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Abstract

Mass spectrometry (MS) is a valuable tool for functional genomic, proteomic, and glycomic studies.
In particular, the combination of MS with microarrays is a powerful technique for analyzing the
activity of carbohydrate processing enzymes and for the identification of carbohydrate-binding
proteins (lectins) in complex matrices. On the other hand, graphene exhibits high desorption/
ionization efficiency, good conductivity and optical transparency, specifications of a high-
performance component for matrix-assisted laser desorption/ionization (MALDI) platforms.
Besides, the chemical functionalization of graphene increases the adsorption capability of functional
biomolecules (e.g. receptors), resulting in very stable interfaces. Taking advantage of the properties
of graphene, we developed several modified chemical vapor deposited graphene (CVDG)-based
glycan arrays on different substrates including ITO and bare glass, as a potential sensing platform for
carbohydrate-lectin interactions, which are involved in a plethora of biological processes. The glycan

arrays were fully characterized by MALDI-MS analysis and, in some cases, optical microscopy.

1. Introduction

Graphene is a carbon material that presents a unique
set of electronic, mechanical, optical, thermal and
chemical properties [1]. The combination of these
extraordinary properties qualifies graphene-based
derivatives [2] as multifunctional materials for
applications in sensing, energy storage, optoelectronic
devices, as catalyst supports, and as composites in the
development of new analytical tools [3].
Matrix-assisted ~ laser  desorption/ionization
time-of-flight (MALDI-TOF) mass spectrometry
(MS) provides a simple and high-throughput method

of analysis for biomolecules [4—6] that stands out for
its speed, robustness and ease of handling.

With the introduction of nanomaterials into this
analytical tool,asignificantimprovement was achieved
for the analysis of complex samples [7, 8]. Particularly,
they can address the issues in MALDI-TOF MS related
to low reproducibility in matrix crystallisation, hot
spot formation and matrix ion interference in small
molecule analysis [5]. Oxidized graphene related
materials have been widely employed as matrix for
the detection of molecules with low molecular weight,
metal ions, and biomolecules such as lipids, proteins
and carbohydrates by laser desorption ionisation mass
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Figure 1. General representation of preparation of CVDG-based carbohydrate microarrays for dual MS and optical microscopy

Substrate

spectrometry (LDI-MS). Recently, with graphene
oxide (GO) as matrix, researchers were able to detect
more than two hundred molecules, including lipids
and metabolites by LDI-MS, and employed the nano-
material for the in situ MALDI-imaging of mouse brain
tissue sections [9]. In addition, graphene presents a
high binding capability towards aromatic compounds,
which can serve as an enrichment method improving
analysis efficacy [10]. For interaction assays, however,
the noncovalent arbitrary analyte deposition could
prove problematic and decrease assay sensitivity and
reproducibility.

A wide range of semiconductor, metal and car-
bon materials have been studied as sample supports
for the matrix-free LDI-MS [11-18]. For LDI-MS an
ideal substrate should present the following features:
(1) efficient laser absorption and electrical conductiv-
ity with high electron mobility for optimal ionization;
(2) stable under laser irradiation to avoid interfer-
ences with analyte; (3) homogeneous and large sur-
face area with good interaction with analyte molecules
for reproducibility and accurate analysis. To the best
of our knowledge, there are few examples referring
to graphene derivative-coated surfaces for surface
assisted matrix assisted laser desorption/ionization
(SALDI) MS, all based on GO derivatives [14, 15, 19,
20]. For instance, a reduced GO paper as a substrate for
matrix-free LDI-MS detection significantly increased
the detection limit of diverse molecules compared to
commercial products [14]. In addition, a GO-doped
resin target fabricated via 3D-printing for LDI-MS has
been recently reported [19]. The GO doped in the tar-
getacts aslaser absorber and ionization promoter, thus
permitting the direct analysis of samples without addi-
tion of an organic matrix.

