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Abstract—This study employs a NanoBioArray (NBA) chip
for single base-pair discrimination between the sequence of
the wild type Kras gene and three of its common codon 12
mutants, which are frequently observed in the
adenocarcinoma diseases. Here we use gold nanoparticles
(AuNPs) in order to perform the single nucleotide
polymorphism (SNP) assay without the need of temperature
stringency. In the NBA chip, an array of 20-mer
oligonucleotide probes was first created on the glass surface,
and then a trace amount (2.5 fmol) of target oligonucleotides
(20-mer and 60-mer) were introduced through the PDMS
microchannels. DNA hybridization between the targets and
their complementary probes was achieved at the
intersections between microchannels and probe lines. The
target oligonucleotides were previously loaded on the AuNP
surfaces which established a competition between the
comlementary probes and the AuNP surface for binding to
the targets. This competition, in turn, enhances the
hybridization stringency which disfavor sthe mismatch
binding thus facilitates the SNP detection abilities. Using this
technique fast and high-throughput multiple discrimination
of Kras gene codon 12 was achieved at room-temperature
using the NBA chip and the specificity of the method was
proved to be as high as the temperature stringency method.

Index Terms—single nucleotide polymorphism (SNP), kras
gene, gold nanoparticle, target DNA, microarray,
NanoBioArray chip.

I.  INTRODUCTION

The drugs targeting epidermal growth factor receptor
(EGFR) have been approved for clinical practice for many
patients with colorectal cancer [1]. However, the patients
carrying a single nucleotide polymorphism (SNP) in their
Kras gene have been reported to have resistance to the
therapy. Given that around 40% of patients with
metastatic colorectal cancer harbor the SNP sites in the
Kras gene, prior detection of these SNPs is critical for the
selection of the type of therapy [2]. Most of the methods
currently available for SNP detection of Kras gene are
based on DNA sequencing or real-time PCR. DNA
sequencing is known as the gold standard technique for
the SNP detection; however this approach is expensive,
labor-intensive and low-throughput [3]. Real-time PCR is
another approach, but this technique suffers from non-
linear amplification [2]. DNA bioarrays, on the other hand,
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provide a high-throughput platform for multiple analyses
of SNPs [4]. Combined with the nanofluidic technology,
this approach makes the SNP detection faster and cheaper
with a high potential of automation [5], [6]. The
requirement of temperature optimization for detecting
individual sequences, however, imposes a critical
limitation for the multiple mutation detection using this
technique [7].

Gold nanoparticles (AuNPs) possess unique chemical
and physical properties that make them attractive for
various DNA analysis applications [8]-[11]. While most
of the DNA-biosensing applications involving AuNPs
employ the chemisorption  of  thiol-modified
oligonucleotides on the AuNP surface, Li et al. reported
in 2004 that AuNPs adsorb non-thiolated single-stranded
DNA (ssDNA), but not double-stranded dsDNA, on their
citrate-capped particle surfaces [12]. This selective
adsorption of ssDNA on the AuNP has been utilized in
several DNA analysis sensors. Wang et al. observed that
AuNP-loaded complementary target DNAs (AuNP-targets)
hybridized to the surface-immobilized probe, i.e.
perfectly-matched (PM), but the AuNP-loaded non-
complementary target did not, i.e. single base-pair
mismatched (MM) [13]. There was no such
discrimination when the targets were in the random-coil
format (free targets).

In this report, we aim to develop the AuNP-assisted
method for SNP analysis of the Kras gene codon 12. Here
we utilize NanoBioArray (NBA) chip in order to perform
the SNP analysis in a faster and cheaper way. We manage
to discriminate the PM and MM targets using both probes.

Il. EXPERIMENTAL SECTION

A. Reagents and Materials

Gold nanoparticles (5 nm, stabilized with tannic acid)
were purchased from Sigma life science. Sodium dodecyl
sulfate (SDS), 3-Aminopropyltriethoxysilane (APTES),
25% glutaraldenyde and Triton X-100 were purchased
from Sigma-Aldrich. Negative photoresist (SU-8 50) and
its developer were purchased from MicroChem Corp.
(Newton, MA). The glass microscope slides of 3 in. <2 in.
were obtained from Fisher Scientific Co. (Ottawa, ON,
Canada). All oligonucleotides were synthesized and
modified by Integrated DNA Technologies (Coralville,
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IA). Target oligonucleotides (60-mer) with the sequence
of the Kras gene were modified with biotin at the 5°- end.
The sequences were designed in such a way that the
codon 12 sequence (the SNP site) was located at the
center of the oligonucleotide strands. The SNP site either
have the wild-type (W) nucleotide or one of 3 mutant
ones. The mutant strands are G12A (A), G12D (D) and
G12V (V). Four different 20-mer oligonucleotides, each
of them complementary to one of the targets were
designed. The probes were modified with an amine group
and a C12 spacer at the 5’-end.

