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Macrocyclic Octaamine as a “Compact” siRNA Carrier. Studies on the
Nonsilenced Residual Activity
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A macrocyclic octaaminé having a covalently linked lipid-bundle structure was introduced as a new type of
siRNA carrier. Gel electrophoresis, DLS, and SPR results indicate that it strongly binds to a luciferase-targeting
21-mer (42P) siRNA with a ratio of/P = 0.3 (UN = 2.4) to give remarkably compadt-siRNA complexes

with an average size 6£10 nm. Thel-mediated siRNA silencing of the exogenous luciferase gene occurs with

a 90-95% efficiency. The overall suppressiefsiRNA] profile with a 5-10% residual activity in the saturation
region is commonly observed irrespective of the cell type (HeLa, HepG2, or HEK293), the order, or timing
(stepwise or simultaneous) of supply of the siRNA and that of the luciferase-encoding plasmid, the level of
mRNA transcribed, or the type of carriers \s lipofectamine 2000). The silencing of the endogenous DsRed2
gene stably incorporated in the genome of HelLa cells also has a similar overall profile. These results suggest that
(2) the cellular uptake of the plasmid and that of the siRNA are basically independent of each other and (2) the
incomplete silencing is not due to insufficient SiRNA delivery. Implication of item 2 is briefly discussed.

INTRODUCTION it forms an unprecedented compactl0 nm) complex with

. o . siRNA and mediates effective gene silencing but not completely
RNA interference (RNAI) is the posttranscriptional gene regardless of the cell type, transfection order (SiRNA vs

silencing process mediated by a2A3-mer duplex SiRNA (si  yiasmid), extent of gene transcription, carrier type s
z_small or short interfering) Wh|ch_ is homologous_ in sequence jinofectamine 2000), or gene type (exogenous vs endogenous).
with the silenced genel(5). The siRNA taken up in the cells — Thjs ed us to suggest that the incomplete silencing should be

forms the so-called RISC (RNA-induced silencing complex) interpreted in terms of intrinsic incompleteness of RNAI.
containing the antisense strand; consequently the complex then

attacks the sense mRNA to result in degradation and henceEXPERIMENTAL PROCEDURES
silencing of the latter@, 7). The activity of synthetic SIRNA
was demonstrated for the first time by Tuschl et al., in terms of
siRNA-dependent suppression of an exogenous reporter gen
provided in the form of plasmid8]j. This simple analysis was
based on the assumption that a substantial portion of the
plasmid-transfected cells also contains siRNA. Actually, the
suppression, in this pioneering work, of pGL3 luciferase was
complete 100%) in Drosophila cells but less complete {90
95%) in mammalian cells}. Efficient but incomplete silencing

Materials and General Analysis.Octaaminel in the form
of octa(hydrochloride) was obtained from the corresponding
(?ree-base, prepared as describ&g),(upon treatment with HCI.
Thus, 2 mL of concentrated hydrochloric acid was added to an
ethanol solution (200 mL) of the free-base (200 mg). Most of
the ethanol was removed and the white precipitates that
separated were collected and dried in vacuo to give 225 mg
(94%) of the octa(hydrochloride). Plasmids (pGL3, pGL2, and
: ; ._pGL3-Promoter), siRNAs, and lipofectamine were commercial
has beer! generally_observed in many subsequently studies us'ngroducts of ProZnega, TAKARApBIO, and Invitrogen, respec-
mammalian cellsq—15). . : -

. tively. HeLa (Riken Cell Bank, RCB0007), HepG2 (Dainippon

We are concemed here about two matters. One is the pparmaceutical Co. Ltd., HB8-65), and HEK293 (Riken Cell
nonsilenced *residual>5% gene-expression activity. Does it - gan 'RCB1637) cells were cultivated in DMEM (Dulbecco’s
simply ref_Iec_t incomplete SiRNA dehyery oris Ita CONSequence -y ifi Eagle’s medium) containing 10% FCS (fetal calf
of essential incompleteness of RNAI? The other is size control gg;m) ang antibiotics (penicillinstreptomycin, 5@g/mL) with
of carrier—siRNA complexes, particularly in view of their in - 10055) or without (HeLa, HEK293) 1% NEAA (nonessential
VIVO perf_ormance. As |s_often a P“’b'?m in a_rt|f|0|a_l (nonviral) 5 ming acids) at 37C in a humidified atmosphere containing
gene delivery, huge particles cannot simply diffuse into vascular g, CO». Hela cells stably expressing DsRed2 were provided

periphery (6. Smal! partigles, on the other hand, may be by Prof. Kazunari Taira and Dr. Yutaka Ikeda (Tokyo Univer-
selectively taken up in malignant tissues by the so-called EPRsity) and were cultivated in a similar manner as above. Gel

