positive charges (p¢) wherein 3a is the
largest number that is less than or equal to p; + 1, except that when a is

1, p; may also be 1.
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wash on accunul ation of [3H][Dnt 1] DALDA. Caco-2 cells
were incubated with [3H][Dnt 1] DALDA for 1 hat 37C.
Before cell lysis, cells were subjected to aci d-wash
to renove cell surface-associated radioactivity. (D)
effect of [Dnt'] DALDA concentration on [Dnt'] DALDA
uptake. Cells were incubated with a range of 10

[ Dnt 1] DALDA concentrations (1 gM3 nM for 1 hat 37C
Al'l data are presented as nean S.E. of three

oepenen mm&%a’nﬂ-’ ke
apparent, the ﬁﬁ!{ﬁi“;ﬁ]ﬁs ﬁwwﬂ gure 2.

Ef fect of pH and DEPC on [ 3H|] [ Dt 1] DALDA (A and C) and
[14C] Bigyrshr Peptideruptaby infhed celis. Taooedurasaif[ ][ @at BoALDA
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fn%ﬂ{ L3N Lf ﬁﬁé@lﬂﬂ@&h&&ﬁ Eﬁon&ﬁgb@ ahbpélettdr 8416l aRMdt apparent, they are

presented as nean S.E. three i ndependent
sroaltsr shaartke syeRypLs peci fi ¢ b| ndi ng of [3H|[Dnt1] DALDA to
cell 25 nenbranes. Menbranes prepared from SH SY5Y
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$ B&E B FICurtdlen iritths w&oﬁ&&eﬁy@daﬂ@ Bjﬂ CenERer pleifi@ibated aFPS°C with
SH SY5Y cell's, the Kd val ue was B {ranmS? 149)
BitdPiL

8GR dnMHRERfer \Pamaé’equ&@cg@mww%%
?ﬁtm dl)Ua% @Ej]{(:@)ﬂ;z{rf@% ivPébE?%élf/mHoﬁdat Ff”d(‘ﬂfﬁ?)l ha(@dand D) All

14C en co Caco- 2
flate hma:uiwnwl ahmedH: ﬁ[ﬁnof}kmm;(ezéﬂlt mqnoEyer? Ci / nmol )
or[14C]GIy Sar (50 M 56.7 nCi/mmol) for 1 h at

&t hehighfe ® A (éggga&ﬁé S BRR DAL A ARy N YRS dere

incubated with [*H][Dmt']DALDA (250 nM, 47 Ci/mmol) for 1 h at 37°C. Before cell

lysis, cells were subjected to acid-wash to remove cell surface-associated radioactivity.

Data shown represent acid-resistant radioactivity and are presented as mean + S.E. for
three independent monolayers. (B) specific binding of [*'H][Dmt'JDALDA to cell
membranes. Membranes prepared from SH-SYSY cells and Caco-2 cells were incubated
with [*H][Dmt']DALDA (15-960 pM) for 1 h at 25°C. Nonspecific binding was assessed
by inclusion of 1 pM uniabeled [Dmt' ]DALDA. Free radioligand was separated from
bound radioligand by rapid filtration. No specific binding was observed with Caco-2
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Radi oactivity was determ ned in both nedium and cell
| ysate, and the data are presented as percentage of
peptide effluxed into nedium (B) effect of DEPC on
[3H [Dnt' ] DALDA efflux. Cells were preincubated with
0.2 MM DEPC for 10 mn at 10 25C before | oading with
[3H [Dnt' ] DALDA. (C) effect of verapam |, an inhibitor
of p- glycoprotein, on efflux (C and uptake (D) of

] F 3-SR R R el AT g 7;149) and e B vl

a9t Ayellmg fitein.2 cells (2 x 105) were seeded on
m croporous nmenbrane inside Transwell cell culture
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BadiDegid] thslaDActeMained fﬁl bogh i;)gdifgr andicald ﬂbbgtea;hdvﬂl? fif;t@ :rgrpgﬁsented
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P DA D AUb AW, Tellweiepréihcubarviitn e &N WEPC for 10 min at
Exc:|tat| on was perforned at 340 nm and em ssion was

7e4xbaterg lopdimpith [1H) IDFGIRAIAcEOSHied of ppearath a inkigier of p-

BPEHONR. b TR O RO P b R DALY St ot on

at 37C suggests non- eqdocyt Qtl Cc upt ake 25 Figure 7.
Mass Eigure p.ofsanspert obhHi (Dvat INALIdA an@ﬂpC]Glg-S@r aqrpgseacCaco-2

RO SIESCHS. £L85%2 < ioBelr S o UG Llo i RERIAe
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R Btk o By PO A PEC I BRI gpiegd sprtosrtment,

aseI il A1iqubB wetOrentBed froABHRANAPIFA] Ghd basbRiteraltoparthents at

ratio, and spotted on a stainless steel target plate.
BarasHimes aflerrneptidraddition foydatermingtionss radicagtiviiser
Desorption lonization Tine-of-Flight Mss

Spect F%ﬂ% 3 cge?]{ﬁiaPh ptakEofBht! diDaFaDAIN AbnyEdant s Of

t he pepti des elr respéctive SMCC conj Ugates are
anBapADAdDon €ive-Semils tweae inBulmtadevith OAhuM [Dmt'ginsDap*|DALDA for

PER S oS BRI 2 b ST KRS FRE8 s wos cri

B@Urieh 36 HRAB: H6h tanﬁéraﬁ?ec Exa)atm ks gbﬁ@dzalan 38Pnmaed |

plates (2 x 104 cell's/wel and incubated with (3 -Gal
efnispign w@a mea B H28 Amnj le fluorescence appeared diffuse throughout the

cytoplasm but was completely excluded from the nucleus. The lack of vesicular

concentration at 37°C suggests non-endocytotic uptake.

Figure 7. Mass spectrometric confirmation of coupling of three peptides to cross-
linker SMCC. SMCC (1 pug) and peptide (S pg) were dissolved together in 2 ml of PBS,
incubated at room temperature for 30 min, and stored at 4°C. An aliquot of sample was
mixed with matrix (saturated 3-hydroxy picolinic acid (HPA) in 50% acetonitrile, 10
mg/ml arnmonium citrate) in a 1:10 ratio, and spotted on a stainless steel target plate.
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peptide (via SMCC) for 1 h at 37C. Cells were then
washed 4 tines with phosphate buffer. The cells were
then stained with R -gal staining set (Roche) for at
least 2 h at 37C and exam ned under the m croscope.
(A) no uptake of R -Gal was observed when 10 Caco-2
cells were incubated with 3 Gal (B) presence of blue
cells indicate uptake of (3 - conjugated with

E@fﬂe; %%ﬁa g? oﬁﬁpﬁ%ﬁ“‘[% k?ed I[%% ﬁ&g&ﬁéﬁ Q%ﬁ%&ﬁh q‘n%-o% %hght

NasoSpcteainksy (NARLDHIMGIMS]. [ﬂ"hé aiobccofar w8ights@dlthe peptides and their
onj u Phe' ] DALDA,i n Caco-2 cells.
O Pt o ydsiod iz Indio R0 GRS P& B di 4 ot

enhance upt ake. 15 Figure 9. Co-incubation with

fI uor e (l;%])é\ g%w?%@%;tg °nt oegluﬁ?k %ﬁtﬁ?g;ﬁaﬁdﬁégfﬁal) into

Nix beroblestbmbelld. )Celis (1, A e bisdstuint bel BMENIaa0n) tarerplated in 96-
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mn at medi um was then added t
bwffdrs Thcu del[snmxb &tea dtailmd vath el staioimgl seQR ollaa) fer at |l1east 2hat

s i ncubat or fter i ncubat she
§ B g en BB, Chdar he irashont A AP P BEapE R M a5 PGRAGEd when
e 2 Mt %*%?H‘é‘f?‘&% BCRP T pierlcl B b G 0 dars uptako of p -
6ni ®mj mteﬂm&r{ﬁmqmm b CAcorbrvel 50 YC pathehced aptaks ofif sGal
i mages of G-P t'hrou thick central horizonta

G Sedinc WUIEAT - DO FRE QN I BoR0r S DI oRasF RSBk eor B -

?ilhlfe{ gju%%ah%th fg %Eban]glftlagg Qtdf'eﬁft[)(éﬁ]?&%iﬁ Bgﬁsé?ﬁmth SMCC

idie dildlrgoenh@]mﬂ]:&ihec RNA oligo (40 nucl eotides |ong)
was phosphorylated at the 5 end using y-32P-ATP and

pol ynucl eoti de ki nase. The product was purified
el ect FigHRoY-eSpdncubaiterowith Ly &%rqmwatemﬂ%@nces uptake

gi]t grgéh ﬂﬁﬁes@@ﬁﬂp‘ﬂ&@ﬁl?@Fﬂ fnlib f{% éélls D’ﬁlu%cél& (1 RRSRERIRODCvere

whilied -V\dihrﬂMﬁ)M amd the nmpl_ydted\ivrthﬂlﬁyhﬂamﬂ contaiaing.3 [IHSFP alone
Eﬂh 305 Gltcendn IDRS SBrastn bl B Aeyrand g Shipr DRI DA

@?erdyt @M@@ f@é}' 1%?6@ ﬁhn al537F’Cg 9 oF tell WRERKPWEY then added to
DALDA - l'igo conjugate into Caco-2

@éISIas incybajepios en B@dlthnak 24 beiyrs ieredls meybaior. tice mcubahes, cells

%Qre%%d%g* ﬁme ?cgll e%l lﬂ'&ﬁl?(?@?? é%} %’thfﬂ?é ej?lﬁxrﬁlbx{suahzed

by confocal laser scanning microscopy Excitation was performed at 340 nm and

emission was measured at 520 nm. Top panel represents images of GFP through 0.8 um
thick central horizontal optical section of Huh7 cells. Bottom panel represents differential

interface contrast images in same field.

Figure 10, Conjugation of [Dmt'] DALDA with an RNA oligo. Synthetic RNA
oligo (40 nucleotides long) was phosphorylated at the 5' end using y->*P-ATP and
polynucleotide kinase. The product was purified by gel electrophoresis. 500,000 cpm of

6
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[ 32P] RNA ol i go conjugate or control RNA (approxi mately
20,000 cpm for 60 mnutes at 37C. After incubation
the cells were washed, |ysed, and radioactivity
determined in the 10 cell lysate. The uptake of

[ Dnt ' ] DALDA- [ 32P] RNA conj ugate was >3-fold greater
conpared to RNA alone. Figure 12. Effect of
pepti de- SMCC conj ugates to enhance uptake of RNA oligo

' . [}s. f f Of L] | | K
RGNl it onleh 8 b (b T AR s B RG &p me
BDCHINDS Rt 1 dntigspropd D attgdearbdiinide]) The pabvliddt of the conj_ugation
LD AP ARG Olia BA OleCHon A maelaaon |5%

FAMHRANRIeRE dp Or 60 min at 37C. Cells were then
washed four tinmes in DVEM and one tine in sodium

acetate solution to renpve nonspecific binding before

i ncubBigere 1h Uptekesof {imitSDAIINA 30 RIRN Arolige eonjigaselinto Caco-2
radi pact b vi det.gr.m ned. ;. incubat i f _RNA ol | go
GaE CREe ool i B R et SRS B bV il 84,2
PRinBMA & inBIMBW 0 5fraihtteafl Cells vidre Hich hdubbaWidTIDnaDALDA-
20-fold after 60 mn incubation. (B) Effect o& .

b B R atligoesopiveats|or ool RN b faprgxirately 3 0: 09 &pmh far;b0yminutes at
ofoc] Aiter IdbbRRnSMeend ‘96[:1]% RORAGE 1RO H@Fﬁkﬁcﬁeﬁf &e?e?ﬁlf lilgbﬁ in the

4C, “al though it was sti I ng easedaupta e 10-fol d.
¢ed) lysain HBreouptake off (Db {D&pDAE "RIRNRANForieatti wiserZefold greater

epti de- onj ugates. Huh7 cells (1x106
%éﬁ%?ﬁ&%@\ﬂ&?@ washed wi th DMEM and then i ncubated
with 1.0 mM DMEM 25 contai ning [32P] RNA oligo al one or

Wi t h Higurd 1 nepiréctlef SO & Bgdt@to bbhafib O UptaIe of RNA oligo
37C.. Al three 1peptl Je- SMCC conj ugates increased RNA
s HRle catls gldy) eEffert of o ga gplhuptake o RNAotge: HopT pplls$ixddo

PR b CIARE ESKG et MBI i Y conining
ETRNAelipolyinglestran d ¢ hresroldP, 00Aepth) alone oRNish 40 ido
i T PR Bl don 1 gD s ¥ PG g ten washed o

ﬁmeﬁﬁgDMEMhi and‘bﬁ&iimtg'@ﬂ sﬁ&iuﬁﬂa@&ta&%hﬁﬁh!t@ fheh?ivﬁhon@ie%ﬁc binding
washed with DMVEM and then incupated with 1 m DME
bderednenbaigd & bsie puffarfoRRimin gprbretained o %@@ﬂaﬁml?tﬂavm% eCo-

- lt . . '1 : ?'
SR SER iy D, DCLOR SVEE iy o
Ry oligorheyst Or-foldOMEem1 § mdn gnesbatiomearid20sipdd aftar 6 enintncubation. (B)

BRI RIS RUA b AL By TR IPESBApa-scc
@tthaice RN A eptakadaored it C yalthougH iedas Sitihipareastdtuptake by 10-fold.
%CD)C %anﬁgricgg cmthalt} ulgme %lf ﬁpﬂeA b)? (g:-l)i_fflelpecr:liJ gt%ttiidg-gMCC conjugates. Huh7
cells (1x10° cells/well) were washed with DMEM and then incubated with 1.0 ml DMEM
containing [**P]JRNA oligo alone or with 40 ml peptide-SMCC conjugate for 15 minutes

at 37°C. All three peptide-SMCC conjugates increased RNA uptake.

Figure 13. Co-incubation with [Dmt']DALDA-SMCC conjugate enhanced
uptake of two RNAs of different lengths. [Dmt']DALDA was conjugated with SMCC
and confirmed by mass spectroscopy. An 11-mer RNA olige and a 1350-mer RNA were

-
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with the [Dnt'] DALDA- SMCC conj ugate increased the

upt ake of the 11-nmer RNA by 22-fold, and the uptake
of the 1350-ner RNA by 3-fold. 10 Figure 14.

Conj ugati.on of DNA oligo to [Dm']DALDA. SMCC (1 g)
and [Dntl] DALDA (5 g) were dissolved together in 2 m
of PBS, incubated at room tenperature for 30 mn, and
m xed with deprotected 3'-thiol DNA oligo at 4C for 24

hour,s... t ' ti n._ali t.o0f.s I S

e o, vt TORE Bl S St 1 Sy PR ey Hub7

¢eteq) xi10° &umnpmiwasgécewitﬁ @Nde Fdndalﬁﬁiidﬂéltbmed ivtithat lm] DMEM

ina.l1:10 15 ratio, and spotted on i nl ess .stee

tontajing gt dhe Rifhalone %@@M@Wﬁ&ﬁ%%@ _“‘F%Iig?vs

Iflﬁ%tl]ﬂ_ﬁEDMIﬁ@@ Ahjuele FH 60 Min a3 374N hr 59,0 TG ReldWere then
Dt® ] DALDA- DNA coval ent conplex were found to be

6adied s tiney in DMESY aod ovelipe inBsndiung eegtate sel wigoraiegemove

HESRE ORISR KR L PGS BB Pl At foF i and
tetavaglaadiaadivith eoynat] UCdmBpanéd boiinabeatisrewith RINA slens co-incubation

I d % ly. lam d I
S8 P D T Sue P oot s e e B -y BNA by
b fo1£ahl WealpdlRiR R B0 RN A 89 3081, ugated with
[Dt'] DALDA. A 3'- thiol-nodified 20-nmer DNA was

conjugated to [Dnt'] DALDA usi ng SMCC, and the
f or meFigore bf. Edrgugation aHBNA oligp to (Dt I PAILDAY: BHEE (1 pug) and

. h ' d ] d
BB RRRES naapirestiorbiad inectreing mEALPRS (e bawed ahgom
%e l'eﬁH.fré f"dr%@-nﬂﬁgﬁi?cg&‘ %Ill\% NeAofetted 31-%oﬂﬁﬁh%li|$‘§llalt ),°I$I for 24

S were was M-and 1 ncubated wt I
IDvEM ABertingubiation, en eliquot pOramplomeOmixednyithynatei (saturated 3-

onj ugat ed 1 QoA - 0 f -n_Qr - .
HARSGL G gl i) E3e s LG Rl Bl Y o 1110
tatio, Rivid eb et mftiihng dték] samght plﬁteasemﬂee wetd aﬂalygad bpMALDI-

ve nonspeci fi i ndi ng, . The S were t
Iﬁ@ﬂi(@h tte molsraryaig 7 of %rtg@éDﬁfﬁqownﬁiPmﬁ@&LDA-DNA
s AdicRAGInpIEL Wedab &It BRE39B5hdY7 18] Rl AVEy UBbRK@nRkated and
DNA represented as percent of total radioactivity. 8

Hicgujugated oligddrwerd phdsphorytadatt thedi iend using e {BAITR in the reaction

culture. ronal N2A.cel | e incubated wth o

b0l Bt e Fa 50 6 iyt ST ok St Ry ont bl op, 5%
ghRIeirébest] Byd gd19ulfidd Ry Saliulartipike 8tullies (B).

?ﬁD?ﬁc'r"]‘aDALBA-%%C co%j ?gate does n%t i nduce e;éo?ot 0Si s

in Huh? 5 cells. Huh7 cells (1 X 106 cells/wel|) were

washebligire B €ellnar upiskpnERNAapligoroniugaied withd DIIDALIA. A 3°-
n@‘c&ﬂﬁéde%biﬁ%ﬁﬂm Fhd fugall (O IDAPIBALBALRRSYHEC, and the

conj ugat e
formation of the conjugate was confirmed by mass spectroscopy. Both conjugated and

unconjugated DNA oligos were radiolabeled at the 5’-end with **P and gel-purified.
Neuronal NyA (1 x 10°cells/well) cells were washed with DMEM and incubated with 1
ml DMEM containing either [Dmt'JDALDA-conjugated or unconjugated DNA oligo
(~100,000 cpm) for 2 h or 19 h at 37°C and 5% CO,. Cells were then washed four times
in DMEM and one time in sodium acetate solution to remove nonspecific binding. The
cells were then incubated in lysis buffer for 30 min and retained radioactivity determined.

Y-axis shows uptake of DNA represented as percent of total radioactivity,
8
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in PBS or PBS only (control) was added to the cell

medi um and i ncubated at 37C for 24 hours at 5% CQO2.
After incubation, 1 | of Hoechst dye for staining
apoptotic nuclei was added to the cells and incubated
for an additional 15 m n. Excessive Hoechst dye was 10
renmoved by washing cells with cell nedi um(free of pH
indicator) and cells treated with [Dnt'] DALDA- SMCC

1 uor Beugktt.  FEF TRALE £ btleERrt brlsdt Sk Rl s ot

Rofe SRduBhted WwithG Dt TDA 1D (4 kifaleo DERMR! 61 b N akdcelEability was
| NVENTI ON The i nvention is based on the surprising

dteounagily thy Mleassalvent ors that certain 15 carrier

conpl exes conprising at |east one rml ecul e and an

ar omat.l c C ceI nbor an

n erEregoe T B DA am S ool (R ARSI Hun
d,‘Ble EEluh®ellsi(M F ckhewel) Were Aastidithze Gates aNDMEMpinddes] of
The aromatic cationic peptides usefﬁa n the gresent

ff?ﬁbéﬂ‘ﬂﬂéﬂ wag ¢ePliedn Ekenp gigher SOl of 2Bmi HRAGD Ars Miels epypate (1mM)
Ecg:‘imﬁﬁ'&ﬁg l.8addnd ¢ &p'&{edﬁ’é&h%d in&{¥a fod at 37°C for 24
peptl es |n

m NI mum o ree am no aci
e &rsab 0N, Adleritheutsatiohl plof Hdechsd dye &Jﬂsmmlmg:apjn@totlc nuclei was

Bl SRR S e So BB
ﬁ%ﬂré&j'@%w‘aﬁlné &ils wRfHEeft rn?é?.lluﬂn APLQUS pBl ﬁhfcatoﬁ"h?td 'EEE’l%t treated with

E}m erably about six. Optimally, the nunber of
N AP 4sSMEEswniugate wmecq;mwmh centroboelts usmgrﬂuomseent

b for the
'&Fﬁx ﬁuﬁ%ﬁ%a@?%gtj%gm o ggﬁgsssgo%e%ns lﬁ%zs or m nus one
amno acid. 9 The am no acids of the aromatic
cationic pe RIDESCRIRTION QF S4HO NV n can
be any amino acid. As used herein, the term "am no
aci d" s. use 0 rgani ¢y e :
cont aT e oRdCyasE 8 e QBN b iedftipfont B cotain
mﬁﬁ%ﬁiﬁlﬁéﬁbﬂiﬂpﬁsﬂ{ﬁt é¢asfdne, maltculeasl anmfﬂ%naiﬁ qadogic tpa]plisde can
is at _the a position relative to the car y]. gr.oup.
6TRES G&qurenb:emqaeyr%afnegyﬁ%f{eaFlaqepymefg’eﬁasm 4?3?34%? &hﬂdﬁ?&?wles
QeUild g am no acids include, for exanple, the
twenty nmost common am no acids nornally found in
proteins, i.e., alanine (Al a), arginine (Arg),

(1) 1] tidesspartic acid (Asp), cysteine (Cys),

glutamine (GQu), glutamc acid (du), glycine (Ay),

hi sti ﬁﬁ@ﬁo&é&!@éaﬁohﬁ? FH(‘ES 'ﬁ@ef(lf Gl presen€iivbiton(Ha®éld net positive

| ysi ne phenyl al ani ne (Phe),
ghaods asalegcPibed belowy amevater—soluble and highly polar. The peptides include a

minimum of three amino acids, and preferably include a minimum of four amino acids,

covalently joined by peptide bonds.

The maximum number of amino acids present in the aromatic cationic peptides is
ten, preferably about eight, and most preferably about six. Optimally, the number of
amino acids present in the peptides is about four. The term “about” as used in the

definition for the maximum number of amino acids means plus or minus one amino acid.



10

15

20

25

10 (Ser), threonine (Thr), tryptophan, (Trp), tyrosine
(Tyr), and valine (Val). Qher naturally occurring
am no acids include, for exanple, am no acids that are
synt hesi zed in netabolic processes not associated with
protein synthesis. For exanple, the am no acid
ornithine is synthesized in mamal i an netabolism
during the producti on of urea. 15 The aromatic
gg: : gﬁ% a].r€1 f tﬂs g%)ﬁmgatlg catson?c e}?e ?nﬁﬁ o&sgfaﬁ]vetﬂ% Hg{: eng riir%:)vention
conrberzaly amald a(ncb CA:Mﬁsfetl thereid, lthedaﬁn eqrhiad acidhis, used refer to any

t.i de_ha 0 anmino acids that are naturally
Gekaip FofgL ox it SRBTE A 99" SBe IO o AT fatpge gugoss! group.
f'rtéﬁﬁ@ol [b‘ﬁst%?lb gﬁuﬁ bug ¥Rk 8Rld %osﬂ[cﬁ BRfive UL BBSSZL %Ioup.
In nor nmet abol i ¢ processes 1h |1ving organi sns,
do not natural |y 20 occur in proteins. |In addition,
t he nBireamingpeil$ mapbe naturably ogerirring. alktysallyseeurting pmingecids

B8 TP SR o S Ao R R 0 AR FRAR ifoteins,
os:m]mmmm(g&la);mugmmc:dpdg) asmragh&f(esrsap laspart&sacsd @ap), cgsteine (Cys),

Aot G £ 86 8P cdvsioe Ly §EaReRE SR aiineilen,

Féﬁc)in@ﬁ%‘us 130nd (Lyk)) eRBRIAERMe), %ﬁétg@aﬂ&ﬂﬁé @he}fl proline (Pro), serine
non- nat ur a Tﬁﬁoccurrl ng am no acl

Set)etmeaning, (Thnetryptophan niTpis tyresing (J) M)a!ﬂda\f&}m@ h\éalbr nor e

positions between the N-term nus and the C termnus.

