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Abstract- Amplification of fluorescence intensity is of important role to the development of chemical and biochemical 
imaging and sensing. Here, we report the fluorescence enhancement from Cyanine-5 (Cy5) organic dye on the surface of 
three-dimensional photonic crystal. The enhancement is due to the overlapping between emission wavelength of organic dyes 
and photonic stop bands of photonic crystals. The fabricated three dimentional (3D) photonic crystals surface enhanced the 
fluorescence intensity by a factor up to 390- fold compared with Cy5 on an unpatterned glass surface. This platform is 
accessible to a wide range of users in an ordinary lab only by drop drying of poly styrene-co-N-isopropyl acrylamide 
p(St-co-NIPAM) spheres on the glass substrate. We applied the self-assembled colloidal photonic crystals (PhCs) platform for 
detecting CXCR4 in human liver cancer (HePG2) cells through sandwich immunoassay format. 
 
Index Terms- Cy5, Cy3 Organic dye, CXCR4,Fluorescence enhancement, photonic crystals 
 
I. INTRODUCTION 
 
Fluorescence-based detection techniques are of vital 
importance to technological development in life 
science research and disease diagnostics assay [1] . 
The ability to detect week signal is essential for assay 
to determine the analyte at low concentration.  To 
manipulate this challenge, many methods have been 
developed to enhance fluorescence emission.by 
improving detection sensitivity. Different 
nanopatterned surfaces have been studied for 
enhancing fluorescence intensity [2-6]. Among the 
various techniques, photonic crystals (PhCs) have 
attracted considerable interest, and have yielded a 
wide variety of applications [7-10]. In particular, PhCs 
not only enhance the fluorescence of dyes but they 
also have the advantage of easier preparation. The 
Song’s group, reported 40-fold fluorescence using 3D 
PhCs for optical storage, and a 162-fold enhancement 
was observed by modulating dual stopbandsPhCs[11, 
12]. Similarly Li’s group observed, a 71-fold 
enhancement using 3D PhCs [13]. In most of these 
cases, fluorescence enhancement was related to the 
excitation field enhancement effect. 
 
PhCs has two modes for fluorescence enhancement 
[13] i.e. matching the leaky eigemodes of PhCs with 
the fluorophore excitation wavelength for enhanced 
excitation; and matching the leaky eigenmodes of 
PhCs with the emission wavelength for enhanced light 
extraction. A recent study [14]  demonstrate a 320-fold 
fluorescence enhancement of [Ru(dpp)3]Cl2 
deposited on a PMMA colloidal PhCs that is in 
resonance with the excitation wavelength. 
 
In this work, a 390-fold enhancement of fluorescence 
signal was observed based on the deposition of Cy5 
with PhCs in comparison to that on the control sample. 
This is achieved by engineering the structure of PhCs 
to make stopbands overlapping the excitation 

wavelengthand the emission wavelength of Cy5 dye. 
This platform was then used for the detection of 
CXCR4 in HePG2 cells by sandwich immunoassay 
format. 
 
