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ABSTRACT:  

A smart diffraction grating immunosensor based on antigen-responsive hydrogel with 

enhanced analyte-induced volume changes is developed for highly selective and 

sensitive detection of human immunoglobulin G (H-IgG).  The hydrogel grating 

contains poly(N-isopropylacrylamide) (PNIPAM) backbones with dual-crosslinking 

based on the dynamic complexation between pendent goat-anti-human IgG 

(GAH-IgG) and pendent H-IgG, and the covalent bonding by 4-arm-polyethylene 

glycol-acrylamide.  Upon recognizing free H-IgG in the environment, the pendent 

GAH-IgG in the hydrogel can form new GAH-IgG/H-IgG complexes with free H-IgG 

because the binding constant of GAH-IgG to the free H-IgG is much larger than that 

to the pendent H-IgG, and thus result in the decomplexation of GAH-IgG/H-IgG 

complexes with the pendent H-IgG as well as the swelling of hydrogel.  The 

thermo-responsive PNIPAM backbones enable enhancement of H-IgG-responsive 

volume change of the proposed hydrogel grating via temperature regulation.  

Moreover, the crosslinker 4-arm-polyethylene glycol-acrylamide provides excellent 

transparency for the PNIPAM backbones during the volume change, which ensures to 

output diffracted optical signals with high intensity.  With the elaborately designed 

molecular structures, the hydrogel grating allows highly selective and sensitive 

detection of [H-IgG] with detection limit as low as of 1.3×10-8 M.  This work 

provides a simple and flexible strategy for developing diffraction grating 

immunosensors based on stimuli-responsive hydrogels for efficient detection of 

biomarkers. 
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INTRODUCTION 

Detection of biomarkers is crucial for early diagnosis of diseases, assessment of 

disease severity, and reflection of drug effects and pharmacokinetics.1-4  Especially, 

human immunoglobulin G (H-IgG) is one of the important biomarkers that can 

indicate diseases such as primary or secondary immunodeficiency, and infection 

diseases,5-8 which makes the detection of H-IgG highly important in clinical 

diagnostics.  Typically, detection of immunoglobulin G can be achieved by using 

electrochemical methods,9,10 quartz crystal microbalances,11,12 surface plasmon 

resonance,13,14 enzyme-linked immunosorbent assay15 and chemiluminescent 

methods.16  As compared to the conventional detection methods, diffraction grating 

sensors provide an efficient and versatile approach for biomarker detection, due to 

their advantages such as low cost, easy operation, and high sensitivity and 

flexibility.17-22  Usually, the detections with diffraction grating sensors require 

analyte-induced structural changes of the diffraction gratings to regulate the diffracted 

optical signals as readouts.  Thus, high-performance detection by the diffraction 

grating sensors usually requires the grating materials with significant structural 

changes that are highly selective and sensitive to the target analytes.  Smart 

hydrogels that can change their physical/chemical properties in response to specific 

stimuli, are promising candidates for satisfying the above-mentioned requirements.  

Therefore, development of diffraction grating sensors from smart hydrogels show 

great power for highly selective and sensitive detection of H-IgG. 

Typically, hydrogel grating sensors can transduce the analyte signals via 

analyte-induced structural changes into changes of diffracted optical signals including 

the distance between the zero-order and first-order diffraction spots,23 refractive index 

(RI),24 and diffraction efficiency (DE)21,22,25-27 for detection.  For example, the 



 

4 

analyte-induced volume changes can vary the height and width of hydrogel gratings, 

leading to changes of distances between the zero-order and first-order diffraction 

spots.23  However, the manual measurement of such distance changes usually results 

in limited accuracy for sensitive detection.  More sensitive detection can be achieved 

by using optical instruments such as camera28 and photodiodes29 with image/data 

processing software for measuring the RI and DE changes.  For example, when fixed 

on a substrate, the hydrogel grating allows only height change from the 

analyte-induced volume change, which can lead to the change of RI for sensitive 

detection by using photosensors.24  As compared to the above-mentioned detections, 

the detection based on DE changes is more widely used for detecting various 

analytes.30-42  For example, the height change of hydrogel grating fixed on substrate 

can also lead to the zero-order and first-order diffraction spots with fixed positions.  

This allows use of two fixed photodiodes to accurately detect the intensities of these 

zero-order and first-order beams for analyzing the DE changes for sensitive detection.  