10 TOSBPRGANVE b Ao 05, PEBEATH o e

putirpizedinafietalbdiglpreavisee natgﬂssjzciatwd:ﬂviﬂd prodeim mﬁmm yof example,
O N T T T —

eaepl es of aryl amino acids include ortho-, neta, and

par a- am nobenzoi c aci d. 5 Sone exanpl es of al kyl aryl
am no_aci ds i ncl ude ort

ani noBlrfemmatece‘fqﬂemaaeaﬁ et ‘Ba]é"rRXF“PEQ‘é{ﬁ‘?tW&&RP?’i“’}"é’ comprise
&5 & md¥e BmiRY dtid! tht aRCEIALKInREI RHIARAC ITH Sn@briBodimehdide
derivatives of naturally occurring am no acids. The

BRI hes neeamig apide thabare paedlyrockwgngni no aci ds may,

for exanple, include the addition of one or nore

gheg‘ REL-nHAHRDRrih S EmiR R OGS Hihd Bds thd: GPicA are not
synthesized in normal metabolic processes in living organisms, and do not naturally

occur in proteins.

In addition, the non-naturally occurring amino acids useful in the present
invention preferably are also not recognized by common proteases. Thus, the non-
naturally occurring amino acids are preferably resistant, and more preferably insensitive,

to common proteases.

Non-naturally occurring amino acids can be present at any position in the peptide.
For example, a non-naturally occurring amino acid can be at the N-terminus, the C-
terminus, and/or at any one or more positions between the N-terminus and the C-

terminus.

10
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For exanple, one or nore chem cal groups can be added
to one or nore of the 2', 3, 4", 5, or 6' position
of the aromatic ring of a phenyl al ani ne or tyrosine
residue, or the 4', 5, 6', or 7" position of the
benzo ring of a tryptophan residue. The group can be
any chem cal group that can be added to an aromatic
ring. Some exanples of such groups 15 include branched
or unbranche ch as yl
n- pr opy nonl—%aglbrfl ag(julno amg%{nm/ Stor %x(?g&%%%amén% a‘:ﬂ%ﬂ arpfl or alkylaryl

uﬁé‘} Sdn‘@é&‘ﬁrrfples of alkl_’sll depiny )amdé’lmcnﬂe Glarkiholtiai¢ &iid,po

met hyl ani no) and Cl -C4 di al kylamno (e.qg.,
wmbﬁyneﬁ@lﬁmamwpbww pejdhrdoaryinovalenicoacd, apd e-aminagaprgic acid.
e

O e ey bR in PR St KR RSz acid
Boroel exanmgescofiaticylargl absine acitsitlelude pxthd-| meta(, ud para-

nor | euci N e 20 an hydr axypt ol i pe (Hyp).

HRBPRESDY Elﬁgtﬁf‘pq éa grd %P F%’E‘PW&&C&‘E amino acid in

a peptide useful in the present i nvention is the

der i vHbh-natutadly cofurfing aminoxi¢lds aise ugclade derivabyeant nauaty d

or a, Iutanlg aﬁid resi due_of tH epti de.., One,
RSEHRIEATYRO aeifs- e deBivpibYes PEnajHga &P ’\’zﬁ PRino 3eidy Fay, for
Q)faniﬂlé H‘n@u&érthé"ﬁf(ﬂu&f of3me gﬂ%fé/clﬁfﬂl&? grofip#to the naturally occurring
nmet hyl am ne, ethyl am ne, 25 di nethyl am he or

@memﬁwﬂanlne Anot her exanpl e of derivatization

includes esterification with, for exanple, nethyl or

et hyI Fét! e‘i%ﬁfe ?11%”&%@5 cﬁéﬁ‘ﬂ@al%@ug% 'c&x?f:é el B b Snore of the 27,
modi ficatioh 0f an amno gro a lysine, arginine,

B, 4hiSStar 6 pesitierseidinearofetic Bngnpd henglabiningr tpognoesidue, or the

forExang Boiinar oS ok AP FrafbuamdRels LRcepieem be any
cicdl gtowg thdawbe adiRd wa&oﬂiaﬁc/fmgr Sotps emﬁld:soffedch groups
above, such as an acet pr opi ony|

W@h‘dﬁ bragehad of vgbransher %rﬁﬂ% seh asmityy rouﬁpaqrpglylbléomopyl
ypisep\?t&%vt &lhg? cl-@%ﬁéo&ggoet ), (aQﬁno, [Cmal?k HhBo (e.g.

er eo of 'suilt e non- tura y OcCccurring
Bleﬁamanun@andﬁleﬁ@alkyiemu@detgh dnmihylamir@b amm Jydoxyl, halo (1 e,

orm af a o) b rrent. oned ra ur.ring

DG chiorBrigio. drdBadly o SRS e of b e e

daduativésnd nanirdly ocawridg amio dcltisﬁnd‘!@@&[odvalmé (Nha)uhdlehane (Nle),

noted that D-amno acids do not normally occur in
YrryProdine K3WIh they are found in certain peptide

antibiotics that are synthesized by neans other than

the nAhSMBEr dxbRPRITRIMAiAERI0N of ¥ihRbia6id Th & Hepdeyuseful in the

the cell. As used 10 herein, such D-am no acids are
pIGBRSN HEERIPTY ip theederipptizationpba cayboxyl gonp AGAmAPAGIC A6ids 2

glutamic acid residue of the peptide. One example of derivatization is amidation with

ammonia or with a primary or secondary amine, e.g., methylamine, ethylamine,
dimethylamine or diethylamine. Another example of derivatization includes

esterification with, for example, methyl or ethyl alcohol.

Another such modification includes modification of an amino group of a lysine,
arginine, or histidine residue. For example, such amino groups can be acylated. Some

suitable acyl groups include, for example, a benzoyl group or an alkanoyl group

11
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In order to mnimze protease sensitivity, the
peptides useful in the invention should have | ess
than five, preferably less than four, nore preferably
| ess than three, and nost preferably, |less than two
contiguous L-am no aci ds recogni zed by common

prot eases, irrespective of whether the am no acids are
naturally or non-naturally 15 occurring. In one

119) o h | d
O o BT PPy B Rl OVE Sy g0
pepinyl gteumequences of am no acids, at |east one of
the amino acids is preferably a

non- turaII currin .am nQ acid, there

cont oF 14 T nabiralE st RiAruRa HOGs T Ebnespl i yorgiaory (L)
Mx@bﬁﬂﬁt@rﬂ@% |Sdr tohiX @i s QR BITC %xbﬁh ley dﬁmtam n@ﬁ-nﬁﬂl&ﬁly oBurring
conti guous asic am no acid at are cl eaved

by
Hainagpids plsp axpduds th %@Rﬁﬁ%at@w@ﬁé’sﬁn 9&%soféhﬂjahoﬁf§rmﬂoned

1@%@:‘3}? 0
an #n st‘ﬁ“ﬁﬁl% . quaal%lsdéi asq’gérﬂtj%nﬁ Qt o Q-l;?{{gﬁ odciiﬁ-iﬂ'é%l‘mno
axads. dnitlis peptd, debotidbe naedrthat Pramimuadidsrdoafot ne]tmally oocur in

ch es siolo H, i S
LR et e R T R R
Reasidliter thehehdhdthalAbSYaEro®in Sigthefio MakhivieryfdticgeH. Als used

yS|oI0|caI pH will be referred to helow as (pm.

@ing Yich D-aming afidpare sansideredtodeneyingtygally; ggcigg amino acids.
peptide will be referred to below as (r). 12 The

m ni nmmra&n@ﬁﬁmﬁﬁzmbtemeﬁwﬁgf BRIHIERdd uSSUBIRRRE GEMHN
are all at physiological he term "physi ol ogi cal

ghaulddhave dassl than faepre aébslessaharh@ummrapreé@qablm lesg Fhan three, and
a
B8 e Biaph sl 1 M8 e SO0 o b P BPR ADASY
protensds) tyreqmotmemﬁmhﬂ]hqr tl?e aﬂrmm latldmme mmfurqﬂyymnohmgtuwa]y
HS5 in_manmmal gtﬁgH from about 8 ahout.
ming R SChaT B, hep RO BtporabidBeand sl o
ffidd he nunber of p03|t|ve charges and the nunber of
negati ve charges carried by the am no aci ds present in

t he &eptl de. In this specification, it |is understood
that ke RaplifigeantainePrRisase seaeit v seapgnpes ofl Byne apidsh ol least one of

TS é’cﬁ&l is ﬁre@&&%&%‘n@ﬂ _n3tird1R- RSt ohing a8id thereby conferring

posi tively charge physi ol ogi ¢al pH i ncl u
protepsd Iesistaticeardyi enanple efrrcbrbichiessensdti rrseqinee mtuglpat\ﬂ’q/or more

ol AP ec Rt ale ReasBl By PFRRlgh PP def ko

aldsbagtidased @nd trypsin. Examples of basic amino acids include arginine, lysine and

histidine,

It is important that the aromatic cationic peptides have a minimum number of net
positive charges at physiological pH in comparison to the total number of amino acid
residues in the peptide. The minimum number of net positive charges at physiological
pH will be referred to below as (pn,). The total number of amino acid residues in the

peptide will be referred to below as (r).

12
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Typically, a peptide has a positively charged
N-term nal am no group and a negatively charged
C-term nal carboxyl group. The charges cancel each
other out at 15 physiological pH As an exanple of
cal cul ating net charge, the peptide Tyr-Arg-Phe
Lys-d u- Hi s-Trp-Arg has one negatively charged am no
acid (i.e., GQu) and four positively charged am no
acid ues, S one_ Hi.s
Ther oFty aimpinRafictof S povE iRy i B Gt
pnatolezial pHN MR terhit phRgoleglaidiHreatused hérbia rpfesse e normal pH in
the aromatic i oni i des have a 20

ﬁ'h%%gl? ' oﬁwlﬁsuﬁe%wn@ ﬁéﬁﬂﬁflﬁﬂ%ﬁiﬁgﬁﬁtﬂér Feyyingiance, th
?K}%iotlé nghfbrf 4@8inBh iPRLE Qﬁirﬁﬁba%'ﬁr 7 4Pou n@ﬁﬁal&:ﬁ?slologlcal pH

er of amno acid residues (r) wherein
msmrhmalsmagé@tanwﬁfmm aboui 7.0 to ab@@s?&han or equal to r
+ 1. In this enbodinent, the relationship between the

m ni m’bﬁ’@t@ A‘Fg?r ?sqse@ﬁéreﬁc}éfg}st ?a[ngg fl§19 numberadﬁi)o&h@e

t ot al r es
tﬂml‘geswsd t2Sufnber & n’bg&m@: c‘ha@e@c&tﬂed b}bthé athido @1@ pi’eien@n?phe
13..1,n t her the.ar c cati oni

B o BBl 2t BT R ointerbtoa B VR eh ey At et o
piyEtdsgiedl pHEtThe Qatu&almceﬁiﬁhg eﬁudopandsam atdY®sitideB charged at

nunber of am no acid residues wherein 2pmis the

physipdegicah gHiesludaalysing, |-angining, aﬁi ispding) Thengturally ocqugring

B AR BB g i -

glotaadic acidber of amino acid residues (r) is as follows:
(r) 345678910 (P.) 223344551n one

thodi
and« FEP A e R BREE pfen R R BAPHHES grBland
Bapavely bhar@mhﬁmmﬂ efrboxyd @rcmpbd&hle nﬁhﬂges dahee] paght dthierout at
el eiasiohL bl s anpemble.ot S Saing 4 shatss o Peaflor Tokbi Phe-
o¥@GHﬁHlsDH%LAﬂ p\Hs AR ERAvAY @hd?@é@anﬂh@éﬁﬂ . YGR) BAd ol m

three net “positive char is al so I nportant
pasiivelyheharged gatincacidst (i o ntwo g@ﬁesld@@, prpleysaand otieHim). Therefore,

B B i s A Bl RS e O o) T The

In one embodiment of the present invention, the aromatic cationic peptides have a
relationship between the minimum number of net positive charges at physiological pH
(pm) and the total number of amino acid residues (r) wherein 3pn, is the largest number
that is less than or equal to r + 1. In this embodiment, the relationship between the
minimum number of net positive charges (pn) and the total number of amino acid

residues (r) is as follows:

n {3(4|5|6]7|8|9]|10

Pw) |1 [(1]2(212]3(3]3

13
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m ni mum nunber of aromatic groups will be referred to
bel ow as (a). Naturally occurring am no acids that
have an aromatic group include the am no acids

hi stidi ne, tryptophan, tyrosine, and phenyl al ani ne.
For exanpl e, the hexapeptide Lys-d n-Tyr-Arg-Phe-Trp
has a net positive charge of two (contributed by the

| ysine and 20 argi ni ne residues) and three aronatic
groups (contributed by tyrosine, phenyl al ani ne and
trypt ophan residues). In one enbodi nent of the present
invention, the aromatic cationic peptides useful in
t he niatanothsr @hbddi@en] B8 anatrnaine\ceﬂiﬁﬂmpleﬁmavsehaare a relatlonshlp

relatlﬁnshlp betmeen the m ni mrum nu

r of a
ERysthe Eynigin pyBber of Bet mﬁmﬁ@?ha&esr(e«t% g dhe to (Pi mber of amino
&c‘i@fa@ﬁﬁe?@ Qﬂé&&'n 9&, ﬁ’l@llar tﬁénlSé}ttﬂat\i\!‘l%Esech& 6’&3eqh§l tBlPerl In
| ar gest nunber th s than or equal to pt
@woeelphodtmmt, thé mlxatlomhlpbememheammwla hywbéref net pqslttvn icRarges

EERRE] B8 et ifibef 6 ShinS RS- HT Rb Wil 1 T

p05|t|ve charges (pt) is as follows: (PJ 1234567
8910 (a) 11112223335 1In another

enbodi nent aromat/i ¢ catljoplc pepti des have a
rel ati onshi ph(E}etvéeg% % hé #u n?rr@m ﬁﬁn‘oer of aromatic
groups (a) and-tlhel total nunbed of net positive
charges (p) guhere] o |28 43 4 he |lsar gest nunber that is
|l ess than of equal|to pt + 1 Iln this enbodinment, the
rel ati onshi p—betweerm the—Tnnrmunm nummber of aromatic
amno acid residues (a) and the total number of net
p05|t|ve charges (pt) is as follows: 10 (Pt) 1 2 3 4 5

7 8In®ngEmbpdiment, theomni@r 8f det positie ¢harges dpdj@nd the number of

enbodi nunber ormt )

Wgﬁcﬁﬁﬁ%%%es?ﬁereneeqemlp&g.a?f%%f sttt iiptd) otaspidit nave
thede® fytlr agifineIpEd reRiecamll d pinimemtod bma ﬁalpoaawbd)@yge preferably, a

group of .a Cterminal aming 15 a ar e, orefe
B MeR] WP Pt POFB‘("‘“*@L?%Y&%? aod '%91‘%8?1‘-‘1% 2bly amginim Hﬁhf Inet

sﬁtg&fe%F@Es.am de. Alternatively, the term naI
car boxyl “group of the C-termnal am no acid nmay be
amdated wth any primary or secondary am ne. The

pri maltys o isworiaeiihat thamiramatibgationisipepédes pyea Mipdmym number of

%JP{%S#? g@?x&gﬁx' %Hﬁné}&% g&%&iﬂn&ww hapoede harkh (p). The

minimum number of aromatic groups will be referred to below as (a).

Naturally occurring amino acids that have an aromatic group include the amino
acids histidine, tryptophan, tyrosine, and phenylalanine. For example, the hexapeptide
Lys-Gln-Tyr-Arg-Phe-Trp has a net positive charge of two (contributed by the lysine and
arginine residues) and three aromatic groups (contributed by tyrosine, phenylalanine and

tryptophan residues).

In one embodiment of the present invention, the aromatic cationic peptides useful
in the methods of the present invention have a relationship between the minimum number
of aromatic groups (a} and the total number of net positive charges at physiological pH

(py) wherein 3a is the largest number that is less than or equal to p, + 1, except that when
14
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15

20

Accordingly, the amno acid at the Cterm nus of the
pepti de may be converted to an 20 am do,

N- net hyl am do, N-ethyl am do, N, N-di net hyl am do,

N, N- di et hyl am do, N net hyl - N- et hyl am do,

N- phenyl am do or N phenyl -N-ethylam do group. 15 In
addition, the free carboxyl ate groups of am no acid
resi dues having nore than one carboxyl ate group,

e..g,,..asparagi ne | ut am.ne artic .acj an -

Gy 85T B i P el Baiiene FERT LR btvel v mie

hisher of alotnatid gfoupsd) ahd e nambbhefSrt pasitite chages (FMs Befollows:

wi th anmonia or any of the primary or secondary am nes

descri bed above. 5 In one enbodi nent, the aromatic

cationic peptide useful in the nmethods of the present

invention i[s @ frifpdpt 1dg havi n7g tWo het| positive

char ges and B | badt| Dhé |at oRdth c8 |dm HY| acid. In a

particul ar |lenbodinent , (the aradmatig¢ clatipnic peptide

useful in they Mgt hodp qf| 2 he |prpgent| knvention is a

tripeptide |havipg |t net| posijtiye|charges and two

aromat i ¢ antno—actds—i0—AromattTc—cattrom c pepti des

useful in the nethods of the present invention

include, but are not |limted to, the foll ow ng

pept i Benethanahesiimemshdnrdmgtid yzttmwd%aeptzd%lsera& #redatidinship between
%hr;{n%ngser%for&qsﬁﬁg&pg— apﬁi gl%/elr,_(gg gun"ﬂaer of net positive charges

@)ﬁf’l?re% ga kNRe laygesﬁuunma: Nabes Tdir dP-ehyi s 1&Per 1Y B this20

Qrp‘@odgn@tnthvwlamrghlp.bph@emﬂp migimum number of aromatic amino acid

Y o A —

Val - D- Lys- Hi s- Tyr - D- Phe- Ser - Tyr - Arg- NH2, 25
Tr p- Lys- Phe- D- Asp- Arg- Tyr-D- Hi s- Lys,
Lys- Tr p- D- Tyr - Ar g- Asn- Phe- Tyr - D- Hi s- NH2,

() 12|13 |4|5({678[91!10

@ 1711223 |3|4|4(5|5

In another embodiment, the number of aromatic groups (a) and the total number

of net positive charges (p,) are equal.

Carboxyl groups, especially the terminal carboxyl group of a C-terminal amino
acid, are preferably amidated with, for example, ammonia to form a C-terminal amide.
Alternatively, the terminal carboxyl group of the C-terminal amino acid may be amidated
with any prinﬁary or secondary amine. The primary or secondary amine may, for
example, be an alkyl, especially a branched or unbranched C,-C4 alkyl, or an aryl amine.
Accordingly, the amino acid at the C-terminus of the peptide may be converted to an
amido, N-methylamido, N-ethylamido, N,N-dimethylamido, N,N-diethylamido, N-
methyl-N-ethylamido, N-phenylamido or N-phenyl-N-ethylamido group.

15
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Thr-Qd y-Tyr-Arg-D-Hi s- Phe-Trp-D-Hi s- Lys,

Asp- D- Tr p- Lys- Tyr-D- H s-Phe- Arg- D3 y-Lys- NH2,

D-Hi s-Lys-Tyr- D-Phe-A@ u- D Asp- D His-
D-Lys-Arg-Trp-NH2, and 16

Al a- D- Phe-D- Arg-Tyr-Lys-D-Trp-H s-D-Tyr-d y-Phe. 1In a
particularly preferred enbodi nent, an aromatic
cationic peptide has the formula Tyr-D Arg- Phe-Lys- NH2

for ence re S d he. n
AL ool RS R 06 sk ERDEOINL REouBLof R b e? il e han
biye datoxghtagronss, ieds, asparagine, pbytarhing] Bpmeic acidandydutaeicaastt
has, two ar tic, rop contri buted by the .am no acids.
RS 5173 1A € SIS BETTFIST Ry @Cey, GEF ABIGHiona Base gsions

fi‘ﬁy %e W'aﬁhﬁ&@@ﬁ AnyRIriorthary bY 5R8hdW@y Svfilds &sctiPed above.

6' -di nethyltyroSine to produce the conpound havi ng
the formula 2',6"-Dmt-D Arg-Phe-Lys- NH2
Dnt * - bareAm bodingat, tmpma%can@mcm&ml%@e Im@e mrthods ghthe

%%n‘t' gﬁegnoﬁ ttahtﬂﬁf;/}% G ngéll\ﬁlgg %@} f)c;)sxté\ﬁe dchs;g_es and at least one aromatic

hmnllocaxgd— 6h apettieylat epbodiment, (hergmaticreationge h%ptidp medfuk inghe

er m nus..
afhoi SEIRG Ressgh ahiian G ipdbbioh Bl T 9 B s nd two
gatagfaineeRtidsde wi t h phenyl al ani ne at the N-term nus
has the fornula Phe-D Arg- Phe-Lys- NH2 (i

iP Eg ugg)L DAPcrfé]f:?swg {3%&%; que ?Iirllgl\é%]\é’dss og thep reeslg llgveatll?llon include,
glhtrﬁ?é Aot PR eaMS &hé‘ﬂillﬁ@lr(g[%@hde exam les
N, 2,6 -trinethyl ph enyl-al ani ne and 2'-hydroxy-

6 mst hyl phenyl al ani ne (Hp). | n anot her enbodi nent,
PH%D%%’TTN:I‘IE sequence of Dnt'-DALDA is rearranged

E&gqjhsu nt is not at the N-term nus. An exanpl e of
suc aromatic cationic peptide 20 has the fornula
D-TAr g+p-L§s-DH; Lys- Phe- NH2. Any of the specific

ngoél de;r mj,_tnti ed herein, such as those nenti oned
A YR *mentioned below, e.g., in table 1,
Irplcmgdm.ng et - DALDA, DALDA, Phe' - DALDA,

"Dt - Lys- Phe-NH2 and their derivatives can
PE?’AH%‘P }ihﬁtﬁsﬁde functional anal ogs. A peptide is

sl Aermd 1 i ponal anal og of Dnt'-DALDA, 25
D%EDﬁgPhe f}/[S)ALDA or D-Arg-2'6' Dnt - Lys Phe-NH2 if the

ME&!TGQ-DI“I@& RheeArgane f unct ion as Dmt'-DALDA, DALDA,
Rty P BB 2 Sbsti (Ut on variant of
Dypd-b-RALTDAA rA. Bie-TRRRH:,

Phe-D-Arg-Lys-Trp-Tyr-D-Arg-His,
Gly-D-Phe-Lys-Tyr-His-D-Arg-Tyr-NHa,
Val-D-Lys-His-Tyr-D-Phe-Ser-Tyr-Arg-NIH;,
Trp-Lys-Phe-D-Asp-Arg-Tyr-D-His-Lys,
Lys-Trp-D-Tyr-Arg-Asn-Phe-Tyr-D-His-NH,,
Thr-Gly-Tyr-Arg-D-His-Phe-Trp-D-His-Lys,
Asp-D-Trp-Lys-Tyr-D-His-Phe-Arg- D-Gly-Lys-NHo,

D-His-Lys-Tyr- D-Phe-Glu- D-Asp- D-His- D-Lys-Arg-Trp-NH, and

16
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DALDA, or D-Arg-2'6' Dnt-Lys-Phe-NH2, wherein one or
nore am no acids is substituted by another am no acid.
17 Suitable substitution variants of Dnt'-DALDA,
DALDA, Phe'-DALDA, or D- Arg-2'6' Dnt-Lys-Phe- NH2

i ncl ude conservative am no acid substitutions, Am no
acids nmay be grouped according to their

physi cochem cal characteristics as follows: (a)

PR, L L AL BAE T T

Au(E) An(Q; (c) Basi ¢ am no aci ds: His(H) Arg(R)

RE RN M T TR O L T WO,
BN FRANPHE By NH, (0 oSRRchdd bR byAfle MFbfn:

aci d a pep tl y anot her am no aci d he sane

@M{RA) sDMeDérh‘aed netpasidiva charge ef theeei mtlsbmgt byt the emino acids

gﬁ&%?er ﬂu¥e aﬁ#’ﬂ%{g tah'ttl Qm&a?&gat C g s%%gtrﬁfaﬁteh%g the amino acids

arac eristl cs ofe tie

pleqnylaﬁzamel and ctymtmas’l‘he tysashetof DALDA %ambe amoaffietl@leﬁcatdze of
amino acjd in a diff

b’? & Si% h aﬁé’r?e%a nmtﬂ;ﬁ].y@osprfqgg |p§)o ¢ g'qetcg}nppwgl avmg the formula
sh@pmt- QfAI%IPHéSLﬁfNHPG eQ 'Dlﬂt'l-'meL]DRPt Oer mbaifid AN BiFes of

f anal ogs useful in t he practice of the present :
tyresineingide Aemebzltyresine (Mme); No? .8 itmanetbpltyrgsinpelmt); and 2°-

o i des shown in Tables 1 and 2.
@y@@ﬁ gﬁkhgﬂglﬁd ermnal Amino Acid Amino Acid
Am no Acid Am no AC|d Position 5 (if Modification
Posi t inomothePpisferied embofiosint, itleramdinPesid el the Nitepmaweof PALDA
i3 R ERGtE 08 el B S P T ponsaein
B-the - tBsinhy/Sas N2fordula PRETD- &g@l@-ﬂbeNHy %1 meNﬂaLDA)
2'6' Dt D-Arg Phe Lys-NH(CH2) 2 ' 6" Dnt
btegwdﬁq@vwgs mmlﬁ@nmﬂi%alwewethﬁphenylalamne (Mmp), 2°,6°-

dimethylphenylalanine (Dmp), N,2’,6’-trimethylphenylalanine (Tmp), and 2’-hydroxy-

6'-methylphenylalanine (Hmp).

