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Abstract To detect several kinds of neurotransmitters in 
brain tissue simultaneously, we developed a pattering technique 
that harden ultraviolet (UV)-curing resin containing an enzyme 
to fabricate a enzyme-membrane by using lithography method. 
In this study, an apyrase-membrane was patterned on a 128×128 
pixel ion-image sensor to monitor the distribution and dynamics 
of adenosine triphosphate (ATP) activity. The highest response 
was 0.035 V with 1 mM ATP solution. From the states of voltage 
distribution, we confirmed that the apyrase-membrane is 
reacting with normal distribution curves for ATP solution of 
various concentration. The limit of detection (LOD) of the sensor 
was 0.001 mM ATP concentration. Based on these measured 
characteristics, the apyrase-containing UV-curing resin was 
patterned by lithography technology. The size of a patterned membrane was 250×250 m2. Sequential images are acquired 
during the reaction and interpreted. To make multi-ion-image 
sensor for simultaneous analysis of various neurotransmitters, 
the suggested technique will be applied to fabricate other 
enzyme-containing membranes.  
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I.  INTRODUCTION  
In recent years, analytical techniques of neurochemical constituents has been a growing interest and developed [1-4]. The central nervous system is operating by a very complicated activity of molecules involved in many kinds of neurotransmitter release processes of brain. The widely used fluorescence microscopic methods allowed to simultaneously visualize multiple activities between neurotransmitters in the intact central nervous system [5], [6]. However, this methods need fluorescent labels and also have to change filters to identify heterogeneity of released components from the neuronal cells and brain tissues. To avoid the inconvenience, we suggest a non-label bio-image sensor using technically mature lithography technique to deposit various enzyme containing membranes which can simultaneously analyze complex activity of heterogeneous neurochemicals without fluorescent labels. The sensor will measure the molecular distribution and multiple dynamics of the targeted intercellular species to reconstruct into 2-dimensional image in real time. As a step for the progress, we fabricated apyrase-membranes on an image sensor by light source at mono wavelength, and measured the characteristics of the membrane. Based with the characteristics, the lithograph technique was applied to pattern 

the apyrase-membrane which can detect spatial and temporal activities of a targeted neurotransmitter. The targeted analyte was ATP which plays a major role as energy source in neurotransmitters release kinetics of a neuronal cell [7], [8]. Apyrase is used to reveal ATP activities. The patterned technique will be applied to other enzyme in future work. It is expected that the developed bio-image sensor is able to simultaneously analyze the multiple activities of neurotransmitters in real time. 
II. EXPERIMENTS 

A. Materials 
Apyrase (EC 3.6.1.5) was purchased from Sigma-Aldrich Co. (Missouri, USA). Adenosine 5´-triphosphate disodium salt n-hydrate was purchased from Wako Pure Chemicals (Osaka, Japan). 1 M MgCl2 was purchased from Nippon Gene (Tokyo, Japan). Sodium salt and HEPES were purchased from Dojindo laboratories (Kumamoto, Japan).  

B. Preparation of an image sensor 
The produced proton after enzymatic reaction between ATP and apyrase, as in [9], is estimated and represented in 2-dimensional images by an ion image sensors [10]. The sensor was fabricated with complementary metal-oxide semiconductor (CMOS) process, and is suitable to detect the accumulated small charge under a sensing area by the charge transfer technique. The ion image sensor is consisting of 128×128 pixels. T m m. The image sensor was prepared and cleaned in distilled water at 80 °C for 30 minutes to remove impurities on the sensing area. 

C. Fabrication 
In this study, we suggested the lithography technique for fabricating and patterning an enzyme-membrane. The applied 
enzyme was apyrase to analyze ATP activity and was 
contained into a membrane by the fabrication process shown 
in Fig. 1. The mixing ratio between apyrase and UV-curing 
resin was 1:4. The ratio was determined after considering the 
viscosity of coating. The coated resin layer was exposed to 
UV lamp (365 nm, 9 W, AS ONE Co.) and mask aligner 
(USH-500BY1, Ushio Inc.) for hardening. An apyrase-
membrane without patterns, which was harden by UV lamp, 
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used to confirm initial characteristics of an apyrase-membrnae. 
Based on the information, a patterning test was experimented 
by a mask aligner. Before measurements with ATP solution, 
all samples were rinsed with distilled water to remove the 
uncured resin. 

