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Synthesis of Oligo(ethylenediamino)-  f-Cyclodextrin
Modified Gold Nanoparticle as a DNA Concentrator
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Abstract: A novel oligo(ethylenediamino)--cyclodextrin-modified gold nanoparticle (OEA-CD-
NP) was synthesized as a vector for DNA binding and comprehensively investigated by means
of absorption and circular dichroism spectroscopies as well as transmission electron microscopy,
and its plasmid transfection efficiency as a carrier into cultivated cells in vitro was also evaluated.
Possessing many hydrophobic cavities at the outer space, OEA-CD-NP may have a capability
of carrying biological and/or medicinal substrates into cells, which will make it potentially
applicable in many fields of material science and biological technology. In contrast with OEA-
CD-NP, the oligo(ethylenediamino)-lipoic amido-modified gold nanoparticle (OEA-L-NP) without
CD was synthesized to investigate the interaction with DNA. The results showed that OEA-L-
NPs could only weakly bind DNA.
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Introduction been developed to condense DNA and achieve the localized
Notably, several kinds of biomaterials for gene delivery, and sustained delivery of genes. In recent years, surface-
e.g., C0||ageﬁ’po|ymer32, cationic |iposome§’o|igopeptide§, modified silica nanopartlclésmd monolayer-protected gO'd

poly(L-lysine)? polyethylenimine®” and dendrimer$ have nanoparticle¥ were reported to be able to successfully act
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as gene carriers. These organigorganic hybrid nanopar-  form stable hostguest inclusion complex&sor supramo-
ticles not only can be prepared easily but also overcome lecular aggregate$:}” Hence, they have been extensively
extra/intracellular barriers and exhibit higher transfection used as supramolecular receptors in material science and
efficiency and drug transportation ability Klibanov et al. biological technology. In the present work, we wish to report

reported that branched polyethylenimine (PEI) modified gold a novel CD-based DNA-binding receptor, i.e., oligo(ethyl-
nanoparticles enhance transfection efficiency 12 times com-enediamino)3-cyclodextrin-modified gold nanoparticle (OEA-

pared to unmodified PEPY Davis and co-workers have

CD-NP), that consisted of a gold nanoparticle as the core,

demonstrated the use of cyclodextrin-containing polymers oligo(ethylenediamino) chains attached to the primary side
and/or cross-linked matrixes for DNA aggregation, serving of the CD cavities as the electrostatic sites for binding DNA,
as a highly tunable and biocompatible matrix for recombinant and numerous CD cavities located at the external surface as

adenovirus-mediated gene delivery to local wound Sites.

a porous hydrophobic environment (Scheme 1). The ag-

Recently, anew strategy of preparing biomaterials has beengregation behaviors of OEA-CD-NPs with DNA were
described in which functional systems have been constructedinvestigated by several spectrophotometric and microscopic

by noncovalent interactions, such as hydrophobic, electro-

static, hydrogen bonds, and van der Waals interactions. On
the other hand, cyclodextrins (CDs), composed of six, seven,(13) @

or eight p-glucopyranose units, possess truncated cone-
shaped hydrophobic cavities which are capable of binding
various organié? inorganict* and biological molecules to
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techniques, which indicated that the formation and morpho- deoxy)#-CD (2) was prepared according to a literature
logical structure of aggregate directly depended on initial method!® NMR spectra were recorded on a Varian INVOA
quantity of OEA-CD-NP receptor and DNA. Furthermore, 300 spectrometer in f®. FT-IR spectra were recorded on a
the gene delivery experimeritsvitro demonstrated that this ~ Shimadzu Bio-Rad FTS 135 instrument. YVis spectra
DNA receptor successfully delivered the pEGFPC1 plasmid were recorded in a conventional quartz cell (A0 x 45
DNA into human breast cancer MCF-7 cell line (MCF-7). mm) at 25°C on a Shimadzu UV2401 spectrometer. The
ICP experiment was performed on an ICP-9000NW)
Experimental Section instrument (U.S.A. Thermo Jarrell-Ash Corporation). Deion-

