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Abstract

In terms of hybridization assays surface plasm@onmance imaging (SPRi) offers high throughput,
label-free and real-time monitoring of the bindkigetics. This requires DNA microarrays on bare or
modified gold SPRi chips, which are generally prdendy an off-line microspotting procedure.
Therefore, the surface density of the immobilizedbgs is not known although it is an essential
quality control parameter, especially, when it camy in a very broad range as in case of self-
assembled thiol-labeled DNAs on gold surface. Heee show that the small molecular weight
ruthenium(lll) hexamine complex (RuHex) introducedrlier for electrochemical quantitation of
DNA coverage on gold electrodes can be used als8PiRi to assess the surface density of DNA
probes in DNA microarrays. A single injection of HRex solution allows the simultaneous
visualization and quantification of the surface signof DNA probes (ranging in this study from
4x10" to 1.7x16° molecules ci) on all spots of a DNA microarray made by micatsipg thiol
labeled short DNA probes both in prehybridized amgjle-stranded form on a gold SPRi chip. The
methodology was applied to determine the effecthef surface density of DNA probes on the
hybridization efficiency and kinetics of complemamnt microRNAs, using hsa-miR-208a-3p as
model. Single mismatch duplexes were found to beaenmeffectively destabilized than fully
complementary duplexes by steric hindrance at latgéace densities of the DNA probes, which
offers an effective mean to increase single mismaétectivity.

Keywords: DNA surface density, microspotting, surface plasmresonance imaging, DNA

microarray, microRNA



1. Introduction

Surface plasmon resonance (SPR) is one of the gjattlard methods for determining the kinetics
and affinity of biomolecular interactions in a hreigeneous assay format. The limitations of theyearl
two-channel systems in terms of sample throughpst theen largely solved by the advent of SPR
imaging (SPRi) [1, 2] that is able to assess siamalously multiple interactions using microarray SPR
chips. The label-free detection enabling real-tinlservation of the binding kinetics coupled with
high throughput possibilities is clearly very aplpggcompared to conventional end-point detection
based microarray technologies, e.g. fluorescenceoanirays. Also in terms of analytical applicateon
large number of signal amplification methods wesparted by which the sensitivity of the SPR
imaging (most often in the low nanomolar range) banextended to approach that of fluorescence
detection-based systems. Generally, nanopartiadeeazyme labeled probes (or their combination)
are used to amplify the refractive index changéha sensing zone, either directly or by enzymatic
deposition of a precipitate, respectively [3-6]. dase of nucleic acid microarrays the range of
amplification schemes is even larger[7] by applyaagalytic amplifications inherent to nucleic acid
targets, e.g. polyadenylation[8] and RNAse H catadly hydrolysis[9] by which fM levels could be
detected. To take advantage of the imaging metlgga large number of reactions partners needs to
be immobilized in a site selective manner ontostingace of an SPR chip ensuring optimal binding of
their targets. The latter is especially importamt $mall molecular weight ligands such as peptides
[10, 11] for which the molecular crowding on thefaoe may regulate also the molecular structure
and function [12], as well as peptide nucleic a¢i] and DNA probes. In case of surface confined
DNA probes the critical experimental parameterbdaonsidered for proper hybridization efficiency
are well known, e.g., surface density of probesII} probe design [18], the type and length of
spacers [19], the nanostructure of the surface 22(, ionic strength [15]. However, the optimal
deployment of nucleic acid probes is also dependerthe type of detection used in the assay that
limits the interlope of optimized immobilization theds between the various platforms. In channel-
multiplexed SPR systems [22] the immobilizatiorieiss complex as requires solely the injection of
the relevant coupling agents and probes into tlamméls. However, also the level of multiplexing is
significantly smaller compared to photolithograpby methods based on the local delivery and
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consequent immobilization of DNA probes (e.g., micrand nanospotting, continuous flow
microfluidics, electrospotting [23]). Given the s§phresolution of the SPRi systems, microspotisig
probably the most convenient choice in terms obatility and cost-effective fabrication of DNA
microarrays for SPR imaging. However, despite tet that this technique is very well matured for
DNA microarray fabrication on various polymeric agthss substrates its use for patterning SPR
chips[24-26] and in particular bare gold chips [28] has been only marginally addressed. One
essential shortcoming of spotting-based SPRi micaga fabrication is that the probes are
immobilized off-line, out of the instrument and tefre the immobilization and consequently the
amount of surface confined probes cannot be fokkbaed determined as in conventional or channel-
multiplexed SPR systems. This is an important @ualbntrol parameter that should be provided to
ensure the reproducibility of the probe immobiliaatand to enable the correct interpretation of the
binding kinetics. Here we provide a solution testhroblem by revealing the surface density of DNA
probes using their reaction with ruthenium (llI)xaeine (RuHex). This positively charged complex
bounds electrostatically [29] to the surface caedirDNAs and at properly chosen conditions may
fully compensate for the negative charges on theAR¥ shown earlier for DNA modified gold
electrodes by chronocoulometric measurements MB@.are reporting comprehensive data on the
microspotting of thiol labeled DNA probes directyto bare gold SPR chips and their optimization
for hybridization assays correlated with RuHesisted imaging of the surface density. The exaell
control over the surface density of microspottedANobes was explored to enhance the selectivity
of the DNA layers and to obtain reliable kineticalan the hybridization of microRNA targets.

