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E5: ZZ Yol € (polydiacetylene, PDA)S 271 H ¥ tlolA| €& (diacetylene) TaAl2] F5ol 2J3)] THEo]
) Yopgdl @A Ee] A o2 WlE=HH 254 nme] AR ol o3 1,4-H7t Tl dojuk A}
FARE olF A ATl wE EAlske EEtopdgdle] wEoXint. EEtjopddl 4842 AnhkA
O 2 °F 640 nmollA HFraPdE AYs BAE 1A HH of7]e] =4 pHE| W3}, tE EFe] A% 5 9
i A=l o8l of 550 nme] Hoi F S e Ao E A Holrt dojuA| k. & AFolA, SEe A
4 HEE A4S o]83led PCDA(10,12-pentacosadyinoic acid) 2]2ZF2] TH| ol S IHE =S =5}
ATH g Ok B HER P XS 78S Alxste] SE Alxel] EdaAAG A3, YE A dE 28
I v 548 Hole Ag ERISHKILL, PCDAS] 548 o]&ate] AlXel Az & Alx #d HEA I35 3

sttt

Abstract: Polydiacetylene (PDA) is made by photopolymerization of self-assembled diacetylene monomers. If diacet-
ylene monomers are arranged systematically and close enough with distance of atoms, 1,4-addition polymerization will
occur by the irradiation of 254 nm ultraviolet rays and then PDA will have alternated ene-yne polymer chains at the main
structure. Aqueous solutions of diffused PDA is tinged with blue which shows A, 640 nm. Visible color changes from
blue to red occurs in response to a variety of environmental perturbations, such as temperature, pH, and ligand-receptor
interactions. In this study, we synthesized cationic peptides - PCDA(10,12-pentacosadyinoic acid) liposome using a solid
phase peptide synthesis (SPPS) method and prepared liposome solutions at various molar ratios using MPEG-PCDA.
When mammalian cells were treated with the liposomes, high transfection efficiency and low toxicity were observed.

Keywords: polydiacetylene, cationic liposome, gene delivery, amino acid, polyethylene glycol.
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U 2R A e Fof] o] dojubd ekl e
wo] Ste g A ERlo] 753 640 nmollA H &
TS YeERA Hlu) B3 S§0] dojd ZejtjopMddl
2 EF pHY 2%, w212, f7] &0 52 &5 A50]
VA A = ZHEde] 540 nmE 24 do)z I
ojdth 0 ZarjotAddlo] A=A ] A 7S
HAFE= A F2403 A Aoyt dojubd o= #
27 ok Fge] A4S UEh = wig ARl B354
uj o},

A, §-3072F X5 (gene therapy)E $13l ] ARE-E AL A
£ oA dgAle B2 AY a8 vls) Wl
U 54, H5el4 vkg- 5o @S /AL Tk 2
A] ol vlg| G&-8 UR|vk obdEty At AfE e

©°
T



W7V SYAEE FeAlE 7R IR 2=l 4 ¥ A e s 95

z2o] 7hgsk vlnfolg 2 AdA|dl gk Ao HA4qlo
oA AL Q= Aot} vinpo|gl A AEA R IEAL
g, gas, gEF 52 § T Utk o] g2 M=
o] wto] thiE Fol24 I 9 Yl EER A F o
Ue 54 ol Az X858 F}; Atolo] 288k
eSS Besr] Q8 2 ol A4S wA gk
Huto| 24 32 AeA| o] @ 588 S5 fg
Aol o) Tl HE 9 (protein transduction domain,
PTD)°olu}t 2 %3} Al 3 (membrane translocalization signals,
MTS) 5ol 44 A=t o152 45 of27|dod glojal
e ol opu|isks wol Ffstal k. o]de] B
o 52 of27] o} golile] =YE A} dgAe] a&
S v S EY HepG2 A EFE ¥ ES Tggh Al 2o
A otErdoe] i =2 888 Hole AL s ®
o]

