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Mouse-Immunoglobulin G (mouse-IgG) with different concentrations in a range from 1000 to 0.0128 pg/mL and a specific
hybridization with goat anti-mouse IgG were detected successfully by using an oblique-incidence reflectivity difference
(OI-RD) method. Two detection signals, consisting of an imaginary part (Im{A,~A}) and a real part (Re{A,~A}) of OI-RD,
were obtained simultaneously. The detection results of hybridization by OI-RD were in accord with that of traditional fluores-
cent scans. In particular, we label-freely detected the washed mouse-IgG microarray with a series of concentrations and ac-
quired a linear correlation between OI-RD intensities and the protein concentrations in logarithmic coordinates. The detection
sensitivity of OI-RD can reach 14 fg. These experimental results suggest that the OI-RD method has potential applications in

proteomics and clinical diagnosis.
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1 Introduction

Protein microarray technologies, allowing the simultaneous
analysis of multiple biochemical binding processes within a
single experiment, provide the effective means to investi-
gate the full spectrum of protein attributes in a highly paral-
lel, miniaturized, and automated fashion such as protein
expression profiling and protein-protein interactions [1-3].
The high-throughput identification, assay and qualifications
of biomolecules from protein samples have propelled the
rapid development of detection methods. In most cases,
fluorescence-labeling is widely employed for biochemical
reactions in microarray format due to its inherent high sen-
sitivity and large dynamic range [4]. However, the extrinsic
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fluorescent tag may unpredictably affect the biological ac-
tivity of the compounds under investigation. In addition, the
influence of labeling efficiency is often not known a priori.
In order to circumvent these obstacles in label-based detec-
tion, there is a tendency to develop label-free schemes for
the detections of microarrays in a high-throughput fashion.
The Oblique-Incidence Reflectivity Difference (OI-RD)
method can be used to detect biological microarrays due to
its high sensitivity and label-free detection. OI-RD tech-
nique was previously first developed in our group to moni-
tor the growing process of oxide thin films in real time [5,6].
In principle, the OI-RD method measures the fractional dif-
ference between the reflectivity of p- and s-polarized light
at oblique incidence, termed as “A,~A,” and can acquire
two signals consisting of an imaginary part Im{A,~A;} and
a real part Re{A,~A;} simultaneously. The intensities of
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{A,~As} depend on the optical dielectric constant and
roughness of the associated surface. Similar to the detection
of oxide films, OI-RD can be applied to detect the protein
microarrays in a label-free fashion because the various pro-
teins or proteins with different concentrations could lead to
changes in the optical dielectric constant and the surface
roughness. Zhu et al. reported the detections of 60-base oli-
gonucleotides [7] and protein microarrays [8] by an
Im{A,~A,} signal. We have successfully detected 21-base
oligonucleotides [9] and printed protein microarrays [10]. In
the present paper, we will report the detections of the
mouse-IgG microarray with different concentrations and the
hybridizations between the antibody and antigen by the
Im{A,~A,} and Re{A;~A,} simultaneously.

2 Experiment

A typical OI-RD setup for the detection of protein microar-
rays is shown in Figure 1. Similar to that employed for
monitoring the oxide film growth [5], a p-polarized He-Ne
laser beam with wavelength of 4=632.8 nm passes through
a photoelastic modulator that induces the laser beam to os-
cillate between p- and s-polarization at a frequency of 2=50
kHz. A phase difference between p- and s-polarized com-
ponents is introduced by a phase shifter. Then the light
beam is focused on the microarray surface at an incidence
angle of 60°, which is near the Brewster angle for maxi-
mizing signal intensity [11]. The reflection beam passes
through a polarization analyzer and is detected by a Sili-
con-photodiode. Afterward, Im{A,~As} and Re{A;-A} are
measured by two digital lock-in amplifiers. At the begin-
ning, in order to enhance the signal-to-noise ratio, the laser
beam is focused on the bare slide surface of the protein mi-
croarray so that Im{A;~A} and Re{A,~A} are zeroed by
adjusting the phase shifter and the analyzer respectively.
Then the intensities of both Im{A;~A} and Re{A,~A} are
recorded when the microarray is scanned in two-dimensions
controlled by a computer-assisted stepping motor.

