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Viral and non-viral vectors have been used in the delivery of genetic materials into animal cells and tissues, with each

approach having pros and cons. Non-viral vectors have many useful merits such as easy preparation, low immunity and

size tolerance of a transgene when compared to those of viral vectors. Delivery specificity may be achieved by complex

formation between receptor ligands and a non-viral vector. In the present study, non-viral vector systems are investigated

in an effort to find a practical delivery means for gene therapy, Receptor-ligand interaction between transferrin-receptor
and transferrin was utilized for efficient gene transfer into cancer cells. A plasmid vector, pcDNA3 (LacZ) was ligated
with a small duplexed oligo fragment in which a Biotin-VN™ phosphoramidite was placed in the middle of the oligo.
The plasmid vector labeled by biotin was then conjugated with biotin-labeled transferrin via streptavidin. This trimeric
conjugates were delivered to a hepatoma cell line, HepG2. The delivery efficiency of the trimeric conjugate was 2-fold
higher than that of cationic liposomes used for transfection of a plasmid vector. These results demonstrate that a plasmid
vector can be efficiently transferred into cells by forming a trimeric complex of plasmid vector-linker-ligand.
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Hog AQ& sh= AXoAE AE B ¢ B 79
Tro] EAFTHD, 28)1, I EE Eo]H 02 asialogyl-
coprotein TEAE 7HL o] ZHE FolA Fxz A
of 85I A, B Aol {-dx} o] $-89 Al
X FEAle ThE dol2 =% WM AQ transferrin (Tf)S 2]
=2 3t} Hepatoma A1 XS] HepG2 G4 B2 29 Thra
TEtA Hed, Tre oA =4 Thd 2+ en-
docytosis % I endoplasmic reticulum®l] 9} X]8}A] "} Zo]o],
TH-Tf E3A)+= Golgi reticulum¥} trans-Golgi reticulumS %3}
gto] A2 Z acidic compartmentoll $1X3}HA] F) a1 Fe** o]
28 WEIP, :

B Aol TrE Zeksv = HE o] dZAI717] et
biotin=} sk AFo] Y= streptavidinS: AHE-3HA TP,
Eehav| = WEo] bioting AAA7]7] 93l T2kl YAl
3] €7]2A] virtual nucleotideS 4+ 3+ DNA oligosE &
sl 349 DNA oligosoll® AdHaAs ZF44S 4
goll fR)AZen Setin= WElo] AZAAIA YA of
A A% bioin WEIS} biotin EX|H Tf A streptavi-
ding o]&3te] A5 B4 AFAE AU & A7l
A ol FHY AR AT EX ZFAE X A
st} FAAe] AE W =Y 58§ dolrith

ME A YH

1. MIZE B

hepatoma A Z5%] HepG2-& A28 TE HepG2 Al
& DMEM (JBL, Korea) B} X]°l| 10% % % (JBIL, Korea),
penicillin (100 pg/ml) 22} 31 streptomycin (100 wml, JBI, Korea)
& 7kl 37T, 5% CO, AX jF7]ol A wjgFsigict

FAE AT 22 A2FAY AE U =Yl AHSE AE

2. Biotin EX| E2fA0|= HE X[ &

Biotin ¥X] ZekAv|= #E] A 2ol = pcDNA3 (Invitrogen,
USA)7F ALE 9l b E29 F9E Not [5} Apa 192
A& %, blunting ¥ selfligationS 3+ Nor L, Xho I, Xba 1 1
23 Apa 1 AFEA AEE AASHA L pcDNA3S] Bom 12
2 2231, 7)) Not 1, Xba 1 18|11 Xho 19] A|GFEA 7t
AEE Alsiitt Folsle v €29 599 Hind 119}
Bam HIZ 22} B-galactosidase gene2- 29353 th AHE
& FHE 2& biotin®] AFE A YA oligonucleotide
Z+zZ} 26-mer sense (5' GGCCGCAACG ACCCG-VN-GCCGAG-
GCA 3 18} 3L 26-mer antisense (5 TCGAGTGCCT CGGCG-
CGGGT CGTTGC 3) olignucleotide 2 At o0& s}k
Sense oligonucleotide2} 16¥1 4] 7]+ virtual nucleotide (V)
Biotin-VN™ phosphoramidite (CLONTECH, USA)Z oligonu-

cleotide F7Holl YX)A1A biotine] EEH A 3+ Tl Sense2}
antisense oligonucleotideZ &7 95°Coll A 287} 7FdsE & 4
274 Z738] 326l annealing st om AAdd AHEL
5%ol Not 1 L8] 3'%0l| = Xho 19] AgHah H95 717
5% 319tk o€ Not 13} Xho 122 A}2 pcDNA3 E8}2n]
= WE 9} ligation &+ biotino] TXH Zeliv= A S
B eHATh (Fig. 1A).
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3. Sense oligonucleotide®l biotin EX| &I

