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1. Introduction 

     Amyloid β (Aβ) peptide is an insoluble 
fibrous protein, which is resulted from cleaving the 
amyloid precursor protein (APP) by α or β secretase 
[1, 2]. It is recognized that Aβ peptides are related 
to Alzheimer’s disease (AD) through their 
neurotoxic aggregates, which are intermediates in 
the conformational transition from monomer to 
nuclei and then to fibril [3]. Owing to the process, 
the mechanical property of Aβ aggregates should 
vary while the process concerns structural 
deformation (fibrillation) and particle deposition 
(accumulation). Therefore, the understanding of the 
variation can be applied to dedicated diagnosis of 
Alzheimer’s disease.  

     As Aβ aggregation exhibits structural change 
such as oligomer to fibril, the viscoelasticity 
property is considered to be fluctuated. Here, we 
present the quartz crystal microbalance (QCM) 
sensor with high fundamental resonance frequency 
(~58 MHz), without wires and electrodes (wireless 
electrodeless, WE-QCM), packaged in 
microchannel [4] as shown in Fig. 1 to perform the 
real-time monitoring of Aβ aggregate. In previous 
study, Kanazawa et al. found that viscoelastic 
parameters such as viscosity and shear modulus 
affect the resonance frequency shift [5]. It is also 
proved that the sensitivity and the intensity of the 
sensor would be diminished with electrode coatings 
on quartz surface because of very large inertia 
effect of electrodes and attached wires. Therefore, 
the QCM is designed with electrode-free surfaces 
with antennas replaced over the quartz with spacing. 
By applying the dynamic electric field, the quartz 
can still be excited piezoelectrically [4].  

     It is now believed that certain misfolded 
aggregates (known as "seeds") can capture other Aβ 
molecules to grow the misfolded oligomeric form. 
In this work, aggregation reaction on different seeds, 
Aβ1-40 and Aβ1-42 is investigated. The monomer, 
Aβ1-40, is used as the target because of its highest 
quantity in human brain; we thus study the 

homogenous-binding of Aβ1-40 to Aβ1-40 seed and 
the cross-binding of Aβ1-40 to Aβ1-42 seed. By 
measuring four overtones, the viscoelasticity 
behavior is inversely characterized [6]. Moreover, 
the QCM surface is scanned with atomic-force 
microscope (AFM) to verify the corresponding 
phases.  
 
2. Experiment  

The binding behaviors of Aβ1-40 monomer to 
Aβ1-42 seeds and that to Aβ1-40 seeds are monnitored 
under 24 C in vitro, where the seeds are 
immobilized as receptor and the monomers are 
flowed as target. The experiments were done 2 to 3 
times to confirm reproducibility.  

2-1 Solution preparation  

For preparing Aβ1-42 seed, the monomer was 
dissolved with dimethyl sulfoxide (DMSO) with 
magnetic stirring for 10 min with 150 rpms and was 
diluted in acetate buffer solution (ABS, pH = 4.6) 
into 50 µM at 1:19 for DMSO to ABS.  In case of 
Aβ1-40 seed, it was diluted in PBS.  The seed 
solutions were then stirred for 24 h at 1200 rpm. 
Afterwards, the solutions were ultrasonified under 
230 kHz to fragmentate the aggregates into Aβ 
seeds.  

The target, Aβ1-40 monomer, was dissolved 
with DMSO under 10 min of magnetic stirring and 
was diluted by ultrapure water into 15 µM under 
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Fig. 1 the 3D scheme of quartz embedded 
RAMNE-Q.  

 

experiment. The sample layers in Fig. 4(b) is 
approximated to Fig. 4(c) because the field of the 
interconnection is much smaller than Si3N4. Fig. 4(c) 
shows the numerical axial symmetry model. 

Fig. 5 shows the temperature profile along 
r axis in Si3N4 with different durations of heating. It 
is shown that the temperature rise is created at the 
center of the model. The total resistance change of 
the interconnection was subsequently calculated 
assuming its local changes considering temperature 
dependence of resistivity. Signal intensity was 
finally calculated by substituting the total resistance 
change into Eq. (1). Fig. 6 shows measurement and 
simulation results as function of ultrasound duration. 
The calculation results show a good agreement with 
the measurement results, suggesting that the focused 
ultrasound was successfully converted into current 
alteration, leading to creation of the stimulation 
image.  

 
(a)            (b)             (c)    

Fig. 4  Schematic model of the numerical structure. (a) 
Top view. (b) X-Y cross-section. (c) Numerical model 
assuming axial symmetry without Al. 
 

