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Inspired by the nature, the biomimetic nanomaterial design strategies have attracted great interest
because the bioinspired nanoplatforms may enhance the functionality of current nanoparticles. Espe-
cially, the cell membrane-derived nanoparticles can more effectively navigate and interact with the
complex biological microenvironment. In this study, we have explored a novel strategy to rapidly in situ
biosynthesize gold nanoparticles (GNPs) in living platelets with the help of ultrasound energy. Firstly,
under the ultrasound exposure, the biocompatible chloroauric acid salts (HAuCl, ) can be enhanced to per-
meate into the platelet cytoplasm. Then, by the assist of reducing agent (NaBH,4 and sodium citrate) and
platelet enzyme, GNPs were fast in situ synthesized in intra-platelets. The biosynthesized GNPs had a size
of about 5 nm and were uniformly distributed in the cytoplasm. Atomic absorption spectrometry (AAS)
showed the synthesized amount of Au is (12.7 +2.4) x 103 pg per one platelet. The GNPs in platelets
can produce Raman enhancement effect and further be probed for both dark-field microscopy (DFM)-
based imaging and computed tomography (CT) imaging. Moreover, the platelets were not activated and
remained aggregation bioactivity when intra-platelet GNPs synthesis. Therefore, such mimicking GNPs-
platelets with in situ GNPs components remain inherent platelet bioactivity will find potential theranostic

implications with unique GNPs properties.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Nanomaterials have been designed to provide a platform to inte-
grate diagnosis and therapy in biomedical applications because of
their unique performance [1-4]. Due to many excellent properties
such as nano size, surface modification, a high scattering cross sec-
tion and resistance to photobleaching, gold nanoparticles (GNPs)
are widely used for bioimaging, biosensing, as well as photothermal
therapy [5-8]. However, it is found that, a wide range of interesting
characteristics of GNPs are size- and/or shape-related [9]. There-
fore, many chemical preparation methods have been developed to
well control the GNPs’ different sizes and shapes. Tapan K. Sau et al.
utilized seed-mediated growth methods to produce various mor-
phology and dimensions of Au nanocrystals [10]. Xiaohui Ji et al.
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reported the synthesis of gold nanocrystals with different size by
using citrate reduction method [11].

However, for in vivo applications, the naked GNPs can be read-
ily recognized by the immune system, removed from circulation,
and stored in the liver and kidneys [12,13]. In order to achieve
their in vivo effectiveness and targeting manipulation in com-
plex physiological microenvironment, many surface modification
and/or complex fabrication strategies have been developed. Espe-
cially, biological agents including plant tissues, bacteria, fungi, etc.
[14-16] are used to synthesize and modify the surface of GNPs
by providing with natural capping [17]. Besides, utilizing spe-
cial microenvironment of tumor cells, gold nanoclusters had been
biosynthesized in situ in tumor cells to escape the clear of immune
system. Xuemei Wang et al. reported in vivo self-bio-imaging of
tumors through in situ biosynthesized gold nanoclusters [12,18].
These biosynthesized GNPs have many advantages including non-
toxic green chemistry procedures and high cost-effectiveness [19],
which can -engineer GNPs with desired capping to play a role in
specificapplication such as bio-labeling and cancer therapy [20,21].
However, there is no report on in situ biosynthesis of GNPs in nor-
mal cells.
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With the development of biology and biotechnology, cells
including erythrocytes, leukocytes and stem cells are novel drug
carriers that can be engineered as Trojan horse for drug delivery and
cell-based therapy [22,23]. Nanomaterial-loaded engineered cells
are promising theranostic platform due to the natural cell bioac-
tivity. Platelets act as sentinels of circulatory system and perform
many functions such as hemostasis and the repair of endothelium
[24]. Produced by megakaryocytes, platelets have no cell nucleus
but contain organelles needed for protein synthesis [25]. A unique
set of surface natural moieties endow platelets multiple charac-
teristics including immune evasion, sub-endothelium adhesion,
and pathogen interactions [26]. Thus, the platelets have become
natures long-circulating delivery vehicles and have inspired the
design of many platelet-based functional nanocarriers [27-30].
Hu et al. reported the preparation of nanoparticles enclosed in
platelets membrane by adopting a cell membrane cloaking tech-
nique [31], which reduces the uptake by macrophage-like cell and
enhances the therapeutic efficacy when delivering drugs. However,
these membrane cloaking techniques remain some disadvantages.
For example, the enclosed nanoparticles should be pre-prepared
through a complicated process and the platelet membrane derived
by a repeated freeze-thaw process would lose or affect the inher-
ent bioactivity of cell. Moreover, it may exist low cloaking efficiency
during cloaking with nanoparticles [32].