In another embodiment, the amino acid sequence of Dmt'-DALDA is rearranged
such that Dmt is not at the N-terminus. An example of such an aromatic cationic peptide
has the formula D-Arg-2’6’Dmt-Lys-Phe-NHj.

Any of the specific peptides mentioned herein, such as those mentioned above
and those mentioned below, e.g., in table 1, including Dmt'-DALDA, DALDA, Phe'-
DALDA, D-Arg-2"6"Dmt-Lys-Phe-NH; and their derivatives can further include
functional analogs. A peptide is considered a functional analog of Dmt'-DALDA,
DALDA, Phe'-DALDA, or D-Arg-2'6’Dmt-Lys-Phe-NH, if the analog has the same
function as Dmt'-DALDA, DALDA, Phe'-DALDA, or D-Arg-2’6’Dmt-Lys-Phe-NHs,
The analog may, for example, be a substitution variant of Dmt'-DALDA, DALDA, Phe'-
DALDA, or D-Arg-2’6’Dmt-Lys-Phe-NH,, wherein one or more amino acids is

substituted by another amino acid.

17



3'S D-Arg 3'5' Dt
5 Dab N2 TAeidp-amino prids: Bap(mhﬂsp(D) Glu(E) GIH(Q)
(©) Basic amino acids: His(H) Arg(R) Lys(K);
(d)  Hydrophobic amino acids: Met(M) Leu(L) Ile(I} Val(V); and
(e) Aromatic amino acids: Phe(F) Tyr(Y) Trp(W) His (H).

10 Substitutions of an amino acid in a peptide by another amino acid in the same
group is referred to as a conservative substitution. Conservative substitutions tend to
preserve the physicochemical characteristics of the original peptide. In contrast,
substitutions of an amino acid in a peptide by another amino acid in a different group is
generally more likely to alter the characteristics of the original peptide.

15 Examples of analogs useful in the practice of the present invention include, but
are not limited to the aromatic cationic peptides shown in Tables 1 and 2.

TABLE]
Amino Acid

Amino Agcid Amino Acid Amino Acid Amino Acid Paosition 5 (if

Position 1 Pasition 2 Position 3 Position 4 present)

Tyr D-Arg Phe Lys

Tyr D-Arg Phe Orn

Tyr D-Arg Phe Dab

Tyr D-Arg Phe Dap

2'6'Dmt D-Arg Phe Lys

2'6'Dmt D-Arg Phe Lys Cys

2'6'Dmt D-Arg Phe Lys-NH(CH,).-NH-dns

2'6'Dmt D-Arg Phe Lys-NH(CH,),-NH-atn

2'6'Dmt D-Arg Phe dnsLys

2'6'Dmt D-Cit Phe Lys

2'6'Dmt D-Cit Phe Ahp

2'6'Dmt D-Arg Phe om

2'6’Dmt D-Arg Phe Dab

2'6’Dmt D-Arg Phe Dap

2'6’'Dmt D-Arg Phe Ahp(2-aminoheptanoic acid)

Bio-2'6’'Dmt D-Arg Phe Lys

3'5'Dmt D-Arg Phe Lys

3'5°Dmt D-Arg Phe Omn

2'6'Dnt D-Arg Phe dnsLys NH2 2'6'Dnt D-Cit Phe Lys

NH2 2'6'Dnt D-Cit Phe Ahp NH2 2'6'Dmt D-Arg Phe Om
NH2 2'6'Dnt D-Arg Phe Dab NH2 2'6'Dnt D-Arg Phe Dap
NH2 2'6'Dnt D-Arg Phe Ahp(2-am noheptanoic acid) NH2
Bio-2'6'"Dmt D Arg Phe Lys NH2 3'5 Dnt D-Arg Phe Lys
NH2 3'5'Dnt DDArg Phe On NH2 18 3'5' Dt D Arg Phe
Dab NH2 3" 5' Dt DArg Phe Dap NH2 Tyr D-Arg Tyr Lys

D A gé%)?pi} A{%&ﬁﬁg DBI%P@%F?{ q{@féﬁﬁ%ﬁa P& pN br D-

BrA0 % Dhirk- LWPMH;Zn@uMoth@e'Eﬁﬁndhﬁd Bl!i’cﬁtltuﬁoﬁs [X¢hino acids

DAg Tyr NH2 ~ 2'6' Dt D-Arg Sz*Hﬁ
pa baﬁouaewcgozdne; t&&‘flm@hvsmp@enzc%cmct@lwba
Dab NH2 2'6'Dnt D-Arg 2'6'Dnt Dap NH2 3'5 Dnt D-Arg

35 8{’% A" ohBglar ﬁnfhof&eifds Dﬂé&;@) s'?er@S) @H%(TE?&(N’@!y&G)m
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Tyr D-Lys Phe Arg NH2 Tyr D-Lys Phe Lys NH2 Tyr
D-Lys Phe On NH2 2'6'Dnt D Lys Phe Dab NH2 2'6
D-Lys Phe Dap NH2 2'6'Dnt D-Lys Phe Arg NH2 2'6'
D-Lys Phe Lys NH2 3'S' Dnt D Lys Phe On NH2 3'5
D-Lys Phe Dab NH2 3'5' Dnt D-Lys Phe Dap NH2 3'5
D-Lys Phe Arg NH2 Tyr D-Lys Tyr Lys NH2 Tyr D-Lys

Tyr On NH2 Tyr D Lys Tyr Dab NH2 Tyr D-Lys Tyr Dap

. H2 2" 6, Dmt D-Lys, Tyr Lys N 2'6'Dnt D-Lys Tyr On
g,g,gﬁgm 2 it D Ly%ﬂ"ryr Dab N%g 2'6'Dnt D-Lys Tyr Dap i
Tyr N2 2'6 DLy yrE' 6'Dnt LYS'NH2 2'6'Dnt D Lys NH2
Tyr 2 6 Dty y NH2 Z 6' Dnt D-Lys 2' 6' Dnt Dab NH2 NHZ
Ty 26 Dntpfidlys 2640t Dap NHg 2" 6'Dnt D-Arg Phe N
Tyr  dnsDap 2' 6 r D-Arg Ph%as\t nDap NH2 3'5' Dnt NH,
2 DmD- LYS Dnt Lys 3'5 DrrgfS D-Lys 3'5' Dt Orn NH2 NH,
26pm8 5 Dntp k- Lys 3'5' Dab N 3'5' Dt D-Lys 3'5' Dnt NH,
2ebmPap NHp Adyr D-LysyPhe Arg Ngg, NH,
2'6'Dmt D-Arg Tyr Dap NH,
2'6'Dmt D-Arg 2'6’Dmt Lys NH,
2'6'Dmt D-Arg 2'6’Dmt om NH,
2'6'Dmt D-Arg 2'6'Dmt Dab NH;
2'6'Dmt D-Arg 2'6’Dmt Dap NH,
3'5'Dmt D-Arg 3'5'Dmt Arg NH,
3'5'Dmt D-Arg 3'5’Dmt Lys NH,
3'5’Dmt D-Arg 35°Dmt om NH:
3'5'Dmt D-Arg 3'5'Dmt Dab NH,
Tyr D-Lys Phe Dap NH,
Tyr D-Lys Phe Arg NH,
Tyr D-Lys Phe Lys NH.
Tyr D-Lys Phe om NH:
2'6'Dmt D-Lys Phe Dab NH,
2'6'Dmt D-Lys Phe Dap NH,
2'8'Dmt D-Lys Phe Arg NH;
2'6'Dmt D-Lys Phe Lys NH,
3'5'Dmt D-Lys Phe Orn NH,
3'5'Dmt D-Lys Phe Dab NH,
35'Dmt D-Lys Phe Dap NH;
3'5'Dmt D-Lys Phe Arg NH;
Tyr D-Lys Tyr Lys NH,
Tyr D-Lys Tyr Orn NH»
Tyr D-Lys Tyr Dab NH;
Tyr D-Lys Tyr Dap NH;
2'6'Dmt D-Lys Tyr Lys NH;
2'6'Dmt D-Lys Tyr Oorn NH;
2'6'Dmt D-Lys Tyr Dab NH,
2'6'Dmt D-Lys Tyr Dap NH,
2'6'Dmt D-Lys 2'8'Dmt Lys NH;
2'6'Dmt D-Lys 2'6'Dmt Om NH,
26’'Dmt D-Lys 2'6'Dmt Dab NH;
2'6'Dmt D-Lys 2'6'Dmt Dap NH;
2'6'Dmt D-Arg Phe dnsDap NH;
2'6'Dmt D-Arg Phe atnDap NH;
3'5'Dmt D-Lys 35'Dmt Lys NH,
3'5'Dmt D-Lys 3'5'Dmt Om NH;
3'5'Dmt D-Lys 35'Dmt Dab NH;
3'5'Dmt D-Lys 3'5'Dmt Dap NH,
Tyr D-Lys Phe Arg NH,;
Tyr D-Orn Phe Arg NH,

19



Tyr DO n Phe Arg NH2 19 Tyr D-Dab Phe Arg NH2 Tyr
D-Dap Phe Arg NH2 2'6'Dnt D-Arg Phe Arg NH2 2'6' Dt
D-Lys Phe Arg NH2 2'6'Dnt D-Orn Phe Arg NH2 2'6' Dm
D-Dab Phe Arg NH2 3'5 ' Dnt D-Dap Phe Arg NH2 3'5' Dt
D-Arg Phe Arg NH2 3'5 Dnt D-Lys Phe Arg NH2 3'5' Dt
D-On Phe Arg NH2 Tyr D-Lys Tyr Arg NH2° Tyr D-Qn

Tyr Arg NH2 Tyr DDab Tyr Arg NH2 Tyr D-Dap Tyr Arg

NH2 2' "Dt Arg NH2 2'6'Dnt D Lys
m E? N B Dot D-OP%26Dm Arg NH2 g
2‘6’Dm? 6 b 2'6' Arg N g 93 5 Dnt D-Dap 3'5' Dt NH,
26 omi g NHA T 5 D ﬁrg 35 Arg N2 3'5' Dt D-Lys NH,
Ze0nty. 5 g&g "8 Dt D-OLff 3'5' Dt Arg NH2 Mt N
2epmD- AT g % ys N "Wt D-Arg,Bhe On NH2 Mt D-Arg N
sepmPhe Da Mt BArg Phe D4f N2 Tnt D-Arg Phe Lys NI
yeomNH2 TR AR Arg Pheph§>rn N2 NH,
3'5'Dmt D-Lys Phe Arg NH;
3'5'Dmt D-Om Phe Arg NH,
Tyr D-Lys Tyr Arg NH,
Tyr D-Ormn Tyr Arg NH.
Tyr D-Dab Tyr Arg NH,
Tyr D-Dap Tyr Arg NH,
2'6'Dmt D-Arg 2'6'Dmt Arg NH,
2'6'Dmt D-Lys 2'6’Dmt Arg NH,
2'6'Dmt D-Om 2'6’'Dmt Arg NH;
2'6'Dmt D-Dab 2'6'Dmt Arg NH,
3'5'Dmt D-Dap 3'5Dmt Arg NH,
3'5'Dmt D-Arg 3'5°Dmt Arg NH,
3'5'Dmt D-Lys 35Dmt Arg NH;
35'Dmt D-Orn 3'5Dmt Arg NH;
Mmt D-Arg Phe Lys NH,
Mmt D-Arg Phe orn NH;
Mmt D-Arg Phe Dab NH,
Mmt D-Arg Phe Dap NH;
Tmt D-Arg Phe Lys NH.
Tt D-Arg Phe Ormn NH;
Tmt D-Arg Phe Dab NH,
Tt D-Arg Phe Dap NH;
Hmt D-Arg Phe Lys NH;
Hmt D-Arg Phe Orn NH.
Hmt D-Arg Phe Dab NH
Hmt D-Arg Phe Dap NH,
Mmt D-Lys Pha Lys NH;
Mmt D-Lys Phe Orn NH;
Mmt D-Lys Phe Dab NH;
Mmt D-Lys Phe Dap NH,
Mmt D-Lys Phe Arg NH
Tmt D-Lys Phe Lys NH,
Tmt D-Lys Phe orn NH.
Tmt D-Lys Phe Dab NH_
Tmt D-Lys Phe Pap NH
Tmt D-Lys Phe Arg NH.
Hmt D-Lys Phe Lys NH.
Hmt D-Lys Phe Orn NH,
Hmt D-Lys Phe Dab NH»
Hmt D-Lys Phe Dap NH.
Hmt D-Lys Phe Arg NH,
Mmt D-Lys Phe Arg NH,
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Mmt
Mmt
Mmt
Mmt
Tmt
Tmi
Tmt
Tmt
Tmt
Hmt
Hmt
Hmt
Hmt
Hmt

10

Tnt D-Arg Phe Dab NH2

D- Arg Phe Lys
Phe Dab NH2

NH2  Hnt
Hht D Arg

NH2 Mt D-Lys Phe On
D-Lys Phe Dap NH2 Mt

Phe Lys NH2

Tm D Lys

NH2 Tnt D-Lys Phe Dap

D-Lys FEp Lys

Fhis gh;;‘“

NH2 : Lys Phegnérg
Mit D- iR Phe Ar g phE2
D-Arg Fhe Arg NH2 ppdnt
Phe Arg,. Tt In,bab
D-Dab Phe
D-Dap Phe
D-Arg Phe
D-Lys Phe
D-Om Phe
D-Dab Phe
D-Dap Phe
D-Arg Phe

Dab = diaminobutyric

Dap = diaminopropionic acid

Dmt = dimethyltyrosine

Mmt = 2'-methyltyrosine

Tmt =N, 2',6'-trimethyltyrosine

Hmt = 2'-hydroxy,6'-methyltyrosine

dnsDap = B-dansyl-L-o,3-diaminopropionic acid

atnDap = (3-anthraniloyl-L-a,3-diaminopropionic acid

Bio = biotin

Amino Acid
Position 1
D-Arg
D-Arg
D-Arg
D-Arg
D-Arg
D-Arg
Phe

Phe

Phe

Phe

Phe

Phe

Phe

Amino Acid
Position 2
Dmt

Dmt

Phe

Phe

Lys

Lys

Lys

Lys

D-Arg
D-Arg
D-Arg
Dmt

Dmt

Tnt D-Arg Phe Dap NH2 Hnt
D-Arg Phe On NH2 Hmt D Arg
Phe Dap NH2 Mm D-Lys Phe Lys
NH2 Mt D-Lys Phe Dab NH2 Mt
D-Lys Phe Arg NH2 Tnt D-Lys
Phe On NH2 Tnt D-Lys Phe Dab
NH2 Tnt D-Lys Phe Arg NH2 Hm
D- LysAPhe On NH2 Hmt D-Lys
Phe NH2 Hnt D-Lys Phe Arg
NH2 Mt D-On Phe Arg NH2
Mt D ap Phe Arg NH2 Mt
D-Lys sfhe Arg NH2 Tt D-Orn
Phe AnRd NH2
Arg
Arg
Arg
Arg
Arg
Arg
Arg
Arg
TABLE 2
Amino Acid Amino Acid C-Terminal
Paosition 3 Position 4 Modification
Lys Phe NH,
Phe Lys NH;
Lys Dmt NH;
Dmt Lys NH.
Dmt Phe NH.
Phe Dmt NH.
Dmt D-Arg NH;
D-Arg Dmt NH,
Dmt Lys NH.
Lys Dmt NH;
Phe Lys NH;
D-Arg Lys NH;
Lys D-Arg NH,
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10

Tnt D-Dap Phe Arg NH2 Tnt D-Arg Phe Arg NH2 Hnt
D-Lys Phe Arg NH2 Hnt D-Om Phe Arg NH2 Hnt D Dab Phe
Arg NH2 Hnt D-Dap Phe Arg NH2 Hnt D-Arg Phe Arg NH2
Dab = di am nobutyric Dap = di am nopropionic acid Dm
= dinethyltyrosine 5 Mt = 2'-nethyltyrosine Tnt = N,
2',6'-trimethyltyrosine Hm =

-hydroxy, 6' - net hyl tyrosi ne dnsDap =
(3-da I-La( i am nopropi oni c a at nDa
(3- anp'ﬁf ani | oyl 3F’ga (3-di I:S)Rrﬁ’opropl %nﬁ acid Bio =

bi ot i = ABLE 2 eno Aci d no Aci no Acig,"Anmi no
. y . 2

Aci d erm nal 03| tion Bosi ti orbﬁrgPo& ti 3
Posi t i 514l\/bd|f t|on Eg‘ Phe N DArg
Dt Ph_ Lys NH2D gArg Phey ys Dnt N‘ﬂ% DArg,\mw Dt
Lys NHiZaD- Arg Ly Dnt Phqj D- Arggelys Phe ,@qt NH2
Phe LySaQm D ArgNH2  Phep ks D- Ar ot NH2 e
D-Arg Lys NHE,¢ Phe D- A5.@rglys Dty NH2 Phe Ny, Ar g
Phe LysafH2 Dmt D-Arg Trp NH,

Trp D-Arg Phe Lys NH

Trp D-Arg Tyr Lys NH»

Trp D-Arg Trp Lys NH2

Trp D-Arg Dmt Lys NH.

D-Arg Trp Lys Phe NH,

D-Arg Trp Phe Lys NH,

D-Arg Trp Lys Dmt NH,

D-Arg Trp Dmt Lys NH,

D-Arg Lys Trp Phe NH:

D-Arg Lys Trp Dmt NH;

Cha D-Arg Phe Lys NH;

Ala D-Arg Phe Lys NH,

Cha = cyclohexyl

The amino acids of the peptides shown in Tables 1 and 2 may be in either the L-

or the D- configuration.

Further cationic peptides can be found in U.S. Provisional Application No.
60/444,777 filed February 4, 2003, which is hereby incorporated by reference.

Molecules

The molecule can be a biological molecule or a small molecule. Preferably, the
biological molecule or small molecule is a pharmaceutically active molecule. A
pharmaceutically active molecule as used herein, is any molecule which exerts a

beneficial effect in vivo.

A biological molecule is any molecule which contains a nucleic acid or amino
acid sequence and has a molecular weight greater than 450. Such nucleic acid and amino
acid sequences are referred to herein as “polynucleotides” and “polyamino acids,”

respectively.
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Phe Dnt D-Arg Lys NH2 Phe Dnt Lys D-Arg NH2 21 Lys
Phe D-Arg Dt NHZ Lys Phe Dmt D-Arg NHZ Lys Dnt
D-Arg Phe NHZ Lys Dnt Phe D-Arg NHZ Lys D Arg Phe
Dint NI-12 Lys DArg Dt Phe NHZ D Arg Dnt D-Arg Phe
NHZ D-Arg Dt D-Arg Dnt NHZ D-Arg Dnt D-Arg Tyr NHZ
D-Arg Dt D-Arg Trp NHZ Trp D-Arg Phe Lys NHZ Trp
D-Arg Tyr Lys NHZ Trp D-Arg Trp Lys NHZ Trp D-Arg

Dnt Lys,NHZ, D Arg Trp .Lys, Ph D- T Phe L
N Rl el s fcarhSymisglges, o dihut [ 4giB, M6
%lﬂr@ingﬁsidg;rsnc}i’i@eﬂﬁiﬂes, ﬁblﬁb@tiﬂ?}@ arld grotetis. IElé]ZmpIBh af biological
r .Lys NHZ Al a Ar g Phe s NHZ a =
W@F%ﬁ%&’ 1chwﬂr?ep*&ml?r&u%a?lé@s & mﬂgé%@ﬂpgms BARSIARS <8
J%ern_%%iﬁl, gﬁﬁﬁh%ng??ﬁro@&nd @ .LiifRAErohd)ehdrmofEs (e/p€ Haman growth
configuration. Further cationic peptides can be found
hormon®, etrymes $¢.gnatgalioivisidess), antibddies (eF., @0ty agFinst beta-

%%)gflsgir grflgc:l}gcarrl Ye ﬁéedztg (t)r%at Mquellssdis%gsre ,%w'*o?r%;%ig %{'o%tﬁ ?actors
(e.g., nerve growth factor NGF, brain-derived neutrophic factor BDNF), cytokines (e.g.,
platelet-derived growth factor PDGF, vascular endothelial cell growth factor VEGF), and

oligonucleotides.

The oligonucleotides may comprise any sequence of nucleotides, such as DNA or
RNA. The DNA and RNA sequences can be single or double-stranded. For example,
DNA encoding a protein that is beneficial in assisting survival of a cell during siress can
be conjugated to the peptides of the invention. Examples of such proteins include the

heat shock proteins (e.g., hsp60, hsp70, etc.).

Examples of single-stranded RNA molecules include ribozymes, RNA decoys,
external guide sequences for ribozymes, antisense RNAs and mRNAs. For a review of
these single-stranded RNA molecules, see Sullenger et al. (Nature 2002, 418:252-247).
The description of these single-stranded RNA molecules, and the description of illnesses
and diseases which can be treated with ribozymes, RNA decoys, external guide
sequences for ribozymes, antisense RNAs and mRNAs molecules disclosed in Sullenger

are hereby incorporated by reference.

An example of double stranded RNA is an RNA interfering molecule (i.e., RNAi
such as, for example, siRNA (i.e., small interfering RNA)). The siRNA can be any

known to those in the art.

The siRNA can be, for instance, sufficiently complementary to a mRNA to inhibit
translation of a protein implicated in a disease, condition or illness. Examples of such
proteins include, for instance, 3-amyloid which is implicated in Alzheimer’s disease and

the protein ras which is implicated in cancer.
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Mol ecul es The nol ecul e can be a biol ogi cal nol ecule or
a small nolecule. Preferably, the biological nolecule
or small nolecule is a pharnaceutically active

nol ecul e. A pharmaceutically active nol ecul e as used
herein, is any nol ecul e which exerts a 10 benefi ci al
effect in vivo. A biological nolecule is any nol ecul e
whi ch contains a nucleic acid or anino acid sequence

o) oRBerafiahg fiy S ATat bk, f SRl siBRisnd? porriiEPgppap o an

RERgiIrddwsd bpahymscTRoORNdgsodiwed by ml ﬁmmbam;dsNA which is
respecti vel 22 Blol%glcal nnlecules i ncl ude

W%M&?O@aﬁ¥ &rgnfeﬁwq dehosietlesvizglafdhe YRy, aﬂ&mryatmaﬁ%}wn of
e 'vﬂﬁs %ﬁbl&%f REG] Rﬁ?ﬁnclﬁ@é MP&HJI iRdGsomR Tt 'SP SRNA-dependent

Exanpl es of biological nolecules which are
phanerasscinitiagan bijesawnd RISAieneddinizvies doplonspsotpiapt ik sucleases,

pressin, glutathione), proteins (e.qg.,
"i(n(nat‘grra grog%%}% hor nones (e.g., human growth 5 hornone),

enzynes (e.g., a-gal actosidase), antibodies (e.g.,
ant i bﬁchmyﬂ@saifwﬁusdsémﬂudwfqrIemﬁrﬂplevﬁdpaﬂiﬁsaémskmchls&ahbpatitisA B,

B ST SRS ERERR U SR GOt 2ok fan
tdnépphhg factor BDNF), cytokines (e.g.,

pI atel et-derived growh factor PDG-, vascul ar
endot hel i al cell %rommh factor VEGF)
€

ol i gohRNPeHhich taseet yrusRNAS g teéleqsgggthﬁﬁv Eonprerele.
%A%%ﬁ{‘ﬁ?ge% dﬂHﬁi €Qhid Rms%@iano% NosRin tHRM, scEindall et

ences can be single or
doﬂﬁﬂéigpﬁéﬁ@é352¢%r exanpl e, DNA encoding a protein
that is beneficial in assisting survival of a cel

dur | b5 Te 6@ be DanAPRPHIRkCIrk ridi RS B8 i

t he i nvention. such proteins itnclu
tveaiousds) otgapombtallias:o@ogads, fallp ﬁﬂorghmpiﬂl oxgammetalma compounds,

Exanpl f | e- st | |
BB Se T Gpeand PRy ST PIELish A B et petude
mbRed¥§BSs walll oaRAsEe BNASsRIEEdBRNGS cal Medleclds Sasceny tdir

these si ngl e-stranded. RNA nol ecul es, see Sul |l enger. et

mplecylnpyeight ip potereaarghas4a0y 4iws, smpHaneleaiss Y ReliRids,
Bc}glgfccﬁéuﬂ&g eo‘l%ﬁafnf']#ﬂ@éj afbYi gﬁ%ﬁcﬁ§  anf Rikid Jb?lvatlves having a

ription o nesses di seases whi ch can be
okatledweightofrdSbozleses, RNA decoys, external guide 20
sequences for ribozynmes, antisense RNAs and nRNAs

ol ecl liseénpqliag’l%cpf?lgtdsnilarﬂ é&leéﬁ&gc% have any molecular weight. They are
merely called small molecules because they do not qualify as biological molecules, and
typically have molecular weights less than 450. Small molecules include compounds that
are found in nature as well as synthetic compounds. Examples of small molecules which
are pharmaceutically active include antibiotics (e.g., tetracycline, penicillin,
erythromycin), cytotoxic agents (e.g., doxorubicin, adriamycin), and antioxidants (e.g.,

vitamin E, vitamin C, beta carotene).

