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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 eukaryotic 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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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.
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[0016] 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



[0020] In another aspect, there is provided a
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invention: [0025] Figure 1: Rational peptide design
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carPgPtides with (1) octaarginine for DNA binding and
nenbrane penetration, (2) histidine residues for
aci di ¢ conpartnent escape and (3) a hydrophobic
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nand i y ;
et P 7 i SRS as o et fo
deliveyingl amagent ip®ORE]! FHagubgec?: DNA bi nding ability of the
peptides and kinetics of DNA capture. Retardation of
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bl anks and background. Inset is a magnification of the
REE' ; 0 dard devi ation d.
B r@gﬁ@ﬁm @%mﬁ?ﬁ?gﬁw aring and.DNase
jigestipn.by |s 8... Lane 1: naked DNA as control; 2:
[00£450° ﬁg'?{rsar‘gﬁgbgll@ﬁﬁﬁc@f VEROT ekarmple Ry pRRDas exs o8
the predeht Iag®fin: 5 and 7: conplexes (NP ratios of 15 and
30, respectively) after successive sonication and

[oogi'a S eFigure 1: Rational peptide design and complex images. a. Schematic of
the designed peptides with (1) octaarginine for DNA binding and membrane
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 = sidegroubs of either I, F or W. b. Light microscopic
image of the bigger /'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 HsRs (a) and IsH4Rs (b)

complexes at N/P ratios specified (0-30). ¢. Percentage of florescence remaining due



treatnment; 4 and 6: DNA protected and uncondensed from
the peptide by trypsination after successive
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correcgny il i Pef ke etos s Arpiet lon G fie oty B
Error b§S PeiédedBltahdai@idticanaf meteedombf DNWafrosnicative

pepti'de/ DNA fornul ati ons, d. Per%:dent age of cells
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[0027]H 7Fighrddd DNA bikdingrbibity of peptides Ectrophorghe oo ility of

TN R e e e

(0_30)':}nd PEI at various peptide/ PElI concentrations
speci fied. Pure peptide: F for HEK293 and Hep&; | for
ATl . Error bars represent standard.deviation, [OO:fl ]
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with ek B AR LT b Phs LTS 65 Bt Rt
achie\f/ﬁ b &t &émix%,f is I'p&é%%!ﬁe& ) k%PB&i@HQPEPﬁeaRéd Sa/Pafo for
chl oroquine (chforo). c. G-P expression in 4Tl cells,

HepQl. and INPf16rfas HEX29B \aind ¢ T il )2 Egrpir baigrrepressah sppdpréledation.
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: ntributions_ of '
ooz, PR SRRl fAESH ST B0 G Bt
with Shilds/DNEA kefnphaes forepd esétifer sédimdacetaddl0 aNiapid 5.0) or

033] Figure 9: Plot of intensity ratio.of 13 to ||
PBS @9 l‘d\’ﬂ‘a QHC’%QHﬂlffW' Frserdary Wmeé?ntﬁf@éarég{%@ﬁ?’?'at ion in
PBS buffer (pH 7.4). [0034] Figure 10: Electrophoretic
bi &} t i) 3891 TEKeH DfercraraidenEscellk &r
[003@27;??%%%‘%% IA%z/ gDNA. Lane 1, 2, 3, 4, 5, 6, 7,
peptidsiDNG\ eomaplexes and PEI at various peptide/PEL concentrations specified.
Pure peptide: F for HEK293 and HepG2; I for 4T1. Ersor bars represent standard

deviation.

[0031]  Figure 7: In vifro and in vivo gene transfection. a. Effects of chloroquine
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
IUDNA complexes and the effect of chloroquine (chloro). ¢. GFP expression in 4T1
cells. d. Luciferase activity in 4T1 tumor-bearing mice. Error bars represent standard

deviation.



DNA | adder, naked pDNA, conplexes at NP of 1, 2, 3,
4, 5 and 10, respectively. [0035] Figure 11: Enzynmatic
walegoamokard on of pDNA. (a) pure pDNA; (b) pDNA BXI/BGN&000228
from AK27/ pDNA conpl exes;  c) pDNA extracted from
AK32/rDNA conpl exes, (a) Lane 1, 2 and 3: DNA | adder,
[0032]k eHigwbhl8: Enutributiens qf Bpernatenitand sedinrenDpfipeptife FAYNAQ

in; . ( and, (¢ 1.1.2¢ 6-9 an 0,13 a naked
comefipithto (i) GARAE. St Biton s bR Al feRERS
exposure tinme of O, 10, 30 and 60 m n respectively.
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DA il bENES CoBferes SnTP . &1 et alvresbebiass
replicates. [0039] Figure 15: Luciferase expression
[0031&@5 gi re A2 Enbshaid\deofiBion DRADND. (90ste FRBR;i(B) pDNA

HepG2 and 4Tl cell |ines. Error bar S|/gn| fies
extragted figay AK3&pDANA spmplskes; (PN S exBasted ipapap K32/pPDNA

TAI | PTL Y, ' r
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with Dd&eRlIIfer 1 hintn; By A BELdnepig e &9 hwd B-13 e relited pDNA,

,nanog}arti cl es rmg be used to deliver numgi C a%l d.
peptidelp Rl BB/ 1o20 Bichd) Wi enpesuEgine 9 O Hi PR gad of @in
'respe@g@@ s or diagnostic agents into a cell.[0041 ] The

peptide delivery materials were designed with three

specific blocks to facilitate binding or conplexation:-
[0036? aliguyed?2: Putible sinsl(p)andergta potentiob(h) of peptidg PNApt ake

f the conpl ex, and endosomal escape once taken into a
Compgglels‘. Thus, the novel peptides conprise a cationic

bl ock, a hydrophobi c bl ock and a histidine bl ock.
[0037 P04 Figukled 3¢ atil ofabilitp khekinpubation e&dthpoKRT (a)eAKBAN(bEeS

that allow for_ efficient binding of nucleic agid
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regi on. cationic b so provides a hydrophilic
replicaggyi on that may readily forman exterior shell of a
core/ shell nanoparticle.

[0038] Figure 14: Effect of complexation pH on Iuciferase expression of AK27
peptide in HEK293 cell line. Error bar signifies standard deviation of 6 replicates.