Such a detection strategy based on DE changes has been used to detect a wide range 

of analytes including DNA,30,31 amino acid,32 proteins,33-35 volatile substances,36,37 

and low molecular weight organic compounds.26  However, although hydrogel 

gratings based on DE measurement have also been developed for detection of 

H-IgG,38 their intrinsic molecular structures restrict the volume change at low H-IgG 

concentration ([H-IgG]), resulting in limited sensitivity.  Therefore, development of 

smart hydrogel grating immunosensors with high selectivity and sensitivity for 

efficient detection of H-IgG is still highly desired. 

Here we report on smart diffraction grating immunosensors based on 

antigen-responsive hydrogels with enhanced analyte-induced volume changes for 

highly selective and sensitive detection of H-IgG.  The hydrogel grating contains 
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poly(N-isopropylacrylamide) (PNIPAM) backbones that are dynamically crosslinked 

via reversible complexation between the pendent goat-anti-human IgG (GAH-IgG) 

and pendent H-IgG, and covalently crosslinked via 4-arm-polyethylene 

glycol-acrylamide (tetra-arm star PEGAAm).  The pendent GAH-IgG units in 

GAH-IgG/H-IgG complexes can specifically recognize free H-IgG in the sample 

solution because the binding constant of GAH-IgG to free H-IgG is much larger than 

that to the pendent and denatured H-IgG, and lead to decomplexation of 

GAH-IgG/H-IgG complex as well as the swelling of hydrogel grating.  The 

PNIPAM backbones with thermo-responsive volume changes enable enhancement of 

the H-IgG-induced swelling via temperature regulation.  Meanwhile, with tetra-arm 

star PEGAAm as crosslinker,39 PNIPAM backbones can preserve excellent 

transparency during their volume changes, to maintain high intensity for the diffracted 

optical signal.  With elaborately designed molecular structures for synergistic 

integration of the above-mentioned features, the hydrogel grating allows enhanced 

[H-IgG]-dependent swelling to output a significant diffraction signal.  The 

diffraction signal can be easily detected by a simple optical detection system.  With 

the proposed smart hydrogel grating immunosensor, highly selective and sensitive 

detection of trace H-IgG can be easily achieved with a detection limit as low as 

1.3×10-8 M. 

 

EXPERIMENTAL SECTION 

Materials.  H-IgG, dog-IgG, goat-IgG, bovine-IgG, and pig-IgG, and GAH-IgG 

were purchased from Solarbio Life Science.  N-isopropylacrylamide (NIPAM) and 

acrylamide (AAm) were purchased from TCI.  NIPAM was purified by 

recrystallization with a hexane/acetone mixture.  Tetra-arm star PEGAAm was 
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purchased from Ponsure Biotechnology.  3-acryloxypropyl trimethoxysilane was 

purchased from Beijing Bailingwei Chemicals.  N-acryloxysuccinimide was 

purchased from Macklin.  N,N,Nʹ,Nʹ-tetramethyl-ethylenediamine (TEMED), 

ammonium persulphate, sodium chloride, dibasic sodium phosphate, and sodium 

dihydrogen phosphate were purchased from Chengdu Kelong Chemicals.  Pure 

water (18.2 MΩ at 25 oC) from a Milli-Q Plus water purification system (Millipore) 

was used for all the experiments. 

Silanization of Glass Slide with (3-Acryloxypropyl) Trimethoxysilane.  The 

glass slide was silanized according to the method reported in published literatures.40,41  

First, the acetic acid/sodium acetate buffer (pH=5) containing 1 vol% 

3-acryloxypropyl trichlorosilane was continuously stirred for 30 min for hydrolysis.  

Then, the glass slide was immersed in this buffer solution for 10 min for silanization.  

Next, the silanized glass slide was placed in an oven at 60 °C for 10 min.  After that, 

the silanized glass slide was rinsed with deionized water, and dried for further use. 

Preparation of Antigen-Responsive Hydrogel Gratings.  The 

antigen-responsive hydrogel gratings were fabricated on the silanized glass slides via 

microcontact printing technology (Figure 1a).  First, H-IgG (1.5 mg) was coupled 

with N-acryloxysuccinimide (0.1 mg) in phosphate buffer solution (PBS) (1000 μL, 

pH=7.4) at 36 oC for 1 h via conjugation reaction to form vinyl-modified H-IgG, and 

then retreated with affinity chromatography (HiTrapTM, 1 mL) for purification.  

