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CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This application clains
benefit of, and priority from U. S. provisional patent applications
Nos. 60/929, 471, filed on June 28, 2007, and 60/960, 968, filed on
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FIELD OF THE INVENTION

[0002]  The present invention relates generally to cationic peptides and methods

for delivering an agent, such as a nucleic acid molecule, into a cell.

BACKGROUND OF THE INVENTION

[0003] Non-viral gene delivery into animal cells is an important and developing
technology in the research fields of molecular biology and biomaterial research.
Such technology has high potential application in the commercial area of large-scale
recombinant antibody production, is a useful tool in the study of gene function and
regulation in specific cell types, al}d is highly relevant to the improvement of

therapeutic approaches for treating many hereditary human diseases.

[0004] In atypical non-viral gene delivery vector, a cationic-based material is
generally used to condense foreign DNA into a DNA/vector complex. However, as
the mechanism governing the gene delivery system consists of multiple steps (16), the
success of non-viral gene delivery vector does not only depend on its ability to
condense DNA but also depends on its buffering capability to absorb protons upon
endocytosis of the complex, a mechanism which is widely known as “proton-sponge”

effect for intracellular delivery of DNA (27).

[0005] However, one of the major drawbacks of the currently available delivery
materials, including cationic polymers (17-19) and dendrimers (20), is the cytotoxic
effects these materials have on target enkaryotic cells. Given the potential therapeutic
and clinical uses of these materials, less cytotoxic materials are needed to carry genes

into various cells without affecting inherent signaling pathways and systems.’
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than commercially ection reagents such as PEI
Li pof ect efificigatly, and induce high gene transfection efficiency in various cell lines, which
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may be comparable to or better than levels obtained using polyethylenimine (PEI).
Since the peptides of the present invention are formed from amino acids, they are
-biodegradable and less toxic than commercially available transfection reagents such

as PEI and Lipofectamine.

[0010]  The peptides, due to the amphiphilic nature provided by the combination
of the hydrophobic block and the cationic (and thus hydrophilic) block, are capable of
‘ assembling into core/shell nanoparticles. The formation of the cationic core/shell
nanoparticles increases positive charge density at the surface of the nanoparticle and

promotes cellular uptake of substances such as nucleic acids.




[ 0010) The peptides, due to the anphiphilic nature provided by the
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terminus. The triblock peptide may comprise a sequence as set forth in any one of
SEQID NOS: 110 5.

[0014] In another aspect, there is provided a nanoparticle comprising a triblock

polymer of the invention.

[0015] In vet another aspect, there is provided a nanoparticle/agent complex
comprising a nanoparticle of the invention and an agent to be delivered into a cell, the

agent complexed with the nanoparticle.

[016] The agent may be complexed with the nanoparticle via an electrostatic
interaction, a hydrogen-bonding interaction or a hydrophobic interaction. The agent
may be complexed to the exterior of the nanoparticle or may be complexed with the

interior of the nanoparticle.

[0017] The nanoparticle/agent complex may comprise an additional agent and the
additional agent may be complexed with the exterior or the interior of the

nanoparticle.

[0018] In a further aspect, there is provided a method of delivering an agent into a

cell comprising contacting a nanoparticle/agent complex of the invention with a cell




conprising a nanoparticle of the invention and an agent to be
delivered into a cell, the agent conplexed with the nanoparticle.
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of the invention in the manufacture of a hedi canent for delivering an
agent into®®*&el | of a subject.

[0022]  In another aspect, there is provided uge of a nanoparticle/agent complex of
the invention for delivering an agent into a cell of a subject or use of a
nanoparticle/agent complex of the invention in the manufacture of a medicament for

delivering an agent into a cell of a subject.

[0023]  Other aspects and features of the present invention will become apparent
to those of ord;'ilary skill in the art upon review of the following description of

specific embodiments of the invention in conjunction with the accompanying figures,

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In the figures, which illustrate, by way of example only, embodiments of

the present inventjon:

[0025]  Figure 1: Rational peptide design and complex images. a. Schematic of
the _designed peptides with (1} octaarginine for DNA binding and menbrage
penetration, (2} histidine residues for acidic compartment escape and (3) a
hydrophobic segment for enhanced cellular uptake. Colour scheme: grey = C; white =
H; blue =N; red = O and green = sidegroﬁps of either I, F or W. b. Light microscopic
image of the bigger V'DNA complexes (N/P 15). e. Scanning electron microscopic

image of the smaller complexes.

[0026]  Figure 2: DNA binding ability of the peptides and kinetics of DNA.
capture. Retardation of electrophoretic DNA migration by H4Rg (a) and IsH(R, )

complexes at N/P ratios specified (0-30). ¢. Percentage of florescence remaining due
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achieved in each cell line is presented as a comparison (PEI peaked at N/P 20 for
HepG2 and N/P 10 for HEK293 and 4T1). Exror bars represent standard deviation.

[0029] Figure 5: Luciferase expression level of HEK293 cells when transfected
with peptide/DNA complexes formed at either sodivm acetate (10 mM, pH 5.0} or
PBS (10 mM, pH 7.0) buffer. Exror bars represent standard deviation.

[0030] Figure 6: Cell viability assays in HEK293, HepG2 and 4T1 cells for
pepﬁde/DNA complexes and PRI at various peptide/PEI concentrations specified.
Pure peptide: F for HEK293 and HepG2; I for 4T1. Error bars represent standard

deviation.

[0031]  Figure 7: Jn vitro and in vive gene transfection. a. Effects of chloroguine
and bafilomycin on luciferase expression level of HEK293 cells transfected with L b.
Luciferase expression levels in HEK293 and 4T1 cells (N/P ratio in parenthesis)
transfected with the mixture, supernatant (Super) or sediment (Sedi) formulation of
UDNA complexes and the effect of chloroquine (chloro). c. GFP expression in 4T1
cells. d. Luciferase activity in 4T1 fumor-bearing mice. Error bars represent standard

deviation.



FI EK293, Hep& and 4T1 cells, respectively, when transfected with
various peptide/DNA formul ations. d. Percentage of cells expressing
GFP when transfected with sel ected peptides. PEI at different NP
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DNA | adder,” naked pDNA, conplexes at NP of 1, 2, 3, 4, 5 and 10,
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0)1/’:6] Figure 12: Particle size (a) and zeta potential (b) of peptide/pDNA

comaplexes.

[0037]  Figure 13: Cell viability after incubation with AK27 (a), AK32 (b),
AXK27/pDNA (c) and AK32/pDNA (d) complexes at different concentrations in
comparison with PEI at N/P ratio of 10. Error bar signifies standard deviation of 8

replicates.

[0038] Figure 14: Effect of complexation pH on luciferase expression of AK27
peptide in HEK293 cell line. Frror bar signifies standard deviation of ¢ replicates.

[003_9] Figure 15: Luciferase expression level of AKZ7 (a) and AKS?./pDNA M)
complexes in HEK293, HepG2 and 4T1 cell lines. Error bar signifies standard

deviation obtained from 6 replicates.

DETAILED DESCRIPTION

[00401  Presently provided are novel amphilic triblock peptides. The peptides may
assemble into core/shell nanoparticles, which nanoparticles may be used fo deliver
nucleic acid molecules and/or other agents such as therapeutic agents or diagnostic

agents into a cell,



[ 0035] Figure 11: Enzymatic degradation of pDNA (a) pure pDNA; (b)
pPDNA extracted from AK27/ pDNA conpl exes; (c) pDNA extracted from
A1C32/ pDNA conpl exes. (a) Lane 1,2 and 3. DNA | adder, naked pDNA and
naked pDNA treated with DNAse | for 107mn; (b) and (c) Lane 1, 2-5,
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hydrophobic portion,

[0044]  Due to the pH sensitive nature of histidine at physiologically relevant pH,
the histidine block provides a proton sponge effect, allowing for endosomal escape by

the peptide and any complexed agent, once taken up into the cell and endocytosed.

[0045]  Without being limited by theory, the formation of the nanoparticles from
the novel triblock peptides before complexation with nucleic acid that is to be
delivered to a cell may increase the cationic charge density at the surface of the
nanoparticles, allowing for better complexation with nucleic acid and providing a
stable structure to the nanoparticle/nucleic acid complexes for increased cellular
uptake. '

[0046] ~The novel triblock peptides and nanoparticles presently described are
biocompatible due to their amino acid composition, and may be less toxic than other

currently used delivery materials, such as PEI and Lipofectamine.

[0047]  Thus, there is presently provided a peptide comprising a hydrophobic




[ 0043] The hydrophobic block is included in the presently described
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limted eor 8o’ t he novel
tribl ock%%‘gjl de’gﬁebt%h% eg%J #82 @{I%ﬁ&%atﬁ ﬁucFel C aC| ataft?gt is to be
del i ver edndi@lisg the bhenmytandant aaine atiieuswally mmomttdnqe po@eins.t fhat t he
surface of the nanpoparticles, allo bett on with
nucl ei ¢ 5%‘?18%?@ Y&‘? 5§ ngg- étﬁﬁ“gu%’%lp %armtno ?‘ﬁgq}?&&&%b
nanopar t iafi@f M&lsyn@atcttnﬁm@x ERoviedtr, {tndll basgedatkd thaba tribfitchke.
[ 0046] The novel trihlock peptides and nan art cI es resena%l};,%

h, and

descri be@%ﬁ‘@%‘&@@ﬁﬁﬁs%‘l“@ﬂéméc%ﬂ%ﬁw a EFH’I%
may be | QUL G ad b @18 bytoidhicaRdd bRl @kﬁidb\é@swnmg géd-al s, such
as PEI an L| pof'ect am ne. [0047] Thus, there is presently provided a

pepti de m@t@pﬂdlysxcntgnagh@amoaﬁidebl ¢ amno acid block, a histidine block
and a cationic amno acid block. [0048] The tribl ock pepti de may

I ncl ude goaEdy T 1 H3LHOR eﬂﬁo@&?en&r dﬁ]@rﬂid&%oﬁﬁﬁ%seﬂﬁﬁy eganpl e, the

tribl ock "peptide nmay be glycos [at é acyl ated, acetylate

car boxy| éru(ét@pmblmmm asd, oristidye blopbindd Galpnie REOACAOE or
more am 0o, Ackds ogg}g?gﬁogﬁ{ar@gt 2GR, HLRHR BB & Alidabed wi th

an am no group peptide may conprise naturally
OCCUr I i NG mxi‘aloblds including the twenty standard anmino acids
usual ly incorporated into proteins The triblock peptide may conprise

non-nat un %#ﬂ% OCLLLd Hﬂ m‘&ﬂs@tﬁ &%ﬂﬂ%ﬂ?%gu&l QST BRIy EP? O

synt hetlé no “acl e appreci at ed that a
tri bl ock nxeps ihdetht haﬂomndmdudﬂtomﬁ af hprecounr pdidry ingding s46Reg may

e, TP, BeaIReh ol m R RS ARAchana e s gnien @

additional amino acids do not matema]ly affect the function of the triblock peptide fo
deliver an agent to a cell. For example, the triblock peptide consisting essentially of a
hydrophobic amino acid biock, a histidine block and a cationic amino acid block may
have one, two, three, four or five amino acids at one or both ends of the described
hydrophobic amino acid block, the described histidine block and/or the described

cationic amino acid block, provided that such a triblock peptide still possesses the

ability to complex with an agent that is to be delivered into a cell and be takenup by a

target cell.

[0052] The hydrophobic amino acid block comprises, consists essentially of or
consists of hydrophobic amino acids, meaning amino acids having a hydrophobic side
chain. A hydrophobic side chain is a side chain that is aliphatic in nature or that has an

aliphatic portion, such that the side chain is not as readily solvated by water or




[ 0050] In various enbodi nents, the peptide may consi st essentially of
a hydrophobic am no acid bl ock, a bistidine block and a cationic

am no acid block, or may consi st of a hydrophobic am no acid bl ock, a
hi stidine block and a cationic am no &cid bl ock. [0051] As used
herein, "consists essentially of" or "consisting.essentially of"
nmeans thatCa 4rras fﬁ?%qnﬁéﬁcod%%&@ ailyyrophidis aBKRY &5 ﬁ’r%r@a‘ém% aci ds,

i ncl udi ng hadrophebi @m0 kid @R Dethy %ﬁloodrcicfﬂ%ﬁlg%fhyaﬁﬁh(}iﬂié §8e PhACK

within the descrijbed peptide, but that the additional amno acids do

not mat er iS4 eEpedments. e Iiskubiobis anfing aned setlpttetikopepically deondegi ver

an agent hod@dpkdbid amiEehei8X AR ' .%Ea i de..consi,sting
essenti al | z%ﬁ(ﬁ a_hydrop(ﬁoél c %%%Qg%%’glegiloc ,’ggaﬁf%??lggﬁséﬂ%ﬁaggk and
a cationi @ Japingirdryplopbdn. may have one, two, three, four or five
am no acids at one or both ends of the described hydrophobic an no
aci d bl ockggogdre | U Sk di I nd/or escr i, bed
cationic zlgon‘i r?g agﬁgﬁg?rgg%bmp%?(ﬁ‘ggb nga %gh:o%p ?s?e?gfo lﬁglﬁé&e’loée

Zt: N pozI §_E<§9ﬁlﬁbi0rmla'l ':bhdiﬂ:i,tfgr wlq:t klmqh]l aamémi mki;im, c&tgﬁaytbleltd@tmgg%ib@%ﬁe
elivere nd be en L a target cell. ) e
hydr pp?obf%&%%nﬁg%%g?%wgi &; %’%Fﬁi’igg’ggng@oq‘? Ssg'_ e’é’"é‘?é‘_ﬁg F‘gaq:I“?? or
consi st s of twuyd mayp migd]isdizudiae, GhenylEaith shdaFplphae! dS having a
hydr ophobi ¢ side chain. A hydrophobic side chain is a side chain that
i s aliphatdqzs4n RAture or, that has .an aliphatjic portion, such_ that
the side Lq1oca5|4 i %eﬁmaeénbrog%‘?'ﬁt%g?&ya%g@gﬁﬁmwaﬁ&d Rpek congigitiebus

sol ut i onsalasin dsopaced, fhendlalbyide opRytbshaalirhgy aGhinsicdengbs n. The

hydr ophobi ¢ ami no acid may be any amino aci d having a hydrophobic
si de chai certain,enhodi nenis,. the hydrophobic amno acid is
sel ect ed rogr"‘:?j| na?h? %PE@} Ogﬁ@gﬁyrf{%ﬁbng@PB‘ﬁﬁﬁﬂibg&grﬁlWoV%iaH%%mVhEFfudi ng
al ani ne, omhireoniiom,4 t‘dabih?&nplx&ﬁlc_?&tﬂﬁo_ai:iﬁ@lnel_b!%ﬂe'l‘hepl@ﬁ@}[ bt or
t rypt ophan. {’0832’3%5* The h drotghoblg: am no_aci d bl ock nmay be conposed
of "a si ngl8& Pypes deﬁﬁ%fﬂéa% p epestficriydephebic pemmoegidrmpicldad in ik ani ne
[ esi dues, bioki maYn o Al iRkds 460 futd WRaRoaRI L UL RLAN sl 485 Of

hydr ophobi ¢ .am no aci ds, for exanp a conbi natfon off two or

al ani ne, 118dp Wkeidelverphiatna enlland e ofert therdppited ftrhof PESHPn bfw cer t ai n
enbodi ne%ﬁlsgéng EnddV i 0R0O RS t@érﬁy B@lg%ﬁfg% Qtl.)bqg [sfnn% %fg% %g%];%%)le?ﬂé ne.