However, current substrates are far from ideal in
terms of stability, reproducibility and effective func-
tionalization; thus, improved performance with new
materials is demanded. In addition, the manufacture

of multiplex detection devices is an attractive strategy
for the design of sensitive and selective sensing plat-
forms. In particular, chemical vapour deposited gra-
phene (CVDQG) is a promising but largely unexplored
candidate for these applications.

Graphene can be covalently or non-covalently
modified by a range of functional groups including
carboxylic acid, hydroxyl, amine and azide groups as
handles for further modifications [21-23]. The activa-
tion of graphene with reactive groups has the advan-
tage of providing oriented analyte immobilization
and concomitant passivation of the surface, to avoid
unspecific adsorption of contaminants that could
interfere in the analysis. In this context, an improve-
ment of the standard MALDI method for the detection
of N-glycans released from glycoproteins was reported
by using noncovalent functionalized GO via 77
stacking interactions with pyrene derivatives activated
as acid chlorides [24]. The non-covalent immobiliza-
tion of carbohydrates on graphene and carbon nano-
tubes via the formation of pyrene and porphyrin based
glycoconjugates has also been applied in the electronic
detection of bacterial virulence factors from Pseudo-
monas aeruginosa [25].

Here, we report the use of CVDG as a platform for
the preparation of glycan arrays to monitor carbo-
hydrate-lectin interactions by MS and fluorescence
(figure 1). CVDG seemed an ideal material for this
purpose as it combines properties such as high surface
area, chemical modification capability to immobi-
lize receptors, high conductivity required for the MS
detection, and high transparency to detect interactions
via fluorescence readout [3].

2. Resultsand discussion
The glycan array reported here is based on glass

slides coated with functionalized CVDG. This
graphene derivative is a conductive material with high
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Scheme 1. Functionalization of CVDG substrates. Reagents and conditions: (a) 1 (1 equiv), 3-methylbuthylnitrite (1.5 equiv), 60
°C; (b) 2 (1 mM) in CHCl3, RT, overnight; (c) 5-aminopentyl carbohydrates (100 M), sodium phosphate buffer 300 mM pH = 8.5,
RT, overnight. As example, structure of 5-aminopentyl GIcNAc carbohydrate is represented.

Substrate

electron mobility, good optical properties, showing
a transmittance of 97% [26]; homogeneous surface
and easily functionalized with the affinity ligand of
interest. A combination of covalent and non-covalent
functionalization of graphene was required to desorb
the immobilised ligands and to allow the preparation
of functional structures with high chemical stability
and under tight process control. Two types of
transparent materials were addressed: (1) conductive
and well-characterized ITO-coated glass; and (2) non-
conductive non-coated soda lime glass slides. Firstly,
CVDG was included into a previously reported glycan
microarray format by the deposition of CVDG on ITO-
coated glass [27]. We expected to raise the sensitivity
of the well-established method by taking advantage of
the intrinsic properties of graphene using ITO-coated
glassas supporting substrate. While surface parameters
as transparency, surface area, fragmentation capacity
and potential for chemical modification are readily
explored on the ITO-coated glass surfaces, the indium
tin oxide coating interfered in the measurement of

graphene based electrical conductivity, which was
assessed on bare glass microscope slides.

2.1. Preparation of carbohydrate microarrays on
CVDG

In general terms, the functionalization of a graphene-
based microarray was based on the formation of a
hydrophobic bilayer via the combination of covalent
and non-covalent modification of graphene (Scheme
1). Initially, the graphene surface was covalently
functionalized with stearyl alkoxide-substituted
aniline derivative 1 via a diazonium salt reaction [28]
and further modified by hydrophobicinteractions with
the N-hydroxysuccinimide (NHS) activated bidentate
1,2-sn-dipalmitoyl glycerol 2. Onto this NHS activated
hydrophobic bilayer, amine-containing ligands can be
robotically printed and immobilized as highly stable
carbamates. In addition, the terminal reactivity of the
bidentatelinker mightbe easily changed toazide,alkyne
[29] or amine groups to accommodate other ligand
types. Hereupon, pmol amounts of 5-amino-pentyl
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Before reaction

((b)—(c)) and after ((d) and (e)) covalent modification.

