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Abstract: We describe microarraying of carbohydrates for protein screening using either disulfide bridge
or Schiff base imine immobilization chemistries on plasmachemical deposited functional nanolayers. The
commonly observed issue of nonspecific background binding of proteins is overcome by spotting
carbohydrates through a protein-resistant overlayer yielding spatially localized interaction with a reactive
functional underlayer.

1. Introduction

Carbohydrate-protein interactions mediate a whole host of
biological mechanisms, including those responsible for viral
infection,1,2 cancer metastasis,3,4 peptide conformation,5 enzyme
activity,6 cell-cell recognition,7,8 cell adhesion,9,10 and cell
development.11 Methods commonly employed to probe these
systems include electrospray ionization mass spectrometry,12

fluorescence microscopy,13 chromatography,14 X-ray crystallo-
graphy,15,16 and NMR spectroscopy.17 Although of great use,
these techniques can be time-consuming, expensive, and some-
times difficult to interpret. A promising alternative approach is
to screen molecular arrays of immobilized carbohydrates in a

similar fashion to DNA18-20 and protein21-23 chips. These
effectively offer a high-throughput and low-cost solution to
studying carbohydrate-protein interactions.

Generically several approaches have evolved for carbohydrate
immobilization onto solid surfaces. These include thiol-
terminated carbohydrate self-assembled monolayers (SAMs) on
gold,24-26 Diels-Alder coupling of carbohydrate-cyclopentadiene
conjugated to thiol-terminated benzoquinone SAMs,27,28 hy-
drophobic attachment of C13-C15 saturated alkyl-terminated
carbohydrates to polystyrene microtiter plates,29-32 arraying onto
nitrocellulose membranes,33 electrostatic deposition of carbo-
hydrates,34 and covalent immobilization of modified carbohy-
drates directly onto functionalized glass slides35-42 or silicon.43,44

However, most of these methods suffer from drawbacks such
as poor shelf life (e.g., SAMs24-28 attributable to the low Au-S
bond enthalpy triggering oxidation and desorption processes at‡ Durham University.
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the gold surface45), the dependency of electrostatic attractions
upon molecular size33,34 limiting the range of immobilized
carbohydrates,46 and the substrate-dependent nature of specific
covalent attachment chemistries35-41,43,44 prohibiting application
to a wide range of materials and geometries (e.g., the require-
ment for unique coupling reactions in the case of gold and
silicon substrates).

Plasmachemical surface functionalization offers a potential
solution to the aforementioned limitations. It ensures covalent
bonding to the substrate via free radical sites created at the
interface by the electrical discharge during the onset of nanolayer
deposition. Furthermore, appropriate choice of precursor con-
taining desired reactive groups in conjunction with a polymer-
izable carbon-carbon double bond can lead to structurally well-
defined functional nanolayers for a whole host of applications
(e.g., protein adsorption47-49). Typically, electric discharge
modulation is employed where a short plasma duty cycle on-
time (microseconds) generates active sites in the gas phase as
well as at the growing film surface via VUV irradiation, ion
and electron bombardment, followed by conventional carbon-
carbon double bond polymerization processes proceeding through-
out each accompanying extended pulse off-period (milliseconds)
in the absence of any UV, ion, or electron-induced damage to
the growing film.50,51 Extremely high levels of surface func-
tionality can be attained by this approach. Examples successfully
devised in the past include amine,52 anhydride,51 epoxide,53

carboxylic acid,54 cyano,55 halide,56 hydroxyl,57 furfuryl,58 and
perfluoroalkyl59 functionalized surfaces. Effectively, any surface
that relies on a specific chemistry for its performance can, in
principle, be generated by the aforementioned pulsed plasma-
chemical methodology.

