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Abstract. When creating new bioelectronic devices, including bioimpedance cytosensors,
there is a need for optical monitoring of cell interactions with bioelectrodes. Typically,
fluorescent dyes are used for this purpose, which are usually expensive and require strict
storage conditions. In this paper, we propose a technology for visualizing living cells on opaque
surfaces such as silicon using do-it-yourself low-cost dye called ABDS (A Beauty Dye for
Staining), which is based on permanent marker red ink. We have shown that the use of ABDS
allows one to obtain more detailed images of cells in respect to cost-free reflected light modes
without using any dye at all. Moreover, the ABDS utilization makes it possible to study cells
at the edge of the opaque bioelectronic device cell culturing chamber, which is difficult when
using simple reflected light modes due to strong optical distorsions caused by the formation of
a cells medium meniscus.
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AHHOTANHS. I[lpu co3zmaHuM HOBBIX OMOINEKTPOHHBIX YCTPOWCTB, B TOM UMKCIE
OMOUMITEJAHCHBIX 1IMTOCEHCOPOB, BO3HUKAET HEOOXOOMMOCTb B OINTHUYECKOM KOHTPOJIE
B3aMMOJICICTBUSL KJIETOK ¢ Ouoasekrpoaamu. OOBIYHO IS 3TUX 1ejeil MCIOIb3YIOTCS
(yopeclieHTHbIE KpacUTeNIM, KOTOphbie, KaK MpaBUIO, 00Jagal0T BBHICOKON CTOMMOCTBHIO U
TPeOYIOT CIeIMaJbHBIX YCJIOBUI XpaHeHMs. B maHHOI paboTe MBI mpemjaraeM TeXHOJIOTUIO
BU3yaJIM3allM XKMBBIX KJIETOK Ha HEMPO3PAauyHbBIX MTOBEPXHOCTSIX, TAKMX KaK KPeMHUI, KOTOpast
OCHOBaHA Ha MPUMEHeHUM Kpacutens noa HazBaHuem ABDS (A Beauty Dye for Staining) —
CaMO/IeJIbHOIO [ELIEBOr0 peakTyuBa Ha OCHOBE YEPHMJ KPACHOIO MEPMAaHEHTHOrO MapKepa.
B xoze ee BbIIIOIHEHUsI MBI ITOKA3aJIM, YTO M300paXKeHUsI KJIETOK, OKPAILIEHHBIX C MOMOIIbIO
ABDS, o6nagaioT 3HauMTEAbHO JAydlled JeTaau3alueil Mo cpaBHeHUIO ¢ ¢doTorpadpusimu
MOJYYEHHBIMU C TIOMOIIBbI0O HEe TPEOYIOLIMX PACXOAHBIX MaTepUaJioB PEXUMOB OTPAKEHHOTO
cBeta. Kpome Toro, mcmomb3oBanme ABDS Takke 1O3BOJISIET M3ydyaTh KJIETKM Ha Kpalo
HETIPO3pavyHOil KYyJTbTUBAIIMOHHOW KaMepbl OMOB3JIEKTPOHHOTO YCTPOWCTBA, B TO BpeMsI Kak
M3-32 ONTUYECKMX MCKaXKEHWUI, BbI3BAHHBIX 00pa30BaHMEM MEHMCKA Yy KJIETOUYHOM Cpebl,
MPUMEHEHME METOAOB Ha OCHOBE pEerucTpalMyd OTPaKEHHOTO CBeTa B TaKMX YCJIOBUSX
CTAaHOBUTCSI HEAI(PPEKTUBHBIM.
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Introduction

Nowadays, ones of the rapidly developing areas of bioelectronics are impedance cytosensors
engineering and living neurons based devices development [1—4]. These devices are typically pre-
sented as modified Petri dishes with an array of microelectrodes on the bottom, which are also
called multielectrode arrays (MEAs). Although commercial MEAs are widely used in biology and
medicine today to monitor cell proliferation, drug testing, cancer research, etc., these devices are
still under active development, one of the challenges for which is the search and improvement
of MEA materials. For example, one of the most promising materials for MEA fabrication — the
silicon, semiconductor electronics fundamental brick — has been intensively used over the past
decades to create high-resolution MEA combined with CMOS technology [5—7]. Such a scien-
tific trend is motivated by the silicon biocompatibility, existence of the developed silicon industry,
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and the ability to use integrated circuity approaches for improving the MEA spatial resolution.
However, silicon, like many other semiconductors, is an opaque material in the visible range of
light, which complicates the diagnostics of living cells lying on it. In particular, opaque silicon is
not compatible with classical transfer light and phase-contrast modes for intravital cell monitor-
ing, and only reflected light and fluorescence non-inverted microscopy are available as relatively
simple silicon MEA optical bio-diagnostic. At the same time, the reflected light mode usually pro-
duces a low-contrast picture of cells, since its video signal includes background image data [7, 8],
whereas cell images obtained using fluorescence microscopy are clearer [8, 9], but require the use
of expensive dyes [10]. To overcome the last problem, it is possible to use self-fluorescence cells,
which e.g. enable the expression of green fluorescence protein (GFP) [6]. However, most cells do
not produce fluorescence proteins, and their gene modification may be more expensive than the
use of dyes. Moreover, GFP staining provides images of low detalized cells.