Figure2. (a) Raman mapping of the D band intensityin 30 x 25 um? graphene area before and after covalent modification of
CVDG on ITO-coated glass. AFM image ((b) and (d)) and AFM height profile ((c) and (e)) of CVDG on ITO-coated glass before

After reaction

Z[nm]

Zlnm]

modified carbohydrates were spatially arrayed on the
different surfaces, generating micrometer sized spots
of the immobilized carbohydrates.

2.1.1. Covalent modification of pristine graphene

In a proof of concept experiment, we studied the
covalent modification of CVDG with the diazonium
salt generated from aniline 1 on SiO, and characterized
the resulting surface by Raman spectroscopy and
AFM (see supporting information). Pristine CVDG
on SiO, measured with a 532nm excitation laser
showed the characteristic G, D and 2D bands at 1350,
1580 and 2700cm ™', respectively (figures S5(a) and
(b) (stacks.iop.org/TDM/7/024003/mmedia)). After
treatment with the in situ generated diazonium salt
from the aniline 1, the graphene surface showed a
slight increment of the D band (A(Ip/Ig) = 0.05,
figure S5(b)). This increased intensity might be

explained by the formation of structural sp® defects
in the graphene structure where the corresponding
functional groups are covalently attached. This
covalent modification, tends to produce a low number
of defects (low Ip/Ig ratio) in order to preserve the
intrinsic properties of CVDG [30, 31]. Interestingly,
AFM showed significant changes in the surface
morphology, probably due to the well-known
oligomers derived from the generated phenyl radicals
(figure S6) [32]. For improved clarity we depict the
attachment of a 3,4-octadeciloxi-phenyl monomer
on the graphene surface (Scheme 3) but, probably,
oligomers derived from 3,4-octadeciloxi-phenyl
radicals are obtained and immobilized (figure S7).
After confirming the covalent modification of
CVDG on a generic substrate, the preparation of the
different graphene-based microarray platforms were
addressed. Consequently, CVDG on ITO-coated glass
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Table 1. MS detection of different immobilized carbohydrates
using CVDG-based substrates by MALDI-TOF.

Bare glass/

ITO/CVDG CVDG

mlz Peak Peak
Carbohydrate [M+Na]®  intensity S/N  intensity S/N

GlcNAc 923.65 3525 292.1 5292 736.4
LacNAc 1085.71 3281 743.5 2016 385.3
Lactose 1044.68 2587 365.0 1577 276.2
Le* 1231.76 2783 271.2 2789 417.1

and uncoated glass slides were covalently functional-
ized and characterized by Raman spectroscopy, x-ray
photoelectron spectroscopy (XPS) analysis, water con-
tact angle measurements and AFM. Raman mapping
studies of areas around 30 x 20 ym? for graphene
on ITO-coated glass showed an increment of D and
D’ band at 1350 and 1615cm ™!, respectively (figures
2(a) and S5(c), (d)). In addition, XPS analysis of the
chemical composition of the graphene surface was
performed to provide evidence of the graphene func-
tionalization. The XPS analysis showed an increase
of atomic carbon concentration after functionaliza-
tion (table S1). Focusing on the atomic carbon com-
position, pristine graphene substrates showed a Cls
core level composed of graphenic C = C asymmet-
ric component (284.37eV) and oxygenated carbon
groups such as C-O and C=0 components (~286 and
~288 eV, respectively; table S2). However, after cova-
lent functionalization, C = C/C-C component in the
Cls corelevel significantly increased, probably because
of the introduction of the dialkoxyphenyl moieties. In
order to determine the influence of the functionaliza-
tion on the surface hydrophobicity, the water contact
angle was measured (figures S14(a)—(c)). The con-
tact angle on functionalized graphene on ITO-coated
glass was slightly increased with respect to the pristine
material, probably, due to the introduction of alkane
chains. In addition, the surface morphology was stud-
ied by AFM after functionalization and a thorough
washing process. The AFM images of functionalized
graphene on ITO-coated glass suggested the existence
of an amorphous layer on the surface composed of a
significant fraction of aryl oligomers (figures 2(b)—(d)
and S8) [32].

