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Abstract: Two novel precursors of fluorescent dyes (PFD813 and PFD814) have been studied for their ability
to photo-activation, transfer across the biomembrane and cells staining. The fluorescent dyes Rho813 and
Rho814 formed by photo-activation of their precursors PFD813 and PFD814 inside cells were used for the
optical detection of particular features in vitro (HaCat cells, human epithelial carcinoma A431, epidermoid
carcinoma of the cervix HelL.a and chinese hamster ovary CHO cells). One of the possibilities to visualize and
track the pathways of macromolecules or organellesin a“living” cell isto monitor them after staining with these
PFDs during the real time measurements. A bright fluorescent signal from the photoactivated dye molecules
inside the small spot in the cell can be monitored during their movement into the cell dark region (where the
dye was not activated and did not fluoresce). The obtained data are important for further application of these
precursors of the fluorescent dyes (“caged” dyes) for microscopic probing of biological objects.
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INTRODUCTION

Caged fluorescent dyes (CFDs) are non-fluorescent
precursors of fluorescent dyes (PFDs) [1-3]. Upon
photo-activation such compounds form fluorescent dyes
that have been used for cell staining and tracking of
macromolecular movement in living cells [1]. Caged
rhodamine dyes with particular functions have been used
for super-resolution microscopy [2], photo-activated
localization microscopy (PALM) [3], or imaging labile Fe*
ions in live neuronal cells [4]. Novel non-fluorescent
precursors of rhodamine dyes have recently been
introduced that are particularly useful for microscopic
investigation of biological tissue by ultrahigh resolution
optical microscopy (STED) [5-9]. Here, the precursor dye
is non-fluorescent due to the incorporation of a group
that may be photo-chemically eliminated thereby forming
the fluorescent dye [10-13]. The precursor dye and
conjugates have properties like charge distribution and
solubility different from those of the fluorescent dyes
[14, 15]. The incorporation of the caged dye in cells by
transfer across the biomembrane may be more facile than
that of the fluorescent dye, that has been shown by some

model studies [16-18]. The design, membrane model
study and applications of various styryl, pyridinium,
anion-capped and butadienyl fluorescent dyes are the
fascinating  interdisciplinary  directions  between
biophysics and biochemistry, cell biology and
biomedicine [19-38]. The photochromic properties of such
dyes are the reason they can transform during two
photoinduced reversible reactions, namely, trans-cis C=C
double-bond isomerization and [2 + 2] photocycloaddition
to form substituted cyclobutanes [19-24]. For example,
such dyes show the capability of forming stable
monolayers at the air-water and water—alkali metal salt
solution interfaces [25-30]. Langmuir monolayers and
thin polymer films based on such dyes are not only
unique models for the fundamental studies of molecular
organization and recognition phenomena, but also
prototype of chemosensoring materials on various small
compounds (such as organic and inorganic molecules
and ions) with optical signal detection [31-38].

The recent synthesis of novel  “caged”
rhodamine derivatives [6-8] (Fig. 1) and studies of their
photo-isomerisation  reactions  with  light-induced
activation of fluorescence (open-state) and thermal

Corresponding Author:

Sergei Yu. Zaitsev, Moscow State Academy of Veterinary Medicine and Biotechnology,

Akad Skryabin Str. 23, Moscow 109472, Russia.



World Appl. ci. J., 26 (6): 712-718, 2013

relaxation to the initial colorless substance (closed-state)
[8] have triggered their application in modern confocal
microscopy and nanoscopy [5-9].

The method of cell staining by the novel
precursors of fluorescent dyes PFD813 and PFD814
has been tested with various examples of the human cell
lines (human keratinocytes HaCaT, human epithelial
carcinomas A431 and epidermoid carcinoma of the cervix
Hel a) as well as with chinese hamster ovary CHO cells.
Testing of novel compounds using transformed cell lines
in vitro is widely accepted in many areas of scientific
research [39].

The aim of thiswork was to prepare and study PFDs
for cell staining with different types of cells before and
after photo-activation of the PFDs.