General. All solvents and reagents were purchased from
commercial sources and used as received unless otherwis@ig) petter, R. C.; Salek, J. S.: Sikorski, C. T.; Kumaravel, G.: Lin,
noted. 5-CD was recrystallized twice from water and F.-T. Cooperative binding by aggregated mono-6-(alkylamino)-
vacuum-dried before use. Mono(6-triethylenetetraamino-6- B-cyclodextrins.J. Am. Chem. S0d.99Q 112, 3860-3868.
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ized, triple distilled water was used as solvent in all spectral
and biological activity measurements.
Absorption and Circular Dichroism Spectroscopy.Each

Synthesis of 5. A solution of chloroform (10 mL)
containing lipoic acid (1.05 g) was added slowly to a solution
of chloroform (20 mL) containing triethylenetetraamine (1.5

sample for absorption and CD spectroscopic measurementsnL) and dicyclohexylcarbodiimide (DCC, 1.1 g) (Scheme
was prepared by adding the required volume of a phosphate?). The resultant mixture was stirred for 1 day in an ice bath

buffer solution (pH 7.20) of OEA-CD-NP to a phosphate
buffer solution (pH 7.20) of calf thymus DNA (HuaMei
Chemical Company). The DNA concentration was deter-
mined by measuring the UV absorbance at 260 an(
6600 M1 cm™). Typically, the DNA concentration was ca.
30 ug/mL (ca. 50uM) in base paird? The stock solution of
DNA was stored at 4C and kept at room temperature for
1 h before use. The w/w ratio between OEA-CD-NP and
DNA was varied according to the experimental procedure.
Transmission Electron Microscopic (TEM) Measure-
ments.A 50 uL portion of sample solution was dropped on

and another 3 days at room temperature until no more
precipitation deposited. The precipitate was removed by
filtration, and the filtrate was evaporated to dryness under
reduced pressure. The residue was dissolved in a minimum
amount of ethyl acetate and purified by column chromatog-
raphy using silica gel to give 0.95 g (56% vyield) ®fas a
light yellow solid: ESI-MSm/z observed 335.5\ + H);

H NMR (CDCl) 6 1.32-1.81 (m, 6H), 1.92 (m, 2H), 2.35
2.54 (m, 14H), 3.13 (m, 2H), 3.57 (m, 1H). Anal. Calcd for
C1H3cONyS,: C, 50.26; H, 9.04; N, 16.75. Found: C, 50.42;
H, 8.83; N, 16.65.

a copper grid. The grid was then air-dried. The samples were Synthesis of OEA-L-NP 6.HAuCl,-4H,0 (50 mg) was

examined by a high-resolution transmission electron micro-

scope (TEM) (Philips Tecnai 220 S-TWIN microscope)
operating at an accelerating voltage of 200 keV.
Synthesis of Modifiedf-CD 3. To a solution of DMF
(30 mL) containing lipoic acid (0.4 g) and dicyclohexylcar-
bodiimide (DCC) (0.3 g) was added 1.3 g of mono(6-
triethylenetetraamino-6-deoxyrCD (2). The resultant mix-

dissolved in 20 mL of DMSO. This solution was quickly

mixed with another 20 mL of DMSO containing 75.5 mg of

NaBH, and 5 mg of5, and the reaction mixture turned deep

brown immediately. After the reaction mixture was stirred
for 24 h at room temperature, 40 mL of @EN was added

to give a black precipitate. The product was collected by
centrifugation, washed two times with 60 mL of gEN:

ture was stirred for 2 days in an ice bath and another 3 daysDMSO (v:v = 1:1) and 60 mL of ethanol, and dried under

at room temperature until no more precipitation deposited.

