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1    Introduction

Novel biosensors for detection of target molecules with 
high sensitively need to be developed rapidly and cost-
effectively for medical applications [1, 2]. Diagnosis of 
many diseases such as cancers [3], infective diseases [4], 
and neurodegenerative disorders [5], require detection of 
low concentrations of target molecules in body fluids. 
High-sensitivity detection of target molecules is currently 
performed using several kinds of biosensors and conven-

tional bioanalytical methods, such as an enzyme-linked 
immunosorbent assay (ELISA), using different detection 
principles such as electrochemical [6] and optical [7] sys-
tems, which have been widely used. These biosensors 
enable rapid and cost-effective detection of target mole-
cules with high sensitivity. However, for detection of 
target molecules in body fluids with high sensitivity, 
previously reported biosensors and conventional bioana-
lytical methods have several disadvantages such as time-
to-result, sophisticated step-by-step liquid handling, and 
labeling procedures. To overcome these disadvantages, 
we have been developing a novel optical biosensor based 
on specific optical characteristics of nanostructures 
[8–10]. Nanostructures, such as nanoparticles, possess 
observable optical characteristics such as light absorp-
tion [11], and diffraction [12], which depend on the size 
and physical properties of base materials. Furthermore, 
surrounding refractive index changes due to the biomo-
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lecular interactions such as antigen-antibody reaction 
and DNA hybridization may change these specific optical 
characteristics of nanostructures.

Based on these specific optical characteristics of 
nanostructures, we have developed a novel optical chem-
ical/biosensor using nanoimprint lithography (NIL)-based 
two-dimensional photonic crystals (2D-PhC) [13]. A NIL-
based 2D-PhC is a nanostructure-based optical device 
constructed of a periodic nano-array of dielectric materi-
als such as polymers and metal oxides. In addition, NIL-
based 2D-PhC can diffract and reflect at specific wave-
lengths of light. The reflection peak wavelength and 
intensity will be changed by the surrounding refractive 
index change due to the antigen-antibody reaction or 
DNA hybridization. By monitoring the reflection peak 
wavelength and intensity change due to the biomolecular 
interactions, we can determine target molecule concen-
trations with high sensitivity without time-consuming 
labeling procedures using fluorescent dyes and enzymes.

Furthermore, using NIL, a 2D-PhC-based optical bio-
sensor can be fabricated cost-effectively using a polymer 
film as a base material. NIL is a high reproducible fabrica-
tion technique for producing nanostructures on polymer 
films using a mold [14]. Generally, for optical telecommu-
nication application, 2D-PhC have been fabricated on sili-
con or glass substrates using high-cost fabrication instru-
ments such as electron beam lithography (EBL), focused 
ion beam (FIB), and reactive ion etching (RIE) in a clean 
room [15]. In contrast, using NIL, 2D-PhC can be fabricated 
without high-cost fabrication instruments and clean 
rooms. Based on the advantages of NIL, this fabrication 
technique to produce nanostructure-based optical devic-
es using NIL is referred to as “printable photonics” [16].

In this study, determination of C-reactive protein 
(CRP) in human serum using 2D-PhC-based optical bio-
sensor was performed. In addition, for high sensitive 
detection of CRP in human serum, the dual-functional 
random copolymer [17] was modified onto a 2D-PhC sur-
face to reduce nonspecific adsorption of foreign substanc-
es. By using dual-functional random copolymers, the effi-
ciency of CRP detection in pooled blood serum was evalu-
ated. 

2    Materials and methods

2.1    Materials

For determination of CRP using 2D-PhC, anti-CRP anti-
body (ab32412) and human CRP full-length protein 
(ab111647) were purchased from Abcam (Cambridge, 
MA, USA). To immobilize the anti-CRP antibody onto the 
2D-PhC surface, dual-functional random copolymer was 
synthesized using Poly(ethylene glycol) methyl ether 
methacrylate (PEGMA) (average Mn = ~475), 3-(trimetho
xysilyl)-propyl-methacrylate (TMSMA), N-acryloxysuc-