Biotin 4] AH9)A 3ol AF8-" 26-mer sense oligonucle-
otide®l| biotin®] EA]aH=x] Lolr 7] Y3t biotin ol 2
p-dimethylaminocinnamaldehyde 'Z-4F-8-2- 13 9kt}. Silica gel
thin layer chromatography (TLC) plate (MERCK, Silica gel 60
Fypoll A8F O 2 sense oligonucleotide 15 pg Z 2
biotin®] XA &=} %2 antisense oligonucleotide 15 ug 22|31t
biotin®] EA] D transferrin (SIGMA) 75 ug& 2Hzb @ Astaick
AAg TLCE 7AZA)7]3, 2% p-dimethylaminocinnamalde-
hyde} 2% Z4to] 38 95% o erS-S EE819itt TLCES
3] 7rdste) AE:A7|EA Y3 B3-S st
Tt (Fig. 1B).

4. 2|A9| biotin BX| Z2}ADE #E, streptavidin 1
2] biotin EX| transferrin| &% 2XF A g4 d|

g 23

Biotin-EA] pcDNA3 Z&}2n|= WE]o) biotin- 4] trans-
ferrin (Sigma, USA)S AAA A F=1 streptavidin (Sigma,
USA)& A8t (Fig 4). A9 A5 22 28A 944
Z78 dolr7] Y35 biotin 3] sense oligonucelotide 2}
streptavidin Z12] 3L biotin 34| transferring ©]-8-%F gel retarda-
tion assayE A A3} T} Biotin 4] sense oligonucleotide Tt
< [v2P] ATPE EA| 8}tk EA% oligonucleotide, strepavi-
din 18] biotin-EX transferring ChFe HIEE HHAE
FAAAZ )k EA P42 50 ul PBS 8589 Q4] A8
o 7t EAES T &R 92 F 37ColA 1
AZE 5 ERAE AT 2 H4E BRAES 8%
native PAGE geloll 150 V, 10 mAZ 4A]3F FoF 7] 53l
AZXAA Xray BE (Agfa, CURIX, RPDo| 7H33193c)

5. GAMd SRULE 0|88 &5 A ZEH A Mx

W =ss 2ol

ol

Biotin-% ] sense?} antisense oligonucleotideZ annealing 3¢
3, [?P] ATPE 5-2ehS EA|SFATE pecDNA3 (Al @
FHAEZF AJADE Not UXho 1 ARELE AE F, 34 F
H| gk A A9} ligation2- 43834 biotin-EX] Fetan|= 4

Bl S urEqit) ol& A #4)49 biotin-EA ZefAu|= wE 2
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Fig. 1. A scheme for the construction of the biotin-labeled pcDNA3 (LacZ). (A) The pcDNA3 (LacZ/Enzyme cassette) vector was
digested with Not I and Xho 1. The vector was ligated with the annealed oligonucleotide duplex containing a VN virtual nucleotide. (B)
The presence of a biotin at the biotin-labeled insert was determined by a p-dimethylaminocinnamaldehyde colorimetric test. The presence
of biotin at sense oligonucleotides was visualized as a pink-red spot: antisense oligonucleotides of 26 mer, 15 g (a), sense oligo-
nucleotides of 26 mer labeled with biotin, 15 pg (b), biotin-labeled transferrin, 75 ug (c).
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Fig. 2. Schematic diagram of the trimeric conjugates. Biotin-
labeled plasmid vector was conjugated with biotin-labeled trans-
ferrin via streptavidin.
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7. Confocal microscopyS 0|28+ &= =X A& 9
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G2 A2 DMEM 05 mloll EF5%ck A5 24 2gAl=
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din-FITC%} biotin-3£ 4] transferring 1:2:1 223l 1:4:19]
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paraformaldehyde &0l 2027t ©7F A5 1A ka1, 3%
PBS 95§ lof| 28 1831 IXPBS $F&Nof 2% E7F 1L
AS FA8FAtE 7129 slideol] universal mount (Research Ge-
netics, USA) 848 H53}31 cover glassE @2 § confocal
microscopy (ZEISS, Axiovert 135 M)Z A 2| 3-8 323}
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Fig. 3. Gel mobility shift assay determining an optimal ratio of
molecular conjugation. Biotin-labeled sense oligonucelotide was
labeled with [y-*>P] ATP at the 5-end. The oligonucleotide labeled
with a radioisotope was conjugated with biotin-labeled transferrin
via streptavidin. The complex formation was performed by ad-
opting the ratio of each component shown in the top panel above
the figure. In the top panel, oligo denotes oligonucleotides, strep
streptavidin and bio+ biotin-transferrin. Conjugation complexes
were separated on an 8% native PAGE gel.
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Fig. 4. Trimeric complex facilitated the delivery of plasmid vector into HepG2 cells. Biotinylated insert was labeled at the 5'-end with
[y-2P] ATP, and cloned into pcDNA (LacZ/Enzyme cassette). The vector with radioactive labeling was conjugated with biotin-labeled
transferrin via streptavidin. Conjugations were performed by adopting the ratio of each component shown under the figures. Each trimeric
complex was added to HepG2 cells. Delivery efficiency was determined by residual radio-activity in the cells (A), and B-galactosidase
assay. Each bar value represents the mean®S.D. of three independent experiments.