Similarly, same procedure was conducted by using GAH-IgG (0.75 mg) and 

N-acryloxysuccinimide (0.1 mg) to form vinyl-modified GAH-IgG.  For fabrication 

of the antigen-responsive hydrogel grating, PBS (400 μL, pH=7.4) containing the 

vinyl-modified H-IgG (1.1 mg) and GAH-IgG (0.59 mg), monomers NIPAM (72 mg) 

and AAm (11 mg), biocompatible crosslinker tetra-arm star PEGAAm (16 mg) and 
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ammonium persulphate (1 mg) was used as precursor solution.  After adding 

TEMED (10 μL) into the precursor solution, a drop of the precursor solution (8 μL) 

was quickly added onto the surface of silanized glass slide.  Then, a stamp of 

polyethylene terephthalate (PET), with size of 20 mm × 10 mm, was immediately 

placed onto the precursor solution on the silanized glass slide.  Next, the precursor 

solution sandwiched between the PET stamp and the silanized glass slide was placed 

at 5 oC for 6 h for polymerization.  Finally, the antigen-responsive hydrogel grating 

was created on the silanized glass substrate after removing the PET stamp and 

washing with PBS for many times to ensure the removal of residual chemicals. 

Morphological and Structural Characterizations of Antigen-Responsive 

Hydrogel Gratings.  The morphology and microstructure of antigen-responsive 

hydrogel gratings were observed using scanning electron microscope (SEM, TM3030, 

Hitachi) and atomic force microscopy (AFM, MultiMode 8, Bruker). 

Setup of Optical Detection Platform based on Hydrogel Grating.  For 

detection of H-IgG, an optical detection platform was constructed based on the 

antigen-responsive hydrogel grating (Figure 1b).  A diode laser beam (LDM635, 

Thorlabs) was used as the light source for the detection.  The hydrogel grating on the 

glass slide was immersed vertically in a 10 mL quartz cell, with the laser beam 

perpendicularly irradiating through the hydrogel grating.  The quartz cell contains 

sample solution with H-IgG, with temperature controlled by a heating stage (RTL 

110/B, Shanghai hotz).  The intensities of the first-order (I1) and zero-order (I0) 

beams diffracted through the hydrogel grating were detected by using two silicon 

photodiodes (DSi200, Zolix) fixed on an optical stage (OTBP812-100-1, Zolix).  

The detected signals were collected and amplified by using data acquisition system 

(DCS300PA, Zolix) for analysis. 
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Study on Temperature- and [H-IgG]-Responsive Volume Changes of Hydrogel 

Grating.  The effect of temperature on the volume change of hydrogel grating was 

investigated by incubating the hydrogel grating in aqueous solutions at different 

temperatures.  The height (h) and width (w) of hydrogel grating in the solution at 

each temperature were measured by using AFM.  Before each measurement, the 

hydrogel grating had been equilibrated for 20 min after adding the aqueous solution.  

Similarly, the effect of [H-IgG] on the volume change of hydrogel grating was 

investigated by incubating the hydrogel grating in aqueous solutions with different 

[H-IgG] values at a fixed temperature. 

Detection of H-IgG with Hydrogel Grating Immunosensors.  The 

performances of hydrogel grating immunosensors for detection of H-IgG were studied 

by using sample solutions with different concentrations of H-IgG.  The signals of I1 

and I0 were detected by the silicon photodiodes after the equilibrated swelling of 

hydrogel gratings in sample solutions at a fixed temperature.  The first-order 

diffraction efficiency, defined as DE=I1/I0, was used to evaluate the [H-IgG] value.  

Similarly, the selectivity of hydrogel grating immunosensors for detection of H-IgG 

was investigated by using aqueous solutions with different antigens.  Dog-IgG, 

goat-IgG, bovine-IgG, and pig-IgG, each with concentration of 4×10-7 M, was 

respectively used as the control group.  Moreover, the H-IgG concentrations in real 

serum samples after diluted by PBS (pH=7.4, 0.1 M) are detected using the hydrogel 

grating immunosensors.  The detection results are compared with those detected by 

commercialized available enzyme-linked immunosorbent assay (ELISA) method. 