[0039]  Figure 15: Luciferase expression level of AK27 (a) and AK32/pDNA (b)
complexes in HEK293, HepG2 and 4T1 cell lines. Error bar signifies standard

deviation obtained from 6 replicates.

DETAILED DESCRIPTION

[0040]  Presently provided are novel amphilic triblock peptides. The peptides may
assemble into core/shell nanoparticles, which nanoparticles may be used to deliver
nucleic acid molecules and/or other agents such as therapeutic agents or diagnostic

agents into a cell.
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presently described novel peptides to allow for cel
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including a nucleic aci d nobecul e, which may be
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I er
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h.mméglag %%]can1no acid block, a histidine block and a
Y TP "8 no aci d bl ock. [0048] The tri bl ock peptide
may include a nodification on one or nore am no acids.
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| at ed, acetyl ated, carboxylated or” hy oxylated
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natural |y occurring am no acids, including the twenty
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d
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appreciated'that a trib
nanoparticles, allowing for better complexat1on 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
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nonnatural Iy occurring amsno acids. [0050] In various
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cell“and be taken up by a target cell. [0052] The

naturiiydrcopinisigianineriaeigs.aci d bl ock conprises, consists
essentially of or consists of hydrophobic am no acids,
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may ek ey eRmne TS PEHOIG B BihrE e BORTaE SRR
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certain enbodi nents, the hydrophobic anino aci,ag i S,
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éxanmpl e a conbination of two or nore of alanine

hydrdphobiewuniine acip bovk| ahistidine binel and ¢ saiggshe 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
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20 or pore histidities in length. Alternatively, the
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chain. Thus, as stated above, histidine can act as a “proton sponge”, 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 thus

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 more histidines in length.
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[0062] Thus, the total length of the triblock peptide may be 11 amino éoids 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
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12t 09 Gzﬂt}ommarpmotalcrﬂsj aahyd‘rﬁfﬁiﬁtﬂﬁcmﬁﬁﬁﬁ acid ol édrhsHingd@erhi 1980
or consi sts of one

20 hg% %Bhéﬁcig 3*11'1 o ns(zf sﬁa Qpi@é@g{q@gﬁom 12 to 20 histidines
SE 1 DNO 2 R e ] tf%écﬁld{l%hmé E% S
hyd r M%Wo@iﬁ%ol%éﬁﬁopﬁbbwanﬂno acids, a
HK
hist IRy (00 B h St DR ng Fridibask

co1np1&$ihg deni 20 RMS @FEEE anlitb addLANYHiMBPbic akiifo Ldid Bl a)gﬁ K
e is in the order of hydrophob| c am no aci

comp E& opi 419 H) huslrenhebic, aneiae eids.@ Isteding blopk tcbtapmn@from
3t 0066 ntI
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che Ll Syn Igia l{s met hods, such as
amino acids, a histidine block comprising from 3 to 10 histidines and a cationic amino

acid block comprising from 8 to 15 cationic amino acids; or a hydrophobic amino acid
block comprising from 4 to 15 hydrophobic amino acids, a histidine block comprising
from 3 to 10 histidines and a cationic amino acid block comprising from 5 to 15

cationic amino acids.

[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 [SEQ ID



liquid- or solid-phase synthesis nethods, including

Frnoc and Boc synthesis nethods. [0067] The tri bl ock
weepvie74ay t hus be assenbl ed i nt o a nanopar t PCT/8G20081€00228

nanoparticle may be forned 1zsi ng standard m cel | ar

ass I [N ri.. For exanpl e,

n f¥r med by di ssol ution
NoL 2R SR R BRI o IR by
AARSCARAQUESA AFRITHBIKK K RRIITGRRSSBQ 1Y N g/ fgenul sion

techni ques as are known in the art: [0063?’§%e
AAAA A S AT KB KIS EREK K KASAQID NO. 5],

sel f-assenbl e i nto nanoparticles. Thus, inclusion of

t ' in.a .suitabl.e buffer solution a
10085F | THEBRSHS R0 b e LR b e an
embedivaen; thatriislock sdptde iy thesidet off Ky dkephoBid SMindhcid block,

noparticles. A skilled person can readily determ ne

.N 2 : . .
histidine lipek, cationip block, ip thapdercdsem At tanminug te Catstraings.
techni ques available in the art and as described in

[0068P"PITRe Brééitly%é%c d‘}l\efvel[tﬁgl%;ﬂs: ﬁgé‘tﬁiegﬁfa ) hesiseﬁi using

I
nanoparticles may forma core structure suc
knowinapeptidees yntitesio échnaguies; inchadidg bhentikaltsgnthssit melteds such as
. oriented toward, the outer .she|ll of the_ nanoparticle
tiqui g7 F%‘EER%P aﬁﬁBﬁl%msﬁPﬁ% iS4 Pk 5 Ade SThesis methods.
oriented toward in the inner core of the nanoparticle.

[006 PP 70Thd hitblddki ﬂébﬁ@&kmﬁ?ﬂids%@%s@ﬁ%lé@ﬁ@ﬁ@h&ﬂoﬁ)hﬁﬁlé%ebe

used to delivery an agent into a cell, including a

nanopgetide may be domsdasingstagdgnimmiceliamassenhly meethadsgmewerin the
' I Lviering an nt into, a cell,
o B UL SBAA] Bl S DB AR BITN B P S s,
dial psjetethrqubs oo by aitiglagniilbien téchbiquekagep kheeh ageBlart.
conplex with the cell so that the tribl ock

| pti.de/ nt conplex js. taken up intgo the cell. The
moﬁi bl ﬁl& g"&i‘ipﬁe‘fﬂwa}sée 9%%%}?_&5@&8 fhedi-asaemblsdrioi cl e -
nandyaetidl U STHuB SinBREIBA 91 RMriGIBEPHE I fdeG g@hﬁéﬂé@ﬂuﬂ’er soluﬁign ata

R
nanoparticle conprising a triblock peptide wtht
congegpionane ve dn crtiedl mycellse cormenipatian EMCroar resotinp femation

' ). that th ticlel t |
e
peptitieasingatindard tefien gues avalRblad $hd /st B A EesBANANA HxhSbR: 2

fogged fromthe triblock peptide unless otherw se
set WhBEPYWi ed, such descriptions are applicable to methods

using the triblock peptide. [0072] The nanoparticle is
[ooaglnplﬁi&eééséﬂlﬁh@d ﬁﬁlo?glg%iesl i f BhE RGP/ ARIS e Rch that the

