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Abstract

Development of efficient non-viral gene delivery vector has aroused great attention in the past few
decades. In this study, we reported a new gene delivery vector, positively charged fluorescent conjugated
polymer nanoparticles (CPNPs), for efficient gene transfection and in-situ intracellular fluorescence
imaging. The microscopic and spectroscopic characterizations demonstrated that these CPNPs possess
decent fluorescence performance (e.g. with fluorescence quantum yield of 70.7+0.3%) and small size
dimension of ~3.6+0.3 nm (DLS result). Fast and efficient cellular translocation capability was observed
according to the time-dependent living cell imaging experiments. Nearly all of the cells were loaded with
CPNPs after co-incubation for 2 h regardless of the cell type. In comparison with the commonly used
gene delivery vector, lipofectamine 2000 (with gene transfection efficiency of 55+5% for pEGFP), the gene
expression efficiency with the positively charged CPNPs (70+3% for pEGFP) was improved significantly.
Intracellular fluorescence imaging results demonstrated that the CPNPs could actively assemble close to
the periphery of nuclei. Disassembly was not observed even 36 h later, which greatly facilitates releasing
of pDNA close to the periphery of nuclei and thus promotes the gene transfection efficiency.

Key words: Conjugated polymer nanoparticles; Gene delivery; Single particle imaging; Living cell imaging;
Fluorescence microscopy.

Introduction

Gene therapy, a technique using foreign nucleic
acid (such as plasmid, minivector DNA or siRNA) as
medicine to repair defective genes, has shown great
potential to treat human diseases that occur from
defective genes like «cystic fibrosis, macular
degeneration, Parkinson’s disease, and different types
of cancers [1-4]. The development of efficient gene
therapy strategies has thus aroused great attention
during the past few decades [5-7]. Viral vectors such
as adenoviruses and retroviruses are commonly used
in gene therapy owing to the high efficiency of
cellular translocation as well as the non-selectivity
toward cellular membrane [5,8]. Although most of the

viral vectors are uniquely suited for gene transfer as
they can penetrate cell membranes via direct fusion or
endocytosis, their routine use in both regular research
laboratories and clinical settings are greatly limited
due to safety concerns such as undesirable immune
response, risk of tumorigenesis and insertional
mutagenesis [8]. As a consequence, exploring non-
viral gene delivery materials has continuously
received considerable attention because these
materials can be structurally varied, are relatively
safe, and have an ability to carry large and diverse
genetic materials into cells.

Until now, a number of studies involving
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non-viral gene delivery systems, such as cationic
lipids having one or two hydrophobic tails,
polycations, dendrimers and histones, were carried
out [9-16]. Results demonstrate that non-viral gene
delivery would be a potential approach for the
treatment of genetic diseases. For example, enhanced
gene delivery and siRNA silencing by gold
nanostructures coated with positively charged
molecules were readily achieved in either in vitro or
in vivo studies [17-19]. Peng et al. also demonstrated
that amphiphilic poly(-amidoamine) PAMAM
dendrimers could be served as effective vectors for
siRNA delivery in diverse disease models [20,21].

However, some studies have shown that changes
in protein expression following transfection via
non-viral materials can be highly variable. The
variability in protein expression is believed to reflect
endosomal sequestration which lead to subsequent
nucleic acid damage and thus reduced levels of
exogenous protein expression [22-26].

Recent studies have demonstrated that
association of nucleic acid to the nanoparticle surface
(i.e. gold and silica) could result in improvement in
protein yields which has been hypothesized to be due
to reduced endosomal degradation of the nucleic acid
[27,28]. Generally, as an efficient gene delivery vector,
three major trafficking barriers need to be overcome:
(1) the passage of DNA across the plasma membrane,
(2) protection and release of DNA molecules, and (3)
the passage of DNA cross the nuclear membrane. On
this basis, the effectiveness of gene transfection is
difficult to study without visualizing the exact
transport noninvasively. Exploring intracellular
movement may offer deep insight into the precise
mechanism of non-viral gene delivery. Therefore,
there is a urgent need to develop sensitive and
noninvasive methods that could be performed to
overcome the challenges of gene therapy such as
utilizing nano-dimensional materials to carry genes
across cellular membrane barriers and exploiting
unique optical (or magnetic) properties for
noninvasive and spatiotemporal molecular imaging.