 

RESULTS AND DISCUSSION 

Design of Molecular Structure of Antigen-Responsive Hydrogel Grating 
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Immunosensors for Detection of H-IgG.  For highly selective and sensitive 

detection of H-IgG, the molecular structure of hydrogel grating is elaborately 

designed by using dual-crosslinking strategy.  The PNIPAM backbones of the 

hydrogel grating are dynamically crosslinked via reversible GAH-IgG/H-IgG 

complexes, and covalently crosslinked by tetra-arm star PEGAAm.  The crosslinked 

PNIPAM backbones work as actuators to achieve volume changes, while the pendent 

GAH-IgG units in GAH-IgG/H-IgG complexes serve as sensors to achieve highly 

selective recognition of free H-IgG.  Upon recognizing the free H-IgG in the 

environment, the pendent GAH-IgG units can form new complexes with free H-IgG 

due to the decomplexation of GAH-IgG/H-IgG complexes with the pendent H-IgG 

(Figure 1c), because the binding constant of GAH-IgG to free H-IgG is much larger 

than that to the pendent and denatured H-IgG.42  Due to the decomplexation of the 

pendent GAH-IgG/H-IgG complexes, the hydrogel grating swells and leads to 

changes of the DE value (Figure 1c).  Since the volume swelling is resulted from 

accumulated changes based on the decomplexation of the pendent GAH-IgG/H-IgG 

complexes, the volume change of hydrogel grating is directly related to the [H-IgG] 

value.  Meanwhile, the PNIPAM backbones crosslinked by tetra-arm star PEGAAm 

enable high transparency during volume changes to ensure a high intensity for the 

diffracted optical signal.  Moreover, since PNIPAM-based hydrogels usually can 

exhibit different volume change behaviors depending on temperature,43,44 the 

PNIPAM backbones provide an opportunity to further enhance the H-IgG-induced 

swelling of the hydrogel grating by regulating the operation temperature.  Thus, with 

the proposed molecular structure, the hydrogel grating can transduce the [H-IgG] 

signals into significant diffracted optical signals via the enhanced [H-IgG]-dependent 

volume changes.  The volume swelling of the hydrogel grating mainly leads to the 
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variation of I1 value, as well as the DE value.  To evaluate the detection 

performances of hydrogel grating immunosensors, a parameter (RDE) is defined as 

RDE=(DET,0-DET)/DET,0, in which DET,0 and DET are respectively the DE values for 

the hydrogel grating in solutions without H-IgG and with H-IgG at temperature T. 

Fabrication of Antigen-Responsive Hydrogel Grating Immunosensors.  To 

synthesize the antigen-responsive hydrogel gratings, a precursor solution containing 

the vinyl-modified H-IgG and GAH-IgG, monomers NIPAM and AAm, crosslinker 

tetra-arm star PEGAAm, and initiator ammonium persulphate is used.  After 

polymerization of the precursor solution templated by the PET stamp, the 

antigen-responsive hydrogel grating is fabricated on the silanized glass slide via 

microcontact printing technology.  UV analyses of the washing solutions (Figure S1) 

from affinity chromatography confirm no presence of vinyl-modified H-IgG and 

vinyl-modified GAH-IgG in the washing solution, indicating the successful 

polymerization of the designed hydrogel gratings. 

The optical image of the prepared antigen-responsive hydrogel grating on a glass 

slide presents a clear diffraction phenomenon (Figure 2a).  The uniform and periodic 

surface relief structures of the hydrogel gratings are confirmed by the SEM image and 

AFM images (Figure 2b-f).  The dried hydrogel grating is featured with w=1.78 μm 

and h=31 nm (Figure 2c,d), while the hydrated hydrogel grating is featured with 

w=1.78 μm and h=234 nm (Figure 2e,f).  Although the h value increases from 31 nm 

to 234 nm when the hydrogel grating changes from dried state to hydrated state, the 

widths of both dried and hydrated hydrogel gratings remains unchanged, due to the 

fixation of hydrogel grating on the silanized glass slide. 

Effects of Temperature and [H-IgG] on the Volume Changes of Hydrogel 

Grating Immunosensors.  Due to the thermo-responsive property of the 
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PNIPAM-based backbones, the hydrogel grating enables temperature-responsive 

volume changes.  Since the hydrogel grating is fixed on the glass slide, such a 

volume change only leads to changes of the h value (Figures 3 and S2).  When the 

temperature increases from 25 oC to 50 oC, the h value of hydrogel grating decreases 

dramatically from 234 nm to 127 nm (Figure 3a), while the w value remains nearly 

unchanged (Figure 3b). 

