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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.
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Figure 1. (a) Structure of 10,12-pentacosadiynoic acid (PCDA); (b)
polyethylenimine (PEI).

l@y=® 7ohstel AS3ISInt. PCDAS ol 8l
AldrichAF] chloroforms ARE-3I10H | Za]o)
MW 2 kD)2 Sigma-AldrichAFollA] el 5} T}

FAlEE oA A5t BCA T S 9184 Promega
(Madison, WI)2] FA|#2lolA] A=F 71E2} Pierce(Rockford,
IL)¢] wlo]=2 BCA @2 A 7|ES 7}7t 795t A
231t} PCDA 2|25 3Rl #tAtge] 7EAE &l
galo|WI(PEL 2kD)S AAstaith &S fAste] N-G-
dimethylaminopropyl)-N-ethylcarbodiimide hydrochloride(EDC)
9} N-hydroxysuccinimide(NHS)E #ZHA| 2 AM&-5131Th

AF&-3F water bath= Lab Companion®] CW-05GL®] 2,
bath type®] sonicators AME-3ISITE A|lZH FEF] A=
A& 0.8 um filterS AH&-3+SITh.

Cell Lines. HeLa cell?} Human Embryonic Kidney 293
(HEK 293) cellS 10% fetal bovine serum(FBS, GIBCO)3}+
1% antibiotic(GIBCO)S ¥ &31= Dulbecco’s modified eagle
medium(DMEM, GIBCO) o= WjFsta] 37°C, 5% CO,,

95%%] F== S FA5H HHOFPOQ‘:]'
PCDA E|ZZF MZ=. #7187 E2225] PCDAS

o FEE FHE “}5 e E 7]Xﬂe o]-g-stq %E-L%
< 8] AAN F F 32k SHRTE oA o FHo457]
13t water bathE ©]-&-3ko] 80 °ColA] 15+ &<t A8t
At L F sonicators ©]-&ste] BEFS AT F =

2 AA 771 {80 filters: ©]-8-ste] AFAIA Fot.
4“‘«] FESIE flste] 4°ColA 4x7F oY BashH, &
AFAHE UV HES7](RMR-600, 254 nm)el A ZAkale] 7
sk FEH B EFo R vhEo] ARSIt

PCDA Z|Z&F2t PEIS| Zgh PCDA £H0| = 243t
= rxE Agsilol] A 97] wiizel 39S PEI(Figure
1b)et AFAIA FAAF Aol &ol3tA TrEofF=AUt’

Sigma-
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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).

PCDAS} PEF= 1:59] EH|ER A-20fA] 447k 59k vhEA]
ZiTh. PEIS] o}i17]9k PCDAS] 71254717} ZgteiA| ¥,
EDC, NHS 7AEGAE AHg-sto] A si3ich(Figure 2). WH-
F 31 B9 FA(MWCO 350008 8YsH & 5A71%319

HF =S AT € PEIE ALtst] flste] wkg
B4 3 EA A2 PCDA B 2F 55(0.37 mg/mL)}
PCDA-PEI 2] ¥£%2] F=(1.19 mg/mL)E 78k, whehA
Agste] 22 PEIY) ¥ 0.82mgmlE A3 F58¢]
oF 41% A== HIHASS RIS o] W AgS &
Q37 918l FTIRS 53] PCDAS} PEIS] HEI= AFS
lsiA, d=el 54 A7E5 18l 600 MHz NMR &
34| (Bruker, AVANCE 1II 600)2 'H NMR 2~HEHS =%

Elsi=g

PCDA-PEI (D,O): & (ppm) 2.0-2.9 (-NH-), 0.96 (-CHy),
239-2.50 (-CH,-CH,), 8.03 (-CO-NH-), 5.11 (-NH,), 1.28-
131 (-CH,- CH,-), 2.50-2.52 (-NH-CH,-CH,-NH-)

PCDA-PEI S8t 37| ¥ &M M35t 5. Alx¥ Z=
DA Ae 1A}t B EF H Sekir| = DNASS] EoHA|
T =271 ¥ ZHASHE g<lstr] 915k MALVERN
Zetasizer Nano ZSE ©|-83t Z43I3th.

