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ABSTRACT 

Last decades various imaging techniques have been applied in biological and biomedical research, such as magnetic 
resonance imaging, different types of tomography, fluorescence/bioluminescence, ultrasound, as well as multimodality 
approaches. Fluorescence imaging, especially in combination with nanoscale materials, is a very prospective tool for 
experiments in vivo and clinical applications due to its high temporal and spatial resolutions. Fluorescent nanoparticles 
(NPs), having ability to interact with biomolecules both on the surface of and inside the cells, may revolutionize the cell 
imaging approaches for diagnostics and therapy. In our investigation we report about new method of cell imaging with 
fluorescent bi-metallic NPs synthesized by chemical reduction of the relevant ions. As the model of living organism, the 
cells of yeast Hansenula polymorpha were used. All NPs in minimal concentration (up to 0.05 mM) was proved to be non-
toxic for yeast cells. The NPs and NPs-modified cells were characterized with the methods of UV-VIS spectroscopy, 
scanning electron microscopy, atom force microscopy, transmission electron m icroscopy and fluorescence microscopy. 
The bimetallic NPs, possessing the stable fluorescence in solution and inside the cells, allow to observe the phenomenon 
of NPs transferring from parental to daughter cells through at least three generations followed by releasing from the 
modified cells. The fluorescent NPs synthesized being small, non-toxic and fluorescent was shown to be perspective tool 
for cell imaging. 
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1. INTRODUCTION  

Metal NPs, consisting of one metal, metal oxides or composite of several metals, have received much attention 
as a building block of advanced materials for nanoscience and nanotechnology, especially in various imaging techniques 
for medicine [1-8].  

 Metal colloids can be obtained through different physics -chemical methods [9-12] as well as wet chemistry 
methods and “green synthesis” [13-16]. The small size of NPs allows for sufficient mobility by Brownian motion and 
specificity in molecular interactions. Functionalized NPs of noble metals, having the strong optical absorption and 
fluorescence, can be applied as markers for microscopic investigation in cell biology as well as for detecting molecular 
interaction and labeling biochips [17-18].  

 Core-shell metal NPs possess unique optical, electronic, magnetic and catalytic properties [11, 17-20]. Binary 
silver and gold NPs can be used in particular for addressing different optical channels in the visible spectrum. The shift of 
the plasmonic band is affected by the ratio between contents of Ag and Au, the shape and the size of the binary particles, 
and the distribution of the two metals inside the particle [21]. Thus, a different plasmon absorption is obtained if both of 
the metals are forming core/shell particles with Au(core)/Ag(shell), Ag(core)/Au(shell) or an ally [22-25].  

 NPs have large surface areas in comparison with bulk metals, and energy states are distinct, which results in a 
growth in fluorescence emission spectra [26-29]. The fluorescence emission spectra of Au(core)/Ag(shell)-NPs were 
investigated and the quasistatic and local field theory describing the fluorescence emission property was developed [30]. 
This suggests that an interaction between two kinds of monometallic NPs make possible to produce novel NPs.  

 Fluorescent metal nanoclusters (FNCs) born a new class of fluorophores , very attractive due to their unique 
electronic structures and the subsequent unusual physical and chemical properties [4]. The size of metal NCs 
approaches the Fermi wavelength of electrons, between metal atoms and NPs, resulting in molecule-like properties 
including discrete energy levels, size-dependent fluorescence, good photostability and biocompatibility. These excellent 
properties make FNCs (mainly including Au, Ag, Cu, etc .)  ideal fluorescent probes for biological application with a look at 
the future challenges, especially for controllable drug delivery [4, 31-34].  

 However, many relevant issues remain open. These include the molecular mechanisms governing the NPs–cell 
interactions, the physics-chemical parameters underlying their toxicity to different types of cells, the lack of standard 
methods and materials, and the uncertainty in the definition of general strategies to develop effective chips and devices 
based on NPs [35-41].  

 In this paper we describe the simple procedures of synthesis and characterization of NPs of noble metals , their 
influence on living cell and demonstrate the perspectives of NPs application . As result of investigation, a new method of 
cell imaging with fluorescent NPs on the model of yeast cell was proposed. 

