Cells immobilized on patterns printed in DNA by an inkjet printer
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Abstract

The ability to two-dimensionally align various kinds of cells freely onto substrate would
be a useful tool for analysis of cell-cell interactions. In this study, we aimed to establish
a method for attaching cells to the substrate in which the pattern is drawn by an inkjet
printer. Poly-deoxyribonucleic acid (DNA) was immobilized onto the cell surface by
use of DNA-conjugated poly(ethylene) glycol-phospholipid (DNA-PEG-lipid), which is
the amphiphilic conjugate of PEG-lipid and single-stranded DNA. The surface of the
substrate was then modified with the complementary DNA using an inkjet printer.
Finally, DNA-immobilized cells were attached onto the substrate through DNA
hybridization. The use of the inkjet printer enabled us to draw the DNA pattern
accurately on the substrate with a resolution of a few hundred micrometers.
DNA-immobilized cells could be attached precisely along the DNA pattern on the
substrate. In addition, various kinds of cells could be attached simultaneously by using
various sequences of DNA. Our technique is promising for analysis of cell-cell

interactions and differentiation induction in stem cell research.



Introduction

Many types of cell arrays have been developed for use in various biomedical studies,

such as drug screening in the pharmaceutical industry [1], high-throughput assays in

functional analyses of genes [2,3], and analysis of cell-cell interactions in regenerative

medicine [4]. Cells must be immobilized onto specific areas on a plate for preparation

of a cell array, and various kinds of molecules have been examined as adhesives for

immobilization of cells on the surface. Cell adhesive glycoproteins, such as fibronectin

and vitronectin, have been preferentially used in these studies [5,6]. Patterning of these

proteins onto a substrate has been achieved using micro-contact printing methods and

photolithography [7,8]. VVarious patterns can be drawn with cells using these methods,

but only one kind of cell has been immobilized in most studies. Tedious work is

required to immobilize two or more kinds of cells on a plate with complex patterns.

Antibodies against membrane proteins can be used to immobilize different kinds of

cells onto specific areas of a plate [9], but they are expensive and finding suitable

antibodies can be difficult.

In a previous study, we introduced DNA as the adhesive molecule and prepared

cell arrays using the combination of DNA and photolithography [10]. Although cells

could be immobilized in various patterns and two kinds of cells could be immobilized



on a plate without difficulty using two kinds of DNA with different sequences,
photolithography is not sufficiently flexible to draw complicated patterns and is also
time consuming.

In this study, we employed an inkjet printer to draw various patterns using DNA
molecules carrying a thiol group at the 5’ end (DNA-SHSs) as inks on a glass plate with a
gold thin layer. DNA’, with a sequence complementary to the DNA on the plate, was
introduced onto the cell surface using polyethylene glycol-conjugated phospholipid
(PEG-lipid) derivatives [10-12]. The cells were applied to the plate and immobilized

there through DNA hybridization.



Materials and methods

Materials

a-N-hydroxysuccinimidyl-o-maleimidyl poly(ethylene glycol) (NHS-PEG-Mal,

MW:5000) and 1,2-dipalmitoyl-sn-glycerol-3-phosphatidylethanolamine (DPPE) were

purchased from NOF Corporation (Tokyo, Japan). Dichloromethane, chloroform,

diethyl ether, dimethyl sulfoxide (DMSO), triethylamine (TEA), and

penicillin-streptomycin mixed solution were purchased from Nacalai Tesque (Kyoto,

Japan). Fetal bovine serum (FBS) was purchased from BioWest (Miami, FL) and

phosphate-buffered saline (PBS) from Nissui Pharmaceutical, Co., Ltd (Tokyo, Japan).

Hanks’ balanced salt solution and RPMI 1640 medium were purchased from Invitrogen

(Carlsbad, CA, USA). Bovine serum albumin (BSA), PKH26 Red Fluorescent Cell

Linker Kit, PKH67 Green Fluorescent Cell Linker Kit, L-a-phosphatidylcholine from

egg yolk, Type XVI-E (EggPC), poly(adenosine phosphate) (20) (polyA20) and

poly(thymidine phosphate) (20) (polyT20) carrying the SH group protected with

6-hydroxy-1-hexanethiol at the 5’-end (DNA-SH), and DNAs carrying fluorescein

isothiocyanate (FITC) at the 5’-end were purchased from Sigma-Aldrich Chemical Co.