In this work, we demonstrated a novel
nanoparticle, small size and positively charged
fluorescent conjugated polymer nanoparticle (CPNP),
for the efficient gene delivery as well as real-time
fluorescence imaging. Through nanoprecipitation of
fluorescent conjugated polymer (i.e. PFBT) with
zwitterionic lipid molecules (propylene glycol amine
cationic lipid) together, positively charged CPNPs
were obtained with § potential of +46.8 mv. This
positively charged nanoparticle exhibits greatly
improved fluorescence quantum yield and small size
dimension. Fast and universal cellular translocation
capability was observed according the comprehensive
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cellular uptake experiments. 100% cellular loading
efficiency was observed after co-incubation of the
nanoparticle with the cell for 2 h. Furthermore, in
comparison with the typically adopted gene delivery
vector, lipofectamine 2000 (with gene transfection
efficiency of 55+5% for pEGFP), the gene expression
efficiency was improved significantly (70+3% for
PEGEFP). Due to the attractive optical and biological
performances of these CPNPs, they may find broad
applications for nucleic acid delivery in future
applications of therapeutic genes or RNAs.

Materials and Methods

Chemicals and Materials

pEGFP (enhanced green fluorescent protein
plasmid) and pDsRed (red fluorescence protein
plasmid) were gifted from Prof. Dr. Shuanglin Xiang
(Hunan Normal University, college of life science).
Propylene glycol amine cationic lipids with different
length of carbon tails (R12, R14, R16 and R18) were
gifted from Prof. Dr. Youlin Zeng (Hunan Normal
University, Chinese patent: #201110444269.5). The
chemical structure of propylene glycol amine cationic
lipid and PFBT are show in Figure S1. Lipofectamine
2000 was obtained from Invitrogen Ltd. (Paisley, UK).
Poly [(9,9-dioctylfluorenyl-2,7-diyl)-alt-co-(1,4-benzo-
(2,1',3)-thiadiazole)] (PFBT) was purchased from
American Dye Source, Inc. (Quebec, Canada).
Dimethyl sulfoxide (DMSO), 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide (MTT),
anhydrous tetrahydrofuran (THF) and other
chemicals not mentioned were purchased from
Sigma-Aldrich (St. Louis, Mo, USA).

Fabrication of Positively Charged Polymer
Nanoparticles

The CPNPs were synthesized based on the
nanoprecipitation method [29,30]. Typically, 10 pL of
R16 (10 mg/mL in THF) and 10 pL of PFBT (1 mg/mL
in THF) were added to 1 mL of THF solution in a vial.
This mixture was then quickly injected into 6 mL of
deionized water under vigorous sonication at room
temperature. THF was then removed by blowing the
sample with nitrogen and heated at 85 °C for 2 h.
After the reaction was completed, the solution was
gradually cooled down to room temperature and then
filtered through a 0.22 pm filter to remove aggregates.
The aqueous solution was further purified by
ultrafiltration (ultrafiltration tube, MWCO: 10 kDa)
three times at 7500 rpm for 10 min to remove the
excess chemicals in the solution and then
concentrated to 1.5 mL by centrifugation. The solution
was stored at 4 °C before use.
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Cell Culture and Cellular Uptake Experiments

Hek 293, Mat, MCF-7, PC-3 and HelLa cells were
purchased from American Type Culture Collection
(ATCC, Manassas, VA, USA). Before the cellular
uptake studies, the cells were maintained in Dulbecc-
o’s modified Eagle’s medium (DMEM, Gibco, Thermo
Fisher Scientific Inc.) and supplemented with 10%
fatal bovine serum (Gibco, Thermo Fisher Scientific
Inc.) at 37 °C/5% CO; in a humidified atmosphere.
Cells were seeded at a density of 1 x 105cells per dish
within a 35 mm culture dish and cultured overnight to
reach an appropriate cell density.