cinimide (NAS), and 2,2’-azobisisobutyronitrile (AIBN), 
which were purchased from Aldrich Chemical Co. (Mil-
waukee, WI). For modification of dual-functional random 
copolymer, dimethyl sulfoxide (DMSO) was purchased 
from WAKO pure chemicals (Osaka, Japan). For evalua-
tion of nonspecific adsorption efficiency, anti-rabbit IgG 
(whole molecule)-tetramethylrhodamine (TRITC) anti-
body (T6778-1ML) and IgG-fluoresceinisothiocyanate 
(FITC) from human serum (F9636) were purchased from 
Sigma-Aldrich Japan K. K. (Tokyo, Japan). In addition, 
ultra-pure water (18.2 MW cm) from Sartorius Stedim Bio-
tech (Aubagne, Cedex, France) was used in all sample 
preparations.

2.2    Apparatus

For the fabrication of 2D-PhC, NIL was performed using a 
nanoimprint apparatus (X-300, SCIVAX Corp., Kanaga-
wa, Japan). Evaluation of optical characteristics was done 
using the handy type spectrophotometer (USB-4000-UV-
VIS, wavelength range: 200–1100  nm) with a tungsten 
halogen light source (LS-1, wavelength range: 360–
2000  nm), which were purchased from Ocean Optics 
(Dunedin, USA). The bifurcated fiber bundle (BFY600HS02, 
fiber core diameter: 600  µm, wavelength range: 300–
1200 nm) was purchased from Thorlabs (Tokyo, Japan). 

For observation of the surface construction of 2D-PhC, 
scanning electron microscopy (SEM) was used from Key-
ence (VE-9800, Osaka, Japan). In addition, for evaluation 
of the nonspecific adsorption, Fluorescent microscopy 
was used from Keyence (VB-G25, Osaka, Japan).

2.3    Detection principle

Schematic illustration of experimental procedure with 
photograph of 2D-PhC and chemical structural formula of 
dual-functional random copolymer are shown in Fig.  1. 
Based on our previous reports using 2D-PhC-based opti-
cal biosensors [18, 19], the reflection peak, which depends 
on the periodicity and size, can be observed based on 
Bragg’s law. Furthermore, to perform the label-free detec-
tion of antigen-antibody reaction on the 2D-PhC surfaces, 
surrounding refractive index (RI) change on the 2D-PhC 
surface by an antibody-antigen reaction can be moni-
tored as a reflection peak intensity change based on the 
Fresnel reflection.

When the modification of random copolymer (Fig. 1b), 
antibody immobilization (Fig. 1c), and antigen-antibody 
reactions (Fig. 1d) occurred on the 2D-PhC surface, the 
average RI on the 2D-PhC changed. As a result, the reflec-
tion intensity-based on Fresnel reflection also changed. 
Hence, a fractional surrounding RI change was deter-
mined as a reflection peak intensity change. In this study, 
for optical biosensor fabrication, NIL-based 2D-PhC with 
a triangular configured nano-hole array 2D-PhC (hole 
diameter and distance: 230 nm, hole depth: 200 nm) was 
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fabricated onto cyclo-olefin polymer (COP) film (4 inches, 
100  µm film thickness) using thermal NIL. Based on 
Bragg’s law, by using this configuration of 2D-PhC, the 
structural color (blue to green) can be observed in naked 
eye (Fig. 1). 

Based on this detection principle, for evaluation of 
optical characteristics of NIL-based 2D-PhC, the white 
light from the bifurcated fiber bundle was irradiated from 
the perpendicular direction. Reflection spectra were mon-
itored from 400 to 800 nm on the handy type spectropho-
tometer at room temperature (RT). 

2.4    �Synthesis of dual-functional random polymer 
for reduction of nonspecific adsorption

For the development of future medical diagnostic devices 
using NIL-based 2D-PhC, target molecules need to be 
detected in body fluids such as serum, plasma, and saliva. 
These body fluids contain a high concentration of foreign 
substances such as immunoglobulin and albumin, which 
can increase background interference through nonspe-
cific adsorption, impeding the highly sensitive detection 
of target molecules in body fluid.

