
3. Experimental Procedure 

A1-40peptide were dissolved in a dimethyl 
sulfoxide (DMSO) solution and diluted to be final 
concentration of 10 M by PBS (pH 7.4) containing 
100 mM NaCl. The A1-40 amyloid fibril were 
formed by 28 kHz ultrasound irradiation. The A1-40 
amyloid fibrils were then sonicated for 1 min with a 
200-kHz high-power ultrasonic generator to make 
seeds. A naked quartz crystal oscillator was cleaned 
by a UV-ozone cleaner after washing for 15 min in 
a piranha solution (98% H2SO4: 33% H2O2 =7:3) 
and rinsing with ultrapure water. The oscillator was 
immersed in 5% ATPES solution for 1 h at 25 C, 
5% glutaraldehyde solution for 2 h at 25 C, and 10 
g/ml OC antibody for 3 h at 25 C. Finally, the 
A1-40 amyloid fibril seeds were immobilized on the 
oscillator by immersing it into the seed solution for 
3 h at 25 C. The A1-40 monomer solution was 
diluted with PBS (pH 7.4) including 100 mM NaCl, 
and it was mixed with the thioflavin T (ThT) 
solution for the TIRFM observation. The final 
concentration of A1-40 peptide for flow was 10 M. 
The flow rate was 200 l/min.   

 
4. Results and Discussion 

Figure 2 shows an example of the monitoring 
data by the TRIF-QCM system. The black line 
shows the resonance frequency change from QCM. 
The red line shows the ThT emission area, which 
was digitally calculated from TIRFM images at 
representative times. From this result, the resonance 
frequency decreased and ThT emission area 
increased with the flow time. Also, there seem to 
have correlation. The results of the previous 
immobilization of amyloid fibril seeds showed that 
increasing of ThT emission area have a lag time [2]. 
We think that the lag time exhibits intermediate 
aggregates between the monomer and the fibril. 
However, the result of new immobilization method 
didn’t have a lag time. Therefore, this result show a 
pure amyloid fibril extension reaction. Furthermore, 
as Figure 3 (A) and (B) show, we observed 
amyloid fibril formation real time. From there 
images, amyloid fibril extension reaction are slow 
and need a certain amount of time.  

From there results, we have succeeded in 
monitoring the amyloid fibril formation reaction of 
A peptide with WE-QCM and TIRF microscopy. 
Also, we can measure and observe amyloid fibril 
formation of various conformational state and many 
interaction of proteins by changing immobilization 
method and specific antibody. Therefore, the 
flow-injection TIRFM-QCM system will be a 
beneficial tool for studying protein interaction.  

 
Fig. 2 Behavior of the frequency change by in 
injection of A1-40 monomer from WE-QCM 
response on A1-40 seeds and the ThT emission 
area ratio from TIRFM images.  

Fig. 3 (A) The TIRFM images at several stages of 
the 10 M A1–40 solution-flow measurement. (B) 
The TIRFM images, showing the fibril extension. 
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1. Introduction 
 Ultrasonic microscope emits high frequency sound 
at an object and the reflected sound wave is 
converted into two-dimensional image of the object 
[1][2]. Ultrasonic microscope has wide range of usage 
in industrial, medical,  and biological applications.  
 In the medical and biological field, it is 
advantageous that the observation can be performed 
without staining the tissues or cells, that realizes 
non-invasive and continuous observation.  
 The purpose of this study is to monitor the chang-
es occurs in internal components of cells by obser-
vation and evaluation by using three-dimensional 
imaging presentation from impulse response wave-
form [3].  
 This study also aims for realization of 
three-dimensional microscale observation by using 
acoustic impedance mapping. In particular, the ef-
fect of anticancer drug onto the cells was monitored 
by non-invasive, continuous, and quantitative ob-
servation.  