For the cellular uptake experiments, 20 pL of
CPNPs (100 pg/mL) was added to the cell culture
dish and co-incubated with the five types cells as
noted above for 2 h at 37 °C. Prior to the fluorescence
imaging experiments, the medium was removed, and
the cells were washed with PBS buffer twice to
remove nonspecifically bound CPNPs on the cell
surface.

Gene Delivery with CPNPs

All of the CPNPs/pDNA (pEGFP and pDsRed)
complexes were freshly prepared before gene
transfection experiments. By using Hek 293 cell line (a
human embryonic kidney cell line) as a gene
transfection model, Hek 293 cells were seeded at a
density of 4.0 x 104 cells within 35 mm culture dish
and cultured overnight to reach an appropriate cell
density. 4 pg CPNPs and 0.80 pg pDNA (the optimum
CPNPs/pDNA ratios according to the gel retardation
assay) were mixed together in 100 pL OptiMEM
medium for 30 min at room temperature. Then, the
complexes were diluted with 1 mL fresh serum-free
DMEM and incubated with the cells for 4 h. After that,
1 mL of complete culture medium was added to each
well and the cells were further cultured for 36 h.
pEGFP and pDsRed expressed in those cells were
characterized by an inverted fluorescence microscope
(Ti-U, Nikon, Japan). As a control, a commercial
transfection reagent, Lipofectamine 2000, was used to
compare the transfection efficiency with CPNPs. The
procedures for gene transfection are the same as the
guidelines provided by the company. Typically, 3 pL
of Lipofectamine 2000 was mixed with 0.8 pg plasmid
DNA to form the cargo/pDNA complex in 100 pL
OptiMEM medium for 30 min at room temperature.
The subsequent steps are the same as noted above for
CPNPs based transfection experiments.

Results and Discussion

Fabrication of Positively Charged CPNPs

Nanoprecipitation, and mini-emulsion are two
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commonly adopted methods for the fabrication of
water-soluble fluorescent CPNPs with hydrophobic
conjugated polymer [29-34]. Compared with the
mini-emulsion method, nanoprecipitation is a more
convenient method. The polymer nanoparticles made
by this method typically exhibit good colloidal
stability, bright fluorescence, versatile surface
chemistry as well as high product yield [29,34]. Due to
the attractive chemical and optical merits, these
polymer nanoparticles have been applied to
bio-imaging, single particle tracking as well as
chemical sensing. In the present study, we
demonstrated a small size, bright as well as positively
charged CPNPs for gene delivery based on the
nanoprecipitation method, Figure 1a.

An amphiphilic lipid molecule, propylene glycol
amine cationic lipid (see the supporting information
Figure S1), was utilized as the ligand molecule to
synthesize positively charged CPNPs. By changing
the length of the carbon tail, the hydrophobicity as
well as the fluidity of this compound can be readily
modulated. Figure 1b shows the fluorescence spectra
of CPNPs made by cationic lipids with different
carbon tail lengths. Extending the length of the carbon
tail, the fluorescence intensity of CPNPs increased
accordingly, indicative of an improved fluorescence
QY. This improved fluorescence performance might
be partly owing to the reduced aggregation state
inside the polymer core [35]. For regular CPNPs
without ligand molecules, the fluorescence QY
normally reduced drastically after the nanopreci-
pitation process due to the nearby interchain or
intrachain m orbital stacking, which results in
non-radiative species across the polymer chain, such
as excimers, aggregates, and defects. Reminiscent
optical ~performance improvement after the
introduction of multidentate amphiphilic compounds
was also observed before [36,37]. It is worth to note
that the fluorescence QY of the CPNPs made by this
method is greatly improved in contrast to the regular
CPNPs. The highest absolute fluorescence QY of the
CPNPs reached 70.7+0.3% when using the cationic
lipid molecule with carbon tail length of 16. Here we
noted the compound as R16. This greatly improved
QY is mainly ascribed to the fraction of hydrophobic
part, which increases significantly when using small
molecules instead of polymeric structure. As a
consequence, the state of o orbital stacking could be
alleviated, further reducing the rate of non-radiative
way. To characterize the surface charge of CPNPs, §
potential was measured and summarized in Figure
1c. All of CPNPs made by this method exhibit highly
positive charge (> +30 mV), indicative of good
colloidal stability in aqueous surrounding.
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DLS Size (nm) | § potential (mv) QY (%)
Control 23.6+0.6 -28.0+1.2 36.1+1.0%
R=12 6.81+0.4 36.3+0.8 57.6+0.6%
R=14 42+0.3 36.41+1.6 63.4+0.5%
R=16 3.6+0.3 46.8+0.9 70.7+0.3%
R=18 3.7+0.2 37.9+1.1 65.8+0.8 %