In this article, we describe two different substrate-independent
plasmachemical functionalization methodologies for the fabrica-
tion of rewritable carbohydrate microarrays. First, disulfide
bridge formation60 using thiol-reactive glycomethanethiosul-
fonate (glyco-MTS) reagents61-63 and thiol-functionalized
pulsed plasma deposited poly(allylmercaptan) nanolayers64

(Scheme 1); the alternative is Schiff base imine formation
between the aldehyde terminus present in reducing sugars and
surface amine groups65 presented by pulsed plasma deposited
poly(4-vinylaniline) nanolayers (Scheme 2). The deposition of
a protective protein-resistant nanolayer over the respective sugar
binding layer provides an effective means for preventing
nonspecific background protein adsorption (Scheme 3), where
the top layer is locally punctured before, or during, microarraying.

2. Experimental Section

2.1. Plasmachemical Nanolayering. Plasma polymerization of
the respective monomers was carried out in a cylindrical glass
reactor (4.5 cm diameter, 460 cm3 volume) located inside a Faraday
cage. This was evacuated by a 30 L min-1 rotary pump via a liquid
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Scheme 1. Galactosyl Residue Immobilization onto Pulsed Plasma
Deposited Poly(allylmercaptan) via Disulfide Bridge Formation
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nitrogen cold trap (2 × 10-3 mbar base pressure and better than
1.2 × 10-9 mol s-1 leak rate). A copper coil (4 mm diameter, 10
turns, located 15 cm away from the precursor inlet) was connected
to a 13.56 MHz radio frequency power supply via an LC matching
network. System pressure was monitored with a Pirani gauge. All
fittings were grease free. During pulsed plasma deposition, the RF
source was triggered by a signal generator, and the pulse shape
was monitored with an oscilloscope. Before each experiment, the
apparatus was scrubbed with detergent, rinsed with propan-2-ol,
and oven-dried. Further cleaning entailed running a 40 W continu-
ous wave air plasma at 0.2 mbar pressure for 20 min. At this stage,
the precursor was loaded into a sealable glass tube and further
purified using multiple freeze-pump-thaw cycles. Then the
substrate of interest was placed into the center of the reactor, and
the system was evacuated to base pressure. For each functional

monomer, a continuous flow of vapor was introduced via a fine
needle control valve at a pressure of 0.2 mbar and 2.2 × 10-7 mol
s-1 flow rate for 5 min before electrical discharge ignition. Optimum
pulsed plasma duty cycle parameters for each precursor are listed
in Table 1. Upon completion of deposition, the RF power source
was switched off, and the monomer was allowed to continue purging
through the system for a further 5 min before evacuation to base
pressure and venting to a nitrogen atmosphere.

2.2. Carbohydrate Microarrays. 2-(�-D-Galactopyranosyl)ethyl
methanethiosulfonate (Gal-MTS) was synthesized as described
previously.61 Carbohydrate microarrays were fabricated using a
robotic microarrayer (Genetix, Inc.) equipped with 1 nL delivery
micromachined pins. Carbohydrate �-D-galacto-methanethiosul-
fonate or D-maltose solutions were spotted onto 300 nm thick pulsed
plasma poly(allylmercaptan)- or poly(4-vinylaniline)-coated glass
slides (18 × 18 × 0.17 mm3, BDH) (Table 2). Circular spots with
diameters ranging from 100 to 125 µm could be routinely obtained.
Following spotting, the slides of immobilized carbohydrates were
kept in a humidity chamber for 12 h at 32 °C and 36 h at 70 °C,
respectively. The slides were subsequently washed with CHES
buffer, CHES buffer diluted to 50% v/v with deionized water, and
finally twice with deionized water.

Carbohydrate microarrays were exposed to a complementary
solution of protein I (20 µg mL-1 in phosphate-buffered saline)
and protein II (20 µg mL-1 in phosphate-buffered saline), respec-
tively, for 60 min at room temperature followed by successive rinses
in phosphate-buffered saline, phosphate-buffered saline diluted to
50% v/v with deionized water, and twice with deionized water
(Table 3).