PCDA-PEI 5|2} Z2tA0/=E DNA Complex Test.
A|lz¥ PCDA-PEI #]¥&3} S2k240|= DNA®| A9Es &
olx 7] fI5te] A7195 3 PicoGreen A2 F3ll ER15H%
t}. 0.25 ug/ul 5 =2] pCN-Luci DNA S} E-3H4] £ weight
ratio= 304 & 2ol X complexrZ] - Tri acetate EDTA
buffers 28311 ethidium bromide’} 37F 0 7%92] agarose
gelS ol 2FHS Ittt 117195 5 PicoGreen A
oFS AE-3ted H2] complexAlA & it—\":::% weight ratio
W2 TE buffer(10mM Tris-HCl, 1 mM EDTA, pH 7.5)%}
49°] PicoGreen A|2F} 287F WRS-AJ7 13337 (Quantech

O_u

digital filter fluorometer, Thermo scientific)E ©]-&3}o] I3
£ excitation 480 nm, emission 515nm=Z 1A 3] FFS

STt

Transfection Efficiency Assay. PCDA-PEI 2|22 Al
W iz e 288 54517 918le] Hela cellZt HEK293
cellZ 48 well platedl] 3771 /well2] cellS ZaL 24X 7F &3t
Wl & 212EF3} DNAE complexA|A celll] 23 31
oh. 2]kl 244]7F BRF w5, 83Al7| AL FA H 2o}
A S T FFS Tl AE W AR 3 58S
=439t a4 4 ¥4 A] LB 9507 3 =4 (Berthold,
Germany)E ARE-5IILL, ThilA Aok 72 4A7F Bhg- &
ELISA(VERSAmax, Molecular Devices, Sunnyvale, CA)=
570 nmol|A] SFEE =X sle] ThES A2t} 0

WST-1 Assay. S5 2JxFe] 548R1e flsto] WST-
1 assay "HS 53]1 ThE Al dA|of vlwste] gRjlst
Aok, f2AF Ad@ ol AR cell?} n}R7IXZ HeLa cell
7+ HEK293 cell:& AH&-3FATE 96 wellel 1 welld 1500071
9] cellg Bl 2407+ B<F vt =, S| 7R 2l
I x-S FE HE 3|4 sto] A2l A5t Az
T 24A|7F E1E et ol WST-1 /\]‘”(Daeil Lab Service
Seoul, South Korea)= 10 uL% Z} welldll 931 2A]7F &
ELISAZ 450 nmellA 335 43k

SxH g&sin|d A8, HeLa Al XE 35mm confocal
dish(soverglass bottom dish, SPL)°ll 500071l/well®] A EE
37°CollA wj¥3lth. PCDA-PEI 2] 252 &3S Yeh) 7]
#3le] Alexa Fluor® 488 5-SDP Ester(Alexa Fluor® 488
Sulfodichlorophenol Ester)& AFE-3t3ATH AlZe] 3 HAlS
2138+ A bisBenzimide H 33342 trihydrochloride 2 #] 2] 5}

oA 57 REEAIZL § DPBSE AlF #A S AX &
%5_ w7 (LSMS live configuration variotwo VRGB)2-

ATt

it H EE
ol AFE E3) PCDA EWHol| 2kD9 PEIE A}%—é}d
A zs 2L 224 PCDA-PEI | XF0] & A|Xd
st FAAF Aol v aEAS & 5 AT

PCDAE 254 nme] 3gollA UVE ZAH =W 282}
sl=]o] PCDA 2]EE2 FEX0E Misiyt ety o]
o Z2m3lE PCDAY PEIE AZ4AA FA FEMojx w
7o 2 A wslyt frbE S SRISHT. of 2] ahgellA]
BE 575l At *“Hﬂﬁk FRH o= A3
Be 24 A3 FEANS u= ZE93lE PCDA Bl EEF2
640 nmellA & FZE YeR™, PCDA ¥¥°| PEIE
l B]EFL 540 nm F2olA AW FE=E YERIE A
I8k TH(Figure 3).

oy ol

1

m{o m{m

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



46 o|Qg3} - A7 -

— PCDAUVO
--. PCDA-PEI

Absorbance

400 450 500 550 600 650 700 750 800
Wavelength (nm)

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).