Here, we first explored a novel strategy to rapidly in situ
biosynthesize GNPs in living platelets with ultrasound assistance.
With this method, sufficient amount of GNPs in platelets can be
obtained (about 30 min) without complex procedures and rigor-
ous conditions. Firstly, platelets were mixed with both chloroauric
acid and reducing agent. Assisted by ultrasound exposure and
platelet intracellular enzyme, GNPs can be synthesized in the
inner side of platelets. Rapid synthesis of GNPs under mild con-
ditions makes it possible to maintain natural characteristics of
the living platelets. The presence of GNPs in platelets has been
confirmed by UV-vis absorption spectrum, atomic absorption spec-
trometry (AAS), energy dispersive X-ray spectroscopy (EDS) and
transmission electron microscope (TEM). The effects of platelets
on morphology, protein components and aggregation perfor-
mance were investigated by scanning electron microscope (SEM),
flow cytometry, protein electrophoresis and spectrophotometric
method respectively. Such Trojan horse-like platelets with in situ
intracellular GNPs components remained natural platelets’ bioac-
tivity, as well as their biomedical applications for surface enhanced
Raman scattering (SERS) [33], computed tomography (CT) [34] and
dark field microscopy-based optical imaging [35] due to the exis-
tence of unique GNPs properties.

2. Experimental
2.1. Materials and instruments

Chloroauric acid (HAuCly), sodium citrate and sodium borohy-
dride (NaBH4) were purchased from Sigma Aldrich, USA. Unexpired
(in-dated) human type O-platelet rich plasma (PRP) in acid-citrate-
dextrose (ACD) was obtained from Zhongda hospital affiliated
to Southeast University. Milli-Q water was used throughout the
experiment. Ultrasound exposure was provided by an ultrasonica-
tor (DM200, Shenzhen DIMIP Technology Co., Ltd., China).

2.2. Biosynthesis of gold nanoparticles in platelets

PRP was centrifuged at 3000 r/min for 5 min at room temper-
ature to remove plasma fraction. Platelets were resuspended in
equivalent volume of 0.9% sodium chloride solution. GNPs were
prepared by NaBH,4 reduction of HAuCly in the presence of sodium

citrate. HAuCl4 was added into platelet suspension at concentration
o0f24.28 mM. Samples were divided into two groups: one group was
subjected to ultrasonic treatment for 60 s using the ultrasonicator
(1.00 MHz, 0.25 W/cm?) with pulse wave at pulse duration time of
1 ms, which is defined as US-GNPs-PLTs group; Another group was
without ultrasound exposure, which is defined as GNPs-PLTs group.
Then both the platelets suspensions were mixed with sodium cit-
rate and fresh sodium borohydride at concentration of 10 mM and
5mM respectively. The mixtures were incubated with shaking at
37°C for 30 min. After reaction, platelets were separated from GNPs
in solution by centrifugation at 3000 r/min for 5 min. After 5 times
repeated washes, platelets were suspended in saline to obtain the
GNPs loaded platelets.

2.3. Characterization of gold particles in platelets

The size distribution of engineered platelets was analyzed by
using a 90Plus Particle Size Analyzer (Brookhaven Instrument Cor-
poration). Platelets loading GNPs were lysed with hydrochloric acid
and characterized through UV-vis spectroscopy using a UV-3600
spectrophotometer (Shimadzu, Japan). The weight content of GNPs
synthesized in platelets was determined by using anatomic absorp-
tion spectrometer (model 180-80, Hitachi, Japan). The morphology
of platelet was studied with a scanning electron microscope (SEM,
FEISirion-200, USA) working under acceleration voltage of 1.00 kV.
An energy-dispersive X-ray spectroscope (EDS) attached to the
SEM was used to analyze the platelets composition. The intracellu-
lar distribution of GNPs in platelets was studied by transmission
electron microscope (TEM) as follows. Platelets were first fixed
by 2.5% glutaraldehyde at room temperature for half an hour, and
subsequently embedded in epon (Sigma-Aldrich, MO, USA). Then
the sample was ultrathin sectioned and stained with 1 wt% uranyl
acetate before imaging by TEM (JEOL, JEM-2000EX, Japan).