Recently, we have introduced an intravital cell dye called ABDS, which can be prepared from
permanent red marker inks [10]. ABDS allows high-resolution imaging of cells, allowing for much
more detailed examination of cell morphology than is possible with reflected light and GFP,
which provides the solution of the mentioned above cells visualization problem for silicon based
MEAs. Thus, in this study, we aim to show the advantages of the ABDS usage for cell visualiza-
tion on the silicon substrates.

Materials and Methods

To test the proposed method for the visualization of cells in opaque silicon, we have used
HelLa cells and a MEA-like device fabricated from a silicon wafer [Si (111), surface coated with
natural silicon dioxide], PDMS Sylgard 184 (DowCorning, Germany, 10/1 PDMS/hardening
agent ratio), and a 3D-printed rings of polyethylene terephthalate glycol (PETG, models avaliable
at https://cults3d.com/ru/3d-model/instrument/small-mea-ring-with-guide-frame). The rings
were fabricated on a Flying Bear S1 3D printer (Zhejiang FlyingBear 3D Technology Co., Ltd,
China) using PETG plastic from Guangzhou Zhiwen Technology (China). The devices were fab-
ricated by gluing 3D printed rings to silicon wafers using PDMS according to the protocol [11].
The resulting MEA prototypes were then washed with soap and water, rinsed with deionized
water, and sterilized with ethanol. The Hela cells were obtained from the cell culture bank of
the Institute of Cytology of the Russian Academy of Sciences. The day before the experiment,
the cells were seeded on MEA prototypes and cultured at 37 °C and 5% CO, in DMEM medium
(Biolot, Russia) with 5% FBS (Sigma Aldrich, USA) and 0.15% gentamicin (Biolot, Russia).
Before the experiment, cells were stained with ABDS to visualize the membrane according to
the protocol described in [10]. Finally, the cells’ medium was then replaced by PBS with DAPI
dye (ThermoFisher Scientific, USA) for cell viability check. The microphotographs of HeLa cells
were taken using a Leica DM 4000 B non-inverted microscope equipped with a light emitted
diode (LED) and mercury metal halide EL6000 fluorescent lamp (Leica, Germany) incident
light-sources. Accordingly, the cell images were acquired in three modes: BF-BF mode, when the
cells were illuminated with white incident light from the EL6000 without color filters (BF-BF is
the name of the microscope software settings that provide such image registration); LED mode,
when the cells were illuminated with incident white light from an LED source without color
filters; and fluorescence mode labeled as N2.1 in the photographs by the name of the used cube
filter [12], when the cells were illuminated with green light (516—560 nm) from the EL6000, with
the fluorescence signal detected at 580 nm.

Results and Discussion

The obtained results are shown in Fig. 1 and Fig. 2. As can be seen in Fig. 1, at 10X magnifica-
tion, clear images can be obtained by using reflected light modes without usage of any dyes as well
as using cells visualizing with ABDS. But at higher magnification 20X both BF-BF and LED modes
do not allow to visualize cells with sufficient clarity. At the same time, the visualization method
which uses ABDS is free from such drawbacks and allows one to obtain a sufficiently clear image of
cells even at 20X magnification. This effect can be connected with the wide-band spectrum of the
EL6000 and LED light sources, which leads to chromatic aberrations smoothing the image [13].
Moreover, the usage of the white-band spectrum lighting can influence the semiconductor device
functioning much stronger than narrow band fluorescence radiation. In addition, in the reflected
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Fig. 1. Visualization of cells on the surface of a silicon MEA prototype. It is seen that
at 10X magnification, cells are clearly visible both in reflected light (BF-BF and LED)
and ABDS staining (N2.1 cube) modes. However, at 20X magnification, visualization of cells
using ABDS achieves significantly higher image clarity compared to reflected light. ABDS
staining allows to see in detail the membrane of the cells, nuclei shadow, and focal contacts.
Control images, where cells were not treated with ABDS, show no
background silicon fluorescence for the ABDS (N2.1) channel

light mode, no output optical filters are used, which leads to blinding the CCD-camera (Leica DFC
345 FX, Leica, Germany) and dropping the image quality. In contrast, the ABDS signal is pumped
and detected in relatively narrow bands, which eliminate the blinding and aberration effects.

It is also worth noting that ABDS staining allows one to examine cells located near the edge
of the silicon MEA prototype Petri dish (compare with [11]). In Fig. 2, it is clearly seen that in
the BF-BF and LED modes images the cells cannot be distinguished at the edge due to the opti-
cal distortions caused by meniscus formation, while the ABDS fluorescence in the cells allows a
clear image to be obtained since for the fluorescence signal there are less optical artifacts. During
experiments we do not detect significant DAPI fluorescence, which confirms the biocompatibility
of the proposed staining technique.
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BF-BF LED N2.1

Fig. 2. Visualization of HelLa cells near the edge of a Petri dish
on the surface of a silicon MEA prototype (20X magnification)

Conclusion

In this work, we proposed a method for visualizing cells on the opaque surface of silicon
wafers using ABDS dye, created on the basis of a red permanent marker ink. The advantages of
the resulting technology are its low cost, versatility, and significantly better clarity of the resulting
images compared to simple reflected light regimes. We hope that our proposed method for visu-
alizing cells on opaque substrates will significantly simplify the development of new cytosensors
and the selection of optimal materials for their manufacture.
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