2 A WE = 5ol DNAS Aslr] flsted]
Fdats wH FEFe FAA S 98 59 348

Al 2 So7ldl g Z7]E Aok gitt. 71 PCDA
g EE A7]= 2F 100 nm PR ZwslE Al7|H
717} oFF FolEth. o]F FAANT= FFelA HEH
PEIE 231171 PCDA-PER= 204 T4 39 =771 7}
3led 500-600 nm A= E2 15T o] u] DNASH &3
AE Pl =4, 1%%%} 2|25 WE9L DNA Alololl &
A71A Qlge g B9 A7|7F oF 200 nm7t HS ERlst
AT} o] DNASL Z|w7t AgsiHA] $55= o=
717} a8 o7 Zo|EA " rkFigure 4).

UVE ZAFSH PCDA B 2E3 PEIE 293 PCDA-PEI
g};j_z-_g] ¥ A5 zx%%]- g;} PCDAYHS éﬂs}- R
A= 3291 mVE 1=, FH PEIE 2371
EEFL &9 #A +19.08 mVE S A tK(Figure 5). ©1&

&2l PCDA #]ZF& FHo] S48t Yep AT PEIE 2
d—s g o EHo| FHatE A o] vHE0x]l PCDA-PEI
3o ol AR PHE AS IR 5 AT
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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] A3-E 81s] #18to] FTIRE &
3le] amide bondE &21&}%th X5 amide bond<]
wavenumber= 1500-1600 H ]l 8213 4= 9lt}. PCDA-
PEI 2 EES 2848, 2956(vey), 1475, 3411(vay), 1562,
1639 cm™' (Veon)NA 5573+ 3137} Ve tH(Figure 6). ©]
£ E3 PCDA @ X 19l PEF 23H=¢] amide bond
FAZT= AS oF 2= 9.

ol ALEAR] PEIE #HO| AZ3 PCDA #2534
ZoFAPE DNAS 23E S gRlsh] st 17195
AAG A3t o7 A T 1:19AFE 8] Afske A
< 2RI ,\]Oil(Flgure 7), °1& & ©l A glet
7] 93k PicoGreen A|2FS- AF&-5ld DNASF PCDA-PEI &
FFo] gIHo=w @%Lﬂ g1 = UATH(Figure 8).

DNAS} PCDA-PEI 2] 59| 4942 gRIg 5 W7}
cell ¢to 2 DNA‘::" HEATE §%

7] 95le] HelLa ¥ HEK293 XS E3lo] FAlw ]ﬂb}/‘ﬂ] o135
3 88 =Asl v|wsith U= =2 PEI 2 kD3 PEI
25kDo 2 FAxF ¥ §8-8 433139 t}t. PCDA-PEI 2| X
=3} DNAZ] weight ratio 1:25-8 < dtz<1 PEI 25 kD
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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 IRIsItH(Figure 9). HeLa cell
7 HEK293 cell lineol|l X -2 A G829 zlol& I3}
Rom ol= F MAEZIe] B4 Apole 7|RIsk= AR A7t
Hof =3k L] Fo] Tl wet T Al T4
T A g 280l Sk ARES HYs &
A=H, o= AT BlEF9] o] F7Ighl wet Jol st
Aol dxrt S7tslal o]& s DNASH H3AE F4sH]
7h i AlZEtte] Aezhg S7HR BS &olstA Al
E UE Agsle] vluEd £ a8 Yehle 2oz Azt
Hr}.

Hlulo]gi 24 WEI7} DNAS $3AA AE UE 79
18R APYS Zethe A ST
GA7F 548 drit Yelll=A] Rl A2 Sast
glojt}. o] & ERIsH] flste] WST-1 AlokS AREat] =
S SAS A AgA F A AgEsS AR A
LxJo] 7}k PEI 25 kD HUtle 4% PCDA-PEI| &
& 7HAAL 9JaL PEI 2 kDe} AR w9~ S 9]
e Hol= g RISk TtH(Figure 10).
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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.
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Figure 11. Confocal microscopic images of localized PCDA-PEI
liposome in HeLa cells.
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