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A B S T R A C T

Almost no analytical assays, either colorimetric or fluorescence assays, for generic microplate readers is capable
of dynamic measurements of protein-protein binding or the quantification of kinetic association and dissociation
constants of protein interactions. On the other hand, protein binding kinetics quantification can be uniquely
done on special expensive surface plasmon resonance (SPR) sensing equipment. Here we report the integration
of coupled plasmonic-photonic resonance nanosensors in standard 96-well plate format and by using which, for
the very first time, the demonstration of label-free dynamic SPR-like protein binding measurement and kinetics
quantification in a generic microplate reader. Our low-cost label-free nanosensor plate enables very sensitive
detection of immobilized protein interactions based on the transmission optical density (OD) value changes at
specific wavelengths measured in a generic microplate reader. The relative end-point OD value changes show a
good linear response with protein concentrations (from 0.05 to 50 μg/ml). And the protein quantification in
serum results are consistent with the concurrent hospital lab tests. Most importantly, the kinetic association and
dissociation constants of protein interactions in our sensor plate wells are determined by time-lapse dynamic OD
value measurement in the generic microplate reader. Enabled by our unique nanosensor plate, SPR-like mea-
surement of protein binding kinetics is now available using generic microplate reader ubiquitous in many
chemistry and biomedical research labs.

1. Introduction

Measurements of molecular interactions kinetics is increasingly
important in drug discovery (Arlett et al., 2011), genetic screening
(D'Orazio, 2003) and clinical diagnostics (Cheng et al., 2006) because
the dynamic binding information improves understanding of diseases
and can provide new ideas for treatment (Boccaletti et al., 2006).
Surface plasmon resonance (SPR) sensors such as the commercial Bia-
core SPR biosensor system are capable of real-time monitoring kinetic
biomolecular interactions, requiring no labeling and unaffected by bulk
background while collecting high quality time-lapse data of surface
biomolecular and drug binding events (Jason-Moller et al., 2006;
Leonard et al., 2011). Conventional SPR sensors are typically gold or
silver thin films deposited on glass or other dielectric substrate
(Homola, 2008). Notably as a result of the surface molecular binding

event, small plasmon resonance angle or resonance wavelength shifts
due to a change in refractive index near the SPR sensor chip surface.
Many SPR research papers reported the protein sensitivity is ng/ml or
even low (Wang et al., 2017). Although high-precision optics and op-
tomechanical components in conventional SPR instrumentation such as
Biacore and Bio-rad ProteOn system allow the detection of the real-time
small resonance angle or wavelength shift on gold thin film sensor
during surface protein interactions, the reliable sensitivity is still lim-
ited to μg/ml concentration level. The modest molecular sensitivity and
exceptional instrument requirement prevent wider analytical applica-
tions of conventional SPR sensing in both applied and fundamental
biomedical research as well as clinical diagnostics.

On the other hand, metallic periodic nanostructures and nano-
particles can also be used as plasmonic biosensor (Maynard et al.,
2009), known as localized surface plasmon resonance (LSPR) sensors.
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LSPR is an optical phenomenon caused by collective oscillation of
electron gas in a metal nanostructure surrounded by dielectric material
(Bohren and Huffman, 1983). Compared to conventional SPR, LSPR
doesn't need a prism or other optical coupling device to excite and has
higher surface-to-volume ratio (Yeom et al., 2013). These features of
LSPR sensors make it possible for detections in ubiquitous laboratory
equipment.

Measuring the binding kinetics and quantification of various protein
biomarkers in biofluids is essential for effective diagnostics, targeted
therapeutics and prognostics besides of drug development and
screening. For example, C-reactive protein (CRP) is a calcium-depen-
dent pentameric ring-shaped molecule, which consist of five identical
non-glycosylated polypeptide sub-units (Pepys and Hirschfield, 2003).
It is known as a biomarker for many diseases of cardiovascular (Ridker
et al., 1998), respiratory (Crystal et al., 1984), metabolic disorders
(Hotamisligil, 2006) and has been proved useful in the effectiveness of
the treatments. The cutoff value of CRP level in blood for a healthy
person is 5 μg/ml (Meyer et al., 2006). During the acute-phase response
of inflammation, the CRP concentration in blood abruptly increases to
600–1000 μg/ml and reaches the peak after about 48 h (Reeves, 2007).