2. Experimental

2.1. Chemicals
The 22-mer microRNA hsa-miR-208a-3p rERNA: 5’ -
AUAAGACGAGCAAAAAGCUUGU — 3'), the complementary 18ter thiol labeled DNA
probe DNA probe: 3" — ThiC3 -TATTCTGCTCGTTTTTCG - 5, wherelhiC3 is HS-n-
propyl) and a single mismatch 22-mer RNA sm{RNA: 5’ -
AUAAGACGAACAAAAAGCUUGU — 3’) were purchased from Sigma-AldnicThe DNA
and RNA stock solutions were prepared with RNAs&d DNAse-free water for molecular
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biology (Diethyl pyrocarbonate -treated and stefiltered; Sigma) in DNA LoBind centrifuge
tubes (Eppendorf). Hexaammineruthenium(lil)chlori@i@u(NHs)s]**, RuHex) as well as 6-
mercapto-1-hexanol (MH) and deoxyribonucleic acdism salt from salmon testes (salmon
sperm DNA) were from Sigma-Aldrich. All other reade such as inorganic salts and buffer
components were of highest bioanalytical grade wede purchased from Sigma. Aqueous

solutions were prepared with ultrapure deionizetewfl8.2 M2 cm resistivity, Millipore).

2.2. DNA microspotting
Bare gold SPR biochips (HORIBA Jobin Yvon S.A.S.la%eau, France) were cleaned
immediately before microspotting by UV ozone treamiin(Novascan Technologies, Ames,
IA, USA) for 30 min. Thiol-labeled DNA probes wemicrospotted onto gold chips using a
BioOdyssey™ Calligrapher™ miniarrayer (Bio-Rad, éldes, CA, USA) with a 50@m
diameter SMP15 Stealth Micro Spotting Pin (Arragirporation, San José, USA) having an
uptake volume of 0.2pL. The DNA probes were dissolved in PBS at différemncentrations
and 20 pL aliquots were placed in the wells of & 3&ll microtiter plate (LD-PE, DNA
LoBind, PCR clean, Eppendorf) from which were spotbnto the gold chip. Each probe
concentration was spotted in triplicate at 65 rhdd aith the spotting stage thermostated at
12°C. The microarrays were then incubated at 201d€ 65 rh% in the humidity chamber of
the microspotter for 4 h. In these conditions tingirdy of the spotted droplets was avoided
during surface modification and the droplets wetik @isible before the DNA chips were
blocked with 1 mM MH in phosphate buffer saline @Bor 60 min. Finally, the chips were

washed with 200 mL DI water and gently dried undestream.

2.3. SPRi measurements
A XelPleX SPRi system (HORIBA France S.A.S. Palaisd-rance) was used at fixed optimal angles
(typically 3-6 angles) to measure the hybridizatioteractions between the spotted DNA probes and
microRNA strands. The reflectivity response (refirgcindex sensitivity) over the whole chip surface
was normalized by using 3 mg mLsucrose solution. To determine the surface density
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microspotted DNA probes 200 pL of 50 uM RuHex inl$Ruffer (10 mM TRIS, 50 mM NacCl, pH
adjusted to 7.4 with 1M HCI) was injected at 50 min™. The binding of microRNAs to the DNA
probes was monitored upon injecting 500 uL tardejuats in PBS working buffer (10 mM
phosphate, 137 mM NaCl, 2.7 mM KCI, pH 7.4) at 30min™. Between consecutive target-probe
interaction measurements the surface confined DN#bogs were regenerated, i.e., the hybridized
target strands were removed using alkaline dehigation by flowing 200 pL of 100 mM NaOH
solution for 4 min over the chip surface. All exipgents were performed at 25° C and the solutions
were injected from the wells of 96 deepwell LD-PEltps (DNA LoBind, PCR clean, Eppendorf)
placed in the autosampler unit of the instrumenie kinetics of the interactions were determined
with Scrubber 2 GenOptics version (BiaLogic SofyaCampbell, Australia). The typical durations

for recording the baseline, association and dissioti steps were 3, 10, and 23 min, respectively.