i sol euci ne, phenyl al ani ne or or any co &r eof .
[ 0055] THeotechethotef 14 drandry,di2ew hoive,d Saminoe, ac Rl obhorkydrphstas y, and

may be 4 f -2 0r fro tQ 20 r obic _am naq ids in | ength.
The 1 engt friad i Bencht oot e BY BB Rcge o lock Bpde ot

hydr ophob to 28nfrorn Sae ROldnn ¢ tedE fio 128 20l0@ Ghmaritto Rh @yalephdwasl ability
to assenbalﬁa incté) .a.napoparticle, to encapsulate an agent that is to
be deli veréﬁo?ﬁsdnéen | and to effect the desired | evel of
expression of a transgene once delivered into a cell. The hydrophobic

am no aci{80%8joc KTtrehystid ﬁlezbliﬁc gﬂﬁpﬁseg,&daﬁist@@ﬁsenﬁallg oFbr élil?iéﬁts 0%2 or nore,
15 or nore,..or 20 or, rophobi ¢ am no acids _in |ength.
Al t er nat USR5 aRe "’}Wg"r) %’Eﬁ@ée@ag?ﬁ Hedaroieritn dem W plea P?g@?m apdt o 20,
from5 t @el@Brelsf @i ch@nded irP@hltufat G cAr ekt AR Mhrel bAMekiRidB0RQ;
hydr ophobj ¢ anj no aci dgsgi n | en ?Ir? [ 00563The f%i sti é’i]lne a%?oc’[?e
conpr i se&hRipohyssassiatedahors.diistijingfcap actas aSproton spdnge”, having a greater
tendency to bind a proton when in the lower pH environment of the endosome and a
greater tendency to release a proton upon entry into the cytosol, which may thug

facilitate endosomal escape of the triblock peptide and any complexed agent.

[0057)  The length of the histidine block may vary, and may be 3 or more or from
3 to 20 histidines in length. The histidine block may be 3 or more, 4 or more, 5 or

more, 10 or more, 12 or more, 15 or more, or 20 or miore histidines in length.




hi stidine amno acids. Histidine has an i m dazole side chain with a
pKa of 6.0, and relatively small changes in cellular pH can effect
the charge on the imdazol e side chain. Thus, as stated above,

hi stidine can act as a "proton spongef, having a greater tendency to

bind a proton when in the |ower pH enviro f e en and a
great er tdivatizslysibe kistidingRlogk BapboRow IR gﬁ?ﬁw 4 i ég ngf(g‘;

whi ch nma tof AC t I B néfin T htl’lb| ock peptlde
and any g%}% exe gbgﬂelr?ttgz?ggg&?q?ﬁoeg?%ngth ol? t hi sti di ne bl ock

may vary, and may be 3 or nore or from3 to 20 hi stldl nes in |ength.
The hi st {0058 blmwamc ing agid bieskeomprizss, 996?1%*5 essopfally@iar 10 or

nore, 12 QE gq Elél% LBe bgppth. to
Al t er nat |C§ 1&?5%@&% strdi rrcle ’bxﬁé r?%l/ndgmf rom %a@'gﬂch%c 1ferom 4 to 20,
from5 t @aﬁtﬁnc fideochaliOs b oid2 Ghath ﬂmlnsp@smmlﬁ chasgedrat sentmbpHor fot has a

hi sti di ne inle 0058] The cati sses,
consi st s PESSLSHT %“{7 &%“%P“%%%‘F%Pé“‘ a?:%g%nﬁa% aqﬁlglgﬁ}ilé Cbg@%am ng
am no acist chawl Bﬁfe’iatﬁﬁtm@wh@nﬁ:ladﬂammmseléctethrommatmdiydlecm nis a
side chain that 03|t|velg craaged at neutral pH or that has a pKa
great er AR aeid UaRE ApgRiR @Acid may be any amino acid having
a cationic side chain. Preferably, the cationic amno acid is

sel ected 505931 NatHe atidic Semarbidtdodmidybeatingssediofalsinglertgpeentgi r dne and
I ysi ne. ] The cationic am no acid block may.be copposed of a
singl e t yP@OTEE ABiAP peid; o SHATLC %}%WWSPSMQ'}@*P&I%%’&WI“QF%@ of

r esi'dues qwb: 8% e tnG9E IR AR Bind WLk ERAR Y LhebRAod yDes  of
cationic anmino acids, for exanple a conbination of arginine and

| ysi ne. [at@@@grandwlysmt ain enbodi nents, the cationic am no acid bl ock
consists of arginine or lysine, or any conbination thereof. [0061]
The Teng f[b 065] t*}ﬁc&%%b&d@eh@%@eanqm*elagﬁﬁo £ VIBEY conBiR@ of i 5 Of
nore or rom5 to 25 h rophoblc amno acids in length. The | ength of
t he bl ockr hwinebs askosmbinggyethelery on t he desired charged density on

t he surface of an assenbl ed nanoparticle. The hydrophobic am no acid

bl ock Mayo@@115 Of TR fh ofhObatiFRcSmidPadd LINBE Riay ¥y OdndPdshe s1& OF

nmore, 20 “or re ofr 25 or nore cationic amno acids in Ien

h.
Al t er nat invak g5 freth S te 36 hpdriophabig areine asids inilenath. vhe Ipesth phike 990916%
from8 tq, ﬁdse}; d‘%pﬁélgﬁ 5& des:fnfdoéﬂmﬁd 1858y on QWA Jf%n 2skefibich OM 20

to 25 catronic a
nanoparticle. The hydrophobm aming acld block may be 5 or more, 8 or more, 10 or

more, 12 or more, 15 or more, 20 or more ot 25 or more cationic amino acids in
length. Alternatively, the cationic amino acid block may be from 5 to 25, from 8 to
25, from 10 to 25, from 12 to 25, from 15 to 25 or from 20 to 25 cationic amino acids

in length.

[0062] Thus, the total length of the triblock peptide may be 11 amino acids or
greater, 12 amino acids or greater, 15 amino acids or greater, 16 amino acids or
greater, 17 amino acidé or greater, 20 amino acids or greater, 25 amino acids or
greater, 27 amino acids or greater, 30 amino acids or greater, 32 amino acids or
greater, 35 amino acids or greater, 39 amino acids or greater, 40 amino acids or
greater, 45 amino acids or greater, 50 amino acids or greater or 65 amino acids or
greater. Alternatively, the total length of the triblock peptide may be from 11 to 65
amino acids, from 12 to 65 amino acids, from 15 to 65 amino acids, from 16 to 65

amino acids, from 17 to 65 amino acids, from 20 to 65 amino acids, from 25 to 65



[0062] Thus, the total length of the triblock peptide maybe 11 am no
acids or greater, 12 amno acids or greater, 15 am no acids or
greater, 16 am no acids or greater, 17 amno acids or greater, 20
am no aci ds or greater 25 am no aci dsyjor greater, 27 amno aci ds or
greater, 30 _am ng 3 5gr eater, 32 am no_acids or gr eater,

ami no aci dgmﬂ’i"aﬁ ©2Gigds, #omR0 f@ﬁéé@éﬁo acidy, Bioinr3s ta 65 ds or
greater, 4Bnawidems 3ﬂ?dn€1§5 rbrss%ﬁaa Biids © nfy9 BBs afl BEEHGE 8" ©

am no aci ds or greater Al t er nat tota
tribl ock p@B’rﬂP@@dﬁd%Pnbés for@Sramino @cmd%ﬁomﬁi()rtg 68 @ingi, acidspﬂmﬂtht@S(BS

d 6 _t.0 69 d
rom 17 1o Aotk tork s B BAPyB S LOB 5 miPoeciad om 25 1 o 65

11 amno acids, from27 to 65 am no acids, from30 to 65 amn no
aci ds, fromoﬁﬁltoTbgﬁ&hck@eﬁﬁﬁdavmomdmn%mybaﬁpﬁm gs, from 39

to 65 am 65 amn 45 to0.65 an no
aci ds, g%dg@htgﬁmgéﬁ[g&n%cﬁﬂgblé‘% cggpnfa@g 4?32 W ARnpEcids g m 15
to 45 am nigstédinedslock cofmppising Frocs ‘s’b&@&ﬂﬂﬂd@eﬁ@ﬁcﬁ@caﬂoﬁﬁ%ﬂo ddi@blotik bl ock

eptide, inp._vario S, may conprise; a hydrophobic am no
Derd b ockVBRBFETAY. i b PRots maboy UGB MR e

hi sti di ne dolpekingdrRt 4 & JhylifopAdbic kQindGetds %m&r&f%réa&o%ﬁg%if
am no acid bl’#}l K- corrprl sing from5 to 25 cationic am no &aci

hydr ophobi‘t™ die gndy GRERNiE BN asidgo gk eomptising fpm &mmhompc

am no aci dggim ek nes and
a cati on: c am@?‘égﬂszg:h%ﬁ?‘nd% co%?@?ﬁgk?%ﬁ%fgéoégtggp% %% no
aci ds; a IHRROHHEH R &istiding blogle ¢ainistgkdian A E(Bshlagdlmsmma caﬁ)ozﬁ@a:mno

hydr ophob | bl ack g froms t
/St neco i B eoBEHERs a1 oL B i RS e Ay Piog ot fes ot 25

cati oni c &hoksompiisisg framtipde @@hmophoammﬂamﬂs bmmne@mkl i ng from
10 to 20 i C ti.di ne bIoc nprising from
10 to 20 %?’g‘@gﬁﬂgggma@ 028@5@1’1 ﬁ?}ﬂ%@?ﬁl%rﬂ C@ow@rlgma o om
12 to 25 dato @ﬁcmoamwtﬁncamﬂsah rbpﬁfbb%ﬁﬂb &1@-310@90%%1@81@(19&5 I%lto c
a stidi ne oc

corrprlsmcqhgr %O%to 20h poblc am no aci ds

conpri si ng YOI 189 a‘ﬁ idime blagk camprgngRrw 13rp A® highidligesol ock
conpri si ngnd 1 eatichi: éﬂn@@cﬁ%bl@éﬂn‘iprﬁiﬂgrﬁbné% t5i5 Gyl QRPH i Qm no
acid bl ochﬁagl%rlm ng from15 to Zoggdro phobi ¢ am no aci

hi sti di ne % el §‘F1ﬁ§1°fﬂﬁ SRMIEIRgroy 1htes20 htrdmeﬁl@mnan@mdsom c
am no aci gishkackice Sidmno. a

hydr ophobi g ameg}i()) gg?}%lsl‘gs (o] Jngggr}porzébs}iruﬁbd%%sgﬁ%& h%ﬁ “i“of’“ﬁmar%éﬁg“ﬁr‘c

ani no aci SXVPIESing fmmémﬁelﬂﬁmmc@mmpxacsisnghjdmpho&ctmﬂ@adid slockli nes and
acatronr i.si.n ationi.c mno
aci ds;: y@ﬂ%o%qa%RQ%%%% {) 9%%%%@@ %}%8 ‘i‘ﬁp’i‘%ngl

hydr ophob3 & Hhiipiddiasiadd p catidnicsmiitd sed blook koaped S6m S th 119 Butdnico 10

hi sti di ne n am no agji | ock comprising from8 to 1
cationic %Ir]ﬁ%rcl’%c% |ag:§’d bcté’( ?‘% QmPRging &og 1) 9K bydrephebis ng
from 4 t canifiohyids,eeidie bamcra@mgﬁmﬂgﬁoa %qblhrﬂuaﬁlephﬁ%ca%%{%inﬁid"g

from3 to 10 histidipes and a cationjic amno acid conprising

from5 to*cidkblack comprisingfomps i} Heptiopig@auna asidsaen 4 lmirrra:rhob vt s,
Lhe L1 blinshe epakitie RATDI) SSRuEANGLShEGRR LY, Dy i canal St

of one of the follow ng am no acrd sequences R FSEQ
I D NO  1]FomBitp |1ilrianshrimpmﬁmmxﬁ@e@nsmdmmn@hsmgEEEFEdHHRRr ZERRRR

[ SEQ I D NGl am Y YAAAAAAAAHHHHHI CICICICKICKKIK [SEQ I D NO 4]; and

[0064]  In particular embodiments, the triblock peptide comprises, consists
essentially of, or consists of one of the following amino acid sequences:

WWWWWHHHHRRRRRRRR [SEQ ID NO: 1]; IIIITHHHHRRRRRRRR [SEQID



CKKICKKK [SEQ ID NO 5]. [0065] The bl ocks may be arranged within the
triblock peptide in any order. In an enbodi nent, the triblock peptide
is in the order of hydrophobic am no acid bl ock, histidine block,
cationic block, in the order from Ntefsrinus to Ctermnus. [0066]

The present]y described novel triblock peptides may be synthesised
usi ng knomﬁ%gg’tl‘lbd'ébé%}’ﬁ' SRRERRRBHSEQUPNO; Hel udi ng chem cal

synthesi s BREAWAS ASUCAA RBHIHIANK K KO , EF%ﬁﬁ\T y i s methods,
i ncl udi ng Fnoc and | 3oc synt hesi s n{elt ods. 067?’%21?‘?ri bl ock
pepti de mayHhusAhefaysanbld A KK KRR K EFHEKEI[BEQTRaN@asopat ti cl e
may be formed using standard m cellar assenbly nethods known in the
art. For epsugsle. TREBRRE ! : rred b

di ssol ution te?;hni ques, J%l?f%/‘%ﬁag?%dc ni qt@gésﬂlglpgggép%idﬁéq aél}%oﬁ%?rs%??

t echni quese@bodimentkihe mblodk pehiddeds in thf OMIBBYT Hkdmphobib hadlo iHlbde may

nclusi on SreeREophR sRue AT Mk pirtt Rl A ERRE b ot i on at o

concentration above its critical mcellar concentration (CMC) nmay
result in K&6Ght | The plesently dpmribéchons] triBlosk péptidds pey besyngaRiséEasid v

determ ne for the triblock peptide usin t anday d. t echni ques
avai |l abl e %%{n%é%%% 8 881%%0%%15511 gﬂ‘lﬁf’%g@%%ls tgeségé%le%‘&ﬁs SBEt Bw.
[0069] Theligideambbletphnenopeickis Gle@fdaycHi@t fFBoS MR &S hthed! fGbiy. €
such that the cationic amno acid block tends to be oriented towar

t he outer of, t nano ticl nd t he hydrophobic_am no acid
bl ock teno@ BE Zj be&%ﬁﬁwgaeﬁﬁ?ﬁa& W ﬁésePﬁﬂ“F@rmf@@rI@n%Har@%% The
nanopar t i alaeopdrdd Rhy boforined BLAE KaRBR! nfdeBadl@nbANRRAbL 61065 iR be

used to deljvery an_agent into a cell, includinga nucleic aci

mol ecul e. FOdPIFReMMS DaRqarticlss gy aenenlly Ye formed ediswluvion testinigoes,
del i veri ngi@nsia@etiad ; IS I i bl ock
i8si 2@ERHiquled bPb Psif AL Emuﬁﬁméﬁhﬁigﬂi&rﬁ%%wg% ttll?e da%ﬁ;

peptide with the agent and contacting agent
conpl ex wi so that the triblock peptide/ agent conplex is

h& é he cel |, \ ) / .
taken up iRPEPk nelhedriblockpeptide may be Kesignsd iseles tvmglfiseseablesimtsl ed into a
13 nanoparticles. Thus, inclusion of the triblock peptide in a suitable buffer solution at a

-n W Youylime

concentration above its critical micellar concentration (CMC) may result in formation
of nanoparticles. A skilled person can readily determine the CMC for the triblock
peptide using standard techniques available in the art and as described in Example 2

set out below.