To demonstrate rewritability, stripping of bound carbohydrates
�-D-galacto-methanethiosulfonate and D-maltose from the pulsed
plasma deposited nanolayers was investigated by immersing the
chips in a boiling solution of 200 nM TrisCl pH 7.0, 0.03 M SSC,
and 0.1% (w/v) SDS for 10 min followed by reimmobilization as
described in the above protocols.

2.3. Bifunctional Patterning of Protein Binding Carbohy-
drates. Multiplex surface patterning entailed embossing a grid (2000
Mesh, Agar) at 400 MPa for 10 s onto a 300 nm layer of pulsed
plasma deposited poly(4-vinylaniline), followed by the pulsed
plasma deposition of allylmercaptan (300-nm thickness). Subsequent
grid removal produced 10 µm poly(allylmercaptan) squares sur-
rounded by 2 µm poly(4-vinylaniline) bars (Scheme 4).

Scheme 2. �-D-Glucosyl Residue Immobilization Using D-Maltose
Reacted onto Pulsed Plasma Deposited Poly(4-vinylaniline) via
Schiff Base Imine Formation

Scheme 3. Molecular Scratchcard Fabrication Followed by SPM
Tip Scratching (Where Precursors A and B Are Sugar Reactive
and Protein Resistant, Respectively)

Table 1. Optimum Pulsed Plasma Deposition Parameters Yielding
High Structural Retention for Each Functional Precursor

pulse duty cycle/µs

precursor
reactor

temp/°C time on time off
deposition

rate/nm min-1

allylmercaptan (+80%,
Sigma-Aldrich)

22 100 4000 10

4-vinylaniline (+97%,
Sigma-Aldrich)

40 100 4000 20

N-acryloylsarcosine
methyl ester monomer
(+97%, Lancaster)

50 20 5000 9

Table 2. Carbohydrate Solutions Employed in This Study

carbohydrate concentration

�-D-galacto-methanethiosulfonate 1 µM in 70 mM CHES buffer (+99%,
Sigma-Aldrich)

D-maltose (+90%, Sigma-Aldrich) 1 µM in formamide (Sigma-Aldrich)

Table 3. Proteins and Their Associated Fluorophores Employed in
This Study

protein fluorophore label

peanut agglutinin
(Molecular Probes)

Alexa Fluor 488 protein I

concanavalin A
(Molecular Probes)

Alexa Fluor 647 protein II
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Carbohydrate immobilization onto the bifunctional surface
entailed sequential exposure to solutions of Gal-MTS and D-maltose
carbohydrates for 12 h at 32 °C and 36 h at 70 °C, respectively.
The slides were subsequently washed with CHES buffer, CHES
buffer diluted to 50% v/v with deionized water, and twice with
deionized water. These bifunctional carbohydrate surfaces were then
exposed to a solution containing proteins I and II (20 µg mL-1 per
protein in phosphate-buffered saline) for 60 min at room temperature
followed by successive rinses in phosphate-buffered saline, phosphate-
buffered saline diluted to 50% v/v with deionized water, and twice
with deionized water.

2.4. Carbohydrate Molecular Scratchcards. Carbohydrate
immobilization using the molecular scratchcard approach66 entailed
fabricating a bilayer stack comprising 20 nm pulsed plasma
deposited poly(N-acryloylsarcosine methyl ester) on top of a 300
nm pulsed plasma deposited carbohydrate linker layer (Scheme 3).
The coated slide was then mounted onto an atomic force microscope
stage (Digital Instruments Nanoscope III control module, extender
electronics, and signal access module). A tapping mode tip
(Nanoprobe, spring constant 42-83 N m-1) scanning in contact
mode was used to scratch away the protein-resistant pulsed plasma
poly(N-acryloylsarcosine methyl ester) top layer. Tip movement
in the x, y, and z planes was controlled by Veeco Nanolithography
software (version 5.30r1). The resultant patterned molecular
scratchcards were immersed in a solution of Gal-MTS or D-maltose
for 12 h at 32 °C or 36 h at 70 °C, respectively, followed by
successive rinses in CHES buffer, CHES buffer diluted to 50%
v/v with deionized water, and twice with deionized water. These
carbohydrate patterned surfaces were then exposed to a solution
of protein I (20 µg mL-1 in phosphate-buffered saline) or protein
II (20 µg mL-1 in phosphate-buffered saline), respectively, for 60
min at room temperature, followed by successive rinses in
phosphate-buffered saline, phosphate-buffered saline diluted to 50%
v/v with deionized water, and twice with deionized water.