(enhanced permeation and retention) effda)(The size we g jactrophoresis was performed with 0.7% agarose gel in Tris-
aim at is=50 nm, which has not been precedented before for 5o (ate hyffer and 20% polyacrylamide gel in Tris-borate-EDTA
the SiRNA complexes to the best of our knowledge. buffer for pGL3 and siRNA, respectively. Size distribution
We introduced a cone-shaped macrocyclic octaarfirod profiles (histograms) in reference to number of particles were
an amphiphilic character as siRNA carrier. We report here that gptained by NICOMP analysis of dynamic light scattering (DLS)
data for solutions of pGL3 or siRNA (ZM P) in water in the

* To whom correspondence should be addressed. F81-75-383- presence of varying amounts of octaaminat 23°C using a
2766, Fax: +81-75-383-2767. E-mail: aoyamay@sbchem.kyoto- Particle Sizing Systems NICOMP 380 ZLS zeta potential/
u.ac.jp. particle sizer at 100 mW green laser (532 nm). DLS measure-
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ments were also carried out for solutionslofvith or without 1.5-2.0 nm
siRNA in the transfection medium Opti-MEM. However, the CI"HaN(H2C )0 O(CHz)oNH,"CI" G =l
formation of big &50 nm) particles as a result of siRNA-

independent aggregation processes prohibited detailed analysisCHsNHzC)0
of the1—siRNA complexes. Surface plasmon resonance (SPR)
response curves were recorded on a BIAcore X system docked
with a hydrophobized (HPA) sensor chip by repeated injection

e ~2.0 nm

O(CHz)aNHz*CI"

of an aqueous solution of OCtaamiﬂe(loo [MM, 25 ‘ML) or CIHaN'(H3C )0 O(CH2)NH,*CI 0 =NHCr
SiRNA (100uM P, 25uL) under the flow of degassed water G
(10 uL/min). Microscopic images were taken with an Olympus R=(CHz)hoCHs
IX70 microscope. octaamine 1

Transfection and Subsequent AnalysisCells (Hela, HepG2,
or HEK293) were seeded at a density of ¥.A.0* cells/well in siRNA 5’ CUUACGCUGAGUACUUCGATT 3’
a 96-well plate and cultivated. After 24 h, the cells became 3 TTGAAUGCGACUCAUGAAGCU 5
~60% confluent and were washed with 100 of PBS(—) g 2
(magnesium/calcium-free phosphate buffer). To the cellsin each pGL3 .+« CACTTACGCTGAGTACTTCGAAA - + -
well was added under cotransfection conditions a transfection = =

L]} =T
=T

medium (100uxL of Opti-MEM (GIBCO)) containing 200 ng pGL2 e e s R

of pGL3 (625uM P) and 0, 2, 10, 42, or 126 ng of siRNA (O,
6’ 301 125’ or 3721M P) in the absence or presence ofa Carrier, Figure 1. Structures of octaaming, siRNA, and siRNA-relevant
octaaminel (1088 ng;1/P = 1.0 (N/P= 8.0) with respect to sequences (only sense strands are shown) of the luciferase genes in
pGL3) or lipofectamine (500 ng, according to the manufacturer’s plasmids pGL3 and pGL2.

protocol). After incubation fo6 h at 37°C, the medium was

replaced by 10@L of fresh DMEM containing 10% FCS, and a b

the cells were further incubated for 48 h. Under pretransfection

cond_itions, the cells were fi_rst treated with an Opti-MEM  4pe L 2 3 4 5 6 1 2 3 4 5 6

solution (100uL) containing siRNA (0, 2, 10, 42, or 126 ng)

and octaaminé (1088 ng) or lipofectamine 2000 (500 ng) for . .

cells, 20uL of a solution of the MTT reagent (3-(4,5-dimethyl-

2-thiazolyl)-2,5-diphenyl-B-tetrazolium bromide) in PBS() R e R Uil e LR
(5 mg/mL) was added to each transfection mixture in awell. n/p 0 0.8 1.6 2.4 3.2 4.0 0 0816243240
After incubation for 3 h, the medium was removed, a 10% SDS

6 h, washed with 10@L of PBS(—), and then transfected with
solution (200uL) was added, and the absorbance at 570 nm of Figure 2. Electrophoretic gel shifts for pGL3 (a) and siRNA (b) in

pGL3 (200 ng) and lipofectamine (500 ng) in 100 of Opti-
bovine serum albumin as a standard. For MTT assay of lively
the absence (lane 1) and presence (lane)2f increasing amounts

MEM. After 6 h, the medium was replaced by DMEM and

incubation was continued for 48 h as above.

