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Controlling the interfaces between cells and solid substrates is (a)

an important thente® pertinent to a wide range of research fields

such as fundamental cellular biolo¢f§ tissue engineering? and

cell-based chip devicé< In particular, the recent advances in the

understanding of the molecular mechanism of cell adhesion has

promoted the development of self-assembled monolayer (SAM)-

based techniques for precise cell patterning, including microcontact ]

printing («CP)10-16 150 um 200 |.IITI 250 um
We present herein a strategy for the real-time local manipulation .

of the cell-adhesive properties of a substrate even in the presence

of attached living cells, which enables the arbitrary modification

of cellular micropaterns by directing the cell growth in situ. The

strategy is based on our recent repbttiat the cytophobic nature

of albumin-coated substrates rapidly switched to a cell-adhesive

one when exposed to an oxidizing agent such as hypobromous acid,

which can be produced by the electrochemical oxidation of bromide

ion in aqueous solution. We have also reported that the local
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production of the oxidizing agent using a microelectrode provides 100

cellular micropatterns. In this communication, the technique will

progress into an unprecedented one that allows the in situ guidance

of cellular growth and migration on substrates during cultivation. 0 &

We first investigated the relationship between the size of the
cellular pattern and the distance between the electrode tip and the 0 100 200
substrate surface. The Pt disk-type microelectrode (tip diameter, Electrode tip — Substrate surface / um
15 um) was placed at various distances above the bovine serumgjgure 1. Size of cellular adhesion area at various distances between the
albumin (BSA)-coated glass substrate, and a potential pulse of 1.7electrode tip and the substrate surface during the electrochemical treatment.
V vs Ag/AgCl with a 30 s period was applied to generate Br (a) Phase contrast micrograph of HeLa cells cultured for 24 h on the BSA-

. . coated glass substrate, which was pretreated by aoRidation pulse of
(subsequently HBrO) in a 0.1 M phosphate buffer solution 30 s at the tip-surface distance indicated in the micrograph. (b) Plots of

containing 25 mM K_Br (pH 7.4). Figu_renla shows the CUlt_Ufed the radius of the cell adhesion area versus the distance of electrode tip
HelLa cells forming circular patterns within the electrochemically substrate surface for the electrolysis periods of 18)safid 30 s ©). Error
treated areas, the sizes of which become smaller as the electrod®ars for the plots were calculated from the standard deviation of at least
tip is removed from the substrate surface. As can be seen in thefour cellular patterns. Solid curves were calculated assuming a diffusion-

plots in Figure 1b, the radius of the cell adhesion area against theIImIted surface reaction (see Supporting Information).
electrode height corresponded to an expansion of the diffusion layer ate faster than 100m s results in clear cell patterns. The width
from the electrode tip (solid curves in Figure 1b; see Supporting of the fine patterns of cell adhesion was roughly proportional to
Information for details) for electrolysis periods of both 10 and ¢ reciprocal square root of the scan rate, a result in agreement
30s. This result indicated that the surface reaction was fast enoughyith a model that predicts that the pattern size corresponds to the
to satisfy the diffusion-limited case. width of the diffusion layer of the oxidizing agent. A comparison
To achieve a stepwise multipatterning of the cells, we evaluated of Figyres 2a and 2b indicates that the oxidizing agent’s threshold
the cytotoxicity of the present method of electrochemical surface ¢oncentration for cell damage is higher than the concentration
processing. The microelectrode was scanned cauwB&bove a gqyired for the surface processing of the BSA-coated substrate.
substrate surface on which HelLa cells were confluently cultured, gimilar results were obtained from experiments using a fixed

and the resulting damaged HeLa cells stained by propidium iodide mjcroelectrode with various electrolysis periods (see Supporting
(PI) are visible as red areas in Figure 2a. While the lower scan rate Information).

<100 um st cgused_lme patterns of damaged c_ells, almost N0 Figure 3 demonstrates the level of control of cellular growth
damage was discernible for higher scan rates. Figure 2b depictS;ng migration possible with the microelectrode technique. The BSA-

the patterns of Hela cells adhered on the BSA-coated substrate;ateq substrate was processed to make the first cellular pattern

pretreated by a scanning microelectrode; evidently, even a scanpy a microelectrode scan (Figure 3a) and by an incubation for 1 h

t Graduate School of Engineering. in a serum culture medlum_ containing sgspended _HeL_a cells to
* Graduate School of Environmental Studies. promote cell attachment (Figure 3b). As illustrated in Figure 3c,
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cells proliferated and migrated along the region electrochemically
treated with the microelectrode, a finding indicating that the
oxidizing agent can change the property of the BSA-coating near
the cells without damaging the preexisting cells.

Some other research groups have reported u@P-based
electrochemical methods for in situ control of cell adhesion. Mrksich
and co-workers have developed a technique that uses the electro-
chemical oxidation of a hydroquinone-terminated to a quinine-
terminated SAM on a Au substrate; this step is followed by a Biels
: Alder reaction to immobilize a cyclopentadiene-conjugated cell-

E\ 5 adhesive peptide sequence to activate inert surfaces for the
- 5 attachment of cell&13 Whitesides and co-workers have adopted
‘% : the electrochemical desorption of an ethylene glycol-terminated
é‘l N SAM on Au to induce cellular attachment onto the SAM-desorbed
Fi% ; : ¢ 100 pm areal4
Figure 2. (a) Fluorescence micrograph of micropatterns of damaged HeLa  The method we describe here is a simple electrochemical
cells stained by PI. The microelectrode electrogenerating HBrO was scannediechnique that, as demonstrated in Figure 3, enables the in situ

closely above the substrate surface on which HelLa cells were confluently . . . :
cultured. (b) Phase contrast micrograph of patterned HelLa cells. The cellsdraWIng of patterns for cell growth and migration. We believe that

were cultured for 24 h on the BSA-coated substrate, which was pretreatedS.UCh a unique technical featu.r.e W9U|d be U§er| tq Simplify
by scanning the microelectrode. bioassays based on cellular motility. Since stepwise multipatterning

is possible, this technique could also facilitate the formation of
micropatterned cocultures of different kinds of cell types and thus
contribute to cell and tissue engineering.
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