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Abstract: Fluorescent self assembled monolayers (SAMs) orssghaere previously
developed in our group as new sensing materialsédal ions. These fluorescent SAMs are
comprised by fluorophores and small molecules s&iplly deposited on a monolayer on
glass. The preorganization provided by the surtacads the need for complex receptor
design, allowing for a combinatorial approach tosseg systems based on small molecules.
Now we show the fabrication of an effective micragrfor the screening of metal ions and
the properties of the sensing SAMs. A collection floforescent sensing SAMs was
generated by combinatorial methods and immobiliaedthe glass surfaces of a custom-
made 140 well microtiter-plate. The resulting libiea are easily measured and show varied
responses to a series cations such &5 Qaf*, PF*, C£" and ZA". These surfaces are not
designed to complex selectively a unique analyterather they are intended to produce
fingerprint type responses to a range of analyydsss specific interactions. The unselective
responses of the library to the presence of diftecations generate a characteristic pattern
for each analyte, a “finger print” response.

Keywords. High throughput, fluorescence, SAMs, microtiter tpadifferential sensing,
sensor array, metal ions




Sensors 2007, 7 1732

1. Introduction

Despite several decades of research in opticabséeshnology, there is still a substantial need fo
new sensing materials that can be applied for enmental contaminants, food industry and medical
analysid! The conventional approach to chemical sensingjried by the “lock and key” paradigm of
molecular recognitioff’ is to prepare a different sensor for each analftimterest (one sensor—one
analyte approach). This approach has many drawbkaks, the need to create absolute selectivity fo
specific analytes is a difficult task. Significamtional design, computer modeling, and trial arndre
testing is required to optimize the ability of trexeptor to recognize the guest analyte. Secomrd, th
number of sensors grows linearly with the numbearddlytes to be measured. An emerging different
approach is the fabrication of cross-reactive sersoays? M inspired by the mammalian
(natural) way of sensing. In the olfactory systefimated number of cross-reactive receptors that ar
not highly selective generate a response pattean ith perceived by the brain as a particular
odor™"8® The large number of response pattern combinatiads to a broadly responsive system
able to recognize and detect thousands of distietrs, including complex mixturé§**Y The
number of odors that can be detected is limitegt bylthe number of unique receptor patterns that ca
be generated and recognized. Artificial cross-reacsensors are composed of arrays of sensing
systems which are not highly selective, but the lwoed signal response from the array produce a
characteristic picture (fingerprint) of the analytigentification of the analytes is achieved byaaiety
of chemometrics tools for pattern-recognitiof! >34

Since 1982, when Persaud and Dodd first reportesingdal sensing based on arrays of cross-
reactive conductive polymer sensbrba variety of arrays have been fabricated employifigrent
chemical interaction, materials, and strategie$h ascthe use of conductive polymEf conductive
polymer/carbon-black compositeéd, modified tin oxide sensoF¥"'®! polymer coated surface
acoustic wave devicé®?!  quartz crystal microbaland&  dye-doped  polymer
matrixesiZ3H24HZH28L2T - molecular  imprinted  polymef&!  colorimetric  vapor sensors  with
metalloporphyrins immobilized in thin layers of isilgel®® BB colorimetric and fluorescence
changes of receptor and indicator molecules cotlglattached to polymeric microspheres in micro
machined cavitie§?'4 and many othe@*BM6M37L38] Eyen an optical imaging fiber-based
recombinant bacterial biosensor has been fabri¢&le@he potential of organic self-assembled
monolayers (SAMs) as sensing interfaces for aradyyi¢ation was outlined by Crooks and Ricco in
1998[%° The synthetic flexibility of the organic monolagémplies that they can be tailored to exhibit
a high level of chemical independence and structnder. Each individual type of monolayer in the
array responds to an analyte or class of analytes distinct manner. Because of the inexpensive
procedures to create these materials, familiesubétsates with a range of chemical properties for
analyte recognition can be easily generated usingls combinatorial method&!#1:42}[431.[441.[45].[46]
Thicker materials such as polymers provide a maeber quantity of receptors than SAMs. Thus,
polymers-based optical sensors have an enhanceitiwgn compared to monolayer-based optical
sensor$!”! However, they have a limiting factor in terms efponse rate of the signaling process,
which is the chemical and physical permeabilitytred material and they are commonly inappropriate
for real time application”? SAMs generally provide very fast responses sirc¢ha receptors are
exposed to the surface liquid interface and theyoaty 1-3 nm thick.
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Here we use a combinatorial sensing methodologyliee developed by us, for ion
sensin§f®!*?! which relies on the random sequential attachmémtiféerent fluorophores and small
ligand molecules on a SAM formed on a glass sutedffaWe report a new approach to high through
put screening of the fluorescent SAMs metal iorssenproperties. A library of fluorescent SAMs on
glass has been confined on a microtiter plate.difeetional preorganization inherent in the SAM and
the random lateral distribution brings the ligamdups and the fluorophores in close enough proyimit
that the ligand-analyte interaction is communicatethe fluorophore, resulting in a modulation loé t
fluorescence intensity. Generally, these SAMs-basgsing materials are not highly selective, which
implies a need for cross-reactive array-based seatesaces. Depending on the interaction between the
metal ion and the fluorescent SAM, the fluorescesimession of the functionalized surface might be
enhanced or quenched. Therefore, modulation ofnitial fluorescence will differ depending on the
layer composition and the applied anal§ik.