(St. Louis, MO, USA). SeqA, SeqA’, SeqB, and SeqB’ listed in Table 1 were also

purchased from Sigma-Aldrich Chemical. Cover glasses (22x26 mm, 0.12-0.17 mm



thickness) and glass plates (BK7, refractive index: 1.515, size: 25 x 25 x 1 mm) were
purchased from Matsunami Glass Ind., Ltd (Osaka, Japan) and Arteglass Associates Co.
(Kyoto, Japan), respectively. Nitrocellulose membrane (pore size: 0.8 um), a Millex-GP
0.22 pm Filter Unit, and an Isopore Membrane Filter (0.1 pum) were purchased from
Millipore Co. (MA, USA). The phospholipid C test was purchased from Wako Pure

Chemical Industries (Osaka, Japan).

Synthesis of DNA-PEG-lipid

DNAs with a 5’-end SH group were prepared by reduction of the disulfide bond at the
5’ end with dithiothreitol according to the manufacturer’s instructions. DNA-conjugated
PEG-phospholipid (DNA-PEG-lipid) was prepared from DNA-SH and
maleimide-PEG-lipid (Mal-PEG-lipid) as previously reported [10, 13]. Briefly, a
Mal-PEG-lipid solution (270 pL, 1 mg/mL in PBS) and a DNA-SH solution (180 L,
300 pg/mL in PBS) were mixed in PBS for 12 h at RT to prepare DNA-PEG-lipids.
DNA-PEG-lipids were used unrefined. In this study, three combinations of
complementary DNAs, polyA20/polyT20, SeqA/SeqA’, and SeqB/SeqB’, were used

(Table 1).



Preparation of liposome modified with polyT20-PEG-lipid

EggPC (20 mg) was dissolved in chloroform (2 mL). The Egg PC solution in

chloroform was evaporated to prepare a dry thin lipid film using a rotary evaporator.

One milliliter of PBS was added to the lipid film and stirred vigorously at 4°C for 1 d to

prepare lipid vesicles (lipid concentration = 10 mg/mL). The suspension was then

extruded through a series of membrane filters with a pore size 0.8 um, 0.22 um (2

times), and 0.1 pum (10 times) to form small unilamellar vesicles or liposomes (~100 nm

diameter). Lipid concentration was determined using the phospholipid C test kit. A

polyT20-PEG-liposome complex was prepared by incubation of a mixture of a liposome

suspension (500 pL of 8 mg/mL) and DNA-PEG-lipid solution (40 pL of 500 pg/mL) at

37°C for 60 min.

Immobilization of DNA on a glass plate

Several patterns were printed with DNA-SHs on glass plates with a gold thin film by

using an inkjet printer, as shown in Scheme 1. Cover glasses were immersed in a

piranha solution (a 7:3 mixture of concentrated sulfuric acid and 30% hydrogen

peroxide) for 10 min, washed three times with deionized water, and rinsed three times

with Milli-Q water and three times with 2-propanol. The cover glasses were mounted on



a rotating stage of a thermal evaporation coating apparatus (V-KS200, Osaka Vacuum,

Ltd., Osaka, Japan) and coated with a 1-nm chromium layer and then a 19-nm gold

layer. A solution of DNA-SHSs (300 pg/mL in PBS) was applied to a cartridge and then

printed onto a gold surface by an inkjet printer (PIXUS-iP4700, Canon, Tokyo, Japan),

which was controlled by Microsoft PowerPoint. The plates were left under ambient

conditions for 60 min to form a thiol-gold linkage and then washed with distilled water.

Surface analyses

To examine DNA immobilization, contact angles and infrared absorption spectra were

determined by a contact angle meter (CA-X, Kyowa Interface Science Co. Ltd., Saitama,

Japan) and by a Fourier-transform infrared spectrometer (FTIR) (Spectrum One, Perkin

Elmer, MA, USA) equipped with a reflection absorption spectrometer (RAS) (Spectrum

One, Perkin Elmer, MA, USA). The contact angles on each substrate were determined

by the sessile drop method, and averages for four measurements were used. For

FTIR-RAS measurement, the glass plate coated with Cr (1 nm)/Au (199 nm) was used

for immobilization of DNA-SH.