,"nanoparticl e/ agen np or references herein
cationfreanaigie atiddnockntandytarbeioclertet avveard dinpbetxedhell of tHeor m a

"C lex" . refer to.an interaction between, the )
nancp SRRt B el i Apinpiagid ioccinds o rricptedawid in ghe
inneAbdr@wf filemahbihr@dent to associate with 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
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herein to "taken up into" a cell, "delivery into" a
w@edob/ooxar4 "del i vered into" a cell, nean that tPEI/aGaa$/000228

enters into the interior ofidthe cell fromthe exterior

of the ce beco g localised in the cytoso|
nanw#w? ﬁ%{q THRY POBPIESS QOmMYGEIST nwag@%t Ry

compﬁmﬁ@u u«fﬁgsaé péﬂ%& wlfﬁ tH@ §%Jn? dnd pon%uﬂ ltﬁé’x?e[n%ﬁaﬂﬁ@fe%g@nt

. For exanpl e, ent may ny ageht having a
complme wsathethf: cell s thpt @veaquarume/egeﬁlemmpiex whiakén ef nte the call.

e her a eut| re ult, that, i s del vered
At g Sl Wi ARt hok FRS'4 metiDs hing the onmrite &
fromnte h%lﬁcl@ﬁé}ﬁdﬁﬁh]%%tﬁer\@se@p@&ﬁb@ suéh §€§%hbt16&| BEHHR 1caﬁle
drug an antibiotic, a hornone, a cellular factor or a

to methpgsyesing the triblookmeptiee tri bl ock peptides and

nanoparticles are particularly suited to conplex with

[007{?d dgld ﬁéﬁ{) G §d n%on%ﬁ%&[@#}f%ﬁé%ﬁt }?ét%re cgseﬂér?m%]g

us In cerfarn e
“nanaparticletigest dotnpl OV ¢ ferbhessepdin Itlfat el agenindGlahepartiyle ere

com e B 6 & F SO HSEH a6 a0 StsraCfe Keetip BaAgoparicls and
agent ﬂﬁk ié%hﬁﬂn% st%ooeﬂlo%% BYRE 126 cia Eﬁ%uﬁ% article

he nucl ei cid nol ecul e may be an si Rl
in order ta bauelie¢red &t d celbl Rcﬁat@caimdnmcg“takm ansgEhecdhat

« t.0, he expre d with t cel |

et G Gl R SET re 10 TE PEE i s At nto the

interfof @A 8@aRE fdathd xtdridr BEHRERI Asceeflind [bBdlRed hethe¥losolldie
nucl ei ¢ aci d nol ecul e shoul d al so include any
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nol ecul e such as another "protéin or protein
single stranded or double stranded nucleic acid molecule, and including DNA, RNA

or DNA/RNA hybrids. 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.
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conplex with the nanonparticle or to be taken up by a
[007¢] | . Iftbe agord ipbedeliviesedtiag posteinathelprotein moripe BiBlogically

: orescent daroup, ,a.chem |.um nescent. group, a
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or a heavy netal conplex or noiety. he* agent
domain pa preqlcig apid gequenee, thioamend dctivisy cceflaidnel I activity,

[ - G W ti to.f | ex.
e R R Sl IR R st et B apRbion
antiagecdr aatidty @lalyeotoxic acdvefyact Wi th the nanoparticle to

forma conplex. For exanple, the agent may form a
nanoparticle via a hydrophobic,

| i,th, th d
[00Z3LE: figutithe destipbin mpgsr e agsmisgnes debivereiigin thoealloan
thusvBé bEe#S niaybelcb@s1ad td Qétlg&aﬁE( ?zlbleﬂ I?J)lee){aglgﬁégae %Iﬁglfﬁltole%ﬂf%

conp erren?ary functi onal groups aval e
fluogsseent tags whinhl allowfs fotdatentiop aif thecdgent 26 &ikien Théntadinitig cells,
: ] ract wth the exterior shell of the
manan'(lallf)‘;a}%]t%lec a‘élfler\‘/\hi ch is positively charged. Thus, in

order to conplex the nanoparticle with the agent that

[0079] t cDbectdilleilaber fders ié onyt ﬂag o€ Bibk} thhﬁ@??lﬂ%léﬁecféﬁ%ybﬁg
ave a negatl ve cnar ged,

negatiyely charged or ma e a. \
meagg, ﬁ?%ﬁ?%?‘%ir%ﬁlﬁ’of?r%@ﬁp dyaspgrtisushziog mdteodsgent or a

tokR1h o 0 ive charges.on .th
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be apprediated thah threajstactdbid Inbeli salcetedl 6howld hat inferfond RitA Elhd dility of
he agent .is a_nucl eic acid nol ecul e,

F v f ot
e R0 TR S S e B
the tAPbEIRHEISnBAHRINE aildokesBént %%d?, E%?ézﬂ i GhAGLcelt émjaué,rhe
_positive charges on the surfacé of the nanopartiCle to
radiqagtive gronpredigandi(fir examplediatinci phadehileftuortfcehhgoagant

parafnﬁgz?eti@ rg%u%', Ot a heavy metal complex or moiety.

[0080] The agent to be delivered into the cell is capable of interacting with the
nanoparticle to form a complex. Thus, the agent may have a region or portion of the
agent available to interact with the nanoparticle to form a complex. For example, the
agent may form a complex with the nanoparticle via a hydrophobic, electrostatic or
hydrogen bonding interaction between various functional groups available on the

agent and complementary functional groups available on the exterior shell of the



the protein may contain a region on the surface of the
protein that is negatively charged due to the spati al
wa@eeoagenent of negatively charged am no aci dsP@EL/SGHe8/000228
surface of the protein. The protein nay be designed as
a fusjon protein having a stretch of amno acids
narbogﬁﬁgllm ng negatively charged am no acids, for exanple
at the CGtermnus of a biologically active protein or
[00819t ei Thethpemt may Widractvath the kyteribhsheflroftied manopatticle, which is
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negafigelyshanged, dventbaivg regiorasichas a portiontef ticeageninort ntagmtached
iological functipon of the protein.. Simlarly, if the
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, ex w iFoni ¢ nanoparticle
surfdce ofithdrpogtein. he giatein inmdydrealesignadas dfusicaxaopinchavidg & he