The sensing array was prepared by the parallelhegig of an amino-terminated SAMs
functionalized with different fluorophore-ligand ipa in the bottom glass of different wells in a
microtiter plate (MTP). The physical immobilizatimf the sensing layers on the wells of an MTP
enables straightforward preparation of the array$ i enables the rapid screening of large sets of
libraries!?® The result is a sensing array which is able tceg@e a characteristic fingerprint type of
response with a single fluorescence “snapshot™watlg for the visual identification of different
analytes.

In this paper the power of this novel method is destrated for the analysis of different metal
cations. The overall unselective responses of tiay @omponents in the presence of different cation
generates a characteristic fluorescent patterredch analyte. We believe that this approach for the
generation of sensing materials based on fluorésséiMs can be extended to a large number of
different analytes such as small organic molecules.

2. Results and Discussion

A collection of 21 sensing self-assembled monokygenerated by parallel combinatorial methods
was immobilized on glass surfaces of the diffeneptls of a custom-made microtiter plate (MTP)
(Figure 1). The MTP was custom designed with dirmrsof 75 x 25 mrto allow analysis of the
array by commercial fluorescence microarray scanrecontains 140 wells, of 3 mm diameter which
can be filled with a volume up top.>”

The general procedure for the fabrication of thessey monolayers on the glass surface of the wells
involves the functionalization of the MTP surfaceithwthe amino terminated SAMN-[3-
(trimethoxysilyl)propyl]ethylenediamine (TPEDA) arnts sequential modification with a different
fluorophore-ligand molecule pair in each well (Figw). Commercially available amino-reactive
fluorescent probes (F){= 500-550 nmA¢»>550 nm) and ligands (R) were used, allowing thredi
covalent attachment of the array building blockgheaMTP wells (Figure 2a).
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Figure 1. a) Picture of the 140 well glass microtiter pl¢k4TP) with a schematic
representation (enlargement) of the wells subsgiitiit Schematic representation of b)
one microtiter plate well with the correspondingndnsions and c) the self-assembled
monolayers formed in each well of the MTP.

o —
Q = F = Fluorophore

b)
1.1 mm
3 mm QQ =R = Ligand

Figure 2 depicts the three-step synthesis andilaison of the parallel combinatorial library of
sensing monolayers in the MTP wells. First the anterminated monolayer (TPEDA, Figure 2a) is
formed by silanization of the well glass surface itmmersion of the MTP in a solution ®-[3-
(trimethoxysilyl)propyl]ethylenediamine) in toluen&equentially three acetonitrile solutions each
containing a different amino-reactive fluorophoreFigure 2b), TAMRA (5-(and-6)-
carboxytetramethylrhodamine, succinimidyl este6YS{AMRA, SE) *mixed isomers*) (TM), TRITC
(tetramethylrhodamine-5-(and-6)-isothiocyanate YARITC) *mixed isomers*) (T), or Lissamine
(Lissamine™ rhodamine B sulfonyl chloride *mixedonsers*) (L), were pipetted on different
columns of the MTP affording fluorescent monolay@ml0, TO, and LO. Six solutions, each
containing a different amino-reactive ligating nmlke (1-6), p-isopropyl phenyl isocyanate, hexyl
isocyanate, phenyl isothiocyanate, hexanoyl chégpepropyl benzoyl chloride and phenyl isocyanate,
were pipetted in different rows. The covalent dttaent of the complexing groups onto the fluorescent
monolayers results in an array of 21 different sepsnonolayer® (TMO-TM6, TO-T6, LO-L6). On
the top row, no complexing molecule was added;efioee the layers TMO, LO, TO, contain amino
groups as ligating functionalities.