Figure 1. a) Schematic illustration of the procedures for positively charged CPNPs fabrication. b) Ligand dependent (with different carbon tail length noted as R12,
R14, R16 and R18 respectively) fluorescence emission spectra of positively charged CPNPs. The black line shows the control CPNPs prepared without the ligand
molecule, propylene glycol amine cationic lipid. €) The DLS, £ potential and fluorescence QY of the CPNPs as noted in figure b).

Optical Performance of the Fluorescent
CPNPs

Since CPNPs made by the ligand of R16 exhibit
superior QY and strong surface charge, in the
following experiments, we focused on this kind of
CPNPs and explored its optical performance as well
as biological application capability. As demonstrated
in Figure 2a, this positively charged CPNPs dispersed
separately in the TEM image with diameter around
340.6 nm. The good colloidal stability of these CPNPs
is largely due to the superior positive charge on the
particle surface, resulting strong electrostatic
repulsion force. The microscopic size characterization
is in good accordance with the ensemble
spectroscopic result, DLS measurement (~3.6£0.3 nm),
Figure 2b. To monitor the gene delivery process, the
brightness and fluorescence stability against
photoblinking of the vector are two essential
prerequisites for fluorescence-based imaging. A

typical epi-fluorescence image of these CPNPs on the
cover glass surface is shown in Figure 2c. Individual
bright spots with comparable fluorescence intensity is
observed with a laser power of 2 mW and exposure
time of 20 ms. Under this imaging condition, the
averaged signal-to-noise ratio of this CPNPs reached
20, which is satisfactory for single particle tracking
application. Furthermore, the fluorescence stability of
these CPNPs against photoblinking is characterized.
Representative fluorescence intensity tracks as a
function of time from individual spots on the
fluorescence image are shown in Figure 2d. Distinct
from other quantum-sized fluorescent materials, i.e.
inorganic semiconducting Qdots [38,39], metal
clusters [40,41], and fluorescent proteins [42], these
small size CPNPs demonstrated good optical stability
for single particle imaging, Figure S2.

For biological imaging applications, the pH as
well as salt concentration of the surrounding will be
changed greatly in a tempo-spatially dependent
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manner. In this regard, besides the single particle  microscopic characterizations, we further explored
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Figure 2. a) TEM image of the CPNPs fabricated with the ligand of propylene glycol amine cationic
lipid with the carbon tail length of 16 (R16). b) and c) are the DLS and fluorescence microscopic
image of the corresponding CPNPs. d) Representative single particle fluorescence intensity tracks as
a function of time in figure c).
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Figure 3. Fluorescence stability characterization of CPNPs made by the ligand of R16. The relative
fluorescence intensity of CPNPs, a) under different pH solutions, b) inside KCl solution with different
concentrations, and c) under DI water as a function of time. d) The cytotoxicity of CPNPs (with Hek
293 as the model) as a function of mass concentration evaluated by MTT colorimetric assay.