For specific detection of the target molecules in body 
fluid with high sensitivity, dual-functional random copol-

ymer was synthesized with the aim of reducing nonspe-
cific adsorption of foreign substances through modifica-
tion of the NIL-based 2D-PhC surface [20]. In a previous 
report, using this dual-functional random copolymer, high 
sensitive detection of influenza virus in human saliva 
could be achieved without nonspecific adsorption onto 
the NIL-based 2D-PhC [17].

The dual-functional random copolymer has several 
different functional groups (trimethoxy-silane, polyethyl-
ene glycol [PEG], and NAS), which have different func-
tions. For the preparation of a dual-functional random 
copolymer, a previously reported copolymer was synthe-
sized. In this study, the synthesis was performed as fol-
lows. PEGMA (1.425 g, 3 mmol), TMSMA (0.744 g, 
3 mmol), NAS (0.507 g, 3 mmol) and AIBN (16.5 mg, 
0.1 mmol) were placed in a glass vial and dissolved in 
tetrahydrofuran (THF, WAKO pure chemicals, Osaka, 
Japan) (10 mL). After preparation of the mixture, polym-
erization was performed at 70°C for 24 h under a nitrogen 
atmosphere. After the evaporation of the solvent, the 
polymer was obtained as a viscous liquid (Mw = 20 200). 
The polymer was dissolved in DMSO (100 mg/mL). Sub-
sequently, the polymer solution was recrystallized with 
hexane to remove the unreacted reagents such as an 
AIBN. After the synthesis and purification of the dual-

Figure 1.  Schematic illustration of experimental procedure, photograph of NIL-based 2D-PhC (4-inch), and chemical structural formula of dual-functional 
random copolymer. After the fabrication of 2D-PhC using NIL (A), surface modification (B) and antibody immobilization were carried out (C). Different 
concentrations of antigen solutions were introduced onto antibody immobilized on 2D-PhC surfaces (D). The surrounding refractive index was changed by 
the antigen-antibody reaction, which depends on the antigen concentration. As a result, reflection peak intensity changes dependent on antigen concentra-
tions can be observed.
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functional random copolymer, surface modification and 
antibody immobilization was performed.

2.5    �Detection of CRP using antibody immobilized 
on NIL-based 2D-PhC

For label-free detection of CRP using NIL-based 2D-PhC 
based on antigen-antibody reactions, the antibody was 
immobilized onto the NIL-based 2D-PhC surfaces via a 
modification of the dual-functional random copolymer. 

For modification of the dual-functional random copoly-
mer on the NIL-based 2D-PhC surface, O2 plasma treat-
ment (gas flow rate: 1526 sccm, power: 80 W) using an O2 
plasma cleaner (CUTE-1MP/R, Femto Science, Inc., Gyeo-
nggi-Do, Korea) was performed on the NIL-based 2D-PhC 
surface for 25 min at RT to obtain the hydrophilized sur-
face. After the O2 plasma treatment, the NIL-based 
2D-PhC was immersed into a dual-functional random 
copolymer solution diluted with ultra-pure water (1 ng/mL) 
for 30  min at RT, followed by washing with ultra-pure 
water. The dual-functional random copolymer-modified 
NIL-based 2D-PC film was then cured at 100°C for 1 min 
to ensure covalent bond formation via dehydration 
between the silane groups in the copolymer and the 
hydroxyl groups of the hydrophilized NIL-based 2D-PhC 
surface. By using this dual-functional random copolymer, 
troublesome liquid handling and operation steps such as 
blocking procedures and washing steps for biosensor 
fabrication were reduced.

For immobilization of anti-CRP antibody onto the 
dual-functional random copolymer modified NIL-based 
2D-PhC surface, an anti-CRP antibody solution (1 μg/mL 
in 20 mM phosphate buffer, pH 7.4) was prepared. Subse-
quently, the antibody solution was introduced onto the 
NIL-based 2D-PhC surface for 2 h at RT. After the immo-
bilization of antibody, antibody-immobilized on NIL-
based 2D-PhC was immersed in a borate buffer (100 mM, 
pH  9.5) for 1  h to hydrolyze the unreacted NAS on the 
surface. From these antibody immobilization procedures, 
the antibody-immobilized on NIL-based 2D-PhC was 
used for label-free detection of CRP.