To avoid contamination with unwanted fluorophorewl digating molecules from neighboring
wells, the MTP was rinsed after each synthesis witp propylamine (0.1 M, acetonitrile) to remove
the excess reactant. Figure 3 shows the fluoresamimroscopy images of two neighboring wells, one
functionalized with LO SAM, and the other functidimad only with TPEDA SAM. The images clearly
show that the fluorophores have not spread intghtoeiring wells after this rinsing procedure.
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Figure 2. a) Synthetic scheme of the formation of the senSIAMs on the plate wells. i)
N-[3-(trimethoxysilyl)propyl]ethylenediamine, toloe, rt, 3.5 h, ii): Lissamine
rhodamine B sulfonyl chloride, 5-(and-6)-carboxsaetethylrhodamine, succinimidyl
ester (5(6)-TAMRA, SE) or tetramethylrhodamine-Bde)- isothiocyanate (5(6)-
TRITC), acetonitrile, rt, 4 h and iii) isocyanatékioisocyanates or acid chlorides (see
text) used as ligands (R), acetonitrile, rt, 16bl. Schematic representation of the
monolayer library synthesis (TMO-TM6, TO-T6, LO-L@&) a microtiter plate. Three
different acetonitrile solutions containing eacldiierent fluorophore, TAMRA (TM),
TRITC (T), or Lissamine (L) are pipetted in the isedf three consecutive colunms of a
MTP coated with TPEDA monolayer (A in this figur&ubsequently, six solutions (1-6)
containing each a different ligand are pipettedansecutive rows. No ligand solution is
added on the top row (wells TMO, LO, TO). ¢) Cheamhicomposition of the library of
fluorescent SAMs (TMO-TM6, LO-L6, TO-T6) prepared the MTP glass surface.
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Figure 2 depicts the three-step synthesis andiluison of the parallel combinatorial library of
sensing monolayers in the MTP wells. First the anterminated monolayer (TPEDA, Figure 2a) is
formed by silanization of the well glass surface itmmersion of the MTP in a solution ®&-[3-
(trimethoxysilyl)propyl]ethylenediamine) in toluen&equentially three acetonitrile solutions each
containing a different amino-reactive fluorophoreFigure 2b), TAMRA (5-(and-6)-
carboxytetramethylrhodamine, succinimidyl este6YS{AMRA, SE) *mixed isomers*) (TM), TRITC
(tetramethylrhodamine-5-(and-6)-isothiocyanate YARITC) *mixed isomers*) (T), or Lissamine
(Lissamine™ rhodamine B sulfonyl chloride *mixedonsers*) (L), were pipetted on different
columns of the MTP affording fluorescent monolay@msl0, TO, and LO. Six solutions, each
containing a different amino-reactive ligating nmlke (1-6), p-isopropyl phenyl isocyanate, hexyl
isocyanate, phenyl isothiocyanate, hexanoyl chégpepropyl benzoyl chloride and phenyl isocyanate,
were pipetted in different rows. The covalent ditaent of the complexing groups onto the fluorescent
monolayers results in an array of 21 different sensnonolayer® (TMO-TM6, TO-T6, LO-L6). On
the top row, no complexing molecule was added;efioee the layers TMO, LO, TO, contain amino
groups as ligating functionalities.

To avoid contamination with unwanted fluorophorewl digating molecules from neighboring
wells, the MTP was rinsed after each synthesis widp propylamine (0.1 M, acetonitrile) to remove
the excess reactant. Figure 3 shows the fluoresamimroscopy images of two neighboring wells, one
functionalized with LO SAM, and the other functidimad only with TPEDA SAM. The images clearly
show that the fluorophores have not spread intghtoeiring wells after this rinsing procedure.