[0069] The assembled nanoparticles may form a core/shell structure such that the
cationic amino acid block tends to be oriented toward the outer shell of the
nanoparticle and the hydrophobic amino acid block tends to be oriented toward in the

inner core of the nanoparticle.

[0070]  The triblock peptides and nanoparticles may be used to delivery an agent

into a cell, including a nucleic acid molecule.

[0071]  Thus, there is presently provided a method for delivering an agent into a
cell, comprising complexing a triblock peptide with the agent and contacting the
triblock pgptide/agent complex with the cell so that the triblock peptide/agent
complex is taken up into the cell. The triblock peptide may be assembled into a



nanoparticle and thus the nethod nmay conprise conplexing a
nanoparticle conprising a triblock peptide with the agent and
contacting the nanoparticle/agent conplex with the cell so that the
nanoparti el e/ agent conplex is taken upginto the cell. Al though the
followi ng description refers to nethods using the nanoparticle forned
fromthe C&RPAB aaéﬁhtsdbe t&lﬁthe@maﬁpmmemggéeghmopam@m

descripti I |de
[0072] Thg&ﬁi ﬁ%]%a?tl l+e |3§%%@p% %ggmﬁdog%cagen%gbﬁ%%en es her ei n
to a "nanepapkk mtl@/t’ageqiﬂt socth&tﬂleemﬁo;(artml@dgmeaweﬁe:d’ie takemup hnd theleell.agent

and nanop h I e

i nteracti e%nﬁjﬁ& ? Nia EIP? F%{ﬂé f%’ﬁtgg‘lﬁéfe %%?aqoga@%#@?egnt ly -
stabl e t ofahl mmimcldmph@@ﬁﬂéss bme@am?eaﬁai , widhliebdiptiba@papglicabie in
or der to 81 q% ered |n%ﬁ%g ceh% Re erences herein to "taken up

i nt o" 9 ingtps tiblackpepfidee| | | or “delivered into" a cel
mean that the agent enters into the |nterior of the cell fromthe

exterior @H072je qetkahlandpeﬁm 18 Gorhs16R)di viiethnl diedth R c€3ERSOherh b t hi N an
organel l e of the cell. [0073] The agent may be any agent that is

desired t oP35EPRIEFlEAREFE GOTRIER %rre%mnces#@tenbsbatrtbt agent ﬁ@%@@?ﬁm%yﬂbe
any agent chaMefa ar ke AREMblex” eter% %Yﬁhﬂ%rﬁhbﬂ set%t@ag é,]eft fé@

effects a desired therapeutic result Is to be ntoa
cel | . For 2gsrhthet is suffisiendy stable tﬁa@lloebﬁopﬁﬁpgeelatmwoeatewdbmb mbmle a

protein, UF p il L0l Qted,
cel | ul ar ?}aoc??%lrﬂ)ggﬁglf“%}%d?mg%ﬁg% Ref %?’%#2{ ri @ ﬂ‘%ﬁ) zles and
nanoparti tid@selarIEO’panell o f‘:hiﬂvgte@mt@”ea:lcdlpmemmhtﬂke ageint éntexp thtolélei ver

The agent oreiok8h T FothEedufE atme 3o pograps hrbfienh BeBVaRole™ " ©

nol ecul e withinlze cagweltaics the cellaci d nol ecul e, including a single
stranded or doubl e stranded nucleic acid nol ecul e, and incl uding DNA

RNA or rids Fo exa cid | ec be
o s a3 e b ke BB Sty W el o Bt AR S Soll ol e
that is tmah@leewa@smeﬂaymadﬂyagéntnﬁamg 4 thedabeuticlor phRe@piveatfeat @d t hat
if the nucLJ’EJéc aci d,encodes a tran ne, that is to be exgressed

wi thin t hERgaFiect kdesgd forapeuficrasulipthaia fabedrbiead iite 8 cfthcfdide any
necessar yex aﬁ%ﬂ’] ﬁie%@h!nt%h@%ﬁ%;ﬁsé@ﬂwléi@&ﬂ RoRLAIBC prteR, @3l@n Of the
transgene under desSired conditions within the particular cell type.
The t r anseleerlpmirpe a8 aﬂh@@%é@?ﬂ@ﬂﬁ%ﬁi@@ﬁﬁﬂcw op@polypepsider ansgene
involved in a diagnostic nethod. 14 [0076] Alternatively, the agent

to be deljopgapd tRe elbt&tclpemsQﬁmepaﬁa&%ybaﬁ@dmyﬁ&teav@c&qﬁ&t a
smal | nol ecule, a dr protein, including a polypeptide,

ant i body , Wléh 6l 4611W@tttjt°1¢10p4%ﬁ @plgcules iploatasiLraotthgrie n@r’cauaerpbreﬁneﬁmts ,
domai n, h'f?énﬁfé a%u@fe?de[&dxﬂ@le&hé gopeptide or a peptide. In particular
enbodi ment < e agent may an anticancer agent including

doxorubi cin, paclitaxel and peptides such as Int-Hl- 36A, F8A, derived

from H dPOEShy cThaeisirinetd mRgPWp WROURRAY RICKKXME MORSFIAADFDANEESEQ | D
o oL skl Hebicd (1%0R0E rarfla A b Blftbuteed iREGARL Bavd, HaR" O €1 1

may be bio
or DNA/RNA hybnds For example, the nucleic acid molecule may be an siRNA, an

miRNA, or a nucleic acid molecule encoding a transgene that is to be expressed
within the cell. It will be appreciated that if the nucleic acid encodes a transgene that
is to be expressed within the cell, the nucleic acid molecule should also include any
necessary regulatory elements required to effect expression of the transgene under
desired conditions within the particular cell type. The transgene may be a therapeutic

transgene or may be a transgene involved in a diagnostic method.



active in that it possesses a biological function in certain

bi ol ogi cal contexts, such as enzynme activity, binding to a target

nol ecul e such as another protein or protein domain or a nucleic acid
sequence, hornone activity, cell signalying activity, transcription

activati On[&@? upB&alessi_o a tivit%, cell growh or cell cycle
regul ati on, i - CAIFEVEE PG pgspt terbedgivaredite erellinmayby 2 thargputicellymy

be desi r ableiicagnd 4l hila g8 M oSy el URLAdYofpklfacel | and

thus the agent may_ be coupled'to a exanpl e a
smal | ol eéRfiRody, afsH depethmroteinga puotdin Fragh éryeprbtein dhetai tai fosiorofrotehe

agent once i M s, Ln.a nonsinvasi ve_ nmanner.

[0079] Det 3{1:? feetilod Bentldt: QQP%E%“%Q} eppRaneniL s A Y PR AT b

det ec]t ed b?nwemsmCMMgdpkmmbiﬁi pﬁﬂ:iifaﬁelgdnﬁ ,peﬁtlﬁfes mcgraphﬁ.}ny usi ng

visuall zin o tor-adl ogr a met hods, col our dadevel opnment
Ay e ol pEHE e

met hods or ¥9C%e appreciated that the
det ect abl ewemwmmmmﬂ@mmﬁbz e ability of
tic

the agent to conplex with the nanonpar e or to be taken up by a

cell. For |l e he t or, labe), may conprise a fluorescent group,

a cheni| unf nteizgen{f'é? %ﬁ‘}ﬂfatgé’erdﬁ]meé F?\F@tﬂﬁgfgﬁﬁ%ﬁm mg¥Rebiclagicaixanpl e

biotin), aagivetrohabipRsdsidl @RISR FHANPIn &ﬂ%rm%tcb%e:%&%{f&a or a
e de

heavy metal conplex or. noiety. 0080] The agent to I'vered into
the cell i 9ZERpAFIEYOINGIAg Wy Higtgehigolrriln sudhies paotheraweteinloe proteif or m a

compl ex. Tbissin SMEmBORMoidRYORY oAnb R AP el AEhAi0, Sl ie agent

available to interact wth the nanopartic t ’ex. For

exanpl e, tFESEHEAR apyptiooerrAuppressigsl aekivity, céll plowtnenefiaytle edpalatibr, a

hydr ophobi&ﬁ_ﬁh&g%gﬁé%%; Eﬁot%&ic%%r' en bondi ng interaction between
ar \k

various functiona ups aval l'a ‘on the agent and conpl enentary
functi onal aroups avai l able on the exterior shell of the 15 nanop
article. [PO61] Irmayhgdenirabigyo motidoraiot ageint dnck deliexdddnioahe sdiehdd of

Conpl ox 1 s ic Srentifh 0 SBp RS § LGt E BBROB xS b et Roliie i nt o
the cel |, flueseeseegetag, wikyh b vnefyaddtatiboy of thehged ofse B3 WAL lﬁringhcellsﬂ

negati vel i . or anionic, region such as a portion of the agent
or a tag g?gg%gﬁgﬁl‘ée?%eﬁgent. The negative charges on the agent

allow the agent to forma conplex Wth the cationic nanoparticle via
el ectrost 40Ti ntRatevtbicdabel Fefers ex amyhg or label e cagS N detdcfeddyiyg | €i C

acid nol ecul t he, negativel y charge hosphat es on the nucleic acid .

nol ecul e %@ﬁ%glﬁ? 'W%%chfgb?(% eﬁﬁn&ﬁgggﬁ@g vVigrlizingreethedsi t i ve char ges

on the supfiacdiogfaphieenonypaloh @év@lo}o@:pﬁt%éfh@dsr@ﬁﬂf Qﬁ{nﬁﬂﬁgkﬂr%“ ¢ i

acid conmplex. If tc£§ atgent IS a grotel n, the protein may contain a

regi on on°t APTRIAIPLIRA thY detertably lgpdispletnd shaul nus drtenfare With dieeabysd oflue

to the spateizgbnidd & f j i ids _at the
Paielagent 3 ERASRIR ﬂﬁnaﬂ&g@fd_ Mo 6 %iégl?‘%g%l B&1. %81# %{?lng#‘ue’

surface of the protein. The protéin may be as’'a
prot ei n hiGit#RPraebel may egmprisearfiueresearit gnupontteimiuminesenagiouglay char ged

otein h¥ . mcsegtyigly oh:
oot n o isears SR Rl G of Bttt SR iRl BB bRl foai 1 oo

wi th a nebpatrhagaetic gloap,ged hgrupetdrcotmpipxairhaddted to the protein. It
wi || be appreciated that any nodification, including by fusion of

addi ti onajgeafi NOTACI ¢ attachnent of a tively charged tag,
choul d b gBaL " TRE R Bhe S RARTE byt ShreitenEardia et | onof
t he prot edanopdiiete icafbiny a chfplelle TBES fHe dgsntandyAKER SR Gabtbnatieve
smal | nol eg%ulae 'atsb?e smal | ‘Tr}@_lb%%ul e may_ have negatively charged
funct i onate By eb?“ﬁ%ﬂ“a the pangparticledy foum fCempley farvsayple ihe ged
group or doagt mdytferhedoislck REHIABhAn TRYEE Wl - jvely,
in order tq conpl ex t,heplex,t erior ofogztmﬁe nanq%yéi%(g)?lg\%le}’ é\;’\%({nﬁgt?#e 1ragent
that is tHImeerbedngiagrachenbetweencestious funeticogbgroupsayaiiablonl the or
agent and complementary finctional groups available on the exterior shell of the




16 may be nodified with a polar or charged group or tag attached to
the protein that contains functional groups capable of acting as a
hydr ogen bond donor or acceptor group. It will be appreciated that
any nodification, including by fusiongpf additional am no acids or by
attachment of a polar or charged tag, should be done so as not to
interfere \W?‘?Paﬂﬁ’ge'bi ol ogi cal function of the protein Similarly, if
the agent is a pharmaceutically active snmall nolecule, the small

mol ecul e NYYOSEYe Pelagént AfayGixeragewitl the ekieABitdhell BEHRS nAophRiKletvBih RE
nodified with a_polar or_ charged group or, tag attached to the snall

mol ecul e. [POTHYIY dheaaedgdhus. imgrdeniospmplex fiananepreticlowah theragent thatds

nanoparti clgy, [ AN r | ore of
t he nanopartti%?éy&?%gﬁ%g%%'?ﬁ’n%é)a%g fhdro%gk% |%ﬁ§}£%%f9%8§h§e§
hydr ophobi @egadiyelyshargeh onsionipoegipmsuchfs ¢ hertiayehithe agerd ot atpgattechethed

to the age For .e I i £ _the agent | rotein .the protein may
contain o oG anms PRedis ettt BRdbnt By otk el o
due t o t he vdthahé ationic hangeartehd vipélettydtadphndrhaioanFoeatipits ifalie dgdegt
surface of ,the protejn.. The protein b esigned as a fusign
orotein hali MRRCTLPERHE ity Ses AP aG N P POHGBFE. ani no
acids, for mpiuRbRc®oné REl Se 412¢ 1 iRidRcOkitRthl hBtiaed GatdeY oRtHelsMEadeloBt €i n
or protein domain. Alternatively, the protein nay be nodified with a
hydr ophobi éiegiaaens tisie todgrons panopardiclequelgis agidgomplex. I thppgant jse protein,
appr eci at eghet- D@k dmdifd L QY thd | j -addi tional
am no acids oﬁrB bm%g%&'t achrr_ednl‘t'ég{(()#l Q)g %éy%?%%%d(%ﬂ#aegﬁéﬂgﬁfggn e done so
as not to rhargdiduedéo the spetishardsigoheniof a¢gatively thaygedsminhecigrapthei n.
Simlarly,

i . r i | 1V . 1ol ecul e,
the smal | Fr‘%’ffaé%:gfté‘gﬁg’g&%ﬁg%ﬁ@g%u 31%;/&6 %%gérdg%éﬁ%%ncﬁ Pgena aL'qgn oups or
may al so betrertdeifandub adidshvoatansgatdgaitely diasged achigr ids, br etaagplattiac hed

to the snmald, nol ec . .[ 0084 re than one type. of ent be

ol 1 ver oa el atiolongt i achid Srolelih s btiny e pRae
nanoparti ch@tdimapbe thioeidiel evithel iegaively dhagle pfoup of thgRh@edtemeonpl exed
to the cationic xtﬁ;ior of é{]tg nanoparti ¢cle along with a .