Immobilization of liposome carrying polyT20 on a polyA20 surface



Interactions between polyT20-PEG-liposome and polyA20 on a surface were examined

using a lab-made surface plasmon resonance (SPR) apparatus [14]. A flow chamber was

prepared by placing a gold-covered glass plate (a 1-nm chromium layer and a 49-nm

gold layer) on the prism of the SPR apparatus, and PBS was circulated at a flow rate of

4.0 mL/min in the flow chamber for at least 5 min. A solution of polyA20-SH solution

(50 pg/mL in PBS) was introduced into the flow chamber and allowed to immobilize

onto the gold surface for 60 min through the thiol-gold reaction. Then, the surface was

washed with PBS and exposed to a BSA solution (10 mg/mL in PBS) for 20 min to

inhibit nonspecific adsorption of the liposome. After a wash with PBS, the

polyT20-PEG-liposome suspension (5 pg/mL in PBS) was circulated for more than 60

min. A polyA20 immobilized surface that had been pretreated with a polyT20 solution

was also exposed to the polyT20-PEG-liposome to examine immobilization of the

polyT20-PEG-liposome on the surface through the hybridization between polyA20 and

polyT20.

Cell surface modification with DNA-PEG-lipid

CCRF-CEM cells, a human T cell lymphoblast-like cell line, were obtained from the

Health Science Research Resources Bank (Osaka, Japan). A suspension culture of



CCRF-CEM cells was made in RPMI-1640 medium supplemented with 10% FBS, 100
U/mL penicillin, and 100 pg/mL streptomycin at 37°C under 5% CO,. CCRF-CEM

cells (5%10° cells) were washed twice with PBS by centrifugation (180 xg, 5 min, 25°C).
Cells were then labeled with PKH red or PKH green according to the manufacturer’s
instructions for observation under a fluorescence microscope. A total of 60 pL of a
DNA-PEG-lipid solution (500 pug/mL in PBS) was added to 60 pL of a cell suspension
(8.3x10" cells/mL) and incubated for 90 min at RT with gentle agitation. The cells were
suspended in 3 mL PBS and washed with PBS by centrifugation (180 xg, 5 min, 25 °C).
The washing procedure was repeated twice. Cells modified with DNA-PEG-lipid were

designated as DNA-PEG-cells.

Immobilization DNA-PEG-cells on substrate

Silicone slices (2 cm in length 1 mm in thickness) were placed on a glass plate with a
DNA-SH pattern, and a cover glass was then placed on the slices to create a space 1 mm
thick between the two glass plates. A BSA solution (200 pL, 10 mg/mL) was applied to
the space to block the area on the glass plate without polyA20-SH. After a wash with
PBS, a DNA’-PEG-cells suspension (200 pL, 2.5x10" cells/mL) was injected into the

space. The DNA” had a sequence that was complementary to the sequence of the DNA



on the glass plate. After incubation for 10 min at RT, the cover glass and the silicone

slices were carefully peeled off with gentle shaking while the substrate was fully

immersed in PBS. After that, the substrate was further shaken in PBS gently to wash

away any non-binding cells. It was important that the surface of the substrate not be

exposed to the air—liquid interface, or the cells on the substrate would be detached at the

interface. The substrate was then observed under a fluorescent upright microscope

(BX51, Olympus, Tokyo, Japan) and a stereoscopic microscope (MZF LIII, Leica,

Solms, Germany).



Results

Contact angle on DNA-immobilized surface

An inkjet printer jets a small volume of ink onto a surface. The printed surface is
expected to consist of a number of tiny islands formed by ink surrounded by a bare gold
surface. The heterogeneities of the printed surfaces were evaluated from their contact
angles using Cassie’s equation. A polyA20-SH solution (300 pg/mL) was spotted onto a
small area (2.5 x 2.0 cm) on the gold surface one, two, four, or eight times by an inkjet
printer. The contact angles on these surfaces are summarized in Fig. 1(a), as are contact
angles of the gold surface and a surface homogeneously covered by polyA20-SH, which
was prepared by immersing a gold surface in a polyA20-SH solution. The contact
angles decreased with increasing times of spotting. Surface coverage percentage with

polyA20-SH was estimated using Cassie’s equation, as follows:

cosO; = y1c0s01 +(1-y1)cosOs,,

where 01, 02, and 0. are contact angles of the polyA20-SH immobilized surface, the

surface of gold, and Cassie’s contact angle (that is, the observed contact angle),

respectively, and y; is the surface fraction of the polyA20-SH-immobilized gold area.