2. EXPERIMENTAL PROCEDURES  

2.1. Chemicals 

Tetrachloroauric acid trihydrate, sodium citrate, sodium borohydride, cetyltrimethyl ammonium bromide (CTAB), 
ascorbic acid, silver nitrate, D-glucose, sodium hydroxide, inorganic salts, chloroform and Butvar solution B-98 were 
purchased from Sigma-Aldrich, USA. All buffers and standard solutions were prepared using the water purified by the Milli-
Q system (Millipore).  

2.2. Synthesis of nanoparticles  

Nanoparticles (NPs) and nanowebs (NWs) were synthesized by the reduction of metal ions from appropriate salts 
according to the known methods in our modifications [42-43]. Conditions of NPs and NWs synthesis are presented in the 
Table 1. NPs or NWs were collected by centrifugation under 10000 g for 40 min (Hettich Micro-22R centrifuge), washed 
with water and precipitated by centrifugation. Pellets were suspended in 0.2 mL of water and stored till exploitation at +4 
ºC.  

Table 1 Methods of chemical synthesis of nanoparticles 

Type of NPs Reaction mixture and conditions  
Color 

of NPs 

AuNPs 

 

1.25 mL 1 mM HAuCl4  + 0.125 mL 38.8 mM trisodium citrate; stirring for 5 min 
at 100ºC 

wine-red 

*AuNPs 

 

0.145 mL 58.5 mM HAuCl4  + 10 mL 10 mM CTAB stirring vigorously + 0.8 mL 
100 mM sodium borohydride; 

stirring for 2 h at 20ºC 

 

violet 
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AuNWs 

 

0.145 mL 58.5 mM HAuCl4  + 10 mL 10 mM CTAB stirring vigorously + 0.8 mL 
100 mM sodium borohydride; 

incubation without stirring for 24 h at 20ºC 

dark blue 

AgNPs 
0.1 mL 150 mM AgNO3 + 25 mL 30 mМ D-glucose + 

0.35 mL 50 mМ NaOH; stirring for 20 min at 20ºC 
dark yellow 

Au-core/Ag-shell-
NPs 

0.01 ml 100 mM ascorbic acid  + 0.5 ml 10 mM AgNO3  + 5 ml 0.9 mM AuNPs  + 
0.15 ml 100 mM NaOH; 

incubation without stirring for 24 h at 20ºC 

 

dark 

red 

*Au-core/Ag-shell-
NPs 

0.01 ml 100 mM ascorbic acid  + 0.5 ml 10 mM AgNO3  + 5 ml 0.9 mM *AuNPs  + 
0.15 ml 100 mM NaOH; 

incubation without stirring for 24 h at 20ºC 

 

violet 

Ag-core/Au-shell-
NPs 

10 ml 0.25 mM HAuCl4 +0.5 ml 100 mM CTAB + 

0.05 ml 100 mM ascorbic acid; vigorous  mixing for 1 min, followed by adding 5 ml 
3 mM AgNPs  and 

incubation without stirring for 24 h at 20ºC 

 

violet 

Ag-core/*Au-shell-
NPs 

10 ml 0.25 mM HAuCl4 +0.5 ml 100 mM CTAB + 

0.05 ml 100 mM ascorbic acid; vigorous  mixing for 1 min, followed by adding 10 
ml 3 mM AgNPs  and 

incubation without stirring for 24 h at 20ºC 

 

red 

 

2.3. Cells  

The recombinant yeast strain Hansenula polymorpha NCYC 495-pGAP1-HsARG1-(leu2car1 Sc:LEU2), 
constructed in the Institute of Cell Biology, NAS of Ukraine, was used in investigation [42]. The cells of this strain (further 
– cells), over-express the HsARG1 gene, coding for human liver arginase I (further – arginase). These cells were 
applied in our experiments as the model of living organism.  

Cultivation of the cells was performed in Erlenmeyer’s flasks (volume 500 ml) as described earlier [44]. 110 ml 
of liquid media in flask were inoculated by cells from the early stationary growth phase in concentration of 50 μg/mL. 
Yeast cells for inoculation were taken from plates with agar Burkholder medium.    

The grown cells were separated by centrifugation and washed twice with 30 mM phosphate buffer, pH 7.5 (PB).  
Activity of arginase in cell-free extracts of disrupted cells was determined in a two-step reaction: 1) enzymatic 
conversion of L-arginine to ornithine and urea and 2) photometric registration of urea content by the colorimetric method 
[42]. 