phar maceut Plé’éﬁm-a@&# D¢ YPEGTIAAS Gaf AR éﬁ?@‘é‘?naél‘t‘f@ﬁiﬂrfgtbyoéfﬁ@éﬁgﬂﬁwoﬁlﬁl t he

hydr ophobi gmindtagids 6¥ bditatiiBed1dRNG B@%aﬁb&ﬂr Sharfid t@% RGN 8¢ Yonelsb ab A&t to

pharmaceut i cal agent possesses sufficient negative charge or polar

hydr ogen b¥rtceRowE: anyf biglegiepfanctign of pe prateia. pieiiarkiciithe agant ingent may
be corapl e%ﬂ%&n%e BediGcetshial Qﬁolgcfulet, e sHRNRAIILHE hde 1BESE

1 e‘i;#a
manner as the nuclelC acid. Using a COfT‘EfIanatl on of “agents” conpl exed
wi th t he nehegsdirictipeal groppadt way flov bepediftd with amgetivaly changtdgroup

synergi sti tﬁ%ﬁ[a@?{ﬁ%ltﬁesﬁiaﬁletﬁ&e%lﬁe 17 the cell. [0085] Thus, in the
ods, e i

present mneth nanoparticlée is conplexed with an agent that is
to be delivered into a cell, and optionally an additional agent. The
nanopart i cl0888hy BEemalinsise iedrdbytoaduiplek e axteriohef tha napgatick! vetht the a

sol ution cgntai ni-ng .t he,.agent d i onal. additional .agent (if to be
conpl exed efaﬁh{{ﬁset%ebf{hg]rw o?§]8f°a$ﬁga'ﬁt§}ﬁaoa§5?ttq1@ﬁgg)go?m Pﬁﬁé’g%egﬁ%‘ayat io
of the masimveh palgeai chibrpetBegtonsuck hea patiopal the edcht obytap attaped witked to
ensure adequate_ formation of the conpl ex d to provide a conpl ex
havi ng t hée® ’étsielih@lflo pasa dg&ugs%ggﬁg?%ﬁfo%&q@eqtgﬁ R ¢ tory
met hods. | Rie Bk baidhi CRREHHEB Vi hyBrd¥BSBorddfld ifteRcti RN TRALLLGIL iRgE Nt

of about 0.2 or greater, or about 1 or greater, or about 2.5 or
greater, GiEcEBdyProfeipibaprateiemay eontzna tagiorPdpe giréage of the protein Siat is20

or great e;}%oleﬁ“br gi%?%b\t/%s d%? tPfhe ?ﬁﬁi SranegBh r@%?g&aﬂ& ﬁﬂ%‘;%g‘? S8L8 aeiaQk t§ out

50 or greater, or efficient; s conp ormat1on. Zéta
pot ent i al ,sudaceed shermotein. $he patan olapbe designey abefivdagraeinkayag anet er to

e o oruaih ot <o oGPaFERO: FustfuBE e T b el g, o

texminus of a biologically active protein or protein domain. Alternatively, the protein




[0087]1f the agent to be delivered is a nucleic acid, the NP ratio
may be used to form conplexes of appropriate size and zeta
potential. The NP ratio refers to the relative nolar content of
nitrogen atoms (N) in each peptide nolecule to that of the phosphate
groups (P) in each nucleic acid nolecule. Suitable conpl exes may be
formed at nislyBe natdified voth ambartor Chatgadaraipoerttag Bchasfto fwapetedn thatt o about

5, of about 1 t bout 40. of .abqut .1. of f 0, of
about 30 Bot0p BnSuRtHgo Rty Tt s BRh bl ofor BORED
trend in phepparilteepsredsteddt ary motifiesion,igolediembly fusicnivd additienal
potential of the napopartide/nucleic acid fj%r%l effibwc%)h incrr%%% ng VP
ratio. H gREP 3gds oF by plpe OSPB?I@E:?I o {78t THOLIRE GP0P PO RS

degr adat i gRe e ;16 A 13b18 S WirdcAbi of 1hE pRAGRPBIi €l £if B@eipbntdoapI ex.
[0088] Simlar to particlé size, the value of the zeggng%g%ntl al of

t he conpl shasmapaicallyastivhinaliapeleculn dheymallanipie BaY SF essi on.
| deal Iy, hy it ; P gel 0
eally Eﬂé&qg%q ﬁﬁﬁu?tgbglﬁl' l%%%)% é)? 8 ?ﬁo 8L R0 e WRMeX 4R cha%geﬁ.fe &bgrdred to

enhance t e conpl exes, owng to
i nteract i g dtethed émthehmahegiacileel y- charged cell nenbrane and the 18
positivel y-charged conplex particles. Therefore, the higher the net

positive es ~of ] | akthee, CARRIig¥ARr t O
be taken E(;pba%g tk@egé%%gﬁgﬁé\%&\ﬁ%@tﬁ?gﬁéﬂ%tﬁf%‘gé?ﬁﬁve char ge's '
cont ai nedtd ¢oniiex withnfiledyéphde ate oftbe sanvpaticleetheragent iy beel |

Coxi city PRIgPREbes Spgrisre pRar Py Bccraph S dan e ppRERY pRlleblPa e

t he nan ;) p atlftgtci/hsd ﬁﬁt_j[a%nﬂ lrF.vr ief&n;ze;]giﬁthp a%@n fsi aiégﬂafn, thegrotein may contta§n a
nanoparti cl €/ agen cQnp X once or ] e a nopar.tl e
conpl exed ¥EPrhn g é‘?@acP QFT;B‘F BipisR that %ﬁ‘ﬁ[ﬂg‘ﬁ’dc &'Pﬁ% gkfﬁ SIPS{@ Img'iﬁlmtelﬁéo nal
agent), t BERFROBHOBIE X0 REdsIR He\BHRR df tredr6@inl ThopdtdiDiay be dasighake of

the agent intothe cell. [0090] Delivery to a_ cel gyéo%l ses
cont act i ngs & sionaneipiaheyiag a stRfenet AP pELS FWIERRHBYLORIOILATHR o cel | .

Wthout b g{;iﬁ% g Tl ﬁ% a g;e@’éégﬂiﬂﬁ S48l glcIBPENive bi¥ein or protein
nanoparti cl e/ agent y be endocytosed by the cell, resulting in

upt ake of dodneinnavitspmtivély, the prgtein mavhgpinesifieh wiheiydiophebic groue of 1#8i de
the cell, th | ex Ve Re1initiak £ L R0 s ﬁqgilgsorre.ln
t he endos S%C%ecgﬁ)mgg?tteqlgOI%%%%Q%H%%&E%@?A&%%%%E%&ﬁ%ﬁ%@ 1€\nd?]% hinh 't he
nanopart i Glston\adiieicnaramiioaiciin at byl attachmsitrog a hiyérophadak tigwihowltl behe

endosonal _nmenbrane, and al | ow t.he c | ex ta.es fd

endosore, PP BSEPLRIMTETE W\é\%hg%elﬁf’ﬁ’ﬁ? cﬁ]émé)g%espg?g%[ (%‘g%r ESXI]'ﬁeﬂl Tel |
to which gfgtagesiarhscetialle adtivkisinel atbletale, the smalf nwddcule machavdi ng an
invitrocell, acell_in culture, or an_i vivoe@el_l W thi.n.a

subj ect . ¥aetivelysharged fomctinual gronpsipx may qlsp g}og@ VA PR a
singl e celharpd Rbi & thé HiteaRhedt8 kSt Bolpétiddll ation of cells where
context pernmts; unlesS otherw se specified. The cell may be an in
vitro cell_including a cell explanted Lrgép aﬁ%ubiflect .or, it may be an
in vivo c&984ln Meghhaane taerf pegaf pray peeliverrd st p meda fhedresgit

i ncl udes n B Bp&8kle M YeRis&PRIR K erReflictcacidInl ess

ot herw se%&%@?fﬁ%ﬁ%@lgﬁ?g#?g celel mae Eq)e deri_veerd from acily

or gani sm nfedeculncamplascdiv thneasionic eateripee g@qulﬁr@&ﬂﬁm’@gﬂ a
bact eri um.y ot 303N FBlk, duBE N AboRHPPIRL cdiAbHA AR Be RYERBbobic

interior of the nanoparticle. Alternatively, if the pharmaceutical agent possesses

sufficient negative charge or polar hydrogen bond donor or acceptor groups, the
pharmaceutical agent may be complexed with the exterior of the nanoparticle in the
same manner as the nucleic acid. Using a combination of agents complexed with the

nanoparticle may allow for specific targeting and/or synergistic therapeutic effect in



[0093] A skilled person can readily determ ne whether the agent has

been delivered into the cell using known nethods and techni ques,

i ncl udi ng various detection nethods, immunoassays and fl uorescence

| abel |'i ng techniques. A skilled personycan also readily determ ne

whet her th§1c%ﬁ retains any biological, 19 pharmaceutical or
Fnct i

t her apeuti on provided there exists a direct or indirect assay
for that particular function within the cell. [0094] There is also
provi ded aJ0085)par Tl 1/ RGaBlenCARBbAY 8%atl 1&@%@%{9&@% witlg] Ah9 2
nanopartlcle/agent conpl ex contai ni ng i tional

[ 0095] Ther B2} 1§ %P%%ehb’@@@ e d celb @n@ppttomellmma,c@tumskagewe @he nanoparhcle
nanopar ti chg gg @%er{tﬂﬁ oflﬁ‘)lse#; i%le 10g sgigﬁ&{l cc%n%xﬁpg {h%gal L

use of the above- nanopar agent co

manuf act ur @ddwtlanﬁ@ddhum agent @ftod:elcnm@rexexgvmhmeagmbr ofthe a cel |,

i ncl udi ng WA g ceII is an in vivo cell in a subject. [0096] To
aid in adm ni tratlon of such a nanopardcl e/ agent conplex to a
subj ect, the conplex nmay be formulated as an ingredient in a
pharnaceutﬂEBﬁ]coﬂb@smbDﬁﬁm1@@@&&*mmheﬂﬁﬁgaﬁheﬁﬁ@pﬁh&%nﬁ@%&lded a

phar maceut oSiti npri si a na artlcle/a ent conpl ex as
descri bed 6%%{% n*% d,%};%ag% I”%oﬂm’% Iﬁ? Xdiagrovideaperpiercl ude a
phar maceut havilgltje eamapm&ﬁ:ﬂ Zdtal péﬁaﬂhaloﬁszﬁgafroﬁh@é labdkh@ryPRatsaceyt i cal

conposition may roytinely contain p arnaceutlcally accept able
concent r at ‘feg?ﬂnﬁnbgglﬂ?ts %W?Séﬁ'il?l of negeppriicie:pgeat ol abaut Q2 or grefervar i ous

conpat i bl esbeat I biei€ater R abahd 2.4 G @r&u‘é}f ort dﬁ%l}htvﬁe& ea?té} r aboutl 10 or greater,

-

nanopart i cI e/ ent corrpl ex may be for at ed SIo

sol uti on. 0 ?ﬁéfeﬁﬁ%@éalzquaﬁo meat@remahpwmomtqgmmmmomcal ly
accept abl 5&4u&ﬂ&, e en route, of
adm ni st rzgtrl or€ coﬁg%r ti Fﬁt Srtaﬂléf(ﬁﬁ% iﬁgoa t‘?”\?%SFrB? BT ¥ such

as nucl ei cugfetedbarge, rpﬁ)d:msn@ ag afpaampe:tcl;db |gamg, compﬂhx&bﬁﬂmi@ﬁdFor

D epar od_ 155 B ARIE Zere bPRRY, " GuBa e SRPOH R0 ot Sty
accept abl en’¥¢ @mhmst 20 w5 osfidh abdwe 20 @iV &ciboti BIOMAYV In®y HeQusSiiBlifsit e S uch

t hat f t of th ticlelagent conplex and an
bl 1 onaloRRHbY B IR e CPien BETEAL e e ST e ABRONAHACE. i t a1 &

wi th a pharnmaceutically acceptable vehicle. An effective anmount of
[0087]  Ifthe agent to be delivered is a nucleic acid, the N/P ratio may be used to

form complexes of appropriate size and zeta potential. The N/P ratio refers to the
relative molar content of nitrogen atoms (N) in each peptide molecule to that of the
phosphate groups (P) in each nucleic acid molecule. Suitable complexes may be
formed at N/P ratios of about 0.1 to about 100, of about 0.5 to about 5, of about 1 to
about 40, of about 1, of about 10, of about 20, of about 30 or of about 40. Typicaily,
there is a general decreasing trend in the particle size and an increasing trend in the
zeta potential of the nanoparticle/nucleic acid complex with increasing N/P ratio.
I;Iigher N/P ratios may protect the nucleic acid from degradation when contained

within the nanoparticle/agent complex.

[0088]  Similar to particle size, the value of the zeta potential of the complexes
may also influence the efficiency of gene expression. Ideally, high net positive charge
after complexation is preferred to enhance the cellular uptake of the complexes,

owing to the interaction between the negatively-charged cell membrane and the



nanoparticl e/ agent conplex is admnistered to the subject. The term
"effective anmount” as used herein neans an amount effective, at
dosages and for periods of tine necessary to achieve the desired
result, for exanple to deliver the aggnt into the target cell or cel
popul ation within the subject. 20 00100é§u1table vehi cl es are
descr i bed,posigivelgcharpedcommiexparicien: Shereforsy thehigher the agh posiive ghasges of

( Rem ngt ony i i E%?]ﬁ Magike Rl s
East on, Pgl.l écgﬁ@ﬂé’{l&ggﬁ%‘)@hﬁeﬁﬁg@ a tné}i{,e t he conpdgéii%{tt?%%%gir@rzﬁg%ﬁé’,
al bei t nothigxet pesitive opargeotantdinmisn ffe comeleneswpantitheiagredermakedhp| ex,

in associatjon with one or har i | . veh cl es
or di & ueni SEmirag A seaeaTe PrE TRGRHE: SRk ARIERLAMEE A ana
i $0- oSNt i Wighdr ipbsifiy SafdeQiRh€a 8 onfthetbuiifice $10Dd fdnbbladeles mad proaide zeta
condi tions of ,stagrage and use, such_ pharmaceutical conpositions may
contain a h9testd 5&%%0%&%?/@&#%?0% GEOWRCDt i croor gAni sns. A
person skilled in the art would know how to prepare suitable

for mul at i qpg8aICo NuRRta RAGar il O6REIERE t@aThgdentis pebivaRt $intludinghay

sel ection and preparation _of suitable for qul at | onsgdalre descri bgge, for
exanpl e, e rd e aeepaiba AeEveT waY begriseeddo a el forllpHEo R R

St at es PhajgaRCopRIdo tdtgniNat i onal Fornulary (USP 24 NF19) published
in 1999. Alternatively, the conplex nmay be formulated at a tine

sufficient| &?cl ose to use by mxing the nanoparticle and agent
sol uti ons,[0098]hoUReliver taacall Forppiies eYaring thehang ot SrRkspIplex

admi ni stenad, 0sAnRaLE LRl WiBaRBLRORRNE ) B AR BIHy ol S

admi ni stered 1Tn an anount effective and at € dosages and for
suf f i ci entnapepasiceégentinabagidpexiesed biithsiocbdesiding in upke okanpl e, the

nanopar i cl.e/ a0chl . SRLeXo MR BEATBAL SALIH Ll AYBOhL L EhyBRC
dosages néGegSaIy 18- del TVer an agent ich may functioh to
al | evi at e,initisihrlovesd withingateadosame. Inchatmloseha i lehst eomppiihe histidine

spread of, slow of. delay th rogressi on of or cure an.li ctian,

o Sease. orediet pitbin i ol e rrsR Al BECARELA ¢ e
activity afie @ddicaedsRmbenatbed RnayEte cdmpics eneRaget@h @ caddyptmee i s an
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Similarly, reference to “cells” also includes reference to a single cell where context

permits, unless otherwise specified.