2.4. Side scattering measurement by flow cytometry

Side scattering measurement can be used to analyse the cellular
nanoparticle. After synthesis of GNPs, platelets were collected and
washed 5 times. The cell pellet was resuspended in 0.9% sodium
chloride solution and analyzed by flow cytometry (BD, USA) by
measuring the side scatting intensity (SSC). At least 10000 cells
were analyzed for each treatment. Results were analysised using
software Flow]Jo 7.6.

2.5. Platelet aggregation assay

Aggregation of platelets was assessed using a spectrophotomet-
ric method as reported [31]. PLTs, GNPs-PLTs and US-GNPs-PLTs
were resuspended in 0.9% sodium chloride solution (1 mL) and
transferred into 24-well plates. 500 L of human thrombin (Sigma
Aldrich, USA) at concentration of 100IU/mL was added into the
suspensions. Absorbance at 650 nm was immediately recorded by
TeCan Infinite M200 reader over time. Platelet aggregation was
observed based on the reduction of turbidity. Each sample was
assayed in replicate (n=3).

2.6. SDS-PAGE electrophoresis

PLTs were lysed by cell lysis buffer for Western and IP (Bey-
otime Biotechnology, Haimen, China) with equal volume. Then
they were normalized to equivalent overall protein concentration
using a SDS-PAGE Assay Kit (Beyotime Biotechnology, Haimen,
China). Identification of key membrane proteins by SDS-PAGE elec-
trophoresis with 10% separation gel and 5% spacer gel (Beijing
Liuyi Instrument Factory, China). The completed gel was stained
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Fig. 1. Cell pellets photographs of platelets (a); UV-vis absorption spectra of GNPs-PLTs and US-GNPs-PLTs (b); X-ray energy-dispersive spectroscope of US-GNPs-PLTs (c);
atomic absorption spectrometry results of PLTs, US-GNPs-PLTs and GNPs-PLTs, respectively (d).

by Coomassie Blue Staining Solution for 1.5 h (Beyotime Biotech-
nology, Haimen, China). The de-staining solution was prepared by
ethanol (250 mL, 95%) and glacial acetic acid (80 mL) and the time
of de-staining was approximately for 3 h.

2.7. SERS enhancement assay

Natural platelets and platelets after synthesis of GNPs were
studied with SERS. The platelets suspension (0.1 mL) was placed
onto a glass slide. SERS spectra were obtained using a Ren-
ishaw Invia Raman spectrometer, equipped with a Leica DMI300 B
inverted microscope and a Peltier-cooled charge coupled device
(CCD) detector. Power at the sample was 2-3mW for a 1-2 um
laser spot size. Spectra were recorded between 1000 and 200 cm™~!
at a resolution of 1-2cm~! and the laser exposure for each scan
was ten seconds. The extracted data were further analyzed using
Origin version 8.0.

2.8. Dark field imaging

Dark field optical imaging of platelets after synthesis of GNPs
was studied by using an inverted microscope (Carl Zeiss, USA) with
adigital camera. The platelets suspensions were placed onto a clean
glass slide forimaging studies. Platelets were observed with a white
light source with a high numerical aperture objective (NA 0.8,40x).
Then platelets were imaged in reflection mode which resulted from
scattered light from GNPs in platelets.

2.9. CTimaging

Natural platelets and engineering platelets were washed 5 times
with saline. Approximately 2.5 x 106 cells of each sample were
resuspended and centrifuged at 3000 r/min for 5 min to obtain cell
pellets. CT data were acquired using In vivo Micro-CT Hiscan-M 1000
(Multimodality Molecular Imaging System for Small Animal, South-
east University). Imaging parameters were as follows: voltage,

80KkV; current, 0.5 mA. Reconstruction and volume rendered three-
dimensional (3D) images were obtained using 3D Med 4.6 software.

2.10. Statistical analysis

Statistical analysis was conducted by at least three repeated
experiments. A p-value less than 0.05 (*p <0.05, n=3) was consid-
ered to be statistically significant.

3. Results
3.1. Synthesis of gold nanoparticles in platelets

Fig. 1a showed the cell pellets photographs of natural platelets
(PLTs), platelets after GNPs synthesis (GNPs-PLTs) and platelets
after GNPs synthesis with ultrasonic treatment (US-GNPs-PLTs)
after centrifugation. Platelets were washed repeatedly to remove
the GNPs in solution. It revealed that pellets turn from yellow to
wine red after synthesis of GNPs, confirming that lots of GNPs were
successfully synthesized in platelets, not only in solution.