2.4. Interaction of nanoparticles with cells  

 To study cellular toxicity of NPs synthesized, cells were grown in the presence of NPs in solid and in liquid 
media (see 2.3). For this aim aliquot of fresh-grown cell’s suspension (0.1 mL, with concentration 5 µg/mL) was put on 
plate with agar. Each plate (d=85 mm) contained agar supplemented by different NPs in various concentrations. Plates 
were incubated at 30 °C during 3 days and tested visually on cells growth. 

To modify by different NPs, the cells after 1 day cultivation in liquid medium  (to the biomass about 3 mg/mL) 
were supplemented with NPs till the concentration of 0.05 mM (calculated on noble metal content) and were incubated 
for 4 days. As the control, cells incubated in medium without NPs were used. Aliquots of cell’s suspension were taken 
every day during experiment and fractionated by centrifugation. Both pelle t and supernatant as well as initial NPs were 
analysed by UV-VIS spectroscopy on Shimadzu UV-1650 PC spectrophotometer. Colloids of NPs and suspensions of 
NPs-modified cells were imaged by microscopic methods, described below. Each experiment was performed  in triplicate 
and repeated at least three times.  

2.5. Microscopic imaging  

2.5.1. Atomic Force Microscopy (AFM) 

 The size and structure of NPs were studied by atomic force microscope Solver P47-PRO (NT-MDT). An aliquot 
of  the tested sample was spread on the surface of freshly-cleaved mica, dried and analyzed in air using the tapping 
mode with a resonance frequency of 160 kHz, scan rate of 1 Hz/s and resolution of 256×256 pixels.  
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2.5.2. Scanning electron microscopy (SEM)  

A Scanning Electron Microscope (SEM-microanalyser REMMA-102-02, Sumy, Ukraine) was used for 
morphological analyses of samples on a graphite rod (thickness – 0.5 cm, diameter – 0.5 cm). The special cover film on 
the samples with a Butvar solution B-98 (Sigma, St. Louis, MO, USA) in 1.5% chloroform was formed using an 
ultrasound method.  In experiments the distance from the last lens of the microscope to the sample (WD) ranged from 
17.1 mm to 21.7 mm; the accelerator voltage was in the range from 20 to 40 eV; zooms were from 2500 to 10000.   

2.5.3. Fluorescence microscopy (FM) 

An inverted fluorescence microscope (Axio Lab. A1., Carl Zeiss, Germany) with excitation by a mercury vapor 
arc lamp (X-Cite series 120Q) was used for samples imaging. The filters set was composed by Fluorescein 
isothiocyanate (FITC), 4', 6-Diamidino-2-phenylindole (DAPI), Texas Red and Cyanine 5 azide (Cy5). To prepare testing 
sample, an aliquot 10 µL of water-diluted probe was placed on a glass slide and covered with cover-slip (12 mm-
diameter).  

2.5.4. Transmission electron microscopy (TEM) 

NPs analysis was carried out as described earlier [42]. For the cells analysis, samples were fixed in 1.5 % 
aqueous solution of KMnO4 for 20 min at room temperature followed by post-fixation with 1% OsO4 cacodylate buffer for 
90 min at 0 ºC. The samples were dehydrated by mixing with corresponding solutions containing increasing 
concentrations of ethanol with final incubation in acetone. Samples were embedded in Epon 812. Ultrathin sections 
were sliced in an ultramicrotome UMTP-6 (Sumy, Ukraine) contrasted with lead citrate and examined with electron 
microscope PЕM-100 (Sumy, Ukraine) at 75 kV. The final magnification of the micrographs was 10  000.  

3. RESULTS AND DISCUSSION 

 To develop a new method of cell imaging, we have carried out the following tasks : to synthesize NPs of noble 
metals; to study toxicity of these NPs on the model of yeast cell; to screen fluorescence ability and to test a storage 
stability of the synthesized NPs both in solution and inside the cell.  

3.1. Study of the synthesized particles with SEM and XRM 

In our study mono (Au, Ag) and bi-metallic (Au/Ag and Ag/Au) NPs were synthesized with the simple chemical 
methods as described in 2.2.  

To characterize the synthesized NPs, the methods of scanning electron microscopy (SEM) with X-ray 
Microanalysis (XRM), atom force microscopy (AFM), UV-VIS spectroscopy and fluorescence microscopy (FM) were 
applied. The results of these experiments should let us find out whether the synthesized product is really nano -sized?  