the fluorescence stability of CPNPs
against environmental disturbances at
ensemble scale, ie, pH and salt
concentration. Interestingly, the CPNPs
exhibit decent fluorescence stability in a
broad pH range, Figure 3a. Even under
extremely acid and basic surroundings,
the CPNPs still maintained good
fluorescence brightness. Similar
phenomenon was also observed under
high salt solutions. No quenching effect
was noted when the salt concentration
reached 2 M, Figure 3b. These decent
colloidal and optical performances
would be greatly ascribed to the
compact and hydrophobic core together
with the strong surface charge, which
play a significant role in shielding the
quenching species. Moreover, it is worth
to note that these CPNPs could be stored
for a long time without noticeable
aggregation. The fluorescence intensity
of these CPNPs kept constant even for
30 days when stored at 4 °C.

Cellular Cytotoxicity,
Translocation Efficiency, and
Selectivity of CPNPs

Cytotoxicity is an important issue
that needs to be characterized before the
gene transfection study. In this regard,
the cytotoxicity of CPNPs as a function
of mass concentration was evaluated by
MTT colorimetric assay in comparison
with a blank control [43,44]. As
indicated in Figure 3d, the cell viability
is more than 94% at the concentration of
4.0 pg/mL (the dosage used for the
subsequent gene transfection
experiments). Further increasing the
concentration, slight decrease in cell
viability was noted. Even 2 fold increase
in the dosage of the sample only resulted
in 15% of cell death, indicating a good
biocompatibility. In contrast to lipo2000,
CPNPs display improved
biocompatibility under the similar mass
concentration Figure S3.

Next, it is also essential to
understand the cellular translocation
efficiency and selectivity of the CPNPs
toward different types of cells.
Typically, the cellular uptake process for
nanoparticles is controlled by some
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factors such as size, shape, surface chemistry and so
on, which collectively determine the cellular
translocation mechanism [45-47]. For positively
charged nanoparticles, the electrostatic association
between the negatively charged cell membrane and
CPNPs will promote the subsequent cellular
internalization but will not guarantee an efficient
uptake process. As a gene delivery cargo for the
further guiding of DNA toward the nuclei, it is
important to elucidate the cellular uptake efficiency.
On this account, five kinds of cells were co-cultured
with the CPNPs for 2 h and then imaged with a
fluorescence  microscope, Figure 4a. Green
fluorescence was noted from all of the cells
independent of the cell type, indicative of an excellent
cellular internalization efficiency. This universal and
efficient cellular translocation efficiency might be
largely attributed to the small size dimension as well
as the positive surface charge of the nanoparticle.
These two factors play a synergistic effect on the
membrane translocation process, which could be
either energy dependent or independent.

To further disclose the detailed cellular uptake
mechanism, a control experiment was conducted to
co-culture the CPNPs with HeLa cell at 4 °C. Under
this condition, the energy-dependent endocytosis
pathways, e.g. clathrin and caveolae mediated
endocytosis, are almost inhibited. Figure 4b and 4c
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illustrate the fluorescence images of the cells
co-cultured with CPNPs for 2 h at 37 and 4 °C
respectively. Noticeable difference in the fluorescence
intensity between these two sets of images was
observed. Obviously, the cellular uptake process is
more efficient under 37 °C. Around 10-fold increase
was observed according to the quantitative
fluorescence intensity analysis. However, it is worthy
of note that, even the energy-dependent endocytosis
process was inhibited; few CPNPs can still be
observed inside the cell. Besides the temperature

control experiment, we also modulated the
endocytosis process with different drugs ie,
dynasore (an inhibitor of clathrin-mediated

endocytosis by deactivating dynamic-GTPase) and
genistein (an inhibitor of caveolae-mediated
endocytosis by deactivating isoflavone tyrosine
kinase), Figure S4. Under one of the drug treatment,
the cellular uptake efficiency decreased in contrast to
the results at 37 °C without drug treatment. No
complete inhibition was noted. However, a more
efficient inhibition effect was observed when both of

these two drugs treated with the cells simultaneously.
These results together demonstrated that multiplexed
cellular uptake mechanisms involve in the membrane
penetration process, i.e.,
penetration and so on.