To further verify the synthesis of intracellular GNPs, the
engineered platelets were lysed and studied by UV-vis absorp-
tion spectrum. Fig. 1b showed the UV-vis absorption spectra of
GNPs-PLTs and US-GNPs-PLTs. Both the engineered platelets with
(US-GNPs-PLTs) and without ultrasound exposure (GNPs-PLTs)
showed absorption at 550 nm, which was the characteristic absorp-
tion of Au nanoparticles. The results confirmed the synthesis of
GNPs in platelets. Besides, absorption intensity of US-GNPs-PLTs
was higher than that of GNPs-PLTs (0.72 and 0.57 for US-GNPs-
PLTs and GNPs-PLTs respectively), implying the difference caused
by ultrasound.

Fig. 1c showed the energy dispersive X-ray spectroscopy (EDS)
of the engineered platelets. The elements of C,N, O, P and S could be
easily distinguished, respectively, which originates from the cells.
Atom Si in EDS pattern originated from the silicon slice for sup-
porting SEM specimens. Au components could be found in both
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US-GNPs-PLTs and GNPs-PLTs, but not exited in natural platelets
(Fig.S1). The calculated atom contents of Au are 0.03% and 0.04% for
GNPs-PLTs and US-GNPs-PLTs respectively (from a random region
of 1 wm x 3 wm). The result of EDS further demonstrated the pres-
ence of Au in platelets.

Atomic absorption spectrometry (AAS) was used for the quan-
tification of Auin platelets, which was shown in Fig. 1d. Synthesized
Au content in each platelet was calculated by dividing the amount
of Au measured with AAS by platelets counts. The amount of

iOO nm

Fig. 2. TEM images of ultrathin section of PLTs (a), GNPs-PLTs (b) and US-GNPs-PLTs (c), and their 5 times magnifications of green circle respectively (d-f). (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Au in GNPs-PLTs and US-GNPs-PLTs were (12.3 +2.2) x 10-3 and
(12.74+2.4) x 1073 pg per one platelet respectively, while no Au
existed in natural platelet. The large deviation may due to the
complex biological microenvironment in living cell, which directly
influences the in situ synthesis of Au content in intra-platelets.
The amounts of Au synthesized in GNPs-PLTs and US-GNPs-PLTs
showed no significant difference, which indicated that ultrasound
exposure did not change the amount of GNPs synthesized in
platelets.
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3.2. Intracellular distribution of gold nanoparticles in platelets

The intra-platelet GNPs distribution was further visualized by
TEM, which was shownin Fig. 2. In Fig. 2a, natural platelets revealed
well-developed tubular system with no cell nucleus. After GNPs
synthesized in situ, platelets remained original shape and struc-
ture with no obvious finger-like projections extending from the
cell, which indicates platelets were not activated (Fig. 2b and c).
GNPs were successfully synthesized in the inner side of platelets.
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Many GNPs were located around the cell membrane (show as blue
arrows). Besides, more particles were well dispersed in the cyto-
plasm of platelets (show as red arrows).

Fig. 2d-f showed the magnifications of local region in green cir-
cles. Specially, vesicles containing GNPs were not readily observed,
indicating that particles didn’t mainly enter cells via endocytosis.
Many of GNPs were appeared near tubular system which is con-
nected to the surface platelet membrane, implying that GNPs were
synthesized from Au ions passing across cell membrane. As shown

PLTs US-GNPs-PLTs

Fig. 3. Flow cytometric analysis of platelets analyzed by side scatting (a) and SSC mean average of PLTs, GNPs-PLTs and US-GNPs-PLTs(b). SEM images of PLTs (c), GNPs-PLTs

(d) and US-GNPs-PLTs (e).
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Fig.4. Platelet aggregation assay. The PLTs, GNPs-PLTs and US-GNPs-PLTs were mixed with thrombin respectively followed by spectroscopic examination of solution turbidity

(a). Protein bands results resolved using gel electrophoresis (b).



390 J.Jin et al. / Colloids and Surfaces B: Biointerfaces 163 (2018) 385-393

in Fig. 2c and f, with ultrasonic exposure during synthesis, the indi-
vidual particle inside cells had a size of about 5 nm with very few
aggregation, while most GNPs aggregate and have a bigger size of
about 40 nm in cytoplasm in GNPs-PLTs group. Mono-dispersion of
GNPs in cytoplasm indicates that ultrasound-assisted membrane
permeability enhancement is beneficial for Au ion uniform dis-
tribution within the cell to prevent aggregation of synthesized
nanoparticles.