The precipitate was removed by filtration, and the filtrate

vacuum for 12 h at 86C to give6: 'H NMR (D,0O) 6 1.18-
1.82 (m, 8H), 2.14-3.10(m, 17H). Experimental elemental

was evaporated to dryness under reduced pressure. Thanalysis data (%): C, 5.36; H, 1.68; N, 1.65. ICP (%): Au,

residue was dissolved in a minimum amount of hot water

and then poured into 300 mL of acetone. The precipitate

formed was collected by filtration to obtain a white powder,
which was purified on a column of Sephadex G-25 to give
0.5 g (34% yield) of3 as a light yellow solid: ESI-M3n/z
observed 1469. M + NH,"); *H NMR (D,0O) ¢ 1.19-1.82
(m, 8H), 2.01-3.16 (m, 19H), 3.353.83 (m, 42H), 4.95
5.01 (m, 7H); FT-IR (KBr)v 3333, 2921, 1651, 1558, 1455,
1333, 1154, 1078, 1032, 943 cf Anal. Calcd for
C55H98035N4SZ'6H20: C, 4313, H, 711, N, 3.59. Found:
C, 43.44; H, 7.43; N, 3.78.

Synthesis of OEA-CD-NP 4HAuUCI,-4H,0 (50 mg) was
dissolved in 20 mL of DMSO. This solution was quickly
mixed with another 20 mL of DMSO containing 75.5 mg of
NaBH, and 20 mg of3, and the reaction mixture turned deep
brown immediately. After the reaction mixture was stirred
for 24 h at room temperature, 40 mL of @EN was added
to give a black precipitate. The product was collected by
centrifugation, washed two times with 60 mL of gEN:
DMSO (v:v= 1:1) and 60 mL of ethanol, and dried under
vacuum for 12 h at 80C: H NMR (D;0) ¢ 1.19-1.82
(m, 8H), 2.01-3.16 (m, 19H), 3.353.83 (m, 42H), 4.95
5.01 (m, 7H); FT-IR (KBr)r 3353, 2910, 1652, 1559, 1433,
1340, 1157, 1033 cm. Experimental elemental analysis data
(%): C, 14.49; H, 4.29; N, 0.92. ICP (%): Au, 33.90.

(19) Ottaviani, M. F.; Furini, F.; Casini, A.; Turro, N. J.; Jockusch,
S.; Tomalia, D. A.; Messori, L. Formation of supramolecular

58.27.

Characterization of OEA-CD-NP. By assuming the core
shape of nanoparticles to be spherical, the average number
of CD units around one nanoparticldl)(and the average
surface area occupied by one CD uM#)(could be calculated
by the equations listed below:

M = L 1)
ACPS D (413N,
WCD
MCD - MWCD (2)
N = MCD — WAuMWCD (3)
Mau-Nps  WepDa,(4/3)1r°N,
SAu
YN “)

where May—np @and Mcp are the molar number of gold
nanoparticles ang, respectivelyWay, Wep, andDy, are the
gold content, cyclodextrin content, and gold density, respec-
tively. r is the radius of nanoparticlebl, is the Avogadro
constant (6.0 10?%). MWc¢p is the molecular weight d3.
Sau is the surface area of the Au-NRs.is the number o8
on each of nanoparticles, alél is the average surface area
occupied by one CD unit.

From eqs 3 and 4, it could be calculated that the average

structures between dna and starburst dendrimers studied by eprumber of CD units around one nanoparticle is 37 according

CD, UV, and melting profilesMacromolecule200Q 33, 7842
7851.
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to the elemental analysis and ICP data, and the average
surface area occupied by one CD unit is 1.62nm
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Scheme 2
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DNA Plasmid. pEGFPC1 (4.7 kb) was provided by the 0.8 ug of plasmid DNA and 25«L of 2XHBS?° buffer
State Key Laboratory of Experimental Hematology (China). solution, and incubating the resultant solution at°87for
This plasmid was obtained as a 1.0 mg/mL stock solution 20 min.
in aqueous Tris-HCI/EDTA buffer (pH 7.0). Cell Culture and Transfection. The human breast cancer

