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ABSTRACT

We present a simple and robust technique to immobilize cells onto a glass substrate. Immobilization of cells at
specific location onto planar substrates is useful for biomolecular analysis within cells. Our technique enables
on-demand immobilization of cells by irradiating photoresponsive substrate that lies underneath the cells. Cells
located at the irradiated area were almost completely immobilized under optimized conditions. This technique was
applied to in situ DNA analysis by target-primed rolling circle amplification. Mitochondrial DNA in the immobilized
cells was successfully detected. This technique will be a powerful tool for biomolecular analysis in cells on
microfluidic devices.
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INTRODUCTION

Immobilization of cells at specific location onto planar substrates is useful for biomolecular analysis within
cells. Light-assisted cell immobilization can achieve spatial and temporal control of the immobilization by
controlling the light. However, conventional techniques require patterning of the substrate surface prior to
immobilization [1, 2]. In addition, in sifru DNA analysis in the immobilized cells has never been reported. In contrast,
our technique enables on-demand immobilization of cells by irradiating photoresponsive substrate that lies
underneath the cells. Both adherent and nonadherent cells were immobilized to the irradiated area. Cells located at
the area were almost completely immobilized under optimized conditions. This technique was applied to in situ
DNA analysis by target-primed rolling circle amplification (RCA) [3].

PRINCIPLE

Figure 1 shows the schematic illustration of the cell immobilization procedure. Cells are disseminated on the
glass substrate modified with benzophenone (BP) molecules via silane coupling reagents. BP is a well-known
photoresponsive molecule that can form covalent bonds with a wide range of biomolecules. Then, the substrate is
irradiated with an UV light (A = 365 nm) through a photomask. By the irradiation, the membrane of the cells is
crosslinked with BP on the substrate. After washing, only immobilized cells remain on the substrate.
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Figure 1. Schematic illustration of the cell immobilization procedure.
EXPERIMENTAL

A polydimethylsiloxane (PDMS)-glass device with a BP-modified bottom surface was fabricated as follows.
Benzophenone-4-isothiocyanate was immobilized on a cover slip (24 x 60 mm) via 3-aminopropyltricthoxysilane [4].
The cover slip was bonded to a PDMS substrate possessing a through-hole (5 mm diameter, 2 mm depth). A
suspension of human K562 erythroleukemia cells was poured into the well, which was then irradiated with UV light
(A =365 nm) passed through a photomask under an inverted microscope. Phase-contrast images of cells were taken
as required. For the evaluation of immobilization, the cell density on the substrate was estimated from the images.
Mitochondrial DNA within immobilized cells was detected using target-primed RCA according to the literature [3].
Sequences of DNA probes are shown in Table 1. Fluorescence images were taken as required. Similar experiments
were also conducted in a microchannel (1 mm width, 0.5 mm depth, 10 mm length).

Table 1. DNA probes used in this study.
Probe Sequence
Padlock probe 5’-phosphate-TAAGAAGAGGAATTGCCTTTCCTACGACCTCAATGCACATGTTTG

GCTCCTCTTCCCATGGGTATGTTGT-3"

Detection probe  5’-Alexa Fluor™™ 555-CCTCAATGCACATGTTTGGCTCC-3’
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RESULTS AND DISCUSSION

Figure 2 shows the demonstration of the immobilization. Nonadherent K562 cells were immobilized to the whole
of the irradiated area (1 mm diameter), both in an open well (5 mm diameter, 2 mm depth, Fig. 2(b)) and in a
microchannel (1000 pm width, 500 um depth, Fig. 2(c)). The use of adherent HeLa cells yielded almost the same
results (data not shown). Complex patterns of cells can be formed as shown in Figs. 2(d) and 2(e). Spatial resolution
of the technique will be discussed in the presentation.
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Figure 2. (a-c) Micrographs of (a) a circular pattern on a photomask, (b) immobilized K562 cells on the
BP-modified substrate in an open well, and (c) immobilized K562 cells in a microchannel (1000 um width, 500 um
depth). (d,e) Micrographs of (d) complex pattern on a photomask and (e) corresponding pattern of immobilized cells.

Figure 3 shows time course of density of immobilized cells with different light power density. The cell density
increased with increasing the irradiation time, although the over-irradiation with a power density of 12.6 mW mm™
resulted in a decreased cell density. Under optimized conditions, 98% of cells located at the irradiation area prior to
the UV irradiation were immobilized.
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Figure 3. Timecourse of cell density following UV irradiation and rinsing with different light power densities: 0.70
(®), 2.54 (4, and 12.6 mW mm™ (V). The dashed line shows the cell density prior to UV irradiation.

Figure 4(a) shows schematic illustration of in sifu detection of mitochondrial DNA by target-primed RCA.
Immobilized cells are fixed with ethanol, treated with pepsin-HCI, and then reagents for RCA are added. A target
sequence in mitochondrial DNA is recognized by a Padlock probe, and a long single-stranded DNA molecule is

1253



obtained by RCA. The long DNA molecule is hybridized with detection probe, and we can detect the long DNA
molecule as a fluorescent dot. Since the long DNA molecule is produced from a sequence in a single DNA, we can
know both the number and the location of DNA molecules that possess target sequence by imaging the dots. Figure
4(b) and 4(c) show fluorescence images showing the K562 cells after RCA. Bright dots around the nuclei of the cells
were clearly observed, and RCA was successfully performed in the immobilized cells. Mitochondrial DNA in K562
cells immobilized in the microchannel was also successfully detected, and details will be discussed in the
presentation.
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Figure 4. (a)Schematic illustration of in situ detection of mltochondrial DNA by target-primed RCA. (b, c)
Fluorescence images showing the K562 cells after target-primed RCA. (b) Overall image. (c) Magnified image. RCA
products were hybridized with detection probes (red). Cell nuclei were counterstained with Dapi-Fluoromount-G
(blue).

CONCLUSION

We have demonstrated a simple and robust technique to immobilize cells onto a glass substrate. Mitochondrial
DNA in the immobilized cells was successfully detected by target-primed RCA. This technique will be a powerful
tool for biomolecular analysis in cells on microfluidic devices.
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