2.5. Surface Characterization. X-ray photoelectron spectro-
scopy (XPS) was undertaken using a VG ESCALAB MK II surface
analysis instrument equipped with an unmonochromated Mg KR1,2

X-ray source (1253.6 eV) and a concentric hemispherical analyzer.
Photoemitted electrons were collected at a takeoff angle of 30° from
the substrate normal, with electron detection in the constant analyzer

energy mode (pass energy ) 20 eV). The XPS spectra were charge
referenced to the C(1s) peak at 285.0 eV and fitted with a linear
background and equal full width at half-maximum Gaussian
components67 using Marquardt minimization computer software.
Instrument sensitivity (multiplication) factors derived from chemical
standards were taken as being C(1s): S(2p): O(1s): N(1s): equals
1.00: 0.52: 0.63: 0.45.

Fourier transform infrared (FTIR) analysis was carried out using
a Perkin-Elmer Spectrum One spectrometer equipped with a liquid
nitrogen-cooled MCT detector operating across the 700-4000 cm-1

range. Reflection-absorption measurements were performed using
a variable angle accessory (Specac) set at 66° in conjunction with
a KRS-5 polarizer fitted to remove the s-polarized component. All
spectra were averaged over 516 scans at a resolution of 1 cm-1.

Contact angle analysis was carried out with a video capture
system (ASE Products, model VCA2500XE) using 2.0 µL droplets
of deionized water.

Film thickness measurements were performed with an nkd-6000
spectrophotometer (Aquila Instruments Ltd.). The obtained trans-
mittance-reflectance curves (over the 350-1000 nm wavelength
range) were fitted to the Cauchy model for dielectric materials using
a modified Levenberg-Marquardt method.68

AFM micrographs were acquired in tapping mode69 operating
in air at room temperature (Digital Instruments Nanoscope III
control module, extender electronics, and signal access module).

Fluorescence microscopy was used to demonstrate selective
binding of proteins to carbohydrates with an Olympus IX-70 system
(DeltaVision RT, Applied Precision). Images were collected using
excitation wavelengths of 490 nm (Alexa Fluor 488) and 640 nm
(Alexa Fluor 647) to give emissions of 528 nm (FITC) and 685
nm (CY5), respectively.

3. Results

3.1. Carbohydrate Microarrays. XPS, FTIR, and fluores-
cence microscopy provided confirmation that disulfide bridge
formation (from Gal-MTS) and the Schiff base imine formation
(from D-maltose immobilization) had taken place on the
respective thiol- and amine-functionalized surfaces.

XPS characterization of the pulsed plasma deposited poly-
(allylmercaptan) and poly(4-vinylaniline) nanolayers revealed
a strong resemblance to the theoretical compositions predicted
from the respective monomer structures (Table 4). The absence
of any Si(2p) signal from the underlying silicon substrate
confirmed that the deposited films were thicker than the XPS
sampling depth.

The observed high level of structural retention was confirmed
by infrared spectroscopy. Allylmercaptan precursor displays
stretching absorbances corresponding to allyl C-H (3080 cm-1),
allyl CH2 (3031 cm-1), alkyl CH2 (2891 cm-1), thiol S-H (2555
cm-1), and allyl CdC (1634 cm-1)64 (Figure 1). All of these
features are clearly discernible following pulsed plasma deposi-
tion, except for the allyl carbon-carbon double bond stretches,
which disappear as a consequence of polymerization. Exposure
to Gal-MTS gave rise to an attenuation of the thiol S-H stretch
(2555 cm-1) and the appearance of OH stretching (3300 cm-1),
which is indicative of disulfide formation between the carbo-
hydrate and functional nanolayer.