A B C D

Fig. 5. Uptake of the trimeric complex by HepG2 cells. HepG2 cells were incubated with the FITC-labeled trimeric complex for 3
hours. The cells were examined with a confocal microscope (X 400). Untreated cell only (A), biotin-labeled plasmid vector conjugated
with streptavidin-FITC alone (B), biotin-labeled plasmid vector : streptavidin-FITC : biotin-labeled transferrin, 1 : 2/1 complex (C) and 1 :
4/1 complex (D). Black arrows denote the fluorescence emitted by the trimeric complex. Dotted circle in each figure denotes the boundary
of a representative cell.
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2. HF9 &F X dEA g4

bz Bz Ao AF U 24582 HA54]7]7] ¢ nucleotide®} streptavidin®ro] AFAE B 455 wellol
sto], A=A S Aot BT HeS 2ASHE A2 AAE 24 A¥AE B F 9lvk WEbA, vansfernin®] 7}
ul$- Faslt)l A5 B2 A3A ¥4 AR (Fig 2)01A4 = 37 (lane 2~13)°1A wellol AAEH A e 22 ZTA
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transferring AAIA FE streptavidinol] = biotino] & otin ¥A| transferrino] 415 2t 2gAE P45kl 9)
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2] Ze}au|= WE9} biotin F 4| transferrin®] 2} A g ol B lane 7, 10 223 11004 7P B3tk 5, ZHzhe] A=
HAg 24z} gk B e Bojol Azt AX U EY¥%F A AFA I = ¥1&-2 biotin EA] HE] : streptavidin :
o] Aiglt). Streptavidinol] W] EEE transferrinro] 23t biotin ¥4 transferrin®] Z+zto] 1:2:1, 1:4:1 2|3l 1:4:
S A HE AE U =Y8FE S FAAY "deT 4 40tk

A5 22 Fahe F27F 9ok Zek2v| = ¥E g4 biotin-

HA sense oligonucleotideZ AF&3lo] o] n|&= A5 A}

o Ko
Ogﬂ]

3. &5 =Xt ATAS ME W =S 2

AFAE FAAA vl e 22 v 3 HoR Yo} 1:2:1 2831 1:4:19] 45 2 28A 84 v&2 ¥
HTH (Fig 3). AR 2 2ol 22 AFA ] Fofstal  AHE 42 EFAE HepG2 A2l Ajsto], AX W =
k2 free sense oligonucleotide”7} 10131, welloll = sense oligo- 9] A< otolmgtt) g ko] Ad Azl x] Aol
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Aol AF &2 2ZA #4 v&S vl 2 biotin A F
grauj= WE 9} streptaviding FxFH o7 AA| 7] 31, o]
Aol biotin A transferring |} 0.8 HU)ste AlE
B2l dgAe AE U =Y 789 S dolrsgit) o]
23k T AF A9 842 streptavidin®ll th3F biotin A
Zetav|= e 9} biotin EA] transferrin®] A3 B AL 3
37] Agelglck AA old Ex} AFAS] AX U =9
TYHE AR B9, B AFAE FAA171R] &2 biotin
FRA] EFek2u|= el vlste] 7~118) ME U] EQ)e] F
7}8}%ic), I3 cationic liposomes (flipofectin) S ©f-8-3+ 73-9-9]
vjgto & o) & AIE U] =Y& e (Fig. 4). w
A, 2E Bx AgA AE U Y45l aeddS
AlrtshE Bolth Ak #2F AdA A v&olA 1:2:1
T2]31 1:4: 1 (biotin-F¥A] Ze}Av)= B E : streptavidin : bio-
tin-X A transferrin)®] ¥]-&& VIR S o 1:2:1 v &9
2 AA7 AE W A2 =90] & Ao Ul
ol A B2 2gAE PAAZ ol 2] biotin FA] transfer-
ing sl 22 2EA FA0] ¥ B¢ 1:21, 1:4/19
= AE ] AFAY =Y 580 AR (FA 2 A
AE HAAAZ 74 1:2:1 28132 1:4:19] v]E) Ui
Hjgte] ¥ 2102 vElgTh o714 /o] FEE A
gajo] AR o]Fojzl Zlolx $-WE o Hrkg Alolck
TR 1:4/1 HEY] AFAY 1219 F9ETAE | 2
SEo| ki & Aoz st olejd ATEL N
£ gEo] EFA d4e A= AX Y =9 &