On the other hand, the characterization of cova-
lently modified CVDG on bare glass showed only
a low increment in the D band (A(Ip/Ig) = 0.01,
figure S5(f)) by Raman spectroscopy. XPS analysis
confirmed the expected increment in the C = C/C-C
component (284.37 V), due to the presence of phenyl
oligomers (table S2). Nevertheless, the contact angle
measurements and the morphology study by AFM for
functionalized graphene on bare glass were not con-
clusive due to the high roughness of the glass substrate
(figure S9). Overall, characterizing CVDG on bare
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glass was quite challenging, due to the poorer surface
characteristics of bare glass as compared to ITO coat-
ings.

2.1.2. Non-covalent
modified graphene
After the covalent modification, the immobilization
of N-hydroxysuccinimide (NHS) activated bidentate
1,2-sn-dipalmitoyl glycerol linker was carried out
onto ITO/CVDG and glass/CVDG modified graphene
substrates. To evaluate the adsorption of the lipidic
bidentate linker MALDI-TOF MS after matrix
deposition was carried out and the immobilization
could be clearly confirmed on both CVDG-based
substrates (figure S15). The activation of the surface
with reactive NHS groups permits the immobilization
of amine containing biomolecules. Then, as a proof
of concept, solutions (15 nl) of 5-aminopentyl
modified carbohydrates (figure S16(a)): N-acetyl-
D-glucosamine (GIlcNAc), N-acetyl-D-lactosamine
(LacNAc), lactose (Lac) and Lewis* trisaccharide (Le*)
were robotically dispensed on both NHS activated
substrates. Each spot contains pmol amounts of each
carbohydrate forming subarrays of four different
carbohydrates each of them printed in five replicates
(figure S16(b)). All hydrophobic bilayers showed
high stability during aqueous washings and excess of
buffers or reagents in the printing solutions could be
removed by a simple washing procedure. Non-reacted
NHS groups were quenched by the immersion of the
substrates in ethanolamine solution.

The successful immobilization of the carbohy-
drates was monitored by MALDI-TOF MS after matrix
deposition. Under laser irradiation, the hydrophobic
bilayer is disrupted allowing the detection of carbohy-
drates coupled to bidentate linker on individual spots.
For an accurate comparison of the different CVDG
substrate performance, all spectra were recorded under
identical laser settings and power conditions and a
sum of 500 shots was acquired in each spectrum. Both
ITO/CVDG and glass/CVDG showed similar perfor-
mance in the analysis of immobilized carbohydrates
(table 1). Clean, mass spectra with high ion intensity
and good signal to noise ratio were obtained from indi-
vidual spots (figures 3(a) and (b)). The performance
of CVDG-glass microarrays was compared with previ-
ously described hydrophobic coated ITO based micro-
arrays [27]. CVDG coated glass slides showed a similar
performance as the C-18 alkane coated ITO microar-
rays (figure S17 and table S3) Therefore, CVDG-glass
could become an alternative to the use of ITO-coated
glass in carbohydrate microarray fabrication.

In addition, carbohydrates immobilized on glass/
CVDG microarrays were efficiently detected under
matrix-free conditions (figure 3(c)). Thus, the role
of graphene as a SALDI platform was confirmed.
As graphene surfaces show high hydrophobicity
(figures S14(b) and (e)) and their interaction with
phospholipids has been previously described [33],

modification  of  covalently
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Figure 3. Mass spectra of carbohydrates immobilized on ITO/CVDG (a), and on glass/CVDG microarrays (b) by MALDI-TOF
using DHB as matrix. (c) Mass spectra of carbohydrates immobilized on glass/CVDG microarrays by matrix-free LDIL.