In this study, the aldehyde-coated glass slides are chosen
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as the microarray upholders. Mouse-IgG is selected as the
target and CyS5-labeled goat anti-mouse IgG as the probe.
Following the conventional procedure for the fabrication of
protein microarrays [12], the mouse-IgG protein microar-
rays are printed, washed, blocked and hybridized with
anti-mouse IgG in sequence. As shown in Figure 2, mouse-
IgG is separately printed in triplicates with a concentration
decreasing from top to bottom in a range from 1000 to
0.0128 pg/mL by a factor of 0.2 respectively. Each row
contains three spots of mouse-IgG with the same concentra-
tion. The center to center separation between sample spots
with an average diameter of 135 um is around 500 pm. As
shown in Figure 3, the mouse-IgG spots with 4 mg/mL are
covalently coupled to the glass slide in duplicate. In order to
compare with fluorescence detection, Cy5-labeled goat
anti-mouse IgG, diluted with 1% glycine/1xPBS ranging
from 1000 to 0.32 pg/mL, is hybridized with mouse-IgG at
room temperature for 1 hour in a humidity chamber after
blocking. The washed mouse-IgG microarray is detected by
the OI-RD method. In addition, the hybridized microarray is
detected using both OI-RD and fluorescence respectively.

3 Results and discussion

Figure 2 shows the detection results of OI-RD for the
washed mouse-IgG microarray. The two-dimensional (2D)
gray level-images of Im{A;~A;} and Re{A;~A,} are dis-
played on the right side, and the Im{A;~A,} and Re{A;~A,}
intensities versus protein concentrations are plotted on the
other side. The data in the curves are obtained from the 2D
images by averaging the mean intensities from the three
spots in each row with the same concentration for both
Im{A,~A,} and Re{A,~A,} respectively. It can be observed
that the gray levels for OI-RD signals attenuate gradually
with the decrease of mouse-IgG concentrations. Meanwhile,
the spatially averaged Im{A,~A,} and Re{A,~A,} intensities
appear linear to the logarithms of mouse-IgG concentration
from 0.0128 pg/mL to 1000 pg/mL. In addition, the corre-
sponding mass value of mouse-IgG immobilized on the
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Figure 1 The layout of the OI-RD system for the detection of protein microarrays. Laser: a 7 mW He-Ne polarized laser. The microarray is mounted on a

motorized stage that can be driven along the X and Y directions, respectively.
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concentrations as low as 0.0128 pg/mL, which is equal to
14 fg, can be measured by Im{A,~A,} and Re{A,~A},
respectively.

The experimental results demonstrate that the intensities
of A,—A, can not only reflect the binding efficiency between
the primary amino linkers on IgG and the aldehyde groups
on the slide, but also distinguish the difference in concen-
tration for mouse-IgG in a label-free fashion. Therefore, the
OI-RD technique is much more advantageous than the fluo-
rescence method in the aspect of label-free detection for
different protein concentrations.

Figure 3 displays the detection results after hybridization
between mouse-IgG and Cy5-labeled anti-mouse IgG for
both OI-RD and a fluorescence scan. As shown on the right
side of Figure 3, Figures 3(a) and (b) are the 2D images of
Im{A,~A,} and Re{A,~A,} respectively, and Figure 3(c) is
the 2D fluorescent scan for the same protein microarray.
The curves on the left side of Figure 3 plot the concentra-
tion dependence of Im{A,~A,}, Re{A,~As} and fluorescent
intensity, respectively. Similar to the treatment in Figure 2,
the data in the plots are obtained by spatially averaging the
mean gray levels of the duplicate spots in each row with the
same concentration for Im{A,;~A;}, Re{A,~A;} and fluores-
cence respectively. It can be concluded from Figure 3(c)
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Figure 3 The results of the 2D scan of the OI-RD method and fluores-
cence scan after hybridization between the mouse-IgG and CyS5-labeled
anti-mouse IgG with a set of concentrations. (a) The concentration de-
pendence of Im{A,~A,} intensities. (b) The concentration dependence of
Re{A,~A} intensities. (c) The concentration dependence of the fluorescent
intensities.

that the anti-mouse IgG has indeed been captured by their
cognate targets. Comparing Figures 3(a) and (b) with (c),
the results of Im{A,~A,} and Re{A,~A,} are consistent with
that of fluorescence, indicating that the OI-RD method can
detect the hybridization between an antibody and antigen. In
addition, it is possible to generate an Re{A,~A,} signal from
the absorption of Cy5 labeled in an anti goat mouse-IgG
since the detection laser with 632.8 nm lies in the absorp-
tion band of Cy5, which will be studied in future.

4 Conclusions

The protein microarrays of mouse-IgG with different con-
centrations are detected successfully by Im{A,~A,} and
Re{A,~A,} simultaneously. The experimental results dem-
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onstrate that the OI-RD method is able to distinguish the
difference in protein concentrations in a label-free fashion
and detect the specific hybridization between the antigens
and antibodies. In particular, we should notice that the
OI-RD method not only employs a label-free format with
high sensitivity but also does not require special holders for
biomolecular microarrays. It is of great value for the
high-throughput detection of protein microarrays based on
the OI-RD method. Further investigations on the detection
sensitivity and high-throughput assay are in progress.

This work was supported by the National Basic Research Program of
China (Grant No. 2007CB935700).
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