For detection of CRP using antigen-antibody reaction, 
different concentrations (100  fg/mL–100  ng/mL) of CRP 
solutions were introduced onto the anti-CRP antibody 
immobilized on NIL-based 2D-PhC for 5  min at RT for 
antigen-antibody reaction. After the antigen-antibody 
reaction, NIL-based 2D-PhC was washed with ultra-pure 
water to remove unreacted CRP. After the washing proce-
dure, 2D-PhC was dried up using an air blower. Subse-
quently, the reflection intensity changes with the CRP 
concentrations were monitored using spectrophotometer. 

On the other hand, in this study, to confirm the usabil-
ity of dual-functional random copolymers, reduction effi-
ciency of nonspecific adsorption was evaluated. For 
evaluation of reduction efficiency of nonspecific adsorp-
tion, a 100-fold diluted pooled blood serum (12181201, 

Kohjin Bio Co. Ltd., Saitama, Japan) was introduced onto 
the anti-CRP antibody immobilized on NIL-based 2D-PhC 
for 5 min at RT. After the antigen-antibody reaction, the 
reflection peak intensity changes were monitored.

2.6    �Evaluation of reduction efficiency of nonspecific 
adsorption using dual-functional random 
copolymer modified NIL-based 2D-PhC

To confirm the nonspecific adsorption on the NIL-based 
2D-PhC, fluorescence imaging by adsorption of fluores-
cent-dye conjugated protein was observed concurrently. 
For observation of fluorescence images, anti-rabbit IgG-
TRITC antibody was immobilized onto the dual-function-
al random copolymer modified NIL-based 2D-PhC surface 
following a previously described immobilization proce-
dure. On the other hand, to compare the nonspecific 
adsorption efficiency, anti-rabbit IgG-TRITC antibody 
was immobilized onto the NIL-based 2D-PhC directly via 
physical adsorption for 2 h at RT. After the immobiliza-
tion, bovine serum albumin (BSA) solution was intro-
duced as a blocking agent for 1 h at RT. Then, IgG-FITC 
from a human serum solution (2 μg/mL) was introduced 
onto the anti-rabbit IgG antibody immobilized on 2D-PhC 
surfaces for 5 min at RT. After the introduction and incu-
bation of IgG-FITC from human serum solution, the 
2D-PhC was dried after the washing procedure. Fluores-
cence images were obtained using fluorescent micros-
copy. The fluorescence images analysis was carried out 
using image analysis software (Image J).

3    Results and discussion

3.1    �Detection of CRP using antibody immobilized 
on NIL-based 2D-PhC

The reflection spectrum of NIL-based 2D-PhC is shown in 
Fig. 2a. Using the NIL-based 2D-PhC, two reflection peaks 
could be observed at 433.7 and 487.4 nm. As shown in 
Fig. 2a, obtained reflection peak wavelengths were differ-
ent from calculated reflection peak wavelengths based on 
Bragg’s law. Based on Bragg’s law, the expected reflec-
tion peak wavelength is 451.5 nm. These differences may 
be a result of the optical setup such as numerical aperture 
of the optical fiber bundle (NA  =  0.39), wavelength 
dependency of light intensity, and the shape of the NIL-
based 2D-PhC. 

In addition, reflection spectra with different CRP con-
centrations were shown in Fig. 2b. Reflection peak inten-
sity changes were observed with CRP concentrations. 
The different concentrations of CRP increased the sur-
rounding refractive index and surface roughness, which 
is dependent upon the CRP antigen concentrations. As a 
result, reflection peak intensity ratios also decreased 
(Fig.  2b). In this study, antigen-antibody reaction time 
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was set at 5 min. For optimization of reaction time, differ-
ent reaction times were applied for similar experimental 
conditions. We could observe the reflection intensity 
change at 10 pg/mL at 5 min (data not shown). Hence, in 
this experiment, antigen-antibody reaction was carried 
out for 5 min. The reflection intensity change ratio was 
calculated from the reflection spectrum obtained from dif-
ferent concentrations of CRP at 433.7 nm. As shown in 
Fig. 2c, using antibody immobilized on NIL-based 2D-PhC; 
the calculated detection limit (3σ) for CRP was 12.24 pg/
mL. Moreover, from these experimental results, change in 
construction of the hole and 2D-PhC surface also affected 
the reflection peak intensity change. The flatness of NIL-
based 2D-PhC was decreased by surface modification of 
dual-functional random copolymer, antibody immobiliza-
tion, and antigen-antibody reaction with different con-
centrations of antigens. The loss of flatness of NIL-based 
2D-PhC resulted in a decrease in the reflection efficiency 