 
2. Experimental method  
  C127I cell line (epithelial tumor cell line from 
mouse murine mammary tumor) distributed from 
DS Pharma were maintained in Dulbecco’s modi-
fied Eagle’s medium (DMEM) supplemented with 
10% fetal bovine serum (FBS) and 1% kanamycin, 
and placed at 37  in a 5% CO2 atmosphere. These 
breast cancer cells were cultured on either 
75-μm-thick Polystyrene plate (OptiCellTM) or 
50-μm-thick Polystyrene film dish (PS Dish) for a 
high-resolution acoustic observation. The anti-
cancer drug, Nimustine hydrochloride (ACNU) 
which has the ability to cause DNA fragmentation, 
inhabitation of protein synthesis and cell death, was 
applied to cultured cancer cells with 100μg/mL. 
 Focused ultrasound with center frequency at 300 
MHz is transmitted onto the cultured cells, and the 
reflected waveform is recorded. The signal is re-
shaped using filter and deconvolution process.  
 The signal is compared with the reference signal 

from where the substrate is directly in contact with 
the culture liquid of which acoustic impedance is 
known, to convert into the acoustic impedance of 
the target cell[1][2]. Two-dimensional mechanical 
scan realizes acoustic impedance profile. Fig. 1 
shows reflection signal from the cell and decon-
volved waveform normalized by the reference sig-
nal from where no cell in attached on the substrate. 
 Making use of the reflection waveform, 
three-dimensional cell image in terms of cell thick-
ness was created. The two negative peaks on the left 
side of Fig. 1(b) represent the positions of substrate 
and top of the cell. Cell thickness at each point is 
estimated by assuming the sound speed through the 
cell as 1550 m/s, which is considered to be a typical 
number for biological cells.  
 The cell area is determined from the acoustic im-
pedance image. A viewport that includes only one 
cell is briefly defined. Number of pixels, of which 
corresponding acoustic impedance is significantly 
higher than that of the culture liquid, is defined as 
the cell area, and normalized by that in the initial 
stage. 
 
 

 
Fig. 1 Reflection from cultured cell (a) and decon-

volved waveform referring to the reflection from 
where no cell is attached. 

 
3.  Results and Discussion 
 Fig. 2 shows a typical result of observation.   
The acoustic impedance image indicates the bot-
tom-view of the cells. It seems that almost no 
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change in morphology is brought by dosage if they 
are looked from the bottom. However, a clear 
change in cell thickness is seen. Therefore, these 
parameters were statistically analyzed. 
 As shown in Fig. 3, the cell thickness decreases 
after the application of ACNU. In addition, as 
shown in Fig. 4, it seems that the cell contact area 
increases after the application, although the ten-
dency is only a little. 
 These findings suggest the destruction of intracel-
lular structures surrounding the nucleus. Although 
ACNU is supposed to attack chromosome inside the 
nucleus, the above result indicates that the drug is 
affecting the region that surrounds the nucleus as 
well. As chromosome is closely in connection with 
microtubules, ACNU would destabilize microtu-
bules, and finally lead to the destabilization of or-
ganelles that surround the nucleus.  
 These changes inside the cell would lead to the 
morphological change in three-dimensional struc-
tures. Recently it is able to observe 
three-dimensional cell image using the optical 
method, with which in many cases cells are exposed 
to strong light emission, and may damage cell func-
tions. On the contrary, it is advantageous that ultra-
sonic observation can be performed non-invasively, 
as the strength of the employed pulse sound is very 
small. In addition, as the spatial resolution along the 
depth is much smaller than wavelength, it is ex-
pected that as small as sub-micrometer in resolution 
would be realized. 
 It would be possible to estimate internal acoustic 
impedance distribution by tracing the deconvolved 
waveform like one in Fig. 1 (b)[3]. However in this 
series of data acquisition the waveform was not sta-
ble to realize such an attempt, as significant error 
was seen. Improvement of both hardware and soft-
ware is required.  
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Fig. 2 Typical result of observation.  
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Fig. 3 Change in time of cell thickness after  

the exposure to ACNU. 
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Fig. 4 Change in time of cell area after  

the exposure to ACNU. 
 

4. Conclusion  
 Non-invasive cell assessment by means of acous-
tic microscope has been performed. The acquired 
waveform that represents the reflection from the 
cell was subjected to the signal processing that can 
separate the waveform into reflections from the 
bottom and top of the cell. The two reflections are 
interpreted into the cell thickness assuming a cer-
tain expected sound speed thorough the cell. In ad-
dition, areal extension of each cell was estimated 
from the two-dimensional acoustic profile. The as-
sessment was applied to cultured breast cancer cells 
that were being exposed to ACNU anti-cancer drug. 
It was suggested that the cell thickness significantly 
reduced after the exposure. As the areal cell exten-
sion increased after the exposure as well, the cells 
seemed to be flattened as the result of drug applica-
tion.  
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