(c) Detection of AAL binding towards Le* by MALDI-TOF MS.
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Figure 4. Detection of carbohydrate binding proteins (lectins) on CVDG microarrays. (a) Schematic representation of Aleuria
aurantialectin (AAL) binding towards fucosylated Le* structure. (b) Fluorescence detection of AAL-555 binding towards Le*.
Figure shows the superimpose image of printed drops and the fluorescence emission of AAL-555 measured by microarray scanner.

c)

miz

we evaluated the assay performance for arrays with
the bidentate activated linker 2 directly immobilized
on the non-derivatized CVDG surface. MS spectra
recorded under identical conditions showed that the
direct neoglycolipid immobilization on graphene
surface produced spectra with far lower S/N and spec-

tral quality than spectra obtained from graphene,
which had been hydrophobically derivatised with the
dialkoxy aniline ligand 1 (figure S18 and table S4).
This experimental evidence suggests that the cova-
lent hydrophobic modification of the graphene layer,
although does not affect substantially the hydrophobic
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properties of the material, can lead to a higher load-
ing of the bidentate linker 2 and consequently to an
increase in the loading of immobilized carbohydrates.

2.2. Detection of carbohydrate-lectin interactions
Next, the detection of carbohydrate-lectin interactions
on CVDG-based microarrays was explored (figure
4(a)). Lectins are proteins that recognize specific
structural elements of carbohydrates with high
selectivity, acting as translators of the information
encoded by carbohydrates on the cell surface or in
extracellular proteins. Lectins are widespread in all
living organisms, from bacteria to mammals and
display numerous biological functions, in cell—cell
communication, fertilization and immune response,
e.g. through the recognition of foreign carbohydrates
presented in colonizing pathogens [34]. Carbohydrate
microarrays have been extensively employed as high
throughput screening tools for the characterization
of these proteins [35, 36]. Commonly, carbohydrate-
lectin interactions on microarrays are quantified via
the emitted fluorescence of the adhered labelled lectins
after a washing step to remove non-binders. It is well
documented that graphene can quench fluorescent
dyes via fluorescence resonant energy transfer
(FRET) with high efficiency. In fact, bioassays based
on the quenching and subsequent recovery of the
fluorescence on graphene has been developed to study
carbohydrate-lectin interactions [37, 38].

We hypothesized that the hydrophobic bilayer
constructed on CVDG based microarrays could pro-
vide enough distance to avoid FRET based quenching
of the dyes allowing fluorescence measurements on
these surfaces. To verify this hypothesis, we incubated
CVDG carbohydrate microarrays with fluorescently
labelled lectin Aleuria aurantia (AAL). AAL is isolated
from orange peel fungus and recognizes L-fucose, with
abroad specificity towards different linkages (-1,2; -
1,3; @-1,4; a-1,6-). This lectin is commonly employed
as a tool in the isolation and characterization of fuco-
sylated glycoproteins which are often overexpressed in
different types of cancers [39]. After incubation with
AAL-555, the glass/fCVDG carbohydrate microar-
ray was washed and scanned in a microarray scanner
(figure 4(b)). Fluorescence was only observed for spots
corresponding to the immobilized Le* carbohydrate,
which was the only fucosylated structure on the array.
Additionally, the label-free detection of carbohydrate-
lectin interactions by MS was studied [40]. After incu-
bation of array prepared on glass/CVDG with AAL
solution, we could detect by MALDI-TOF MS a peak
at m/z =33691Da [AAL]" [41] corresponding to the
monomeric lectin exclusively on spots of immobilized
Le* carbohydrate (figure 4(c)).

