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A protein-based nanoparticle containing cell penetrating peptides
(CPPs) and enhanced green fluorescent protein (EGFP) was
developed through genetic engineering method. In addition to
high stability and good biocompatibility, this fluorescent protein
nanoparticle also displayed preferential tumor accumulation,
indicating the potential application in tumor imaging and anti-
cancer drug delivery.

Due to the enhanced permeability and retention (EPR) effect
of nanoparticles, a great number of nanoparticles for tumor
targeting and bioimaging have been developed for diagnosis
and therapy during the past decade.” For tumor-targeting, the
nanoparticles were usually equipped with targeting molecular
(aptamer, peptides, antibodies and others).2 While for tumor
imaging, fluorescent molecules, contrast agents and other
imaging moiety were loaded or conjugated to various
nanopaticles.3 However, the decoration or conjugation usually
requires complicated chemical synthetic and purified steps, it
is challenging to develop fluorescent nanoparticles
straightforward way for tumor targeting and
simultaneously.4

Protein nanoparticles have attracted great interests in
drug delivery and tumor imaging owing to their nature source,
good biocompatibility, high tuning ability and easy
production.5 Although the potential immunotoxicity could be
caused by some protein material, no immune response was
reported until now in the studies of albumin, gelatin, zein and
casein protein nanoparticles.6 Up to now, the researchers have
successfully developed various nanostructures including virus-
like particles (VLPs), nanocages, nanodiscs, and others based
on natural or synthetic protein materials.”® For example,
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Flenniken and his colleagues showed that small heat shock
protein from Methanococcus jannaschii could self-assemble
into nanocage with a diameter of 12 nm.? Liang et al. had
developed a cell-specific targeting nanoparticle based on
human ferritin.’® Vazquez and his co-workers had showed a
protein nanodisk assembled from a fusion protein including
green fluorescent protein (GFP) and nine arginines (R9).8
Cespedes et al. reported a protein nanoparticle with high
stability in vitro and in vivo, which was self-assembled by T22-
GFP-He.™

Cell-penetrating peptides (CPPs), also named protein
transduction domains (PTDs), are a class of short peptides (less
than 30 amino acids) which could transport efficiently across
cell membrane into cells.”> The first discovered CPPs, Tat
sequence, derived from HIV-1 encoded TAT protein (48-60).
Tat peptides have been used as vectors for small molecules,
nucleotides and proteins.13 Moreover, Tat peptides are also
used to improve the cellular uptake of some nanoparticles
such as liposomes, polymer micelles, mesoporous silica, gold
nanostars, and others.™ Recently we developed a fluorescent
protein nanoparticle from Tat peptide, enhanced green
fluorescent protein (EGFP), and a hexahistidine. These protein
nanoparticles were prepared from the fusion protein of H6-
TatEGFP." Tat peptides and hexahistidine, fused at N-terminal
of EGFP protein, confer protein monomers with a strong
positive charge which promote self-organization of monomers
into monodisperse protein nanoparticles. In this study, we
investigated the stability of this protein nanoparticle and the
biodistribution in vivo after injection intravenously.

The nanoparticles were prepared by gene engineering
method and obtained in dilution solution after protein
purification. The size and morphology of nanoparticles were
analysed by transmission electron microscope (TEM). As
shown in Fig. 1A and Fig. S1, the particle sizes of H6-EGFP and
H6-TatEGFP were 11.7 nm and 13.5 nm, respectively. The
structures of the protein nanoparticles were further confirmed
by atomic force microscopy (AFM) in Fig. 1B. These results
indicated the well-organized protein nanoparticles from H6-
EGFP and H6-TatEGFP proteins.
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Fig. 1 TEM (A) and AFM (B) images of H6-EGFP and H6-TatEGFP
protein nanoparticles. AFM analysis was done in liquid with a
tip radius of 10 nm, so the width (but not the high) of the
nanoparticles is inherently overestimated.
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Fig. 2 Stability analysis of H6-EGFP and H6-TatEGFP proteins in
mouse plasma (A) and serum (B) by monitoring fluorescent
emission.