Preparation of OEA-CD-NP/DNA Aggregates. OEA- MCEF-7 cell line (MCF-7) was obtained from the State Key
CD-NP (16.8 mg) was dissolved in 1 mL of water as a stock Laboratory of Experimental Hematology. Cells were main-
solution, which was sterilized and stored af@. Before tained in RPMI 1640 medium containing 10% FCS and
reacting with DNA, the stock solution of OEA-CD-NPs was cultured in a humidified, 5% CQatmosphere tissue culture
brought to room temperature and diluted with water. OEA-
CD-NP/DNA aggregates were prepared by adding a water (20) The 2xHBS buffer was prepared by 50 mM HEPES, 10 mM KCl,
solution (50uL) containing an appropriate amount of OEA- 280 mM NaCl, 1.5 mM NgHPQ,, and 12 mM dextrose and
CD-NP to a mixture composed of 24 of water containing careful adjustment of the pH value to 7.0.
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Figure 1. The SPR band changes of (a) OEA-CD-NP and (b) OEA-L-NP with a fixed concentration of 0.3 mg mL~ upon
addition of ct-DNA in pH 7.2 phosphate buffer (M = 0.1). The w/w ratios of the ct-DNA and OEA-CD-NP or OEA-L-NP were 0,
1, 0.67, 0.33, 0.2, 0.1, 0.02, 0.01 from a to h, respectively.

incubator. In the experiment, cells ¢6 10* per well) were of OEA-CD-NP beyond 520 nm, which is assigned to the
plated on 24-well tissue-culture clusters for 24 h before surface plasmon resonance (SPR) band of gold nanoparticle.
transfection and digested with 0.25% steapsin containing Generally, the aggregation of gold nanoparticles leads to the
0.01% EDTA. The digestion process was stopped by addition appearance of a new absorption band at a longer wavelength
of RPMI 1640 with 10% FCS. Before the initiation of than that of the discrete gold nanoparticles as a result of the
transfection experiments, the medium was removed from electric dipole-dipole interactions and the coupling between
each well, and cells were washed once with RPMI 1640 the plasmons of neighboring particles in the formed ag-

without serum and antibiotics. To each well, 2000f OEA- gregateg! Similar phenomena were also found in our
CD-NP/DNA transfection medium was added with shaking, experiments. As can be seen from Figure 1a, the original
followed by incubation at 37C in a humidified-air (5% C¢) SPR maximum of OEA-CD-NP at 515 nm decreased with
atmosphere for 8 h. Then, the transfection medium was the gradual addition of ct-DNA. A further examination
removed, and cells were washed with D-Hanks. After adding showed that, when the ratio (w/w) between OEA-CD-NP
RPMI 1640 containing 10% FCS medium, cells were further 54 ct-DNA was relatively lower (lines-d), the intensity
incubated under the same conditions in a complete mediumy¢ OEA.CD-NP's SPR band slightly decreased with the

for048 h.”The nucleillr slt_amlng exper:cment_s showed thf‘t abﬁveaddition of ct-DNA, but the absorption maximum did not
90% cells were still alive. As a safe estimation, 95% cells gig However, when this ratio increased to a moderate

are viewed as alive after the incubation process. Then, 500proportion (ines e and f), the intensity of absorption

fheél ;Z?SF;E;.VJErgﬁ.";(.)gr'fredabsyggfgrle;t(;zm ?écrf(s:?aptys’tficg? maximum of OEA-CD-NP’s SPR band remarkably decreased
' ciency w u using a statist by 65.5%, accompanied by an obvious bathochromic shift
method because of the transfected cells emitting green . .
; - of the SPR maximum from 515 to 544 nm. Simultaneously,
fluorescence different from the living cells. . :
the color of the solution changed from red to blue-violet.