Characteristic infrared bands for the 4-vinylaniline monomer
were as follows:70 asymmetric amine stretch (3440 cm-1),
symmetric amine stretch (3350 cm-1), aromatic CH stretch

(66) Harris, L. G.; Schofield, W. C. E.; Badyal, J. P. S. Chem. Mater. 2007,
19, 1546.

(67) Evans, J. F.; Gibson, J. H.; Moulder, J. F.; Hammond, J. S.; Goretzki,
H. Fresenius’ J. Anal. Chem. 1984, 319, 841.

(68) Tabet, M. F.; McGahan, W. A. Thin Solid Films 2000, 370, 122.
(69) Zhong, Q.; Innis, D.; Kjollerm, K.; Ellings, V. B. Surf. Sci. 1993, 14,

3045.

Scheme 4. Formation of a Patterned Multifunctional Surface via
Grid Embossing for Carbohydrate Immobilization
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(3090 cm-1), ring summation (1880 cm-1), CdC stretch (1625
cm-1), NH2 deformations (1615 cm-1), para-substituted aromatic
ring stretch (1500 cm-1), dCH2 deformations (1415 cm-1),
aromatic C-N stretch (1300 cm-1), para-substituted benzene
ring stretch (1170 cm-1), HCdCH trans wag (990 cm-1),dCH2

wag (910 cm-1), and NH2 wag (850 cm-1) (Figure 2). All of
these absorbances were retained following pulsed plasma
deposition, except for the vinyl carbon-carbon double bond
features, which underwent polymerization. Subsequent exposure
to D-maltose gave rise to an attenuation of the amine NH2 wag
(850 cm-1) and NH2 deformation (1615 cm-1) intensities,
accompanied by the appearance of OH (3250 cm-1) and CdN
(1630 cm-1) stretches, which are all indicative of Schiff base
imine formation between the carbohydrate and surface amine
groups.

The carbohydrate chemistry used here allowed the use of Gal-
MTS reagent to create �-D-galactosyl-displaying arrays and use
of D-maltose to create R-D-glucosyl-displaying arrays. Retention

of biological activity following surface immobilization of the
respective carbohydrates was verified by fluorescence micros-
copy. Selective binding of fluorescent proteins I and II was
observed for the respective microarrays of �-D-galactosyl and
R-D-glucosyl residues (Figure 3). The selective binding of

Table 4. XPS Elemental Compositions and Water Sessile Drop Contact Angle Values for Pulsed Plasma Deposited Poly(allylmercaptan),
Poly(4-vinylaniline), Poly(N-acryloylsarcosine Methyl Ester), and Poly(N-acryloylsarcosine Methyl Ester) Deposited on Top of
Poly(allylmercaptan) or Poly(4-vinylaniline)

XPS elemental composition
pulsed plasma
nanolayer(s)

contact
angle/deg C % N % O % S %

allylmercaptan 82 ( 1 74 ( 1 27 ( 1
theoretical allylmercaptan N/A 75 0 0 25
4-vinylaniline 71 ( 2 88 ( 1 12 ( 1
theoretical 4-vinylaniline N/A 89 11
N-acryloylsarcosine methyl ester 52 ( 3 64 ( 2 10 ( 1 27 ( 1
theoretical N-acryloylsarcosine methyl ester N/A 64 9 27
N-acryloylsarcosine methyl ester/allylmercaptan 53 ( 2 64 ( 1 10 ( 1 26 ( 1
N-acryloylsarcosine methyl ester/4-vinylaniline 53 ( 3 65 ( 1 10 ( 1 26 ( 1

Figure 1. Infrared spectra of (a) allylmercaptan monomer, (b) pulsed
plasma deposited poly(allylmercaptan), and (c) �-D-galactosyl residues
immobilized onto poly(allylmercaptan) via disulfide bond formation using
reagent Gal-MTS.