[0092]  The cell may be derived from any organism, for example an insect, 2
microorganism including a bacterium, or an animal including a mammal including a

human.

[0093] A skilled person can readily defermine whether the agent has been
delivered into the cell using known methods and technigues, including various
detection methods, immunoassays and fluorescence labelling techniques. A skilled

person can also readily determine whether the agent retains any biological,



21 [00104] One of skill in the art can determ ne the appropriate
amount based on the above factors. The nanoparticl e/ agent conpl ex may
be adm nistered initially in a suitable anmount that nay be adjusted
as required, depending on the clinicalyresponse of the subject. The
ef fective amount of nanoparticl e/ agent conplex can be determ ned
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nanoparti cf&/&gg&icﬁ%ﬁ% %t‘ﬁ@@dpe adm ni stered safely. However,
t he anmount oft nanoparti c e?agen conpl ex adm nistered is preferably
the mnimal anount that produces the desired result. [00105] The
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desired site. [00106] The present nethods and uses are further
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[0097]  Therefore, there is provided a pharmaceutical composition comprising a
nanoparticle/agent complex as described above. The pharmaceutical composition
may further include a pharmaceutically acceptable diluent or carrier. The
pharmaceutical composition may routinely contain pharmaceutically acceptable
concentration of salts, buffering agents, preservatives and various cbmpatible carriers.
For all forms of delivery, the nanoparticle/agent complex may be formulated in a

physiological salt solution.,

[0098]  The proportion and identity of the pharmaceutically acceptable diluent or
carrier is determined by the chosen route of administration, compatibility with
biologically active molecules such as nucleic acids or proteins if appropriate, and

standard pharmaceutical practice.

[0099]  The pharmaceutical composition can be prepared by known methods for
the preparation of pharmaceutically acceptable compositions suitable for
administration to subjects, such that an effective amount of the nanoparticle/agent
complex and any additional active substance or substances is combined it a mixture
with a pharmaceutically acceptable vehicle. An effective amount of
nanoparticle/agent complex is administered to the subject. The term “effective
amount” as used herein means an amount effective, at dosages and for periods of time
necessary fo achieve the desired result, for example to deliver the agent into the target

cell or cell population within the subject.



residues, i.e. F5 HA4R8, 15H4R8, WhH4AR 8). These peptide vectors

i nduced efficient gene expression in various cell lines at |levels

that are conparable or even superior to the gold standard of

pol yethyl enimine (PEl). The functionahjty of each block is essential
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to achieve a desired result. For example, the nanoparticle/agent complex may be

administered in quantities and dosages necessary to deliver an agent which may
function to alleviate, improve, mitigate, ameliorate, stabilize, prevent the spread of,
slow or delay the progression of or cure an infection, disease or disorder, or for
exaraple to inhibit, reduce or impair the activity of a disease-related enzyme. A

' disease-related enzyme is an enzyme involved in a metabolic or biochemical pathway,
which when the pathway is interrupted, or when regulatory control of the enzyme or
pathway is interrupted or inhibited, the activity of the enzyme is involved in the onset

or progression of a disease or disorder.

[00103] The‘ effective amount of nanoparticle/agent complex to be administered
to a subject can vary depending on many factors such as the pharmacodynamic
properties of the nanoparticle/agent complex, the mode of administration, the age,
health and weight of the subject, the nature and extent of the disorder or disease state,
the frequency of the treatment and the type of concurrent treatment, if any, and the

concentration and form of the nanopariicle/agent compiex.



physi cal and enzym c degradation, the conplexes were first sonicated
(VC750, Sonics and Materials Inc.) at 35% power for 15 seconds. The
sane sanples were then subjected to a consecutive digestion step

usi ng DNase, according to the manufacjurer's recommendations. After
15 m nutes, DNase was inactivated by chelating with Caz+ ions using
EDTA. To sk94P4t e Dr0sofskillintheereph dstenying theAppigpriate gpewn bessdioni on
(10x) was 1 B OCk . - Nk ght
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[ 00115] Sc&§irsdgitel ect ron mi croscopy (8E111): SEM observations were
carried out with a Jeol JSM 7400F mi croscope equipped with a field
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freshly prepared Si wafer. The wafer was then air-dried for 4 hours,
bef ore bei tigd onto an Al sanple hol der and sputter-coated wth
Pt . [0011gi§§;t otoxicity assay: Cells were seeded onto 96-well plates
at a densifgyify 6- 1@umkBprGel | s/well. After 24 hours, all nedia were
replaced w tL f]resh ones and 10 pi of sanple was introduced into each
wel | . The sanpl e consisted of either pure peptide or peptide/ PEl
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a referengg peptide I;HsRs mediates gene expression in a mouse breast cancer model much

more efficiently than PEI. This approach of incorporating both hydrophobic and pH-
sensitive amino acids within a cationic peptide structure therefore results in useful

vectors for gene delivery.



24 wavel ength of 690 nm were used. Cell viability was represented by
t he average of (absorbancesso L1M absorbancesso nm of the sanple
expressed as a percentage of the intensity of the controls standard
deviation. Each data point was repeatgd at |least 8 limes. [00117] For
conpl exes of F, I and W a peptide concentration of 0.02 and 0.10
mg/ mL wi | 1080 oxi nifadérjale amd debloosts to VP ratio 5 and 25,
respectively. For H a peptide concentration of 0.03 and 0.09 ng/niL

will appr ely 18 and 30. For PEl, a
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cells were cul Ithgprﬁd In RPM 1640 growth nediumat 37C with 5% CC2.

Al grothEJ conpleted with 10% fetal bovine serum 100
us/ mL of streptonycin and 100 Ilind of penicillin. [00119] One day
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the cell l'ine and type of experinments. For the | ueife

t r ansf ect isgAbesissynagpes (San Jose, Bk S-Addr GHh Bigrkem MbasehsL rg’%}?lal@‘lfl ¥ePl s
were seedegsp, uﬁ%pdﬁsé’ﬁﬂ Hﬁcgﬂﬁﬂsﬁ"@ dehﬂ*lcﬁ‘tﬂ?e r¥ictsBwak-rBcombinpdéd medi um
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sol uti onsSSB%\! pep?& ealoﬁ %&k&d‘ltﬁe m xﬁl}r%ee({%\dla@tﬁien vk teexgg(}f%qr -10
seconds aradd Véfuas: t1614;9/a&bl'5 I;@38a6/258n812530. 5&56&0&745&2714% 2usage.
Meanwhi l e, all nmedia were replaced with fresh ones. For experinents
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[ 00120] An&Pymsinates prior tyihdeane S bemiGanis £2.Syeefs)-cani ed out after 3
days. Cells

[00113] To evaluate if the complexes were able to protect the DNA against
physical and enzymic degradation, the complexes were first sonicated (VC750, Sonics
and Materials Inc.) at 35% power for 15 seconds. The same samples were then
subjected to a consecutive digestion step using DNase, according fo the

" manufacturer’s recommendations. After 15 minutes, DNase was inactivated by
chelating with Ca*" ions using EDTA. To separate DNA from the complexes, 10 uL
of trypsin solution (10x) was added to 15 pL of the final sample and incubated
overnight at 37°C to completely digest the peptide molecules. Gel electrophoresis, as
described above, was then carmried out to image the bands of released DNA with

respect to other control samples.

[00114] - Kinetics of DNA capture: PicoGreenis a dye whose florescence is

dramatically increased after intercalating into uncondensed DNA double strands.



were washed once with 0.5 nL of PBS before the introduction of 0.2 nL
of lysis buffer. Menbrane lysis was conpleted with 2 freeze-thaw
cycles and manual cell scratching between the cycles. The cell
suspensi on was centrifuged at 14, 000 %;pmfor 10 mi nutes. The
supernatant (20 AL) was taken out, m xed with 100 pi of a
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hours, before being mounted onto an Al sample holder and sputter-coated with Pt.

[00116] Cytotoxicity assay: Cells were seeded onto 96-well plates at a density
of 6-10 x 10 cells/well. After 24 hours, all media were replaced with fresh ones and
10 pL of sample was introduced into each well. The sample consisted of either pure
peptide or peptide/PEI complexes dissolved in the medium at the desired
conceniration. After 4 hours, all media were aspirated and replaced with fresh ones.
Cytotoxicity analysis was carried out 3 days later by first replacing all wells with
fresh media and adding 20 pL of MTT (5 mg/mL in PBS). After incubating for
another 3 hours, all wells were carefully aspirated and replaced with 0.15 mL of
DMSO to dissolve the intemalized purple formazan crystals. The solution was
homogenised and the relative colour intensity was measured with a microplate reader

(PowerWave X, Bio-Tek Inc.). A test wavelength of 550 nm and a reference



[00125]In this study, NH2-151-14R8-CONH2 (1), N112- F5H4R5- CONB2 (F),
NH2-  WHhHAR8- CONH2 (W and NH2- H4AR8- CONH2 (H) were prepared (Figure
l'a). The octaarginine block was factored into the peptide design for
two main reasons. Firstly, with a plGpf -12.5, arginine becones
strongly protonated at physiological pHand is ideally suited for the
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hydr ophobi & (9- | 6 t hd | o
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7.0) at varlous NP [1) ratlos (defined here as the nolar ratio of

ar gi ni ne r#@¢itig&én] of RepigilFbpt i de to the phosphorus content in DNA).

Gel el ectrophoresis assays were then perforned. It was observed that
whi | e bul Kool egjt rophm-eayBefﬂﬂegfaﬁﬁfemnpéeu@mr@@em doe demsirphiet el y
retarded by Hat NP 5 i gure Za%asorre ethlglg rgrom de rml ecul es
coul d sti 9eDpAsieqpe diesel lingag wpRo FrPeRA Fondedipiigeie Bepshyithe

bri ghtly- floUor €8 eAmer Wedids coﬂtﬁ!_nﬁl%@p@&' ﬁ)@@ellsﬂﬁd% siBed intcPdaoh el oPul K
DNA novenent "at NIP 2 and also conpletely excluded .ethidi um bromi de

nol ecul es HrweH E’lhfé» Wbliﬂﬂe@]@?éopfmﬂﬂﬁ é@nfwmge oar B cels gere@ieesd This
27 indi catigs £ Hal ?_ﬁt égs{c%ngg:)ﬁéﬁw‘& Ebméggés%e?@al ly,
pur e was et e I

the zeta pOt entl a? | ower
(8. 010, 2 rikfmvesl.at i{ﬁl@iMr&M in mmMuPB&ggégmbxﬁrampmg&qmnmhobl c

groups m driy, e | €

i ncr easi n% iuﬁgnﬁ Cipgptl edﬁqggjrﬁgaﬁeon?fxé eg%g il %‘@%gﬁéegﬁ e&;’ﬂ er DNA
bi ndi ng. SBeimd maghmwm mianes atbre Lmb@l\mdwm(w atbﬁmiiadme Rplsmeﬁ w
(see Figure 3 [001%71To further tmde t and thi@ﬁ f| C{Ddg]g

ki netics of hORBT APECHBGPAES BB IgLore iR

sensi tive fhddugh @&ﬁﬁﬁﬁg aBneDRncci@tibd @Fﬂ@%ﬂ@ﬁc&&ro&mlﬁ@@‘mloi _
dramati cal I% i ncreased upon intercalating into uncondensed DNA. This

behavi or dahlosycEnl sselvebinMEO) wisa usednpes W@W%ﬁ%ﬁs%ﬁm
f /1
DrNiec ag? E‘r%e pro esspaﬁfﬂhﬁ F?Fl%é Odé:d l{I'E'rnﬁg%‘l&n{:]o% %uggeklsgmﬁ%%s

than 1 nmi rcobteinfag3.heg hf GFBcnucolded Fbﬁltlldd avap suhsngvevey dnwé et eebhtviedl.

fluorescence to .a eat r extent, whi.ch..furt S

more cap a%ﬁge;g*engigﬁ érhvg vangg $SRpEe {i%lﬁr size, the m1xtr-'u% wht c?e\ﬁﬁ'gﬁiééﬁ 3, oo&’a
tpm for 10 minutes before the supernatant and reconstituted sediment were separately -
dripped into the wells. All wells were completely aspirated and replaced with fresh

media after 4 hours.