agent is a protein, the protein contain a region
St @ianign Af &eown%%élegﬁ%‘feg? FhaF g} Amig0 GEi Tor PAgiRlS gide
C-tgl%ﬁnﬁsooitehﬁoﬁ)%%aﬂﬁlém@&é &Mrohfn ashah, %‘ite%%g(/%ﬁdthe_

am no acids at t surtace of the protein. fotein
proteay mag bt esddifietiwith aaegatsietynchargedegronhentag gttachsd teethe h

f. aming.acids containin ar. or. charged .am no s
o G g7 SRR it ke BRSSP Pageigona
amBolacide opb9haghdhn@int Bf #hedafivelghhrped Mgl SHoMRd by @né solaB@ot to

roteinmay be nodi fied with a polar or charged group

integferg wifh any Risheical dungtionsf Biearrateih a¥imdlory of H agent s a
phdphAGhHEAR oG QYRS SRABNE B il DR oIS oy BATE RIS BN

or or “acceptor group. e appr
chaageyl fondidnbLgbipnor mag hlse bamoliificdusiktonnefatiaclgichargadproup

am no_acids or hy attachment of a polar or charged
Or@%@?a@ﬁgﬁﬂé‘elﬁ@aﬂ%@%ﬁe'as not to interfere with the
bi ol ogi cal function of the protein. Simlarly, if the

[00B2ENt Alfer@atRBRL RSALE foCBldpYexahib kX@ris G the ARIPEMICR wih fhe
smal | nol ecul € may have polar or charged functional

agegt balps tobe deljvenddsintarthe weld)ithé agenivinali ba pplak ar clorgadhamoasd
roup or ta ttached, to the. snmall nolecule. [008

et ch il togRir ik b5 bATER S i PR EH 4 Fe pigehe o the

ageRR MEHRATJIdrr @harkbd Srouph of iR{gent allow the agent to form a complex

with the cationic nanoparticle via hydrogen bonding interactions. For example, if the
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agent is a protein, the protein may contain a region on the surface of the protein that is
polar or charged due to the spatial arrangement of polar or charged amino acids at the
surface of the protein. The protein may be designed as a fusion protein having a
stretch of amino acids containing polar or charged amino acids, for example at the C-

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



to conplex with the hydrophobic core of the

nanoparticle, the agent nay be hydrophobic or may have
w@2dvggexphobi ¢ regi on such as a portion of theP@eGL008000228

a tag attached to the agente For exanple, if the agent

IS a protein, the protein nmay contai regi on .on, the
may Bg rodaliscoNITh hE0lF o GeReedART & S ARESBRO I BYatRicindbit
e QPPORIGeATHORA dBRbids Rtepidie
Contagﬁfﬁlggééor%? %ﬁggét&g%lg%&? Qelﬁge prot'e(?% maybe desi nee_ as
group. frusilldre appreciiad thehang gnaliStationcinclyflingrhyrfosian iofgdditional

_cont ai nj ng.hydr ophpbi i ids,, f le at.th
aming 2P §F SteRt et B Seen it S pE R e i
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chargefRBR R SHRPECTTR Spn B e Ao SO GEuE el o
tag at@éheli Qo k¥ Bidlahelewdleh the biol ogical function of the

protein. Simlarly, if the agent is a pharnmaceutically

active small no] ecule, the small | ecul e_. ave
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atachedip D 281 05 xRl R LRE PR Aaroam B pir Bdaop o
regidr6h HRGhFNCorend Soted thaf istyaropaosiR @it tethe spatiud grrundement

' phar maceuti cal agent, such as an anticancer agent, |
of hytepHabieaminotahids hbthe yardasafisheriotpin Themrefeiy gy be designed

anoparticle. Alternatd i . ' :
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phar maceuti cal agent may be compl exe t e-
dombits cMEcamatiyELs, s IRGRBER beredTTarTE € BHiro B EroNE of g
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attallf AP pAGtefl, LRI, QRO Al BbdRIaNie iATMEHe ]
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cond & sty vHE D HBER RERARLS b B AR ROBpAYE ifne
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nanoparticle nay be conplexed by addition of the
negatianlypatged fandtional gsoinstor oreyedin b mpdigied Mathaeseetively

opt i onal additional ..a tg L1 be conplexed with the
Cha%%{ ggugprgqgﬁt%gheﬁgﬁg%%%lk é;e.Cﬁ]FOO%] The ratio of the
mass of agent to mass of the nanoparticle nmay be

[0084]t i NViveslthan orEBE ef agten ualydefdetivartd atn tietih thequenshiex
and to provide a conpl,ei( . .
methods. For example, the nanoparticle may be used to deliver a nucleic acid

Ues™

molecule complexed to the cationic exterior of the nanoparticle along with a
pharmaceutical agent, such as an anticancer agent, complexed with the hydrophobic
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



havi ng the desired size and zeta potential, using
routine |laboratory nethods. In certain enbodi nents, a
wore®e/002t4 o of nanoparticl e: agent of about 0. 2P@F/SG2008/000228
greater, or about 1 or great7er, or about 2.5 or
the QL gater, or about 5 or greater, or about 10 or
greater, or about 20 or greater, or about 30 or
greater, or about 40 or greater, or about 50 or

[0085%at éI‘ husginl thevprebét nefthddzi @8 hm@aﬁlﬂl@ls%ﬂﬁl&)&d with an agent
formatiQn. Zeta potential, a neasure of surface
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If the agent to be delivered is a nucleic acid, the
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KA, Ay fitddAsE P&éﬁlﬂetﬁrrteraaa&fgﬁma%ﬁ@x Ermaten For
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Simlar to particle size e va
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n ene essi 0 | deal hi gh ne
meEEIéht%?%leg  BPn R bERarE B qesi 120 B EPREEY o
. enhance t he ceIIuIar upt ake of the conplexes, owing to