3. Resultsand discussion

3.1. Determination of the surface density of microspb@NA probes
The thiol labeled DNA probes were microspotted anebgold chips followed by a post treatment
with MH to block the free gold surface and alsestap non-specifically adsorbed DNAs (adsorbed
through nucleotides). While residual amount of specifically adsorbed DNA was reported to
persist even after MH treatment[31] especially &ivort probes (<24-mer), as in our case,
immobilization through terminal thiol groups is exped to largely prevail [32]. The DNA probes
were microspotted in two forms, i.e., as singlarsied (SSDNA) and in prehybridized (phDNA) form.
The later implied the prehybridization of the prokigh the complementary microRNA (c-miRNA),
i.e. by premixing the solution of the respectivelric acids with the c-miRNA in 10 percent molar
excess. Before any further experiments the phDNdtssprere activated by removing the bound c-
mMiRNA strands using 100 mM NaOH as described irettperimental section.
We found in an earlier study aimed at preparatioRNA microarrays [13] that the activation of the
probes microspotted in prehybridized form (remowélthe complementary strand), enabled the
guantitation of the PNA surface density in multygd manner by SPRi. Unfortunately, this
methodology is not applicable for DNA probes du¢ht® marked ionic strength dependence of DNA-
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RNA duplexes as opposed to PNA-RNA. Thus, loss -o0fiRNA case of DNA probes occurred
during the successive washing steps applied aftgoapotting, in particular at rinsing with DI wate
This loss prohibited the accurate assessment ofsthitace density of the probes during the
regeneration step in the SPRi instrument. In ppilecithe amount of complementary strands bound at
saturation in a subsequent hybridization reacti@y @lso be used as a measure of the amount of
DNA probes immobilized, however this amount is etiéel beside the surface density of the probe
also by the hybridization efficiency, e.g., at hmirface densities the steric and electrostaticlsem
may decrease the amount of the c-miRNA bound aadvwibuld cause a significant negative bias in
the determined surface density.

To address this problem, we explored the use oféXuk$ a small molecular weight cation that was
shown in electrochemical studies to bind electtasthy and in properly chosen experimental
conditions to quantitatively compensate the negativarge of surface confined DNA strands [30].
Our hypothesis was that due to its small size Ruldar penetrate even dense DNA layers
inaccessible to complementary strands and causetdbte refractive index changes. Therefore, the
proper ionic strength and RuHex concentration$is tespect were determined for the highest DNA
probe surface density investigated in this studyictvwas achieved by microspotting 30 uM ssDNA.
Figure 1A shows the result of the systematic oation involving the change of the RuHex
concentration and ionic strength through variatibrihe NaCl content of the 10 mM TRIS pH 7.4
working buffer. It was found that 50 uM RuHex arf@l M NaCl provided the highest reflectivity
change, which is indicative of the maximal amouhtRaHex in the DNA layer (ca. 1.8 x 10
molecules ci). These experimental conditions were used inudssquent measurements. While the
optimal saturation value of the RuHex (Figure 1Bsviound to be exactly the same as determined by
Steel in their electrochemical DNA quantitation heat [30], the ionic strength in this study is ade

5 times higher. However, as visible in Figure 1Aather large tolerance is noticeable in terms ef th
ionic strength at the optimal RuHex concentratiohnote, RuHex is weakly bound by electrostatic
interaction to surface confined DNA strands witBaasation constants generally in the range 6f 10
and 16 M™ DNA [29] depending on the experimental conditio®sie important implication of the
weak association is that the RuHex binding to serfeonfined DNA strands is fully reversible. This
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is clearly supported by Figure 1 C showing thatrduassociation-dissociation cycles of RuHex for

various surface density DNA probes a full recovefythe baseline is achieved already in the

dissociation step. Given the weak interaction, Rubiading throughout this paper is measured in the
presence of a high excess of RuHex (50 uM) in tifeebsolution to ensure the saturation of surface
confined DNAs. As shown in Figure 1C, for the spl&H covered gold surface, the presence of
RuHex in the working buffer does not cause anyiigamt bulk refractive index change with respect

of the RuHex-free buffer.