[00128] The ability of peptides to protect their DNA cargoes from
physi cal and enzym c degradati on was subsequently exam ned. Once

Ri med, peptide/ DNA conpl exes were sonicated and digested with DNase,
before the condensed DNA was agai n rehgased by trypsin digestion of
its peptide carrier for imaging after el ectrophoretic mgration
(Figure 2d00128] i s dnelysis farduciferase otppession vRRtamigs oebeliens daws| Gellamaged

by either sonicati.on or, se di i0n. : S

el cased 1TaRMERE SRR VIR ik SLEERS herbihend PeS0REn GRRD EitFoe

conde 3 S edfﬂﬂ%r. tbﬁé’iﬂir?x%eﬁ@isi& wasredasilered ﬁ’itﬁ Cifeeatd-thaw h&dbmyg Imsua}LDeH
eptides fromt effects o se_and sonication e

ﬁolrophol ogyscm%?ﬁmﬁflﬁer‘iyﬁ{?f'%ﬁ cgl Slﬁﬁﬁsfoﬁewﬁswﬁ@%%ﬁqlé@ G next

i nvesti gat gfninkies &S sORSAMB DA F13twad RkRF olf) Eniixeg Rithl 100 LTI ON

conditions, the 1/DNA conpl exes showed a mainly bi nodal distribution.
Upon separlaeifemse pspay eaagent (Rrgmead iy voriedas dhgsitivrdight gt (814D wae

consti t ut g fiech 09 TR BIARLE LB 7 (FEAY Berttble) Wit hrlifed

super nat ant  cont ai ne e sSha particles at O run (Figure

1c), as nogringrikeproteimyomagntation ghineasesd wathiatgcinghgniniqgeid proinvissy

el ectron m.crosc ver a.period.o haur i fQs, it
i s possi bl t@heé?e?' erﬁ?f’d”r"Bg B’Psbﬁtbﬁtug%ﬁ%r%%ﬁ§asr]§gj§%%&fj l[rg(k)[% % edag%rrpl ex
surfaces afeviation bt taabt odahmpldal ock of the peptide has

el ectrostatically interacted with DNA. This may, in turn, notivate

t he aggre } 28_into rge rticles. ..[00130] To, 1

pot enti al g@blb?ﬁcati gW%%ﬁB@%&f%@?Wb@%&ﬁ? e eftggél?%pzlr}gay%iirl%ru )
trati sf ectw@efiexpesied®iths . ORI CBSbetre (.3 anl bhiigeinceds adiédiesietachuman
enbryoni ¢ ki dney (HEK293 mral i apn cell] _line, P& human

hepat ocel Ith?%ro-gli“’&“éﬁfgﬁ%’%' D e the ¢ d=a"’r‘|‘aﬂ?ﬁlgﬁﬁ5’ﬂ’§’ésuﬁjr@aasst cancer
cell |ine dAfifsed b 51 M0pShP D Bldufll T Airtee bdiiew anliglopgles ér gene or

the GFP reporter gene encoding the GEPnut| vari ant épEGF_P— Cl) with
4. 7kb dri vesrspRpsion andsyengtfugagionyvesy epdequt i B belers fixatien i 4 tuky of

cell's wer q%g&g@%@é\% ;i%'lg%eteﬂc%?ceﬁﬁgé %ﬂ&ﬁ%r%ﬁ@%asftﬂén dbtIRbel.  AS

expected, t tion~efficiency depended strongly on the

cel | type,usiige fosptitaretonf@eSalion, BertorNpickingen) droatf 14,000 ayerpredes.
Figure 4a_r%go%}ég]g$ert %]%:%%itsgﬁcflﬁlr@ﬁéleﬁ{oﬁ%?aﬁ)éﬁsgtgié}g%t@sl evel s. Wat was

consi st ent reece Ines was t ides I, Fand W
nmedi ated | uci ferase expression levels that were 2-5 orders of

magni t ude [BORRr t haH gfftosm lobifanrecdpidssibe pifisiende FEKAPT erblatveze

hydr ophobi ck) .. Thi e 0, e [ Rl Cl si ng
of "Dxa by rta@EL iy Bt TR g Crokien iR bl Bl £ (AR
expl anat i qiff fre)yorPBSAWe niMd, @ 76h bafife ek ot dgrageing fvasntord hestalsspatsat | on
and penetration pronoted by the hydrophobic bl ocks presented on the

1 ci encyOREERc: ual o afHs ™ SRt PR ABRTRPICRRERE. 1 o1
5, it can A8mske®esdubas, ¥apaal Udaatiyoft¥igaporewpighngil82d gwedes wer e
AR NI ER G TR X St A TS
their protgnsROAGLAS: FEhEh Mved to develop in each mouse for 10-12 days. PEI

and different formulations of I/DNA complexes were prepared as above, and 30 pL of

sample containing 4 ug of DNA was injected directly into each tumar. The tumor

tissues were harvested two days later. To analyse for luciferase activity, each tumor

was first thoroughly homogenised in lysis buffer, followed by two further freeze-thaw

cycles. The mixture was then centrifuged and assayed for its luciferase activity as

described above. Expression level was given as RLU/mg protein + standard deviation

of at 1east 4 mice.



[00132] Significant differences in luciferase expression |level were

al so observed by varying the degree of hydrophobicity of the

hydr ophobi ¢ bl ock. Peptide W being the |east hydrophobic, constantly
i nduced the | owest gene expression levgl in all cell lines tested.
Peptide F, _on the other hand, yielded the highest |uciferase

expressi on[§¥24] i n BewultsHEK293 and HepG2 cel | lines, while peptide
was optimal in 4T1 cell line. Mre encouragingly, the gene expression

I evel achi puedspy t g dn i [

super i o of abar anfans sneh A ER AL ARES o e B i A
25,000), whisHeRe @@%@?m@%@@ﬂ(ﬁ:ﬁﬂy@&&@e Priepase® (Hgure Ifis)r Thelz _

i nst ance, de i_at.e pe uci.ferase_expression l'evel in
W 0r Ty PRkl b B kol ’§W3Fe PERLHIC BRNEN,OF YV BARITSAS0R A BHIS he
cel | s vi abéh alpii, bf AR, §,aldiyine PetoeP QRInbHrbtoRsd atdRyabRgic ?faﬁdqg(i c
than PEI wi.th an.|Ch0 value (defined as the concentration pure |

at 50% cel 19Ut fo fheripnie cqpdensstion of IRIA. Fespadly, iShes nrewiouslybaeh
HEI C293 angpblef@BateBbbarkin@$xhi i B0 &KRL ik Ol | that was
0.8 and 0O 2pt-i r_regatt hgtarof Pé&ﬁtgﬁéh\ﬂ%%{ﬁggﬁgure gﬁ%ﬂo&%a@%ﬁo val ue
that was 6PTPPHHEF 4virre thedensthovlsight residpesdiai bednyinrth@@pEAB4H durribe 4d
shows t he i . f d_w.th the GEP gene ing the
est pept (a0 pos et B el 1 A0 B PR b By e et Bty
line. PEI the ariosenilescapo pEpdpiiagmce tiké BELiHd intntidaAoRRidipRrps gpar ed
to the peptd Lier. However, the revers s true for Hep&X and
4T1 cel Fsp q'(ﬂ%tfﬁgﬁélgggo%l? P ﬁé’ﬁ%ﬁ’h’é‘é{f jeavengs q%‘fe\é\ﬁé?o@?“{‘qhéﬁ%ﬁg@’@i on

ef f It picie ?cwcbﬁsiaﬁ'lﬂr@ﬂul& Pdmﬁdﬂ@aheﬁemifﬁdﬁ (fﬁgg@ﬁ?& FgEIE; Dﬁl&Aﬂaﬁie%Fﬁ'é@nc%st he
eptide conpl e i.s hi gher an that_ o conpl exes.

Non G A N RN RS IR S AR AR L re

Nonet hel ess;

medi at ed byedidtea peRUDOE T Erdidnt In RBe LESS&sRRI&L] hlvcﬁbﬁﬁ}lfmﬁﬁﬂe to PEI,

which then explains its | ower overall gene expression |eve i.e. the
| uci f er asé&P8R

g & preiape (D). Thopisdikelyiip bedugitan, enlfingad medbiraak so
| : : i £ GFP
vl s i somloobe A LSS B 6

gene t han Thi s corrobo eractions
bet ween t &Ry eresishb BPrbeiint biocompiatibilignahdeleptadahiltity; hoveeven thecheptidnot e
cel lul ar he endosomal escapi ng,property
of the pegﬁits ggfgneglg? %?$§%V%¥%O%ﬁlbgoéka°%ﬁsm%%w FQ'EFP Ar ug
known t o Hreldueine tiheny#lamific butyptaphao o orier afdbctessiog BYESYhoBicity (O-

bafi | onycilg))(a specific inhibitor of the vacuol ar type ATPase proton
punps found”in many cellsl12) was added to the cell culture nedium

di ning transfection experinents. Typically, a superior transfection
achi eved [(0126¢ pr eBeecinanfthe tilibtyoddtie@piides COMIE cdh@ahsdDINA doha 14 ack

of innate on-.spongi ability of the carrier itself. As reveal ed
in Figure® lf%g;g&tétﬁgﬁe%%‘g'? H%?%@b@n F‘quutfttf’iﬂg"r% 1 gherllesdsgrd P&l was

i ndeed detmeoting th®nkbiEEYIugRldss PEVV-héaRabaat 85 Vb diveh e

conpl exes _i.n thag%%gz nce of chl oroqui ne. However, @ ‘correspondi ng

decr ease FHYSH aromnisy (P i \OpalvES- 40 mdebeund t packihe
presence ﬁbaﬁjjm’ bRtk diau s icOQryi f pure
DVBO ('t heﬁggol vent used%ts%hggql ul?iEI i se f@?:sf nyél)%?%é%%ﬁi‘?ﬁ??%ﬁ%éd)uce t he
expr essi oiefpsdcheraas the galar raglant igining regidwestie theqrptidede dhd flatphiohs mai n

cause of ggduct il L.on efficienc S to the
i nhi bition of prot *é%f‘%%%%%?gﬁég%%% FS\FF}’%/WW%&&T){%@%% ' ﬁ.“’ai"ﬁ ryefpl i es
that whi | thattwiglertiudk ¢letitrophoretid wigesionloBPATA asuld bP edrhlBllyelafiell By BY Ot ON
scavengi ng j % 1] eng%ta? coul fg@be %ur ther increased to induce greater
proton spo Wé‘i zF 91420 SR8 SR Reongife metesules ennld st infeasrgteinto thgo
bound DNA, as evidenced by the brightly-fluorescing wells. In compatison, peptide I
retarded bulk DNA movement at N/P 2 and also completely excluded ethidium
bromide molecules from the condensed DNA from N/P 5 onwards (Figure 2b). This




[ 00135] Contri butions of the large and snmal|l peptide/ DNA conpl exes to
the overall gene expression efficiency were investigated by
transfecting 4T1 and HE1C293 cells with either the supernatant or
sedi ment of the centrifuged I/DNA conp} ex solution. Interestingly,
conpared tqQ the m xture fornul ation, the supernatant al one was abl e

to nedi at e pdisAREibas i eondgased AN soss goaglyitm Hemeonaﬁymzqtem‘r@mai
(Figure 7blrpha rﬁlﬁteh%obétfa%i/&ltnxgatt&mm81 eénlp ¥t y

slightly Iovver The 1 arger sedinent particles, on t
per f or ned \wegdesty ﬁlat—EKZ}Z@”OBTmbﬁcsgranmghtadﬁVe thetﬂmatmr»«tﬁyept)de whr le in

4T1 cel | s, her RLEssSLo end was
al so obser \I/%Aq%é?%%%%d ?lr gﬂ%qng%q%nooetl\ﬂoexﬁve r EPTrt er
gene (Fi gulDANA bindingt Slbﬁlerlﬁﬁﬁmnemehlﬁo bbyepret €6k fephdestH agtdmir(:iebd es
wer e better;F ateergedr ating gene expression than smaller ones, partially

because of mentation effect (13, 14). In the present case, an
addi tional reason may al so be because the sedi nent contains -4-5

times nore[@N27§ han Tharthuneksstaad the efdnds bADRIBES oFIDIRY ¥ahir®By Was
t hat either theg%ﬁg%rrat ant or sedi nent, al gne coul d nmedi ate high

| evel s of &R coledhv S ah? Ry HeprescrasrarohonNEbe Bereseaice

conpar ed t@fplbeceet 1srd@a:ﬁwé51r5rﬁmfeer ENAin%?caﬁa?ﬁg ifib QH&%d%ised RS
suggest s that the initial amount of bei ng i"'ntroduced was not the

mai n i ni t Tht bekevics camboempeloyadtie traed the tepworal erolptmdésf@e&qsosgleneund
expr essi onmang, sﬂin%@n.%{@g@g& ;'f%vleel}@ Frﬂ@b?&A-Q%‘nErB doBdlw R 3?‘ smal |

anount of DNA may be ne or e ectrver ro expre . A
trickier ob@emebemgpompimdeﬂeswth&limatut& fmebsthdlamhﬂ:Pqﬂﬂs@,rltowever,

cont ai ni ng il uce ression vels in 4T1
ol o ¢ handyiEfed Bt Mdbeopes R HERR: Bl oK BRESIYOT (1T og e
rel ative smﬂeofcmﬁbthmﬁgaDNﬂnhM. of the bigger and snaller
particles. It vvas reported that smaller particles (<400 nn) Were

e Tl pR01ER ° T Rl AT Rl e s (B de o Syt oty o)

t he slmal I eenfzpmf id degladstion tgd(;stsu‘g&tluedﬁ@&kﬁmlnbd.@m@ Ifc&frfegoquph@é/bNAl t heyh
were | ess effective in e ene ression nsequently, the
presence of° °p gF’?&W?‘E‘#@@&E@?ﬁW m@ﬁﬁ?e}&?ﬁ’@ %%“#FHSFC?P Re* Wahe
expr essi onagaf\releasthl B u§PR alpeeidndr il feptRE CaMIRE fof RhaB# Séfieen al one.