With pendent GAH-IgG and pendent H-IgG incorporated in the PNIPAM 

backbones, volume changes of hydrogel gratings can also be isothermally induced by 

recognizing free H-IgG in the environmental solutions.  Figure 4 summarizes the 

[H-IgG]-responsive size changes of hydrogel grating in sample solutions with 

different [H-IgG] values at 25 oC.  With increasing the [H-IgG] value from 0 M to 

5.3×10-7 M, the h value of hydrogel grating increases linearly from 234 nm to 263 nm 

(Figure 4a), while the w value of hydrogel grating remains nearly unchanged (Figure 

4b).  The linear relationship between the h value and the [H-IgG] value ensures the 

good performance of hydrogel grating for detection of H-IgG based on the 

[H-IgG]-responsive volume changes.  Meanwhile, the detection sensitivity of 

hydrogel gratings mainly depends on their height and width changes in response to 

[H-IgG].  For the hydrogel grating with fixed width, the value of DE is proportional 

to the square of the hydrogel grating height.21  Thus, the large [H-IgG]-dependent h 

changes of hydrogel grating enable generation of significant diffraction signals for 

sensitive detection. 

Moreover, as compared to normal PNIPAM-based hydrogel that becomes opaque 

upon shrinking,45,46 the proposed hydrogel grating can remain good transparency upon 

volume changes.  When the temperature increases from 20 oC to 50 oC, although the 

prepared hydrogel grating dramatically shrinks (Figure 3a), the shrunken hydrogel 
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grating can still exhibit excellent transparency with transmittance as high as ~98 % 

(Figure S3).  The excellent transparency of hydrogel grating during the volume 

change is due to the introduction of tetra-arm star PEGAAm as crosslinker.  The 

tetra-arm star PEGAAm can reduce the aggregation of hydrophobic side chains of 

PNIPAM backbones, and thus improve the transparency of shrunken hydrogel 

grating.39  Such an excellent transparency of the hydrogel grating allows high 

intensity of the diffracted optical signals for achieving efficient detection of H-IgG. 

Highly Selective Detection of H-IgG with Hydrogel Grating Immunosensors.  

High selectivity is one of the most important advantages for use of biological 

molecules as the recognition elements of biosensors.  In our hydrogel grating, the 

use of specific antigen-antibody interaction ensures the high selectivity to H-IgG.  To 

confirm the high selectivity, different antigens including dog-IgG, goat-IgG, 

bovine-IgG and pig-IgG, each with the same concentration as that of H-IgG (4×10-7 

M), are used as control groups.  For all the solutions respectively containing 

dog-IgG, goat-IgG, bovine-IgG and pig-IgG, the hydrogel gratings show very low RDE 

values less than 0.03 (Figure 5).  However, for the solution containing H-IgG (4×10-7 

M), the hydrogel grating shows a RDE value as high as 0.16.  The results confirm the 

high selectivity of our hydrogel grating immunosensors based on the specific 

antigen-antibody interaction for detecting H-IgG. 

Highly Sensitive Detection of H-IgG with Hydrogel Grating Immunosensors.  

Due to the [H-IgG]-responsive volume change property, the hydrogel grating 

immunosensors enable highly sensitive detection of H-IgG.  At a fixed temperature, 

the value of DET/DET,0 linearly decreases with increasing the [H-IgG] value (Figure 

6a), due to the h increase resulted from the H-IgG-induced swelling of hydrogel 

grating.  For example, at T=20 oC, the DET/DET,0 value decreases from 1 to 0.77 
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with increasing the [H-IgG] value from 0 M to 5.3×10-7 M.  Meanwhile, at each 

[H-IgG], the DET/DET,0 value decreases with decreasing temperature from 35 oC to 20 

oC.  For example, at [H-IgG]=5.3×10-7 M, the hydrogel grating at 35 oC shows a 

DET/DET,0 value of 0.83, while the hydrogel grating at 20 oC shows a lower 

DET/DET,0 value of 0.77.  Such a larger decrease of DET/DET,0 value at 20 oC 

indicates the a more significant volume change induced by 5.3×10-7 M H-IgG at 20 oC 

than that at 35 oC.  The results confirm that the temperature regulation of the 

[H-IgG]-responsive volume change behavior of hydrogel grating based on the 

thermo-responsive PNIPAM backbones.  Linear relationships between the RDE 

values and the [H-IgG] values at various temperatures can be obtained quantitatively 