Figure 3. a) Fluorescence microscope images of two neigidparells functionalized
with LO SAM (left) and TPEDA SAM (right), after raing the MTP with propylamine. b)
Schematic representation of the functionalized MshBwing two identical monolayer
libraries (reference library and analysis librarythe MTP wells. Fluorophores (TM, T,
and L) and complexing molecules (1-6) were disteduin the TPEDA functionalized
MTP as indicated resulting in 21 different monolaye
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To control the reproducibility of the measurememd @he quality of the data, every monolayer in
the analysis library was made in triplicate (in secutive wells) and in duplicate in the reference
library (Figure 3b). To facilitate the data quaication the MTP was divided in two parts (Figurg.3a
In both parts an identical monolayer library wasdmarThe first part was used as a reference and the
second part, the analysis library, was incubateth wihe corresponding analyte solutions. The
fluorescence intensity of both libraries was subsetly measured. In total 105 wells were
functionalized with 21 different sensing systemguFe 4 shows the plot of the fluorescence intgnsit
of each system (in triplicate). Analysis of theadeidicated good inter-well reproducibility.

Figure 4. Plot of the original fluorescence intensity o€le@ensing monolayer in air (LO-
L6, TO-T6, TMO-TM®6), made in triplicate in consemat wells.
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To demonstrate the generality of this sensing sehéhe metal ions were chosen to represent a
wide range of ionic species. The response of tfwvallescribed sensor array to*GaCuf*, Co™,
Zn**, or PB* was studied. Depending on the interaction betweetal ion and SAM, the fluorescence
emission can be enhanced or quendfiédrirst, the MTP was incubated with a1 acetonitrile
solution of the perchlorate salts of tGaCuf*, Co*, PI*, and ZiA*, subsequently rinsed gently with
dichloromethane and dried with a nitrogen streafterivards, the fluorescence intensity of each well
of the reference and of the analysis libraries maasured using a laser scanning confocal fluorescen
microscope (LSCM¥? Qualitative and quantitative analysis of the miiteo plate response in the
presence of the analytes are both feasible. Tloreficence intensity of each well was measured by
LSCM and one colored image was generated for eatt®# The ratio of fluorescence intensities of
the reference and the analysis library was caledlaroviding a quantitative measure of the analyte
influence in each well (see experimental part fetads)® The interaction of each metal ion with the
different sensing wells results in an individuaiditescent signal for each well. The combinatiothef
21 individual responses generates a characteqstitern signature (fingerprint) for each analyte.
Figure 5 shows the fluorescence intensity of eachiPMvell after incubation with the metal ion
solutions. It can be clearly seen that each anaiytke array produces a unique fluorescent pattarn
this way each analyte is easily distinguished ftbmothers™!
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Figure 5. Fluorescence microscopy images of the MTP weller aeach plate was
incubated with Cd, Cu#*, C&*, zrn** and PB" (10* M, acetonitrile). Each square in
every image represents an individual signal, amdctbilection of the individual signals
constitutes the response pattern of the arrayw@rcomposition see Figure 4).

™ T L ™ T L

ca” cu” Co”* zZn* Pb**

Figure 6 depicts the changes in fluorescence iitfen$ each sensing system of the MTP upon
analyte complexation. Quantification of the datsswl@ne by analyzing the fluorescence intensity of
each well before and after exposure to the analyte.