3. Conclusions

In conclusion, we have studied the preparation of
MS active CVDG carbohydrate microarrays on a

JP Merino etal

variety of supporting materials. The construction
of NHS active surfaces on CVDG was based on the
formation of a hydrophobic bilayer on chemically
derivatized graphene. The presence of the bilayer
was required for an effective mass detection of the
immobilized analytes. Low cost materials such as
uncoated microscope glass slides were sufficient as
surface for CDVG deposition and the subsequent
functionalization for the preparation of microarrays
without the need of an ITO adhesive layer.

The potential of CVDG as a performance comp-
onent for LDI-MS analysis is reported for the first
time. In particular, CVDG behaved as anchoring plat-
form on ITO and as conductive surface on bare glass
substrates for matrix-free LDI. Likewise, the crucial
role of chemical functionalization for the manufacture
of CVDG carbohydrate microarrays was established.

We speculate that this methodology might be fur-
ther expanded with the immobilization of other bio-
molecules such as DNA, peptides or proteins for the
development of LDI-MS-based assays [42]. The dual
readout could aid in the discovery and assignment of
new carbohydrate binding proteins and antibodies
from complex biofluids. More broadly speaking our
array platform could have interesting new applications
in the characterization of biomolecules in their native
environments as both affinity measurements and
identification could be achieved in a single platform.
So, we foresee applications both in the discovery and
characterization of disease biomarkers and as diag-
nostic tools, for example in the early identification of
bacteria from biological fluids.

4. Experimental section

4.1. General

Chemicals were acquired from Merck and were
used as received. Raman spectra were collected
on a Renishaw Invia Raman microspectrometer
comprised of a laser source at 532 nm wavelength, a
high-resolution diffraction grafting of 1800g mm !
and a Peltier-cooled front-illuminated CCD camera.
XPS spectra were obtained using a SPECS Sage HR
100 spectrometer with a nonmonochromatic x-ray
source of Aluminium with a Ko line (1486.6¢€V, 300
W). XPS data was analyzed with CasaXPS software.
Surface topologies of slides were characterized by AFM
(JPK NanoWizard II) in intermittent contact tapping
mode. A tapping etched silicon probe (TESPA-V2)
with a 0.01-0.025 ©/cm antimony (n) doped Si was
employed, equipped with a rectangular cantilever: (3.8
pm thickness, nominal resonant frequency of 320 kHz,
spring constantof 42 N/m, length of 123 yum,and width
of 40 m). The AFM-images were analyzed employing
WSxM 5.0 Develop 7.0 software. For mass analysis,
the spectra were obtained on a Bruker Ultraflextreme
III TOF mass spectrometer and the data was acquired
using the FlexControl 3.3 software (Bruker Daltonics,
Bremen, Germany). The spectrophotometer was
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equipped with a pulsed Nd:YAG laser (A = 355nm).
5000 shots per spectrum were acquired in positive
reflector or positive linear ion mode (pulse duration of
50 ns,a40 frequency of 1000 Hz, a laser fluence of 30%,
laser focus settings: offset = 0%, range = 100%, and
value = 9.5%). The m/z range was chosen according
to the mass of the analyte. The spectra were processed
with FlexAnalysis v3.3 software. For calibration of
mass spectra INTAVIS peptide calibration standard
mixture II was employed.

Microarrays were prepared with a SciFLEXAR-
RAYER piezoelectric spotter S11 (Scienion, Berlin,
Germany). Fluorescence images were obtained on a
microarray scanner system (Agilent G265BA, Agilent
Technologies, Santa Clara, USA).

All slides employed have the dimensions of
75mm x 25mm. ITO coated slides (ITO thickness of
130nm) were purchased from Hudson Surface Tech-
nology, Inc. (Fort Lee, NJ), with a nominal transmit-
tance of >78%. Glass microscope slides (thickness
0.96—1.06 mm) were acquired from Corning Incorpo-
rated (Corning, NY).

Both ITO and bare glass slides were cleaned by
immersion in piranha solution (H,O:H,0,:NHs,
40:15:15ml) for 1 hat 60 °Cbefore CVDG coating.