[ 00137] To ynderstand the vesicl e-escapi ng nechani sm of the small and

| arge DNA Y6fHopkaredc m@m@e&ﬁw@%éméz&%@at@m@t%wﬁwns and
ernata I ﬁd}ﬁs‘; r 3
2glo| S. Dornénmén%%tdﬁﬁellaexpr ess%k%n{cgl sqgidﬁ?gfg ﬁ hbfﬁ%%%ohﬁasﬁ%ﬁ&
super nat arfelcased Soatibppentidenwresibidtactiupgesing Sat bﬂrlﬁ)ensegdlj@@bbneﬁgedt hat
both th f di
Corpar t nen e i Al A8RIasg BB FRAAFEEr Bl B SRR, 2 ' ©

pl ausi bl e dopicatidee smal | er particles, a | ess size- dependant pat hway is
pr obably needed to account for the internal i zation of the |arger

Phto rer P 0RdY ek Bl o8 8- BFERE St hoBRIL SN ol ReE ™
further s twm‘y néxs mm&ﬁr Iy whaebbeeved tithe heder €6k comettaibrioniGatondRions,

F Lgpgzgg i O%gg] c'cz)lrn% g/ showeg alrrrllau¥1|y mgdeaf 513 %‘Q&I %ﬁog)}xggpaga%gg ért y of

cenfrifugation, the sediment was found fo be constituted by large 15-30 wm particles

(Figure 1b) while the supernatant contained the smaller particles at 50-300 nm (Figure
1c), as monitored by dynamic light scattering and light/scanning electron microscopy
over a period of 5 hours. At high N/P ratios, it is possible that some hydrophobic
blocks may radiate from the complex surfaces after the cationic block of the peptide
has electrostatically interacted with DNA, This may, in turn, motivate the aggregation



eval uated by perform ng |uciferase expression experinments with
peptide I on mce bearing subcutaneous 4T1 breast tunors. In contrast
to observations in vitro, the supernatant and sedi nent formnul ations
medi ated | ower |uciferase expression bevels when conpared to the

m xture fornulation (Figure 7d) This nay be because the anobunt of DNA
bei ng del intetsegk gaytididse super nat ant and sedi nent fornul ati ons was

smal l er. The | arge DNA conpl exes mght also not be uniformy

di stri but iJA-the tunpr,. | Lot . I rge

conpl exes Wg@é rth ei‘oe %amué% {h?] %{eﬁ%&ﬁb&cﬁ%&nﬁﬁt@?éﬂ? E%kfﬁrugéln? gfgg‘{sééﬁ )

expr essi o ¥igy @hssfetioh exedinkeistweee condtictedon thigeareh dinent hamah sedi nent

formul ati ons were stil t 13, .4 and..3 tj hi gher th t hat

obt ai ned ® ﬁ’oﬁEﬁ‘?dﬁl’%QjﬁE@?ﬂé’?aﬁmT{%f ]’%’XH?E@ hﬂ'm?%g?f%ﬁglﬂul?rhlvsﬁ

A B e st el T 1 a6 bl ocks of
an wer e designed fromthr ocks o

am no aci 6itlres dedueiterase renoxiar grae of thaGHPiTeRaier g%"?cfni’_qq%ﬁﬁlﬁéﬁ:%%’&l t est ed

; ffi . S ¢ )

o ot SR - | n\g{m FORLaRE YR ST S AP ghhlbeﬂllﬂ’telr {GloaRBst ruct s

were abl e e at concentration r than 120 gg/L,
whi ch was UeSai)nalledls werlsdnauhgedwith GeakptideDNApommtexphios d hewigsss

| ution. Th i.d i " | i hei
part1 ol o rFGicRRG 08 sion Fifcoby AHRBRE! Fchars ip'dl LBl B, | el T
pl asnai d DPRpAide REMAYsitioAla /P BN of didoenpldxes. Figumeadop swtumetiess thei t h t he

smal | est size of around, 24 at NP rati 0 reas 2/ pDNA

f or ms onegm\‘/&e’iaFF PRRECSERR 19VE t‘g"g’%z"éaséf’%%ﬁl%% Iﬁlﬁeﬁpﬁ&?ﬁ‘?’%ﬁ:&% 30.
Simlarl yPeﬁtfci;i@s % ?‘ta%dﬂ’ﬁtzﬂiaiteﬁ' ifﬁciﬁf‘as& E@r@@i@;ﬁliﬁb@%&%@@fa@e mazxedg to DR&
positive, and the highest surface, charge o . and, .

wer e f oungegwitile highgr thpn Hoge daiped yith petide %’c@ﬂﬁ%ﬂl ¥ oﬁd‘?’c Fﬁ%‘@ 40.
In additi msupﬁméﬁs/t&%sggmaeﬁ%cdaaaﬁa%wm@g 0 BB st BotRe AK27

and Al C32 were al so subjected to DNAse enzymati c_degradation, and
it was ob2ervAubtheraosside pxpastipeesy ke fee tagneniancest dagareol membrasna

cyt of ox cATgUEr B ERRREoh bl L BBl o B ST

nanopart i cérepleamdfgeBNA conpl exes were tested and conpared to that of
hi gh nol ecul ar weight PEI (at NP 10). The two pepti des showed

m ni num cygatgxi ci t | eyl abi i ¥ 80%ka g iy

hi gher N rat?(os, %%r‘%gértgaq@ghgﬁ%&’\%\%?:S%%egﬁgbep%ﬁgﬁt 50% ce iaﬁ

vi abi | i ty5#tor NHP7.Q Buffési Fadth ¥Figuteos, staadpe sdve theft figoifiomibfhighte pepti de

anphi philic nanoparticles, as e carri [ i

o1 1 or as BETEBAIAE e BP AR A ) PP b BTAEEhURR Ohe 50
Human Enbpygiicreldodvei dubiepGe phdimtod-efiadtiiterat bHEW whiddhéTkmiwed e
Breast cancer cell linpes, In conparison with transfection induced by
PEl at I\Vﬁlem’}'o"%’(?l?o%ge@ﬁ?qof}s‘gave an order of magnitude |ess

| uci ferase gene expression |level than PElI, whereas AK32 generally

i nduced a mgcowpﬁl’gﬂiﬂcﬁlﬂdﬂfér&ﬁéﬂ&&u@&f@e exresiailon] ereallso Wth such
a conparabl e efficiency_in induging r.ei ene, expressi t o .PEI,
Foget hor - APREFEAL =D EALE JEBPeAt PRt TR B B O 0pE

both AK27 i : r aa8dd e RRRESzeho Exrdrbigioanal i C
Vﬁ%@m@'ﬁ?@le&&%&?ﬁ%@%{?nﬁ%ﬁﬂﬁmt eri al stsgae,nd XI\I/il;t hods

gene delivery Irnto aniima s [
[ 00142] Maireall celldineptestel Pentidel, ondl etherdend. siddedbehightst lcdpirer,

o ety | SRR IS PR AR g0 LDk (U0 3ol BRI s optimcl

brom de, &l Beclidink: Motdeichyth gihglazhé gdne2kpi@ssion lave adrgvedibuithebest | um
brom de (MIT). were, al | ..purchased from Si gna- Al.dci , used
T bas  Btotipb ek arb LB e e oot PRy ebid ) B deidi R Rcd
(TEE), Tr Eﬁﬁ%@&ﬁ{ﬂﬂmﬁ,ngﬂ)}; ﬁ—llaﬁa cafiflg 1896, 86x10RY GeaFigupes)chadadarfce.om

1st BASE aysia), a iluted to the inte,nﬂe? c?ntﬁentr%t‘i on before
peptide T mediated a peak luciferase expression level n 4TT cells 4 times

higher than PEI with nearly 90% of the cells viable. Infrinsically, pure peptide I was

at was



33 in E colt DH5cc and purified with Endofree G ga plasmd
purification kit supplied by Qagen (Dutch). HEK293, Hep&X2, and 4Tl
cell lines were all obtained fromATCC (U.S. A ) and grown with the
recomended conditions according to the supplier. Two anphiphilic
peptides used in this study, (A) 12(H)5aqgio (AK27) and (A)12(11)5(K)15
(AK32), wekeldemixipni RBI vuth amrid:sosx;amer(é&irméds the canceBrafehatipEsighghai )

Ltd (P.R _Ch 950 0]
cf)nc(entraﬁ)élr?gf(%@a ‘@5%?3 ur| ]é{}ﬁh f&[ﬁ ]ﬁ&e%fa?lg}ﬁgﬁ%%ﬂ%ﬁ | e

was neasufigel HabinseR%h @ﬂﬂes%ﬁmtl&%l ﬂfa@b@ §.% et @3 ters ¢haivof REIUbw Wik 2
series of peptide solutions was prepared t vari ous concentrations

(0.01 to PBEEePHel s vAlupHBL WigpBrd, and ¢ ot %Wersge?}g%v vel ength, the

el ectrons in the pyrene nol ecul es absorb energy, and in turn, eni t
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(31 %gq'l gﬁYx,b?c ggéﬁé decéeﬁ%&e&rﬁ,mtcb&lpngérﬁ&t@%m& Jeieen peptide

and pDNA utron was e rated at roomtenperature
for 30 m nutes upon m xi ng before being used for further_ studies.
[ 00145] Gel[00434dr dat Toevaimtethe emhxsm@l@sqsa@mnr@z%ﬁ therpepldesy and

AK32/ pDNA ﬁf’%l exg%%’?’:@ ']“ \‘;r.r% Al 1?{? 119 Buftlr the b1 oF ite RS mes

prepared i e conp exes Wer e
el ectr oph@ﬁ@g@@hoﬁﬂs)k%aa@amem (g eﬁeo(ﬁs:tmhlbusd umtewatmqlm‘ ippe H1Basp. g/ ml

ethidium Br o 0 RS bundan ey o9 vall afied i e Bit blifife Aleafifh dhrind
transfection experiments. Typically, a superior transfection achieved in the presence
of chloroquine is correlated with the lack of innate proton-sponging ability of the
carrier itself, As revealed in Figure 7a, such an increase in luciferase expression Jevel
was indeed detected when HEK293 cells were transfected with /DNA complexes in
the presence of chloroquine. However, a corresponding decrease was also observed
when transfection was conducted in the presence of bafilomycin. Since transfection in
the presence of pure DMSO (the solvent used to solubilise bafilomycin) did not
reduce the expression level as significantly, it can be concluded that the main cause of
reduction in transfection efficiency was due to the inhibition of proton-sponging
activity by bafilomycin. This implies that while the histidine residues played an
impottant role in proton scavenging, ifs length could be further increased to induce

greater proton sponging abilities and gene transfection efficiencies.



for 60 m nutes. The gel was then analysed on a W/ illum nator (Chem
Geni us, Evol ve, Singapore) to show the position of the conapl exed
PDNA rel ative to that of the non-conplexed form [00146] DNase
degradation assay: In order to verifysfhe ability of the peptide
nanoparticles to protect pDNA from enzymati c degradati on, conpl exes
fornmed usi[e@n38(27 aBGontAkBRnpephetege atd stiall@eptiiefNAsnmplkes toflid os
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and the data was ‘reported as the effective mean diameter. The zeta
pot enti al cowainsrérfeiiresyaere LBk fandhs wpergatefns per sanples, and the
data was cal cul ated automatically using the software fromthe
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[ 00148] Cel'l cufture: Both HEl C293 and Hep& cell |ines were cul tured
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trickier observation, however, was that the sediment, despite containing less DNA,

still induced higher expression levels in 4T1 cells than the mixture. A possible
explanatiﬁn may be due to the relative speed of cellular uptake of the bigger and
smaller particles. It was reported that smaller particles (< 400 nm) were interalized
more rapidly than bigger particles (up to ~26 um) (15). Thus in the mixture, there
should be competitive uptake and although the smaller particles might get internalized
preferentially, they were less effective in mediatin g gene expression. Consequently,
the presence of smaller particles within the mixture may limit the gene expression

level when compared to the sediment formulation alone.

[60137] To understand the vesicle-escaping mechanism of the small and large
DNA complexes, chloroguine was added to the sediment and supematant
forpulations during transfection experiments in HEK293 cells. Doing so, the

expression levels achieved by both the supernatant and sediment increased (Figure



protocol. Briefly, HEK293, Hep& and 4T1 cell lines were seeded onto
96-wel | plates at 10,000 cells/ well, 8,000 cells/well, and 6, 000
cells/well seeding density, respectively. Post cell-seeding, the
cells were incubated for one day beforg being used for cytotoxicity
assay. For cytotoxicity assay with AK27/pDNA, conplexes at NP ratios
of 1, 10, 76), s\@@estidh ﬂlamqth 4fs samueﬁﬁd\begger frefaes deddad phesgleatop buf f er
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cells were used as negative and positive control’s, "respecti v@%eﬁ
nanoparticles formed from both AK27 and AK32 were also subjected to DNAse [

enzymatic degradation, and it was observed that both peptides were able to protect




| ogarithm of peptide concentration. The inflection point gives an
estimate of CMC of A1C27 in PBS (pH 7.4), which was approximtely 120
ng/ L. [00153] DNA bi ndi ng: Cel retardation assays of the two

pepti de-based anphi philes were perforged to qualitatively study the
el ectrostatic interaction between the peptide and pDNA. As shown in
Fi gure 10, pbmmﬂbmowpemyat highcprﬁ\ﬁl?irwsdﬁmlughnqrwﬁdwécﬁyfﬁr ge
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and NP rati o, of 2 f r AK32 00154] DNA lgg lgx n study: hi the
bi ol ogi cal PEgs toxdciy Bt of DEAAPRER YT 0GR Bdat i on

by DNAses Efgh&tr@/? rm:‘rsmdn{ba{@aqeﬂﬁﬁwndhrgaeébﬁoum%rala@%ﬁbmw athNgP 10.
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ti de
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enzyme f ooy G o710 Eq%%%‘&@ ! bl Aral et Blerdgdtiic deidpati “9
that conpl exatg{%ozn o?l %:Edsrgplt?olhd‘gg at t%gﬂ% Nf%%ra %&e ¥
ef fi ci ent | ptquméuareedsl pDNA from degr adat i on. [00156] Particle size and
zeta potential neasurenents: As shown in Figure

[00141] Materials and Methods

[00142] Materials: Acetic acid, sodium acetate, sodium chloride, sodium
dihydrogen phosphate, disodium hydrogen phosphate, polyethyleneimine (PEI, M,,
25kDa)}, phenol, agarose, ethidium bromide; and 3-[4,5-dimethylthiazolyl-2]-2,5-
diphenyl tetrazolium bromide (MTT) were all purchased from Sigma-Aldrich
{France) and used as received. Phosphate buffered saline (PBS), Tris-boric acid-
EDTA (TBE), Tris EDTA (TE) buffers, and 10% SDS were all purchased from 1%
BASE (Malaysia), and diluted to {he intended concentration before use. Phosphate
Buffer (PB) and sodium acetate buffer (SAB) used in this study were prepared at |
. 10mM and 20mM, respectively. RQ1 RNAse-free DNAse I enzyme, reporter Iysis
buffer, and Iluciferin substrate were purchased from Promega (U.S.A.), and pUC19
plasmid and DNA ladder were purchased from Fermentas (Canada). High glucose
DMEM and RPMI 1640 growth media, fetal bovine serum (FBS), penicillin,
streptomycin and Hoechst (flucrophore grade) were all purchased from Invitrogen
Corporation (U.S.A.) and used for all the cell culture studies. Plasmid DNA epcoding
the 6.4kb firefly luciferase (pCMV-luciferase VR1255C) driven by cytomegalovirus
(CMV) promoter was provided by Car Wheeler, Vical (U.8.A.), which was amplified



12, there was a general decreasing trend in the particle size and an
increasing trend in the zeta potential of the peptide/ pDNA conpl exes
as the VP ratio was increased. pDNA was wel| condensed by the
nanoparticles formed fromboth peptidgs. The snallest particle size
measured by dynam c |ight scattering techni qgue was. around 248+11 nm
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being used for further studies.