Figure 6. Plot of the fluorescence emission intensity clesngf each sensing system in
the array upon Pb, Zr?*, C&*, C* and Cd* complexation. Negative values indicate
guenching of fluorescence while positive valuesaaté enhancement of fluorescence
intensity. The data are normalized, the fluoreseentensity of the sensing systems in the
reference layer has been set to 0, and comparddtiat fluorescence intensity of each
system after analyte complexatiGfi.
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As mentioned before, the MTP used to form the maywl array had the dimensions of a standard
microscope slide (75 x 25 mm), suitable for measerdgs in commercial fluorescence microarray
reader scanners. Therefore, a commercial scannerused to read the microsensor array allowing
imaging of the whole array in a shorter time. To@npact bench-top scanner combines easy-to-use
features with advanced optics and solid-state lesdgmology necessary to provide rapid scan times,
image quality, and data reproducibility for accarand reliable measurements. The simplicity of the
analysis technology should enhance the performahoar sensing scheme, allowing fast and accurate
measurements. To prove whether the sensing SAMsy atan be measured using a standard
fluorescence array scanner, sensing and recyckpgrinents were performed. First a microtiter plate
was functionalized with the previously describedssttve SAMs library comprised of 21 different
sensing monolayers (for library composition seaifé@?). The monolayers were arranged in the MTP
according to the pattern given in Figure 3b (ansalyidrary). Every monolayer was prepared in
triplicate in three consecutive wells to evaludie teproducibility of the measurements. The MTP was
imaged before incubation with the analytes to tegithe initial fluorescence intensity of each well
Subsequently, the plate was incubated witA*QLO* M, acetonitrile), and scanned ag&f Figure 7
shows the pictures of the plate functionalized wite SAM array before and after €wddition. The
scanning of the microtiter plate takes less thans®#8 The fluorescence intensity patterns of the
functionalized MTP after exposure to the analytevigled a signature characteristic for the analyte
comparable with that obtained previously using tosfocal microscope. The fluorescence laser
scanner allows imaging a sensing SAM array in atshme what constitutes an extra advantage in the
screening methodologies for sensor arrays discusgéds paper.

Recycling of this MTP confined sensing array ws astudied using the laser fluorescence
scanner as imaging set up. A functionalized MTPtaioing the SAM library described in Figure 2,
was incubated with Gd (10* M, acetonitrile) and produced the fluorescenceepat(Figure 7).
Subsequently, the MTP was rinsed with a solution thie metal scavenger, EDTA
(ethylenediaminetetraacetic acid, 0.01 M, igOHsolution). Upon rinsing with the EDTA solutioneth
fluorescence intensity of each monolayer increagaticating that almost all metal ions had been
removed from the array. Subsequent exposure ofitted MTP to C% resulted in almost the same
fluorescent pattern found after the initial additiof C&*. Thus, the complexation is reversible and the
surface can be easily recycled for further analysis

In conclusion, arrays of 21 different fluorescessing monolayers have been directly generated by
parallel combinatorial synthesis on the wells stefaf glass microtiter plates. The collection af th
unselective response of the twenty one differenhatayers in the presence of the different metal
cations generates a characteristic fluorescenenpata “fingerprint” of each analyte in the arrdye
array was reused after removal of the analytes aghimmg with EDTA. The monolayers responded
extremely fast to the presence of the analytes tlama@rray could be easily screened by laser cahfoc
microscopy and microarray reader fluorescence sann
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Figure 7. a) Fluorescence scanner images of a functionalimedotiter plate with a
library of 21 SAMs configured into an array (fdodary composition see Figure 2), before
and after exposure to a 10V acetonitrile solution of Cu(Cl§),, respectively. b)
Fluorescence scanner images of a microtier platetitnalized with the sensing array, 1)
initial situation, 2) after exposure to €o(10* M, acetonitrile), 3) after subsequent
rinsing with EDTA (0.01 M, aqueous solution), arjdadter re-exposure to €b(10* M,
acetonitrile).
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The results herein demonstrate the successful capipin of parallel combinatorial methods to
generate different sensing SAMs covalently immabii in the wells of a glass microtiter plate asd it
application to high through put screnning of segsinaterials. We envision their potential for the
fabrication of cross-reactive fluorescent sensoayar Using the array format and screening tools
described in this paper, we are currently workimgtiee continuous sensing of metal ions and the
generation of universal arrays containing sensipuabes for identification of mixtures of analytes
using chemometric tools.

3. Experimental Section

Monolayer microarray fabrication. All glassware used to prepare the layers was ctedne
sonicating for 15 minutes in a 2% v/v Hellmanesdlution in distilled water, rinsed four times with
high purity (MilliQ, 18.2 MQ2cm) water, and dried in an oven at 150° C. Thetsafies, custom made
140 well glass microtiter plates (MTP) were cleaf@dl5 minutes in piranha solution (concentrated
H.SO, and 33% aqueous B, in a 3:1 ratio. Warning: Piranha solution shoukl Handled with
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caution: it has been reported to detonate unexglgitd hey were then rinsed several times with high
purity (MilliQ) water, and dried in a nitrogen st@ immediately prior to performing the formation of
the monolayers.