MATERIALSAND METHODS

Materials. The synthesis and properties of the “caged”
dyes PFD813 and PFD814 have been described earlier
[6-8]. The rhodamine dye GM140 have been used for
permanent florescence (without photoactivation) as
reference to Rho813 and Rho814 and described in our
previous publications [9, 10, 16].

The cell sampleswere cultivated and handled in the
Institute of Bioorganic Chemistry, Russian Academy of
Sciences: human cells HaCaT, human epithelia carcinoma
A431, epidermoid carcinoma of the cervix HeLa and
chinese hamster ovary CHO [13]. Nuclear stain Hoechst
33342 was purchased from Sigma-Aldrich.

M easur ements: The following PFD concentrations were
used: PFD813 and PFD814 solutionsfrom 0.02till 10 pug/ml
in the final mediafrom the preformed solutionsin DMF at
10 mg/ml and in DMSO at 2 mg/ml. The cells were
incubated in CO,-incubator. After 15 min incubation with
fluorescent dyes the nuclei staining dye Hoechst 33342
was added and cells were incubated for additional 15 min.
Then cells were washed with phosphate buffer (pH 7.0).
These samples were fixed on glass by Mowiol 4.88
(Cdbiochem, Darmstadt, FRG) and stored at 4°C overnight
for the complete polymerization. All samples were
analyzed on confocal microscope Eclipse TE2000 (Nikon)
using aspecia program (EZ-C1 3.90 Free Viewer).

RESULTSAND DISCUSSION
The method of cell staining by the novel precursors

of fluorescent dyes PFD813 and PFD814 has been tested
with various examples of the human cell lines (human
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keratinocytes HaCaT, human epithelial carcinomas A431
and epidermoid carcinoma of the cervix HeLa) aswell as
with chinese hamster ovary CHO cells. The corresponding
samples for application in fluorescence microscopy have
been prepared by standard procedures described above.
Investigation of such cell preparations by fluorescence
microscopy alows one to find the optimal PFD
concentrations in various solvents (details have been
published earlier [14]). Optimal concentration of PFD813
and PFD814 solutions for staining was 5 pg/ml, in al
cases. High resolution images of HaCaTl cells were
obtained after light-induced activation of PFD813 (Fig. 1).
In all microphotographs (Fig. 1-3) the red fluorescencein
al cells after staining and subsequent photo-activation
are due to the presence of the Rho813 or Rho814,
respectively, whereas the blue fluorescence is due to the
presence of the standard fluorescent dye Hoechst 33342
(to stain cell nuclei). The difference in the images before
and after the light-induced activation of the PFD814 in the
HelLa cell is clearly shownintheFig. 2. Theleft image
Fig 2a (before light-induced activation) presents only blue
circular areas of cell nucle stained by the standard dye
Hoechst 33342, whereas PFD814 in the HeLa cell is non
fluorescent (dark regions). The right image Fig. 2b
presents the additional red regions which are correspond
to the cell cytoplasm and some organelles stained by
PFD814 and transformed to fluorescent Rho814 (after the
light-induced activation).

It isimportant to underline that all cell preparations
stained by PFD813 show easy photo-activation and bright
fluorescence of the Rho813 in the selected area just after
the first quick cell scan with actinic light. In contrast, cell
preparations with PFD814 show extremely low
fluorescence of Rho814 by activation in this way.
Therefore, in order to obtain a bright image in the case of
Rho814 (Fig. 2b) it is necessary to scan the cell sample
(Fig. 2a) by alaser beam very slowly and several times.
Consequently, dye precursor PFD814 appeared not
suitable for further cell staining studies.

