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1. INTRODUCTION 

A 2D real time imaging of various chemical substances released from living cells is very important in 

the field of medicine and drug discovery [1]. Observation method using a fluorescence microscope has 

been commonly used, but fluorescent labels may degrade cell function which results in difficult to 

observe essential cell function [2]. Therefore, we have developed a label-free multiplexing 

neurotransmitter image sensor to simultaneously observe 2D distribution of acetylcholine (ACh) and 

ATP which are known to be neurotransmitters [3]. On the pixels of this sensor, acetylcholinesterase 

(AChE) and apyrase that produce H+ ions by enzymatic reaction with ACh and ATP are immobilized. 

Thus 2D distribution of the neurotransmitters is obtained indirectly by detecting H+ ions. However, in 

the conventional structure, H+ ions diffuse in the liquid and interference between pixels occurs, so it is 

difficult to distinguish between ACh and ATP. Therefore, in this study, we propose an image sensor 

combined with micro hole array structure to suppress the diffusion of H+ ions generated from enzymatic 

reaction with locally immobilized magnetic beads functionalized with enzyme. 

 
2. FABRICATION 

Fig. 1 schematically illustrates the proposed image sensor. The structure was composed of SU-8 and 

simply fabricated by conventional photolithography with a hole size of 24.5×31.6 μm2 and height of 15, 

and 60 μm. SU-8 employed for the micro hole array structure for suppression of ion crosstalk owing to 

biocompatibility and thick film to form high aspect ratio structure. Fig. 2 shows an SEM image of the 

fabricated structure. And then a neodymium magnet was fixed on the back side of this sensor for 

immobilization of AChE on the part of the sensing area by dropping 0.2 μl of magnetic beads 

functionalized with AChE.  

 

3. EXPERIMENTAL RESULT 

Fig.4 shows the measurement system. The developed sensor measured 1 mM ACh by the potential 

variation associated with the amount of the H+ ions. Fig.5 and 6 show the change of 2D image and a 

comparison of potential change of a single pixel with the SU-8 hole array and no structure by ACh 

injection, respectively. No potential change was observed around the magnetic beads fixed area on the 

developed sensor. The voltage slope of the pixel adjacent to the enzyme-immobilized pixel was found 

to decrease, which means that H+ ion diffusion was effectively suppressed by SU-8 structure. Tabel.1 

shows the difference of voltage slope of the pixel adjacent to enzyme-immobilized pixel and the start-

up time of the output voltage between enzyme-immobilized pixel and adjacent pixel. The start-up time 

was defined as the time when the output voltage increased to be 1.5 mV or more higher than the average 

of the voltage before dropping ACh. As the SU-8 structure became higher, voltage slope of the pixel 

adjacent to enzyme-immobilized pixel became smaller and start-up time was delayed more. In the sensor 

with 60-μm-height structure, the start-up time was delayed about 10 seconds and the voltage slope of 

the pixel adjacent to enzyme-immobilized pixel was 1/10 or less as compared with the conventional 

structure. In conclusion, interference with adjacent pixels in the observation of the neurotransmitter 

using the enzyme can be suppressed by the micro hole array structure. This structure is expected to 

contribute to the multimodal neurotransmitter image sensor. 
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Figure 3 Magnetic beads functionalized with AChE. 

(a) (b) Figure 2 SEM image of SU-8 hole array on the sensor. 

Figure 5 Chenge of 2D image by ACh injection with 

(a) no structure (b) SU-8 hole array. 

Table 1 Delay and voltage slope on the each structure height. 

(a) 

(b) 

Figure 1 (a) Conventional image sensor. (b) Proposed 

image sensor combined with micro hole array structure. 

Figure 4 Experimental setup in the measurement of ACh. 

(a) 

(b) 

Figure 6 Output voltage of a single pixel with (a) no structure 

(b) SU-8 hole array. 
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