In our previous work, we had shown the siRNA condensing
activity and siRNA delivery abilities of H6-TatEGFP protein
nanoparticles Considering the EPR effect of
nanoparticles, it is interesting to study the behaviors of these

. . 15
in vitro.

fluorescent nanoparticles in vivo. We first investigated the

2| J. Name., 2012, 00, 1-3

stability of H6-EGFP and H6-TatEGFP proteins in mouse plasma
and serum by monitoring the fluorescence emission as used in
Ce’spedes’ s report.11 The fluorescence intensity of both H6-
EGFP and H6-TatEGFP proteins decreased to about 40 % in
mouse plasma after 24 h of incubation. While more than 60 %
of fluorescence decreasing was observed in mouse serum after
24 h (show in Fig. 2). The decreased fluorescence may be
attributed to the proteolytic activities in serum and plasma,
which did great damage to the structure of protein monomer.
The failure in maintaining monomer structure may finally lead
to the decreased fluorescent intensity and disruption of
nanostructures. This result shows two proteins nanoparticles
displayed moderate stability even in serum and plasma.
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Fig. 3 The distribution of RhB-BSA, H6-EGFP and H6-TatEGFP
proteins in H22 xenograft-bearing mice at 2 h post injection. (A)
Rhodamine-B and GFP fluorescent signal registered ex vivo in
mouse heart, liver, spleen, lung, kidney, brain and tumor 2 h
after iv administration; (B) Quantitative determination of
fluorescence intensity in analyzed organs; (C) The ratios of
tumor-to-organ calculated from fluorescence intensity. T/Li:
tumor to liver; T/Sp: tumor to spleen; T/Lu: tumor to lung; T/Ki:
tumor to kidney; T/Br: tumor to brain.

Nowadays Tat peptides have been widely used in promoting
cell delivery of various types of cargoes. Tat peptides, which
were used as targeting moiety, usually decorated in surface of
nanoparticles to improve nuclear translocation.’® In this study,
we next studied in the
biodistribution of protein nanoparticles. The biodistribution of
H6-EGFP and H6-TatEGFP protein nanoparticles in vivo after
tail vein administration was carried out by using xenograft-

if Tat domain were involved

bearing mice. Rhodamine-B labelled bovine serum albumin
(RhoB-BSA) was used as a negative control for EPR effect. The
emission spectra of RhoB-BSA, H6-EGFP and H6-TatEGFP
proteins are showed in Fig. S2. Due to the different molecular
weight of three proteins, 500 © g H6-EGFP and H6-TatEGFP
proteins and 2 mg RhoB-BSA were injected into xenograft-
bearing mice. After 2 h of administration, main organs
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including heart, liver, spleen, lung, kidney, brains and tumor
were carefully excised and their fluorescent signals were
recorded by fluorescent imaging system (CRI Maestro 500FL).
As shown in Fig. 3A, nearly no signal of three proteins in heart
and spleen was detected; while obvious fluorescent signals of
RhoB-BSA, H6-EGFP and H6-TatEGFP were observed in liver
and kidney, indicating the uptake by reticular-
endothelial system (RES) and renal clearance of three proteins.
Interestingly, there were significant differences in tumor
accumulation of three proteins. H6-TatEGFP and H6-EGFP
protein nanoparticles displayed preferential tumor distribution
as shown in Fig. 3B and 3C (especially the ratio of tumor-to-
organ), confirming the EPR effect of nanoparticles. Considering
the Tat peptides (YGRRARRRRRR) difference between H6-
TatEGFP and H6-EGFP protein nanoparticles, we speculated
that Tat sequence may play a key role in promoting tumor
accumulation of nanoparticles.

Tat peptides had been widely used in improving the
cellular uptake of nanoparticles during the past decade.”
However, to the best of our knowledge, no report about the
tumor-targeting property of Tat was found. Tat sequence was
just decorated on the surface of nanoparticles in most studies,
which was self-assembling process of
nanoparticles. In our study, the Tat sequence plays a key role

not involved in
in formation of nanostructures.”> The mechanism of Tat
sequence in tumor-targeting remained to be uncovered.

In summary, we had developed a tumor-targeting protein
nanoparticle based on H6-TatEGFP fusion protein. This protein
nanoparticle displayed high stability in mouse plasma and
serum. More importantly, our protein nanoparticle could
preferentially accumulated in tumor after tail
administration. Our study highlights the potential application
of our fluorescent protein nanoparticle for tumor imaging and
drug delivery.
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