Cytotoxicity Experiments. Cell culture was performed These phenomena jointly indicated an effective aggregation
under the same conditions as outlined above. Control cells P jointly . ) ggreg
of OEA-CD-NPs. Keeping on increasing the ratio (w/w)

were treated with RPMI 1640 containing 2b of 2XHBS, between OEA-CD-NP and ct-DNA to a larger proportion

whereas other cells were treated with either lipofectamine . . . ;
2000 or OEA-CD-NP/DNA aggregates. Cytotoxicity mea- (lines g and h), the intensity of OEA-CD-NP's SPR band

surements were performed as follows: In each well, 0.5 mL further decreased, accompanied by bathochromic shifts of
of MCF-7 cells, 0.1 mL of 0.4% trypan blue, and the assayed (e SPR absorption maximum, but the decline tendency
transfection mediums were mixed together, and the resultingtUrned smooth. These results demonstrated a high OEA-CD-
solution was kept for 2 min at 37C. Then, 200 cell samples NP/DNA ratio in favor of formation of larger aggregates,
were checked by microscopy, where dead cells turned blue@nd meanwhile the distance of particles from each other
but living ones remained unchanged, to calculate the percent-decreased, which would directly result in conformational

ages relative to control cells. changes and concentration of DNA. For comparative pur-
poses, the electronic absorption spectra of OEA-L-NP in the
Results and Discussion presence of calf thymus DNA (ct-DNA) in varying concen-

trations were also recorded (Figure 1b). The main parameters
(Amax @nde) of the UV absorption band of OEA-L-NP were
almost unchanged upon the gradual addition of DNA. It is

Electronic Absorption Spectra. To investigate the ag-
gregation behaviors of OEA-CD-NP with DNA in solution,
the electronic absorption spectra of OEA-CD-NP in the
presence of calf thymus DNA (ct-DNA) in varying CONCeN- 1y gionoft 3. J.: Lazarides, A. A.; Mucic, R. C.. Mirkin, C. A
tra“c?”s were recorded (Figure 1a). Since the ab_sorpt'on Letsinger, R. L.; Schatz, G. C. What controls the optical properties
maximum of OEA-CD-NP at 260 nm overlapped with that of DNA-linked gold nanoparticle assemblie3?Am. Chem. Soc.
of the ct-DNA, we only analyzed the absorption maximum 200Q 122, 4640-4650.
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Transition Electronic Microscopy (TEM). Direct infor-
mation about the shape, size, and distribution of OEA-CD-
NP/DNA aggregates came from TEM results. Under our
experimental conditions, the average gold core size of gold
nanoparticles was 4.3t 0.7 nm (based on individual
measurements on at least 140 particles) (Figure 3A). When
the ct-DNA was added, OEA-CD-NP tended to aggregate,
but the aggregation behavior was found to be strongly
dependent on the initial ratio (w/w) between OEA-CD-NP
and DNA. For example, when the initial ratiedea—co-np/
Wpna) Was 0.1:1, no appreciable aggregation of gold nano-
particles was observed, and OEA-CD-NP still existed as
——— discrete particles (Figure 3B). A possible reason for this

240 260 280 300 320 340 360 380 400 phenomenon was that, in the presence of a large amount of

Wavelength / nm DNA, every gold nanoparticle was surrounded by one or
several DNA chains, which blocked the contact between
particles and thus restrained the aggregation. Wber-cp—ne/
Wpna Was increased to 5:1, obvious aggregation of OEA-
CD-NP was observed (Figure 3C). In order to recognize their
specific structural information, an amplified picture of Figure
3C is shown in Figure 3D, in which the DNA twisted

supposed that no significant aggregate is formed betweenségments were surface-coated by OEA-CD-NP. At this
OEA-L-NP and DNA. This phenomenon can further confirm concentration ratio, nearly all OEA-CD-NPs were adsorbed

the crucial factor of cyclodextrin in the aggregation of OEA- 0N DNA segments. UV spectroscopy showed that the SPR
CD-NP with DNA. absorption of OEA-CD-NP was decreased compared with

Circular Dichroism Spectra_ Because the UMvis Spec- naked OEA'CD'NP, Wh|Ch was demonstrated in the preViOUS

trum of ct-DNA overlapped with that of OEA-CD-NP around ~ Section. Further increasing th&oea-co-ne/Wona ratio to