Surface coverage percentages were 37.4%, 68.4%, 92.7%, and 99.8% for surfaces
spotted one, two, four, or eight times, respectively, with polyA20-SH. In the following
experiments, surfaces that were spotted four times with a DNA solution were used.

Fig. 1(b) shows the water contact angles of a gold surface and surfaces printed in
DNA solutions. The water contact angles on the surfaces printed four times with a
DNA-SH solution were around 42° and decreased to around 32° after hybridization with
complementary DNA’. These results indicate that DNA-SH was effectively
immobilized by printing using an inkjet printer and that the DNAs on the surface had

the ability to hybridize with complementary DNA’ molecules.

FTIR-RAS analysis of the DNA-immobilized surface

Fig. 2 shows FTIR-RAS spectra of surfaces painted with a polyA20-SH solution by an
inkjet printer. There is a sharp peak at 1000-1250 cm™, a broad peak at 1530-1780 cm™,
and a small peak a 1250-1550 cm™, respectively assigned to the P=0O double bond of
the phosphate group, the planar double bond of the nucleic acid base, and the glycoside
bond of the deoxyribose. Fig. 2 also shows a spectrum of the polyA20 surface exposed

to a solution containing complementary polyT20. The intensities of the peaks increased



about 1.5 fold, indicating that polyA20 immobilized to the surface could hybridize with

the complementary DNA specifically.

SPR measurements

The SPR apparatus was employed to study the interaction between DNA-SH

immobilized on the surface and complementary DNA’-PEG-liposome. As shown in Fig.

3(a), when the gold surface was exposed to a polyA20-SH solution (50 pg/mL) for 60

min, the SPR angle increased 160 mDA, indicating the binding of polyA20-SH onto the

gold surface through the Au-thiol reaction. The sensor surface was exposed to a BSA

solution to inhibit nonspecific immobilization of the polyT20-PEG-liposome. When a

suspension polyT20-PEG-liposome (5 pug/mL) was introduced to the sensor surface, a

large increase in the SPR angle was observed. This result indicates that the

polyT20-PEG-liposome was immobilized on the sensor surface. In contrast, only a

small increase in SPR angle was observed when the polyA20 surface was treated with

polyT20 in advance (Fig. 3(b)). These results indicated that polyT20-PEG-liposome

specifically bound to the polyA20-immobilized surface through polyA—polyT

hybridization.



These results suggest that DNA-modified cells can be specifically immobilized on

a surface carrying the complementary DNA’ through DNA hybridization.

Immobilization of DNA-modified cells on a gold surface

Various patterns were drawn on glass plates using cells along the patterned DNA.

Solutions of DNA-SHSs were printed by an inkjet printer onto a glass plate covered with

a gold thin layer. DNA-SHs were immobilized onto the surface through the thiol-gold

interaction. CCRF-CEM cells with DNA’-PEG-lipid, in which DNA’ was

complementary to the DNA sequence of the DNA-SHSs on the surface, were applied to

the surface to induce cell attachment through the DNA-DNA’ hybridization.

Fig. 4(a) shows the logo mark of Kyoto University drawn using CCRF-CEM cells.

The original logo mark shown in Fig. 4(b) was scanned and saved as a digital image and

then printed with a SeqA’-SH solution (300 pg/mL in PBS) on a gold surface by an

inkjet printer. After washing of the glass plate, a suspension of SeqA-PEG-cells was

applied and incubated for 10 min at RT. The logo mark clearly appeared as shown in

Fig. 4(a) after unattached cells were removed by immersion of the plate in PBS and

gentle agitation.



