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ABSTRACT 

We have newly confirmed a selective detection of amyloid beta (Aβ) in human serum with its dynamic behavior 

by a strain gauge cantilever sensor immobilizing liposome incorporated with cholesterol. We examined the effect 

of incorporating cholesterol in the liposome in order to decrease the interaction between the liposomes and many 

proteins in human serum. The result implied that cholesterol suppress the interaction because of stabilizing effect 

in the lipid membrane [1]. Thus we concluded that we were able to detect Aβ, especially the state of its aggregation 

and fibrillization, in human serum by the cantilever sensor immobilizing liposome incorporated with cholesterol. 
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INTRODUCTION 

We have developed a NiCr strain gauge cantilever biosensor immobilized with liposome for detecting Aβ [2]. 

The cantilever sensor was able to detect 50 nM Aβ(1-40) [2], which is less than the value of AD patients [3]. 

However, it is further required for the sensor to apply for diagnosis of mild cognitive impairment (MCI). The Aβ 

concentration of MCI patients might be less than 1 nM. Moreover, we need to examine the influences of many other 

proteins included in human serum. In this research, we tried to detect the dynamic behavior of Aβ in human serum 

composed from various proteins that would exhibit interactions with phospholipids of liposome. We adopted 1,2-

Dietradecanoyl-sn-glycero-3-phosphocholine (DMPC) and that incorporating cholesterol, respectively. 

 

THEORY 

Fig. 1 (a) and (b) show a surface photomicrograph and a cross-sectional illustration of NiCr strain gauge 

cantilever sensor detecting Aβ by the immobilized liposomes. This sensor detect Aβ by the change of surface stress 

caused by interaction between the liposomes and Aβ. Especially when Aβ becomes aggregation-intermediates such 

as oligomer and protofibril, the stress due to the evolution of molecular structure is changed through its aggregation 

and fibrillization.  

 
Figure 1:  A surface photomicrograph (a) and a cross-sectional illustration (b) of NiCr strain gauge cantilever sensor 

detecting Aβ by the immobilized liposomes. 

 

EXPERIMENTAL 

We have introduced polydimethylsiloxane (PDMS) droplet-sealing structure. We can investigate the process of 

Aβ aggregation and fibrillization more than 24 h [2]. Firstly DMPC and DMPC incorporated with cholesterol were 

(a) 

(b) 



immobilized on the cantilever surface with Self-Assembled Monolayer composed of 16-Mercuptohexadecanoic 

acid in ethanol. Next human serum only and that added with Aβ were put into the PDMS reservoir and the resistance 

change rate of the cantilever sensor was measured, respectively. 

 

 RESULTS AND DISCUSSION 

Fig. 2 (a) shows resistance change rate of strain gauge immobilized with liposomes of DMPC and DMPC 

incorporating cholesterol in human serum. The change rate of DMPC liposome incorporated with cholesterol is 

much lower than that of DMPC. Therefore, we anticipate that cholesterol significantly suppress the interaction 

between the proteins in human serum and DMPC due to its stabilizing effect on the membrane [1]. Finally we 

attempted to detect Aβ(1-40) in human serum in order to confirm whether the sensor can show a selective detection 

from the other proteins in human serum. As shown in Fig. 2 (b), the resistance change rate can be divided into three 

stages and we think that the chronological behaviors show typical dynamics of Aβ(1-40) [2]. From Ref [2], it 

suggests that the states of Aβ(1-40) are (I) monomer until 11 h, (II) aggregation and (III) fibrillization of Aβ(1-40), 

respectively. Consequently, we expect the cantilever sensor is capable of detecting Aβ in human serum.  

 
Figure 2:  (a) Chronological resistance change rates of strain gauge immobilized with liposomes of DMPC and 

DMPC/Cholesterol in human serum after 8 h. (b) The change rate with DMPC/Cholesterol liposome in human serum added 

with 1 µM  Aβ(1-40): (I) monomer, (II) aggregation and (III) fibril of Aβ(1-40), respectively. 

 

CONCLUSION 

To investigate the possibility and availability of the cantilever sensor for early diagnosis of AD and MCI patients, 

we examined the interaction between proteins in human serum and phospholipids of liposome. Liposome 

incorporated with cholesterol was able to suppress the interaction because cholesterol causes the stabilizing effect 

in the lipid membrane. Moreover, we have newly confirmed that the cantilever sensor can detect Aβ in human 

serum including many other proteins which interact with liposome. Thus we conclude that the biosensor enables to 

detect Aβ in human serum and would become possible to apply for medical and clinical applications. 
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