[0087]e ilfitterapent tomelielivaedidditucied a&a Vtﬁé Y7o Pﬁfo&ﬁ@'y s@héed to
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theregis mperstalgteseeatiog msad itf e &91]110@(&136 andreniop@ading trend in the

zeta %aenf éf%e&%rx?é‘a(gﬁggﬁgalgm Vi d q%ﬁcﬂﬂgé(&%g}lg ratio.
HighdeNiveriesimag pote@lthe hstl@at laéM’ﬁfo% d&RE@Bn 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



of the agent into the cell. [0090] Delivery to a cell

conprises contacting the nanoparticl e/ agent conpl ex
waowdob/oo2e4 surface of a cell. Wthout being |i mP@ESG2008/000228

any parti cuI ar theory, thelmanoparti cl el agent may be

.enqgocyt os the c in,u f the
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the &%1&&5 | the hiege > GREY kigXcompledes td Bé takah by bl ﬁ&b&ieﬁg PM)\%\*@B
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gnhat ed, caus e br
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QGéJ The cell to which_the a%ent is to be delivered
POteﬁﬁ%l éherpopaticle/agant GOBIRF e omadt ro cell, a cell in
- culture, or anin vivo cell within a subj ect. The term

el | & fdmbknal e
001 3053 HSEPSIE Ry 1415 ol LI BR Rl
optiovud aédmoml egentpeheddnspleximlag e delivezedriosecellge allbwedr uﬂfhlee

invitro cell including a cell

Oft%P%?é&E?Pgﬂw a subject or it may be an in vivo cell

in a subject. Simlarly, reference to "cells" also

[0090]C! UDESver P iRh BALEorhSHisRs SbMadtiRgER hanoPartielefupahteotimplex
permts, unless otherw se specl f| ed. [0092] The cell

Wlthrfhsl suréacd@f el Wlﬁmuahvnghgm@ﬁgmny el ey ahe
nandghffiifngdhe oS bR b R ANBE Shatdr@E nr

nandpitidl€algdpe eaple dto tRaetll. pxd:etxmam uhe celfiehdesmplar nmgént

has been delivered into the c u5| knovvnﬂ@ g ga
initiglhglocate W@u@%n endosmigi Hythe sp Qfe%ledaét H%’iﬁe Rgtphdine
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o readl Iy detérm n€ whet her the
the a@esxtmalenanbmnaal;d Hlooting theaopplbexr trresept ifioat therendosome,
tlcfunct vided there exists a direct or
thuerl@ e%@‘ﬁ)}nﬁoé ?ﬂgﬁ ?'parti cular function within the
cell. [0094] There is also provided a
[OOQ?ﬁnOD'Bﬁé tgl ©hAgentheG@aRl S0 Wsddiverl nkstheadngell, 1nclud1ng an
I ncl udi 25 a nanoparticl e/ agent conplex containing a
in vigradelli ® e, of gy vorgrll withia aukiscly ﬂ&ﬂ terary "Zf‘éle agf
|
useéalg%lgggfl\égsgtgt%gg ';%Aglggets TPALHT, FLRIANGDE ORPGoplbion of
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cell pefusting & g¢ fexal%r&?ﬁ it b e a4 We FAT i §gibdect.
SimA&NY, rbferéhed W¥&ALE" 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, a
microorganism including a bacterium, or an animal including a mammal including a

human.

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

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



[0096] To aid in admnistration of such a

nanoparticl e/ agent conplex to a subject, the conpl ex
woreapoloe2for mul at ed as an i ngredient in a phar nBCESG2008D00228

conmposition. [0097] Therefore, there is provided a

har npceut j.cal conposition conprising a .. e
phafueshcal o {HEangt Meghion eievided Hiseg pibled difsekas indifast assay
for RAApFRGAM fudonGRRmAThd égn may further include a

pharmaceutically acceptable diluent or carrier. The

har maceuti cal conposition may routinely contain

[00§ﬁhr nabets ela Pipvided apanppastieleisearcrmpld ps desaibed gbove,
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carriers.
nanoparticl e/ agent conplex maybe fornul ated in a
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)l ecul s such as nucleic acids or proteins i
agemtgproopeeallatns]udingiwkenathd seldl ispnain vhoeagtliie alsuljeeict i ce.
[ 0099] The pharmaceutical conposition can be prepared

1008 il ilon st SuPLERRIBOU Ty Bl comutgp e et

the atiblek sidyaie forimilotes Wb he igBeditit ¢ha bh@inadsutiRhl @sliposttion.
amount of the nanoparticle/agent conplex and any

itional active substance or substances. is conb| ned
[oo§2f’a et tre RIORiNET ARERTRACEHIqRY SRRSO fonprising a
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conplex™Is a nistered to the subject. The term
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effectiye, at .dosages d, for, period f. L
phafurseitonl SorBosii Bag QB C e P RapioRl Seenibice
contéhtid@bh ¥EEalk WufREBR b, PrésefyatinsLsid vasibhs @dmsaible carriers.
popul ati on within the subject.[001 00] Suitable

For gl Hprapseaf dghiwerycibe phaartiie/peeak aorpblex may Rdpimyatsd iz a

har ' Sci ences (Rem ngton's Pharmaceuti cal
phyégﬁ’é%g%ﬁt%@&cl SMPubl i shi ng Conpany, Easton, Pa., USA

1985). On this basis, the conpositions include, albeit
[0088} eXhé pipuetiop,and ddautitypolthe pharrecastivalin atdeptableatjrnt or

- conplex, .in assocjation with one or. nore . . . .
cartit Y SRR 17 CHeB PuBIeL B Ret ot bl Eithang
biolb QAR AGHe nblHidsQlcE A MO 8civh bhprdieisi iF rS;iIEHTE and

i So-osnotic wth physiological fluids. [O 01] Under

standandli pharnpacsotichl piastise.of st or age and use, such
pharmaceuti cal conpositions nmay contain a preservative

1009 P 345 BRGS0
the prepandtied bOptErmaceutically 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 in 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 to achieve the desired result, for example to deliver the agent into the target

cell or cell population within the subject.



Conventi onal procedures and ingredients for the

sel ection and preparation of suitable fornulations are
waelemenied, for exanple, in Rem ngton's Phar neR€UsGuas/000228
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[00103] The effective amount of nanoparticle/agent complex to be administered
to a subject can Vafy 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 nanoparticle/agent complex.