Carrier Complexes
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are hereby incorporated by reference. An exanple of
doubl e stranded RNA is an RNA interfering nol ecul e
(i.e., RNAI  such as, for exanple, siRNA (i.e., snall
interfering RNA)). The si RNA can be any known to
those in the art. 25 The si RNA can be, for instance,
sufficiently conplenentary to a nRNA to inhibit
translation of a protein irrplicated in a disease,

el L e ncleP G 3 oFARY xR ol o B0 b spiowc
poptide ahddsomisedaboig emexaartd foﬁd@cmatoanmldxasrhmmﬂébuil&nd

[ Ilcatedlncncer |ternatjvely, the siRNA c
BamefigFateRisAsPEG ;G Wmﬁa 1S8R Ay Suitable

PAL G YioRs muh% chefhlSal BORI A USR] 'BMncIsh Chéida$ bR
be any RNA whi generally réquired for infection

fslude Hesexagply, coww bouls apd cwrémeierhqus eHiWﬁl@al bonds include, for

e
RbERAARrBftatont, ol Brapd iR Wty Waalfiichs Mebuortanic
mtdrgumenaﬁydnophﬁbuatrimm'mht a&l,aramdtld:@tuhkmg:odl ng viral
envel ope proteins, viral nucleases, and viral

r ot e iruse for.e le, .
Repat 114975 P G008 e peateen ERaoe FesAnS rornis s GO i
ﬂyﬁmallmj’)dﬁfehﬁd &) €t exhmple, fubPidml gm avéila818 on the molecule and

yt omegal ovi rusg, .and human oma virus. 10 si RNA

fmﬂma SPhRs avgil @hl%omam&sarwwgmc peplidose in the art.
For exanple, siRNAs which target hepatitis C virus

RNAS 1y dnBawal bondtds ¢l bARE aFilctioR d%@%&hénﬁl ul
al . PNAr\S 2003, 100: 2%2?32140 Th g m;:I gcu ['e can eoute

wheplly srspeiates with sifenctions) Igewipl aashe Aromatie c@,@me@udﬂ.
a n%mo rg Ne n@%ﬁpﬁ?&@l ‘l‘fotﬁ% gx%%%kf E&?dmcg@elghﬁ% Qgsoﬁﬁtg%hﬁ a

ﬁmi:timlahgndppn &mdncﬁiamﬂeotl des. Small nol ecul es can
further incI ude nol ecul es that woul d ot herwi se be

consi bi o] ogi cal exce

ol e TBGAngh 790 S P Pl g RERRE AR mertide g
axedciael Hﬁ‘éctmi)Fob Exdmpile, dsunct@hal ergaral ﬂ&ﬁ%dryl group) on a

ol i gopepti des, and ol i gonucl eotides, and t
laekeg‘»e)swwgom{m gfwaple%a%@ e ifydryk graey) agran aromatic

éaggﬁmpgﬂldet 'f%rf?@ﬁ@l?iﬂ@ed that small nol ecul es can

have any no ar weight. They are nerely called
smal | nol ecul es because they do not qualify as
bi ol otiteraativigly, dwiecsionalgioups can associate through a cross-linking agent

(i.e., linker). Some examples of cross-linking agents are described below. The cross-

linker can be attached to either the molecule or the aromatic cationic peptide.

The linker may and may not affect the number of net charges of the aromatic
cationic peptide. Typically, the linker will not contribute to the net charge of the
aromatic cationic peptide. Each amino group, if any, present in the linker will contribute
to the net positive charge of the aromatic cationic peptide. Each carboxyl group, if any,
present in the linker will contribute to the net negative charge of the aromatic cationic

peptide.
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typi cally have nol ecul ar wei ghts | ess than 450. Smal |
nmol ecul es i nclude conpounds that are found in nature
as well as synthetic conpounds. Exanples of snall

nol ecul es which are pharmaceutically active include

antibiotics (e.g., tetracycline, penicillin, 25
eryt hronycin), cytotoxic agents (e.g., doxorubicin,
adri anycin), and antioxidants (e.g., vitamn E

vVita rotene I. X :
' enor TBEmRF ol mpReQe BolomiBL G Bhic AR P e Sl pomplex s
himgedbptheicagacitqiof melpeptlmptacabenmsda&emultiipmedolam@seor the capacity

associate to forma, carrje The | ecul e ,and
SR olectleds PesarEn el mLPle DU PEEUTINF, S0° HEEFBGe may
Kin@AInd EaphBiRSEY th@p éﬁ‘i@e & docomtloliABleSpeciatp B2 gOMolecules.

associ ations i ncl chem cal bonds and physi cal
Bbeiastivebh sterie Aindsenes may hindenthie capaeity efdherploleculedy av@mmodate

PR 103808\ B o B PSSR e conom

wepideler Waal forces, el ectrost atic interactions,

hydr ophobi c interacti ons and aromati c stacking. The

type f as g A bet ween tthe .m! ecul. 83,8 d ar omact)m ex is
cati ontc"Pe 5"p°{ molecplgy prafping ‘%%%‘8?1’&?38% S P e SRIRDFETP
AlsLinited By tHerAH{ber @Mﬁhétﬁhhlegr@dipstﬂﬂ&eﬂﬁﬂrﬁﬁel beheRnktbr eiﬁnple the

functional, grqups avail abl e on_the aro &ﬂ’a&‘l oni IC)
PapmugRnumker of molgeres assopiaicd vith 4ppplife depen g number of
ﬁﬁ&@&&ﬂapg@h Ohrettih Gt ﬁa%' %Qmﬁtwﬁ}éfﬂh@ HaxYméA HeMbaL &S
wth a 18 onal gro on the aro c cationic
mlﬂcajassocmbd @ith atma)eduye degefdsrant thonahbagiob fmctenal Beoups present

ﬁ_lnantlé g?atl oni ¢ peptide associates with a

& 3?1 group on the nolecule. 15 The functi onal

groups on the nol ecul e and aromatic cationic peptide
can hssweirdbdintkint, el dayrierfompiexanpipeisesat taastone ordécule, and

rou e.g.,.a sulfhydryl u on a nolecule ¢
el Fesis b Bolesits s B o eRigRep e, A
12: 50 IQflge 9Bﬁatﬁie<{6fgt efght, @éﬁtdrﬁﬂb gciBeiibsiBh) Rnfading several (e.g., 3,
di sul Al ternatively, the functional oups can
é,s%@fdn@ﬁe)sﬂmnw@baroapwa@&@aﬁsqumdgmﬂgwml 8»@ f4e5 or more)
1&1‘0%&1%%)' Sonme exanpl es of cross-1inking agents are
escribed below. The cross- linker can be attached to
either the nolecule or the aromatic cationic peptide.
The | Inrdvethenrepbedinentathesatricaédraplex cérapringabideass pnsarpmatic-

FA RSl AR B B0 PR ool kbt v

trbtbcule. For example, a molecule containing several functional groups (e.g., 3,4, 5 or

more) can be associated with several (e.g., 3, 4, or 5 or more) peptides.

In yet another embodiment, the carrier complex comprises one aromatic-cationic

peptide associated to one molecule.

In one embodiment, a carrier complex comprises at least one molecule chemically
bonded (e.g., conjugated) to at least one aromatic cationic peptide. The molecule can be
chemically bonded to an aromatic cationic peptide by any method known to those in the

art. For example, a functional group on the molecule may be directly attached to a
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aromatic cationic peptide. Each am no group, if any,
present in the linker will contribute 25 to the net
positive charge of the aromatic cationic peptide. Each
carboxyl group, if any, present in the |inker wl]l
contribute to the net negative charge of the aromatic
cationic peptide. 25 The nunber of nol ecul es or
aromatic cati oni C peptides in the carrier conplex is

t by th f. t h tide._t .
toafongl e b s BREC Qigic bRy Sonfxi RRBE S TRRNE gtional
goasncidad, efoﬂathpw, anﬁﬁpéarbtﬁ@l shidiydeydanplednids ieddyanate,

hi nder the capacity of the peptide to

hi ndr ance
igpth Wéﬁagﬁé’éfﬂ@é%l ly large nol ecules. 5
Alternatively, steric hinderance may hi nder the

cap aCI‘l{eMn@lEcdlé‘ﬁla?Hi s§ ‘BH |cﬁerﬁ1931®%ﬂ€@9ﬁh@ arothati€ EﬁldnYLeﬁeY)ude by

Iarge ( seven, , hi'ne or ten amno acids in

mgmytdﬁ)crm Bnking egants, s |a@ dighdebydesecariudsinrdesodimalgimides, and the
l{;’ige. %,?rg eh?’nk%gd?%egg%aﬁ %{)Ic %‘a@i‘éf ﬁe [‘n’ﬁg ?r%g'f IQF Q%l&gc[h&lkﬁgy, Inc.,

ex i1's olrm ncti ona
gumﬁqnﬂ Jir. eBerRiero Bidiechadlbgy,. Inéfowdﬁmwmlﬂm URhe 10

S O R B R PRI -gp b R S for -

213%5@8@044@%@ ﬁ‘me%gléwlﬁ)ley Acfdhﬁmﬁl&%bdgll t 1ﬂélude the
pepti des associ at ed a nol ecul e depen

Plawen crops-finking pgantd deg?fdaﬁésn bre Patent N@9n 5t5|8@ 9%4 5e9§§| %6; and
er at

12205 SR w908 FLV S AR EREL i oL

nmol ecul es, associated with an aromati c-cationic

pe pt i Tee fuctiomel goup e thelnaolgmilqapy beldiffeseng fromehgfuncti¢rahgroup

g Beidsn s SYRHE s gt BV i PreenC e e T pych o n
ﬁ%XI%Etékldﬂs% odin 53 andlor P-4 tﬁﬁ@l’ ﬁbdlﬁg@w bRBRNWv1R0BREAEtides,
nmbodi nent, the carrier conplex co §es at | east one

@w oredecule 20 bcatqsaﬁnlsecm the pRptidenses. dDartdPAIIDA dhrough the 4-
EIV\QIO%{E(?uéma()tf |l_.%suw iy os'i]rltggthg ERkd ﬁ@%reﬁ %gé%ﬁ?ﬂ(jeé' va tsﬁcc@mn]del 4-(N-

al ni ng ’sever a
ﬁwl&ﬁmﬁomihygqsmmh xa(r&r Qlcarl()&yldte) fgorﬂ) Pier¢aBiejechmuiogyq(see Example
ciate th sever e.d., 3, or rQore
BRBPuELT anctherer e e ¢ @it ot f 1ok of DAL pi be
_ b i
RN AT (o PR P ot 2% S0 By RRN dIPNA
digoniigeotisieryyl isingdbaprosstieking reagentHDG fies.rtdl Bedimethylaminopropyl-

ﬁhgt{{%d%éarlbloi\{nﬁde]) from Pierce Biotechnology (see Example 13 below).

Alternatively, the functional group on the molecule and peptide can be the same.
Homobifunctional cross-linkers are typically used to cross-link identical functional
groups. Examples of homobifunctional cross-linkers include EGS (i.e., ethylene glycol
bis[succinimidylsuccinate]), DSS (i.e., disuccinimidyl] suberate), DMA (i.e., dimethyl
adipimidate«2 HCI), DTSSP (i.e., 3,3 -dithiobis[sulfosuccinimidylpropionate])), DPDPB
(i.e., 1,4-di-[3"~(2"-pyridyldithio)-propionamido]butane), and BMH (i.e., bis-
maleimidohexane). Such homobifunctional cross-linkers are also available from Pierce

Biotechnology, Inc.
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bonded (e.g., conjugated) to at |east one aromatic
cationic peptide. The nolecule can be chemcally

bonded to an aromatic cationic peptide by any nethod
known to those in the art. For exanple, a functional
group on the nolecule may be directly attached to a 26
functional group on the aromatic cationic peptide.

Some exanpl es of suitable functional groups include,

for I C I :

| socy s Fufealfy U LIS and3h poplts e ML Brites, and
crrass -lalkepare ey bedlyimiabd ;Ogbtchml €Thetoaddr o admmsmbﬂ the amldcoles,C

tlde 5 ans of cross- |nk|n ents such as .
tre A ERepBaNoE ORI ok T ABE PEri ST g Mived with
ihb %ﬁ)ss-ﬁﬁﬁ’e?sf‘olllbﬂgd DY aRBESH Sf tRéholekbfle. %@Hﬁh@ely,bcﬁe molecule can be
obtai ned from Pi erce Biotechnol ogy, In Rockf ord,

mixed Prith the eroselinkest feiowes ygdditionof ﬂmnﬁpé\ﬂ@ eOptimplie thor_

Rt Y P B B0 RO IR S e Ty Sl

assi stance. Additional cross-1linking agent i ncI ude the
10 pl Bhe dhemiaily bendddroaitieg camplekes @hsmthbmlemeuosa cell- In some

TSI TR S .

dohipeptidhs - Fof Barhpla,af ihe ﬁ&imﬂfc%d@orﬁdﬂpéﬂuﬂe doésamy bckthe

be different fromthefunctlonth rﬁ-ﬁ
HYHCRite gt dhe raQlamii.dhen qleayage pithg dolpeuly femp hegrqsmaticgationic

tlﬁE‘?sr{HPhé‘c%QaﬁmsééJEJaa e Dpeidngal act 03' dase or in.5" -
and/ or 3'-end nmodi fi ed and RNA

oI i gonucl eotides, 15t he nol ecul e can be cross-|inked .
to thia qksstinstancess itqnay ferheneiaipaleatehe moteculediom the aromatic

S S
: eagerﬁ%%caq%i&%’ﬁlﬁgﬁ ?%:’eréésBLB% HBZ %}f RS adscRtddWove can also
prelele absdoamet iy brjccskilledhe teeraet 1hchmshrg<spitahle):roﬁs—blﬂt@$ which can be

R b s o 8 bR o

e RtdmRicedrichié tid?é Esaaxa eSofhesabiatiakgs Qﬂmdal‘SMF‘IB(l.e., 4-
5'-end of an R 0 ol.igonucl eotide by u

@q@@ngmég@p(ywbqqgl fr@g'gré-ﬁt Z-Bgmdxl 1tl@o]toluene) Sulfo-LC- SPD% (i.e.,

Kb e B e G 1 bebeer.

#\ict:mrmdyl &'-(93 f/Z-pyIitbfldiﬂritdt]jropiahang'dolhpxmawh SulfiwlL.eSHDE (i.e.,

BRSPS 6758 T o BRI Sp o G,

hdemirhids] 3-{21pelid adiedio]- o Pl REmidbX AR 28, ﬂfd ABDBWi.4., 3-[(2-
i nctional cross-li nkers I nclude EGS (i.e., et hyI ene
gnipeethyhdithie lpropienis #id iyl succi nat e]) DSS (i.e.,

di succi ni m dyl suberate), DMA (i.e., dinethyl

adi pi @ Maiheletifiolimente osHrriéd oo é)lex compnses at least one molecule

3,3' -dithiobis[sul fosucci nim propi onate])), DPDPB
physwally bonded with at least one aromatic catlomc peptlde Any method known to

those in the art can be employed to physically bond the molecules with the aromatic

cationic peptides.

For example, the aromatic cationic peptides and molecules can be mixed together

by any method known to those in the art. The order of mixing is not important, For

instance, molecules can be physically mixed with modified or unmodified aromatic
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(i.e.,

1,4-di-[3" -(2" -pyridyldithio)-propi onam do] but ane) ,

and BWVH (i.e., bis- malein dohexane). Such

honobi functi onal cross-linkers are also avail able from
Pierce Biotechnology, Inc. 27 To chem cally bond the
nol ecul es and the peptides, the nol ecul es, peptides,
and cross-linker are typically m xed together. The

order of .addition gf .the | ecul .e ept.i des :
GHEE pPpiRE Yo Frsfhog 3T 084 e grl Bl fyel Bt moditied o
nepddifilal aamatiecarionizpepiiddd catt bepleysizaly hiixddexith fhe imodevatks by

by adgi[{e' on of the,nﬁ)léecul e. Alternatively, the

¥y raethe t9dheseip 8@y th t he cross-1inker,

foll owed by addition of the peptide. Optinmally, the

Mol equyr@garBMe, thd SroRREE ARSI AHtidtsad mdledul @Was bbylaced in a

addi tion_of the cross-linker. The chem cally bonded |
eomtaines an¢ agipitesh by forexpmple, shakingthecqoniaingr.ite mix ghe qromatie-
- nol ecul e functions in the cell
%%?ﬁ‘&?'te&%‘lee?%gﬁ"‘e%g%% fromthe aromatic cationic
peptide. For exanple, if the aromatic cationic peptide
does Huastarpinatékeatinnic poptides aaybé modified by ny methed kaewn to those in
h | eavage af th | I ] )
3 S ERRR, st s BabldB P 8 AU bifmgaps of cross
ki g gentsior dlifeeiondl REdudECR gescribedrabovbe Thelisidr aaglant may not
cl.eaye the no|lecule fr the aromatic catiqnic i
G551 G SUTPRLOASh SR 5%8 oG hersh O als (B BRIE EARIGIeo gy Picpib the linker

APt cBRALARAY BieGRNHLERf thY Q¥ &3RhRIRPER. KhcRBfino group,
skilled in the art 1 n choosing suitable cross-Ilinkers

iflaine tpresant inshellnker eanirdbittdsyto theoret paatins harge 9 {eeasomnatic cationic

A Ehe RN ST L e PEUERUMBL O nbliBgaive
tHafdeasfshé aromadecdbvhit eptide., 4- :
succi ni m dyl oxycar bonyl - met hyl -a-[ 2-pyri dyl dithio]tolu

o R Ry TR AR D st pE RS Bl gmino group of

g%@B sibk 1€ oross kgt dieBy$MCC (i.e., succinimidyl 4-(N-
-(3-]2-pyridyl dithi (%;pr opi.onam dﬁ) hexanoat ec? ,
@alef@me@c@bw%heé@r&e- earbRA R B Riegsecfpiotechndlogy (see Example

?(IJ ﬁgé&fﬁpé/fdrﬁyd Qi gg{npfé&,oﬂﬂb AN QAU ARAROQBEL peptitles usually

succinim
®ringd fiyst aatl/theik ikl wigh bpimmieowiedohexanoat e), and AEDP
(i.e., 3-[(2- amnoethyl)dithio]propionic acidHCl). In

anot h ' 0 [ [
P00 AR A AN BRI bR BBl moleul
fmeti@sdonakcell withbutahe need dmt rentevindmay aromtatio datoroepeptide, siéh as

hose i.n the art, can be enpl oyed o | i cal bond ..
RSP i Bl i i s romsstas chanBalborid to homatic
cationic peptide. Furthermore, if the aromatic cationic peptide does not block the

catalytic site of the molecule, then dissociation of the complex is also not necessary (sec

Example 12 below).

Synthesis of the Aromatic Cationic Peptides
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For exanple, the aromatic cationic peptides and

nmol ecul es can be m xed together by any method known
to those in the art. The order of mxing is not
important. For instance, nolecul es can be physically
m xed with nodified or unnodified aromatic 28 cationic
pepti des by any nethod known to those in the art.

Al ternatively, the nodified or unnndified aromatic

catl tid C m.xed.with 1h .

ol eclieReBRgRs F5H R BRS¢ predenl cifEftioH ol b hemicalty
§othested'Py gny dffike @emﬁm weH RidviiDini the PEPShithEe raetods for
nnlecules can be ced in a

SYihesizwg theprofest mé PrfPeCXaghlfc #wég dese e Q?S{Ryaé}H@T‘ and Young in
T oXidPRGs AP pHAL anthééﬁt L ﬂH&bﬁd P&RbA Cf‘?&c@@ﬁerﬂfeh]e@dﬁlﬁa%y (16%2), and

aromat| c catlonic peptides can by
mg1Shbid PhaseBeptide $ymdhesisi”Methods %WnOFéLu M@ﬂmmePreQSh@c, New
rﬁﬁgbgﬁ cationic peptide may be nodified by neans of
i nki ng agents or functional groups, as
descri bed above. The linker may and may not 10 affect
Mudesiofthémini§trigsn char ges of the aronmatic cationic
peptide. Typically, the Iinker wll not contribute to

;Irﬁn_e n gﬁngqng Eﬁlﬁaggﬁeﬁlaﬁ%emg?@g%%laﬁeﬁ%: aiqlggtllhpﬁ go&%tei iveting a mct)]ecule to
£ 04k rTHRUh&Bod ébnﬁ e @IntRRE8¢ hicvewihamg@edile idal&n&i@ﬁmd dationic
cationic pepti Each car boxyl grou if . an

papiidenthe ¢ellqsm be |Cﬂrv<té¢t6<étyﬁh ﬂiﬂdﬂ@@@ﬂ@ and ematiq C%@@‘Qtﬂei?‘éde by

APl e o Sk Bty i

mobmlln @n@ pouptio tatidnyspapidbin wigo.nkp areaspact ke nplekila gnd aromatic

S i.e. inimdyl 4-(N .
SRR et e plirin R S R bf Y sarit Pimmsy syopas hgsg earer
Eirpilecdidedceibyd ftsre, dondniing chébicllRy baded dppliydicallpbonded
carrier conpl ex, the nodified aromatic-cationic

@ebevle%andsafa@a% gajioniceR@dest i rst and then nixed with
the nol ecule. 20 One advantage of the physically
bondeg, #8thet ShbSRMBAENE Inetthod fbh@éhv%ﬁﬁ% iBloReUleqo a cell compnses
functions in a cell W t hout the need renovi ng
eandaeting hegll ivat accagegcoaplexs Jon rra%ewI% §@“@Eﬁdrtp éhe cell by
[
CAPRARE % coll WM 0pdrE: CRgRE S eI onld aRO Bbmaric
eatmmtpeptldmt'ﬂremeh cpepd catactkdesitinthe chiriecéortplex by any method
%ﬁ%%U§ c site of the nolecule, then dissociation of
ﬂ%‘? sginteah 5o not necessary (see 25 Exanple 12
bel ow). Synthesis of the Aromatic Cationic Peptides
For example, a cell can be incubated with the carrier complex in vitro. The cell

can be any cell. The cell can be of plant, animal, or bacterial origin. An example of a
plant cell includes Arabidopsis cells. Examples of bacterial cells include Saccharomyces
and Lactobacillus. Animal cells include mammalian cells, such as neuronal cells, renal
epithelial cells, kidney cells, vascular endothelial cells, glial cells, intestinal epithelial
cells and hepatocytes, An example of a vascular endothelial cell is a blood brain barrier

endothelial cell.
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29 The peptides useful in the nethods of the present

i nventi on maybe chemcally synthesized by any of the
met hods well known in the art. Suitable nethods for
synthesi zing the protein include, for exanple, those
descri bed by Stuart and Young in "Solid Phase Peptide
Synt hesi s, " Second Edition, Pierce Chem cal Cbnpany
(1984), and 5 in "Solid Phase Peptide Synthesis

Met ho Enz l,. 289, Academni c

(roo 75 RerifelF e R sP SR DR T Bl eipsuriimmel g An
effoceng araourt f atasiet onipleR phaerabl9rin 6 @harRtéutigalecomposition, may
nolecule to a cell. The pethod conpri se

|
dmipysieredo gonaampldn ane hrreat B ¢l 2w sh?fgwgkfsﬂm methods
RERihterpSHaRhdcetitAl Binpmgact ed with the nol ecul e

and aromatic cationic peptide by any nethod known to

those in the art., For exanple, a cell can be incubated
wi t h Thecarnigscenples maycbeadsnuistersd susteieplly prelpealiye Inane

&ﬁg‘; L )

éégl%c{dgrmﬂgtnthg Ia?l‘rlgls lerbfstﬁ il lsetﬁtt%ﬂ H?u"a@ﬁx%l.l?%'? m%g %:faénple, the carrier

canpléemay bcrpdmm;stsrerbha alapldl mrseeroas boles injection| Brefsably, however,
escr.i bed ri,sing chem ca bonded or

A R T AN R g v e O

peptides. In another enbodi nent, the nethod for

del i VEld dagried combplaed @ay be admialsterabionhid tigdtses afanhambhaligeally,

the cell with a carr npl ex, The nolecule is

H&b DY HHeSoR gitp Heuewiﬂcwre qogessible byrsrmge. cﬁ nexgmple, Hithe

Eidrl Bp R BBhGins GATRIh:3E g&nt ReicAB %Q:lé'c%h@é?é’d & tumor in a

aronatlc catlonlc peptl he cel can be cont act ed

wammat, peeferablyi de twoengk escesﬁyblatwlon@taﬂm@iﬂmimo_ﬁmht@mors

&Qﬁ}ag fhpextaﬁl 1 Eﬁlh 05% 1’ AS?C% Cel l can be : nCUbat ed
e ca ex 1Tn vi The cel | can be

any cell. The ceII can be of pl ant ani mal , or
bact eFlieadarrgaricginplex Am yeatsns! adnmﬁlstaredpalrdm tap&ially,l intrdnasally,

A ERhEPBR S ubC it TRl T rderr e prBodifiEt e

aiRIE HabaireialshritiorSFdarras co l’e@ Ry ieBlobBoredi M@ivhdh the carrier
epithelial cells, kidney ce vascul ar endot hel i al

@omlex is gelivaredamoss qsrlﬂfe’é)fiﬂh Fcteﬁ)wrr@hm cells and
hepat ocytes. An exanple of a vascular endothelial cell
IS a Omerdulsaf MbAlkhesn memqmﬁl:ére&mwuheulé@ or intrathecally.