A== AN Q=S EEshet] 7|oshs A =E
2 g3l o 2FE T 3] 2~E e pKa #te] 621 ol=|th
= 28715 7HAL doiA] Hold A 9 28-S Bl
o}, # 2ol Ejohu|EolRl (PAMAM) Hl=]H EHel 3
ZE|H} of271d-S FAH 02 sty S| ZEH ] g
o W A Ag 589 ARTAVE RuEe s

B Ao e Zitjop g el G714 ofn)imAk oA
S|2EH of27d o= o7 HEE FEASS =Yt
o ol W M3k /K& s AL, o

ol g5l BlxFS AL ol the A o] 54 &
2|3 BEA LA EAM G TS BlsisiTh
4

Al 3 ZH=. PDA 54191 PCDA(10,12-pentacosadyinoic
acidy= Flukaoll X el abieh. A1 g8 913 AAA| =
Rink amide MBHA <~#](100-200 mesh, 0.56 mmole/g)<=
Novabiochem(San Diego, CA)AF AT ¢ 8F%1 22, methoxy
(polyethylene glycol)-amine(SUNBRIGHT MEPA-20H, MW
2000y NOF(Japan)ll Xl +4ataict. Ejo€lo]Tl(PET 25
KD), Zg]op)=olr] =2 (PAMAM G4), N,N-diisopropyl-
ethylamine(DIPEA)<} ®E-S- &1l 91 N, N-dimethylformamide
(DMF, anhydrous 99.8%)= AlZvnF-4=2]X](St. Louis, USA)
AA FYsIF L AFA|ZE N-hydroxybenzotriazole(HOBt)
¢} 2-(1H-Benzotriazole-1-y1)-1,1,3,3-tetramethyluronium hexa-
fluorophosphate(HBTU) —2&] 3 o}v] =4t =3 2 Fmoc-
His(Trt)-OH, Fmoc-Arg(Pbf)-OHT= AnaSpec, Inc.(San Jose,
USAPIA FUsIATE MaufekS $13F Dulbecco’s modified
eagle medium(DMEM), fetal bovine serum(FBS), antibiotic-
antimycotic solution(100 unit/mL penicillin, and 100 pg/mL

streptomycin), Dulbecco’s phosphate-buffered saline(DPBS),
trypsin(0.25% trypsin with ethylenediaminetetraacetic acid
(EDTA)) 52 Gibco(Gaithersburg, USAYIA +43I5tt. +
Al gtobA] A= BCA &8 A S 9el4 Promega
(Madison, WI)2] FAJH|2lolA] A 7F 71E2} Pierce(Rockford,
IL)9] mlo]=2 BCA @A A 7|EE 717 -8t A}
St Al2=4de S48l] fl8ll EZ-Cytox A 2FE Daeil
Lab Service(Seoul, South Korea)oll4 43t}

MPEG-PCDA Conjugate?| #4. MPEG-PCDA %2}
o= A WES FHPES 5519 anhydrous DMF
£ = slo] AeoA 45Tk MPEG-NH.S PCDA
= 149 EH]8ZF 3}3., HOBt, HBTUS} DIPEA:= 4:4:82]
2o)22 £F=9ich. HOBL, HBTUS ATAZ AH5I9,
DIPEAE FwljAl 2 AREEIIT 16A7F B3 k-5 Bl &
o Add AL AFe Arhe ooE =R 33] Al
P& AR ALTtEE ol gale] Holdle oEdH=E
gl Foll SRl oM FAAxs HFH o= 715
Feje] e AT PIE] SAHES Lotry] flste
400 MHz NMR 33 7A| (Bruker, AVANCE 400)Z 'H NMR
A EYS SA5IT

MPEG-PCDA(CDCY),): 8.12(1H,-NH-CO-), 3.79(2H,-O-CH.-
CH)-NH-), 3.65-3.55(-O-CH,-CH,~(OCH,CH,)n-O-), 3.51-
3.48(2H,-CH,-CH,-NH-), 3.38-3.30(3H,-CH;-O-), 2.52-2.49
(2H,-NH(C=0)CH,-CH,-), 2.25-2.23(4H,-CH,-CH,-C=C-C=
C-CH,-CH,-), 1.85-1.71(2H,-(C=0)CH,-CH,-CH,-), 1.50-1.46
(4H,-CH,-CH,-CH,-C=C-C=CCH,-CH,-CH,-), 1.45-1.26(26H,
-CH,-(CH,)4~(CH,),-C=C-C=C-(CH,)»-(CH,),-CH;), 0.89-0.87
(3H,-CH,-CHs).