 
Fig. 5  Temperature profile along r axis around in Si3N4 
with different durations of heating.  
(100 MHz: Input power: 429 mW, focal diameter: 20 μm). 

 

 
Fig. 6  Signal intensity as function of ultrasound duration. 

5. Experimental Result 

Commercially available resin usually 
includes fillers to improve its thermal conductivity, 
which may scatter ultrasound. In the case of this 
specimen average filler diameter is specified as 16 
μm. This number is similar to the wavelength at 100 
MHz. The mode of scattering is often classified by 
means of size parameter  D , where D and λ 
represent filler diameter and wavelength, 
respectively. When α is as large as 1, the scattering is 
classified as to be Mie scattering, by which wave 
propagation is significantly disturbed. In fact, no 
significant image was acquired when 100 MHz were 
employed as the carrier frequencies. However, when 
the carrier frequency had been reduced to 40 MHz, a 
good image was observed as shown in Fig. 7. 
 

 
Fig.7 Ultrasound stimulation image (specimen covered 
with commercially available resin including filler). 

 

6. Conclusion 

In order to apply the OBIRCH method to 
specimens covered with non-transparent resin, 
stimulation by focused ultrasound instead of laser 
beam was proposed. An experimental system, which 
is similar to OBIRCH system but using modulated 
ultrasound, was assembled. An interconnection 
pattern models, covered with resins with and without 
filler, were successfully observed as stimulation 
images. Numerical simulation considering both 
sound field and local heating was performed and 
shown a good agreement with the measurement 
result, suggesting that the focused ultrasound was 
successfully converted into local temperature rise, 
leading to creation of the stimulation image. 
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coherent ratio of 1:20 for DMSO to ultrapure water.  

2-2 Sensor preparation  

The bare quartz chip of 1.7 mm x 2.5 mm 
cross-section with 28 μm thick was applied for 
sensing. The chip was first washed by piranha 
solution (7:3 of H2SO4 to H2O2), rinsed by ultrapure 
water and cleaned with UV-ozone cleaner for 15 
min. Next, the seeds were immobilized 
nonspecifically onto the quartz chips for 18~20 h. 
The chip was then set into sensor cell.  

2-3 Experiment procedure  

First, ultrapure water was flowed over the 
sensor surfaces, as the buffer liquid in this 
experiment. After the frequency became stable, the 
target solution was injected and flowed for 24 h. 
The 1st, 3rd, 5th, and 7th overtones were 
simultaneously monitored by network analyzer.  
 
3. Result and discussion  

The measurement result of the cross binding 
case is shown in Fig. 2 (a). With the inverse 
calculation, evolutions of protein layer thickness (t), 
viscosity (η), and shear modulus (μ) were 

determined as in Fig. 2 (b)-(d). First, the 
frequencies decrease by 350 ppm for 1 h after the 
injection because of binding reaction between 
monomer and seeds. Here, the increment in t to 12 
nm has confirms the binding. The frequencies then 
slowly increase with constant rates, and they have 
experienced the ramp near 18 h and the situation 
have stood for about 2 h. During the period, the η 
and μ vary in reverse direction.  

Fig. 3 shows AFM images before injection, 
just before the ramp, and after the ramp.  Before 
the injection, we see the immobilized seeds, and 
before the ramp, many amorphous-like structures, 
indicating the deposition of A peptides.  After the 
ramp, we see significant fibrils over the sensor 
surfaces, indicating the transition from oligomer to 
fibrils. The ramp is then characterized as the 
structural transition of the aggregate. The decrease 
in η during the ramp can be explained as weaker 
overall binding due to the contact face limitation of 
fibrillated oligomers to the seeds. The increase in μ 
can then be interpreted as the stiffness increase 
caused by transform from oligomers into fibrils.  

 
4. Conclusion  

This analysis proves the possibility of QCM 
evaluating of Aβ aggregation, and can be a good 
dedication in real-time monitoring of its 
mechanism.  
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Fig. 2 The frequency shift of (a) cross-binding, 
for blue: fundamental mode; black: 3rd tone; 
red 5th tone; green: 7th tone. And the (b) protein 
thickness, (c) viscosity, and (d) shear modulus 
inverse calculated.  

 

(b) (c)(a)
 

 
Fig. 3 The AFM figures (a) before injection, 
(b) before the ramp (~17 h), and (c) after the 
ramp (~22 h). All figures are taken under 5 μm 
x 5 μm.  