B. NBA Chip Fabrication

Fabrication of PDMS slab (2 in. x 2 in.) with 16
parallel channels has been described elsewhere [7]. The
width of straight channels was 200 jum and the height was
35 pm. A flat-end syringe needle was used to punch out
the solution reservoirs (1 mm in diameter) at both ends of
the channels on the 2 mm-thick PDMS slab. Glass slides
were aldehyde-functionalized using an established
procedure [7]. PDMS slab and the modified glass slide
were reversibly sealed together to create the NBA chip
(Fig. 1A).
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Figure 1. An image of the NBA chip (A), and a schematic of the
analysis procedure (B).

C. Probe Immobilization

The probes were printed with a procedure similar to a
previous report [6], [7]. Briefly, 0.5 il of probe solution
(in 1.0M NaCl + 0.15M NaHCOj3) was added to the inlet
reservoir of each of the 16 horizontal channels of the
NBA chip and the solution was then filled in the channel
using suction applied at the outlet reservoir. The probe
solution was pumped out of the channel after 30 min. of
incubation at room temperature. Subsequent to washing of
the channel, the PDMS slab was peeled off, leaving
behind 16 probe lines on the glass slide. The glass slide
was rinsed and dried.
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D. DNA Hybridization

Another PDMS slab with 16 channels was sealed
against the glass slide pre-printed with the probe lines.
The straight channels were orthogonal to the probe lines
on the glass slide surface. Before hybridization to the
probe, the target oligonucleotides were conjugated non-
covalently to the surface of gold nanoparticles. In order to
achieve this, gold nanoparticle solution was added to the
target solution so that the ratio of the gold nanoparticle to
the target was 1:1. The mix was incubated at 95 <C for 5
min. Control solutions (free-target), which were not
mixed with the AuNP solutions, were prepared similar to
the AuNP-target solutions. The conjugate (target-AuNP)
was then prepared in a hybridization buffer (1X
SSC+0.2% SDS) to produce a final concentration of 10
nM. AuNP-target solution (0.5 1) was added to the inlet
reservoir and then filled in the channel using suction. The
hybridization of the targets to the complementary probes
occurred at the intersection of target channels with the
probe lines, resulting in hybridization patches of 200 x
200 pm? in dimensions (Fig. 1B). The target solutions
were pumped out from the channels after an incubation
time of 20 min. (unless noted otherwise) at room
temperature (22 <C). Immediately after hybridization, the
channels were washed by 2 | of hybridization buffer. In
order to detect the oligonucleotide duplexes formed at the
hybridization patches, streptavidin-Cy5 solution (50
pg/ml in 1X PBS buffer) was added to the channels. After
incubation for 15 min, the channel was rinsed using a
wash solution (1X PBS, Tween-20 0.1%) and then the
PDMS slab was peeled off from the glass slide.

E. Detection

Following rinsing and drying, the glass slide was
scanned on a confocal laser fluorescent scanner (Typhoon
9410, GE Healthcare) at 10 jm resolution, as previously
described [7], [14]. The excitation and emission
wavelengths were 633 and 670 nm, respectively. The
photomultiplier tube voltage was set to 600 V. The
scanned image was analyzed by IMAGEQUANT 5.2
software. The average fluorescent signals were measured
in relative fluorescent unit.

F. Bead-Based Assay

In the bead-based method, different probe DNAs were
first immobilized on the color-coded beads (Luminex).
The hybridization of the target DNAs to the bead-
immobilized probes were monitored via a Luminex 200
instrument. The target DNAs were either free-targets or
previously loaded on the surface of 5 nm AuNP with
DNA-to-AuNP concentration ratios of 1:1, 2:1 and 3:1.

