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Holl| AZFHAE ol&3sle F-HFEFAAX PCDA-PEI Bl ¥5E 3T 123} IEAL YEES o]8et F
EAE oMo 2 de 9 I G837 2ol e 548 Elsks AFE FAsIAT ARS-gE Erjddlo]
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Abstract: In this paper, we made a new polycationic polymeric liposome composed of low molecular weight poly-
ethylenimine (PEI) and 10,12-pentacosadiynoic acid (PCDA). PCDA liposome was prepared by ultraviolet irradiation.
PEI was further conjugated on the surface of the polymerized PCDA liposome using coupling reagents to make PCDA-
PEI. The blue-to-red transition of PCDA liposome was observed during the coupling reaction. The size distribution of
liposome and complexes with plasmid DNA was measured by dynamic light scattering (DLS). The complex formation
was also identified by agarose gel electrophoresis and PicoGreen reagent assay. We confirmed the complex formation of
the polymeric liposome with DNA and then performed transfection and cytotoxicity assay in HEK 293 and HeLa cells.
As a result, PCDA-PEI showed significant gene transfection efficiency and low cytotoxicity. This study shows that PEI-
conjugated PCDA liposome could be an efficient gene or drug delivery carrier.

Keywords: polydiacetylene, polyethylenimine, gene delivery, transfection.

N B FAA A 2 BDS 93 AgEE AAE T ol

233} Hujol 22 AYR| R Lol
ubrow Ay ARE 98 AGHE FRARYS o mlolE2y ARAE volEzolN felst] f24 A
Aghol thelir] aazlolu}, ok BT G Heee B A2 @ol ARgEe] gtk T d2=HA FER nlolE X, ol
oo 2R AR PPl el Besith 55 43S i wolel, e mlolels Fo] qltk. o]ejst uhelz 2y
AR AL AR el AL AW FA G4 A AASS FA4 AY W 0 G g AT
SRS A EH tig A2 A 5Helgk & 4 ek S B A e fAe] WY 5o 2ARe] e A
Yo iAol lolE ATS B BAe] dokn 2w

"To whom correspondence should be addressed. =

E-mail: jungseokheo@cnu.ac.kr; joonsig@cnu.ac.kr SHA | HjrleolgjA AEAE E2]d 52 3lshE uhgo

43



44 olegst - A - 3

O
I~

2 AT ol FARHE Aol WANTE PHS A
o) 2 el Xt A T Y LRA AA

o glow], WHF FA4E /I3 Y= DNASH 294
= BAE YL Aasdeldst stol AT
ol F HES Yedae FYs] Agsks WEE
(e}

S

5

sKel

=

T o]

3] A=A Qi) o] gt Hlufol# A HEAl= 3
T

Moz AYE & ol FAAe] o] AhH oz Aol
A3 FAGE G vlelel g Ao ls) 2 8

Hluolely HEAE o8& WY F hevlE fEe
o F2 goley Zejulsl ol
=

A7 % gk}
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Alek gl XHE. B AFolA AME-E 10,12-pentacosadiynoic
acid(PCDA)= Fluka*F2] 10,12-pentacosadiynoic acid(Figure
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Figure 1. (a) Structure of 10,12-pentacosadiynoic acid (PCDA); (b)
polyethylenimine (PEI).

1(a))E* T3] ARE3ISItE PCDAS Hol= 1E Sigma-
AldrichA}] chloroformS ARl oH | Za]o|ddlo]w (PEI,
MW 2 kD)2 Sigma-AldrichAFollA] el 19T},

FAF oA Aakzt BCA @2 A2 9184 Promega
(Madison, W] FA=|2lolA] 3 7]E9} Pierce(Rockford,
IL)2] wlo]a2 BCA @l A=F 7|1EE 7zt #98te] A}
4313tk PCDA 2] XE ol AiAlage] 78 Z2o
gl o] RI(PEL 2kD)ys AAskith IS St N-G-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride(EDC)
9} N-hydroxysuccinimide(NHS)YS #ZHA| 2 A}M&-313 )