[00145] Gel refardation assay: Various formulations of AK27/pDNA and
AK32/pDNA complexes, ranging from N/P ratios of 1 to 10, were prepared in PBS.
Post-equilibration, the complexes were electrophoresed on 1% agarose gel (stained

with 4 pL of 0.5 pg/ml ethidiom bromide per S0mL of gel) in 0.5%<TBE bufferat 80 V



[ 00160] As can be seen from Figure 14, the | owest expression
efficiency was obtai ned when conpl exati on was performed at pH 5.
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AK32/ pDNA conpl exes induced greater cellular uptake. In addition, it

was al so off¥ERyeRer @Zq@eﬁwe@m&%ﬁemfmrﬁe}nﬁ &rgad
expressi o nsahg)!’ee bnd ﬂBE’ H&t& Gab ¥ep65§i2asv’£ﬁ§ efSEBRALRRY Siabittel NAE z05 %ﬂeﬁ'@aﬂ by
PEl in HEK29 @& cell” i nes but less than an order

magni t ude mgsmement wxemeéteﬁ 4 hvewps poGaBRieTHaad thecdetd B Q@lﬁﬁbﬁﬁpar ticles
wer e succegsi il &;&%ﬂg @23 &@ﬂo&rﬂﬂle&{@ﬂ#ﬁﬁb Lot cb e%ﬂ@éthAKz 7 and

AK32 in aqueous s ese nanopar oss a strong DNA
bi ndi ng ab$rholu9110w'ﬁlmés‘7pam1ade/DNA corrpl exes had an average size of 332
nmor less at NP ratio of 30 to 40. Although the peptide

nanopar i clofTaand ¢ sl AN e ATRREIAS G AN bk Yo SIRLGES e
hlgh glucose DMEM medium supplemented with 10% fetal bovine serum (FBS), 100
ng/mL penicillin, and 100 pg/mlL streptomycin at 37°C in 2 humidified 5% carbon
dioxide incubator. 4T1 cell line was also cultured with the same condition as the other
cell lines, but in RPMI 1640 growth medium supplemented with 10mM HEPES,

[00149] " Cytotoxicity assay: The cytotoxicity of AK27, AK32, AK27/pDNA.
and AK32/pDNA complexes were all measured using the standard MTT assay
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HEK293 andprekepai2 Boefly, HEKRSS, Haped afdofld, cell hinecwere 6ended oftb 6 oreplatlated e
and bi odeg incl | £ - : 32..may provide
a prom si n% ﬁ@ﬁb\%@gﬂ%ﬂg’?&dofggg‘g?& aflggﬂ%.@g]q%, %L%?‘lméé ?ngﬂgaand pat ent
apPI i cati On-sPe_f:i%iiﬂﬁl B'F])Et_ detdl@s&c%[geﬁiefcb%s?@éxe incabated i ehend:iy%ﬁrr}abéiﬁg askdby
reference as if each individual publicati nt applic on

Wer o speci P EUPIOFIAH ass ARG FHSIOY piva i e ERIAS Srnties 40U by
ref er ence. raiifieofCl, 4 &LA0080,85, ANU5 BMPSO FaleipRipated i Flioshhdte BhBEIHIS YIS
prior to the filing date and should not, _be construed as an_adm ssi on

that the piselsegmbed grlien Ferryiaioxiety assryi wileKEh peplideduank peptide
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and "t he" dfohtiondmsiphdiofavith BNArsohttion dorl conwlaxfernmint)e kit teoheef | v
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cl ai o, ¢ nE PG wl MRE LRl pBiRe SRRRY S, FLA BraP AR
forns of tH&8elIs8y s7arEoiand eostadg/LnSintiklyothe bonredtratigns oiCARIZL ve
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same meani ng as conmon understood to one of ordinary skill in the
art to whigrhwthhedia perevell).om coroplon gentigre(2GBL Af cdmpigrhint 2061 of ewbi ng

i nvention h been descrihed, in_s detail b i Llustration
o oo, 87, B EEh 36C e A 80 fon BY 4 A 3he bl 20100
appar ent twashébaeeafithdRE hefey bafstd Heingingubated fdr fiuthdr i68 htuef O the
teachings of ,this inyentiqn ughat certain changes. and. npdi fi cati ons

may be nma ‘Eﬂ@’f’ dregells VRGGReugRph e Hheursvig seffipRin S €03 of the
appended %g%ﬂm ameteHan me%}.fm?m%. ThY ?%ium%a%%éﬂ RhBfkd and

argi ni ne-ri pept I des: new cl ass of transfection systens.
Bi oconj ugatsé WCheEMMEQ, wak@88edlifiba&0@4dl) to dissolve the formazan crystals. After

homogenizing the solution, 100 uL of the samples was spectrophotometrically read in

a microplate reader (Biorad) at 550 nm and 690 nm wavelength. The relative cell
viability was measured as ([Absssolsampte— [AbSeo0lsampie)’ ({AbSsso}contror—

LAbSs90]contror) x 100%.

[00150] In vitro gene expression: HEK293, HepG?2, and 4T1 cells were seeded
onto 24-well plates ai 80,000, 80,000 and 50,000 cells/well, respectively, using the
same growth medium and conditions as described previously. After one day, the cells
achieved about 70-80% confluence, at which transfection experiments were
performed. Briefly, peptide/pDNA complexes were prepared at N/P 1, 10, 20, 30, 35,
40, 45 and 50, and different pH in either sodium acetate buffer (pH 5) or phosphate
buffer (pH 6.5 and 7.4). The transfection pH was firstly optimized using HEK293 cell
lines and AK27 peptide. The optimum pH was found to be around 6.5; and the
subsequent transfection experiments were then performed with both AK2.7 and AK32
peptides for the three cell lines at pH 6.5. The total amount of DNA loaded was kept
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’ ) positi\(re contrZ)l', high molecular weight PEI (Mw 25kDa) from Sigma-Aldrich was

dissolved in water of HPLC grade to obtain a siock PEI solution at a concentration of
10mg/mL, and used o form complexes at N/P 10 with pDNA according to the same

complex formation protocol as the peptide complexes.
[00151] Results

[00"152] CMC Measurement: Figure 9 shows the ratio of I3 to I1 against the
logarithm of peptide concentration. The inflection point gives an estimate of CMC of
AX27 in PBS (pH 7.4), which was approximately 120 mg/L.

[00153] DNA binding: Gel retardation assays of the two peptide-based
amphiphiles were performed to qualitatively study the electrostatic interaction
between the peptide and pDNA. As shown in Figure 10, both peptides were able to
provide enough positive charge density to electrostatically bind pDNA even at a low
N/P ratio, at which peptide concentration was below its CMC. The complete
retardation of DNA was achieved at N/P ratio of 3 for AK27 peptide and N/P ratio of
2 for AK32.

[00154] DNA degradation study: In the biological system, foreign DNA is
subjected to enzymatic degradation by DNAses existed both in blood and in cell

cytoplasm. It is therefore, necessary for the delivery vector to be able to condense
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[00155] Complete degradation of naked pDNA was observed after 10-minute
incubation with DNAse I enzyme. After being complexed with AK27 or AK32
peptide, pDNA. fragmentations were hardly observed even after exposure to DNAse I
enzyme for 60 minutes when N/P ratio was higher than 20, indicating that
complexation of pPDNA with peptides at high N/P ratios efficiently prevented pDNA

. from degradation.

[00156] Particle size and zeta potential measurements: As shown in Figure
12, there was a general decreasing trend in the particle size and an increasing trend in
the zeta potential of the peptide/pDNA complexes as the N/P ratio was increased.
pDNA was well condensed by the nanoparticles formed from both peptides. The
smallest particle size measured by dynamic light scattering technique was around
248+11 nm for AK27/pDNA complexes at N/P ratio of 40, and 332425 nm for
AK32/pDNA complexes at N/P ratio of 30.

[00157] Similar to particle size, the value of the zeta potential of the complexes
also affects the efficiency of gene expression. Ideally, high net positive charge after
complexation is preferred to enhance the cellular uptake of the complexes, owing to
the interaction between the negatively-charged cell membrane and the positively-
charged complex particles. Therefore, the higher the net positive charges of the
complexes, the more likely the complexes to be taken up by the cells. However, high
net positive charges contained in the complexes may at the same time make the cell
membrane more susceptible to being disrupted, causing cellular toxicity in vitro. For
both peptides, the highest zeta potential achieved at N/P of 40 was measured to be
approximately 7.8+1.1 mV and 18.2+0.5 mV. Compared to AK27, AK32 with a
longer lysine block provided higher positive charge density on the surface of the
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Chem 2002, copgepiratigns. legeneral both peptides had low toxicity to the cells, giving cell
viability of about 80% or higher for almost all ceil lines at concentrations of up to
1933 mg/L (Figure 13a and b). An increased length of lysine block did not increase
the cytotoxicity of the peptide. Complexation with pDNA decreased the cytotoxicity
of the peptides especially agaiﬁst HEK?293 ceil line tested at N/P ratio of up to 50 as
shown in Figure 13c and d. This may be because the complexation of pDNA
neutralized the positive charge of the peptide nanoparticles. Compared to PEL the
cytotoxicity of peptides and their pDNA complexes against the three cell lines was

much lower.

[00159] PpH-dependent in vitro gene expression: Due to the difference in pKa
values between histidine and Iysine, there exists a pH-dependent gene expression of
peptide nanoparticles. Since pKa of the imidazole side chain group of histidine Lies
around 6, at solution pH above this value, this side chain will be deprotonated.
Similarly, since the pKa value of lysine’s side chain is around 10, at solution pH
below this pKa, lysine will be protonated, causing it to carry positive charges for
DNA condensation. Therefore, there may be an optimum pH for gene expression.
Figure 14 summarizes the luciferase expression levels resulted from complexes

formed at various pH values.

[00160] As can be seen from Figure 14, the lowest expression efficiency was
obtained when complexation was performed at pH 5. This was expected since at pH 5,
both histidine and lysine would be protonated, leaving no available protonable groups
to facilitate endosomal escape through ‘proton-sponge’ effect. When pH was changed
to be above the pKa value of histidine, i.e., at pH 6.5 and 7.1, it was shown that
expression efficiency became higher than that performed at pH 5, owing to the loss of
buffering capacity of histidine at pH less than 6. More interestingly, luciferase
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[00161] Luciferase expression in various cell lines: The luciferase expression
efficiency induced by AK27 and AK32 peptides was tested in HEK293, HepG2 and
4T1 cell lines at different N/P ratios in comparison with PEL N/P ratio of 10 was
chosen for PEI becanse it provided less than 60% cell viability at this N/P ratio and
increasing N/P ratio would significantly increase its cytotoxicity. In general, the
iuciferase expression efficiency induced by AK27 or AK32 in all the three cell lines
increased with increasing N/P ratio as shown in Figure 15. The bighest luciferase
expression level achieved by AK27 was at N/P ratio of 45, about one order of
magnitude lower than that induced by PEI (Figure 15a). However, the highest
luciferase expression level achieved by AK32 with a longer length of lysine block
appeared at a lower N/P ratio but was greater (Figure 15b). This may be because the
higher positive charge density of AK32/pDNA complexes induced greater cellular
uptake. In addition, it was also observed from Figure 15 that the highest luciferase
expression level induced by AK32 was comparable to that provided by PEI in
HEK?293 and HepG?2 cell lines but less than an order of magnitude lower in 4T1 cell

line.

100162] Thus, cationic nanoparticles were successfully self-assembled from
amphiphilic peptides AKX27 and AK32 in aqueous solutions. These nanoparticles
possessed a strong DNA binding ability, The peptide/DNA complexes had an average
size of 332 nm or less at N/P ratio of 30 t0 40. Although the peptide nanoparticles and
their pDNA complexes were positively charged, they had little cytotoxicity, which



8. The nanoparticl e/ agent conplex of claim6 or claim7, wherein the
agent is a nucleic acid nolecule conplexed to the exterior of the
nanoparticle. 9. The nanoparticl e/ agent conplex of any one of clains
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nanopartlt‘I{O?1 %35 iy elo) ex of any one of clains 6 to 11. 15. The
phar maceut i c nposition of claim 14, further conprising a

phar maceut | cal | y acceptable carrier. 16. Use of a nanoparticle of
any one oflC@1&3Ins ZAﬂQ?HEIICfa@DHSdBﬂdIPaEni apglmtzoa.gat&imﬁnmmaﬁeéﬂon@fe a

subj ect wherel iﬂc&s&rgteg %% r1%15‘61:'enslce(:a% eac %ch(l)ua? pub chton o %a%ené: a!pphca’uon
were specifically and individually indicated to be incorporated by reference. The
citation of any publication is for its disclosure prior to the filing date and should not
be construed as an admission that the present invention is not entitled to antedate such

publication by virtue of prior invention.

[00164] As used in this specification and the appended claims, the singular
forms “a”, “an” and “the” include plural reference unless the context clearly dictates
otherwise. As used in this specification and the appended claims, the terms
“comprise”, “comprising”, “comprises” and other forms of these terms are intended in
the non-limiting inclusive sense, that is, to include particular recited elements or
components without excluding any other element or component. Unless defined
otherwise all technical and scientific terms used herein have the same meaning as
commonly understood to one of ordinary skill in the art to which this invention

belongs.

[60165] Although the foregoing invention has been described in some detail by
way of illustration and-example for purposes of clarity of understanding, it is readily
apparent to those of ordinary skill in the art in light of the teachings of this invention.
that certain changes and modifications may be made thereto without departing from

the spirit or scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A triblock peptide comprising a sequence as set forth in any one of SEQ ID
NOS: 1to 5.

2. A nanoparticle comprising a triblock polymer of claim 1.

3. A nanoparticle comprising a triblock peptide comprising a hydrophobic amino

acid block, a histidine block and a cationic amino acid block.

4. The nanoparticle of claim 3, wherein the hydrophobic amino acid block
comprises alanine, methionine, valine, leucine, isoleucine, phenylalanine or
tryptophan or any combination thereof, and the cationic amino acid block comprises

arginine or lysine or any combination thereof.

5. The nanoparticle of claim 3 or claim 4, wherein the triblock peptide
comprises, in order from the N-terminus to the C-terminus, the hydrophobic amino

acid block, the histidine block and the cationic amino acid block.
6. A nanoparticle/agent complex comprising:
a nancparticle of any one of claims 2 to 5; and

an agent to be delivered into a cell, the agent complexed with the

nanoparticle.

7. The nanoparticle/agent complex of claim 6, wherein the agent is complexed
with the nanoparticle via an electrostatic interaction, a hydrogen-bonding interaction

or a hydrophobic interaction.

8. The nanoparticle/agent complex of claim 6 or claim 7, wherein the agent is a

nucleic acid molecule complexed to the exterior of the nanoparticle.

9. The nanoparticle/agent complex of any one of claims 6 to 8, further

comprising an additional agent.

10.  The nanoparticle/agent complex of claim 8, wherein the additional agent is

included in the interior of the nanoparticle.
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11.  The nanoparticle/agent complex according to claim 8, wherein the additional

agent is complexed to the exterior of the nanoparticle.
12.  Anin vitro method of delivering an agent into a cell comprising:

contacting a nanoparticle/agent complex of any one of claims 6 to 11 witha

cell in vitro so that the nanoparticle/agent complex is taken up into the cell.
13.  The method of claim 12, wherein the cell is a human cell.

14. A pharmaceutical composition comprising a triblock peptide of claim 1, a
nanoparticle of any one of claims 2 to 5 or a nanoparticle/agent complex of any one of

claims 6 to 11,

15.  The pharmaceutical composition of claim 14, further comprising a

pharmaceutically acceptable carrier.

16.  Use of a nanoparticle of any one of claims 2 to 5 for delivering an agent into a

cell of a subject wherein said agent is complexed to said nanoparticle.

17.  Use of a nanoparticle of any one of claims 2 to 5 in the manufacture of a
medicament for delivering an agent into a cell of a subject wherein said agent is

complexed to said nanoparticle.

18.  The use of claim 16 or 17, whercin the subject is a human.
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