To get the quick estimation of the sizes metallic particles synthesized and to study their composition, SEM 
microscopy and XRM analysis were done.  

As described earlier [42-43], the average diameters (dav) of all monometallic NPs and AuNWs estimated by 
SEM are about 100 nm. XRM data of these NPs proved the forming of Au

0 
and

  
Ag

0 
compounds, with characteristic 

peaks  Kα at 2.1 keV and 3.0 keV, respectively.  

 dav, estimated with SEM for the freshly-synthesized bi-metallic NPs, are about 100 nm, too (data not shown).  
The XRM image of Au/AgNPs (Figure 1) confirms the presence of Ag

0
 and Au

0
, proving the formation of both AgNPs and 

AuNPs, respectively. After 21-day storage intensity of the Au
0
 peak decreased while the  Ag

0
 peak  got  higher, probably 

as a result of AuNPs masking under shell of AgNPs (Figure 1). Thus, the XRM data confirmed the formation of the 
core/shell bi-metallic NPs, namely, Au(core)/Ag(shell).  

The XRM images of the Ag/AuNPs show the characteristic peaks for Ag
0
 and Au

0
 indicating the formation of 

both AgNPs and AuNPs (Figure 1). After 21 days of the storage the ratio of Ag and Au peaks changed in comparison 
with fresh-prepared bi-metallic NPs. The specific for Ag

0
 Kα peak became higher, indicating the full coverage of AuNPs 

with AgNPs. Thus, the XRM data confirmed the formation of the Ag (core)/ Au (shell) NPs.  

The stability of colloids was reported to enhance after coating them with noble metal NPs [20, 30, 45]. 
According to the SEM and XRM data, during 21 days of storage, the synthesized Au/AgNPs was shown to be 
satisfactory stable. At the same time, dav of Ag/AuNPs increased to 500 nm as result of aggregation of the synthesized 
Ag/AuNPs. 

 Thus, we suggest the simple methods of two-step chemical reduction of ions from appropriate inorganic salts for 
the obtaining of core/shell bimetallic NPs (see Table 1). The proposed approach may be useful for obtaining of different 
novel core-shell structured bi-metallic and three-metallic NPs.  
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Figure 1: X-ray-spectral characteristics of bi-metallic NPs after  1st (a, c) and 21st (b, d ) days of the storage  at +8 ºC:  
Au/АgNPs (a, b) and Аg/AuNPs (c, d). 

3.2. Characterization of the NPs with AFM 

To estimate the exact sizes and to study the morphology of  the NPs synthesized, methods of TEM, powder 
XRD analyses and AFM were applied as described earlier [35]. The average diameters of Au NPs and AgNPs were 
shown to be less than 20 nm and diffraction peaks parameters of these NPs can be perfectly indexed into the cubic 
crystalline structures. The crystallite sizes were calculated from the main diffraction peaks as described earlier: for 
AuNPs dav is 8.1 nm [42] and for AgNPs − 17.0 nm. 

Figure 2 shows AFM images (a-b) and Gaussian distribution by size (c) of the synthesized Au/AgNPs and 
Ag/AuNPs in comparison with AuNPs [42]. The morphology of the AuNPs (d av =16 nm) was shown to be almost smooth 

and their surfaces were homogeneous (Figure 2-1). In case of both bi-metallic NPs, the values of dav were not higher 
than 20-25 nm, but their surfaces were rather heterogeneous (Figure2-2,3) as a result of NPs aggregation. Still some of 

the tested bi-metallic NPs did have bigger dav, the largest of them was estimated to be 160 nm. 

 

Figure 2: AFM micrographs (a, b) and Gaussian distribution by size (c) of AuNPs (1), Au/AgNPs (2) and Ag/AuNPs (3) 
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3.3. Optical properties of the NPs  

UV-VIS absorption spectra was shown to be quite sensitive to formation of metallic colloids  [23, 30]. The 
synthesized NPs of noble metals exhibited intense absorption peaks, as the result of the surface Рlasmon excitation, of 
yellow, red, orange and violet colours (see Figure 3 and Table 1).  