endocytosis, physical

Figure 4. The cellular uptake efficiency assay. a) Five kinds of cells were co-cultured with the CPNPs for 2 h and then imaged with a fluorescence microscope.
Pictures from left to right are the bright-field, fluorescence and merged microscopic images respectively. b) and c) are the fluorescence images of the cells co-cultured

with CPNPs for 2 h at 37 and 4 °C respectively.
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Figure 5. The gene expression results after co-cultured the nano-vector with Hek 293 cell for 36 h. i)
EGFP+CPNPs, ii) DsRed+CPNPs, iii) EGFP+Lipofectamine 2000, iv) DsRed+Lipofectamine 2000. Pictures from
left to right are the bright-field, fluorescence and merged microscopic images respectively.
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together in a set of different
ratios. The pDNA binding
ability toward the CPNPs was
then studied by gel
electrophoresis assay. As shown
in Figure S5, when the ratio
(CPNPs/pDNA, w/w) was
smaller than 5, evident DNA
band (stained with EB) toward
the anode was observable after
20 min, indicative of a
negatively charged complex
moving toward the anode. In
other words, under these
conditions, the surface charge of
the pDNA/CPNPs composites
is negatively charged.
Normally, a negatively charged
surface is not favorable for cell
membrane penetration in the
absence of recognition antibody
because of the electrostatic
repulsion barrier formed by the
cell membrane.

On this account, we chose
the composite with a mass ratio
of 5 for the following gene
transfection experiment. Figure
5 shows the gene expression
results after co-cultured the
nano-vector  (loaded  with
pEGFP) with Hek 293 cells for
36 h. Noticeable green
fluorescence was observed from

Gene Delivery with CPNPs

Typically, for gene delivery, the nucleic acids
need to be coated onto the surface of the nanocargo
via chemical or physical association. Herein, through
electrostatic interaction, the negatively charged
nucleic acid could self-assemble onto the CPNPs
surface. Normally, the plasmid DNA (pDNA) to
nanovector ratio is an important parameter, which
directly determines the membrane penetration
efficiency as well as nucleic acid loading efficiency. To
achieve high gene transfection efficiency, a balance
between these two processes should be established.
According to the previous experimental results, the
best condition is achieved when the whole surface
charge of the vector is neutralized after loading with
nucleic acid. From this consideration, we mixed
CPNPs with pDNA (by using enhanced green
fluorescent protein plasmid as a model, pEGFP)

the cells with an expression
efficiency of 70+3%. In contrast
to the standard control,
lipofectamine 2000 (55+5%), the transfection efficiency
is noticeably higher under the same transfection
condition. It was found that the gene transfection was
independent of the type of pDNA applied. Not only
for pEGFP, an efficient expression of pDsRed (65+5%,
a red fluorescent protein plasmid) was also observed
by using CPNPs as the vector under the same
transfection condition. Furthermore, besides the Hek
293 cells, we also explored the gene delivery
capability on Hela cells. As noted in Figure S6,
evident red fluorescence was observed after
co-incubated the cell with the composite of
CPNPs/pDsRed for 42 h. The excellent gene
transfection efficiency as well as non-selectivity
toward the type of pDNA enables the promising
applicability of these positively charged CPNPs for
diverse types of nucleic acid delivery, including gene
silence.
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Intracellular Trafficking of CPNPs

To further understand details about the decent
gene transfection efficiency from the CPNPs, we
examined the intracellular behavior (i.e. transport,
and localization) in living cell with fluorescence
microscopy. After co-cultured the cell with the CPNPs
for 2 h, evident green fluorescence from the CPNPs in
the cytosol appeared, Figure 6, indicative of a
successful internalization process. Upon close