Luciferase assay was performed by the conventional chemi-

luminescence method using a Lumat LB5907 luminometer

(Berthold Detection System) and the luciferase assay kit

(Promega). Luciferase relative light units (RLU) integrated over

10 s are normalized for the total protein content of the cell lysate,

obtained by the Bradford assay (Bio-Rad Laboratories) using

the resulting homogeneous solution was measured. of octaaminel using 0.7% agarose gel in Tris-acetate buffer (a) or
Gene silencing in HeLa cells stably expressing DsRed2 was 20% polyacrylamide gel in Tris-borate-EDTA buffer (b); N and P stand

carried out in essentially the same manner as above. Afterfor an ammonium group of octamirieand a phosphate moiety of the

washing with PBS¢), the cells were dissolved in 25L of plasmid, respectively.

PLB (passive lysis buffer, Promega). The resulting solution was - . . o

divided into two parts; one (2,5L) was analyzed for the total presents a characteristic amine/ammonium cluster motif with a

proteins and the other (26L) for the fluorescence intensity at ~ Well-defined geometry.

580 nm (excitation at 563 nm) after dilution with 3&Q of

RNAIi experiments were carried out using the same set of

PBS() plasmid and siRNA (Figure 1) as used befdg The plasmid
' is pGL3 (5256 base pairs) encoding a firefly protein luciferase
RESULTS AND DISCUSSION under control of an SV40 promoter and an SV40 enhancer. The

siRNA is a 21-mer duplex having two-nucleotide overhangs at
Complexation Behavior. The new carrier introduced here the 3-ends, the sense strand copying the 4488 nucleotide

is a cone-shaped macrocyclic octaaminé-igure 1), having sequence (shown in bold letters) of that of the luciferase gene
four long alkyl (undecyl) chains and eight amino groups on the in pGL3.
opposite sides of the calix[4]resorcarene macrocycle. It is The complexation of octaaminkwith pGL3 (a) and with
obtained as octaammonium octachloride. Because of its am-siRNA (b) was monitored by gel (agarose and polyacrylamide,
phiphilic structure, it is what may be called a covalently linked respectively) electrophoresis (Figure 2). The huge plasmid DNA
lipid bundle. The free-base compound served as precursor ofduplex (pGL3) and the short linear RNA duplex (siRNA) are
glycocluster compound48, 19) capable of stoichiometric gene rendered completely immobile at a ratio &P in the range
coating to give transfectious “glycovirusesl’§, 20). Cationic 0.1-0.2 (N/P 0.8-1.6) or 0.2-0.3 (N/P 1.6-2.4), respectively
lipid aggregates (cationic liposomes) and polymers have so far(N and P stand for an ammonium grouploénd a phosphate
been extensively used as nonviral gene carrigts23). While moiety of DNA/RNA, respectively). Dynamic light scattering
being a small molecule (mw, 1740), compounahimolecularly (DLS) also confirmed the complexation. When alone, octaamine
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Figure 3. Typical size-distribution profiles (histograms) for the ©On a& hydrophobized sensor chip and further adsorption of SiRNA on
1-pGL3 and1-siRNA complexes atl/P = 0.4 (2u4M P) (a) and the resulting monolayer df. An aqueous solution af (100 uM, 25
variation in the mean sizes thereof as a functiorl/6f or N/P (b) in ulL) or siRNA (100uM P, 25uL) was injected successively three times
reference to number of particles as evaluated by NICOMP analysis of for immobilization of 1 or adsorption of siRNA, respectively, in the
the DLS data taken aftel h from mixing of components. N and P flow of water at a flow rate of 1@.L/min.

stand for an ammonium group of octaamihand a phosphate moiety

of the plasmid, respectively. area of 0.76 n@P. These values, taken in conjunction with
the corresponding values for octaaniirehown above, reveal
the stoichiometry ofl/P = 0.40/1.3= 0.3, which is in excellent
agreement with thatl(P = 0.3) evaluated from the DLS results.
Neighboring phosphate groups in each strand of B-type duplex
polynucleotides are separated©.7 nm from each othep).