Figure 2. Infrared spectra of (a) 4-vinylaniline monomer, (b) pulsed plasma
deposited poly(4-vinylaniline), and (c) D-maltose immobilized onto poly(4-
vinylaniline).

Figure 3. Fluorescence image of (a) �-D-galactosyl array on poly(allyl-
mercaptan) following exposure to complementary fluorescent protein I
(PNA) and (b) R-D-glucosyl array on poly(4-vinylaniline) after exposure
to complementary fluorescent protein II (ConA).
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Protein I PNA to the �-D-galactosyl array and of Protein II ConA
to the R-D-glucosyl array is entirely consistent with the
previously determined ligand preferences of these lectins.

The rewritability of these functionalized slides was demon-
strated by using high-stringency washes to strip the immobilized
carbohydrates from the surface, followed by repeat carbohydrate
immobilization and then exposure to the complementary protein.
It was found that the fluorescence intensity remained ap-
proximately constant as a function of the number of times the
surface-bound carbohydrates were stripped and reattached for
both �-D-galacto-methanethiosulfonate and D-maltose microar-
rays (Figure 4).

3.2. Bifunctional Patterning of Protein Binding Carbohy-
drates. Pulsed plasma deposition of poly(4-vinylaniline) onto
a substrate, followed by embossing a grid and then poly(al-
lylmercaptan) coating gave rise to a bifunctional surface
amenable to the region-specific immobilization of carbohydrates
(Scheme 4). Retention of biological activity was demonstrated
by immersion in a mixed solution of proteins I and II. Binding
of protein I was found to occur only to regions of �-D-galactosyl-
functionalized poly(allylmercaptan), while protein II binding
targeted areas of R-D-glucosyl displayed on poly(4-vinylaniline)
(Figure 5). The highly specific nature of carbohy-
drate-protein binding is evident from the absence of cross-

contamination of the respective fluorescent proteins between
areas of alternating carbohydrate functionalization.

3.3. Carbohydrate Molecular Scratchcards. The viability of
plasmachemical nanolayering for the fabrication of a molecular
scratchcard entailed the pulsed plasma deposition of either
poly(allylmercaptan) (�-D-galacto-methanethiosulfonate reactive
layer) or poly(4-vinylaniline) (D-maltose reactive layer), fol-
lowed by the overcoating of a 20 nm thick protein-resistant
poly(N-acryloylsarcosine methyl ester) film (Scheme 3). The
absence of cross-contamination during pulsed plasma deposition
was verified by the measured XPS elemental composition and
contact angle values for each bilayer stack matching those of
poly(N-acryloylsarcosine methyl ester) (Table 4).

Subsequent rastering of an SPM tip to scratch 1 µm × 1 µm
squares in the protein-resistant overlayer exposed the underlying
reactive functionalities (Figure 6). Subsequent exposure to Gal-
MTS and then protein I demonstrated the reactivity of the

(70) Lin-Vein, D.; Colthup, N. B.; Fateley, W. G.; Grasselli, J. G. The
Handbook of Characteristic Frequencies of Organic Molecules;
Academic Press: London, 1991.

Figure 4. Fluorescence intensity following stripping and reimmobilization of (a) �-D-galactosyl on poly(allylmercaptan) and then exposure to protein I and
(b) D-maltose on poly(4-vinylaniline) and then exposure to protein II. (The fluorescence signal dropped to the background level for each fully stripped/
denatured sample in between rewriting of the respective carbohydrate.)

Figure 5. Fluorescence microscopy for �-D-galactosyl functionalized
poly(allylmercaptan) squares and R-D-glucosyl-functionalized poly(4-vi-
nylaniline) bars following exposure to (a) protein I, (b) protein II, and (c)
a mixture of proteins I and II.

Figure 6. AFM micrographs of a 4 × 4 array of exposed reactive pixels
surrounded by a protein-resistant background: (a) thiol functionalities and
(b) amine functionalities. The corresponding fluorescence images following:
(c) reaction of Gal-MTS with (a) and then exposure to protein I, and (d)
immobilization of D-maltose to display R-D-glucosyl onto (b) and then
exposure to protein II.