In this paper, we demonstrate a label-free LSPR biosensor in the 96-
well plate format for dynamic measurements of CRP and anti-CRP an-
tibody binding kinetics only using a ubiquitous generic microplate
reader, and at the same time quantification of CRP concentration in
buffer and blood serum is performed. We simply used antibody-target
protein-antibody sandwich method in the 96-well LSPR sensor plate as
shown in Fig. 1a–c and measure the dynamic change of OD value by a
generic microplate reader to carry out similar kinetic protein mea-
surements in conventional SPR systems such as Biacore. Fig. 1d shows
that different media will present different colors on the sensor chip.
After our nanoplasmonic 96-well plate device is manufactured, CRP
capture antibodies were immobilized on the microwell bottom surface.
The secondary antibody is used for dynamic measurement and im-
proving the sensitivity and specificity. The protein binding kinetics
measurement on the 96-well plate sensor reaches a limit of detection
(LOD) of 50 ng/ml, at least 2 orders of magnitude below the CRP levels
in plasma and also below the LOD of Biacore systems. Our study paves
the way for the high-throughput, low-cost and ubiquitous SPR protein
characterization, binding interaction and dynamic analysis in

microplate readers.

2. Experimental

2.1. Reagents

Hexylsilane, streptavidin, isopropanol, ethanol, sucrose, 6-mer-
capto-1-hexanol (MCH), 11-mercaptuoudecanoic acid (MUA), 1-ethyl-
3-(dimethylaminopropyl)carbodiimide (EDC), N-hydroxysuccinimide
(NHS), bovine serum albumin (BSA), ethanolamine, purified CRP and
phosphate-buffered saline (PBS) buffer were purchased from Sigma-
Aldrich, thiolated biotin was purchased from Nanocs, monoclonal anti-
CRP capture and detection antibody was purchased from Sino
Biological. All chemicals were used as received without any further
purification. The patient blood samples were obtained from Wuhan
Union Hospital.

2.2. Fabrication process

The nanoplasmonic sensor film is fabricated by a replica molding
process and parameters of sensor chip are described in Supporting
Information. The original mold was a tapered nanopillar array on si-
licon oxide wafer by laser interference lithography and ion etching.
Prior to replication, the mold was put into a vacuum dryer full of
hexylsilane 12 h for hydrophobicity. Then, spread the Norland optical
adhesive (NOA-61) evenly on the mold and place a polyethylene ter-
ephthalate (PET) sheet on the top of it. After 3 min of UV light
(105 mW/cm2) irradiation, peel off the PET sheet. Then, multiple layers
metal and oxide were deposited onto the nanocup array. Cut the chip
into small pieces of 1 cm × 1 cm, stick the chip to an open-bottom 96-
well plate which was made by a 3D printer (Object 30 primer™
Stratasys Ltd.) to form unique nanosensor plate.

2.3. Biotin-streptavidin binding

Prior to the experiment, rinse the chip integrated microplate wells
twice with isopropanol and deionized (DI) water. Incubated the chips in
a 1 mM thiolated biotin (in PBS) for 3 h at room temperature followed
by immersion in 1 mM MCH (in DDW) blocking solution for 1 h at room

Fig. 1. Overview of the Au-TiO2 -Au nanocup array
chip and protocol. (a) Photograph of one piece of
Au-TiO2 -Au nanocup array chip. (b) Integrate the
Au-TiO2 -Au nanocup array chip with a homemade
96-well plate. (c) Test with a simple small volume
microplate reader. (d) Transmission microscopy
image. Air and water on the device surface show
different colors, green and olive, respectively. (For
interpretation of the references to color in this
figure legend, the reader is referred to the Web
version of this article.)
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temperature. Finally, the chips were immersed respectively in a 5 μg/ml
and 50 μg/ml streptavidin solution (in PBS) at room temperature for
30 min and the binding kinetics of streptavidin was measured with
respect to time by dynamic curve function (one point every 10s) of the
microplate reader. The chips were washed twice with DI water and after
washing, an end-point absorption spectrum was measured using phos-
phate buffered solution in micro plate wells following each step.