I1l.  RESULTS AND DISCUSSION

The schematic diagram in Fig. 2 shows how the AUNP-
targets discriminate between the PM probes and the MM
probes. At a low temperature (e.g. room temperature) and
fairly high salt concentration (NaCl 0.15 M), which we
used in our experiments, free-target solution have a high
tendency to hybridize to the complementary probes on the
surface. In such a low stringent condition the



International Journal of Materials Science and Engineering Vol. 1, No. I June 2013

hybridization energy is high enough to compensate for the
destabilizing mismatch base-pair at the center of the
strand, and therefore results in a high concentration of
MM duplexes formed on the surface. This makes the SNP
detection very difficult. Unlike the bases of the free-target
strands, which can freely hybridize to the probe bases, the
bases of AuNP-targets are bound to the AuNP surfaces,
rendering them less available. This provides a selection
mechanism for the hybridization to occur between the PM,
but not the MM strands.
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Figure 2. Schematic diagram of single base-pair discrimination of
AuNP-targets

Fig. 3 shows the results of NBA chip hybridization.
The scanned image in Fig. 3A shows the spots resulted
from hybridization of two 60-mer targets (W’ and D’) to
their corresponding PM and MM probes (W and D),
performed in duplicate. The histogram (Fig. 3B) was
created based on measured signal intensities of the spots
along the vertical target channel line. The discrimination
ratio, calculated based on the ratio of the mean signal
intensities of PM and MM, is shown above the bars in Fig.
3B. We observe that when targets are free, there is no
significant difference between the signal intensities of the
PM and MM spots or the discrimination ratio is close to
1.0. A significant improvement is observed in case of
AuNP-targets, in which the PM/MM discrimination ratios
are 28 £0.2 and 24 += 0.2 for W’ and D’ targets,
respectively.

These results show that using the AuNP-assisted
method in the NBA chip, the targets can effectively
discriminate between their PM probes and the MM probes
at room-temperature at a short hybridization time of 20
min. [15], [16].

Following the AuNP-assisted method using wild-type
and one of its mutants (G12D) of the Kras gene sequences,
the method was evaluated fully using all 3 of the codon
12. Other than the NBA chip, we have tried to combine
the AuNP-assisted method with the bead-based method,
which is a solution-based single base-pair discrimination
technique [17]. Fig. 4 shows the discrimination ratios
resulted from target hybridizations to the bead-
immobilized probes. The discrimination ratios are
calculated based on the hybridization signal intensities of
each target with its PM probe divided by the average
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signal resulted from its hybridization to the 3 MM probes.
As shown in Fig. 4, the discrimination ratios from the
targets loaded on the AuNP surfaces with various ratios
are not found to be different from those obtained from the
free-targets. The failure of AuNP binding in enhancing
the discrimination ratios in the bead-based assay may be
attributed to the differences in the DNA hybridization
conditions in the solution phase from the hybridization on
the surface of the NBA chip [18].

Fig. 5A and 5B show the image and the corresponding
histogram of room-temperature hybridization of free-
target as well as AuNP-targets of all Kras mutant
sequences in the NBA chip. The numbers above each
group of PM and MM column are the discrimination ratio
of each target which are the signal of PM spot divided by
the average of the signals of other 3 MM spots. Although
the discrimination ratios of W and D were similar to those
shown in Fig. 3, the ratios of A and V were higher. This
shows the discrimination was enabled by AuNPs only in
the NBA chip but not in the bead-based assay. Since the
AuNP-targets show lower signal intensities than their
corresponding free-target spots in the NBA chip, further
optimizations will be needed.
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Figure 3. A) Scanned image with the spots resulted from
hybridization of 60-mer targets (W’ and D’) with their
corresponding PM and MM probes at 22 <C for 20 min. The
targets were either free or previously conjugated with AuNPs (5
nm). The boxed regions are the expected true positive binding
regions, corresponding to the hollow bars in the histogram. B)
The histogram showing the signal intensities of the spots obtained
along the vertical target channels. The column bars show the
average of signal intensities of the spots, measured at the
intersection of horizontal probe lines and the vertical target lines.
Error bars show the standard deviation of 2 measurements. The
number above each column shows the discrimination ratio which
is determined by dividing the intensity of the column corresponds
to the spots at the PM probes (W’-W, D’-D) by the signal
intensities of the column correspond to the spots at the MM
probes (W’-D, D’-W).
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Free-target DMNA to AuNP ratio

Figure 4. The discrimination ratios resulted from bead-based
assays of the wild type target(W’), and the mutants G12A(A’),
G12D (D’) G12V (V) at room temperature. The targets are either
free-targets or loaded on the AuNP surfaces with different ratios.
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Figure 5. Original scanned image and resulted histogram of (A)
5-nm AuNP-target and (B) free-target (60-mer) of the wild type
target (W), and the mutants GI2A(A”), G12D (D*) G12V (V).

For other conditions see Fig. 3.
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