(Figure 6b), with which highly sensitive detection of H-IgG can be achieved.  For 

example, at 20 oC, the linear relationship between the RDE value and the [H-IgG] 

value is quantitatively expressed as [H-IgG]=24.636RDE −0.0359, with correlation 

coefficient of 0.9974.  With this equation, the [H-IgG] can be easily obtained by 

simply measuring the RDE value of the hydrogel grating.  In this study, the detection 

limit of [H-IgG] with our hydrogel grating immunosensors is as low as 1.3×10-8 M at 

20 oC.  Moreover, the hydrogel grating immunosensors also allow sensitive detection 

of H-IgG concentration in real serum samples.  By using three serum samples 

respectively diluted by 200 times (sample 1), 250 times (sample 2) and 300 times 

(sample 3) with PBS (pH=7.4, 0.1 M) for detection, the H-IgG concentration detected 

by the hydrogel grating immunosensor is comparable to those detected by ELISA 

(Table 1).  The relative standard deviation (RSD) between the hydrogel grating 

immunosensor and ELISA are in the range from −2.42% to 5.04%, indicating good 

agreement between these two analytical methods.  Besides, the detection 

performance of hydrogel grating immunosensors is comparable to other optical 
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immunosensors including optical fiber immunosensors and surface plasmon 

resonance immunosensors (Table S1), but the hydrogel grating immunosensors can 

provide advantages such as requirement of low-cost analytical instruments and easy 

operation for highly selective and sensitive H-IgG detection. 

 

CONCLUSIONS 

In summary, smart diffraction grating immunosensors based on antigen-responsive 

hydrogels have been developed for highly selective and sensitive detection of H-IgG.  

The hydrogel gratings with dual-crosslinking based on covalent bonding and dynamic 

antigen-antibody complexation enable enhanced H-IgG-induced swelling, which is 

beneficial for converting [H-IgG] signals into significant diffracted optical signals.  

The prepared hydrogel grating immunosensors allow highly selective and sensitive 

detection of [H-IgG] with detection limit as low as 1.3×10-8 M.  Meanwhile, due to 

the nano-sized height of the hydrogel grating, integration of the hydrogel grating 

immunosensor into a portable microchip may be achieved for easy detection.  

Moreover, since the detection mechanism is based on the stimuli-responsive volume 

changes of hydrogel grating, use of other hydrogels with volume changes in response 

to actual disease markers such as the apple stem pitting virus,23 detection of actual 

disease markers can be achieved.  Thus, the strategy and results in this study provide 

valuable guidance for developing efficient hydrogel grating immunosensors for 

detection of biomarkers. 
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Figures 

 

 

Figure 1.  (a) Schematic illustration of the fabrication process of hydrogel grating by 

polymerization of the precursor solution templated by a stamp (a1-a2) to create the 

hydrogel grating on glass slide (a3).  (b) Setup of the optical detection platform 

based on the hydrogel grating.  (c) Schematic illustration of the mechanism for 

detection of H-IgG.  The GAH-IgG/H-IgG complexes in hydrogel grating (c1) can 

decompose upon recognizing free H-IgG by the pendent GAH-IgG (c2), to induce a 

volume swelling and change of diffracted optical signal (c2). 
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Figure 2.  Morphological characterizations of antigen-responsive hydrogel gratings.  

(a,b) The optical (a) and SEM (b) images of the hydrogel grating.  (c-f) 

Two-dimensional (c, e) and three-dimensional (d, f) AFM analyses of the dehydrated 

(c,d) and hydrated (e,f) hydrogel gratings. 
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Figure 3.  Temperature-dependent changes of the height (h) (a) and width (w) (b) of 

antigen-responsive hydrogel grating. 
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Figure 4.  [H-IgG]-responsive changes of the height (h) (a) and width (w) (b) of 

antigen-responsive hydrogel grating at 25 oC 
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Figure 5.  Highly selective detection of H-IgG.  Five sample solutions respectively 

containing dog-IgG, goat-IgG, bovine-IgG, pig-IgG and human-IgG, each with 

concentration of 4×10-7 M, are detected at T = 25 oC. 
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Figure 6.  Highly sensitive detection of H-IgG.  (a) [H-IgG]-dependent changes of 

DET/DET,0 at different temperatures.  (b) Relationship between [H-IgG] and RDE at 

different temperatures. 
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Table 1 Comparison of ELISA and the hydrogel grating immunosensor for 

detecting H-IgG in real serum samples 

Serum samples ELISA (μg mL-1) Immunosensors (μg mL-1) RSD (%) 
1 60.6 63.7 5.04 
2 47.6 50.1 5.25 
3 38.2 37.2 -2.42 
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