2.4. CRP-antibody binding kinetics and quantification

Prior to the experiment, rinse the chip twice with isopropanol and
deionized (DI) water. Incubate the chips in a 1 mM MUA solution (in
ethanol) for 12 h at room temperature. Clean the chips with 70%
ethanol and DI water twice, and afterwards measure the absorption
spectrum in DI water. Incubate the chips in a mixture of 400 mM EDC
and 100 mM NHS for 30 min at room temperature and then incubate
60 μg/ml monoclonal anti-CRP capture antibody (in PBS) for 12 h at
4 °C. Rinse the chips with PBS and DI water, and afterwards measure
the absorption spectrum in DI water. Incubate the chips in 60 μg/ml
BSA blocking solution and then in 10% ethanolamine solution, and both
steps last for 30 min at room temperature. Rinse the chips with DI water
twice, and afterwards measure the absorption spectrum in DI water.
Incubate the chips in different concentrations of CRP (in PBS) for 3 h
and measure the dynamic absorption spectrum with respect to time.
Rinse the chips with PBS and DI water, afterwards, measure the ab-
sorption spectrum in DI water. Finally, incubate the chips in 60 μg/ml
monoclonal anti-CRP detection antibody (in PBS) and measure the
absorption spectrum with respect to time. Rinse the chips with PBS and
DI water, afterwards, measure the absorption spectrum in DI water.
Detection of CRP in human serum samples is similar to the protocol
described previously, but for the CRP capturing step, we add the human
serum samples diluted 10 times with PBS instead of standard solution in
PBS. IRB Ethical approval was granted by the Huazhong University of
Science and Technology (Certificate #: S1029). Plasma samples were
obtained by centrifuging the blood samples at 2500×g and 4 °C for
15 min. The serum samples were stored at -80 °C.

3. Results and discussion

3.1. Fabrication of the Au-TiO2 -Au nanocup array chip sensor

The sensor is fabricated by combining a metal-insulator-metal
multi-layer and a 3D nanocup array structures. Fig. S1a shows the
schematic of the chip fabrication, spread the UV-curable polymer
evenly on the mold and place a PET sheet on the top of it. After UV light
irradiation and polymer solidification, peel off the PET. Then, we de-
posit 90 nm gold (Au), 80 nm TiO2 and 90 nm Au on it. Au is chosen due
to the visible plasmon resonance and reliable surface functionalization
(-SH) while TiO2 has high RI, low extinction coefficient and good
manufacturability. Fig. S1b shows atomic force microscope (AFM)
images of the sensor, and Figs. S1c–e show scanning electron micro-
scope (SEM) images of the sensor from the top and cross-sectional view.
From the AFM and SEM images, we can see a high uniformity cup array
structure and each nanocup has the similar morphology. Three metal
layers on the top of nanocup and nanoparticle in the cup structure can
be seen in Fig. S1e.

3.2. Optical characterization

In order to know the optical response of the chip in microplate
wells, 0%–60% sucrose solutions, which corresponds to the RI from
1.33 to 1.44, were prepared. Fig. 2a shows the absorption spectrum of
different concentrations of sucrose solutions measured by a generic
microplate reader. With the RI increase, we can see the transmission
intensity increase around 560 nm, meanwhile, the intensity decrease
can be observed around the wavelength about 705 nm. Fig. 2b shows

the good linearity between the OD values at the resonance wavelength
and RI of liquid. The sensitivity can be calculated by the relative change
in the transmission intensity (T) per RI unit (RIU), and the relative
transmission intensity can be calculated by 10−OD. The calculated
sensitivity of the sensor is 566 Δ%T/RIU at λ = 565 nm while 450
Δ%T/RIU at λ = 705 nm. The intensity changes in 565 nm and 705 nm
trend inversely, so in the latter experiment, the change of OD value at
705 nm and that value at 565 nm is subtracted from each other to
further improve sensitive and reduce the error caused by ambient light
source intensity fluctuation and temperature variation.

We also use a three dimensional finite-difference time-domain (3D-
FDTD) software to simulate the transmission spectrum and electric field
distribution for sensor chip with different environment RI, specific
details about simulation can be found in supporting information. Fig. 2c
shows the simulated transmission spectrum with increasing RI of the
superstrate. The transmission intensity decreases around 600 nm peak
whereas increases around 700 nm peak, which agrees well with the
experimental results. Cross-sections of the near-field electric field dis-
tributions at peak (i) and peak (ii) are shown in Figs. S2 and S3. The
magnitudes of the electric field show the trends consistent to trans-
mission light intensity.