Different kinds of cells also were immobilized onto certain different areas on a
glass plate at the same time. Solutions of SeqA’-SH and SeqB’-SH (300 pg/mL,
respectively) were applied to different ink cartridges, respectively, and printed onto
certain areas (in the pattern of a dartboard target) by an inkjet printer, followed by
immobilization on the area of the plate (Fig. 5). A mixed suspension of SeqA-PEG-cells
(stained with red) and SeqB-PEG-cells (stained with green) (2.5%x10" cells/mL,
respectively) was applied to the plate as shown in Scheme 1. After incubation for 10
min at RT, unattached cells were removed by washing with PBS. The dartboard target
pattern was observed under a fluorescence upright microscope, as shown in Fig. 5.
SeqA-PEG-cells and SeqB-PEG-cells were attached on areas on which complementary
SeqA’ and SeqB’ were printed, respectively. SeqB-PEG-SH cells were immobilized on
the area indicated by ** in Fig. 5, which had been painted with SeqB’-SH. The area
indicated by * in Fig. 5 was painted with SeqA’-SH and SeqB’-SH solutions, and both
the SegA-PEG-cells and SeqB-PEG-cells were immobilized on the area. The color of
the area looked yellow macroscopically (left panel, Fig. 5).

A SeqA’-SH solution and a SeqB’-SH solution were applied to different ink
cartridges, respectively. SeqA’-SH and SeqB’-SH solutions were printed to areas of five

letters forming the word JAPAN, with different ratios of 1:0, 3:1, 1:1, 1:3, and 0:1,



respectively. A mixed suspension of SeqA-PEG-cells (stained red) and SeqB-PEG-cells
(stained green) was applied on the substrate and left for 10 min. The five letters drawn
by the cells are shown in Fig. 6(a). Cell ratios of red and green cells in each letter were
determined using ImageJ software (National Institutes of Health, USA). The cell ratios
changed, reflecting the compositions of SeqA’-SH and SeqB’-SH that were used to

write each letter, as shown in Fig. 6(b).



Discussion

Cell arrays have been prepared using various molecules as an adhesive to immobilize

cells on specific areas on a substrate. For example, cell adhesive proteins, such as

fibronectin and vitronectin, and antibodies have been employed [3-6]. Patterning of

these factors and antibodies onto the substrate has been performed by means of

micro-contact printing, inkjet printing, or photolithography [7,8]. Inkjet printing

technique has been originally used for preparing patterning of fibronectin for cell

pattering on substrate [15]. And this technique has been expanded to the patterning of

neural cells by the use of collagen/poly-D-lysine and PEG [16]. Recently, mammalian

cells could be 2- and 3-dimentionally patterned by projection of those cells to collagen

surface by modified inkjet printer [17, 18]. Some improvements are, however, needed

before their use in biomedical studies. When adhesive proteins are used to immobilize

cells, immobilizing different kinds of cells onto different areas on a plate is difficult

because integrins are expressed on most adhesive cells. In addition, they cannot be

applied to floating cells, such as lymphocytes. Antibodies can resolve some of these

difficulties, but, as noted, they are expensive and can be difficult to acquire.

As demonstrated in this study, DNA is a suitable adhesive molecule for

immobilizing different kinds of cells on a substrate, and an inkjet printer is a versatile



way to draw complicated patterns. An inkjet printer in conjunction with DNAS can

solve most of the problems mentioned above, including immobilizing floating cells,

such as lymphocytes, as shown in Figs. 4, 5, and 6. A number of adhesive molecules

can be prepared by changing nucleotide sequences, making it easy to immobilize

different kinds of cells on different areas on a plate at the same time using DNAs with

different sequences, as shown in Fig. 5. Immobilization of cell mixtures with different

ratios also can be achieved, as shown Fig. 6.

The contact angle of the gold surface is relatively large at 78° (Fig. 1). It needs to

be very small because the pure gold surface has a very high surface energy. The large

contact angle indicates that it adsorbs various organic and non-organic molecules

rapidly when it is exposed to the environment air. Application of polyA20-SH to the

gold surface successfully decreased the contact angle by replacing the surface

contaminants and was immobilized through the thiol-gold interaction. Surface coverage

percentages by polyA20-SH were evaluated from the contact angles using Cassie’s

equation and were 37.4%, 68.4%, 92.7%, and 99.8% for surfaces spotted one, two, four,

or eight times, respectively, with a polyA20-SH solution. These results indicate that a

solution ejected from a nozzle exists as droplets on the gold surface.