Synthesis of TPEDA monolayers in the MTP wells. Formation of the N-[3-
(trimethoxysilyl)propyl]ethylenediamine  SAM TPEDA as achieved in a glovebox under an
atmosphere of dry nitrogen. The freshly cleaned M@ immersed in a 5 mM solution of N-[3-
(trimethoxysilyl)propyl]ethylenediamine, in dry tane (freshly distilled over sodium) for 3.5 h. eft
the MTP was taken from the solution, it was rinsete with toluene (under nitrogen atmosphere) to
remove excess silane and avoid polymerization. NIf@ was then removed from the glovebox and
rinsed with ethanol and dichloromethane to remdwesisorbed material. The following protocol was
repeated twice: stirring of the MTP in a beakdedilwith EtOH, then rinsing with a stream of EtOH,
followed by stirring in CHCI,, then rinsing with a stream of GEl,. The MTP was then dried under
an air stream. The result is the complete coatirigeoMTP surface with the TPEDA monolayer.

Immobilization of the fluorophores. Synthesis of the TMO, L0, and TO SAMs. The attachment of
the fluorophores onto the TPEDA-functionalizaed MWeIlls was achieved by pipetting in the
corresponding wells a solution (B, 0.1 mM, acetonitrile) of the fluorophore TAMRA-(and-6)-
carboxytetramethylrhodamine, succinimidyl ester 6J5{AMRA, SE) *mixed isomers)) (TM),
fluorophore Lissamine (L) (Lissamine rhodamine Blfanyl chloride) and fluorophore TRITC (T)
(tetramethylrhodamine-5-(and-6)-isothiocyanate@(B)TC), *mixed isomers) to yield layers TMO,
LO and TO, respectively. Triethylamine, 500, was added in all the solutions to avoid protarabf
the amine groups on the TPEDA SAM. The plate wagt Ker 3h in an acetonitrile saturated
atmosphere to avoid evaporation. After reaction plete was immersed in propylamine (0.1 M,
acetonitrile). Subsequently, the plate was geintiged with CHCI, and dried under an air stream.

Immobilization of the ligands. Synthesis of the layers L1-L6, T1-T6, and TM1-TM6. The
corresponding microtiter plate wells functionaliasidh the fluorescent monolayers TO, TMO, and LO
were filled with 5uL of a solution of 0.1 mL ofp-isopropyl phenyl isocyanate, hexyl isocyanate,
phenyl isothiocyanate, hexanoyl chlorigepropyl benzoyl chloride and phenyl isocyanate Om2L of
acetonitrile with 10QuL of triethyelamine, to afford layers T1-T6, TM1-®BJland L1-L6, respectively.
The plate was kept for 3h at room temperature isaturated acetonitrile atmosphere to avoid
evaporation. The reactants were taken out of thiéswe avoid spreading of the reactive species to
other wells. Subsequently the plate was sonicated2fmin in a 0.1 M acetonitrile solution of
propylamine, for 2 min in CECN, for 2 min in EtOH, and for 2 min in GBI,. Finally, the plate was
dried under an air stream.

Metal ion sensing with the microtiter plate. C&*, C&*, C«*, zn**, and PB" sensing with the

confined monolayer array was measured using thewwoig protocol: immersion of the analysis
library of the plate in a beaker filled with a 1™ acetonitrile solution of the corresponding atefipr

5 min followed by gentle rinsing of the plate firsta beaker filled with CECl, and subsequently with
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a stream of fresh Ci€l,, and final drying of the plate under an air stre@ubsequently, fluorescent
images of the plate were recorded with laser caifatcroscopy (LSCM) and fluorescence scanner
(see details below).

Imaging I nstrumentation.