based on Bragg’s law. Furthermore, when 100-fold diluted 
pooled blood serum was introduced onto the antibody 
immobilized on NIL-based 2D-PhC surface, reflection 
peak intensity changes could be observed. In human 
serum, high concentrations of CRP are present (average 
level of CRP concentration in human serum: 1–3  mg/L) 
[21]. From the reflection peak intensity change ratio and 
calibration characteristics, similar reflection change 
ratios were indicated. These results suggest that the anti-
body immobilized on NIL-based 2D-PhC enabled determi-
nation of CRP in bodily fluids (Fig. 2d). 

In addition, the SEM observation and confirmation of 
decrement of flatness of NIL-based 2D-PhC by surface 
modification of dual-functional random copolymer was 
carried out. However, by the SEM observation, we could 
not observe the drastic surface morphology change (data 
not shown). On the other hand, contact angle was meas-
ured to confirm the surface modification of dual-function-

Figure 2.  NIL-based 2D-PhC biosensor for detection of CRP using an antigen-antibody reaction. By using NIL-based 2D-PhC, the reflection peak could be 
observed at 433.7 and 487.4 nm. After the antibody immobilization, when the antigen solutions were introduced, reflection peak intensity changes depend-
ent on the antigen concentrations were observed. (A) Reflection spectrum of NIL-based 2D-PhC. (B) Reflection spectrum change by antigen-antibody reac-
tion. (C) Calibration curve for CRP using antibody immobilized on NIL-based 2D-PhC (N = 5). Error bars indicate standard deviation of five samples.  
(D) Comparison of reflection peak intensity ratios by introduction of CRP solution or CRP contained in 100-fold diluted human serum.
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al random copolymer. As a result, contact angle change 
(20° to 64°) could be observed. Based on the contact angle 
measurement, it appeared that a thin polymer layer was 
formed on the NIL-based 2D-PhC.

3.2    �Evaluation of reduction efficiency  
of nonspecific adsorption

For evaluation of reduction efficiency of nonspecific 
adsorption, fluorescence image analyses by immobiliza-
tion of anti-rabbit IgG-TRITC antibody and after introduc-
tion of IgG-FITC from human serum were carried out. In 
the case of immobilization of anti-rabbit IgG-TRITC anti-
body using dual-functional random copolymer modified 
NIL-based 2D-PhC or bare NIL-based 2D-PhC, a similar 
fluorescence intensity by immobilization of anti-rabbit 
IgG-TRITC antibody could be measured. Conversely, by 
introduction of IgG-FITC from human serum, fluorescent 
intensity change using dual-functional random copoly-
mer modified NIL-based 2D-PhC was lower than bare 
NIL-based 2D-PhC (Fig.  3). From the results of fluores-
cence intensity change, nonspecific adsorption could be 
reduced (reduction efficiency: 79.27%) by modification of 
the dual-functional random copolymer. PEG acted as a 
blocking reagent in the modified dual-functional random 
copolymer. However, introduction of BSA as a blocking 
reagent decreased adsorption homogeneity on the NIL-
based 2D-PhC surface. Hence, nonspecific adsorption 
occurred by using bare NIL-based 2D-PhC surface. From 
these experimental results, using dual-functional random 

copolymer enabled a drastic reduction in nonspecific 
adsorption. 