ol gL 7Ade RE ovgith

s

4. &5 ZA HEHS MZE W =S BnEY 2E

A& BgA AE Ul &Y 58S SolshA #&AsH
8ted straptavidin Al FBFEHE X HoJ T strep-
tavidin-FITCE °}-§-3te] 45 B2 A3AE Itk &
A8 A5 E HepG2 Al Eol| 22]31¢] mansferrin-receptor 2}
o] A% AE W =9]& confocal microscopyS ©]-&5}Fc]
#EsTE J7M AR AFAE A7 121 2En
1:4/1 ¥)&9] A5A7F AME AT 2 A AE A Al
EEoAM FFe] o] N2 FHo|L AL AFol A
FEHD ASE B2 5 AV B biotin FEAE
Zepav)= NE) 9} streptavidin- FITCHHS: E2F Aol o
ANZ 7ol A dlolA] o/ Fgo] BEHA) &okth
(Fig. 5). °]#%F A2 FF A9 transferrin®] A9 trans-
ferrin-receptort A Esl1, F&EH 02 FHR} A A E
U endocytosis =2 Q&< JERALL

i &t

FARE AT Y2 yrsta BEA7)E HHE Fol Al
Xo] 8 B|T= (receptor-ligand)E o] 451 B} H53
olx, AE HolH oz ulkste = Wo] UZOZ Trans-
ferrinfection Method'7} 19900l 7N EQITH?, o] Fofl A=
o] #8188 WA & FEaxte] A Uile] o 7kx %
Ao AFHo] gk F2 Wol o]&EH 1 = AE &
A L SolH o2 A H = asialoglycoprotein F-& )
9} MEFRHo] Eulgh A ZEA o] L E = transferrin
FEA O] THHMO Gomzle) Ezt=g AAAY = e 9
7R Z vro] B 4= ok AAlE, 84 27h=2) poly-L-
lysine ZAE tHAl DNASH AAFAI7|= WO =Z 90 d o)
ZHHEE] @Ol AMEE I Qe whyo)rp B S
cationic lipid& ©]-&3}= WH R lipide] 484 gt= 1
2] DNASH] ZFA3E ol8-she Wgolth. o] whe §
A g @&ollA of¢ & Holu lipid?] ligand2} A
she gol A3t in vito AP0l M 9] SEAlo] AEHolok
g Zlolth AR 83 2J7H=E DNAY] A3 ol
031 biotinylation' DNASF ZJZFEE avidin©] L} streptavidin
o2 vizfste] BFAE FGA7E ol

2 Ao = WEE biotinylation A17]:EH) virmal nucle-
otide®] biotin-VN™ phosphoramidite 2 A-8-8Fo] WE]o] W%
AEE oligonucleotide 2 33 & BA7} HE Zetane
WEfo] Q)T o] ¥hg 7)E9) A wE 9]
biotinylation ¥l v]3te] B} A3k L8 ATl
%, WEjol] &35 biotin®] Y219} NFE A s
Adck AE BAF AFA FAol HA) AF wES 2
7] $18t] Wt gel retardation assayoll A, 1:2:1 T 1:4:1
(biotin 2] ¥¥] : streptavidin : biotin 33| transferrin)2] ¥]-&
o o v 22 AgA st FAEE A BdEsGIch
J2]1, biotin ¥4 transferring Wgoll A BxF Azl
#A7tsl & Aol AE Ul syl vl dES ¢
T Ak ol AMLE AEA P49 vlET tlEel A
A B9 AR T8-S YeRdTh £ AdolA Alztd
A AT lipofecting o] &g 73-9-of Hldte] Fu) dH Al
Z U EQ45EE BoFa ) ol AEE AT w2 A
Ao AE U =YFYo] T3] +5TE BolErh &
3] AET 5ol F8AE T3 ke E9loz 98
7} Qste AEARE FHAE AEd F ks 997t 9l

A
F
o} LiposomesS o &8 -39 =YL dske A= L
n
—
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g

z7) Bol1el Aol ol7 o] Utk
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