3.3. Cellular GNPs loading analysis by SEM and flow cytometry
measurement

The side scattering (SSC) measurement of platelets was used
to further study the cellular loading of GNPs. The presence of
nanoparticles can change cellular granularity, causing significant
changes in the side light scattering. Fig. 3a showed the SSC results
of PLTs, GNPs-PLTs and US-GNPs-PLTs, respectively. Nanoparticles
were loaded in both GNPs-PLTs and US-GNPs-PLTs, as shown by
the increase of side scatting compared with natural platelets. The
peak value of side scatting shifts right in both GNPs-PLTs and US-
GNPs-PLTs compared to natural PLTs. This result further indicates
that GNPs were successfully loaded in platelets.

Fig. 3b showed the statistic SSC mean value of PLTs, GNPs-PLTs
and US-GNPs-PLTs, respectively. The SSC value of GNPs-PLTs and
US-GNPs-PLTs are significantly higher than PLTs. Besides, the peak
of US-GNPs-PLTs has more horizontal displacement than GNPs-
PLTs, and there is significant difference between GNPs-PLTs and
US-GNPs-PLTs (p<0.05). This phenomenon indicates that ultra-
sound exposure has a certainly impact on GNPs synthesis, which
is consistent with the results of TEM.

Moreover, the SEM images were used to observe the surface
change of platelets, which were shown in Fig. 3c-e. Platelets
revealed biconvex discoid (lens-shaped) morphology and about
1 wm in diameter. After synthesis of GNPs, no obvious pseudopodia
were found and platelets were not activated, which was agreement
with TEM results. Surface of US-GNPs-PLTs was rougher than that of
PLTs and GNPs-PLTs, implying that ultrasound exposure improves
membrane permeability to synthesize GNPs in intra-platelets.

3.4. Influences of platelet after gold nanoparticles synthesis

Further, we investigated the influence of synthesis process on
the platelets. The mean size of the PLTs and GNPs-PLTs were
1.7+0.2 and 1.5+ 0.4 wm, respectively. There was no significant
difference. Zeta potential of GNPs-PLTs was - 5.47 +0.28 mV, a bit
higher compared with PLTs of - 7.94 +0.76 mV. It is may be due to
the presence of GNPs on cell membrane.

Aggregation performance is an important physiological char-
acteristic of platelets, which is important for hemostasis and
thrombosis process. Platelet aggregation has been the gold stan-
dard for evaluation of platelet function in vitro [36]. Fig. 4a showed
the aggregation of PLTs, GNPs-PLTs and US-GNPs-PLTs mixed with
thrombin, respectively. Addition of thrombin led to a decrease in
absorbance over time in both GNPs-PLTs and US-GNPs-PLTs as
natural platelets. It indicated that platelets maintained biological
activity, and could be activated by thrombin. Both GNPs-PLTs and
US-GNPs-PLTs exhibit the same aggregation tendency. The degree
of platelets aggregation was lower in GNPs-PLTs and US-GNPs-
PLTs compared to natural platelets, indicating the aggregation
performance indeed can be affected by synthesis of GNPs. No sig-
nificant difference between GNPs-PLTs and US-GNPs-PLTs reveals
that ultrasound has little effect on platelet aggregation.

Platelets contain rich membrane protein content, including
immunomodulatory proteins, CD47, CD59, and transmembrane
proteins, GPIba, GPVI19, which is associated with platelets func-
tions. Protein components were examined by gelelectrophoresis
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Fig. 5. SERS detection revealed surface enhanced Raman scattering in both GNPs-
PLTs and US-GNPs-PLTs.

and shown in Fig. 4b. The protein bands of GNPs-PLTs and US-GNPs-
PLTs are similar to natural platelets. Ultrasound-assisted rapid
synthesis of GNPs in situ did not cause the change of protein com-
position and resulted in membrane protein retention.

3.5. Surface-enhanced Raman spectroscopy

Gold nanoparticles can serve as substrates for surface-enhanced
Raman scattering (SERS)-based detection because of their surface
plasmon resonance (SPR)-induced optical and spectroscopic prop-
erties [37]. Raman spectrum of PLTs, GNPs-PLTs and US-GNPs-PLTs
were shown in Fig. 5. Peak at 718 cm~'was C—N vibration of polar
head in phospholipids molecules [38]. Peak around 644 cm~! was
assigned to tyrosine from proteins. Peak at417 cm~! was attributed
to vibration of Fe—0—0 [38]. After GNPs were synthesized, char-
acteristic peaks of platelet were enhanced as shown in spectrum
of GNPs-PLTs and US-GNPs-PLTs. This result proved that the GNPs
synthesized in platelets can be used as medium for surface-
enhanced Raman scattering. Besides, peaks in US-GNPs-PLTs were
enhanced more significantly than in GNPs-PLTs, suggesting that
more effective cross sections were produced after ultrasound expo-
sure.