4    Summary and concluding remarks 

In this study, by using NIL-based 2D-PhC, highly sensi-
tive, label-free detection of CRP with low nonspecific 
adsorption using an antigen-antibody reaction was 
achieved in an extremely short reaction time. In addition, 
CRP could be detected in pooled blood serum specifically 
and rapidly. The 2D-PhC was fabricated easily and cost 
effectively based on printable photonics technology. NIL-
based 2D-PhC and dual functional random copolymers 
have possibilities and advantages for various biosensing 
applications in real samples with highly concentrated 
foreign substances. In addition, more simple, rapid, and 
high-sensitivity biosensing systems may be developed 
for medical diagnostics applications using a simple and 
cost effective optical setup, such as a smartphone.

This work was supported by a Grant-in-Aid for Scientific 
Research (B) (15H03009) from the Japanese Ministry of 
Education, Culture, Science, Sports and Technology 
(MEXT), Science Research Grants for Dementia R&D from 
the Japan Agency for Medical Research and Development 
(AMED), A-STEP (Adaptable & Seamless Technology 
Transfer Program through Target-driven R&D) from the 
Japan Science and Technology (JST). 

The authors declare no financial or commercial conflict of 
interest.

5    References

	 [1]	 Turner, A. P. F., Biosensors: Sense and sensibility. Chem. Soc. Rev. 
2013, 42, 3184–3196. 

	 [2]	 Kirsch, J., Siltanen, C., Zhou, Q., Revzin, A. et al., Biosensor technol-
ogy: Recent advances in threat agent detection and medicine. 
Chem. Soc. Rev. 2013, 42, 8733–8768.

	 [3]	 Bohunicky, B., Mousa, A. S., Biosensors: The new wave in cancer 
diagnosis. Nanotechnol. Sci. Appl. 2011, 4, 1–10.

	 [4]	 Pejcic, B., Marco, D. R., Parkinson, G., The role of biosensors in the 
detection of emerging infectious diseases. Analyst 2006, 131, 
1079–1090.

	 [5]	 Cheng, X. R., Hau, Y. H. B., Endo, T., Kerman, K., Au nanoparticle-
modified DNA sensor based on simultaneous electrochemical 
impedance spectroscopy and localized surface plasmon resonance. 
Biosens. Bioelectron. 2014, 53, 513–518.

	 [6]	 Ronkainen, J. N., Halsali, B. H., Heineman, R. W., Electrochemical 
biosensors. Chem. Soc. Rev. 2010, 39, 1747–1763.

	 [7]	 Leung, A., Shankar, P. M., Mutharasan, R., A review of fiber-optic 
biosensors. Sens. Actuators, B 2007, 125, 688–703.

	 [8]	 Endo, T., Yanagida, Y., Hatsuzawa, T., Colorimetric detection of 
volatile organic compounds using a colloidal crystal-based chemical 
sensor for environmental applications. Sens. Actuators, B 2007, 125, 
589–595.

Figure 3.  Fluorescence intensity change by nonspecific adsorption 
(N = 5). Error bars indicate standard deviation of five samples. By intro-
duction of anti-rabbit IgG-TRITC antibody, there are no differences 
between surface modified NIL-based 2D-PhC and bare NIL-based 2D-PhC. 
However, by introduction of IgG-FITC, fluorescent intensity change by 
nonspecific adsorption could be observed using bare NIL-based 2D-PhC. 
It was concluded that dual-functional random copolymer enabled the 
reduction of nonspecific adsorption.



© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim 837

www.biotecvisions.comwww.biotechnology-journal.com

Biotechnology
Journal

Biotechnol. J. 2016, 11, 831–837

	 [9]	 Endo, T., Yanagida, Y., Hatsuzawa, T., Quantitative determination 
of hydrogen peroxide using polymer coated Ag nanoparticles. Meas-
urement 2008, 41, 1045–1053.

[10]	 Endo, T., Yamamura, S., Nagatani, N., Morita, Y. et al., Localized 
surface plasmon resonance based optical biosensor using surface 
modified nanoparticle layer for label-free monitoring of antigen–anti-
body reaction. Sci. Technol. Adv. Mater. 2005, 6, 491–500.

[11]	 Petryareva, E., Krull, J. U., Localized surface plasmon resonance: 
Nanostructures, bioassays and biosensing – A review. Anal. Chim. 
Acta 2011, 706, 8–24.