Alternatively, the carrier conplex can be adm™ni stered
Ingacerehiavamticplptly tefays tomgsdministration into the ventricular system of the brain.

Intrathecally refers to administration into the space under the arachnoid membrane of the
brain or spinal cord. Thus intracerebroventricular or intrathecal administration may be
preferred for those diseases and conditions which affect the organs or tissues of the

central nervous system.

The carrier complex useful in the methods of the invention may be administered
to mammals by sustained release, as is known in the art. Sustained release administration
is a method of drug delivery to achieve a certain level of the drug over a particular period

of time. The level typically is measured by serum concentration.
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effective anount of a carrier conplex, preferably in a
phar maceuti cal conposition, may be admnistered to a
manmal in need thereof by any of a nunber of

wel | - known net hods for adm nistering pharmaceutica
conmpounds. 5 The carrier conplex may be adm ni stered
systemcally or locally. In one enbodinent, the
carrier conplex is adninistered i ntravenously. For

exanp t he car . | ex may be. ad. te [

©ap! AP oA SO0 (R B SLpRAGACDs SF bRy Sdrinistiafon of
e VEYIRf complBe EdH okl QHnEASHRIHeN, 1ic{i11cﬂ&rﬁoﬂtl$61ﬁﬁﬂéﬂloﬂ§rrﬁy be used.
constant rate intravenous infusion. The carrjer

%@n@w@mesmfomﬂﬁw Hickide tabvets, gelatin cansylegnills froghes, elixirs,
TR 3550 red e s o E RO ol S8 e vt
a:antabl&rphannqubmmabmnm (ms’mdebgrteablplent:asagﬁmtstonﬂibwlpré,cs'tionﬁrs in

ver er abl t he
B8 ally ErdhE ot Griers BT orcils iR P atcDi il e, fopa Bpes of
§lyTReRtin) 1a6tcLdRI, stfeﬁﬁc ﬁXdiBﬂlaﬁs theldol) ifiElodifg napeshingasdalcium
cancer. The carrier npl ex may. al so be adm ni st ered

weasntestalc; vagetehle fots of mlsfagwaéavd wco %5 intranuscul arly,

subcut aneously, or transdernmally. In a preferred

enbodkrRitemict frﬁ@é&@&ﬁ%nﬂ?&ﬂﬂrﬂhﬁﬁtﬁ@éa’l qa%l@aﬁ in@hdds &l

conplex is by iontophoresis, e carrier

sbaRRseus, T drahsdgana @dawmlwgonﬁengwwpmwf the cerrigs complex may
er

e Sy <abT bt S, SRR o s p e G i the at can

lbmémlaowhb rdeitmtt}ne:cmkmlcympmﬁce Fer exangpdeyitie fotmualbii@n mayt @mprise

the ventricul stem.of the a|n I nt rat.hecal

QS 9o 5 TSN B TR 7o P e PP PORF G surtltent

A PSIHORAIN, IRIFUNARE a ‘Bﬁffér’i}% 4R, MHRlcafRl BethpleR hfhy béldekvered in

i ntracer ebroventri cul ar I ntrat hecal adm nistration

thgyorpeof auragpequsselufion, of h‘b% boghidigeds®smand condi ti ons

whi ch affect the organs or tissues of the centra

nerv ﬁﬂh} h Gﬂﬁﬁ i &f | 1Br fnb8nce, gl

nmet h %Hﬁ a%v@ﬁt | o g be%& Igjr%‘df’}&?sttﬁregd ' 25 t ce glyeine;

meamcdiggsdyyhmﬂst sich esifor ekam;sle, sueresd, setiahmspwladioserdie damran

stau1 e _adm.ni strat
RUFR SRS e B BT R aRbf ol bt s PR GRashE mBltd, ora
mﬁﬁlhﬁwnaherﬁﬁl’ iPpterably thé swbilizdrer bembinationofeadbllizeiszonstitutes
neasur ed Qy serunlqpncentratlon 31 Any fornu]atlon
fzﬁmhowrp Flado apqut bp”opreigtrienveightad he.g3frier cppmplex
admnistration of the carrier conplex. For oral

adm T dupfab@it is bfe(ﬂé%hﬁi?@r oﬁfahicc&ufmmtl gich @08 poB¥orbRe. Some
used. Some exanpl es of formul ations 1ncl ude tabl et s,

gremplesiof cuipbla witactgnts ingluderTasa20, Tayaenss; ¢ polyethylene glycol or a
polyoxyethylene polyoxypropylene glycol, such as Pluronic F-68 at from about 0.001%

(w/v) to about 10% (w/v).

The salt or buffering agent may be any salt or buffering agent, such as for
example, sodium chloride, or sodium/potassium phosphate, respectively. Preferably, the
buffering agent maintains the pH of the pharmaceutical composition in the range of about
5.5 to about 7.5. The salt and/or buffering agent is also useful to maintain the osmolality

at a level suitable for administration to a human or an animal. Preferably the salt or
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suspensi ons, syrups, wafers, chewing gumand the I|ike.
The peptides can be mxed with 5 a suitable
pharmaceutical carrier (vehicle) or excipient as
understood by practitioners in the art. Exanples of
carriers and excipients include starch, mlk, sugar,
certain types of «clay, gelatin, lactic acid, stearic
acid or salts thereof, including magnesi um or cal ci um

tearate, talc egetahl.e.fats or oil

2458 aBene i bréspal Bk 000 o Bk Br Slrafion P fouf TS0mM to abou

joomiMt hecal , topical, intranasal, 10 subcutaneous, or
transdernmal adm nistration, fornulations of the

o1 B e S e RSB BT e

AR bntioR ayRRAIdRITRIDY E&htdiR oftebr M6k chiMnGidhd] h&diti ¢MTof%-examples
For exanple, the Tornul ati ons nay conprise one or

pfsveh additives inadideqydohibilizgr suchish. fpreample. glicerabagntioxidant such

8115 LA, e ARG R B A RAke of GARRARL LAREH oy Fympouncs,

bevwaedsi “‘qeatel), banzylbicohbk chloremnefor ahlosduanols asaxbthttiicoagent such as

B i HRPBH LA ! B bt i e sbore. s
ShitGeNSrecanfibn 881 Rt bRIBAGTLEAthed 8poifigs th@phdr@bcetiddRbpositions
sucrose, tetral ose, | ag:t ose or a dextran.

mpy be slatedwaier nitegengas i Vipls spaledewyithh BNRETEIERPAe StaPREBhOl |
such as for instance, nmannitol; or a conbination

t her epfe mgtﬁﬁlfa%a‘i&tﬂeﬁn? A@nsha bllnblluaﬁ% fof eﬁo‘ﬁl'iﬂ?'é,% MMimals, such as

stabilizers constitutes 20 from about %to about
deop, widgsgtaws, end baskeshpet @ahimale suckrasidegs asimatselaborpiagy animals,

S5 Dl G R oA BB 8t i

surfactants include Tween20, Tween80O, a pol yet hyl ene

gtiipol or a pol yoxyet hyl ene pol yoxypropyl ene gl ycol,
such as Pluronic F-68 at from about 0.001% (wv) to

about_10% ( W/, \0).. The.salt por bufferi agent may be
. BT Bib o et fpme e o gio% P mERE e tan WReray-
maepentert Mehdrian, MinefQ ik Thp ehdsSiiMbupiiRafdiatags possible.
respectively. Preferably, the buffering agent _

mai nt ai ns the pH of the_ pharmaceutical conposition in
the rﬂﬁg%“%ﬁ" catplsxes agngfor SRR DS Lin-pifo. 25 P FesgRrgh ol For
DU, i aA%S RbmbRx&d &R déﬁ?écrli‘l:loléc‘ﬁle@étﬁﬁ @t Protdi, into a cell so that

osnol al'ity at a level suitable for admnistration to
the Henetinna rolg of theimaltculyanthsstustiad. (Sweh swleculss irgude, for example,

o A e e

fornmul ati ons of the carrier conplex useful in the
met hoalsothdr it heroppledtion includes, for example, the delivery of a marker, such

as [B-galactosidase, into a cell, such as a stem cell, hemopoietic cell, or embryonic cell, to

determine progeny (lineage) of a cell.

Other in vitro applications include, for example, the delivery of a detectable

antibody into a cell to determine the presence of a particular protein in the cell.
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i nvention may additionally contain one or nore
conventional additives. Sone exanples 5 of such
additives include a solubilizer such as, for exanple,
gl ycerol; an antioxidant such as for exanple,
benzal koni um chl oride (a m xture of quaternary
anmoni um conpounds, known as "quats"), benzyl

al cohol , chloretone or chl orobutanol; anaesthetic
agent such as | e .a norphi ne,derivative;

an .sﬁeﬁwrgg@ﬁ@xa s0 hay therapeuliuses rouke- pRaTple, the,

iﬁﬁﬁﬁ@&at%&%ﬁdﬁﬁé&%aﬁga hﬁbatfop&élﬁéﬁﬁg%hti@éns@bb?hucleotldes into a cell
gé)o' | age, phar maceut i cal ositions be

ér@mh@eio“m-negdg@mvg@sprequ |aspraietl. drthps He atomatic

(RCHERN £B) B2 0 Tor FNFerM W on Gt s AR MNP HiTkzence

(HNg4si). cows, and horses; pet animals, such as dogs and
cats; Iaboratory aninals such as rats, mce and

rabb| In a.preferred enb i ment,. the

e R Bl o G ERRGa TBHaploREp TR sl eohession of

gaRpbete seplivattunas sirasdslor bestlia kR rhicvhanisaherlgies the introduction

[ enden nec nis merous in vivo and in

Ao e A pBe RO T Ipsialy Kafa
tetre Ss§1 to {aiget agens 8 prodyshippicady &amb)-

for exanple, be used invitro, as a research tool . For

exanptig blbdtEbe Y Bar§dr i€ ParREEXBPselaiivel eThusinoRh BELLE Bpplication
such as proteins, into a cell so that t he functiona

meluge deliveriag mollesoles acressihp blogg-beie barrigyy &vcm@%qyllee@n include,

{o‘? %l( ngq%uafélfaégﬁd(cg;@ th a}mﬂé&@%m&%&%@? i eﬁ{s%lﬁ‘l\]&%elmers

ém@ﬁher in vitro application includes, for exanpl e,
t he delivery of a marker, such as (3 galactosidase

into uch as m cel | oi e 0

erbr y DA BtsbTesseocialeey i HE A sgRiRyY P 5t pying Slequat
otk 1nsgehﬁfell| FoVéxtabipl R BR dh@ﬁbﬂl@fk?emt&cd geftanay 8 too large or the
exanpl e, the delivery of a detectable 25 antlbod

fagenbmay Bell he argmati mehghie aress iy el anabrae. lblﬁr%qoﬁl‘ﬁr fyvivo
ﬁ{ \‘i;lté"ﬁ{(ﬁi ihQuddi@efifdrdn cﬁém&!ﬂ@ragé\ft{go géntg Qsﬂ'9+ &S ﬁﬂl)l%%c agents

erapeutic usé€s 1n viv exanpl e,
dasonitztdi aboegtimtonicellpept i des can be used for dellvering
anti sense polynucleotides into a cell of a manmal to

down-regul at e over expressj LBsP' otein. Further,
the aromatic cationic p n be used for
delivering oligonucleotides for RNA interference 5

EiAple.1: R\N¥liateartalumetiMeeliorisn refers to a cel lular
mechani smto regul ate the expression of genes or the

ren | fttdsoma Cneiie iR SHN oADK b LB RSABBAE Citmmol)
were synthesized according to methods described previously {Schiller et al., Eur. J. Med.
Chem. 2000, 35: 895-901; Zhao et al., J. Pharmacol. Exp. Ther. 2002, 302: 188-196).
[1*C]Gly-Sar (56.7 mCi/mmol) and [*H][D-Ala’, N-Me-Phe*,Gly’-ol]-enkephalin

(50 Ci/mmol) were purchased from Amersham Biosciences (Piscataway, NJ). All other
drugs and chemicals were obtained from Sigma-Aldrich (5t. Louis, MO).

Cell Culture. All cell lines were obtained from American Type Culture

Collection (Manassas, VA), and cell culture supplies were obtained from Invitrogen
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of double stranded RNA (e.g., SiRNA) to target a
gene's product (typically RNA). The bl ood-brain
barrier is particularly selective. Thus, another in
vivo application 10 include delivering nol ecul es
across the bl ood-brain barrier. Such nol ecul e can

i nclude, for exanple, an antibody to (3-anyloid in
the treatnment of patients with AIzheiners di sease.

| d vi .
R v g
Hah7 el @regrobvien mmtmna@ﬁad E@gldgﬁﬁﬁmﬁﬁﬁrd&)&xlgmdia were
e Eaneisd BN 0% e PaHBS Srtis 200 m BPi i P 0 i
g'gbgtdn?ﬁfﬂ M¥aieNERIRER1610kIMEEWA S VIERITD100) B deltn, nonessential

nts, such as the cytotoxic agents described above
4ming agidg eind peExiNiPstRptonEycim boell: linvp were ragintaingd at 37°Cina

PR s 5T TP 00t o syt hes: zod

according to nethods described previously (Schiller et
al ., AKssny for Pégitle Uplhkaeﬁﬁ!H)’nteﬁ&lizﬂﬁiﬁ Vo3 Sfuditidawinesrily using

?LI%)C? ‘E?ﬁ'lﬁfaggrf‘a%ggﬂwﬁﬂﬁfﬁ'} ﬁ)\mgﬁ? 2y s eSS, HADRFK cells.
Mabblafréd\bazel e fHloeA. dal 125wl %lae@ kephel idllsfplll) Edatewith

wer e purchased from Anersham Bi gscj ences (Piscata

msagew‘or 3 slere On dag 45 pellsaveamyashied fiyica Mt \né%ar%@ FiH3Sp and then
Tu%ﬁtfﬁ‘tﬁ Wiiko Q'n‘ﬂfdf‘iLBt is¥on da'n@H%éuheW%e nﬁe[pﬂ%yﬁﬂ{tt Biag DAL 50 pM

nes were o m Aneri can ture
40 )Gp-Shoat 37RE fersmeisys timgs upend o b sma,ratm)@esupm ¢adls were

ed f | nvit
BERGHS N 8 Somh BB T P B bAR g ience of
hiﬁgé’af@&i {am%k‘]]jlmmAc(egw3 mg)eﬁgnom 37¢C. Mok bprakostadies at 4°C, cells
noarti e agl e s neadl um W n
gfem%%rf«pé%r 20 o Wl@f‘@tuﬁi‘t?%o‘v %hgﬁgfa'ﬁmﬁgd%@f ki CIGly-Sar.
ﬂ? leGhl bF the I%Gatghopeg{om ce11§ %Fﬂ%é&ﬁh@foﬁr ginkd *it8 HEIS ¥ind 0.2 m!

S were grown in horse serum
nﬁﬁ&@bﬁa@ﬂa&ﬂlﬁl%ﬁnﬁwmddsd toaqadh well. The cell contents were then

BT O N T -
ks ugkt dorodétériinatifa 8aroteid cdiegit Iuﬁiﬁg tbbttﬁkmd deptdided (Bio-Rad,
LN BBl R i i Wi
F‘aﬁﬂ)ag‘ﬂ:ﬁ( Wédl@-wasﬂ\@&?{)@y fchded. B"e%rla BelV'BAR, Qll@%rélﬂcubated with

2-wel | "plates (5 cel I s/ wel coated with
02mlof 02M acenc amd/O 05 MNaCl forSmlnonlce

Assay for Peptide Efflux from CaCo-2 Cells. Monolayers of Caco-2 cells were
grown on 12-well plates (5 x 10° cells/well) for 3 days. On day 4, cells were preloaded
with [*H][Dmt']DALDA or ['*C]Gly-Sar for 1 h at 37°C. Cells were then washed four
times with 1 ml of ice-cold incubation solution to terminate uptake and thenincubated
with 0.5 ml of MEM for 1 h at either 37 or 4°C to measure the efflux of peptide from

cells to the incubation medium. The amount of radicactivity was determined in cell

lysates and in the incubation medium. To examine the role of P-glycoprotein on peptide
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10 coll agen for 3 days. On day 4, cells were washed
twice with prewarned HBSS, and then incubated with
0.2 m of HBSS containing either 250 nM

[3H [Dnt' ] DALDA or 50 M [14C]d y-Sar at 37C for
various tinmes up to 1 h. In a separate experinent,
cells were incubated with the sanme concentration of
[3H [Dt' ] DALDA in the presence of unl abel ed

s SR o gk, (e S D Bhard S ol b 5 atormined n

the beesencee 0£ WA Voverapatnil (P%rﬂrc[oprﬁtelh DAIDArOr
[14C) d y- Sar At the end of the incubation period,

cellswe our, tinges with, HB and 0.2 nl , of
001 AR Tor Pfds o rabo s Ehcantish GasoaaRRyers Mihotashs of
Gﬁio'-z SR LRRE ﬁreﬁﬁé@ ad Jl‘@éhbdd@é\ﬁélﬁ[y' Gﬂe bl S 81 Pliairinkédli BXp. Ther.
vials and radi oactivity was gou unted. An allquot of

201} 2p§isthle’ 1 AdercnPeaslls 6 a6 avers $¢a{1¢doqn r@fcrqnomt@mﬁmbrane
t
ﬁgr Cﬁ%aergﬁs?:%qlﬁ)?ﬁmﬂ{a?%ﬁ Sﬁ bet vveen I nt gr na]in]g%ﬁ%ssworks

Comingall) \Edch Tramswel chdnatee vais filed witbd .5 mholf oeditinva the apical

ibecingal £ 08 o 8 PoreerEnartiigl GnE ey mpdipfers were given
feshanélidh edrita Gb 2fdays mdrvdre asedionalay A8 S@wﬁa@por%@bndmts

EffluxfromCaCoZCeIIs I\/bnola ers of gﬁ cells
Haical-todaspiptershtranspogs pf pwﬂéﬁ%\gaw #@g&é L for

AR S8 LT el Ao

alsetstwaenrenayké tomdwth apwvé sn&\basnlalemhcompantments ol \carlous times
cubat 0l ut i upt ake .and t hen

1S HBRids Fa B Korsebrihaligh SR O RS E e e 87 o

4C to neasure the efflux of peptide from cells to the
i NcubHd @pamd;baumabm@ caeﬁﬁu‘raht wﬁs cakdladatdccmiding todse following

g@%&‘ﬁ}m ‘{e'&acﬁe néo)t Wé erp é?iés rge gf é;gglﬁ:lr lgqbr%c%‘ﬁer compartment,
Pephk dﬁfﬁﬁﬁ)nla&iaqk 2388, aﬁ& CbX%s the mlﬂ%bh@m&twﬁt inlthAddabr

upt ake and efflux were also deternmined in the

peppEReat.of 100 M verapani |l (P-gl ycoprotein
i nhibitor). Assay for Peptide Translocation across

Caco- f
@mgfa L?ﬁ@lr §¢%‘Wo us? Thelifdke df Ql%ln{a%c%ﬁ&w peptides

prepare escri (Irie et al.
Rhmeatla sak corEiqned Bvepnfocs laseos_pamgggnucm@m @LSMhu%n&tWO

fiforp e i beBude bl R 1R (Bl cCRA S IBIRNIES where
@ttsmp@sr B-dbRks91-Dipdighas ymrﬂ@mc acw@gmm[@)m%DaﬁﬁDhLDA (Dmt-D-
Transwel | chanber was filled wt of mediumin

ArgePhgatoRap-Nbnphere pinis Baanthranibyhl-q.8-dismainpprepionicackl). Caco-
ERIRRR R Y Y 1o 55 BT G ARG B % A e plai B o5-mm)
flaanspomidishep @VibiTeR! Ashland, MA) for 2 days. The medium was then removed,
and cells were incubated with 1 ml of HBSS containing 0.1 uM of the fluorescent
peptide at either 4°C or 37°C for 15 min. Cells were then washed three times with ice-
cold HBSS and covered with 200 ul of PBS, and microscopy was performed within

10 min at room temperature using a confocal laser scanning microscope with a C-

Apochromat 63x/1.2W corr objective (Nikon, Tokyo, Japan)., Excitation/emission
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10 Apical -to-basol ateral transport of peptides was
determ ned by adding 0.2 M [3H [Dnt'] DALDA or 100 M
[14C]d y-Sar to the apical conpartnment, and 50-I
aliquots were renoved from both apical and basol at er al
conpartnents at various tinmes after peptide addition
for determ nation of radioactivity counts. The
apparent perneability coeffici ent was cal cul at ed

ROy o 8 1R R P F R DR R o 2020 o for

F[ﬁﬁté laﬁﬂapﬁmA R¢ectivefy.i Fot di]ﬁlcﬁill s‘eﬁtl;tﬁmﬁg’inarcﬁﬁcﬁdh B20 10
, and is the jnitial concentration in the donor

ffﬂfﬁ%‘f“‘tﬂhﬁﬁtum@ﬁﬁlﬁ%@} Laser Scanning M croscopy. The

upt ake of aromatl c-cationic peptides into cells was

conf i RERdI ssh?iﬁfn seameﬁmrﬂhé‘sr O aRybindth S
si ng 0 f uorescen pepti d [ Dt , dnsDap4] DALDA

%Bﬂfﬂnﬂ- ]Nﬁé-mhéo el b hafacraRePLON @raé de@n@m@uslgg membranes prepared

3R S SATATRE R SRl il e mes

with PBS bufemaridhithandchapgd off: @el(ssweha aentrifiiged pi iﬂ@gcﬁoré(mm) and the

Bt oA & PG G ousie Bemosmmiramyt e peld S0BmR B A LiEe
Wfﬁﬂ%up?‘iﬂ .@ug/nﬂm}mammﬁ 10 afml bERatiNREd WFMMEGTASH 7.4).

r enoved I's were incubated with 1 ml of HBSS

Tombmogengie wag cmtréﬁlgﬁh@ 361098g darcdrrain. Bappgllgs vgre ggsppsnded

S0 A BICHR I T g el A gy oo

B8, inaubdtedinithdSd 1Pyt WRALERX £ 16-98coMj fon 66 mio and S3CaNonspecific

ﬁﬁq@rﬂgtﬁs Seged by ai%smiﬁémfﬁﬁ{%@%‘%é PHREYFRERA Eftecriglissnd
iﬁ?@rateﬁ%@boulﬂﬁﬁdlbhgﬁ&@ id 6hfatifh &&b@h GB® filters (Whatman,

hs were set at 34 20rimfo

Myﬁstong I@ﬂgqu paglbparyeseriBomdeldng ,ﬁ}p]g}ersburg, MD). Filters were
ilHed tREOERRH 55)‘%11 of TP Sﬁfférv Sﬂd/ radl'(:) Etn?rrgtu‘ag ﬁletermmed by liquid

sectioning in z-direction,
soantidlationl eounfiagi Bindigg ra&itmlescﬂKa)gmAsmytowwnger@lndx) Were determmed

Menb fi DALDA t
e gpireltreton o Smdire Saide TEAYy erbr anes
prepared from Caco-2 and SH SY5Y cells. After 4 days
of cuCbujugatieebf protein o mmtﬂeﬂALm t [DeS] DALDA vRBSross-linked to
8&%&%%2% e st hprer S g S e
gﬁ?ﬁqﬂlpﬁﬁ i&tﬂpﬁ%ﬁlgﬁ%ﬁo&%@ﬂ -IﬁrbéxM)(ﬁch@?rSM@C reacts

most at | n bestat i n,
wittl amlmoaﬁmng p}ale‘ﬁub} (Lys of [Dmt' ]DALDA) to form stable amide bonds.