The open conformation of the octaammonium motifldfas a

1 shows no tendency of forming aggregates of a size b®

nm. However, in the presence of pGL3 or siRNA/®I P),

the formation of particleslfpGL3 or 1—siRNA complexes) in
that size range with a well-behaved sizdistribution profile
can be readily detected. In Figure 3a are shown typical

histograms for the pGL3 and SiRNA complexesl&t = 0.4 diameter of~2 nm (Figure 1). Each molecule @fcould thus

(N/P = 3.2), both having a polydispersity index of 1.02. The cover three (2/0.7) P or nucleotide moieties with a stoichiometry

mean siz_es are plotted in Figure 3b as a.functiom/Bf(N/P). of PAL = 3. This is indeed what was observedR = 0.3). While
The particle sizes are changeable and time-dependently grow, At o

at1/P = 0.2 (N/P= 1.6) probably as a result of cross-linking the actual structure of complelx-siRNA is still not ready to

but are rendered time-stable and leveled off upon further increaseb e imaged, the present results and analysis suggest that (1) the

in the amount ofl. Saturation occurs dfP = 0.3 (N/P= 2.4), anionic surface of SIRNA is effectively coated with the cyclic
and the saturation sizes for tHepGL3 and1—siRNA com- array_tt)alf the anl:_moglgm grou”ps of rigid _mlacroc%/(tle;/qhmh IS
plexes areip s = 30 and 10 nm, respectively, the latter being pos_s;]_ y miceflized In Z”E)a na_nc;partm es, é )3 the coatllng
remarkably smaller than the size of cationic liposersBRNA it£)|c_R|’(\)lr;\1etry |s|gove_:tr]1¢ %Stt%r'c aCtthS' a;]n (3t ?res? ting
complexes ¥ 100 nm) (5). The saturation ratio of/P = 0.3 ; t?: | c?mpte?_ with insu a;_e negative charges Is iree from
or N/P = 2.4 suggests that the complexation is primarily urther elec ro.s atic aggrega '9”' ]
electrostatic in origin and that each siRNA molecule (42P) binds ~ Cotransfection. Cotransfection of cell culture was carried
~12 molecules of, having a width of 1.52.0 nm and a height ~ Out by incubating HeLa (a human uterine cell line), HepG2 (a
of ~2 nm (Figure 1). Amphiphild in the cone shape may form  human hepatic cell line), or HEK293 (a human embryo kidney
small micelle-like nanoparticles but not huge vesicular/liposomal Cell line) cells fo' 6 h in atransfection medium (Opti-MEM,
aggregates1@, 19), and this may be at least partly why the 100xL) containing a fixed amount (200 ng; 0.6 nM or G
presentl—siRNA complex can be kept exceptionally compact P) of pGL3 and a varying amount of siRNA in the presence of
(~10 nm). octaaminel as a carrier of both pGL3 and siRNA, followed by

Surface plasmon resonance (SPR) shed more light on thefurther incubation of the cells for 48 h in a fresh medium of
1-siRNA interaction. Octaamin& (molecular weight, 1456)  DMEM (100 uL). The amount of carriet (1088 ng per well)
having four long alkyl chains can be readily immobilized on a Wwas set all/P = 1.0 (N/P= 8) with respect to pGL3 to ensure
hydrophobized (alkanethiol-coated) sensor chip (HPA) of SPR complete complexation thereof. Each transfection mixture was
with an increase in resonance unit®RU; = 960 (Figure 4). analyzed for luciferase expression efficiency and for cytotox-
The latter, in light of the known relationship thaARU = 1000 icity. The cytotoxicity in reference to cell morphology and cell
corresponds to 1 ng/nhof adsorbate, indicates that compound  Viability (Supporting Information) turned out to be slightly more
1is adsorbed with a packing density of 0.40 moleculed/om  pronounced than that of widely used lipofectamine 2000. In
an occupation area of 2.5 #fmolecule, which is very closeto ~ Figure 5 are shown the yields of luciferase, in terms of
the expected area of the octaammonium macrocycle with achemiluminescence relative light units (RLU) per mg total
diameter of 1.5-2.0 nm (Figure 1). Compouridmust thus form protein (top) or relative percentages (bottom), as a function of
a closely packed monolayer on the surface with its alkyl chains the amounts of siRNA (0, 2, 10, 42, and 126 ng; 0, 1.8, 7.0,
embedded in the hydrophobic forest of the sensor chip and the29, and 88 nM or 0, 0.08, 0.3, 1.2, or 3«¥ P) for HelLa (a),
arrayed ammonium groups exposed to bulk water, as has beerlepG2 (b), or Hek293 (c) cells. The saturation-type yield-
confirmed for thel-derived glycocluster compoundg4). [siRNA] profile indicates that octaamink acts as carrier for