260 nm, we employed circular dichroism spectroscopy, 100:1 resulted in highly compacted OEA-CD-NP/DNA
which is undoubtedly one of the most useful techniques for @ggregates (Figure 3E,F) with an average diameter larger
investigating the solution structure of DNA and the confor- than 100 nm. These results were identical with the conclusion
mational twist of the double helix produced by the formation drawn from UV-vis results, that is, a highoea-co-ne/Wona

of supramolecular aggregates, to study the possible structurafatio would promote the aggregation of OEA-CD-NP. It
change of DNA upon associated with OEA-CD-NP. Figure should be noted that there also existed some linear structures
2 illustrates circular dichroism spectra of ct-DNA with the (mMarked with blue arrows) in TEM images, assigned to self-
gradual addition of OEA-CD-NP. The intrinsic circular aggregated DNAs. Therefore, we deduced that there should
dichroism activity of OEA-CD-NP was recorded and found €Xist a competition in solution between the OEA-CD-NP/
to be negligible. The observed effects on the circular DNA aggregation and the self-aggregation of DNA. At a
dichroism spectra produced by gradual addition of increasing Nigh Woea-co-np/Wona ratio, OEA-CD-NP/DNA aggregation
amount of OEA-CD-NP are shown in Figure 2. At low OEA- Mmay predominate. TEM results also confirmed no appreciable
CD-NP/DNA ratio (lines ad), only minor effects on the  aggregation of OEA-L-NP by addition of ct-DNA (Figure
B-type circular dichroism spectrum of calf thymus DNA were 4), which is consistent with the results of U¥is and CD
detected; more precisely, the addition of OEA-CD-NP e€xperiments.

produced a modest decrease of the positive band at 275 nm Transfection Assay of OEA-CD-NPp-DNA Aggregates.

and of the negative band at 245 nm. Notably, when the OEA- The transfection efficiency of the OEA-CD-NP/DNA ag-
CD-NP/DNA ratio reached a moderate value (lines e and f), gregatedn vitro into MCF-7 cells was tested with the plasmid
the circular dichroism signal of DNA was obviously changed DNA, which contains a recombinant adenovirus encoding
and only a relatively weaker negative Cotton effect peak at GFP. The visual GFP expression results were corroborated
260 nm was observed as a result of modest aggregate ofwvhen the plates were quantitatively analyzed with a fluo-
DNA. However, by further increasing the OEA-CD-NP/DNA  rometer. Fluorescent pictures of visible GFP expression
ratio (lines g and h), the negative Cotton effect peak was (Figure 5) suggested that OEA-CD-NP was able to act as a
enhanced and blue-shifted from 260 to 250 nm, indicating gene vector to transfer the GFP information into cells. When
that extensive condensation of DNA had happened. The OEA-CD-NPp-DNA aggregates at various w/w ratios were
results that the circular dichroism spectra were also not added to MCF-7 cells, significant gene expression was
changed significantly by the gradual addition of increasing observed and its level was dependent on the w/w ratio
amount of OEA-L-NP to ct-DNA (see the Supporting between OEA-CD-NP and DNA. At incubation for 48 h,
Information) demonstrated that the solution structure of ct- the percent of GFP-expressed cells was calculated by a
DNA was immobile by the addition of OEA-L-NP. statistical method and the transfection efficiency was defined

Ag

Figure 2. The circular dichroism spectra of ct-DNA (0.15 mg
mL~1) upon addition of OEA-CD-NP in pH 7.2 phosphate
buffer (0.1 M). The concentration of OEA-CD-NP was 0, 0.2,
0.5, 0.8, 3.0, 6.0, 12.0, 24.0 mg mL™! from a to h. Cell
length: 1 cm.
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Figure 3. TEM images (A) OEA-CD-NP; (B) OEA-CD-NP/DNA mixture with a Woea—cp-np/Wona ratio of 0.1:1; (C) OEA-CD-
NP/DNA mixture with a Woea-co-np/Wona ratio of 5:1; (D) enlarged high-resolution TEM image of C; (E, F) OEA-CD-NP/DNA
mixture with a Woea—cp-np/Wona ratio of 100:1.