Its maleimide end can then be conjugated to a sulthydryl-containing compound to create
a thioether linkage (Bioconjugate Techniques by Greg T. Hermanson, Academic Press,
page 234-237). B-Gal contains abundant free sulfhydryl groups in its native state. The
uptake of B-Gal provides a convenient read-out with the use of X-gal. Briefly, 1 ml of 5
x 10°M [Dmt'JDALDA was mixed with 1 mg SMCC in phosphate buffer for 1 h at room
temperature. This should result in “activated peptide.” The “activated peptide” was
diluted 1:10 with phosphate buffer. 1 mg of B-Gal was added to 1 ml of the 1:10
“activated peptide” and mixed at 4°C for either 2 h or overnight.
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10 The honobgenate was centrifuged at 36, 000g for 20
mn. The pellets were resuspended wth 50 nM Tris-HC1
buffer. Aliquots of nenbrane honbgenates (-140 gg of
protein) were incubated with [3H [Drt']DALDA (15-960
pM for 60 mn at 25C. Nonspecific binding was
assessed by inclusion of 1 gMunl abel ed [ Dnt'] DALDA.
Free radioligand was separated from bound radi ol i gand

by r d.filtrat

vii ooEhipln Lﬂz)lﬁaiﬂm'“&?cwﬁg% A SFHCE: atd S0 Thuatton by mass
prtirbarail ISBICHD) ugfidd[Ong' [DATDA (Resedert diseslvéd wgaher in2 ml
wth 10 nil of Trls buffer, and radl oactj vit

f BB, pqybated gt opriemperawrenior PO min.gnd siotmskat ﬂgé( énﬁbﬂlmj, of the
b i A ROERLES UGy i s

Bofonitetee 10 Wnlulmgomuﬁm)lmteon Jadgb& tiatip, anfl spottedeinra stainless steel

R SORP I s PR PR A i LG o fonfigp Topigation -

'ﬂﬁrhfﬂ&'—lﬂ@lt OESSs Spd&l?@ﬁw@,N@@ALﬂiHUMF M IYi(dpplied Biosystems (Voyager
(N-mal ei m donet hyl ) cycl ohexane- |

DE&’F%W atwm&eﬁé‘)m IMES- reacts  with

am ne-cont ai ni ng nol ecul es (Lys4 of [Dnt1] DALDA) to

be. cony Dustad pORNAN P Dl ALITE o Thf AR Bl "C o

be con ai ni ng conpou
dectadphoresit. h BmﬁhéterNArdhgg ¢ Bictetidpaigng)ev dEepbhsphqudated at the

ds P
g &92?}3; FEH&EP ag ﬁ? a en‘kgﬁﬁ{ Ségo@{ypf‘/%,gﬁlrgﬁed by gel
SEAHPSolelis] 560,061 ép‘ft?oﬁéeggﬁnﬁgchﬁNAU&fg%K@as Qﬁnjﬁéatgﬂi{zvgh [Dmt')

provides a conveni ent use
BAILEIA in the presenst 06 1 mg BERCENHB shmethplantiropreryl ™' xed wi t h

SulBuBUTTD. HASSRUR M Lyt ol 38D ALDA YA
plégnl) anld RNATHlE0" Aarid wat enhl peediondé% pagacrdarhideedealgel. 0
wi th phosphate buffer. 1 ng of (3-Gal was added to 1

f or OepPWg'lgafio'WgBNé\?@r[h@Hi)%ﬁig 'egﬁgpfm fign by iass
D r .
e

QEFRS, disbeted etjropmqemp@amrmfoz mmnmdmase Wﬁhdmw%w%@ *-thiol
b&%n&%g%n&qgs(?%&rﬁ hoglrs ﬁﬁelﬁhgubaﬂgrq aﬁt ﬁl?(g ?Eaﬂéﬁ WAQ mixed with

nple was m xed W
(rﬁ&txt(&ﬁﬁﬁtéd%liydﬂaw@ccﬂimmm(Ith&)o:mﬁO(/d—MbommlesOt%r@rrﬂ

t tril t
PGB reEra LD oo SR AR Lr s tee et ph Samples
RISz e EVNIDIVZOH My, Matri x Aassi sted Laser
Desorption lonization - Ti rre of Fl i ght Mass

Spectronetry (MALDI - TOF M) plied Bi SRﬁSt ens
( Voy agarriersponypiey formgtion @yMpipal\;glng of RNA and Dt IDALDA-

SMCC conjugate. The [Dmt']JDALDA-SMCC conjugate was prepared as described
above. The RNA molecules were mixed with the [Dmt']DALDA-SMCC conjugate in

PBS for 15 min at room temperature before use in cellular uptake studies.

Carrier complex formation by physical mixing of protein and
[Dmt'|DALDA-SMCC conjugate. The [Dmt']DALDA-SMCC conjugate was

prepared as described above. The protein molecules (i.e. green fluorescent protein, GFP)
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Conj ugation of RNA to [Dnt' ] DALDA and confirmati on by
gel 10 el ectrophoresis. Synthetic RNA oligo (40

nucl eoti des | ong) was phosphorylated at the 5" end
usi ng y-32P- ATP and pol ynucl eoti de ki nase. The product
was purified by gel electrophoresis. 500,000 cpm of
gel -purified RNA oligo was conjugated with [Dnt']
DALDA in the presence of 1 ng EDC

N[ 3- di | @i r | hy| i<l I AN
sl G AP CEUY e e e
Horelusgim) celnldr fdkendtudies. al one were anal yzed on 15%
pol yacryl am de urea gel. Conjugation of DNA to

[Dnt' ] DALDA and i r ion b SS ectr tEY.
snec Aogporn SERLDIRNA aaigatf BpiaRB il s S rmetio Ra
S198 \WRed ploRpHorhated @f thEBSnd 3fsREPRA T arld3Mmucleotide kinase, and
tenperature for 30 mn, and mxed with deprotected

e praducts wennpurifledduy gat elactrapberesia. KAL) cpni elegel-purified RNA

0B o Rlheq B8 Bl AT AL DRTRLS Bl g %%;2&

r X Urate OXY pl col'i ni C aci
Sitfatatatiaopropyl N - etilylcarpdinhide, DO | oo detIa(lle) 10% ware washed
: 10, rat.i spotted on, a stai.n eel .targe
Biresrtishtan Sy B0 B e are meupaa) ipIREMtor S prh e sl were
&eﬂmCaﬁatéc%mgb@ﬂ]ML_@lw[é’Franml ot@nfifeaBNfuadjugated RNA
Dnt ' ] DALDA- SMCC' conj ugate. The ] Dmt’ | DALDA-S
&wcnqoagmt@ly@aém@ epiphfos 60 axinees 3/ edAftebingihstien, haeelirysre
S Mo R, Ml T LR Rty eemines

inahocad! lyse.i n cel | ul ar uptake studies. Carrier conplex
formati on by physical m xing of protein and

conj ubiies TeEwpiefs SERNAN S beE o R peyRd D IDALDA-

§oes-Bh KerBohAiate SHifl7. @lls gra ohedisvelipserniashedivith MMEM and
GFP) 38 were mxed with the [ ' 1. DALDA- SMCC conj u%azﬁ
ther incgbgiphwith 1 0oahPMERM eprtpiping [ feolige alang op with 30

. ; ' _ _
e A EDHSSAE SR B 60 P 1 P LR HIHR washed
fono & pleoinyD 4G aad otdemsin ediinuadetaye sol@RB-tATEuahtonspecific

RIECARENTT O YR N O IR S——e

gl veug i fied RNA oligo was conjugated with [Drt']
DALBA in the presence of 1 ng N (3-

di met hyl am nopr -N -ethyl carboi i m de, EDC). cQ-

cel | sAESfNoqﬂgr?%b%eméan copjugate yrake info bian ot (o
im%{rildéﬁlé@tﬁﬂéj cBli€or (e8I LREL H1BePMEDE-GRN phitds (P4t102 celleRVEIB and
incubated with [Dmt']DALDA cross-linked B-Gal or B-Gal alone for 1 h at 37°C. Cells

=]

al
nerature

were then washed 4 times with PBS. The cells were then stained with B-gal staining set

{Roche) for at least 2 h at 37°C and examined under the microscope.

Assay for protein uptake into cells when co-incubated with [Dmt'JDALDA-
SMCC conjugate. Huh7 cells (1x10° cells/well) were washed with DMEM and then
incubated with 0.5 ml DMEM containing 3 pug green fluorescent protein (GFP) alone (A),
3 g GFP and 40 pl [Dmt'JDALDA (B), or 3 ug GFP and 40 pl [Dmt']DALDA
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then incubated with [Dnt'] DALDA-[ 32P] RNA ol i go

conj ugate or unconjugated RNA 10 (approxi mately 20, 000
cpm for 60 mnutes at 37C. After incubation, the
cells were washed three tines in DVMEM incubated with
lysis buffer, and radioactivity determned in the
cell lysate. Assay for uptake of RNA uptake into cells
when m xed with [Dm'] DALDA- cross-I|inker conj ugat e.

i e R, S IR s

c[eBQW]aRNAwemé lrgﬂbaﬁéd)fme awaddifidrial 20hdurk Dnthe L OIS bator. After

f 60 37C
R <P e iasasd Ry 1 gt s R Bgined i Tving eels
Wtk daBz&yUdon e al 19ser SEHnA R MRIBRBEPY! Fcitflion d¥a8 pelerndat

i ncubated i'n lysis buffer Tor 30 mn and radi oactivity
Hétnar prchergission waemeasrad atgs@n. 20 Assay for
[ Dnt " ] DALDA- prot ein conjugate uptake into cells. Cells

(N2A sf}@% Eo%ﬁa A‘})%h o§1s as FBGRnALd Wﬁ?hepllls@to?ﬁob&st dye

96- we s/ we and 1 ncubat ed
(MQIWH!@PEO@eE)AE_mn@ QRYSot stmmag ap@ptGa¢ nuplei ( Thekoedisbds was

fo h.at .37C. l | recthen Vas [

bilsata RePhutfes e Bped o d B EHTRRST Hogts R igovea by
wahing(dNeWith céldmediunl @RS of pHlinditatdry thearells Mhmau‘kmg

under the m croscope. 25 Assay f.or protelg ake into
%‘&T?SQG‘W%HTOE%’WN@%%@WWPH“{%WE}&L &%&

conjugate. Huh7 cells (1x106 cells/well) were washed

IPYEMARR EfRe of DEtARELE thiﬂAﬂ% mg% %—%&r %nto Caco-2

Cdls, 3 g G-P and 40 | [Dm']DALDA (B), or 3 g GFP and
40 | [Dnt' ] DALDA 39 conjugated to SMCC (C) for 60 mn

ani ohet Bt EE Gates colf A TR oAk A FoBryed in

&A1 satd st ad 5 iR AhA steady-§tBtke levelGitia hdtidved 69130 MmingFigure 1A).
washed four tlrres |n cell” nmedium and GFP retained in

Thevipiahamemt of [WHEDmi BALPAsecaygreddmihscall lysaigafier [-h incubation
RpREH %ﬂ:b% r@%?&@%tal%&ﬁ%ﬁﬁ‘%&g&&t %"@%&%é ﬁk{?ﬂe%&;mé‘nﬁdfo

ent ssi on was nea
@pdipivos i $C1@ydr ositinued o 1dabaaerfromed tovit} tnint (Fégure éBpfThe

B Y B BRI e oo oA K S sy b e ey
previegdly d@ddbﬁs%t%& i {i)hlﬂﬂthBD%dls fr&¥fistaki® agdie p@tﬁﬁﬁﬁdégﬁadatlon
Hoechst ye was renoved by shin s with ce]l

atin el Bharapcols Fm e n) 298 iy <l adeisrimiesbeshe ghe

measured radioactivity was associated with cell membranes, cells were subjected to acid-
wash to remove surface binding. Figure 1C shows that 80.8% of [3H][Dmt]]DALDA was

resistant to acid-wash and therefore presumed to be inside the cell. The uptake of

[Dmt'JDALDA was found to be concentration-dependent over a wide range of

concentrations (Figure 1D).

Example 3. Temperature Dependence and Effects of pH on Uptake of
[Dmt'|DALDA and Gly-Sar.
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10 fluorescent mcroscopy (excitation at 350 nm and
em ssion at 461 nnm). Exanple 2: Tine Course of Uptake
of FDnt 11DALDA and A y-Sar into Caco-2 Cells. Wen
i ncubated with Caco-2 cells at 37C, [3H][ Dnt 1] DALDA
was observed in cell lysate as early as 5 mn, and
steady-state | evels were achieved by 30 mn (Figure
I A). 15 The total anount of [ 3H] [ Dt 1] DALDA recovered

;BOLFW}? h\ﬁ ill{l%uiig{i } cgamed 011t 'ra],{]%gg ?{ It]ake o? E’ﬁ-\ﬁﬁ%ﬁp ﬁfjALDA

wansoeatreiipardtvaith wnfdbﬁtlreermed 74.8%]| vl %rﬁar(Fxgaret 1Auend 86.3% by

b8 AbigRe ot SRBETvRE Yo R ofd] GBS i GpmBiStely abotished at 4°C

(Fi¥re | PAEBA ub ﬁdé@bﬁGl % PEPFE iRn B8 PHRdeMdent, with
denonstt at ed that ALDA i s resist ant agai nst

presisnal yptgke @l@glrrmaat pHrﬁ QoTe(rastaeer 8l..di?98 Am. Jj Phw@lr i 435-
T

18 THR s 60l B 3100 g ORI A WOGHIETor

PHN e A LD A Was .umiraagembhm:p}é starical famrh &0 m/aseh(mgure 2A). The

S G eiE o e Bled R IR R i O DA i

CRRLBEATsSs RotanddrRel 1ie PEOTI fisdpiBe iripsRér 1), The upt ake
of [Dnt'] DALDA was found to be concentration-dependent

over a wi de range of Figure 1D).
nled. 3 Effectof DERC on HDms L D) g take.

Upt ake of FDrrt 11DALDA andGIy Sar O V\hen the

| ncubgpg | ﬁ@ﬂ:eman&@rrave erst.t (PEPTﬂs rfb@mvbh)%d hhr)&@lfaanon of
H '] DALDA was sl ower ‘%Pare with 37C,

but
Elé’at: LB, worekyminsd herefiert of EPG @iethylayraearbonags; 0. 2| mM) on

EELBEN DA R £01ESr ubs WP aHfce R Ghe-rBiier

teppak thaohasEeyn ﬁmwyhy iREHTPEPE1 krﬁam 2 rmllls €Terada etal., FEBS. Lett.,

45, oV it e aedisGBist DRp S Ao @oh modmtig Beanty

ﬁi&ﬁﬁr@&r “ s swﬁpmngD) @uﬁﬂmn@lylmma%hlaj @ABhot inhibit
1, con{rast the uptake of [3H][Dnt" ] DALDA wa
hﬁ&mtgwmémpeﬂqe w4l it peteaysnereassd PDmt (RALDAuptalse by 34-
%ﬂe Fi f tenperature and pH dependence suggests
e u it ake of [Dnt']DALDA in Caco-2 cells is not
rredr ated via PEPTI (peptr de transporter 1) T10 Exanpl e
Aple B Cell ps. ake.

To furtherdermnstrate t hat PEPTI | s not involved in
the t4aRSRGHkraRithat the internalization of [Dmt']DALDA was not limited to

Caco-2 cells, we compared the internalization of [Dmt'JDALDA in several different cell

lines. An acid-wash step was included to distinguish internalized radioactivity (acid-
resistant) from surface-bound radioactivity (acid-sensitive). Figure 3A compares the
levels of acid-resistant radioactivity in Caco-2, SH-SYSY, HEK293, and CRFK cells. The
results show that ["H][Dmt'JDALDA was taken up extensively in all cell types.

Example 6. Radioligand Binding Assays with |3H||l_)mt1|DALDA.

To determine whether {[Dmt')DALDA was internalized via receptor-mediated
mechanisms, we carried out radioligand ([*H][Dmt']DALDA) binding assays with
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[Dnt ' ] DALDA, we exam ned the effect of DEPC

(di et hyl pyrocarbonate; 0.2 mM on [3H [Dnt'] DALDA and
[14C] d y-Sar uptake. DEPC is a histidine

resi due-nodifier reagent that has been shown to
inhibit PEPTI in Caco-2 cells (Terada et al., FEBS.
Lett., 15 1996, 394: 196-200). The addition of DEPC to
t he incubation rredl umsignificantly inhibited

5 E%ﬁ?ipfgﬁ%e it FrtSY3Y, B B B eBo e specifc
l?ihlélgg lof [ BI‘}FD#ﬁﬂ‘]D/ALDNts SHeSiY b DrticnitpM e A THetaR Bt dByK Srblue was
0

| R Rk B Hﬁa anﬁ thg Enfaewém ‘Lfﬁ%?SFHWSPBé% be 5@ fipg)/mg protein (range
%g@ﬂ?ﬁl?ﬁﬁo}rﬂ%}aﬂm&%%ﬂ i)lft%'ﬁb@ﬁkxﬁg reE%mM"Nﬂ% p-opioid

S, Wwe conpared t
ien«tmmmprezmil corChofiest Demstimmnvanycelln (GeleZhro mdffﬂelﬂeﬁrzteto,

GiPab st P8R MR e BB e §o R0 affh caco-

iheﬁibgahea"m’)gufré ®B). S kasven bﬁﬂHEKﬂQﬁtﬂBQbirrlm't helwe oplioid refceptors
o sensi ti ure 3A ares the evels o
(el <t 8C1L Pt Chea 1500t B Po T Mo 5 s Svey,

HEK293, and CRFK cells. The 25 resu!ts sh_owthat
E2dthplet ' ]@ﬁa%f it DATD A Bn @ GIE-8a I Y Calo-2'dells.e! |

yPEs. rol'tgand Bi nding Assays w
[ 3HL[ Dnt ' ] DALDA. To det er mi pe _whet her [ Dnt' ] DALDA
ot erFhAge g@aemﬁrﬁ oF St 105 (A BE ID AR R R ioped el aftr

ggds %‘g& V&ﬁ&%aﬁ&%%ﬁ%ﬁtﬂg@ﬁ%ﬂ% %%JWHQ %Hgthe cell was
eqvd! SHhSYEYO fompitdks at Hatime ToRxsmiwshe ¢fflux pEGly-Ber and

BRSPS B et dha el GaR s rrhisigiaet @L’Fﬁ@;@ﬁi S0

BH] ij'}mwm 288 theﬁ&é}ﬂﬁbeﬂmbﬁ‘r&ﬁ gliddﬁir{l tl‘lﬁt @xﬂ@beb(}ntain peptide.
ange i s, conpar e wWtht val u o
ElBbEn Aanhari g S5 EICHGT SAR OVAS Ao e GBR b o 37°C.
?H@éfﬁ%:% Sfi[ *@]Cﬂl'sﬁheﬁﬁs a8ty PRt aabd:srﬁefefﬂm oZhao

SZeto, unpubli shed data). 9h affinity

&Hé[d)mtl ]Dﬂdplhﬂlfwgn Gas- bb@ér%dnmhtfhﬁt@awh B0%rnfihA papge effluxed
ol @Y ed?u%)l b ll hsgelléﬁng%f I Po%&raﬂﬁgﬁﬁéggﬁlahzc‘a&%ﬂ opot have

op|0| receptors 1997,
EH?;[Dﬂtéi]Z)AYHDA (Figusend e tetpefafiirt had obighifietnt bEALDA theefflux of

Sl ARA TR e oA b 0, ST D Al s

aéc&&rsed m3L1Mreut& with DEpet (FRRrSAR0 eh Rdudtivatin ﬂmq [l]hﬂt‘]DALDA

efflux of the peptide fromthe cell

was
cﬁﬁl@x batRERS? iswpnsistent arith the grepilyrincrezsedaptake b H&[@r@ﬁﬁ HTABDA in
ﬁ’w p%sgnc%%rf Iﬂﬁ% (Figure 2C). On the other hand, the efflux of [PH][Dmt']DALDA

was not affected by verapamil, an inhibitor of P-glycoprotein (Figure 4C). Verapamil also
had no effect on cellular uptake of [’H][Dmt' ]DALDA (Figure 4D).

The efflux of [Dmt']DALDA out of the cell may be beneficial if upon enzymatic
cleavage after cellular uptake of the [Dmt']DALDA-protein conjugate, [Dmt']DALDA is

effluxed out of the cell while the protein cargo remains inside.

Example 8. _ Transcellular Transport of [Dmt'|DALDA and Gly-Sar.
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[Dnt' ] DALDA fromthe cell, Caco-2 cells were prel oaded
wWth [14Cdy-Sar or [3H [Dnt']DALDA and then

replaced with fresh nediumthat did not

cont ai npepti de. 15 Figure 4A shows that 39% of

[14C]d y-Sar was found in the nediumafter 1 hat 37C
The efflux of [14C]dy-Sar was significantly reduced

at 4C. The efflux of [3H [Dnt' ]DALDA from Caco- 2
ceIIsvva ast er t he .pe

of 11| A2 PrEey b fn dmvals %Wf(f& KBSy B gpical-o-
iRolarcas ttranspohmf %m[mdgmmw aﬁﬂ G[y_aszﬂr[ Btk SOALDALes the

st o1 L Toh-Se md HIERm TPALBA Pitheb4shBicealids ok Gthu times

£FR} ioaﬂh% e ﬁépﬂﬁe 8f thé %al]s%lﬁ@ﬁievﬁﬁnsw‘%ﬂcTﬁ‘@ﬁe@E’en't@e%Pl I's

reateplthh DEPC (Figure . The reduction in
HEHH}J[MDP;M DAnslefatddtfxorbsheEaEw@ iogh@bmlam'dmdem oG mitnd 0.4%)

K
\gésgcg)tén rabg %@%\% ;_”IJ jfagg 0@'23 ]é&gm&ﬁkg’%‘hf a)""/)L'ltixr%apparent
@‘rﬁbabih@fco{aﬂilcﬂebmis dsEAaiaA to e 5.2 6t 1 05fche's foe Dby IDALDA and

rap i bitor of P-glycoprotein (Figure 4C).

\/gfégl&ﬁmcpﬂ%ogély-ggr had no effect on cellular uptake of
[3H] [Dnt' ] DALDA (Figure 4D). The efflux of [Dnt']DALDA

Bidmple ot hevis@alizalBy oPEcEAL EE@AI@' of | AlroH{ROIR-CitfoniEP éptides Using
cl eavage after celTular uptake o e

€BSM.] DALDA-protein conjugate, [Dnt']DALDA is

ef fl uxed out of the cell while the protein cargo

I emai 1S vikilize the h& m%de & é’é?l%?a? llﬂtbﬁlﬁ‘l‘izaﬁéﬁﬂﬁ BRYati®leationic
[ Dnt " ] DALDA and v-Sar. 42 Caco,2 nonol ayers grown

lbaptmtmﬁwélubsesmﬁ weplideg (FmE dosRer! MALPAeat - t o-
EHicrarfb RS RRE Sulqtng Qo kyles Wp Rl e inteplization of
ﬂl&.gl@])&%nﬁﬁptlﬂﬂ dlt{) Bhld- Dﬁ?llb] dﬂ&tméxébamoh{mﬁthhﬂas p)MaéI eral
at_v t af t e pepti .
R 4B Ao o Tt A eue e Motesope ORI ecs
Saritld SNt Wah sib appdred vediamit difrBRicnabugigestingehat the
basol ateral” side in 60 mn (10.4% was corrparabl e

witeke afitee protide didagbinyplve endcmopisgad therhgntdrols megenclosed in an

A e i
ihtenlizatidh' & Drdt%,atﬁbap T EBay intcE$ Y &lls wfteniatibation with 0.1
£ Bt B PBAELEH B Braa i ok RS B g on
c‘:d%%'?taﬁé il Iﬁ&hglfusﬁr Gé'é%ﬁéec‘en 4RV € an BRIEY- Qﬁ:‘endén\f\@rocess.

| uorescent peptid nsDap4] DALDA"an

Example 10. Coupling of peptides to cross-linker SMCC and confirmation by mass

spectrometry.