Figure 6. The tempo-spatially resolved microscopic images of CPNPs inside the cell. Pictures from left to right are the
bright-field, fluorescence and merged microscopic images of the cells. After internalized by the cell, CPNPs inside the
cytosol could gradually assemble close to the periphery of the nucleus as time goes on.
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inspection of the magnified image, Figure S7, the
fluorescence within the cell was not evenly
distributed. Individual bright spots randomly
dispersed in the cytosol with distinct fluorescence
intensity, which is noticeably brighter than individual
CPNPs. This observation is in accordance with the
above observed results that endocytosis is the major
pathway for cellular uptake process. These assembled
clusters would be due to the vesicle entrapment effect
after the endocytosis
process. As time goes on,
some of the vesicles fused
together and gradually
assembled  around the
nuclei. Similar kind of active
motivation was noted in the
case of TAT-modified gold
nanoparticles [48]. Motor
proteins-assisted direct
movement plays a key role
in the redistribution of
CPNPs inside the cell.
However, it is worthy of
note that, after assembling
on the periphery of nuclei,
the CPNPs were not
dispersed quickly as
observed in the case of gold
nanoparticles. Even 36 h
later, the majority of CPNPs
still located around the
nuclei. These observations
demonstrated that, during
the translation process, the
membrane of the vesicles
would be broken up. Motor
proteins on the cytoskeleton
will no more drag the
vesicles moving inside the
cell actively.

To further confirm this
point, we stained lysosome
with Lyso-Tracker Red and
then imaged the cell with
green and red channel
simultaneously, Figure 7.
Initially (4 h), most of the
green fluorescent spots
could be co-localized with
the red color stained
lysosomes well. However,
when checked the sample at
12 h, co-localization
gradually disappeared,
indicative of the escape of
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CPNPs from the vesicle. Normally, endosome
escaping is one of the limiting steps for gene delivery.
To achieve an efficient gene transfection process,
several strategies have been developed based on
chemical or physical stimulations such as pH and
temperature [49]. It is worth to point out that, in this
case, without introducing external stimuli, the CPNPs
could effectively escape from the endosomes.
Previous studies have demonstrated that amine group
functionalized nanoparticles could break up the
vesicle membrane via a proton sponge effect [25,26].
In order to show when CPNPs separate from pDNA,
we applied a model to mimic this process (the pPDNA
is not easy to label). That is labeling a positively
charged polymer molecules (poly acrylic acid, PAA)
with red dyes (Alexa 594-NHS) and then monitor the
time-dependent releasing process inside the cell. The
zeta potential of this composite was also adjusted to
that comparable with the composite of CPNPs/pDNA
with the ratio of 5 (3.6 mV). Initially, the fluorescence
signal from the green (CPNPs) and red (dye-labeled
pDNA) channels could be overlapped together,
Figure S8. Around 24 h later, some of the green dots
were separated from the red dots, indicative of the
releasing of the negatively charged polymer from the
surface of CPNPs. As a consequence, the good cellular
uptake efficiency, time dependent nuclei target
capability and the endosome membrane disruption
ability together contribute to a high efficiency to
translocate pDNA into the cytosol close to the nuclei
and subsequently promote the gene expression
efficiency.
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Conclusion

In summary, we demonstrated a positively
charged small size fluorescent conjugated polymer
nanoparticle for efficient gene delivery as well as real
time intracellular fluorescence imaging. The CPNPs
were made by nanoprecipitation of the conjugated
polymer with propylene glycol amine cationic lipid
together, resulting in a positively charged & potential
(i.e,, +46.8 mv for R16). Fast and universal cellular
translocation capability was observed according the
comprehensive cellular uptake experiments. Nearly
100% cellular loading efficiency was achieved after
co-incubation of the nanoparticle with the cell for 2 h.
In comparison with the commonly used gene delivery
vector, lipofectamine 2000, the gene expression
efficiency was improved significantly. Intracellular
fluorescence imaging results demonstrated that the
CPNPs could actively assemble close to the periphery
of nuclei. Disassembly was not observed even 36 h
later, which greatly facilitates releasing of pDNA close
to the periphery of nuclei and thus promotes the gene
transfection efficiency. Owing to the merits as
described above, the CPNPs demonstrated herein
would afford a promising non-viral platform for
therapeutic nucleic acids delivery in the future.
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