Laser scanning confocal microscopy. Confocal microscopy images of the functionalizedisvef the
glass microtiter plate were taken on a Carl ZeSML510 microscope. Images were acquired using a
confocal laser scanning microscope equipped witargon laser module (Carl Zeiss Inc., Thornwood,
NY) using a 10x0.25-na objective. The light wasuleed through the glass plate on the top side of
each well. The image is collected using the fobas gives the maximum initial fluorescence intgnsit
All the fluorophores were excited at 543 nm witkH@Ne laser. The following parameters were kept
constant for all types of monolayers: pinhole (1i{rd), image size (1024 x 1024 pixels), scanning
speed (5) and data depth (12 bit). Depending ornitial intensity of the fluorescent monolayersdan
the expected response in the presence of the asgmhancement or quenching of the fluorescence
intensity) the following settings were used: fonsieg of Ca", PF* and Zri*, the detector gain was set
to 774, 750 and 772 for TAMRA, TRITC, and Lissamaumntaining layers, respectively; the amplifier
offset was set to -0.115, -0.136 and -0.057 for T TRITC, and Lissamine containing layers,
respectively; and the amplifier gain was set tdl land 1.17 for TAMRA, TRITC, and Lissamine
containing layers, respectively. For sensing of'Guind C&* the detector gain was set to 901, 849 and
822 for TAMRA, TRITC, and Lissamine containing layerespectively; the amplifier offset was set to
-0.071, -0.136 and -0.057 for TAMRA, TRITC, anddasnine containing layers, respectively; and the
amplifier gain was set to 1, 1 and 1.17 for TAMRARITC, and Lissamine containing layers,
respectively. The fluorescence was collected otMa IR6357. All the images were collected in air.
For data evaluation, two sets of the same monoldyary were made in a MTP (reference library and
analysis library). Only the analysis library wagpesged to the analyte. After exposure, an imageaci e
functionalized well of both sets was made and tlEamfluorescence intensity of each image was
extracted. The average value of the duplicateh@réference library) and the triplicate (in thalgsis
library) wells in both libraries was calculated.rFtata evaluation, the fluorescence intensity ahea
system in the reference library was set to 0 amdpawed with the intensity of the corresponding well
in the analysis library. The values given in thet tare the average of two measurements from two
different microtiter plates.

Laser confocal fluorescence scanner. Fluorescence laser scanner images of the mondaangr were
obtained with an Affymetrix 428 scanner (Affymetridigh Wycombe, UK), and the Jaguar Software
package (Affymetrix). Excitation light was in alldé cases 532 nm. For data evaluation, the plate was
scanned before and after analyte addition. Theltnreguimages were analyzed with Imagine 5.0
software (BioDiscovery Inc., El Segundo, CA). Datere further processed. The MTP was placed on
the scanner upside down to focus on the bottomagbdinie wells.
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The thickness of the glass bottom plate wasti@3o allow fluorescent microscopy imaging of
the bottom surface of the channel even with oil Bnsion objectives for acquisition (if needed) of
higher resolution images.

Due to steric hindrance, some amino groups remareacted after addition of the fluorophore
molecules. Thus, these groups can be reacted w#imal molecule to form the complexing
functionalities yielding the final sensitive flu@eent self-assembled monolayer (SAMs).
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All the shown fluorescence images are maderinAdtier incubation of the plate with the analyte,
it is rinsed with dichloromethene, dried and theaged.

By setting threshold values luminescence intgmdithe array can be scale up and down, in order
to get high or low fluorescence intensity, intoisible pattern by eye. Different color within a gra
scale is assigned to different fluorescence intgnsilues, and with a particular graphical software
the gray scale pictures are transformed into cdlpretos with a red to yellow scale.

The imaging of the array in absence and in cbntdh the analytes was done keeping constant all
the parameters of the imaging set-up. The thresioolthe fluorescence intensity of the reference
library was set differently for layers TMO-TM®6, Tilb and LO-L6 (see experimental).

Every monolayer was made in triple in conseeutirells in the analysis library of the MTP. One
image of each well is obtained after the incubatidtn the analytes. But only one image (out of
three) for each of the 21 systems in the arraglecsed for the final picture.

Each point is the average of at least 3 meammnThe average deviation of these values is
lower than 5 %.

A deviation of the scanner laser focus calibratdid not permit the scanning of the whole
microtiter plate with high precision. Due to theason only the half of the plate was imaged each
time in order to get the maximum precision alorggshanned area.
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