Figurel.

To calculate the surface density of DNA probes iagssumed that the negative charge of the DNA
layer is quantitatively compensated by the trighaiged RuHex cation as thoroughly studied earlier

[30]. Thus the surface density of DNRpya probe In Molecules ci) can be expressed as:

_ Trurex X Ngy x 10710 Eg.1
l—‘DNAprobe - N
MWRuHex X 3

where,l'ry1exiS the surface excess of RuHex corresponding tgpteim charge compensation of the
DNA layer, Ny, is the Avogadro constan¥ Wy, IS the molecular weight of RuHex (203.25 g
mol™); N is the number of nucleotides in the DNA probe.cBttulate the surface density of RuHex

(pg mni®) the following expression was used [33]:

RmaxRuHex ) LZC RmaxRuHex ) LZC Eq.2
Prutiex =——5p 5n = SR
on Sc,p, 8¢y,
WhereRax . mex 1S the change of reflectivity (%) at saturatibng is the penetration depth of the

evanescent wave in the medium above the gold l6y@5x10° mm for 810 nm laser used in
XelPlex, as provided by the instrument manufacjuréR/én andon/dc, are the slopes of the linear
relationships between the reflectivity change afdactive index {R/on= 9354 + 65) as well as the
refractive index change and the RuHex concentrafdorvc,= 1.857 + 0.012 x I8 mn? pgh),
respectively. After confirming the linearity of theespective relationships (Figure S1, Sl) the

reflectivity change as a function of the RuHex anteation §R/dc,= 1.775 + 0.014 x IOmn? pg?)



is ultimately needed for the quantitation of theface excess of RuHexThus a single injection of
RuHex solution enables from the reflectivity chasmgaeasured (Eq. 1 and 2) the quantitative
determination of the surface density of immobiliZ&dA probes for all spots of the DNA microarray.
Since the RuHex binding is a fully reversible pgthe DNA bound RuHex can be simply removed
by dissociation during flushing the cell with thenking buffer. Thus, after the determination of the
surface density of DNA probes the DNA microarray dse used further for hybridization assays
without any additional regeneration.
Figure 2 shows differential SPR images of RuHex andiRNA binding to DNA microarrays
prepared by microspotting various concentrationthimfl labeled ssDNA or phDNA onto bare gold
surface. The RuHex injection was used to quantié/surface density of the immobilized DNA probe
followed by injection of 100 nM complementary miRNAhe differential image obtained by
subtracting the SPR image of the DNA microarrayobefthe injection from that recorded after
injection of RuHex or c-miRNA reveals the net eff@oinding) of the respective compounds. The
subtraction of the two SPR images involves thersgbon of the reflectivity values of the pixelstiwi
the same spatial coordinates for all pixels of thhe images. Given the reversibility of RuHex
binding, the SPR image after injection of RuHex wasasured in the RuHex solution as described
earlier. The results show that RuHex, despitesololtv molecular weight it is a very sensitive méan
visualize the DNA microspots on SPRi chips reveplieside the quantitative assessment of their
surface density also the homogeneity of the DNAspo