Treatment of the resulting-coated sensor chip with siRNA  both pGL3 and siRNA. Thé-mediated expression of luciferase
gave a further increase in RU (Figure 4) as a result of adsorptionbecomes sharply suppressed with increasing amounts of SiRNA
of the siRNA (molecular weight per P or nucleotide, 320) via but not perfectly. Thus, the suppression is evident at 2 ng of
interaction with the ammonium groups on the surface. The SiRNA, reaches a plateau at10 ng with 96-95% silencing,
interaction is strong or practically irreversible, since no notable and remains in that level upon further increase in the amount
dissociation of siRNA adsorbed was observed even after 24 hof siRNA up to 126 ng. The suppression profiles with-a1®%
(ARU = 20). The increase in RU oARUsgna = 700 residual activity are remarkably similar or even superimposable
corresponds to a packing density of 1.3 Pfrmmnan occupation for the three independent cell lines.
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Figure 5. Transfection of HeLa (a), HepG2 (b), and HEK293 (c) cells under cotransfection conditions with siRNA and pGL3 (200 ng) as mediated
by octaaminel (1088 ng). Yields of luciferase in terms of chemiluminescence relative light units (RLU) per mg total protein (top) or percentages

relative to siRNA-free runs (bottom) are plotted as a function of the amounts of siRNA. Data are averages of about five experiments and error bars
represent standard deviations.
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Pretransfection. There are many conceivable explanations in the cells prior to the plasmid may competitively inhibit the
for the incomplete silencing. A simple one would assume that uptake of the latter in a [siRNA]-dependent manner. This could
a small fraction (5-10%) of the cells cotreated with plasmid explain the decreasing yields of luciferase with increasing
and siRNA actually incorporates only the plasmid and no siRNA [siRNA], but this cannot be the case. This is because the uptake
for a statistical reason or as a result of competition between of, and hence the expression of luciferase from, the RNAi-
plasmid and siRNA. There is no way of efficient suppression irrelevant pGL2 is not inhibited at all by the siRNA even at the
in such plasmid{)siRNA(— or A) cells. The questioninamore  highest 126 ng level (Figure 6, black bars). In this context, the
general term is if or not the residua-30% activity arises [siRNA]-dependent suppression of pGL3 under the present
anyhow from insufficient delivery of siRNA. If this is the case, pretransfection conditions should be ascribed to specific RNAI
the performance of the silencer siRNA might be improved when as in the case of cotransfection.
it is introduced in advance to enhance its population in the cells  The similar suppression profiles under the cotransfection and
and towait for its target, i.e., the mRNA coming from the pretransfection conditions can be interpreted as suggesting that
plasmid taken afterward. If this pretransfection method is to cellular uptake of the plasmid and that of the siRNA are
work, the siRNA should be amply stable in the cells and should basically independent of (orthogonal with) each other. There is
not seriously inhibit subsequent cellular uptake of the plasmid. no evidence that the preintroduced siRNA notably inhibits