3.3. Detection of biotin-streptavidin interaction

We tested our device in studying biotin-streptavidin interaction
which has been studied a lot before and known for high affinity to
demonstrate the capability for detecting kinetic biomolecular interac-
tion as shown in Fig. 3a. We immersed the chip-in-microwell sensor
with thiolated biotin to form a uniform self-assembled monolayer
(SAM). Then, MCH was added to block nonspecific binding. Finally, the
sensor microwell were loaded with 5 μg/ml and 50 μg/ml streptavidin
respectively and a plate reader measured the OD value of 565 nm and
705 nm every 10 s. The absorption spectrum of 50 μg/ml streptavidin
loading is shown in Fig. 3b. The OD@565 nm - OD@705 nm values at
each step of 50 μg/ml biotin-streptavidin binding experiment are shown
in the bar graph in Fig. 3c. From Fig. 3b and c, we can see there were
increase of OD value due to surface binding of biotin and slight de-
crease following MCH surface passivation step. The biotin-streptavidin
interaction is detected by an increase of 565 OD-705 OD values when
adding streptavidin. Fig. 3d showed the OD-converted relative trans-
mission intensity change at resonant wavelength with respect to time.

3.4. Detection of C-reactive protein (CRP) in buffer

Common techniques used for CRP measurement in clinics are im-
munonephelometry and immunoturbidimetry (Koivunen and Krogsrud,
2006). Other techniques, such as field effect transistors (Justino et al.,
2013), chemiluminescence (Ala-Kleme et al., 2006), electrochemical
impedance spectroscopy (Songjaroen et al., 2016), ELISA (Williams Jr
and Muddiman, 2009), fluorescence (Christodoulides et al., 2005),
quartz crystal microbalances (Ding et al., 2013), magnetic particles
(Phurimsak et al., 2014) and SPR(Choi et al., 2015) have been also
described in literature. Previous techniques have successfully detected
CRP but present different shortcomings. But SPR sensors do not require
the labeling process and are unaffected by electromagnetic interference,
in addition, they are useful for the real-time monitoring interactions
between biomolecular and studying interaction kinetics.

The CRP blood level varies from 0 to 5 μg/ml in healthy person
(Food et al. 2016). In order to make a reliable detection of CRP, LOD at
least an order of magnitude lower than the border value is required. A
schematic of the CPR detection protocol is shown in Fig. 4a. First, the
sensor chip was immersed with 1 mM MUA solution to form a SAM.
EDC and NHS were added to activate carboxyl group, and then anti-CRP
capture antibody was covalently bound to the surface. The chip was
then incubated in BSA blocking solution and ethanolamine to block
nonspecific binding and cap remaining NHS, respectively. Then, a series
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of concentrations of CRP solutions from 0.05 μg/ml to 50 μg/ml were
incubated on the sensor chip in microplate wells and the generic plate
reader measured the OD value of resonant wavelength every 3 min.
Finally, anti-CPR detection antibody was incubated on the sensor chip
and the OD value at resonant wavelength is measured every 3 min. The
spectra for PBS, 0.5 μg/ml CRP and 25 μg/ml CRP cases are presented in
Fig. S4.

For the CPR capturing step, we were able to distinguish between
different concentrations of CPR from 1 μg/ml to 50 μg/ml as shown in
Fig. 4b. The LOD of this step is 1 μg/ml. Fig. 4c showed a plot of the
relative OD value change as a function of CRP concentration on a log
scale. The results were fit to a linear and showed good agreement from
1 μg/ml to 50 μg/ml. Fig. 4d showed a plot of the relative transmission
intensity change values as a function of time after the CRP loading and
50 μg/ml CRP resulted in approximately 4% relative transmission in-
tensity change. Only 4% relative transmission intensity changed and
the LOD was only 1 μg/ml for the CRP detection, which is not reliable
enough to confirm whether a person is healthy or not. As a con-
sequence, we had to find a new way to extend the capability of the
sensor chip. Here, we introduced another anti-CRP antibody to the
sensor chip in microplate wells to form antibody-antigen-antibody
sandwich structure. Due to simultaneous binding of two antibodies, the
sensors have extremely high specificity and render it suitable for direct
detection in complex blood serum.