Supplementary Fig. 1 shows droplets of a FITC-SegA solution (FITC; fluorescein

isothiocianate) on a gold surface. A FITC-SegA solution was spotted once to an area of

2.5 x 2.0 cm by an inkjet printer and the surface was observed under a microscope

without washing. Each dot was formed by a drop of the FITC-SegA solution ejected

from a nozzle. The diameter of the dots was 38 um. From the product information for

the inkjet printer (by Canon), the minimum ink droplet volume was 1 pL. The diameter

of the droplets was about 41 um, which coincides well with the dot size of 38 um that

was observed on the gold printed once in a FITC-SegA solution.

We also examined the smallest diameter of a cell-immobilized area that our

system could achieve. As Supplementary Fig. 2 shows, it was about 500 pm, as

determined by a graphic software, but not by the inkjet printer, which had a minimum

resolution of 9600 dpi (dots per inch). Graphic software with higher specification

should be introduced to draw cell patterns with high resolution. Diameters of animal

cells (5-30 um) and dots (38 pum) formed on the gold surface by a SegA-FITC solution

suggest that single cell printing can in principle be achieved.

The pattern of a dartboard target was drawn with two kinds of cells and is shown

in Fig. 5. Areas of cells stained with green and red are separated by lines without cells.

We also attempted to immobilize two kinds of cells on areas without cell-free space



(Supplementary Fig. 3(a)). A SeqA’-SH solution and a SeqB’-SH solution were printed

on different areas at the same time. After washing away of the unreacted SeqA’-SH and

SeqB’-SH, a mixed suspension of cells carrying SeqA-PEG-lipid cells and

SeqB-PEG-lipid cells was applied. Supplementary Fig. 3(a) shows a fluorescence

microscopic image of the marginal region of the two areas. Cells stained with red or

green diffused into each other, and the two areas were not distinctly separated. This lack

of distinction might be caused by mixing of the solutions of SeqA’-SH and SeqB’-SH at

the marginal region, because the solutions were printed several times so that wet areas

with different solutions came into contact and the two solutions diffused into each other.

To solve this problem, a SeqA’-SH solution was printed in some areas, and after the

surface was dried, a SeqB’-SH solution was applied to other areas. On the surface, red

and green cells could be immobilized separately, as shown in Supplementary Fig. 3(b).



Conclusions

DNASs are suitable adhesive molecules to immobilize various kinds of cells on a

substrate. An inkjet printer in conjunction with DNAs is a versatile method for drawing

complicated patterns with cells. This method has various potential applications in

biomedical studies, such as analysis of cell-cell interactions in regenerative medicine,

drug screening in the pharmaceutical industry, and high-throughput assays in functional

analyses of genes.
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Table 1. Sequence of DNA for cell surface modification

DNA 5’ 3

polyA20 | HS-AAA AAA AAA AAA AAA AAA AA

polyT20 |HS-TTTTTTTTTTTTTTITTTITTT

SegA HS -TGC GGA TAA CAATTT CAC ACA

SeqA’ HS-TGT GTG AAATTG TTATCC GCA

SeqB HS-TAG TAT TCAACATTT CCG TGT

SeqB’ HS-ACA CGG AAATGT TGA ATACTA




Figure captions

Scheme 1. Schematic illustration of a method for cell immobilization on a pattern

printed in DNA. (a) Immobilization of DNA with a specific sequence on the cell surface.

DNA-PEG-DPPE was immobilized on the cell surface through the hydrophobic

interaction between DPPE and the lipid bilayer of the cell membrane. (b) Printing a

pattern in DNA’-SH with a complementary sequence of the DNA by an inkjet printer.

The DNA-PEG-lipid—modified cells were applied to the substrate and immobilized on

the pattern. (c) An inkjet printer used in this study, equipped with four ink cartridges to

be loaded with different DNA’-SH solutions.

Figure 1. Water contact angles of surfaces printed in DNA solutions by an inkjet printer.

(a) Surface printed in a polyA20-SH solution one, two, four, or eight times using an

inkjet printer and left for 60 min. (b) Gold surface and surfaces printed in DNA

solutions four times by an inkjet printer, and the surfaces after hybridization with

complementary DNA’.

Figure 2. FTIR-RAS spectra of DNA-immobilized surfaces. (a) Bare gold surface, (b)

polyA20 printed surface, and (c) surface with hybridized polyA20—polyT20.



