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Abstract: 
This paper reports high sensitive detection of mouse interleukin-2 (IL-2) in 0.010 mm i.d. wells, single 
cell based microwell array, by using a high resolution two dimensional surface plasmon resonance 
(2D-SPR) sensor and enzyme catalyzed biochemical amplification of SPR signal. In order to detect 
cytokines from a single cell, sensitivity of < ng/ml should be required even if we consider the small 
volume of microwells (~1pl). In this study, alkaline phosphatase (ALP) catalyzed precipitation reaction 
was employed and 0.2 ng/ml IL-2 could be successfully detected both in buffer solution and culture 
medium. 
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Introduction 
Detection of cytokines like IL-2 from single cell 
might contributes basic study on cell-cell 
communication and development of new 
medicines. In order to detect cytokines from a 
single cell, sensitivity of < ng/ml should be 
required even if we consider the small volume 
of microwells (~1pl). We have been studying 
SPR measurement in micro wells whose 
diameter is 10 µm, suitable size for single 
lymphocyte occupation. But the 2D-SPR sensor 
has lower sensitivity compared with 
conventional 1D-SPR sensors, and especially 
in 10 µmφ wells, sensitivity of SPR sensors 
showed a significant decrease. We have 
reported sensitivity improvement of 2D-SPR 
sensor by the use of peroxidase-catalyzed 
precipitation reaction[1] and  2ng/ml of IL-2 
could be detected in 10 µmφ wells [2]. In this 
study, for further improvement of sensitivity, 
ALP catalyzed precipitation reaction [3] was 
employed and 0.2 ng/ml IL-2 could be 
successfully detected. 

Experimental 
The high resolution 2D-SPR imager (2D-SPR 
04, NTT Advanced Technologies Corp., Tokyo, 
Japan) based on Kretschmann configuration 
was used in this study. Fig. 1 shows the 
structure of our SPR imager. A collimated beam, 
generated by a LED source (670 or 770nm) 
illuminates the gold sensor surface through a 
coupling prism. The incident beam is TM 
polarized and the reflected light is imaged onto 
the cooled CCD camera via a microscopic 7X 

lens. High refractive material, SF6 was used for 
prism and substrate for sensor chip in order to 
decrease the deformation of SPR images. 
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Fig. 1. Structure of 2D-SPR sensor 

 

Micro well array (well diameter: 10µm) was 
prepared by putting the PDMS hole array sheet 
onto gold sensor film. Anti-mouse IL-2 was 
immobilized onto gold sensor film via dithiobis 
(succinimidyl propionate). Measurement is 
based on sandwich method as shown in Fig. 2. 
After the sample application, ALP-labelled 
avidin and biotin labelled  anti-mouse IL-2 were 
added. By the addition of 5-bromo-4-chloro-3-
indolyl phosphate (BCIP) and nitro blue 
tetrazolium (NBT), water insoluble NBT-
formazan were produced and precipitated. This 
precipitates may cause large SPR signal 
change. BCIP-NBT solution kit for alkaline 
phosphatase stain (#03937-60, Nacalai Tesque, 
Kyoto, Japan) was used in this study. 
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Fig. 2. Principle of biochemical amplification based 
on ALP –catalyzed precipitation reaction. 

Results and Discussion  
As a preliminary experiment, 10ng/ml mouse 
IgG in 30 µm microwells was determined by 
using the ALP-catalyzed precipitation reaction 
and 2D-SPR sensor. By the use of dithiobis 
(succinimidyl propionate) (DSP) as self-
assembled monolayer (SAM) molecules for 
antibody immobilization, PDMS microwell array 
sheet could be surely fixed onto the sensor chip. 
Fig.3 shows SPR images obtained before and 
after mouse IgG addition. Increase of reflected  

 

 
(a) Before IgG addition 

 

 
(b) After IgG addition 

 

Fig.3 SPR images obtained before and after mouse 
IgG addition 

light intensity for microwell images caused by 
the shift of SPR angle could be clearly 
observed. Then, optimal concentrations of ALP-
labelled avidin and biotin-labelled antibody were 
investigated on the measurement of 10 ng/ml 
mouse IgG in 30 µm microwells. Optimal 
concentrations of ALP-labelled avidin and 
biotin-labelled anti mouse IgG were 5 µg/ml and 
5µg/ml. In case of IL-2 measurement, the same 
concentrations of ALP-labelled avidin and 
biotin-labelled anti mouse IL-2 were employed.  
Mouse IL-2 in 30 µm wells was detected under 
these conditions, as shown in Fig.4. Detection 
limit of IL-2 was 0.5 ng/ml. 

0
10
20
30
40
50
60
70
80
90

0 0.5 1 1.5 2

Mouse IL-2 concentration [ng/ml]

ΔI
nt

en
si

ty
(t=

20
00

s)
   

[-]

 
Fig.4 Calibration curve for IL-2 in 30 µm microwells 

(n=12) 

 

Final target of the present study is a single cell 
based immunosensing. Therefore microwell 
diameter was changed from 30 µm to 10 µm. 
But  sensitivity of SPR sensor was decreased in 
10 µm wells , as shown in Fig.5 (see ○ and ●) 
By using a shorter wavelength light source 
(670nm), sensitivity was improved as shown in 
Fig5 (see ▲ and ●). Therefore 670nm light 
source was employed hereafter. 
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Fig.5 Effects of well diameter and light source on 
SPR sensitivity (n=12) 

○30µm, 760nm, ●10µm, 760nm, ▲10µm, 670nm 
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Under the optimized conditions, IL-2 in 10 µm 
microwells were detected. Fig.6 shows 
response curves of the IL-2 sensor and the 
calibration curve for IL-2 was shown in Fig.7. 
Detection limit of IL-2 was 0.2ng/ml and the 
sensitivity was improved approximately 10-
times compared with HRP-catalyzed system [2].  
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Fig.7 Calibration curve for IL-2 in 10 µm microwells 

(n=12) 

 

Then IL-2 in culture medium for animal cells 
was detected by using this sensor system. IL-2 
in DMEM medium containing 10% fetal calf 
serum was used as samples. As shown in 

Fig.8, 0.3 ng/ml IL-2 could be successfully 
detected by using this system. This detection 
limit promises IL-2 detection produced by a 
single lymphocyte in 10µm micro wells. 
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Fig. 8 Calibration curves for IL-2 in 0.05M Hepes 
buffer solution (pH7.5) and DMEM culture medium 
containing 10% fetal calf serum 
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Fig.6  Response curves of IL-2 sensor (n=12) 

IL-2 conc. 1: 0 ng/ml, 2: 0.2 ng/ml, 3: 0.8 ng/ml,  

4: 1 ng/ml, 5: 5 ng/ml 
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