SMCC (1 pg) and 5 pg of [Dmt'JDALDA, [Phe' IDALDA, or [d-Arg-Dmt-Lys-
Phe-NH,] were dissolved together in 2 ml of PBS, incubated at room temperature for 30
min, and stored at 4°C. An aliquot of the sample was mixed with matrix (saturated 3-
hydroxy picolinic acid (HPA) in 50% acetonitrile, 10 mg/ml ammonium citrate) in a 1:10

ratio, and spotted on a stainless steel target plate. Samples were analyzed by Matrix

43



10

15

20

25

[Dnt ', at nDap4] DALDA) were studied by CLSM Figure 6
shows the internalization of the fluorescent peptide
into Caco-2 cells after incubation with 0.1 M 15
[Dnt ', dnsDap4] DALDA for 15 min at 37C. The

fl uorescence appeared diffuse throughout the
cytoplasmw th no apparent vesicular distribution,
suggesting that the upt ake of the peptide did not

ARRRIGHT sEB T3 Yon Torffiob R e RE FiE Mo YpeSRmat A oL
"E@FM@t(ﬁh))zShMioUﬁb@éins‘ (Fakdt OEPRYEShe JdiRive Reflectron mode. The
i nternalization of at nDap4] DALDA.i nt o SH SY5Y

wglepwaryeights pﬁ%@gpmq«;ﬁ aw'l theirgespeettyepeptide-SMCC conjugates are
n@hitd 8h M&L%@Aﬁ% Sﬁdm n at 4C clearly support a

ener gy- | ndependent ocytotic uptake nechani sm

because endocyt03|s is an energy dependent process
padéd Boby

I confl rmat i on by mass spectrorretry SI\/CC (1 g) and
Q_&_e of [Dnt 1] DALDA, [Phe' ] DALDA, or [d-Arg-Dnt-Lys- 25
Phe- NH2] were di ssolved together in 2 m of PBS,

I ncubragrehs peptided MetLdrPRL1aked & B-251actOsiddBe (rec@mibinsit®. eoli,
at 4C.. An allquot of the saale was m xe W|th mat ri x

Jigmavrldrieh) usinggyeaessstinkes DICCH{Pierese SWQ'PWP“F Withgugine-

0
AR ki M B TR HTI b Sl e O
ﬁanﬁicmsoqumpﬂd&ﬁa/[@(z echjbgatdshs confirhisd hp spissipedrérngar (Flgul‘e 7.

@i@g]leﬁ%lhg?? o aqtﬂl?eocrz)?iﬂga 0 fﬂg}&ydg’g-cgpts% Cé)%oound to create
4 Moeaae link¥pe PBRkdn ]llghté nrecmﬁﬁlbi by 6rdgeT | Htinaion M etRlemid Press,

nol ecul ar wei ghts of the peptides and their respective

prep 28 423 BvifeGelorontrips abundang req suihydiyb grogps inHis nativestate. The

56 00 S iR syl Food i e 2080 197 o

Cells. Various peptides were cross-linked to
f 3- gaBretyy$indage xrm’m [mmdaamLBA eitel ]DAmgm{Mg-M)Lys-

a Cross-li Pi.er acts wt
ﬁnﬂg 1 ¥asnied v sggﬁ% Rho§ f'olru?F%fqr h i rppiy t?fBPeramfe
15 BActl PRkl APaefyRRNstptide M ehe CacliOstBR ép@lﬂe’o'fvas diluted 1:10 with
pepti de- SMCC conj ugates is confirned mass

mma‘t@bréfaryl 0¥ ofi-Galryas added tmhméofﬁhdé 18n@ctévatedieptide” and
dtg? a sul f hydryl - cont ai ni ng conpound to

gtagh ot g‘beé?ﬁleqwl Wﬁ%ge (Bi oconj ugat e Techni ques

by G eg T Her manson, Academ ¢ Press, page 234-237).

( 3- Gatellsqma|namoalasmdmn¢ellé be€acul fvagd platedgn O6 el pates € x 10°

t The

/vae‘ﬁ) da 1ncubated with 3-Gal or 3-Gal cross-linked with [Dmt']DALDA,

[Phe'IDALDA or [d-Arg-Dmt-Lys-Phe-NH;] for 1 h at 37°C. Cells were then washed 4

times with phosphate buffer. The cells were then stained with B-gal staining set (Roche)

for at least 2 h at 37°C and examined under the microscope.

No uptake of B-Gal was observed when Caco-2 cells were incubated with B-Gal
(Figure 8A). Presence of blue cells indicate uptake of 3-Gal conjugated with
[Dmt'IDALDA in Caco-2 cells (Figure 8B). Enhanced uptake of B-Gal was also found
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upt ake of (3-Gal provides a convenient read-out with
the use of X-gal. 15 Briefly, 1 m of 5 x 10"3M

[Dnt ' ] DALDA, [Phe'] DALDA or [d-Arg-Dmt-Lys- Phe- NH2]
was mxed with I ng SMCC i n phosphate buffer for 1 h
at roomtenperature. This should result in "activated
peptide." The "activated peptide" was diluted 1:10
with phosphate buffer. 1 nmg of (3-Gal was added to |

PhorLvbhSordughfed PR R nP IR SHENR] gl 5E7 offprdDALDA

(Fewii-O kD S(C@ﬂ]ﬁ%eﬁl@hbﬁ G 1@3&%1\20:{:%@&&@&%%& 9frake! |
plates ?le Plsa/vvell) and i ncubat ed Wlteh R- Gal

or (3-Gl cross-linked with [Dnt']DALDA, [ Phe'] DALDA
or [ cSimilgr mmltsuy@e Phigingiinhen peurgndl Nad Cpr CHO| ogllgwFhinese

W th phosphate buffer. The cells
ﬁa%@er}gﬁgn S w%'eh?et (3-gal staining set (Roche)

f_or at | east 2 h at 37C and exam ned under the

B8 HOTERLLH LSS 3t -ke of (3-Gal
conj ugated W|th [Dnt ]DALDAln Caco-2 cells (F| gure

8B ¢
0t TR RS BRI bl Rasf o Dﬁﬁﬁ“’ﬁﬁ%ﬁg bl wit
@Eml OMEPheontdbfih PA Lo(GFRaloRe, 8@)g GEPH IdeghM [dmn ]IDALKD&M 3ug
wth SMCC al one di d not enhance uptake. Sim ]

@ER and 40 WelmGlR AL RA coniereh LS MAE] fonohminal 3 %f 2 eplof cell

fHEdiLh it Rfled RACKRS G A ToEE AQRAHR! 24 BAGEIn call cuture
inoutiatcead ferdnhubates cald wére washedBoeetiméd ilulmekmfdifgl and GFP

GFP H S X
%Lae S bt e SN soengahader Soaing TS oGy rcitation

rfoPmed 5&134@%&1@%&1@&& #os PegufddRt 32®na, 3 g GFP
40 | [Dnt"]DALDA, or 3 g G-P and 40 | [Dnt']DALDA

conJ ugated to SMCC for 60 mn at 37C. 2 m of cell 10
medi uigwa® (tdparanel) depdesents dviges oAGHPithroughn®.8 gunt thickxpentral

FRSobPROr iR R L ) SO s

iRefatet Etdst@migesifsahageldi n 1iving cells was
visualized by confocal |aser scanning mcroscopy.

Excitation was perforned gt 340 nm and eni ssion was

neas UFeincabatmne! GHP witly (prt H%L@ﬁ shawed modergiebsiapreased green
T e I
{lbmt (tFagnr@QA};l No geeen dlsenscenck Wheohsatvied in the nucleus. Co-incubation of
GFP with [Dmt']DALDA-SMCC conjugate showed even greater uptake of GFP (Figure
9C). These data show that [Dmt'JDALDA can promote protein uptake into cells by just
physical mixing of the modified peptide with the protein, and that chemical conjugation

between the peptide and the protein is not necessary.

Example 13: Conjugation of |Dmt]‘DALDA with an RNA oligo.

Synthetic RNA oligo (40 nucleotides long) was phosphorylated at the 5' end using
v-32P-ATP in the reaction with polynucleotide kinase. The product was gel-purified for
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interface contrast inmages in sane field. Co-incubation
of GFP with [Dnt'] DALDA showed noderately increased
green fluorescence within the cell cytoplasm (Figure
9B) conpared to incubation with GFP al one (Figure
9A). No green fluorescence was observed in the

nucl eus. Co-incubation of 20 GFP with [Dnt'] DALDA- SMCC
conj ugat e showed even greater uptake of G-P (Figure

st OBPGROMRS Mkt o B HuEbEd ROV SR e HoRl Rgteg n the
feh@iommeitt | @AM EPai]BABDIntREprBteateoM m grm)@ Ry 3-

chemi cal conjugation between the peptide and the

Hmsthylaminaprapyl- é‘é}@é%‘?cylnnéﬁlénﬁh%p@éucteémmwf% Feaghion
[
B8 DATERERAA Dy o ol R e YOI REE Briih R 8%
Pl yavgylamid iPea/geR Two tiissncté:ands mhwgelhnqhoaty thedRMeAtolige alone and
i nas T r ct. was.gel-purified for 45 reaction.
b5 e055a DA RO g R SRl B MY £ Ted a0 g0
was conjugated in the reaction with 10 mM [Dnt]' DALDA

Example 14t cSptake oD fDrt]PAEDA- Rigo Conjugate into Caco-2 Cells
di met hyl am nopropyl - N - et hyl car boi i mde]). The product

of co tion AL DA- lLigo) an
cont rorbERIBR 50GIsE wagied ke Rs ety B ENsAck o &
preinvadiod aMMEMIfR3 riahtes Beretidgition G oligdad srhem dith@r gel

I ndi cate the RNA oligo alone and the [Dnt'] L DA- RNA

gmy @@eﬂﬁc@ﬂﬁé’h&fﬁg@wéﬁti oY UnceRFERFe (awioamat%lv 20,000
ST PR B R e PRSI aSRumtEld oy

medi um and preincubated in DMEM for 5 m nutes before
addi t ABer the inshbajion, reqtiion mesiiurh svas tangvedapd gplsmmskgdafour times
r.

St SERDISR in SRERH AR RO ARG i bingine
Finalil y) nheadetls imeecinedtackdfin tystbuffenfoat30 Imaites #fd rediobdizvity in the
[ n]slubatl on, reaction medi umwas renoved and cells
GRillpeate WALMC4SURds with DVEM and one time in sodi um
acetate solution to reduce nonspecific binding.

Fi nal &xco-2 ElserhibRed\B¥eg thirectitaad Q@atéﬂhﬁtal&iﬁ[bmflﬂ BALD%-RN

30 mnutes and radioactivity in the 15 ceII ﬁsj

Négo GopBgacan comns Iourceniugated RNs elige ons: (Fawre bl .@é&efore
1§ t te as

RO ALPRTE RO phsted R ol S oy e eparabdae, o

Therefore, [Dnt]' DALDA prormt es passage of RNA oligo

Egampke 1t5hevVitxih g ofi RINA with. |Dmt |DALDA-SMCC linker increases RNA

uptake into cells.

The carrier complex was formed by physical mixing of RNA and [Dmt']DALDA-
SMCC conjugate. The [Dmt']DALDA-SMCC conjugate was prepared by mixing
[Dmt']DALDA with the cross-linker SMCC as described under Methods. A single
strand 11-mer [*2P]RNA oligo was mixed with the [Dmt'IDALDA-SMCC conjugate for

15 min at room temperature before use in cellular uptake studies.

Huh?7 cells (1x10° cells/well) were washed with DMEM and then incubated with
1.0 ml DMEM containing the [*2PJRNA oligo (~100,000 ¢cpm) alone or with 40 ml
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Exanpl e 15: M xing of RNA wi th FDnt 11DALDA- SMCC | i nker
i ncreases RNA 20 uptake into cells. The carrier

conpl ex was formed by physical m xing of RNA and

[ Dnt ' ] DALDA- SMCC conj ugate. The [Dnt'] DALDA- SMCC
conjugate was prepared by mxing |[Dnt']DALDA with the
cross-linker SMCC as descri bed under Methods. A single
strand 11-ner [32P] RNA oligo was m xed vvith t he

I ARSI Rk 4 et o ol b o g four times in
DMEM @ad bie i 1 deeh hetne bdlhtiortH Qerﬁ@ﬁehﬁﬁsyﬂciﬁb UMM before
and then incubated with 1.0 nl DMEM cont ai ni ng .t he

Psqumlmﬁ ydfer {3 00nio 284 r@tala%wéloe@uwymtemrw 46
[ Dt ] DALDA- SMCC conj ugate at 37C or 4C. Cells were

th
ncet o THeaPlofr ANABed fion R BAE PRESNCCR A7 G SRSl
uptgkehttledR NA dligsias alfb‘mfcftlen of time 8PRiguiieri 2and At ehe@houethe uptake of

AR fetakesereeSHoE IDAD AMCE 8 Feepsra P fappor

fS\eudhii@Pwas RNA HIBES.1 Dk qutalieldfm(&wy glgmlizﬁmy ehhareg by
hour themgtake of RNA oligo in the presence of

(Dot [P ARDBAS NS wRa gt £ &Wé%g% él2BZL 2161615 ghorpitiatdlis pogsible to

oA Tt 3R B oD TR D ALIR Tho ypuko o

4Kl igdicated ZBake mmfgy@aﬂ@eﬁmommddcytous prossed) kensistent with

nappea e TR g fokeetae ol ek Praneq B BES\yp ARias

ener gy-i ndependent non- endocytotlc processes,

consi ﬁtaaahmmct rDmeEZ? BDALsm@EoJiIQ%adoQ%@ﬁpﬁle‘ DALDA-SMCC

penetrate cel ranes passi ve diffusion.

erddiAngdpmi-bys- Bh@ hﬁmmm@ncﬂdﬁbﬁabﬁﬂkm{ the 1 hmer RNA

B A e g g A 85

ditferenhpapside-ISMC O cogjagaes for RNGingt3gR@ when |ncubat ed
wWth the three 15 different pepti de- SMCC conj ugat es
for 15 mn at 37C. -jhcubatjion wth g %DALDA— I\/EC
conj ug%wu%rw%[%u%@ér%wcgéww caihlak Brogotethe
&eitathr h?faﬂ@&f FNACHRERE RNy ﬁa%fe@Qre B4 50- xﬁérl) §£‘§B&an' iA g R
13, although not as nuch as tor a snmaller oligo.
#shanph voins muchnp fyatsmaendligeDnt ' 1DALDA wi t h a DNA
olio. 20 SMCC (1 g) and [Dmt' ] DALDA (SS002; 5 g) were

E;{g,}gg{e\ﬁ%sj (Egl%itggt%n 0 Dzmtf iQALDA with a DNA oligo.

SMCC (1 pg) and [Dmt']DALDA (SS002; 5 pg) were dissolved together in 2 ml

of PBS, incubated at room temperature for 30 min, and mixed with deprotected 3’-thiol

DNA oligo at 4°C for 24 hours, After incubation, an aliquot of sample was mixed with
matrix (saturated 3-hydroxy picolinic acid (HPA) in 50% acetonitrile, 10 mg/ml

ammeonium citrate) in a 1:10 ratio, and spotted on a stainless steel target plate.

The formation of the DNA-[Dmt'JDALDA conjugate was confirmed by MALDI-
TOF MS. The molecular weights of 3’-thiol DNA oligo and [Dmt']DALDA-DNA
covalent complex were found to be 6392 and 7171, respectively (Figure 14A).
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of PBS, incubated at roomtenperature for 30 mn, and
m xed with deprotected 3'-thiol DNA oligo at 4C for
24 hours. After incubation, an aliquot of sanple was
mxed wwth matrix (saturated 3-hydroxy picolinic acid
(HPA) in 50% acetonitrile, 10 ng/mM ammoniumcitrate)
ina 1:10 ratio, and spotted on a stainless steel
target plate. 25 The forrratlon of the DNA- [DrrtI]DALDA

sate meto Caco-2 Cells

[Drrt ]DALDA-DNA coval ent corrpl ex were found to be

6392 Ancifdilthodified ReHhdr DA wiak taniii@iddt0) Dnft T DELDI Lifing
17. Uptake of tDntl' DALDA- DNA ol i % Conj ugate into

&t@&znwelfgmwoa of theicenivugee wraﬁ fby NERESRRgISoscopy. Both
geﬂtaﬁg u%&r&@ned]%% %gbel@c{]g tflJ]f:} -end with 2P and
(0] was C

t| on conj ugat onfrrned by nass
gqj@unﬁe&&bgme 188} h conjugated and unconj ugat ed DNA
oligos were radiol abeled at the 5 -end with 32P and 5

Jor 1 Beprd Spor Sl SHi G worsan D MEMsag ingubaced

With h il mmtﬁmgéitﬁéﬂmnﬁl]D'AQ!DA-conJugated or unconjugated DNA
DALDA- co é) ated or unconj ugat ed
3)

%um@]l o) bob s har Ao it 18 - E0an Gokv grapiorostshed four
PR DARMARIGH o soliuliPibelylt R 30 feaBlndrsfifidbinding

’Iﬁb ciele weed then iwenkeat¢druariydinionffen tferd 0i minl and irstained fadioat vity
g(@ n.n dand retained radi oactivity determ ned. Uptake
BRI “conj ugated with [Dnt'] DALDA vvas great er
conpared to wunconjugated DNA after i ncubati on

F
sl ey o e e

e 18.
PpaGaed DA P 1D duo anobnier gyt b5, mdisahios ERNG thiake can
t r the peptide- SMCC
b nee By Rkaldl B BRI IBALEAL 1P0 PEE L O R et
vvlth [Drrt ]DALDA (1 nMto 10 M for 24 h had no effect

Examplel18. \Pephiés d ﬁlﬁ&ﬂcedcdﬁ'u &Mﬁoﬁﬁﬁ: o(cMIsS
assay, Pronega, Madi son, W A ce FI gure

16), SH SY5Y cells or Caco- ceI ls. Siml ar st.udi es
wi t h Neither themeptides goptie prptiderBYICE) conjugristerg o @rcfeélétn

I
@.ﬂtu?ee "fre%{tgﬁgg‘kf)&flgrgh Jﬁgég? Sﬁ gﬂl\ﬂo gﬁm fé&ﬁﬂ\ f&h cell
vuabnhty astryeaaﬁre&bﬁﬂwmﬂhysatymbi’ﬂﬂ:ﬁs@dw Pﬂfmdgaymadlscbﬂ lvél) in NoA
cel]y rel‘ain 2) 1%), §I—? S%k( ls ot Baco 2 cells. Similar studies with [D-Arg-Dmt-Lys-
Phe-NH;) also showed no effect on cell viability.

Incubation of cells in culture with the peptide-SMCC conjugates also did not
affect cell viability as measured by the uptake of trypan blue. Trypan blue is only taken
by cells with increased membrane permeability. Huh7 cells (1 X 10°%) were washed three
times in DMEM, and 1ml of fresh medium, or media containing 50 pl of | mM
[Dmt']DALDA—SMCC conjugate, [D-Arg-Dmt-Lys-Phe-NH;]-SMCC conjugate, or
[Phe']DALDA-SMCC conjugate, and incubated at 37°C for 24 hours at 5% CO;. Cells
were then washed three times with DMEM, and 1 ml of 0.4% trypan blue was added to
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by cells with increased nenbrane perneability. Huh7
cells (1 X 106) were washed three tines in DMEM and
I'mM of fresh medium or nedia containing 50 I of 1 nM
25 [ Dnt ' ] DALDA- SMCC conj ugat e,

[ D- Ar g- Dt - Lys- Phe- NH2] - SMCC conj ugate, or

[ Phe' ] DALDA- SMCC conj ugate, and i ncubated at 37C for
24 hours at 5@6CI2 Cells mere then washed t hree

ety (b2 R ToBrrLrerdE s e o eRflng b 3L mggiom and

the Ge1vedler ¥xaainad B?hglﬁmnﬁrdsébp@'ﬂ | mediumand the cells
wer e exam ned by |ight mcroscopy. Exam nation of

cell's_by |ight n1croscopy denonstrated that cel

i ncubBkasingifonipt cﬂéﬂah)fahm oreo by dempRstiated that P?lbalﬁc%’@t?é with
B 8ms SRl QERARTA Bk AR RL R RS g e s v

pHserked iDredls hxymbﬂbcéwhhlzpnﬁ'mm sw@ [P D¥xigER2ot-Lyis-Phe-NH,]-

of cel PC.
SR, RS Iy BRHEA B sofpecimpitafion e TS HBRERS upt ake
] Parbdridfs) résQRetDmtsighifi Qht GRAReSofitiypai/bluelr € W th
?ﬁa 7 %ﬁLBA SN%ESCOHJUQ§§%1a|g§ﬁdfd ﬁgF i nduce
apoptosis in Huh7 cells in culture. Huh7 cells (1 X

106 clapshatige of gellaen eulivas with [Duy IDALBA-BMAS conjugafglgo did not

ﬁpgcelag[i}togg {W‘%ﬁ%ﬁiﬁ@ﬁﬂﬁ@g@ x e quus?‘\b 1ﬁ%er§%shed

thenimslih DMSEM, asttie ehl bofrtdhemeditin wmﬁplwm Theh, emlman 156 iesf
37C for,_24 hours at. 5% CO2. After the._incub

1
paied (PBEARALDR G mbin S o PR oaE SconEiah atfes addes 9 e ol
ﬁxE&E'u | g 1%%%@3{ P1°RYGH f4 hRE! & 5B5Eer), WPrer 48 'lﬁc%bﬁm 1 ml of

|ncu ated for additional 15 mn. ExCessive Hoechst dye
Wa@hstedwxiwlmlan Brohas fiugenes OIR) donvetaiming epaptotisciuglel Wreeeéided to

Pl LB 5 e A, D o compr

wedlﬁxsgdmls Rgthfcell aiedime (fiee dﬂpﬂrm&eam;) agé xellsttedated wigt SSO

nd enission at. 4 s is.indicat

ﬁ%ﬂa B AR Ohigaie e srrabaren Wie Coital SHIS ueptp fhuoropoent
¥ @kEitatiolat 35d11§n|aﬁd @1'1113%11 aPPARS '&pdpfbsiﬂqb indicated by

cells %reated Wi th "] DALDA-SMCC i s the sanme as in
m@mfﬂtlon gﬁﬂn@‘ﬁmncwg thvancleii.s Fighesi Iedemonstrates thatibe legel of
l. I I t
{8 iRlih YAy SO A RS (Brhr 15hiMEEs ISR as in contro
adlepl ex, wherein the carrier conplex conprises the

pd
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nol ecul e and an aromatic cationic peptide, wherein the
aromatic cationic peptide conprises: (a) at |east one
net positive charge; (b) a mninmmof three am no
acids; (c) a maxinmum of ten am no acids; (d) a

rel ati onshi p between the m ni nrum nunber of net
positive charges (pm and the total nunber of am no
acid residues (r) wherein 3pmis the |argest nunber
that is less than or equal tor + 1; and (e) a

Whatlindlaioedlis:p bet ween the m ni num nunber of aromatic

i,

groups (a) and the total nurrber of net positive

char,

oo e ERPioh dHEAR poRplS oy o, PR sl ShRine”
1, fhe cBBWithlaserriefcolnplek, whersiltioginas eomple:n gorli@ised the M 1,
wherein 2a is the |argest nunber that 1s less than or
equaiclecyle gnd an apomatic caliprie pRRYide ehsredn the atomatie gqtiopig peptide
me%&h%s@ ds equal to p. 4. A nethod according to
claim wherein the peptide has a m ni nrum of two

posi ti ve(a)aﬂaasgemneﬁposmmhdrg@j according to claiml1,
wherein henﬁeﬁé’:ﬂﬂ as a. m nimum of three positive
char ges. ofd5E A819iRYSt 0 claim 1, wherein the
peptide [ adndkire Bt tefl @mmOABiE;SI Ng two DOSItIvely
charged am no aci ds and one aronmati c am no aci d. A
met hod aei)@rrdntp@shlg betwgehthe minimemdaiumbene ngepesitie clvagges
vat er sol u ?‘th totgﬁ]dﬁ%g ?rﬁrltgéc?cgreglgue(‘sl(%_\xmelleln 3pm is the
wherein th e conmprises one or nore am no

acids. 50 Qargé‘stﬁmhb@dhaatsd&sman@r ¢quattoaind; ind wher ei n
the C-term nal carboxyl group .of the_ am no aC| d at

the C teffifelationshiphetiygenthe mimjmunt qumbeiRf azomatic GTMES (24
claim 1, WigheidlohNRinfRPY RepdsRie eha&se% (gp@haemrmseme

non- nat urally occurring amno acid
accordi ng tlargedt anmber that\héeselthantt)heqqgletpm Hé, gxgept ghat when a is

m ni num of four a rLo aci ds.
1, pr may also

A method according to claim 1, wherein 2a is the largest number that is less than or

equal top, + 1.
A method according to claim 1, wherein a is equal to p.