Oligopeptides-PCDA Conjugates g. Rink amide MBHA
TA](100 mg)°] F/do A=At Rink amide MBHA 4=
#|e} opu]ieqt B PCDA 2|9 =E o851 F5= DMF
A A WE= $ PES Skl TEITh DMEY
o 30% FIHEI RO R $419] Fmocr|& AAT Fol of=
7ol s]2Elde 2]l HOBY4F %), HBTU@T %)
o} ZuljA]9] DIPEARZH) =4 3ol zHzk 25 °CollA] 164
Zb &t Az 2 Fol] Aol At S ilE =
] PCDAS & H& 4= A2 3 5 DMFFlA 16417
HESAIZAT Z47ke] S de=d HAEE Faf gRlst
Atk ko] Bt &, X5 DMFR AlFslal veeS A
gk Foll TR SR E = 7)o Bo] AlASH &
I =S FARTY EEsh] fl6te] TFA, TISSH 57
S(TFA:TIS:DW=95:2.5:2.5)2] E3+=-S A28 3ot %
AREL odoH 2= 33] AlFsla AVt - oY
NEZE AAT Foll THol = 54 Hxste] AAynt
(Figure 1). ©]5 FAES 'H NMR 2 EHS 53 gols)
S TH(Figure 2).
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Figure 1. Synthesis scheme of oligopeptides-conjugated PCDA lipids: (i) 30% piperidine; (ii) Fmoc-Arg(Pbf)-OH, HOBt, HBTU, DIPEA;
(iii) Fmoc-His(Trt)-OH, HOBt, HBTU, DIPEA; (iv) PCDA, HOBt, HBTU, DIPEA; (v) TFA/TIS/D.W (95:2.5:2.5).
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Figure 2. '"H NMR spectra of oligopeptides-conjuagted PCDA lipids.

2|ZF MZ=. PCDA |EF2] Eo] gk 83liS =017 v
fl5td MPEG-PCDAE 41¢] 2l25S AZsiith 7H & 71
gle] MPEG-PCDA, 22| 7ZHE]=-PCDA, 28|32 PCDA & =

T2 ket & H]18(1:1:98, 1:5:94, 1:10:89, 1:50:49)Z
el EREIF| FHo|il AAvkAE {718 mE

5 Hslal, 80°C F=xolM
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Table 1. Preparation of Various Liposomes

RFEAE 7R A el=e) By B A g B 4 97

Sample preparation Abbreviation

1 mol% His3-PCDA liposome 1H3P

5 mol% His3-PCDA liposome SH3P

10 mol% His3-PCDA liposome 10H3P
50 mol% His3-PCDA liposome SOH3P
1 mol% Arg-His3-PCDA liposome IRH3P
5 mol% Arg-His3-PCDA liposome SRH3P
10 mol% Arg-His3-PCDA liposome 10RH3P
50 mol% Arg-His3-PCDA liposome 50RH3P
1 mol% His6-PCDA liposome 1H6P

5 mol% His6-PCDA liposome SH6P

10 mol% His6-PCDA liposome 10H6P
50 mol% His6-PCDA liposome SOH6P
1 mol% Arg-His6-PCDA liposome IRH6P
5mol% Arg-His6-PCDA liposome SRH6P
10 mol% Arg-His6-PCDA liposome 10RH6P
50 mol% Arg-His6-PCDA liposome 50RH6P

MPEG-PCDA:Oligopeptide-PCDA:PCDA=1:x:y, 1+x+y=100%.