II. EXPERIMENTAL DETAILS 
 
Preparation of colloidal crystals:  
The p(St-NIPAM) spheres were synthesized following 
the references [15, 16] with some modification. 
Briefly, after 6 g styrene and 0.3 g 
N-isopropylacrylamide were added into 95 mL water, 
the reaction mixture was transferred into a 
four-necked round-bottom flask equipped with a 
condenser and a nitrogen inlet, and then heated to 70 
°C under a gentle stream of nitrogen. After 1 h, 0.1 g 
ammonium persulfate as an initiator was dissolved in 
10 mL water (oxygen free) and added to the flask to 
initiate polymerization. The reaction was continued 
for 8 h while keeping the reaction in a nitrogen 
environment by continuous N2 purging. The resultant 
p(St-NIPAM) spheres were centrifuged, washed three 
times and re-dispersed in water.  
Immunostaining procedures:  
The centrifuged cells were washed and re-suspended 
in 1mL PBS, and then counted to about 3×106 
cells/mL. For CXCR4 detection, the cell were fixed in 
4% paraformaldehyde (PFA) for 15 min, and 
permeabilized in 0.1% Triton-X-100 (Sigma) for 5 
min. The intact cells after centrifugation were blocked 
with 5% fetal bovineserum (FBS) in 500 µL PBS for 
30 min, and then 1 µL primary mouse anti-human 
CXCR4 antibody (0.5 mg/mL) was added and 
incubated for 45 min.After centrifugation, the cells 
were washed three times by PBS and were blocked 
with 5% FBS in 500 µL PBS for 30 min. After that, 1 
µL of the secondary Cy5 conjugated goat anti-mouse 
IgG antibody (0.5mg/mL) was added and incubated 
for 30 min. Subsequently, the cells were washed three 
times with PBS and re-suspended in 30 µL PBS. 
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Before applied to microarray assay, the cells 
werecounted and normalized with PBS to a final 
concentration of 1×105 cells/mL. 
Microarray fluorescence measurement and 
analysis: 
For free Cy5 and Cy3 solution, 1µL of a series of spots 
were directly dropped on the PCs and 
3-aminopropyltriethoxysilane (APTES)-modified 
glass using a microsyringe. The sample was deposited 
in a circle area with a diameter of about 3 mm. The 
concentration of dyes was here defined as the amount 
of molecules per square millimeter. It is noted that the 
concentration does not represent the actual density of 
dyes due to increased surface area on colloidal crystals. 
For cell suspensions, the PCs and glass were first 
marked by a hydrophobic pen to a circle of 5 mm 
diameter. Then, 5 µL of cell suspensions containing 
about 5000 cells were drop-dried on the PCs and glass, 
respectively. The microarray samples were scanned on 
a FLA-5100 imaging system (Fuji, Japan), which were 
equipped with 473 nm laser/510 nm long-pass (LP) 
filter, 532 nm laser/575 nm LP filter and 635 nm 
laser/665 nm LP filter. The dot intensities were 
analyzed with Multi Gauge Ver.3.X software, which 
provides two intensity units of Linear Arbitrary Unit 
(LAU) and Quantum Level (QL). The LAU is a unit to 
measure the amount of fluorescence when read by the 
Fluorescent mode of FLA. The QL is an image pixel 
value stored after scanning, which are generated as a 
logarithmic compression on FLA5100. We here used 
LAU to quantify the fluorescence intensity. The 
fluorescence enhancement factor is defined as the ratio 
of background-subtracted fluorescence intensity of 
dyes coated on the PCs to that on the glass. The 
fluorescence spectra versus excitation spectra were 
recorded on the Horiba FluoroMax-4 spectrometer. 
The reflection spectra were recorded on its reflection 
mode using an incident angle of 45o 

 
III. RESULTS AND DISCUSSION 
 
We fabricated PhCs films on glass substrates by drop 
drying of poly styrene-co-N-isopropyl acrylamide 
suspension to form three-dimensional (3D) colloidal 
crystals for fluorescence amplification. The typical 
top-view scanning electron microscopy (SEM) image 
of colloidal PCs shows that p(St-NIPAM) spheres are 
assembled on the substrate (Figure 1b). The optical 
photograph as shown in Figure 1a indicates that the 
PhCs have a white and flat surface, implying its merits 
for developing a uniform microarray assay. The 
particle size of p(St-co-NIPAM) spheres were 
examined using transmission electron microscopy 
(TEM) having a diameter of about380 nm 
 
Figure 1. a) The optical photograph of PhCs under the 
natural light. b) SEM image of PhCs, scale bar 5 nm. 
c) TEM image of PhCs showing a particle size of 
about 380 nm, scale bar: 2 nm. d) The reflection 
spectra of PhCs. e) Florescence emission spectra of 

Cy5 and Cy3 under the excitation of 635 and 532 nm 
laser respectively. 
(Figure 1c). The optical properties of the PhCs films 
were evaluated using UV-visible transmission and 
reflection spectra measured in normal incidence. The 
reflection spectra shown in Figure 1d indicates that 
the center position of the photonic stopbands is at 
approximately 635 nm. 
 