7760 J. AM. CHEM. SOC. 9 VOL. 131, NO. 22, 2009

A R T I C L E S Harris et al.



exposed thiol pixels, while sequential exposure to D-maltose
and protein II confirmed the reactivity of the exposed amine
pixels.

4. Discussion

The structural diversity of carbohydrates allows them to
participate in a plethora of important biological processes.71,72

Hence, glycomic arrays are becoming recognized as a powerful
tool for understanding and optimizing complex biological
systems. The prerequisites are that they need to be robust and
reproducible and carbohydrate biological activity is maintained.
Numerous approaches have been developed for this purpose but
are known to either be restricted to a limited range of
carbohydrates33,34 or suffer from nontransferable substrate
surface chemistries.35-41,43,44 The described pulsed plasma-
chemical functionalization approach provides substrate-inde-
pendent scaffolds for the immobilization of carbohydrates as
well as the elimination of nonspecific background protein
adsorption via the molecular scratchcard concept. Viability was
demonstrated by depositing poly(allylmercaptan) films, which
readily undergo disulfide bridge formation with appropriate
carbohydrate methanethiosulfonate (MTS) reagents and poly(4-
vinylaniline) layers amenable to Schiff base imine formation
with the aldehyde terminus of reducing sugars. Biological
activity of these immobilized carbohydrates was exemplified
by binding fluorescently labeled galactose-specific lectin protein
peanut agglutinin73,74 (protein I) and maltose-specific lectin
protein concanavalin A75,76 (protein II), respectively (Table 3
and Figure 3). The regeneration/rewritability of the functional
surfaces was confirmed by stripping the carbohydrate microar-
rays and then rewriting the carbohydrates/proteins without
measuring any significant loss of immobilization/binding ef-
ficiencies. This unique attribute can be explained in terms of
the deposited layers having a gel-like structure.77

Specific carbohydrate-protein binding interactions were
exemplified by the use of sequential depositions of poly(al-
lylmercaptan) and poly(4-vinylaniline) in conjunction with a
mask to create a bifunctional surface comprising 10 µm
poly(allylmercaptan) squares separated by 2 µm poly(4-vinyl-
aniline) bars. These bifunctional surfaces were found to display
specific carbohydrate immobilization, which in turn led to their
respective carbohydrate biological selectivities.

Finally, it was shown that plasmachemical nanolayering can
be used to create functional stacks, for instance, with a protein-
resistant top layer to eliminate nonspecific protein adsorption.78

Bilayer stacks comprising 20 nm protein-resistant poly(N-
acryloylsarcosine methyl ester) on top of poly(allylmercaptan)
or poly(4-vinylaniline) underlayers were fabricated. Subsequent
removal of the protein-resistant top layer using an SPM tip to
expose underlying reactive thiol or amine groups, followed by
reaction with Gal-MTS or D-maltose, respectively, demonstrates
retention of biological activity by observing the binding of
fluorescent proteins I (PNA) and II (ConA), respectively.
Therefore, in principle, multiple carbohydrate probes for proteins
can be patterned simultaneously or consecutively onto a surface
using a simple robotic liquid-delivering system, in the absence
of cross-contamination between different probes. An array-
manufacturing process based upon such surface chemistries
could easily be automated and scaled up.

5. Conclusions

Thiol- and amine-functionalized pulsed plasma deposited
nanolayers can be utilized for the immobilization of carbohy-
drates amenable to specific protein binding. These thiol- and
amine-functionalized nanolayers have been found to be highly
stable toward stripping and rewriting of carbohydrate arrays.
The sequential deposition of a reactive nanolayer and then a
passivation nanolayer can be used in conjunction with localized
mechanical piercing of the passive top layer to expose underly-
ing reactive groups for preparing carbohydrate arrays surrounded
by a protein-resistant background.

Supporting Information Available: Complete ref 36. This
material is available free of charge via the Internet at http://
pubs.acs.org.
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