O Amino acid

PN Methoxy PEG

@— rcoa

155 5 IS 718k Fol 50 °CollA] 1587 Sakxe] WY
o7 YIS Axsuct F3AE S 0.8 um AlRA] F
EH=E 0440}; 4°CAA 1247} o] RAsI), X 8o
o] FFHMES-2 UV HHS7](RMR-600, 254 nm) StollA 12 5
St A2olM UVE AR 2A o] Fofxint, Alxd 2tz
ThFe Ade] ElEFS] oFAk= Table 190 AATEHI o, Al
ZH 2xF9] ddEE &= Figure 30 UERAT

Lipoplex &4 &0l 2|8t Picogreen Assay. Zt}22m]

E DNA(L.0 pg)t B1EFe] A &S gol B 135t
picogreen assayS 33} T HEPES €% & <4(25mM
HEPES, pH 7.4)° Z8}220]= DNA(1.0 pe)9}t 2| 25S
oFsh AgmidE R AojA A2oA 308 FF WHSAIATE 2
B 5ot vr-3-A)7]7] A, TE buffer(10 mM Tris-HCI, 1 mM
EDTA, pH 7.5 349 picogreen A|2FS Yo = o, &
3 TFAJASCO FP-750)5 F3t] I3 A= SA
t}. Excitation(Ae) emission(Ae,)2 742 480 2 520 nm
2 2¥7h AIAANA S8k TH(Figure 4).

150+

1004
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Relative fluoresecence
(% control)

c T Ll L] 1
0 10 20 30 40

Weight ratios (polymer:pDNA)

Figure 4. Picogreen reagent assay for SORH3P liposomes with plas-
mid DNA.

2|Z&F 37|t EHNSI 5. E2k2v|= DNA9e] 4%
5o Het YxF 27|19 U= YAEAAI(ELS-Z
series, Otsuka, Japan)E AME-sle] ZA43IT) B xE3} E2
2= DNAE 20:19] 282 4o 308 FF wkeA)7]l &
o TRFZ HE I mLe Ve Fol| Stk 34 7
Zh Al WA SN HtAT| o FF0AE A EAISIAT

M= 8§, Human embryonic kidney 293(HEK 293) A%
£ 10% FBSS} 1% A A 71 E3HE Dulbecco's modified
eagle medium(DMEM) . 2 v &}t v %8732 37°C,
5% oAk, 95% H71=2 fFAIsIiT

In Vitro Transfection. #A|z2¥ 2|x2Fe] 44 Ad a&
< 18171 9l31ed lipoplexs HEK 293 A|3zo] EA2A
It 94 96-well microplate(falcon)l] welld 1.5%F v}z
o] AZE 719 16A7F Foll 2l25E F2kAr = DNASH
A 20:1% 30i St AFAR F FAsIAT thEe
2+ PEI 25 KDZ PAMAM G4& AH8-3F93t}. PEI 25 KD
< A= 2:1, PAMAM Gé4= 27| 412 Z2H|= DNA
o} 30859t AFA AT 28] 3L 244 7F T reporter lysis
buffer(promega)@ 8-3)A17|3 FAHZlo A A2k whz A
FS o] AERS N e g 9 ¥ 588
Z=A319). W E EAElolA] E4e BHTE LB 9507
F=A (Berthold, Germany)E- AM&-3le] 243199, a4
e mlo]a 2 BCA T2 A% 7]E (Pierce, Rockford, IL)2}
3] VERSAmax microplate 334 (VERSAmax, Molecular
Devices, Sunnyvale, CAYS AR&-slo] =431 th

SN ol M. glxFe] Axd 548 gRls] f18t
WST-1 assays S~383139th. HEK 293 M22E 96-well micro-
plate(Falcon)ell welld 1.5%F ni2]4 719] 16A17ko] At &
o 2xE3 vz PEI 25 KD, PAMAM G4, S0H3PZ
100 pg/mL F=Z A3 o] Mo FJsAT) 2447
Fo] WST-1 Al2F(Daeil Lab Service, Seoul, South Korea)yS-
10 uL¥ ¥ & 2A17F ol VERSAmax microplate 37|
(VERSAmax, Molecular Devices, Sunnyvale, CA)E ©]-£-3}
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o 450 nmel M F=E ST