Thus, under the pretransfection conditions, the cells (HeLa, subsequent uptake of the plasmid. There is no evidence either
HepG2, or HEK293) were treated first with a mixture of SIRNA that the siRNA can be taken in the cells much more efficiently
(0—126 ng) and octaamink (1088 ng) in Opti-MEM for 6 h, when alone under the pretransfection conditions than when in
medium was removed, and the cells were washed fb and combination with the plasmid under the cotransfection condi-
then treated with a mixture of pGL3 (200 ng) and lipofectamine tions. Thus, the siRNA and the plasmid are not competitors with
2000 (500 ng) in Opti-MEM for 6 h, followed by further each other.
incubation for 48 h in a fresh medium of DMEM. It was in Control Runs. A couple of control runs were carried out. In
order to make the siRNA-delivery and plasmid-delivery steps one set of experiments, we used the pGL3-Promoter vector in
distinguishable that we used different carriers for the plasmid place of pGL3; the former lacks the SV40 enhancer sequence
and siRNA. We also used a reference gene contained in plasmidwhich is present in the latter. With pGL3-Promoter, the
pGL2 (6047 base pairs) (Figure 18)( This also encodes nonsuppressed yields of luciferase at siRNA ng were one-
luciferase but the key siRNA-relevant sequence (shown in bold or two-orders of magnitude lowered than those with the
letters) is different from that in pGL3 at three points underlined. enhancer-containing pGL3 vector. Nevertheless, the general
Thus, the mRNA transcribed from pGL2 cannot be a target of siRNA-suppression profile with a-510% residual activity under
the present siRNA. Each transfection mixture was analyzed for both cotransfection and pretransfection conditions (Supporting
luciferase expression efficiency (Figure 6) and for cytotoxicity Information) remained remarkably the same as that shown in
(Supporting Information), as above. An inspection of Figures the bottom panels of Figures 5 and 6. In the other control, we
5 and 6 immediately shows that the overall feature remains carried out the same set of cotransfection and pretransfection
unchanged as regards the general saturation profile and parexperiments using lipofectamine 2000 in place of octaartine
ticularly the persisting 510% activity even at 126 ng of sSiRNA  under the otherwise identical conditions. All the results (shown
for the three different types of the cells. The siRNA introduced in Supporting Information) not only reproduce the90%
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Figure 6. Transfection of Hela (a), HepG2 (b), and HEK293 (c) cells under pretransfection conditions with successive introduction of siRNA by
the aid of octaaminé (1088 ng) followed by that of pGL3 (white bars) or pGL2 (black bars) (200 ng) by the aid of lipofectamine (500 ng). Yields
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are plotted as a function of the amounts of siRNA. Data are averages of about five experiments, and error bars represent standard deviations.
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Figure 7. Optical micrographs (top) and their fluorescence images (bottom) of the DsRed2-expressing HelLa cells treated in Opti-MEM (100

for 6 h. (a) In the presence of neither octaamlneor siRNA, (b) in the presence 4f(500 ng) without siRNA, and (c) in the presencelofs00

ng) and siRNA (126 ng). The fluorescence intensities (in arbitrary unit) normalized by the total protein content of the cell lysate (top) oras relativ
percentages (bottom) are plotted as a function of the amounts of siRNA in panel d. The black bar shows the reference intensity in the presence of
neitherl nor siRNA.

suppression previously reporte@) (but also reveal that the taaminel, the otherwise fluorescent Hebgedo cells were
overall feature with a saturation profil&,(12) is essentially rendered remarkably nonfluorescent (Figure 7c) as a result of
the same as that for octaamiigFigures 5 and 6). Thus, the  siRNA-silencing of the endogenous DsRed2 gene. The sup-
surviving 5-10% activity in the saturation range is neither cell- pression is 84% or 87% in the saturation range of siRNA
sensitive nor carrier-dependent, in accord with a previous report126 ng or 252 ng, as evaluated by referring to relative
(15). fluorescence intensities (Figure 7d). The residual activity ef 13
Silencing of Endogenous GeneSilencing of endogenous  16% of the present endogenous gene is slightly higher than that
gene is practically more significant and allows more direct of 5—10% observed above in case of exogenous luciferase but
evaluation of the performance of siRNA. The target gene here the overall features (Figures 5 and 6 vs 7d) are quite similar to
is that for fluorescent protein DsRed2 stably incorporated in each other.
the genome of HelLa cells. The latter constantly fluoresces at Residual Gene-Expression Activity We have so far inves-
580 nm when excited at 563 nm (Figure 7a). In the presence oftigated the siRNA silencing of the exogenous luciferase gene
the DsRed2-targeting siRNA (126 ng) conjugated with oc- using three cell lines, two expression vectors with or without
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an enhancer, and two carriers under cotransfection and pre-of supply less important? These remain to be better answered.

transfection conditions. Different cells have different transfect- From a practical point of view, controlled timing of introduction

abilities, giving rise to different yields of luciferase at sSiRNA of siRNAs may find its unique application in the sequential

= 0 ng. The amounts of MRNA transcribed can be more directly knockdown of multiple genes, although possible interference

changed by changing the expression vectors for a given cell between similarly sized plasmids and/or siRNAs should be kept

type. The two carriers have different size properties. Octaaminein mind.

1 forms small particles which coat the plasmid or siRNA into

a compact size~30 or ~10 nm, respectively), while lipo- ACKNOWLEDGMENT
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