A}&-3F water bath= Lab Companion®] CW-05GL®] 2,
bath type®] sonicators AME-3ISITE A|lZ2H BEF] A&
A&l 0.8 um filterS AM&-3}ITH

Cell Lines. HeLa cell?} Human Embryonic Kidney 293
(HEK 293) cellS 10% fetal bovine serum(FBS, GIBCO)3}
1% antibiotic(GIBCO)S X &3= Dulbecco’s modified eagle
medium(DMEM, GIBCO)S.Z ] %3le] 37°C, 5% CO,,
95%°] FE=E S FAISH vt

PCDA Z|Z&F MZ. #7187}l E22X 5 PCDAS =
o ZE2F FHE TE F AL 7HE o8l EERES
S 3] AAN = F 33 FHRTE WolA v HoF]
f18ted water bathE -85t 80 °CeollA] 153 &<t *{2]st
ATh 2 ¥ sonicators ©|-&ste] HEFS FAHT F &
=2 AA F71 S8 filters ©]-&-ste] A Ft
EE9] HIE flsle] 4°CoA 4XZE o)) B,
AFoME UV BEE7](RMR-600, 254 nm)ell A ARk
Sk Y B EFO R wEo] ARSI

PCDA Z|Z&Ft PEIS| Zgh PCDA EH0l = 43t
= RS Adsir)el 44 ¢7] whitell 3£H-S PEI(Figure
1)t ZAIA 22 el golsAl vHEofFULt’
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Figure 2. Synthetic scheme of the PCDA-PEI liposome (1: poly-
merized PCDA liposome, 2: PEI 2 kD, branched form, 3: N-(3-di-
methylaminopropyl)-N-ethylcarbodi-imide hydrochloride (EDC), N-
hydroxysuccinimide (NHS), 4: structure of PCDA-PEI liposome).
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PCDAS} PER= 1:59] EH| &2 220l 427k 5ok uk-gA
Zith. PEIS] o}¥17]9} PCDAS] 7128417171 AjsHAl =,
EDC, NHS AEHAIE AR&-ste] 43S th(Figure 2). W8
% 3LF Fo FA(MWCO 3500y R8s & w4 71x80]
HAF YAES Atk FA 9D PEIE A7) $l6ke] wks
B9l 7823271 PCDA 2l 2% 5 5(0.37 mg/mL)<}
PCDA-PEI 2] ¥%2] F5(1.19 mg/mL)E 751392, webA
Agrsle] E& PEIY F5E 0.82mgmLE A3 F550|
°F 41% A EE PAEAS I o] uf A &
&l7] 915t FTIRS 53l PCDAS} PEIS] HE|= A
RISHAN, P ES] 548 A+E 918] 600 MHz NMR
7 (Bruker, AVANCE 1II 600)2 'H NMR ~HEHS =%
Elsvi=

PCDA-PEI (D,O): & (ppm) 2.0-2.9 (-NH-), 0.96 (-CH;),
2.39-2.50 (-CH,-CH,), 8.03 (-CO-NH-), 5.11 (-NH,), 1.28-
131 (-CH,- CH,-), 2.50-2.52 (-NH-CH,-CH,-NH-)

PCDA-PEI S&H%| 37| ¥ EH M5t SH. AlxH 22
AR wEA 2 EF L E2sv|= DNAS] 23
59 27 B FHMSHE F138H7] 918te] MALVERN
Zetasizer Nano ZSE ©]&-3le] SA 313t

PCDA-PEI S&H|2} E2tA0/ = DNA Complex Test.
A|Z¥ PCDA-PEI 21253 S8R = DNAS] 23S ¢
olr 7] 95t #7195 PicoGreen A2 E3l 2151
o} 025 ug/ul F%=2] pCN-Luci DNA 9} E-3HA & weight
ratioZ 300 5 “d>0ll4 complexAlZ] ¥ Tri acetate EDTA
bufferg 28511 ethidium bromide’} Z7Fe 0.7%] agarose
gelS T3l 28-S sttt 117195 F PicoGreen A
oFS AHE-3ted H2] complexAl A & 2]EES weight ratio
W2 TE buffer(10 mM Tris-HCI, 1 mM EDTA, pH 7.5)$}
230] PicoGreen A|2F} 287k WRS-AJA 153837 (Quantech