 The fresh-synthesized monometallic AuNPs and AgNPs (after 1-day storage at +4ºC) show intensive plasmonic 
absorption bands at 525 nm and 410 nm, respectively (see Figure 3 a, b), that are typical for the corresponding NPs [19, 
23, 30]. The stability of monometallic NPs during 21 days is satisfactory according to UV-VIS study (Figure 3 a, b). On 
the contrary, the spectra of the AuNPs and AgNPs, kept during 3 weeks, demonstrated sharper and higher peaks of 
corresponding NPs, than the initial ones of the fresh-prepared nanocolloids. These changes may be explained, probably, 
by formation of nano-crystals of AuNPs and AgNPs (according to XRD-data). 

The characteristics of metal NPs was shown to be altered by the addition of other metals [20, 45]. The 
wavelength of the absorption peak can be tuned if Ag and Au are integrated in binary metal NPs [11, 18, 20].  

Plasmonic-based colour switches proved to be affected by the ratio between Ag and Au, the shape and the size 
of the binary NPs, and the distribution of the two metals inside the particle [46]. In case of thickness-controlled synthesis 
of core–shell structured NPs, the surface condition of the outer metal can be tuned as a function of the inner metal 
surface, provided that the outer shell is thin enough [32].  In our study we demonstrated, that if the AuNPs were coated 
with Ag under Au(core)/Ag(shell)NPs formation (see Figure 3 d), the absorption band would shift the solution changed 
from red to orange. As contrast, covering AgNPs with AuNPs resulted in change of the solution’s colour from yellow to 
violet. The plasmonic absorption for Ag(core)/Au(shell)NPs is dominated by Au and shifts from 410 nm to 590 nm (Fig ure 
3 c). The shift of absorption bands at much higher wavelengths (from 525 to 590 nm for hybride NPs with dominated 
AuNPs) may be explained by formation of larger than initial or non-spherical NPs [8, 17, 47-48]. The absorption peaks 
specific for Au/AgNPs change drastically during 21-day storage from 395 nm and 495 nm to 385 nm and 505 nm, 
respectively (Figure 3 d). These changes may be explained by nano-crystals formation. 

 

Figure 3: Absorption spectra of AuNPs (a), AgNPs (b), Ag/AuNPs (c) and Аu/AgNPs (d); stability of NPs after  storage 
during 1 day (solid) and 21 days (dashed).  

 

3.4. Fluorescence properties of NPs  

 Fluorescence imaging is a very important technique for biological studies in vivo and clinical applications due to 
its high temporal and spatial resolutions. An inverted fluorescence microscope (FM) system allow to investigate the laser 
excited emission of the synthesized NPs.  

The results of NPs analyses with FM are demonstrated in Figures 4-5. All fresh-prepared NPs investigated 
proved to be spherical in shape (Figure4). All NPs emit blue light, but only bimetallic NPs have additional bright 
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fluorescence: Ag/AuNPs emit light in green channel (FITC filter); Au/AgNPs – in red (Texas Red filter) and in infra-red 
(Cy5 filter) channels. The storage stability of NPs in water was more than 2 months at +8º C. 

The storage of bi-metallic NPs during 2-3 weeks in initial solutions of reagents without mixing was followed by 
nanowebs (NWs) formation (Figure5 and Table 1).  

 Thus, the covering of core NPs by the shell of noble metals make these stable fluorescent bi -metallic NPs 
attractive for biomedical application. 

 

Figure 4: The fluorescence images of the fresh-prepared NPs: AuNPs (1); AgNPs (2); Au/AgNPs (3) and Ag/AuNPs (4) on 
different filters: a – DAPI (blue); b – Texas Red (red); c –FITC (green); d – Cy5 (infra-red) and e – brightfield 

.  

Figure 5: The fluorescence images of Ag/AuNPs (1) and *Au/AgWs (2), that were kept during 2 weeks without stirring. 
Channels: a – blue; b – red; c – green; d - infra-red and e – brightfield.  
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3.5. Development of a cellular imaging method with fluorescent NPs 

The number of imaging techniques  have been applied in biological and biomedical research last decades, such 
as magnetic resonance imaging, computed tomography, positron emission tomography, single -photon emission computed 
tomography, fluorescence/bioluminescence, ultrasound, as well as multimodality approaches. With the size comparable to 
biological molecules, but orders of magnitude smaller than human cells, NPs can offer unprecedented interactions with 
biomolecules both on the surface of and inside the cells which may revolu tionize disease diagnosis and treatment [6].  