III. RESULTS AND DISCUSSION 
In Fig. 2, a cross-sectional structure and output voltage readout system for a pixel of the fabricated bio-image sensor are presented. The amount of the produced proton after enzymatic reaction between ATP and apyrase determines the depth of potential well under sensing area. Also, the value of output voltage is depending on the depth of potential well. The thickness of the deposited membrane was 0.3 m that was 

measured by microfigure measuring instrument (Surfcorder ET 4000A).  
The fabricated image sensor with apyrase-membrane was experimented at 0.001, 0.01, 0.1, and 1 mM concentration of ATP solution. The output voltage measured simultaneously before and after ATP solution injection, as shows in Fig. 3. Responsivity is defined as the difference between the measured initial output voltage and the saturated output voltage after ATP solution injection at 200 seconds. The highest responsivity of the fabricated sensor with a non-patterned apyrase-membrane was 0.035 V with 1 mM ATP solution. The output signal was increased quickly after ATP solution was dipped.  
The responsivity distribution of all pixels were measured according to various ATP concentration, as shown in Fig. 4. From this results, we could confirm LOD of the fabricated image sensor with the apyrase-membrane was 0.001 mM, because the sensor was operated with normal distribution curves of 0.001, 0.01, and 0.1 mM concentration. The standard deviation was increased from 0.0006 V to 0.0067 V following increased ATP solution concentration from 0.01 mM to 1 mM. 

 
 

Fig. 1. Fabrication process for an apyrase-membrane. (a) Cleaning an 
Rinsing. 

 
Fig. 2. Cross-sectional structrue and output voltage readout system for a 
pixel of the fabricated bio-image sensor  

 
Fig.3. Measured output voltage before and after ATP solution injection 
with 0.001, 0.01, 0.1, and 1 mM concentration in real time 
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Moreover, the enzymatic reaction was not affected by the UV irradiations which was used to cure the apyrase-containing resin.  
Based on these measured characteristics, the apyrase-containing resin was cured by mask aligner to pattern an apyrase membrane. The size of a patterned membrane was 250 m × 250 m. Optical image of the sensor with the patterned membranes is presented in Fig. 5. We will attempt to fabricate a pattern size as small as a pixel size for improving spatial resolution in future works.  
The bio image sensor with the patterned apyrase-membrane was experienced with 1 mM ATP solution to analyze the spatial information and temporal alternation of ATP movement. The results were represented as sequential 2-dimensional images of the reaction between apyrase in the membrane and the injected ATP solution, as shown in Fig. 6. The increasing of the output voltage at pixels without the membrane was observed. It means that the produced protons by the apyrase-membrane can be diffused to adjacent pixels without a membrane. This diffusion information will be useful to 

determine timing for measurement without signal interference among pixels.  
IV. CONCLUSIONS 

This study has developed a lithographic technique to pattern an enzyme-containing membrane on an image sensor. The proposed bio-image sensor with the apyrase-membrane deposited and patterned by this technique. Firstly, we fabricated a bio-image sensor with non-patterned apyrase membrane and confirmed the characteristics of apyrase-membrane. Then, the image sensor with the patterned apyrase-membrane observed ATP movement into 2-dimensional images. The fabricated sensor could detect and quantify successfully the spatiotemporal information of ATP activities in real time. The suggested technique will be applied to other enzymes to fabricate a multimodal bio imaging sensor which can analyze the multiple activities of various neurotransmitters simultaneously. 
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 Fig. 4. Responsivity distribution of all pixels according to 0.001, 0.01, 
0.1, and 1 mM ATP solution concentration. 

 
Fig. 5. Optical images of the patterned apyrase membrane that is the cured 
apyrase-containing UV resin by lithograpy method 

Fig. 6. Sequential images of the fabricated image sensor with the 
patterned apyrase-membranes for analyzing 1mM ATP activities. 
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