Figure 2.
Further quantitative analysis of the surface dgrsitDNA probes by SPRi is shown in Figure
3. The surface density of the ssDNA layers as detexdhfrom the amount of bound RuHex increased
monotonously with the DNA concentration of the ragpotted solution reaching close to saturation at
30 uM, which corresponds to a dense DNA layer ofl@a71 + 0.17 x 18 molecules cr (Fig. 3A).
However, such high surface densities of DNA profes expected to have a negative effect on the
efficiency of subsequent hybridization reactiontisTwas confirmed by determining the surface
density of DNA probes also from the amount of c-MiRhybridized to the various surface density
DNA spots. First, for all the various concentratibNA spots c-miRNA calibrations were recorded
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and the reflectivity change at saturation.{RFigure S2, Sl) was used to determine the amduct o
mMiRNA bound and consequently to calculate the padigsity assuming 1:1 interaction. The amount
of hybridized c-miRNA goes through a maximum thatresponds to ca. 5 UM spotting concentration
(3.09 + 0.014 x 1B molecules ci) and decreases practically to zero at spottingceatnations
larger than 20 uM. Similarly poor hybridization ieféncies were observed for high probe densities
on polycrystalline gold electrodes by electrochehiassessment [15] and the surface density
corresponding to the maximal hybridization effiagns agreement with theoretical predictions based
on electrostatic DNA surface hybridization mode#l][3As expected there is an optimal spotting
concentration above which the hybridization becostesically hindered and ultimately completely
suppressed upon formation of a “compact” DNA layeithis region estimating the surface density of
the probe from the hybridized complementary miRNAdmpletely misleading and prone to a large
negative bias. Therefore, the results clearly sti@wuitility of the RuHex—based DNA surface density
assessment that appears to cover a large rangefate densities without being affected by steric
hindrance.
When the DNA probe is microspotted in prehybridizeehn the maximal surface density (5.95 + 0.04
x 10" molecules cr) is reached at ca. 5 uM spotted probe concentratinilar as in case of sSDNA
spotting, however, it remains almost constant eWetme spotted DNA concentration is further
increased (Fig. 3B). Thus if the DNA probes are whitized in prehybridized form the spacing effect
of the complementary strand prohibits the formatbexcessively high surface densities that would
hinder the rebinding of the complementary strane,, ithe surface density is self-regulated by
immobilizing the DNA probe in prehybridized forrm practice this means that if such probes are
immobilized from solutions with sufficiently highhPNA concentrations (in this case >5 uM) than
the optimal hybridization efficiency can be achi@weithout any further optimization of the spotted
probe concentration.

Figure 3.
Figure 3C shows that in terms of hybridization@éhcy the very same performance can be achieved
by both phDNA and ssDNA microspotting under optiedizconditions. The amount of c-miRNA
hybridized at spotting concentrations higher thguMb seem to be limited in case of phDNA spots
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mainly by electrostatic repulsion given the seljulating effect of the complementary microRNA
that adjust the spacing between the immobilizethgspwhile in case of ssSDNA additionally by steric
repulsion. The electrostatic repulsion was confttrbg increasing the ionic strength of the working
buffer that resulted in both cases in increasingarts of hybridized c-miRNA (Figure S3, SI).
However, the maximum type behavior of the probesnafilized in single stranded form was
preserved even at higher ionic strength indicasitegic hindrance at high surface densities. Tlis w
not the case for phDNA probes that preserved theragéon type response also at higher ionic

strength.

3.2. Effect of the probe surface density on kinetic measients and selectivity
For analytical applications the surface densityhef DNA probe leading to the highest hybridization
efficiency is preferred. However, it is well knowimat for determination of the kinetic and equilibm
constants lower probe surface densities that enatfisndered hybridization are preferred. Figure 4A
shows the equilibrium dissociation constanp)HKor the hybridization reaction for various sudac
densities of the DNA probes. For low spotting conicaions (<5 pM) the K values obtained for
ssDNA and phDNA spots were within the experimemtaibr the same (ca. 5.5 nM). However, at
higher spotting concentrations a marked increaseéek; values, up to ca. 22.5 nM, was observed
for ssDNA layers. Analyzing the rate constantshef hybridization reaction (Figure S4, Sl) revealed
that this is mainly due to the increased dissamiatate constants as the ssDNA probe surface glensit
increases while the association rate constantsingaidy constant. Of note, the fitting of the eghnt
kinetic curves was very accurate for all the ddfdr surface density spots with a detectable
reflectivity change (Figure 4B). If the probes wepstted in prehybridized form the,Kalues were
practically independent of the spotted concentnatiavhich makes this approach particularly robust
for Kp determination.

Figure4.

Given the marked dependence gf 8n the probe surface density in case of ssDNAtsgaurfaces
we were further interested whether this effect banexploited to increase the selectivity against
single base mismatches. Thus various probe sudecsities were established by microspotting
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different concentration ssDNA and the amount ofridibed complementary microRNA and single
base mismatch RNA (sm-RNA), with the mismatch ledat the middle of the strand, was compared
(Figure 5 A). For both RNAs a maximum in the birgliefficiency was observed that occurred at a
similar spotting concentration of ca. 5uM. More orantly, at this surface density corresponding to
optimal hybridization efficiency the c-miRNA was lgrca. 14 % higher than that of the sm-RNA
strands, which might be insufficient for its reliatassessment in the presence of single mismatch
strands. However, for sm-RNA binding a much steejserease of the hybridization efficiency was
found with increasing surface density of the DNAle. Thus for ca. 10 uM spotting concentration,
corresponding to a surface density of ca. 5.33 X @lecules ¢, the sm-RNA hybridization is
effectively suppressed, while the c-miRNA bindirgystill detectable. This means that in case of
larger surface density DNA probes that stericailydbrs the hybridization, the single mismatched
duplexes are destabilized more effectively thanftiig complementary duplex. This is evidentiated
also by the effect of the DNA surface density oa tespective K values (Figure 5 B). Indeed, for
the lowest surface density of the DNA probe (c269 16" molecules cif) the K, value of the
complementary strand (5.9 nM) was smaller only vaitfactor of 2 than that of the sm-microRNA
(11.6 nM). The gap however increased to more théacer of 5 at 10 uM spotting concentration
with a Ky of 62.7 nM for the sm-RNA and 11.47 nM for c-miRNA