A method according to claim 1, wherein the peptide has a minimum of two positive

charges.

A method according to claim 1, wherein the peptide has a minimum of three positive

charges.

A method according to claim 1, wherein the peptide is a tripeptide comprising two

positively charged amino acids and one aromatic amino acid.
A method according to claim 1, wherein the peptide is water soluble.

A method according to claim 1, wherein the peptide comprises one or more D-amino

acids.
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12. A nmethod according to claim1, wherein the peptide
has a maxi num of about eight amno acids. 13. A

nmet hod according to claim 1, wherein the peptide has a
maxi mum of about six amno acids. 14. A nethod
according to claim1, wherein the peptide has four

am no acids. 15. A nethod according to claim1,
wherein the peptide has the formula Tyr-D Arg- Phe-
Lys NH2 (DALDA). 16. A method according to claim1,

r pal L - - -
e R DR el BBy e Ry e s
cl ahdsmlt thwheeiifustibamidepd. de has the fornul a
Phe- D- Arg- Phe- Lys- NH2 (Phe'-DALDA). 18. A nethod

accaqr [ m Y& .
10f o %ulggcﬂ%i_ Jc@ozﬁ]nﬁ t&l%ﬁ‘[n ¢ ege'lrgtrl]lg B% l_g@ %ﬂxﬂ‘%’c&?&n%t&ﬁ%g)re non
accoatﬂtaﬂgotmrmigamrmolacidsher ein the peptide has the
formula 2',6"-Dmp-D Arg-Phe-Lys-NH2 (Dnmp' - DALDA). 20.
11A mlhadoca@@@ﬁmgm@clhm ¢, vatievinl thebetidk Ras NRiniBlie 6Efolr Arino acids.
a small nolecule. 21. A nethod according to claim 20,
12V\'hefAeth&h$ :ﬁ:c&%l Ito 5!91"11‘?9 L&lﬁh ir>the pBfie W&lﬁﬁ‘ﬂnlo‘f about eight
active ecul e. od accord| ng to claim?2
wheamin abida phar maceutl cally active nolecule is an
antibiotic. 51 23. A nethod according to claim 21
13Whe pehéthéd e cHamigNBR ekt 1,Galetein @6 béptide Fi¥ B6aHiBumDf about six amino
cytotoxic agent. 24. A nethod according to claim23,
whepdif t he cyt ot oxic agent is doxorubicin. 25. A
nmet hod according to claim23, wherein the cytotoxic
14agemt metbodabcordimgeo clain? B.whireirethb peptide baxr fdummpit@aaidsai m
21, wherein the pharmaceutically active nolecule is an
1sant iAopétHEMdccordifig td\clamt NGcheRSCOE giptide hes B¢ RirfuId @ yr-D-Arg-Phe-
wherein the antioxidant is vitamn E. 28. A nethod
accbyetNblg (PALPAAI m 26, wherein the antioxidant is
vitamin C 29. A nmethod according to cl ai m 26,
lewheramethéhecandingox cldiant, wisrdretha pemide hastbe formula 2°,6°-Dmt-D-Arg-

Phe-Lys-NH; (Dmt'-DALDA).

17. A method according to claim 1, wherein the peptide has the formula Phe-D-Arg-Phe-
Lys-NH; (Phe'-DALDA).

18. A method according to claim 1, wherein the peptide has the formula D-Arg-2’,6 ' Dmt-
Lys-Phe-NH;.

19. A method according to claim 1, wherein the peptide has the formula
2°,6>-Dmp-D-Arg-Phe-Lys-NH; (Dmp'-DALDA).

20. A method according to claim 1 wherein the molecule is a small molecule.

21. A method according to claim 20, wherein the small molecule is a pharmaceutically

active molecule,

22. A method according to claim 21, wherein the pharmaceutically active molecule is an

antibiotic,




30. A nethod according to claim1, wherein the

nol ecul e is a biological nolecule. 31. A nethod
according to claim 30, wherein the biological nolecule
is a polyamno acid. 32. A nmethod according to claim
30, wherein biological nolecule is a pharmaceutically
active nolecule. 33. A nethod according to claim 32,
wherei n the pharmaceutically active nolecule is an
endogenous peptide or protein. 34. A nethod according

to gl aj 2 ei,;n_the phar i J Y .
2340, Bl A TS A e
cl atywtd®ic agéner ei n t he pharmaceutically active nolecul e
is an antibody. 36. A nethod according to claim 32,

24 WhepehdthddRcdBiap MPa T 13¢ dhér¥indkd dyvRoi®hgAL dotovuticin,
neurotrophic growh factor. 37. met hod according to

25.C1 aiAhetidod AMDGERE B &ikie D) aheRmeM éy&%iiya%%ﬁ{ ik Werismlcacul e

is a cytokine. 38. A nethod according to claim32,

whenei o . . - _
260l e e AT SRR 1 e BRI REH B P rBlecugtan

wheamiomidatite phar maceutically active nolecule is an

ol i gonucl eoti de. 40. A nethod according to claim 39,
27.wheAengthddeecarting enelailnedsi witbeein the Rhtfoxddant id vivetindil

according to claim40, wherein the RNA is
28.doullrfeibdd azaieilg RNAaim 262 whéeinehduntiogidan isitagit ©. cl ai m

41, wherein the double-stranded RNA is si RNA.  43. A

29.met RQRetRCRESHRE td Qaifd 29, Whédin tHd@kiBkiBarlt iebeta carotene.
ol i gonucl eotide is DNA. 44. A nmethod according to

30.C! akhlfod b&ERE B ke OWHEIRIUGE BBILEE is abiological molecule.
singl e-stranded RNA. 45. A nmethod according to claim

aa ! . ( .
3] ’ mﬁ&?&ﬁ%&&cﬁ@ﬁg% aghesos Whapser: %x’c& RSRRNYE ol RMino acid.

thod according t aim 39, wherein
t he \qhd Qo tfiGa ' icaf froldulTH A\ maceuticall
52, coAri RO ERa el bR e frol BT Lfimpceuticay
an anive nobmesle. RNA.  48. A nethod according to claim
39, wherein the oligonucleotide is an external guide
33.sequandiod REtording tdEFiHBL, wherein the pharmaceutically active molecule is an

endogenous peptide or protein.

34. A method according to claim 32, wherein the pharmaceutically active molecule is an
enzyme.

3s. A method according to claim 32, wherein the pharmaceutically active molecule is an
antibody.

36. A method according to claim 32, wherein the pharmaceutically active molecule is a

neurotrophic growth factor.

37. A method according to claim 32, wherein the pharmaceutically active molecule is a
cytokine.

38, A method according to claim 32, wherein the pharmaceutically active molecule is a
polynucleotide.
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49. A nethod according to claim39, wherein the

ol i gonucl eotide is an RNA decoy. 50. A nethod
according to claim 30, wherein the biological nolecule
is a polyamno acid. 51. A nethod according to claim

1, wherein the cell is a bacterial cell. 52. A nethod
according to claiml1l, wherein the cell is a plant
cell. 53. Use of a nethod as claimed in claim1l for

the manufacture of a nedi canent for the treatnent of
3%ani Aainetbed dccordihg thsleino 82, avhmeirhthel plresmedeaticalig active icdécnieds an

forﬁg nt%acture of a nedicanent for the treatnent
% cel | 55. Use of a method as clained in

cI ai m ufa ur.e of madl t he

407, A b herbiag TR Rithd e|“fher°§‘6‘h° ofiEbhcidials ek 0

clalme

f or At’ﬁ%h“??%g :Tgﬁ{’ cl%?ﬁ 40, W reénpI E&[ mﬁ)flﬁ ﬁr HE%{I&@ nt
of % meeté h(ggc&grﬁ%n%ftg'{,ﬁn%% h%re ub?ef st:tagf '@Iﬁ 1{%&&&'&?

rea
“ 5 F 'at P Bl ocFidine o2 2aPTa0. 18R} *h9°'%§”8§°n“§§ AT "
4;2 g%Er %&ﬁé% 9({081‘%@1%%8 L@@é?@ &ﬂkgﬁl ﬁgtﬂfl‘éﬁulﬁnﬁg is sTJk?e-éﬁsaﬁdédrkNA.

45bI o% pt'f]g(’i Qccgl%fr{g t§ EIalgng@ m@eﬁﬂa&w %1 @L: lstriufagd Rmeis Hﬁ?sleb&r RNA

accorgance 1o ¢

cel lmRBIA). The use in accordance to cl ai m 53, vvherel n

the cell is a hepatocyte cell. 62. A nethod according
46t 0 A method accutdanzao plainh 39, avhoreit the oligniidentide pregpttiogpme.

conprises a linker. 63. A nethod according to claim
471, vheethodhadehrdingad elaim 39, cdwrsin the sligonhéledtide is aBpntiAense RNA.

met hod according to claim 1, wherein the nol ecul e and
48ar ortemethodt atcominigdo plajmt Y evhareen the hlegrinueldtide framdatérnabguide

A co elo claim1, wherein the nolecul e
ang%éli&ggcet%rca%lgo n| c peptide are physically bonded.

966 Af@&%&é Shrdfii 18 Lﬁfé% S %m 8 offed gﬁélg Sk & a%riﬂ\lﬁﬁecoy

aromati! C ca I oni-c ar omat

50C at ' ot%tﬁ P E&?Igg‘l% & SR i.’,&%ﬁreregrﬁ%e ﬁltolcjgﬁ:gﬁﬁlolg&?e ﬂgtpolyammo acid.

lve C
5 1. A method according to claim 1, wherein the cell is a bacterial cell.

52. A method according to claim 1, wherein the cell is a plant cell.

53, Use of a method as claimed in claim 1 for the manufacture of a medicament for the

treatment of animal cell,

54, Use of a method as claimed in claim 1 for the manufacture of a medicament for the

treatment of mammalian cell.

55. Use of a method as claimed in claim 1 for the manufacture of a medicament for the

treatment of neuronal cell,

56. Use of a method as claimed in claim I for the manufacture of a medicament for the

treatment of renal epithelial cell.

57. Use of a method as claimed in claim 1 for the manufacture of a medicament for the

treatment of intestinal epithelial cell.
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(b) a mninmmof three am no acids; (c) a maxi num of

ten am no acids; (d) a relationship between the

m ni mum nunber of net positive charges (pm and the

total nunber of am no acid residues (r) wherein 3pmis

the largest nunber that is |less than or equal tor +

1; and (e) a relationship between the m ni nrum nunber

of aromatic groups (a) and the total nunber of net

positive charges (p,) wherein 3a is the | argest nunber
58t hatUse bfa inethed sshdmimed insdpiml I foothp manufigturexf e pedickmagnt for the

when . Pp,, ma I 1. 67. A carrier conplex

acch@Fﬁﬂxﬁgm%PﬁTﬁ%%@wﬁﬁﬁgﬁein 2a is the |argest

nu r that is less r equal 10 + 1. 68., A ,

9car Mg psedp AfseEdancede sieg ﬁﬁ Wseea e b ,a%!mé-rbaﬂhg%{ﬂ?rsmdothehal

eque&lto P, 54 69. A carrier conplex according to

cl ai m 66, wherein the peptide has a m ni num of two

60! pOS 'T‘hé g% ift Vﬁgogﬁﬁce tz Qlalré5§ %{"1{ %Lthg Qéﬁ) S gryghg%ﬁ’ rding to

claim erein the pep| as a m m num of three

61POSThL ége ift \Aﬁcroﬁﬁﬁce t%%lalrh%g%l{ e%{thggé]’f s he e%{f&g{e%ﬁg to

claim e1ls

62conpomethod adcwdingas thiny e,l vyheceﬂnamg aabnam:-nmoam peptidervdmpriaes a linker.
ar onatic amno acid. 72. A carrier conplex according

t t | . 13,
63,° o & PrEpE SsoriNeyS LRinh iRt (e Folse e BaSbySp BT e
peptide conprises one or nmore D- anmino acids. 74. A

64car 1A fAEth6DRbAnga6 Elaineli Nehetedn the aiolechle andviematidicdtibsic peptide are
C-term nal carboxyl group of the amno acid at the
C- t €hemipally hogdedni dated. 75. A carrier conpl ex
according to claim#66, wherein the peptide conprises

659N€ AOfmetbd E‘ccoﬂﬁ'& t5 ettt & Hered G ol Bleatd Bemahd Qa%omz @eptlde are
A carrier conpléx according to claim66, wherein

pepthycalpbordedi ni mum of four amino acids. 77. A
carrier conplex according to cl ai m 66, wherein the

A e b N S
peplatcietib as:oaxclmpmdamn-@ﬁsabout

(a) at least one net positive charge;

(b) a minimum of three amino acids;

(c) a maximum of ten amino acids;

(d) a relationship between the minimum number of net positive charges (pm) and
the total number of amino acid residues (r) wherein 3pn, is the largest number
that is less than or equal tor + 1; and

(e) a relationship between the minimum number of aromatic groups (a) and the
total number of net positive charges (p,) wherein 3a is the largest number that

is less than or equal to p, + 1, except that when a is 1, p; may also be 1.

67. A carrier complex according to claim 66, wherein 2a is the largest number that is less

than or equal to p, + 1.

68. A carrier complex according to claim 66, wherein a is equal to p.

54



six amno acids. 79. A carrier conplex according to
cl aim 66, wherein the peptide has four am no acids
80. A carrier conplex according to claim 66, wherein
the peptide has the formula Tyr-D Arg-Phe-Lys- NH2
(DALDA). 81. A carrier conplex according to claim 66,
wherein the peptide has the forrmula 2',6"' -Dnt -
D- Arg- Phe-Lys-NH2 (Dnt'-DALDA). 82. A carrier conplex
according to claim®66, wherein the peptide has the
6o.f or Maﬁ‘ie? p&ﬁ ex ﬁ'&&'dﬁ"{ég() !:i)(ﬁﬁ M:'%vh(nlgﬂetg' \/\'Eéb‘ﬁas.aﬁéin m 6¥ two
carrier conplex according to claim % erein the
peppositevelvhagesne fornmula D-Arg- 2',6" Dnt-Lys-Phe- NH2.
84. A carrier conplex according to claim 66, wherein
70.t he Apeprier denplesacebdingas oluinao6 wherein the peptide has a minimum of three
Dp- D- Ar g- Phe- Lys-NH2 (Dnp' - DALDA). 85. A carrier
conpPsireLB¥8ESdi ng to claim 66, wherein the nolecule is
a smal |l nolecule. 86. A carrier conplex according to _ .
Tlcl afrRrBBT copRieedchondiig ta plalm 6Gyiiherein the peptige isiadTipRyideueomprising
nol s B | . I P @ claim 86,
wher BB ERlh FhiBNE oo BRER! hPaLE, T 7T o
72.88. AR

Sk iSll QB GEGY B) Wekth 6L ALMBR S0

a.
t he” sha ecul’e arnace
to claim88

nmol ecul e. 89.. A carrier .co ex accordin

T3 e R RRRIGTR AT o SRR Aol f s s & more
ant hlinetatids. 90. A carrier conplex according to claim
88, wherein the pharmaceutically active nolecule is a

74CYt At@ief cAHHNBE accSllingAo S1af 66 wheRTIhEX-ta @ dirBekyl Broup of the
cl ai m 90, wherein the cytotoxic agent is doxorubicln.

92. amingapidiabthe Eotapinys iagwisaing to cl ai m 90, wherein
the cytotoxic agent is adrianycin. 93. A carrier

75.conpl eexicacouplel sgondmgdd elaim &8 whedeiythe peptidecomprises one or more
phar mac ut*']cal | y. active | ecule is an anti oxidant.

94, "R TRV RPCUBHE PR di ng to clai m 93, wherein
the antioxidgnt is vitamn 95, car.r.i er conpl ex

76 a0y T SO IET SRS A B hERiD G bRERs s ARG offour
Vi t 3in a€ids.

77. A carrier complex according to claim 66, wherein the peptide has a maximum of about

eight amino acids.

A carrier complex according to claim 66, wherein the peptide has a maximum of about

six amino acids.
A carrier complex according to claim 66, wherein the peptide has four amino acids

A carrier complex according to claim 66, wherein the peptide has the formula Tyr-D-
Arg-Phe-Lys-NH; (DALDA).

A carrier complex according to claim 66, wherein the peptide has the formula 2°,6’-Dmit-
D-Arg-Phe-Lys-NH, (Dmt'-DALDA).

A carrier complex according to claim 66, wherein the peptide has the formula Phe-D-

Arg-Phe-Lys-NH, (Phe'-DALDA).
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96. A carrier conplex according to claim93, wherein
the antioxidant is beta carotene. 97. A carrier
conpl ex according to claim®66, wherein the nolecule is
a biological nolecule. 56 98. A carrier conplex
according to claim97, wherein biological nolecule is
a pharnmaceutically active nolecule. 99. A carrier
conpl ex according to claim98, wherein the
pharmaceutically active nolecule is an endogenous

tj de. tein. .100. A carrier | di
831 o c SFBIRP TN BF<aiding RileBh APriedti € AFPTE Bek g ormu D-Arg-

Mol &€ Wirsnt-1 3 fRgzyme. 101. A carrier conpl ex
accordi ng f%I?F§§%|98, wherei n the pharmaceutically

w2t SR B R e T B8 Vil B pPeER B ot 2.6
pharﬂfﬁ&@”ﬁg@eh%g%ﬁﬂ&b?ﬁﬁ&%).e i's a neurotrophic

growt h factor. i er conplex according to

claim 98, wherein the phat euticall ctjve nolecul e
851 4 Rages P st BRI B6. ishe i eliebleds g riclecite
claim 98, wherein the pharmaceutically active nolecul e
86j 5 o\ pretisy sOmPle® e¢c@eling toSlain 66.avheredn the sipll swelegele isradhiplggical
to cl in]98, wherei n the pharmaceutically active
nol &qt}fcg ®is an oligonucl eotide. 106. A carrier
conpl ex according to claim105, wherein the

870l | dorfdgr complgs ageordipgro thiim 8@ wherain the biodpgidabsolecule is a
accorpinﬁpto.clain1106 wherein the RNA is
doufsPe?d a"i‘ﬁ‘&ed RNA. 108. A carrier conplex according
to claim107, wherein the doubl e-stranded RNA is

88si RMucarrier gomplex aecording to ¢l & whsedmihg ismall meleewlaish 106,
vvherﬁi n thg Eﬁh’iaﬁonuclleo ide is DNA. 110. A carrier

WPALPUEH S YV BOET S m 105, wherein the

ol i gonucl eotide is single-stranded RNA 111.

A
89¢car ¢} eumieE 6apPlex acrerdingdp slgim 88.cvherain the pharpaesutically apiéve molecule
sin Ie-sﬁgaﬁded RNA is messenger RNA (nRNA). 57 112.
A cAtP8PB%pl ex according to clai m 105, wherein the
ol igonucleotide is a ribozyme. 113. A carrier conplex
90ac c o gy comPlex ageaTdingse clajne B&iwherdiethe Phaymacryfieablyiagteveimolecule

an anti-sense
18 a cytotoxic agent.

91. A carrier complex according to claim 90, wherein the cytotoxic agent is doxorubicin.
92. A carrier complex according to claim 90, wherein the cytotoxic agent is adriamycin.
93. A carrier complex according to claim 88, wherein the pharmaceutically active molecule

is an antioxidant.

94, A carrier complex according to claim 93, wherein the antioxidant is vitamin E.

95. A carrier complex according to claim 93, wherein the antioxidant is vitamin C.
96. A carrier complex according to claim 93, wherein the antioxidant is beta carotene.
97. A carrier complex according to claim 66, wherein the molecule is a biological molecule.
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RNA. 114 A carrier conplex according to claim 105,
wherein the oligonucleotide is an external guide
sequence for a ribozyne. 115. A carrier conplex
according to claim 105, whereint eh oligonucleotide is
an RNA decoy. 116. A carrier conplex according to
claim 97, wherein the biological nolecule is a

pol yam no acid. 117. A carrier conplex according to

cl ai m 66, wherein the aronatic cationic peptide

Kk 118. di
5o e B 6BP A B R P Bt BRBBIS RN hRor
119 hﬁnﬁg&ﬁ&ﬁfEﬁgﬂg&@gmﬁgcordlng to claim66, wherein
t he nD ecul g%d aromatic cationic peptide are

e et Rk e SR e

pepti Aferndbgen g&@dr Yrdrgrded. 121 A met hod for
dellverlng a nol a cell, the nmethod conprising

ontact i. n

tof o ot SRy orgins i F?"F AU B R ot
pepgggﬁﬂmﬁggprlses (a) at |east one net positive

char ge; a mninmmof three amno acids; (c) a
Xi,um.of te am ny cids: (d I onshi
tof e AR RR ASPRETE el 34 hepe B SRR et
t he ;1 g abip &#nber of am no acid residues (r) wherein
3pnf%s t he rgest number that is less than or equa

, d 58 b :
10h i W SRR o gl S ST f PR HESTY gpigye molecue
h wh 3 th
o G B B 0 e br "oqual Lo pr + 1.
t that .
ot Rbterit SomHeR o <Pt GilaPn 98 Whefkat e RFeiacehiatly dpive molecule
and ;af QpRiiL cationic peptide are chem cally bonded.
123. A'nethod according to cIa|n1121 wherein the

104° | %tl:'lalrr?er%cr)]%p :Egc%%% ng:g tco:%}alm Bé wherei n{he pharmaceutically active molecule

is a polynucleotide.

105. A carrier complex according to claim 98, wherein the pharmaceutically active molecule

is an oligonucleotide.
106. A carrier complex according to claim 105, wherein the oligonucleotide is RNA
107. A carrier complex according to claim 106 wherein the RNA is double-straﬁded RNA.
108. A carrier complex according to claim 107, wherein the double-stranded RNA is siRNA.
109. A carrier complex according to claim 106, wherein the oligonucleotide is DNA.

110. A carrier complex according to claim 105, wherein the oligonucleotide is single-stranded

RNA.

111. A carrier complex according to claim 110, wherein the single-stranded RNA is

messenger RNA (mRNA).
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are physically bonded. 59

112.

113.

114

115.

116.

117.

118.
119.

120.

121.

A carrier complex according to claim 105, wherein the oligonucleotide is a ribozyme.

A carrier complex according to claim 105, wherein the oligonucleotide is an anti-sense

RNA.

A carrier complex according to claim 105, wherein the oligonucleotide is an external

guide sequence for a ribozyme.

A carrier complex according to claim 105, whereint eh oligonucleotide is an RNA

decoy.

A carrier complex according to claim 97, wherein the biological molecule is a

polyamino acid.

A carrier complex according to claim 66, wherein the aromatic cationic peptide

comprises a linker.

A carrier complex according to claim 66, wherein the molecule comprises a linker.
A carrier complex according to claim 66, wherein the molecule and aromatic cationic

peptide are chemically bonded.

A carrier complex according to claim 66, wherein the molecule and aromatic cationic

peptide are physically bonded.

A method for delivering a molecule to a cell, the method comprising contacting the cell
with a molecule and an aromatic cationic peptide, wherein the aromatic cationic peptide

comprises:

(a) at least one net positive charge;

(b) a minimum of three amino acids;

() a maximum of ten amino acids;

(d) a relationship between the minimum number of net positive charges (p,,) and
the total number of amino acid residues (r) wherein 3py, is the largest number

that is less than or equal tor + 1; and
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122,

123.

{e) a relationship between the minimum number of aromatic groups (a) and the
total number of net positive charges (p;) wherein 3a is the largest number that

is less than or equal to p, + 1, except that when a is 1, p; may also be 1.

A method according to claim 121, wherein the molecule and aromatic cationic peptide

are chemically bonded.

A method according to claim 121, wherein the molecule and aromatic cationic peptide

are physically bonded.
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