[001 05] The pharmaceutical conposition may be
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res]8] Here, short triblock oligopeptides were designed (
17 am no acid residues, i.e. F H4R8, |sH4R8, WH4RS).
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es‘ée %65 Di met hyl t hi azol ~2-yl)- 2, 5-
di phenyl tetrazol i unbrom de (MTT) branched

[oowoe%ﬁltAgy I"EHR gredest taBtabds Ad uszém‘é@@amer(é@@rﬁmﬁ&pw% aSthe

( e),. chl oroqui ne and bafil omycin wer e al
follpiingingadimitedomagiita ( Si ngapore). PicoG een dsDNA
quanti fi catl on kit was from Mol ecul ar Probes Inc.

W’;ﬁ} [00111] Peptide Synthesis: The peptides
éspared by Frnoc-solid-phase synthesis at Anaspec

[OO&E?E JOSE‘XAR’IPLﬁ‘l) or G Bi ochem ( Shanghai, China) and

[00108] Here, short triblock oligopeptides were designed (17 amino acid
residues, i.e. Fs HyRg, IsH4Rs, WsHsRs). These peptide vectors induced efficient gene
expression in various cell lines at levels that are comparable or even superior to the
gold standard of polyethylenimine (PEf). The functionality of each block is essential
for achieving high transfection efficiency, and the eventual level of expression can be
further influenced by the degree of hydrophobicity of the hydrophobic block. Notably,
~ the peptide IsH4sRs 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.
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to 15 m. of the final sanple and incubated overnight
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ture Geen I's a whose florescence is
N/P datmsaﬂ‘h@ edrhylex a«ﬂnaans €D &b} mgethnt with ldt Ofﬂgadlng dye

unco dens oybl.e stra conden n
AT FSRVEPS T G Sl 5o NEL TR E e P e ity
uL d)f%tlﬁdﬂx’i@@rohﬁdé [k 86 GENbE %dﬁ k@gbh)Y andBlkétRephofeseddt 0V or
behavi or, the Kinetics the DNA capturing process
50 mizgtes priokte imeging ShemiGaus @ SYgere)o, the pepti de
sol uti on was drlpped into the DNA solution and
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€ Corrp ex SO lon was taken out
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orescence spectroneter (Jobin Yvon Horiba). The
margasiiret’$ mommﬂﬁmgishAﬁgtekﬁ minutes, DNase was 1nact1vated by

chelating with Ca** ions using EDTA. To separate DNA from the complexes, 10 pL

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 carried out to image the bands of released DNA with

respect to other control samples.

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

dramatically increased after intercalating into uncondensed DNA double strands.
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respectively. For a _peptide, concentyation of
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cond¥nfRation. 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 uL 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 internalized 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
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bef ore usage. Meanwhile, all nedia were replaced with

[00118kh oresitFciferqseandeiR expression: anEKh?LQSSr WW%‘PGHS

werg SRS g RS ot SRRY b P Bl et
werb AfiikreduCR PVAN1 64 al} ‘!‘Iﬁﬂl\hﬂ 2DVBQ Wi\mwsﬂ@i Alﬂ@owth

onpl ex sol ution containing 2.5 ng of

mediaurerlorere éomﬁléﬁééwﬁpi%érfﬁfakbwnqwrﬁi_lQ-.qu&/m#pﬂeféﬁepmmycm

andsl‘ﬁgll'}/hl?gf gfm&gl ning 3.5 ng of GFP-encoded plasmds was
subsequen ripped into each well. For experinents

i nvol ving separation by size, the m xture was
[00449] r i f UOwdagtbeByr® ttl@nsfp«:tio‘m pellsOvere nedded abe florsgy thes

dop e B qns BN & SRR Lon wellae BEBryior *
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hours.[00120] Analysis for luciferase exgressn on was

24-well plated vihile 1d¥ mbrof 3nedliyys cogining W8r%0 selloers pipattd
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w1t1u frbﬁh (ﬁri%ls.LBormpenments involving chloroqume or bafilomycin Al, growth
medium containing a final concentration of 100 uM of chloroquine or 20 nM of
bafilomycin Al (dissolved in DMSO) was used. The complex solution (50 yL)
containing 2.5 pg of the luciferase-encoded plasmids or 100 4L of complex solution
containing 3.5 pg of GFP-encoded plasmids was subsequently dripped into each well.
For experiments involving separation by size, the mixture was centrifuged at 3,000
rpm 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.
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Bert hol d) and normalized agai nst the protein

w@oreme2rat i on as neasured with a bici nchoni ni BCESGZN0S/000228
protein assay kit (Pierce)2s Luciferase activity was

[001R0)F a1 | dipabieior Mee oIS S B Bt Eo 3 s Gels
i ' f .
WeréCe{;v?%h%ﬁ ohkd PRndSEAY, offi%dsi BefiiRlife gﬁfggﬁa]go%f@.i R F1fays

s were first washe ) of PBS before 0.3
bufft. Midmbirayeplysis wea somptitet with ddtegodrthamesyicles agd manudl cell

o TR A0S e PR e DR 19D R e
10 Iﬁiﬂﬁfeﬁqrhe%ﬁt)émmo QL9 Yk ekeRbuf, a88 ERLASKER 160dL of 2
centrifugation were carried out in PBS before fixation

lucifem:se assayrreagentiPsqraesa) by nerterdng dheTrlatiplighd wnidBLYD was
, ' P i i :
mea e MR e (P PD, FORE BLARley iRty

agaiBMand Srofiel corReAtritRsh Rmésiearvithsd bivmahehigie utidtprowindssay
t least 4 sanples. [00122] pH effect _on |luciferase

kit (gi@&eés@rcéfﬁwéﬁ petiiikyrieds finafi zapressed os RidF wemrefisuy-esipedird

M j conpl exes formed in either sodium
de“\g‘gggfag@%dfggrséﬁ%% 5.0) or PBS (10 mM pH 7.0)
buffer. Each data point was fromat |east 4 repeats.

[00121)123] Fonthe GBP tramsféaivasesayxpalls yeireharvesterhafeer Badags. (Cells

Wergﬁ%\% gggrfe{ﬁ;;;ngl? E@fﬂ%iﬁ?@@%&?ﬁ ,rlﬁg%{g%%}l S‘Q‘\%éfl%ed to detach
ther WS HI 81 SOWE MeditieriBemhddedOant tib cElf suipénsion wae
RPM 1640 contai ning 4 x 105 AT cells. A tunor was

centrifieged af | 600Q mme fetchPaniptasn] wa dwrthes gelé-waghing oydes efays .