Mo o

oL

= QAT MEL FAA AdEA Y 2 54 AT 45

digital filter fluorometer, Thermo scientific)s ©]-8-3t] 37
£ excitation 480 nm, emission 515 nm=z A 3} FFS
Skt

Transfection Efficiency Assay. PCDA-PEI 2]252] Al
W iz e 288 54517 918le] Hela cell@t HEK293
cellS 48 well platedl] 3571/ well®] celts ZaL 244 7F &<t
Y = 2]2E53 DNAE complexAlA celldll A28l =2
ot Agskar 2447F E1F v g -, §3AI7I AL FAlE L
A S T S ol AE W AR 3 88
A3 a4 &4 4 Al LB 9507 4= (Berthold,
Germany)E ARE-SIILL, ThilA Aok 712t 4A7F kg &
ELISA(VERSAmax, Molecular Devices, Sunnyvale, CA)=
570 nmellX FBEE S5t S AS FFsrt

WST-1 Assay. 38 2]xE9] 543R1S $Jske] WST-
1 assay "HS Fol thE EAr A e} vlaste] gls)
Atk IR Agagol ARE cellt PF7IA|E Hela cell
I+ HEK293 cell2 AME-3F3ATE. 96 welloll 1 welld 1500074
9] cellE WAL 2417k SRt vl -, e A g2
<7 Hxas s EE At Alxe) A]sislth. A2
T 24471 F2k vkt Sof] WST-1 A9k(Daeil Lab Service,
Seoul, South Korea)S 10 uL¥ 2zt wellol] ¥l 2A]7F &
ELISAZ 450 nmolX §3%=5 S7d33lth

SxH 28i0|d ME. HeLa AIXZE 35mm confocal
dish(soverglass bottom dish, SPL)°ll 500071/welle] A 2Z &
37°CollA w4t} PCDA-PEI 2| 2529 ¥3& Yeh)7]
$3le] Alexa Fluor® 488 5-SDP Ester(Alexa Fluor® 488
Sulfodichlorophenol Ester)& AFE-3I3ATE AlZo] 3 HAlS
2138t A bisBenzimide H 33342 trihydrochloride S #] 2] 5}
oA 587 9HEAIZ] ¥ DPBSZE AlF 8-S A &
274 #Av)7(LSMS live configuration variotwo VRGB)S
2 ATt

AL o ==

o] A= 53 PCDA ¥Hol| 2kD2] PEIS A}-&-3}
A3+ A 2 IHEAA PCDA-PEI 2] EF0] 55 A Ed|
et F-AxE Aol vhg- @A US & = AU

PCDAE 254 nme] 4o x UVE AR HH 8%}
slE]o] PCDA 2|XE2 FEM0 2 sy} e,
o) Z2]m3lE PCDA°| PEIS AAA7A FH FE240)4
7o 2 A Wslyt frbE S SRS of 2] agelA]
BEE SAs] s MHslE FAH R SsIT)
B 24 Ay FEAS us Z2/93E PCDA BEE
0 nmolA &5 93E YeRl™, PCDA £Hel| PEIE
ol B]EFL 540 nm F2ollA Ho) FE=E YER= A
I8 tH(Figure 3).
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Figure 3. Absorbance results for the polymerization of the PCDA

liposome.
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Figure 4. The size measurement of polymerized PCDA-PEI lipo-
some and DNA complex is smaller than the polymerized PCDA-
PEI liposome (1: nonpolymerized PCDA liposome, 2: polymerized
PCDA liposome, 3: polymerized PCDA-PEI liposome, 4: polymer-
ized PCDA-PEI liposome and DNA complex).