3.5.1. Interaction of cells with NPs  

 The cells of the yeast H. polymorpha (further - cells) were used in our investigations as the model of living 
organism for study of toxicity of NPs and possibility of cellular imaging with fluorescent NPs. In order to study the possible 
toxic effects of the NPs synthesized, microbiological experiments were performed: cells were grown in the presence of 
NPs with different concentrations in agar plates as well as in a liquid medium. According to our results, all the synthesized 
NPs added to described agar medium at low concentration (from 0.01 to 0.05 mM) proved to be non -toxic for cells (data 
not shown).  

To collect and characterize the cells that interacted with 0.05 mM NPs, the living cells, preliminary inoculated for 
2 days, were incubated in liquid media with different concentration of  NPs during 5 days under shaking. As the control, 
cells without NPs were grown. Aliquots of cells were taken every day and analysed. 

NPs interaction with cells was tested visually and by UV-VIS spectrophotometry. The colour of these cells 
changed in comparison with the control ones as result of NPs accumulation inside the cells (Figure6). At the same time, 
the spectra of the corresponding supernatants demonstrated a drop in NPs’ concentration (data not shown). Thus, NPs -
modified cells (further – cell-NPs) are formed as a result of the interaction between cells and NPs. 

 

 

Figure 6:  Pellets of the cells enriched with NPs (marked as described in Table 1), added to cells up to 0.05 mM:  *AuNPs 
(1), AuNPs (2); AgNPs (3); Au/AgNPs (4), *Au/AgNPs (5), Ag/AuNPs (6), *Ag/AuNPs  (7) and  the control cells (8) 

To provide the detailed analysis of cell-NPs, the methods of SEM with XRM, TEM and FM were applied. The 
results of these investigations can give us answers to the following questions: are the NPs located inside or on the surface 
of the cell?  Do these NPs maintain the fluorescence ability inside the cell and how long does it continue?  Are the cells-
NPs alive?  Is the transport of NPs to the cells reversible? How many generations are necessary to release the cells -NPs 
from NPs?  

3.5.2. Localization of NPs in cells  

 The SEM images with XRM analysis of the cells -NPs demonstrated that NPs are not located on the surface of 
these cells (Figure 7).  

 

Figure 7: SEM of native cells before (a) and after (b) enrichment with AuNPs; X-ray spectral analysis of cells-AuNPs (c) 

 Only after cells-NPs permeabilization or disruption with glass beards, NPs were detected with XRM analysis (data 
not shown). These results suggest the presence of NPs inside the cell. The data of TEM analysis (Figure 8) prove this 
assumption.  
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Figure 8: TEM of cells: control cells (a); after one day exposition to AuNPs (b). P – peroxisome, N - nucleus; V - 
vacuole. Scale bar −1 μm.  

 

 After penetration inside the cell NPs are localized mainly in vacuoles. The increase of incubation time of NPs with 
the cells leads to the formation of a number of vacuoles, probably, as result of the cell’s response to the impact of the NPs 
(Figure 6). This process, probably, plays an important role in neutralization of the toxic effects of NPs inside the cell. 

The average diameter of vacuole increased twice comparing to control cell. The cytoplasm of the yeast is 
homogeneous and in normal cells it contains from one to three vacuoles of different sizes. When exposed to stress 
conditions caused by NPs, yeast cells divide their large vacuoles into numerous smaller ones, probably, to activate NPs -
uptake due to increasing the surface-to-volume ratio of the organells.  

  It is worth mentioning, that the modification of the cells with NPs takes part not only “ in vivo”, under cultivation 
conditions, but also “in vitro”, when the cell’s suspension in buffer is mixed with metal colloid. After storage of this 
suspension at +8 ºC without mixing, the colour of cells changed. The XRM data also proved the fact of NPs’ uptake by 
the cells.  

3.5.3. Fluorescence of the cell-NPs 

 To study the fluorescent properties of NPs inside the cell, aliquots of cells-NPs were taken and analysed at 
different stages of incubation. 

Figure 9-11 demonstrate FM images of different variants of cell-NPs (“first generation” of the cells): bi-metallic 
NPs kept unique fluorescent ability being included inside the cells -NPs. The cell-NPs glow brightly on different filters 
during 3-4 days under incubation. The highest brightness of fluorescence was picked on the 2

nd
 and 3rd days of the cells 

incubation with bi-metallic NPs. At the same time, mono-metallic NPs reveal no fluorescence inside the cells (Figure 11).  