Figure 3. SPR profiles of the interaction between polyA20 immobilized on the surface

and polyT20-PEG-liposome. (a) A polyA20-SH solution was introduced to the sensor

surface (indicated by arrow (1)), and then PBS was infused to remove the polyA20-SH

solution. A BSA solution was introduced to the surface for blocking (arrow (2)). Finally,

a suspension of polyT20-PEG-liposome was introduced (arrow (3)). (b) A polyA20-SH

solution was introduced to the exposed sensor surface (arrow (1)), and then PBS was

infused to remove a polyA20-SH solution. A polyT20 solution was introduced to the

sensor surface (arrow (2)). After a BSA solution was introduced to the surface for

blocking (arrow (3)), a suspension of polyT20-PEG-liposome was introduced (arrow

(4)).

Figure 4. Attachment of CCRF-CEM cells on a pattern printed in a SeqA’-SH solution

by an inkjet printer. The logo mark of Kyoto University (panel a) was saved on a

personal computer as an image and then printed on a gold surface in a SeqA’-SH

solution. SeqA20-PEG-cells were applied to the surface (panel a).



Figure 5. Fluorescence images of CCRF-CEM cells immobilized on a pattern printed in

a SeqA’-SH and SeqB’-SH solution by an inkjet printer. Solutions of SeqA’-SH and

SeqB’-SH were separately loaded into each ink cartridge. A pattern like a dartboard

target was printed by these solutions. The center circle of the target was drawn in both

SeqA’-SH and SeqB’-SH solutions. A mixed suspension of SeqA-PEG-cells (stained

with PKH red) and SeqB-PEG-cells (stained with PKH green) (one to one by cell

number) was seeded to the surface. Magnified images of areas marked by * and ** are

shown on the right side.

Figure 6. Gradient immobilization of SeqA-PEG-cells (stained with PKH red) and

SeqB-PEG-cells (stained with PKH green) on a plate. (a) Fluorescence images of

CCRF-CEM cells immobilized on a pattern. Solutions of SeqA’-SH and SeqB’-SH

were separately loaded into each ink cartridge. Five letters, JAPAN, were printed in

both SeqA’-SH and SeqB’-SH solution by an inkjet printer. The spotted volume ratios

of the solutions were controlled by a computer to 1:0, 3:1, 1:1, 1:3, or 0:1 by the volume

for each letter of “JAPAN,” respectively. A mixed suspension of SeqA-PEG-cells

(stained with PKH red) and SeqB-PEG-cells (stained with PKH green) (one to one by

the cell number) were seeded to the surface. (b) The cell compositions are plotted



against surface ratios of SeqA’ and SeqB’ in letters. Ratios of SeqA-PEG-cells and

SeqB-PEG-cells on the spots were determined from the fluorescence images using

ImagelJ software. The line is drawn for guiding the eye.
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Cells immobilized on patterns printed in DNA by an inkjet printer
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Supplementary Figure 1. Spots of a FITC-SeqA solution on a gold surface. A

FITC-SegA solution was applied to an area of 2.5 x 2.0 cm once by an inkjet
printer. Each dot was formed by a drop of the FITC-SeqA solution expelled by the
inkjet printer. The surface without washing was observed under a fluorescence

microscope.



Scale:500 y m

Supplementary Figure 2. Fluorescence images of cells (labeled with PKH red) on spots with
diameters of 0.5 mm, 1.5 mm, and 2.5 mm. The spots that were 0.5 mm, 1.5 mm, or 2.5 mm in
diameter were drawn on the gold surface by an inkjet printer using Rakuchin CD Direct Print for

Canon. The smallest diameter of a spot depends on the ability of the software to draw it.

(b)

5001m _BOOum
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Supplementary Figure 3. Effect of print sequences on clarity of boundary regions. Solutions of
SegA’-SH and SeqB’-SH were separately loaded into each ink cartridge. (a) A pattern was drawn in
SeqA’-SH and SeqB’-SH solutions at the same time. (b) A pattern was drawn in a SeqA’-SH solution.
After the solution on the surface was dried, the other pattern was drawn in a SeqB’-SH solution. The
mixed suspension of SeqA-PEG-cells (PKH red) and SeqB-PEG-cells (PKH green) was applied to the
plates. In the case of (a), there were mixed regions where red and green cells co-existed. In the case

of (b), the boundary regions were clearer than those of (a).
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