A more obvious change of OD and lower LOD can be observed as
shown in the bar graph Fig. 4e. The relative OD value change of 10 μg/
ml CPR is only 0.02 for the CRP capturing whereas 0.103 for the anti-
CRP detection antibody adding. The relative OD value change and
sensitivity has increased more than 4 times. The reason of this

phenomenon may be caused by more reaction sites or larger con-
formation changes. A plot of the relative OD value change as a function
of CRP concentration on a log scale was shown in Fig. 4f. The coeffi-
cient of determination (R2) for fitting was found to be 0.980 from
0.05 μg/ml to 25 μg/ml. The calibration equation can be expressed as

= +CRPc( ) 10 1.26148 relative OD change
0.04268 .The relative OD value change of

50 μg/ml CRP was slightly higher than 25 μg/ml CRP, which indicated
that the saturation was reached when adding 50 μg/ml CRP. Fig. 4g
shows relative transmission intensity change over time for anti-CRP
detection antibody adding. Similarly, we can see the curve of 25 μg/ml
and 50 μg/ml CRP overlapping, which is corresponding to the result in
Fig. 4e and f. Table S1 summaries some of the most detailed results of
CRP detection reported in literature. As we know, the methods with low
LOD of CRP often need labels or complex costly equipment. Our device
is able to detect 50 ng/ml CRP without any label or complicated
equipment which makes it convenient for research and clinical labs.

3.5. Kinetics quantification of C-reactive protein (CRP)

The SPR technology is widely used in the pharmacokinetic drug
profiling (Fabini et al., 2016) and high-throughput screening (Nguyen
et al., 2015). Because the SPR system can give information of the rate of
interaction and the binding level, the kinetic constants can be de-
termined (Wijaya et al., 2011). It can greatly help the rational design of
new molecules of therapeutic interest and distinguish the therapeutic
differentiation between similar drug compounds (Olaru et al., 2015).
Similarly, our unique nanosensor microwell plate can be applied in
pharmaceutical and kinetic analysis. The kinetic constants can be

Fig. 2. (a) Measured absorption spectra of sensor chip in microplate wells with different concentrations of sucrose (0,5%,10%,20%,30%,40%,50%,60%). (b) The OD
change of the Au-TiO2 -Au nanocup array chip at 565 nm and 705 nm with respect to the different concentrations of sucrose and RI. (c) Simulation transmission
spectra of sensor chip with different concentrations of sucrose.

Fig. 3. (a) Schematic of Au-TiO2-Au
nanocup array chip in microwell plate
for biotin-streptavidin binding detec-
tion. (b) Spectra around 565 nm at
different steps in 50 μg/ml streptavidin
loading. (c) Bar graph of the OD value
of 705 nm subtracted from the OD
value of 565 nm with different step (d)
Dynamic transmission intensity change
at resonant wavelength with different
concentrations of streptavidin binding
with respect to time.
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determined from Fig. 4g. The biomolecular interactions between CRP
and the detection antibody (DA) can be modeled with the following
equation:

=DA CRP dt k DA CRP k DA CRPd[ ]/ [ ][ ] [ ]a d [1]

Where ka is the association rate constant, kd is the dissociation rate
constant. And the relative transmission intensity change (R) is pro-
portional to formation of [DA-CRP]. Equation [1] can be rewritten as
(O'Shannessy et al., 1993):

=
+

+[ ]CRP k R e
CRP k k

R
[ ] 1

[ ]
a

CRP k k t

a d
t

max
([ ] )a d

[2]

Rmax can be inferred by the relative transmission intensity change
for 50 μg/ml CRP situation due to the sensor chip reached saturation.
And plots were fitted in Fig. 4g with exponential functions y = a (1-e-

bx), the specific information about the fitting can be found in Table S2.
If the concentration of CRP is close to saturation which corresponds to
the fitting coefficient a is larger than 90% of Rmax and the coefficient of
determination (R2) for fitting is lower than 0.65, the calculated values
of ka and kd would has lower accuracy. In our case, 0.05 μg/ml CRP
(R2 = 0.587) shows poor fitting, 5 μg/ml (a = 92.0% Rmax) and 10 μg/
ml (a = 97.9% Rmax) CRP are close to saturation, so when we calculated
the average ka and kd, the data of 0.05 μg/ml, 5 μg/ml and 10 μg/ml has
been discarded. Therefore, the value of ka and kd were calculated as
3.11 × 106 ( ± 0.40 × 106) M-1s-1 and 2.00 × 10-2 ( ± 0.26 × 10-2) s-1,
respectively, and specific results were presented in Table 1. The dis-
sociation equilibrium constant KD is determined using the formula:
KD2 = ka/kd = 6.44 × 10-9 ( ± 0.38 × 10-9)M, which is an order of

magnitude lower than the KD1 value (6.42 × 10-8 ± 1.06 × 10-8) of the
CRP capture antibody- CRP reaction. The specific information about the
kinetic constants of the CRP capture antibody- CPR reaction can be
found in Table S3. The KD2 value is similar to the value measured by
thermophoretic immunoassay (Lee et al., 2018), nanoparticle amplified
SPR imaging aptasensor (Vance and Sandros, 2014), electrochemical
impedimetric biosensor (Bryan et al., 2013) and fiber optic biosensor
(Chou et al., 2007).

