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This report describes a procedure based on the electrochemical
desorption of self-assembled monolayers (SAMs) to release pat-
terned mammalian cells from the constraints of these patterns. This
procedure uses microcontact printingCP) and readily available
(Ci9)—to confine cells into patterns; these methods are well
established? EGs-terminated SAMs resist the adsorption of
proteins (we call these surfaces “inert”, meaning “inert to the
adsorption of proteinsd.Since mammalian cells attach to and
spread on surfaces only if suitable extracellular matrix (ECM) ) .
proteins are present, B&erminated SAMs also resist the attach-  figyre 1. BCE cells were allowed to attach to a surface patterned with
ment and spreading of celld.Application of a cathodic potential ~ C1iEG; and Gs. Application of a cathodic voltage pulse-{.2 V for 30 s
of <—1.2 V (vs a stainless steel electrode) on gold caused the SAMsin this case) released the cells from the microislands. The numbers indicate
to desork?:6 Removal of EG-terminated SAMs from a gold surface ~ the time elapsed (in minutes) after the voltage pulse.

allowed the surface to adsorb proteirtdere we have usedCP to buffer medium buffer
pattern SAMs and electrochemistry to desorb the confining §EG) so00p
terminated SAM: this procedure allows cells to be grown in patterns 4000 fhare” gold
and then to be released from these patterns. After desorption of 2 3000 | 14v1-4.8V1Cra
the (EG)-terminated SAM, cells can attach to, and spread across, 2000 A0V
previously inert areas (Figure 1). 1000

We used electrochemical desorption of H&rminated SAMs ° o o~ poo ;OZ

to demonstrate that bovine capillary endothelial (BCE) cells Time (S)

confined to microislands of patterned SAMs can be released from fg,e 2 SPR sensorgrams compare the amounts of adsorbed proteins on
their confinements. Patterning of BCE cells was accomplished by the SAMs originally coated with GEGs that underwent various cathodic
methods previously describ&dyith Cyg as the protein-adsorbing  voltages. The sensorgram on the SAM formed hyi€also shown. “Bare”
SAM and GEG; as the inert SAM (see Supporting Information 90! is a gold surface that does not have a SAM.

for more detailsy. Cells were confined on these micropatterns in
normal growth media for 24 h. After application of a cathodic
voltage pulse € —1.2 V, vs stainless steel, for 30 s), cells began to
spread perceptibly from the microislands (Figure 1). We believe
that the voltage pulse desorbed some or all of the ¢E&jminated

BCE cells was allowed to flow over the gold substrdtdhe
sensograms indicate that the gold surface ceased to be inert after a
voltage pulse of-1.0 V and became similar to a SAM ofi£in

its ability to adsorb proteins after pulses-ef.4 and—1.8 V. By

using theARU on the SAM formed by ¢ as a complete monolayer

ShAl\f/: ?gd tk:j&.u ECM protelr(;sbsucf}las flt_)élonegtm S:ZI) presen_t N of serum proteins, we estimated the coverage of proteins on SAMs-
the fluid medium or secreted by cells rapidly adsorbed onto regions .o gold to be 56% after1.0 V, and 100% after-1.4 V (or

thf’;\t haddbeen pre\rlllously. rendefred |nert.:)yhthese SAM;. Th.e ceIIs_l_8 V)32 A bare gold surface seemed to adsorb slightly more
migrated across the entire surface as if they were migrating on proteins than a SAM of G but the difference in optical

t:jare bg(()jlc: (thatt:s, gOIS_W'th rjl?hSAMl but W('jth alayer of pr?telns h characteristics of these surfaces made a direct comparison difficult.
adsorbed from the me |_um): ey also underwent normal growt Cyclic voltammetry also corroborated the desorption gEG; (see
and proceeded to cytokinesis on these substrates. Supporting Information, Figure 1)