7 e WEE Sol24¢) DNASH Agtstr] flste]
FHskE Wy FEFS A JES 8 E3A d4 F
AE Y2 Sofrprlell Adet 715 Aok st 71E PCDA
2 2F20] 371 °F 100nm VRIOEHA EEnslE Al7IH
717} ofF Fol L. o] AN HAelA AxHe
PEIE Z3M4%7] PCDA-PER= E9lA §4 ol =771 57}
3] 500-600 nm A& HS RIS o] Wl DNA} &9
AE B =W, At 2 EF WE9F DNA Afelo] 4
A7 Eom EA|e] 2717F oF 200 nm7t g2 SISt
Ath. o]= DNASH Z2m7F AgetHA $55e TR
77t A 07 FolEA] Hrh(Figure 4).

UVE ZAFeH PCDA 2] X3 PEIS 293 PCDA-PEI
ZEF A HeE 243 A3 PCDATS =743 ud
sz -3291 mVE I, W PEIZ A7 2
EEL o el +19.08 mVE =7 E A th(Figure 5). ©1&
&3l PCDA B]252 o] S4sk2 Yeh ARt PEIE 2
Gretle u o] gHstE 4= o] vHE0izl PCDA-PEI
FEFo| Fol/d AR I AL IR F AUk
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Figure 5. Zeta potential values of PCDA and PCDA-PEI liposomes.
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Figure 6. FTIR data of PCDA-PEIL

3 PCDASH PEIS] 23S 213 #18te] FTIRE &
3] amide bondE F<l3TE EF amide bond®]
wavenumber= 1500-1600 He|o|A] &18 4= Qlt}t. PCDA-
PEl %52 2848, 2956(vey), 1475, 3411(vay), 1562,
1639 cm™' (Voo 5578+ 9137} Ve tH(Figure 6). ©]
£ %3] PCDA 2 X% ¥Ho| PEV} 2% ¢ amide bond

FAYT= S & 5 A

Fol 24 AEAR] PEIE FHo| 4% PCDA X253
ZoHAPE DNAS 29 S gRlsh] flsete 17195
AT Az} o] Fam] F 1105 E s Agehs A
gelgt 4= AL (Figure 7), ©15 & ¢ F3sH FRlst
7] $151%d PicoGreen A1°FS AR5l DNA®} PCDA-PEI 2]
xFo] aRAHo R AFPTS I 4 AATh(Figure 8).

DNA$} PCDA-PEI 2| X&2] 2% gelst & WEr}
cell kS Z DNAE AIA7& F42 dg 28-S gRlst
7] 98k] HeLa ¥ HEK293 A|£Z E3lo] FAJ|2lolA]
¥ §8-S =Aala v|wslglth. x-S & PEI 2kD¥} PEI
25kDO.E A vl 98-8 431513t} PCDA-PEI 2%
<3} DNA®] weight ratio 1:225-H 4/doz=<*<]1 PEI 25kD
Hobe RARE 2] XE 496 AR i<l PEI 2kDKE
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Figure 7. Gel image of agarose gel retardation of plasmid DNA and

polymer (C: control, only plasmid DNA, weight ratio of polymer:

DNA; 0.5, 1, 2, 4, 6, 8, 10:1).
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Figure 8. Complexation of polymer using PicoGreen reagent. The
fluoresence was measured at each weight ratio (exitation 480 nm,
emmision 520 nm).

2 888 Hole AL ERIsItK(Figure 9). HeLa cell
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Figure 9. Transfection efficiency of polymer: (a) in HeLa cells; (b)
in HEK293 cells at each weight ratio.
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Figure 10. Cytotoxicity of PCDA-PEI liposome: (a) in HeLa cells;
(b) in HEK293 cells by WST-1 assay at each concentration.

Polymer(Korea), Vol. 38, No. 1, 2014



48 olegsl - e - S - A

Nucleus PCDA-PEI liposome Merged T3 A A BA o5 42 Ad a8 A
35 gRIsp| flele] AES g A% EHZ‘E'?_ PEI

kDXE.T} PCDA-PEI 2] ZF0] 314 A 3

AL, B3 thE izl vl SA4o] vitke RS gkl OP‘Ei

T} o] AL vlE o & Hela cell linedllA 323 dv]7

2 B3 W2 olulAT Sile A% AL U2 §o] Bo]

sehe 2= sk

=

Figure 11. Confocal microscopic images of localized PCDA-PEI 2 A= F3le] PCDAE o3 &2 2|EF ®Hol
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