Figureb.
Conclusions
A single injection of RuHex solution under optimizeonditions as determined in this study is
suitable to visualize microspotted thiol-labeled ®Nrobes on SPR chips and to estimate their
surface density by SPRi. Since the RuHex bindirigdependent of the sequence of the immobilized
DNA probes [30] and the resulted complex can beugied in mild conditions, the method is
applicable to the simultaneous, nondestructivesassent of the surface density of DNA probes in all
spots of a DNA microarray as well as for their dagweontrol during repeated experiments. While the
coulometric assessment requires electrochemicaksasiability of the DNA bound RuHex, the SPRi
based method introduced here is expected to becapjd for a broader range of immobilization
strategies, e.g., through polymeric matrices antiridavidin coupling. The method proposed here can

11



be applied on other SPR devices, with the penetralepth being the main instrument depending
parameter, and seems fully consistent for short [pkFbes as required for microRNA targets.

The study revealed that DNA probes microspotteabittn single stranded and prehybridized form can
ultimately provide the same hybridization efficignd-or high spot density DNA microarrays the
prehybridization with a complementary strand maiyb®practical due to higher cost, but it contours
as the most robust approach for (i) kinetic measerds, (i) small spot density DNA microarrays
and (iii) in case of surface morphologies or naatessconfinements where reproducible hybridization
efficiencies are otherwise difficult to achieveg.enanopores [35]. Arrays with microspotted ssDNA
strands require more elaborate optimization in seaihhybridization efficiency, however allows for

fine tuning of the surface coverage for a bettecriimination of single mismatch targets.
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Figure 1. (A) Two-dimensional grayscale map of the refleitgichanges of DNA spots recorded
upon injecting various concentration RuHex solut(twrizontal axis) in different ionic strength
working buffers (pH 7.4, 10 mM TRIS buffer) adjustesing different NaCl concentrations (vertical
axis). The DNA probe was immobilized by spottir@8BM thiol-labeled ssDNA on bare gold SPRIi
chip followed by blocking with MH. (B) RuHex adsdign isotherm for the optimal (50mM) NacCl
concentration, the error bars are for 3 paralletspn the same chip. (C) Reflectivity changesrdyri
association-dissociation cycles of RuHex to DNAR@® microspotted at different concentration as

indicated in the graph.
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Figure 2. Differential SPR images of DNA microarrays micropd in triplicate from various
concentration DNA probe solutiond) after injection of 50 uM RuHex an@) after hybridization
with 100 nM microRNA. The brightness of the spatales with the amount of bound RuHex and

microRNA, respectively.
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Figure 3. Surface density of the DNA probe as a functiorthef concentration of the microspotted
thiol-labeled A) ssDNA and B) phDNA calculated from the amount &) (RuHex bound (50 pM)
and p) hybridized c-miRNA. C) Comparison of the amount of hybridized microRNA $sDNA €)

and phDNA @) microspots. Error bars are for 3 replicate spotshe same SPRi chip.
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Figure 4. (A) Dissociation equilibrium constant as a functioh tbhe spotted DNA probe

concentration in case of ssDNA) @nd phDNA b). (B) Interaction plots upon injection of 200 nM c-

mMiRNA for ssDNA spots with various surface probaaentration. Error bars are for 3 replicate spots

on the same chip.
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Highlights

* RuHex efficiently reveals immobilized DNA spots by SPRi on DNA microarrays

¢ Multiplexed quantitative assessment of DNA surface concentration is introduced

e The method enables convenient application-based optimization of DNA arrays

¢ DNA surface concentration is key to optimal selectivity and hybridization efficiency