Thehigh quality monolayer graphene was grown in
a cold wall CVD reactor (4” Aixtron BM). Then, CVD
monolayer graphene was transferred to ITO-coated
glass or bare glass substrates by using poly(methyl
methacrylate) (PMMA) assisted wet transfer process.
100nm of PMMA were spin-coated on top of gra-
phene/copper samples followed by chemical etching
of the graphene bottom layer. Afterwards the cop-
per catalyst was etched away with ferric chloride for
90 min and cleaned with distilled water using a semi-
automatic system. Finally, the supported polymer was
removed by dipping in acetone and isopropanol for
30 min each bath and dried in a hotplate at 150 °C.

1,2-Dipalmitoyl-sn-glycerol was treated with
N,N’-disuccinimidyl carbonate to produce 2, as pre-
viously reported [27]. Aleuria aurantia lectin was pro-
vided by Vector laboratories (Burlingame, CA, USA)
and labelled with Alexa Fluor ™ 555 NHS succinimidyl
ester from Thermo Fischer following manufacturer
instructions.

4.2. Covalent modification of CVDG
3,4-bis(octadecyloxy)aniline (1, 403 mg, 0.64 mmol)
was placed in a flask previously purged with argon and
dissolved in dry DMF (80 ml) under sonication. Then,
the graphene substrate was introduced in the flask and
3-methylbuthylnitrite (129 pul, 0.96 mmol) was slowly
added dropwise. The resulting mixture was heated to
60 °C and left without stirring for 2 h. The substrate
was removed from the reaction mixture and cleaned
by immersion in toluene for 12 h and in EtOH for 30'.
The modified graphene substrate was dried over a
stream of N.

J P Merino et al

4.3. Bilayer preparation

Modified graphene slide was incubated overnightatr.t.
with  (S)-3-((2,5-dioxocyclopentyloxy)carbonyloxy)
propane-1,2-diyl dipalmitate (2, 1mM solution
in CHCI,). The slide was left to dry under ambient
conditions and stored at -20 °C or under vacuum.

4.4. Carbohydrate printing and analysis

by MALDI-TOF

Solutions (100 M) of C5-amino linked carbohydrates
(GlcNAc, LacNAc, Lac and Le¥) in phosphate buffer
(300 mM, pH 8.5) wererobotically printed (50 droplets,
~ 15 nl, & 1.7 pmol) onto slides functionalized with
activated bidentate linker at a pitch of 750 um in both
xand y-directions, and left to react overnight at r.t. and
controlled humidity of 90%. The slides were quenched
by immersion in ethanolamine solution (50 mM) in
sodium borate buffer (50 mM, pH = 9.0).

For matrix assisted MS analysis, 2,5- dihydrox-
ibenzoic acid (DHB) matrix (15 nl of 4mg/ml in
water:acetonitrile, 90:10 containing 0.1% trifluoro-
aceticacid (TFA) and 0.005% of NaCl) was spotted on
top of the carbohydrates and then crystallized prior to
MALDI-TOF measurements.

4.5. Lectinincubation
Subarrays were compartmentalized using 8-well
ProPlate® incubation chambers from GraceBiolabs
and treated with Aleuria aurantia lectin (AAL). A
solution containing AAL-555 or unconjugated AAL
(50 pg/ml) in Hepes buffer (50mM, pH = 8.0) was
incubated at room temperature for one hour. Before
removing the incubation chamber the subarrays were
washed sequentially with Hepes buffer and water. The
complete slides were washed by immersion in water
and dried under a stream of argon. For fluorescence
measurements the slide was scanned in Agilent
G265BA microarray scanner.

For MALDI-TOF mass detection of AAL a solution
(15 nl) containing a mixture 1:1 of DHB solution and
a-cyano-4-hydroxycinnamic acid (a-CHCA) matrix
solution (4 mg/ml in water:acetonitrile 70:30 contain-
ing 5% formic acid) was spotted on top of the printed
carbohydrates allowed to crystallize prior to MALDI-
TOF measurements.
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