PEl and different. for . . / . r
L S R
1% phrafdNAaldaByd. Mhe ptrentdis elddlly ekpressignGHP twastiten dBfsemined

tunor tissues were harvested t _days | ater

T
usingradiays eytpeeter (RAEeFaliaraBegion Pickinsgphirem rO(\Qég’e‘FtF ped
j - ] | i , foll db
rethrtmégraggr agrimgmaeﬁﬁ&dn%f oY Rhst 4%{13?“5& ol | oned by

reeze-thaw cyc xture was then
centrifuged and assayed for its luciferase activity as
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subcutaneously injected with 0.1 mL of serum-free RPMI 1640 containing 4 % 10°
4T1 cells. A tumor was then allowed to develop in each mouse for 10-12 days. PEI
and different formulations of /DNA complexes were prepared as above, and 30 pL of
sample containing 4 ug of DNA was injected directly into each tumor. 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 least 4 mice.



ideally suited for the ionic condensati on of DNA.
Secondly, it has previously been reported that
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content in DNA). Gel electrophoresis assays were then performed. It was observed

that while bulk electrophoretic migration of DNA could be completely retarded by H
at N/P 5 (Figure 2a), some ethidium bromide molecules could still intercalate into the
bound DNA, as evidenced by the brightly-fluorescing wells. In comparison, 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
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[00129] The morphology and size distribution of peptide /DNA complexes
were next investigated. It was observed that under the current fabrication conditions,
the /DNA complexes showed a mainly bimodal distribution. Upon separation by
centrifugation, the sediment was found to be constituted by large 15-30 um particles
(Figure 1b) while the supernatant contained the smaller particles at 50-300 nm (Figure
lc), 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
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expression level in both HEK293 and HepG?2 cell lines, while peptide I was optimal
in 4T1 cell line. More encouragingly, the gene cxpressioh level achieved by the best
peptide in each cell line was either superior or comparable to that obtained using PEIL
(branched, M,, = 25,000), while causing less cytotoxicity (see Figure 6). For instance,
peptide I mediated a peak luciferase expression level in 4T1 cells that was 6.4 times

higher than PEI with nearly 90% of the cells viable. Intrinsically, pure peptide I was
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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
important role in proton scavenging, its length could be further increased to induce

greater proton sponging abilities and gene transfection efficiencies.
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the presence of smaller particles within the mixture may limit the gene expression

level when compared to the sediment formulation alone.

[00137] To understand the vesicle-escaping mechanism of the small and large
DNA complexes, chloroquine was added to the sediment and supernatant
formulations during transfection experiments in HEK293 cells. Doing so, the

expression levels achieved by both the supernatant and sediment increased (Figure
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zeta potentials. In the form of complex W1th plasrmd DNA (pDNA), AK27/pDNA

complex forms nanoparticles with the smallest size of around 248 nm at N/P ratio 40,
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whereas AK32/pDNA forms ones with the smallest size around 332 nm at N/P ratio
30. Similarly, the zeta potentials of the complexes were measured to be positive, and
the highest surface charge of AK27/pDNA and AK32/pDNA were found to be 7.8
mV and 18.2 mV, both occurring at N/P ratio 40. In addition, peptide/pDNA complex
nanoparticles formed from both AK27 and AK32 were also subjected to DNAse I
enzymatic degradation, and it was observed that both peptides were able to protect
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buffer, and luciferin 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 (fluorophore grade) were all purchased from Invitrogen
Corporation (U.S.A.) and used for all the cell culture studies. Plasmid DNA encoding
the 6.4kb firefly luciferase (pCMV-luciferase VR1255C) driven by cytomegalovirus

(CMYV) promoter was provided by Car Wheeler, Vical (U.S.A.), which was amplified



Corporation (U S.A) and used for all the cell culture
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pla@nMMPP&%)@EO}PEDNNw@W e @P@Nﬂmﬂ@d bYP fﬁ?@nﬁh%fé‘ measured
|

theqsflgg e Qg@r ?é@gz#t% Bt ({g%ﬁll oms \ke% LY e eﬂ ?ﬁg é:ﬁfeec Epat of
the @Sﬁb@ihuie@ouﬂsl@) Bxdach pDNANﬁ&l@ﬂlﬂ, hmdawas ea]cw\ated barmi on the

erature for 30 minutes u}?nb ()fl g foreti ?1

1Zedo} neRNAamoleDNAdule of thumb as described previously ( % To
allow for complete electrostatic interaction between peptide and pDNA molecules, the
solution was equilibrated at room temperature for 30 minutes upon mixing before

being used for further studies.

[00145] Gel retardation 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 ethidium bromide per 50mL of gel) in 0.5XTBE buffer at 80 V



[00145] Cel retardation assay: Various fornul ations of
AK27/ pDNA and AK32/ pDNA conpl exes, ranging from NP
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[00148]) Cell culture: Both HEK293 and HepG2 cell lines were cultured in
high glucose DMEM medium supplemented with 10% fetal bovine serum (FBS), 100
pg/mL penicillin, and 100 pg/mL streptomycin at 37°C in a 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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cell viability was neasured as ([ Abs 550Wi e -
vial{ilé&ysm}apfmmkl@)? j([ﬁ(}{SAb]Samﬁ%[z‘&hﬂaio]smple)/ [[AbSsseigaj.cont r ol )

X 100% 50] In vitro gene expression: HEK293,
[Abﬁféfé@f,oﬁéﬁg)%("ﬂ cells were geeded gnto 24-wel | pl ates
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[004501NT t 18 \3RPReAM &I-Mc R HFR BNRJdHepOd] 40ldON R8s were seeded
descri bed previously. After one da}/, the cells
ontea2hingll gdatesoas 50,000, DG ek J0H eellsxtellwpespértively, using the

s TG SFRR BURSPATEN BB ATHNIAEY AR L b, o
achidPed sfout 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 AK27 and AK32

peptides for the three cell lines at pH 6.5. The total amount of DNA loaded was kept
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retardation assays of the two i de- based
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el ectrostatic interaction between the peptide and
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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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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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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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[00162] Thus, cationic nanoparticles were successfully self-assembled from
amphiphilic peptides AK27 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 to 40. Although the peptide nanoparticles and
their pDNA complexes were positively charged, they had little cytotoxicity, which



expression |l evel induced by AK32 was conparable to
that provided by PElI in HEK293 and Hep& cell lines
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line. [001 62] Thus, cationdoc nanoparticles were
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prior to the filing date and should not be construed
[00164] an adwivsai iorthisispécificatiopraad et appandedtdLms; the Bidgular