We quantified the amount of pro_teins adsorbed on the gold Proteins adsorbed on a SAM formed bys@id not desorb after
surfaces e_1fter the voltage pulse by using surface plasmon r_esonancgpplication of voltage pulses in the range used here. Quantitative
(SPR):° Figure 2 compares the adsor_pt!qn of serum proteins from 4 1orescence measurements on rhodamine-labeled FN adsorbed on
t:e gro(\j/vth medwm or;]to d.substlrates |n|t|§1IIy fco;l]t(e)d Viltlhgmi;f the Ggcovered area of the substrate showed indistinguishable
]E at;én ergsgtt e cat c:j '; puises (ran_gln% rﬁh. kto ) ; h hi values before and after the voltage pulse. This result agrees with a
or _s)._ measured t € Increase in t e.t ICKNess o the thinyo con report that similar cathodic potentials did not decrease the
organic f'.lm (SAMSs or protelns) on the gold; this Increase was quantity of plasma proteins that adsorbed onto gold surfifces.
reflected in the change_ In reésponse undRU). ARU was ma”_"y BCE cells appeared to be intact and normal after the voltage
caused by the adsorption of proteins when the growth medium for pulse. The maximum voltage gradient was 180 mv/imm (1.8 V

t Harvard University across a distance of 10 mm between the two electrodes) in our
*The University of Chicago. experiment; this voltage gradient is comparable to the voltage
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o B0 (ii) It does not require extensive organic synthesis. (iii) It does not
:g, n § o drugs damage the cells. (iv) It is applicable in normal growth media that
§ © !,-i contain serum.
§ % o3 - In conclusion, we have combined the cell patterning work
g :: .fi. . ;I;If“'“‘g'"'" developed previously from our grotiand the electrochemical
H " .":“S§£:§ oga® cycloheximide desorption of SAM§ described by Porter, Morin, and othéos '
e éégﬁ:::m“”m ocodosole modu_late the capacity of_a surface for the attachmen_t of ceII_s. This
technique has the capacity to control the €sllibstrate interaction
0 200 400 600 800 dynamically. Itis relatively simple experimentally and can be easily
Time (min) implemented in any biological laboratory. We believe that it has
Figure 3. A cell-based screening assay. A summary of the influence of at least two uses: (i) to simplify a class of cell-motility-based assays
drugs on the motility of BCE cells after application of a voltage puis&.R used in drug discovery and (ii) to provide a new tool for use in

V, 30 s). Each datum represents the average of eight fields of cells. Error undamental studies of cell biology based on simultaneous spatial
bars represent one standard deviation from the mean. See Supportingf ay p

Information for the calculation of the Fractional Coverage. and temporal control of cefisubstrate interactions.

gradients used in other studies involving mammalian or amphibian
cells> Two observations support this claim: (i) Time-lapse video
microscopy showed that all cells had normal morphology and
migrated normally on the surface after the voltage pulse. Preliminary
analysis showed that their average speeds of migration were
indistinguishable on the electroactivated substrates from those on
a polystyrene Petri dish. (ii) A LIVE/DEAD ass#yshowed that
99.9+ 0.05% of the cells had intact membranes and remained  gpporting Information Available: Experimental details (PDF).
viable after a voltage pulse 6f1.8 V for 30 s. This material is available free of charge at http:/pubs.acs.org.
We illustrated the value of this method for screening agents
whose biological activities are reflected in their influence on cellular
motility. When drugs were added to the growth media before the _ o _
voltage pulse, migration of cells out of the patterns was modified % \hfvmfécs?dtehg:; (\é\{hl{}ff'ggfdrﬁ- g'T ?gg;ygﬁicgﬂoﬁggg’1)%;2'?]2;26:2%_ e
or completely abolished after the voltage pulse (Figure 3). The speed Annu. Re. Biomed. Eng2001, 3, 335-373.
of cell movement out of the patterns provided a simple visual ~ (3) Prime, K. L.; Whitesides, G. MJ. Am. Chem. S0d.993 115 10714~

. . . . 10721. Prime, K. L.; Whitesides, G. Miciencel99], 252 1164-1167.
screening for the activities of the drugs on the migratory activities  (4) Chen, C. S.; Mrksich, M.; Huang, S.; Whitesides, G. M.; Ingber, D. E.
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