as the percent of expressed cells in all examined living cells. lipofectamine 2000, improvements may be achieved by the
In typical experiments, OEA-CD-NP/DNA aggregates with  chemical modification of carriers or the optimization of
Woea-cp-np/Wpna ratios (from 20 to 400) were tested, and mixed ratio between carriers and DNAIn control experi-
corresponding transfection efficiencies are shown in Figure ments, naturgh-CD 1 and modified3-CDs 2 and3 did not

6. As can be seen from Figure 6, OEA-CD-IREINA show any transfection effects under the same conditions.
aggregates displayed moderate transfection efficiencies (from
1.2% to 4.8%) as compared with lipofectamine 2000

(22) Diebold, S. S.; Lehrmann, H.; Kursa, M.; Wagner, E.; Cotton,

(Wipo—200dWona ratios 2:1), a widely used commercially M.; Zenke, M. Efficient gene delivery into human dendritic cells
available transfection agent. Although the artificial virus by adenovirus polyethylenimine and mannose polyethylenimine
suffered from low efficiencies compared with that of transfectionHum. Gene Therl999 10, 775-786.
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Figure 4. TEM images (A) OEA-L-NP; (B) OEA-L-NP/DNA mixture with a Woga-1-np/Wona ratio of 5:1; (C) OEA-L-NP/DNA
mixture with a WOEA*L—NP/WDNA ratio of 100:1.

Figure 5. In vitro transduction of MCF-7 cells with OEA-CD-NP/p-DNA aggregate (Woea—co-np/Wona ratio = 160): left photo,
phase contrast; right photo, fluorescence. Scale bar: 20 um.

] Table 1. Cytotoxicities of OEA-CD-NP/p-DNA Aggregates
40 to MCF-7 Cells?

35 - . OEA-CD-NP/DNA (w/w)
] gene lipo-
carriers: none 2000 20 40 80 160 240 320 400

30-
] cellviabilty ~ 100 945 99.5 98.5 985 98.0 975 965 96.0
25- (%)

a Cytotoxicity was measured by the trypan blue assay. The viability
20 of nontransfected cells alone was taken as 100%.

15 - _—
1 NP/DNA aggregates exhibited lower cytotoxicities than
10 4 lipofectamine 2000/DNA. For example, more than 96% of

T cells were still alive in the presence of OEA-CD-NP/DNA

Percent of GFP-expressed cells (%)

5 . .
] aggregates, whereas this percentage decreased to 94.5% in

0 the case of lipofectamine 2000/DNA. The small cytotoxicity
0% %q 20 40 80 160 240 320 400 of OEA-CD-NP probably arose from the extrusive CD
0% éaoo OEA-CD-NP/DNA (w/w) cavities_ on the surface of OEA-CD-NP/DNA aggregg_te

¢ protecting the plasma membranes of cells from deposition
Figure 6. Percent of GFP-expressed MCF-7 cells with (23) (a) Fischer, D.; Bieber, T.; Li, Y.; Elsasser, H.-P.; Kissel, T. A
different Woea-co-ne/Wona ratios in RPMI 1640 containing 10% novel non-viral vector for DANN delivery based on low molecular
FCS medium. weight, branched polyethylenimine: effect of molecular weight

on transfection efficiency and cytotoxicitpharm. Res1999 16,

.. . 1273-1279. (b) Bieber, T.; Meissner, W.; Kostin, S.; Niemann,
Cytotoxicity Assay. Cytotoxicity assay results of OEA- A.; Elsasser, H.-P. Intracellular route and transcriptional compe-

CD-NP/DNA aggregates with differentioea-cp-ne/Wona tence of polyethylenimine-DNA complexek.Controlled Release
ratios are presented in Table 1. We can see that OEA-CD- 2002 82, 441454,
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by gold clusters, because a number of investigations revealed\atural Science Foundation (06YFJMJC04400) for financial
that the exposed gold clusters might impair the plasma- support.

membrane functions and lead to cell de#th. Supporting Information Available: The circular
dichroism spectra for the interaction of OEA-L-NP with
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