In other series of experiments, cells were stained with
PFD813 and the rhodamine dye GM 140 (the last one was
described in our previous publications [9, 16]). The
presence of GM140 is required to select areas of local
photo-activation. A micrograph (Fig. 3a, left) without
photo-activation shows the low intensity fluorescence of
dye GM140 only due to its association with single cell
layers. In contrast, the molecules of PFD813 present in
the cells are not visible (being in the ring-closed form).
After local photo-activation of two selected areas
(small partsinside the cell were marked as awhite squares
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Fig. 1. Microphotograph of the HaCaT cellsafter staining by PFD813. HaCaT cells (image dimensions, 42 by 42 um) after
staining by PFD813 in concentration of 5 pg/ml in DMF solution (made after light-induced activation, red
fluorescence) in comparison with the standard dye Hoechst 33342 (blue fluorescence)

Fig. 2. Microphotographs of the HeL a cells. Hel a cells after staining by PFD814 (red fluorescence) at a concentration
of 5 ug/ml in DM SO (image dimensions, 42 by 42 um) in comparison with the standard dye Hoechst 33342 for
staining of nuclel (blue fluorescence); left image: before light-induced activation (non fluorescent PFD814), right

image: after light-induced activation (fluorescent Rho814)

Fig. 3: Microphotographs of CHO cells. CHO cells after staining by PFD813 and GM 140 at a concentration of 5 pug/mi
and 3 pug/ml, respectively (image dimensions, 127 by 127 um); a pre-selected photo-activation region (A) in the
CHO cell and two bright fluorescent regions after two local photo-activations (B)
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Fig. 4: Microphotograph of the A431 cells. “Living”
A431 cells (image dimensions, 36 by 36 um)
stained by PFD813 after photo-activation

with area 3.2 um?) by laser light of wavelength 8 = 405 nm,
the bright fluorescence of the dye Rho813 is seen in the
micrograph in these two selected areas (Fig. 3b, right).
Irradiation of the selected area was carried out for 1
second and this procedure can be repeated for other cells
of monolayer. A series of 27 micrographs (in steps of
vertical distance of 0.5 um) was obtained, using a special
program (EZ-C1 3.90 Free Viewer) in order to made
3D-reconstruction of cell monolayer with thickness of
13 um. Such “volumetric layer” can be rotated using this
program in order to observe intracellular staining at
different angles.

Visualization of theintracellular content of so-called
“living” cells is very important and interesting for
biological applications. One of the possibilities to
visualize and track the pathways of macromolecules or
organelles in a “living” cell is to monitor them after
staining with a PFD during therea time measurements.
A bright fluorescent signal from the photo-activated dye
in the small cell organelle can be monitored during its
movement into the cell dark region (where the dye was not
activated and does not fluoresce). High-speed video
micro-photography makes it possible to calculate the
diffusion velocity of the molecules. These methods allow
one to track the movement of small organelles and
biopolymers (protein and nucleic acid complexes) in cell
cultures of different tissues. The best micrographs were
obtained after the total and local photo-activation (Fig. 4)
of “living” cells single layers stained with PFD813.
This may be explained by the fact that in the “living” cells
after photo-activation the positively charged dye Rho813
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can accumulates into intermembrane space and held
by the negatively charged membrane. The membrane
potential disappears after fixation and the dye freely
distributed in the cytoplasm. The advantages of such
methodology (making preparations of living cells) are the
following: the absence of the fixing agent (formaldehyde
solution); replacement of the washed buffer by fresh
culture medium; and the exclusion of a polymerizable
material (e.g. “Mowiol”). The only disadvantage of such
methodology is connected with the necessity of fast
investigation of such samples because of the rapid
evaporation of the culture medium between the glass
plates.

As can be concluded from the obtained micrographs,
PFD813 is concentrated mainly in the intracellular
organellesin the “living” cells (Fig. 4) as compared to the
fixed cells (Fig. 1). In our opinion, the main subcellular
structures stained by PFD813 may be mitochondria and
lysosomes.

CONCLUSIONS

Properties of the novel PFDs before and after
photo-activation to fluorescent rhodamine derivatives
have been characterized and testing procedures have
been developed. Novel dye PFD813 demonstrated
better cell staining properties as compared to PFD814.
Their potential for nanoscale optical resolution renders
them particularly suited for specia tasks in biology and
bio-nanotechnology, human and anima biomedical
applications.
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