[12]	 Shishkin, I. I., Rybin, M. V., Samusev, K. B., Golubev, V. G. et al., 
Multiple Bragg diffraction in opal-based photonic crystals: Spectral 
and spatial dispersion. Phys. Rev. B 2014, DOI 10.1103/Phys-
RevB.89.035124.

[13]	 Endo, T., Sato, M., Kajita, H., Okuda, N. et al., Printed two-dimen-
sional photonic crystals for single-step label-free biosensing of 
insulin under wet conditions. Lab Chip 2012, 12, 1995–1999.

[14]	 Lan, H., Ding, Y. Liu, H., Lu, B., Review of the wafer stage for nano-
imprint lithography. Microelectron. Eng. 2007, 84, 684–688.

[15]	 Cheng, C. C., Scherer, A., Fabrication of photonic band-gap crystals. 
J. Vac. Sci. Technol. B 1995, 13, 2696–2700.

[16]	 Endo, T., Okuda, N., Yanagida, Y., Tanaka, S. et al., Fabrication of 
optical devices based on printable photonics technology and its 
application for biosensor. IEEJ Trans. Sens. Micromachines 2010, 
130, 450–451.

[17]	 Endo, T., Ozawa, S., Okuda, N., Yanagida, Y. et al., Reflectometric 
detection of influenza virus in human saliva using nanoimprint 
lithography-based flexible two-dimensional photonic crystal biosen-
sor. Sens. Actuators, B 2010, 148, 269–276.

[18]	 Endo, T., Ueda, C., Kajita, H., Okuda, N. et al., Enhancement of the 
fluorescence intensity of DNA intercalators using nano-imprinted 
2-dimensional photonic crystal. Microchim. Acta 2013, 180, 929–
934.

[19]	 Hashimoto, W., Endo, T., Sueyoshi, K., Hisamoto, H., Development 
of novel protease assay device using a nanoimprinted two dimen-
sional photonic crystal. Chem. Lett. 2014, 43, 1728–1730.

[20]	 Park, S. J., Lee, K. B., Choi, I. S., Langer, R. et al., Dual functional, 
polymeric self-assembledmonolayers as a facile platform for con-
struction of patterns of biomolecules. Langmuir 2007, 23, 10902–
10905.

[21]	 Wu, T., Trevisa, M., Genco, J. R., Falkner, K. L. et al., Examination of 
the relation between periodontal health status and cardiovascular 
risk factors: Serum total and high density lipoprotein cholesterol, 
c-reactive protein, and plasma fibrinogen. Am. J. Epidemiol. 2000, 
151, 273–282.



© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.biotechnology-journal.com

Editorial
Translating the advances of biosensors from bench to bedside
Chunhai Fan and Eiichi Tamiya

http://dx.doi.org/10.1002/biot.201676010

Forum
ACB2015:  
Biotechnology and Bioeconomy for Sustainable Future
Suraini Abd-Aziz and Mohamad Faizal Ibrahim

http://dx.doi.org/10.1002/biot.201600156

Review
Advance in phage display technology for bioanalysis
Yuyu Tan, Tian Tian, Wenli Liu, Zhi Zhu and  
Chaoyong J. Yang

http://dx.doi.org/10.1002/biot.201500458

Review
Microtechnology-based organ systems and whole-body models 
for drug screening
Seung Hwan Lee, Sang Keun Ha, Inwook Choi, Nakwon Choi, 
Tai Hyun Park and Jong Hwan Sung

http://dx.doi.org/10.1002/biot.201500551

Review
Rapid on-site detection of airborne asbestos fibers and 
potentially hazardous nanomaterials using fluorescence 
microscopy-based biosensing
Akio Kuroda, Maxym Alexandrov, Tomoki Nishimura  
and Takenori Ishida

http://dx.doi.org/10.1002/biot.201500438

Research Article
Rapid detection of aflatoxigenic Aspergillus sp. in herbal 
specimens by a simple, bendable, paper-based lab-on-a-chip
Piyasak Chaumpluk, Pattra Plubcharoensook  
and Sehanat Prasongsuk

http://dx.doi.org/10.1002/biot.201500435

Research Article
Graphene oxide surface blocking agents can increase the DNA 
biosensor sensitivity