3 §0IZ OlOX|. HIxA] ¥4 2leFo=Me] &8 7F
& A Sl FEkarl= DNASE ofn|=ite] &9
SORH3P 2 2Fe] S3AIS AER =9) § 93 dvid
< &8l AL 2lge] 93 A4S HERY S8l &
AE A1 el 100°ColM 1223 D& 7hskitt. &
o= A9l ¥ DNASH 53AIE F4& Azl At
o] 16217k Hi%stal TRICT T2 P35 HZs3rt.

o o il of

¢

2ZE| FEUS. thddt VeR Axd Fol2d of
Hliato] =91E B EFE] 254 nm 0] UVE AT
EF §o] FEHo wshe Ag RIT

AzE P2EL PASHE Pvise] el neh 23
sh

DLSE S&t 2|=&e| 3 &2l ¥ 37| §F. 27323
El=8 =% 282 E=-PCDA 23| =& o] FHst
£ 17] w2l 24311 Zek=r= DNASH BH7|13 o=
ZAgtslAl ®t}. Picogreen assay ZZfol|A|, SORH3PE S22~
U= DNAS} 20:1 3] ol aax o= Adshk= 2
< I 2253 S2kAr|= DNASS] Ad 5
Y] Het A7)= AR S B3l SHsIle, £
HAshs YAHEA71E Fate] S = At Table 200 Yk

o A ojedte] w91 2lEFe) HAdshe FsE

I

50 RH3P liposome

RH6P

Figure 5. Visible color changes by UV irradiation.

Zay, 43748 A15, 20133

Table 2. Dynamic Light Scattering and Zeta Potential Data of
Liposomes

Zeta potential (mV)

50H3P 50RH3P 50H6P 50RH6P
46.13+0.09 48.26+2.58 45.87+1.94 46.49+1.25
Zeta potential (mV) Mean diameter (nm)
Before After Before After
SORH3P
48.26+2.58 31.92+21.18 242.8+25.01 203+3.80
Liposome

et e, 53] S0RH3PS] - UV AL 5 S8psm] =
DNASFe] A3 Aol 200 nm 7] B AxUE 64
Ado] go|shs BoJFUT) 50 29%9] 2 EET v wE 8}
Ae W BT FHEE ve Ao SR gk gl
0] FEFLE 100~200 nm FEC] YA}F A717F SA = AT

RUX M &8 It 53 S2E7= DNAE 2011
o] AR AFAIA g 52U AlE=Z A2kt PEI 25
KDZ PAMAM G45 g thx0=2 ARSIt HEK 293
A5l EA2AAAS A3} SORH3PY] 32 2d §80)
s = AL s, Az PEI 25 KDRET}

R =4
AR GaE Hol= ZS BRIEth(Figure 6).

M= =M. AZo) A8 2827 =4S uA Hd &
AR5 A SHAE 7EA Hrt. de] g Eds
4 £4¢21 PEI 25 KD §47 A28 &2 =47 54
o] Ztslthe o] gtk Axd BT AT =4 HF
2 318 $leke] WST-1 assayS Fa81ict. = A3, PEI
25 KDS Al9Jgk yHA] ZEEFES A3o] € skl
e 548 HlS RIS THFigure 7).

o & M. In vitro 31X H]EA] PCDA 3%

PEI - )

L) L L] ] Ll Ll L 1
2 b3 + g L k- L A ®
NN IR R
Transfection efficiency (RLU/pg protein)
Figure 6. In vitro transfection efficiency data on HEK 293 cell line.
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Figure 7. Cytotoxicity of amino acid-PCDA liposomes and control
polymers complexed with the plasmid DNA on HEK 293 cell line.
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Figure 8. Fluorescence microscopic images of HEK 293 cells
treated with the lipoplexes.

S oF 17 7Hdsto] 2 AloR HoARl ts AdeellA
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293 AM|3z=Fol] FYUAIATE. Figure 8914 K==
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S BFe T A2 RE, oln|iite] ©9E PCDA 2%
o AEgte el izt A 882 RIS, H|EA]
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