3.6. Blood serum sample accuracy test

To evaluate the accuracy of the chip sensor for CRP detection, some
blood serum samples from healthy volunteers and sick patients were
collected. They were taken blood and the concentrations of CRP is

Fig. 4. Detection of CPR with noplasmonic sensor chip by microplate reader. (a) Schematic of CRP detection using two different antibodies. (b) and (e) Bar graph
showing the relative OD value change for CRP sample with different concentrations and the vehicle control (PBS) at CRP immobilization step (b) and detection step
(e). (c) and (f) Plot of the relative OD value change as a function of CRP concentration on a log scale. The linear curve shows the least squares fit with R2 = 0.993 and
0.980 at CRP immobilization step (c) and detection step (f), respectively. (d) and (g) Plot of the percentage of transmission intensity change at the resonant
wavelength for CRP sample with different concentrations at CRP immobilization step (c) and detection step (f).

Table 1
Values of ka, kd and KD2 determined for the interaction of anti-CRP detection
antibody and CRP.

[CRP](μg/ml) ka (106 M-1S-1) kd (10-2 s-1) KD2 (10-9 M)

0.05 3.23 ± 0.21 1.47 ± 0.19 4.55 ± 0.51
0.1 3.39 ± 0.35 2.07 ± 0.21 6.11 ± 0.12
0.25 3.38 ± 0.15 2.10 ± 0.35 6.20 ± 1.00
0.5 3.40 ± 0.36 2.48 ± 0.25 7.29 ± 0.24
1 3.29 ± 0.21 1.99 ± 0.32 6.05 ± 0.89
2.5 2.11 ± 0.12 1.38 ± 0.14 6.54 ± 0.55
5 1.25 ± 0.13 0.55 ± 0.12 4.40 ± 0.84
10 0.67 ± 0.03 0.21 ± 0.03 3.13 ± 0.43
Average 3.11 ± 0.40 2.00 ± 0.26 6.43 ± 0.38
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quantified by latex agglutination in Wuhan Union Hospital. A portion of
the blood will be used for detecting CRP by our nanoplasmonic sensor
chip in microwell plate. First, the blood samples were centrifuged at
2500×g and 4 °C for 15 min. Supernatant was diluted 10 times with
PBS. 15 blood samples were quantified in our lab and in the hospital,
respectively, and the comparative results are shown as Fig. 5a. We can
see our sensor chip showed more consistency with hospital test results
at low concentrations of CPR, but at high concentrations of CPR, the
values detected from our sensor were lower than those from hospital
test. It may be explained by strong non-specific surface adsorption
competing with CRP in blood serum. Fig. 5b showed the good corre-
lation (R2 = 0.994, y = 0.86x+1.636) between the results from the
sensor chip and reports from hospital. Furthermore, the LOD of the
hospital report was 3.1 μg/ml (sample 1), the value less than 3.1 μg/ml
was considered within the normal range. But our sensor chip is sensitive
enough in a wide concentration range. The result shows our sensor chip
is practical and accurate for high-throughput CRP detecting in clinical
diagnostics.

4. Conclusion

A label-free, high-throughput and low-cost biosensor for the binding
kinetics quantification of CRP in human blood serum based on nano-
plasmonic sensor in microplate wells by generic plate reader is pre-
sented. The sensitivity of the sensor is 566 Δ%T/RIU at λ = 565 nm
while 450 Δ%T/RIU at λ = 705 nm. We achieved detection of in-
flammation biomarker CRP with a LOD of 50 ng/ml which has full
capacity of detecting CRP in blood serum with high consistency with
from hospital test. Furthermore, the nanoplasmonic sensor microplate
is also a powerful tool for studying dynamic protein interaction and
measuring binding kinetics. We can realize similar functionality of
commercial SPR systems by simply utilizing the ubiquitous microplate
reader. The unique nanosensor plate combined with generic microplate
reader may become a new technology platform for biomolecular in-
teraction and kinetic study.
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