 

Figure 9: Fluorescent microscopy of 3-day incubated cells-Au/AgNPs (left and middle columns) in comparison with 
control cells (right column) on different filters. Left column – brightfield light. Channels (from top to bottom): red, blue and 

green, respectively. Duration – 665 ms. 
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Figure 10: Fluorescent microscopy of 3 day cells -Ag/AuNPs (left and middle columns) in comparison with control cells 
(right column) on different filters. Left column – brightfield microscopy. Channels (from top to the bottom): red, blue and 

green, respectively. Duration – 665 ms. 

                 

Figure 11: Fluorescent microscopy of the cells enriched with AgNPs (left) and  AuNPs  (right) during 3 days. Channels: 
brightfield (a), red (b), blue (c) and green (d). Duration – 665 ms. 

 

3.5.4. Living ability and fluorescence stability of ce lls-NPs  

The cells-NPs were found to be alive after different NPs penetration: being incubated during several days in 
liquid medium with 0.05 mM NPs (1

st
 generation (Figure 12). Moreover, the activity of arginase (as a model of enzyme) in 

cell-free extracts of all tested cells -NPs didn’t differ drastically from the one in control cells (data not shown). The cells -
NPs were tested on fluorescence ability being re-cultivated during 4 generations in solid agar as well as in liquid medium. 
FM experiments demonstrated the reduction of fluorescence in the living cells from the 1

st
 to the 4

th
 generations and, at 

the same time, the appearance of fluorescent bi-metallic NPs outside the cells of the 3
rd 

generation (Figure 12). 
According to the TEM images (Figure 12), NPs were released from these cells. 

 NPs uptake by cells was reported to depend on the composition, size and concentration of NPs as well as 
experiments conditions [37-39]. It is worth mentioning that if 2-day incubated cells-NPs of the 1

st
 generation were 

collected by centrifugation and frozen at –20ºC, the fluorescence of these cells-NPs was preserved during at least 1 
month.  Thus, the NPs synthesized have unique characteristics being small, non-toxic and fluorescent, so, they may be 
perspective tool for cell imaging.   
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Figure 12: Characteristics of  the Ag/AuNPs- cells  of 3
rd

 generation (a)  in comparison with control cells (b). Top - 
fluorescent microscopy  (duration – 665 ms) and bottom - TEM images (P - peroxisome; N - nucleus; V - vacuole). 

    

4. CONCLUSION  

For molecular imaging applications, a variety of NPs including magnetic NPs, semiconductor quantum dots, 
carbon nanotubes, gold NPs, and graphene-based nanomaterials have been investigated and are expected to play 
increasingly more important roles in preclinical/clinical research in the future [5]. 

 In this paper we focused on the development of a new method of cellular imaging with fluorescent bi -metallic 
NPs of noble metals (Au/Ag and Ag/Au) synthesized by chemical reduction of the relevant ions. The bi -metallic colloids 
proved to possess the stable fluorescence (on green, red and blue channels) in solution (more than 2 months).  

  To develop the method of cell imaging, the recombinant yeast cells Hansenula polymorpha were used as the 
model of living organism. All NPs in minimal concentration (up to 0.05 mM) was proved to be non -toxic: under 3-day 
cultivation in liquid medium with NPs, yeast cells didn’t affect significantly neither the dynamics of growth nor enzyme 
(arginase) activity.  

 We have demonstrated, that after penetration of fluorescent NPs through the cells membrane, the modified cells 
stay alive and fluorescent. Yeast cells of the 1

st
 generation, modified by fluorescent NPs, kept ability to grow on agar and 

liquid medium. The fluorescent NPs synthesized allow us to observe the phenomenon of transferring of fluorescent NPs 
from parental to daughter cells through at least three generations followed by releasing of NPs from the modified cells. 
So, the synthesized NPs being small, non-toxic and fluorescent, may be perspective tool for cell imaging in biomedical 
sciences and clinical diagnostics.    

 Thus, our findings might be eventually interesting for the fundamental and applied biological sciences, namely 
for the study of molecular mechanisms of cell protection from stress, caused by exposure to toxic compounds, 
particularly, to NPs as well as for the development of methods for the synthesis of nano -sized fluorescent labels for 
clinical diagnostics and testing. 
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