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The sensatiosof smel ard tase resut from aseries of specific
ard nonspecift molecula recognition evens tha take plaee in
parallel! In afew case thele are receptos tha are specific for
individud analytes However mog tastan$ and odorans are
identified through a composié of responsg from nonspecific
interactions The patten createl by the simultaneos response
of these receptos is specific for a particula se of stimuli. For
example the mammalia tonge has “taste buds (Figure 1A)?
which respoml to four tase catagories sweet sour, salty, and
bitter. The combinatian of only thes four signals along with
olfactory information creats adistind patten for ead tastant.

The seng of smel hasrecenty been mimicked using avariety
of different transductio schemes. In one case an “electronic
nosé creates patterrs that resut from smal change in the
resistivily of a series of differert conductirg polymeis when the
polymess differentially adsob volatile moleculest The lack of
suitability for solution-phas analyss ard the ultimate desie to
hawe biologically relevarn sensos has driven scientiss to search
for alternative mimics of biologicd sensoy systems.

Herein we descrite anew senso methodolog which allows
for the simultaneosidentification of multiple analytesin solution.
Advance in micromachiniig techniqus and efficient/rapd data
acquisition using acharge-couple deviae (CCD) were combined
with known chemicé indicatoss to creat asingle senso suite
that may be describé as aprimitive “electronic tongue” Poly-
(ethylere glycol)—polystyrere (PEG-P$ resi bead$ tha were
derivatizel with avariety of indicata molecule were exploited
to mimic “tast buds” The® indicatos are selective for
individud analytes but, importantly, are not specifc in their
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recognition properties To mimic the cavities in which natural
tase buds reside we positionel the resn bead within micro-

machine& wells formed in Si/SIN wafers thus confining the beads
to individually addressalel positiors on a multicomponen chip

(Figure 1B).”® The size of the wells was chos@& so tha they

hold the beads in swollen ard unswollen states. For demonstra-
tion purposesa 3 x 3 array of bead was createl to mimic the

capaciy of the mammalia tongte to simultaneougl identify a

variety of analytes Signd transductio was accomplishd by

analyss of the absorptim properties of the bead using aCCD

tha was interfacel with the senso array (Figure 1C)2° Upon

exposue to analytes color changs for the bead were found to

be 90% complee within 1 min, althoudh only second were

typically required (i.e., 3.5 sfor changs in pH). Data streams
composd of red green ard blue (RGB) light intensities were

acquirel for ead of theindividua beads The resulting patterns
were storal in acompute for analye identification and ultimate
quantification.

In our prod of concep experimentsresponsgrecordel at one
specifc and three nonspecift sensos were compare to acontrol.
The sensos are fluorescen for pH 112 o-cresolphthalgi complex-
one for Ca* and pH,!® alizarin complexom for Ce**, Ca2*, and
pH*card finally aboront este of resorufin-derivatize galactose
for simple sugarst?13 The contrd was simply aresn beal with
the termind amines acetylated.

A demonstratin of the capaciy of four of the five different
bead to complee simultaneos detectia is provided in Figure
2. In this example the presene of Ca&* (0.1 M Ca(NG;),) was
analyzel unde conditiors of varying pH (pHs 3, 5, 7, 9, ard 11
all buffered by a mixture of 0.04 M phosphatg0.04 M acetate,
and 0.04 M boraté4. Similar analysefor 0.1 M Ce(NG); and
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Figure 1. (A) Scanniwg electra microgragh (SEM) of a rat fungiform papilla (tase bud, adapte with permissia from ref 2). (B) An SBM image of
a PEG-FS beal immobilized in amicromachind Si well. (C) Schemat representatio of the “electronc tongué device A light soure (i) irradiates
a series of bead held in pits (i) through acove plate (ii). The transmittel light is analyzel with a CCD array (iv).
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Figure 2. At the top portion of the illustration a series of PEG-PS
polyme bead derivatizel with indicators are shown Thes images were
obtainel with opticd microscopy At the lower portion a series of bar
graphs sene to quantify the exten of color attenuatio recordel for red
(A = 700 nm), green (A = 550 nm), ard blue (1 = 435 nm), as obtained
with the CCD. Color attenuatio values are expressé in alinear scalel®
Various PEG-F5 bead are shown respondig to Ce?+ at various pHs:
ALZ = alizarin complexongFLU = fluorescein BOH = boront acid/
galactose resorufin CRP = o-cresolphthal&i complexoneBLK = blank.

mixtures of C&" ard Ce*" were performed The beal derivatized
with o-cresolphthal&i complexom respongto Ca&2* at pH values
of ~11.4 as notad by the purple beal seen at the top of the
illustration Similarly, in the absene of Ca?* the sanme color was
found at pHs of 125 and above Thefigure also showstha during
the sane measurementshe fluorescen derivatizel beal acts as
a pH sensor At pHs below 6, the fluorescen beal exhibits a
light yellow color, but a highe pH values it turns orange In

othe studies (see the Supportig Information) we find that the
alizarin complexor plays avariety of roles First it acsasa
proton senso yielding ayellow color at pHs below 4.5, orange-

red colors at pHs betwea 4.5 and 10, ard dee purple hues at
pHs abowe 11.5 Second it functiors as a senso for Ce** at
relatively low pHs by turning orange to red.  Third, the alizarin
complexor also respong to Cat, but the color chang is less
dramatc than with Ce*". In separat experimentsthe boronic
acid-basd sensowas analyzel alorg with the othe sensorsThis
senso respong to the presene of sugas as expectedbut also
respond to pH. The bead turned from dak orange to yellow
in solutiors containirg fructose Interestingly when the pH was
increasd ard this senso was monitored a change in color
undectat® by the human eye was revealel by the RGB analysis
as an increag in absorbane of red.

In summary three importar factors hawe been demonstrated
which relak to the design testing and functionality of micro-
machinel senso arrays for solution pha® analyses First,
polymea bead derivatizel with indicatos give respone times
well unde 1 min when incorporate in micromachind platforms.
Secongdthe arrays can be integratel with commercialy available
CCDs allowing for parralld acces of spectradata from multiple
beads Third, simultaneos detectim of sever& analytes in a
mixture is possibé by analyss of the RGB colaor patterns The
powe of the approab partially resides in the fact tha many
method exig for the attachmen of single analye detectors,
biosensorsard combinatoridlibraries to resin beads Therefore,
althoudh relatively primitive from a recepto perspective our
initial experimers reporta here demonstrat the principles of a
nev generatio of sensors Work is currenty underwg to
delineae detectian thresholdsdevelg more sophisticatd recep-
tors ard apply patten recognition protocok to the RGB analyses.
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