3.6. Dark field imaging and CT imaging of platelets

The dark-field microscopy (DFM)-based imaging of GNPs in
platelets was investigated. A population of platelets after synthe-
sis of GNPs are shown in Fig. 6a-d, which were bright-field and
dark-field images of GNPs-PLTs (Fig. 6a and b) and US-GNPs-PLTs
(Fig. 6¢ and d) respectively. Platelets remain round without pseu-
dopodia, and did not aggregate in Fig. 6a and b. Dark-field images
highlights around platelets, which agreed well with the distribu-
tion of GNPs. The optical DFM results demonstrate GNPs can be
rapidly synthesized in most of platelets. The scattering intensity
of dark-field images was increased more significantly in US-GNPs-
PLTs compared to GNPs-PLTs, which confirms the positive role of
ultrasound in GNPs synthesis process. Thus, the fast synthesized
GNPs can serve as useful probes for DFM-based imaging of platelets.

Gold nanoparticles possess favorable X-ray attenuating prop-
erties due to their high density and high atomic number [39]. CT
imaging of platelets was carried out in vitro. Fig. 6e showed the CT
images of cell pellets of PLTs, GNPs-PLTs and US-GNPs-PLTs respec-
tively. White dots were significantly obvious in platelets pellets
(show as red dotted line) and confirming that sufficient amount
of GNPs synthesized in platelets. The CT signal intensity of GNPs-
PLTs and US-GNPs-PLTs was 1.28 and 1.35 times of that PLTs (Table
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Fig. 6. Images of GNPs-PLTs and US-GNPs-PLTs under white light microscopy (a, b) and dark-field microscopy (c, d). The images of a-d were captured with the 40 times
magnification. CT images of PLTs, GNPs-PLTs and US-GNPs-PLTs (e).

Fig. 7. Schematic diagram of ultrasound-assisted rapid in situ synthesis of gold nanoparticles in platelets.
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S1), demonstrating the remarkable CT contrast signals provided by
GNPs of platelets.

4. Discussion

We proposed a possible mechanism of ultrasound-assisted rapid
in situ biosynthesihs of gold nanoparticles in living platelets as
shown in Fig. 7. Rapid penetration across cell membrane, diffu-
sion and sequestration in cytoplasm of AuCl,~ are thought as the
first step of reaction. Investigations had reported that noble metal-
centred anions could cross cell membranes and react as electron
acceptors inside cells [40]. For platelets, one important factor is that
it contains rich membranes derived from megakaryocytic smooth
endoplasmic reticulum and they organized into a dense tubular sys-
tem inside cell [41]. This dense tubular system is connected to the
surface platelet membrane and thus it is greatly expanded the con-
tact area of platelet and external environment. Then, the addition of
NaBH,4 may initiate Au (0) seeds forming close to cell membranes
and tubular system. It is clear from TEM images (Fig. 2) that the
small or initial formation of GNPs occurs extremely close to cell
membranes. Rapid and continuous synthesis of GNPs in cytoplasm
may contain the activation of redox actors in enzymatic pools,
resulting bigger size of GNPs in platelets cytoplasm. It reported
that enzyme such as NAD(P)H-oxidases and NO-synthases [42,43]
located in cytoplasm are effective actors in the reduction of Au (III)
salts. During reaction, US exposure helps the sufficient amount of
ions penetrating into the cytoplasm, resulting in small size and a
better uniform distribution in the cytoplasm.

5. Conclusion

In conclusion, we have constructed a novel strategy of rapid
and in situ synthesis of GNPs in living platelets. Due to rich mem-
branes system in platelets, reactant ions can permeate easily into
cells under ultrasound exposure. GNPs with size of about 5 nm were
synthesized, which locates near tubular system including around
membranes and in cytoplasm. Such mild reaction condition makes
it possible for platelets to keep their natural hemostasis bioactivity.
The biosynthesized GNPs in platelets can produce Raman enhance-
ment effect and be probed by DFM-based imaging and CT imaging.
Such mimicking GNPs-PLTs are expected to avoid recognition by
the immune system in the future biomedical applications.
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