 
 
In order to demonstrate the fluorescence enhancement 
performance of the fabricated platform, organic dyes 
including Cy5 and Cy3 were deposited on PC films 
and a reference glass slide.Fluorescent images of the 
spots were obtained using a commercially available 
FLA-5100 scanner. The net fluorescence intensity was 
calculated by averaging spot intensities over the 6 
replicate spots minus the local background intensity. 
The 635 nm laser was used to excite the Cy-5 spots, 
which demonstrated an amplification of Cy-5 
emission on the PhCs surface by a factor of 390 
compared to the glass slides measured under same 
condition. Similarly, Cy-3 spots were excited by the 
532 nm laser, which showed an enhancement by a 
factor of 156, compared to the glass surface. The 
scanned images from the PhCs and glass substrates are 
shown in Figure 2a. We then plotted their intensity 
histogram as shown in Figure 2b. 
 
In fact, the fluorescence intensity is related to the 
radiation rates of light-emitting materials [17], 
electromagnetic field [18] and Bragg reflection. In our 
case, the Bragg reflection would be a main factor. 
Light with a wavelength which overlaps the stop bands 
of PhCs is suppressed by the PhCs, i.e. there is no way 
for the emission to enter into the PhCs. So the light 
will be reflected back in the direction of the stop 
bands. However, light incident on glass without 
PhCswill transmit to the substrate because of its low 
reflectivity. So that a light source emitted from the 
surface of PhCs film would be prohibited from 
transmitting through the surface and reflected back at 
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the direction of the stopbands and enhanced when its 
wavelength overlaps the stopbands of the PhCs. The 
results show that the strongest fluorescence occurs 
because both the excitation and emission wavelengths 
of Cy5 are in the stopbands range of PhCs(Figure 1e). 
In contrast, the Cy3 on the PhCs has the weak 
fluorescence because both the excitation and emission 
wavelengths are out of the stopbands of PhCs. 
Therefore, the PhCs surface acting as a Braggmirror 
can increase the fluorescence intensity of organic dyes 
effectively because it enhances the excitation or 
emission light. 
 
Detection of endogenous CXCR4 in cancers is of great 
significance since they are closely correlated with 
disease extent. Here, HepG2 and mouse (NIH3T3) cell 
lines were examined .The intact cells expressing 
CXCR4 were first blocked with 5% fetal bovine serum 
(FBS) to reduce nonspecific binding. The primary 
mouse anti-human CXCR4 antibody was then added 
and incubated for 45 min. After washed and blocked 
again with 5% FBS, the secondary Cy5 conjugated 
goat anti-mouse IgG antibody was added and 
incubated for 30 min. The final cell suspension after 
wash was applied on the PhCs for fluorescence 
amplification detection.In NIH3T3 cells, as negative 
controls, negligible fluorescence signal was observed 
because they expressed low or no human CXCR4. The 
specificfluorescence from CXCR4 in HePG2 cancer 
cells was detected by this assay (Figure 2c). 
 

Figure 2. a) Microarray fluorescence imaging of Cy5 and Cy3 
on PhCs using the glass as a control respectively. b) 

Fluorescence intensity histogram of Cy5 and Cy3on the 
substrate respectively, showing their enhancement factor of 390 

and 156- fold respectively; 280 fmol/mm2 sampleswere used 
here. c) Microarray imaging of intact NIH3T3 and HePG2 cells 

immunostained for CXCR4 detection. 
 
CONCLUSION 
 
In summary, fluorescence of Cy5 dye has been 
enhanced drastically by PhCs as the emission 
wavelengths of the Cy5 are in the range of the 

photonic stopbands of the PhCs. Then an 
immunoassay was developed for revealing CXCR4 
expression in HePG2 cancer cells. This assay is 
accessible by drop drying of p(St-NIPAM) spheres on 
the glass to form 3D colloidal PhCs.  . Along with 
addressing the urgent need for sensitive detection of 
CXCR4, we believe that this technology could be 
deployed to facilitate quantifying other proteins in 
cells, enabling a broad range of advances in basic and 
clinical research. 
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