Biwu Liu, Po-Jung J. Huang, Erin Y. Kelly and Juewen Liu

http://dx.doi.org/10.1002/biot.201500540

Research Article
A reagentless DNA-based electrochemical silver(I) sensor  
for real time detection of Ag(I) – the effect of probe sequence 
and orientation on sensor response
Yao Wu and Rebecca Y. Lai

http://dx.doi.org/10.1002/biot.201500428

Research Article
Electrochemical sensing system employing fructosamine 
6-kinase enables glycated albumin measurement requiring no 
proteolytic digestion
Miho Kameya, Wakako Tsugawa, Mayumi Yamada-Tajima, 
Mika Hatada, Keita Suzuki, Akane Sakaguchi-Mikami, 
Stefano Ferri, David C. Klonoff and Koji Sode

http://dx.doi.org/10.1002/biot.201500442

Research Article
Bio-nanocapsule-based scaffold improves the sensitivity and 
ligand-binding capacity of mammalian receptors on the sensor 
chip
Masumi Iijima, Nobuo Yoshimoto, Tomoaki Niimi, Andrés D. 
Maturana and Shun’ichi Kuroda

http://dx.doi.org/10.1002/biot.201500443

Research Article
Enzymatic conjugation of multiple proteins on a DNA aptamer 
in a tail-specific manner
Mari Takahara, Kounosuke Hayashi, Masahiro Goto and 
Noriho Kamiya

http://dx.doi.org/10.1002/biot.201500560

Biotechnology Journal – list of articles published in the June 2016 issue.

Cover illustration

This special issue, in collaboration with the Asian Federation  
of Biotechnology and edited by Professors Eiichi Tamiya and Chunhai Fan, covers 
advances in biosensors. This issue includes articles on optimization of biosensors 
for better sensitivity, exploration of the graphene interface for DNA analysis, 
aptamers for developing biosensors, etc. Image: © kentoh – Fotolia.com

http://dx.doi.org/10.1002/biot.201676010
http://dx.doi.org/10.1002/biot.201600156
http://dx.doi.org/10.1002/biot.201500458
http://dx.doi.org/10.1002/biot.201500551
http://dx.doi.org/10.1002/biot.201500438
http://dx.doi.org/10.1002/biot.201500435
http://dx.doi.org/10.1002/biot.201500540
http://dx.doi.org/10.1002/biot.201500428
http://dx.doi.org/10.1002/biot.201500442
http://dx.doi.org/10.1002/biot.201500443
http://dx.doi.org/10.1002/biot.201500560


Research Article 
Quantification of total phosphorothioate in bacterial DNA by a 
bromoimane-based fluorescence method
Lu Xiao and Yu Xiang

http://dx.doi.org/10.1002/biot.201500432

Biotech Method
Label-free optical detection of C-reactive protein by nanoimprint 
lithography-based 2D-photonic crystal film
Tatsuro Endo, Hiroshi Kajita, Yukio Kawaguchi, Terumasa 
Kosaka and Toshiyuki Himi

http://dx.doi.org/10.1002/biot.201500440

Biotech Method
Imaging of enzyme activity using bio-LSI system enables 
simultaneous immunosensing of different analytes in multiple 
specimens
Toshiki Hokuto, Tomoyuki Yasukawa, Ryota Kunikata, 
Atsushi Suda, Kumi Y. Inoue, Kosuke Ino, Tomokazu Matsue 
and Fumio Mizutani

http://dx.doi.org/10.1002/biot.201500559

Rapid Communication
Aptamer-aptamer linkage based aptasensor for highly enhanced 
detection of small molecules
Van-Thuan Nguyen, Bang Hyun Lee, Sang Hoon Kim and 
Man Bock Gu

http://dx.doi.org/10.1002/biot.201500433

© 2016 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.biotechnology-journal.com

http://dx.doi.org/10.1002/biot.201500432
http://dx.doi.org/10.1002/biot.201500440
http://dx.doi.org/10.1002/biot.201500559
http://dx.doi.org/10.1002/biot.201500433