T T SR W
otheS6& IAsi vzad i@ﬁis%@ciﬁbﬁi@pa%@ﬁg@gpﬁéhééd@ainilsbﬁle%lﬂg;u | ar

. forms "a", "an"' and "the" include plural reference
CoOmpylse’s s COpritngt, Esempiisea’t tnyd ethert fatnes obthbeer teingeare Astendeddn

[ ks b ign. and the.a nded cl aj t he
e o R SRERHL6AL B A0 h0GueBRERE CL et .
companent vathouhestudig i, ether dléthendedompoidie DAMRsd défideling

ive sense, that is, to include particular

i ncl ) ¢ . .

otheragg 5@@0@}1@%@}%@ scigptificoigppheted Sergin hvvstthe semnemering Ay

mRbAG unGLETH GOTR ,%ﬁ%ld LG W, se
0 al | ?tugg%ml cglE0 glﬁled SCl @ﬁ]t [ |1c1:i'ﬂ{y!gr@%rriét tggéﬁc@ﬁglrsgﬁﬁe%ﬁ%e
belongse sane neani ng as commonly understood to one of
: ordinary skill in the art to which this invention
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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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004, 6 : 1247-1256. WHAT IS CLAIMED IS: 1. A tribl ock
2. pe pLhefaibloskpeptidarf claimky risran e hydronhobisiaing ecid blqack

Con%JrﬁE 4l t&%nﬁ{%dvﬁm%afe}.lg e 110615?1\,%nr9el, gﬁénygahtf%mne or

tryptgptan ph aiDy mmbmmibrﬁﬁhbﬁoﬂ |la6é kheCoariphic a8 fin@hd@d bRk comprises
et hi oni_ne, vall | euci ne, isol euci ne, phenyl al ani ne

argl&}netqrgﬁl%‘i‘faaﬁ‘y&io inptien Msreeft i on t hereof, and t he
cationic am no acid bl ock conprises arginine or |ysine

3. O PRI b@ﬁﬁ’deqj'f ddRr B&f claith 2 I&ﬁ%ﬁ%h%’ 1?81%69 ik #e Nef

claiml or Claim2 conprising, in rom the
terrmnbs— t9i the §-teoninhs G hyirophobis anine abiddog ttei lstadineisdlock and
i stidine block and the cationic am no
theam g"%‘“&%ﬁa g!ﬁq‘ﬂ{e tribl ock peptide of any one of
claims 1 to 3, wherein the triblock peptide conprises
4. a SHmusbloek peptitetoffagy bhe bclaiys 1060E3, wheﬁﬁQtﬂeQnBQ@k pépﬁdé
5.. 5. A nanoparticle corrpr|S| ng a triblock pol ymer
COWG%EQBFHC@I%IS%@?E fipany o of, Ho p¥S: |1c‘5|05o  agent
conpl ex conprising: a nanoparticle of claimb5; and an
5. ag , l.exed
; A R s S s e
r}gl ex of claim®6, wherein the agent is conpl exed
ngnpparigtesgeent saghplex Fempmsiegiect r ost at i c
i nteraction, a hydrogen-bonding interaction

a nanoparticle of claim 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.



or a hydrophobic interaction. 8. The
nanoparticl e/ agent conplex of claim6 or claim?7,
wob@pedn274 he agent is a nucleic acid nol ecul e POIPGENS 000228
to the exterior of the naneparticle. 9. The
nanoparticl e/ agent conplex of any one of clains 6 to
11. 8, Theraheparticlefegéns icomphen aadetilingdo alaim$ewhereirOthe Biditional
anopartic| e/ agent .co ex of claim8, wherein the
agentds FYNPITES fé’gtﬁg?{{fﬂgoﬁ‘iﬁi%ﬁaé@pf‘ Cféhe interior of the
nanoparticle.11. The nanoparticl e/ agent conpl ex
12. ACCO LI JfUehY P By agshtan® dcdlltndiidide: onal agent is
conpl exed to the exterior of the nanoparticle. 12. A
met hod of delivering an agent into a cell conprising:
corfoatectinga aaneRAtisky ag9cat eomaRjen ot et chimg fyo &b avifa
ol ai . | . .
naﬁdggg%)t%? %f&ée/]l%aa}éﬁlﬂ%%/ﬁa%%f ° % l%ggg%&ﬂgpil%t? ct)h? %eél'cel l.
13. The nmethod of claim 12, wherein the cell is in
13. vi tThe. mdtod Fhdaimel2yodhendin chea¢athid 8; vileer ein the cel |l is
in vivo and the nethod further conprises adm nistering

th ticlel t | ex, .t bj ect. 15, .T
14. o FSARGROG Phie 35 RS Gd Gy 24 FE metich e
combRised hdPHiAsFEMHE Wihd ﬁ@b@ﬁ@k@bﬁﬂ Rptéterd sibjgt.a tr bl ock

peptide of any one of clains 1 to 5 or a
nanoparticl e/ agent conplex of any one of clains 6 to

15. 11, Thezmetirpd obel @b sThardBtheBRiFssisE B ¢l ai m 16,

further conprising a pharmaceutically acceptabl e

16.CarL gﬁﬁm%&é‘cfcgﬁ&) os?cioo?lid% 2 rsfﬂggil b RIR PEptERIGH 8% 08k of

any one o al s Ivering an agent into
claimsdebl5 wfa rmnspdrfidetgent @omphex affany onanbHgdains &ctoel lagent
conpl ex of any one of clains 6 to 11 in the

f : di £ Lyering .
17 oo thfecgied ogRbp ST Chati e Tl sp e g tE,
phathifdetitnllhRcsptdtil€edrriess @ human.

18.  Use of a nanoparticle/agent complex of any one of claims 6 to 11 for

delivering an agent into a cell of a subject.

19.  Use of a nanoparticle/agent complex of any one of claims 6 to 11 in the

manufacture of a medicament for delivering an agent into a cell of a subject.

20.  The use of claim 18, wherein the subject is a human.



