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in Giant DNA Molecules: Comparison among the Damages

Induced by Photo, Ultrasound and Gamma-Ray Irradiation
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1. Introduction

DNA damage can be categorized into base changes, cross 

linking, and single- and double-strand breaks (DSBs). 

Among them, the damage of DSBs is most serious and they 

lead to cancer and death. 

Ascorbic acid, vitamin C, is a well-known naturally 

occurring organic compound with antioxidant properties. In 

order to evaluate the protective effects of ascorbic acid 

(AsA), as a representative chemical among antioxidants, on 

genomic giant DNA molecules, we studied the double-strand 

breaks of DNA caused by different damage source, visible 

light in the presence of photo sensitizer, γ-ray and 

ultrasound through single-molecule observation by use of

fluorescence microscopy.

2. Methods

2.1Real-time observation of photo-induced breakage 

under fluorescence microscopy

A low DNA concentration (0.1 μM in nucleotide units)

with AsA’s final concentrations as 0.5 mM and 1.0 mM was 

used for photo-irradiation.1Fig. 1 shows an example of 

observation on the time process of double-strand break on a 

single DNA molecule under photo irradiation.

Figure 1:Real-time observation of double-strand break 
caused under stationary light illumination with 450–490 
nm for a single T4 DNA molecule stained by YOYO-1, as 
observed by fluorescence microscopy.

2.2 Gamma-ray irradiation and ultrasound irradiation

T4 phage DNA (final concentration: 0.1 μM) was

irradiated by 60Co γ-rays at a dose rate 3860 Gy/h after 

added ascorbic acid with a concentration as 0.5 and 1.0 mM.

The strength of ultrasound could be controlled by the 

repositioning of transducers. Ascorbic acid’s final 

concentration is 1.0 mM.2-3

2.3 Measurement of single-DNA molecules’ length by 

fluorescence microscopy

DNA molecules were fixed on a glass surface after added 

YOYO-1. Glasses were pre-treated with 0.05% (v/v) 

poly-(L-Lysine) solution. Fig. 2 showed a group of 

representative images.

①
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Figure 2: Examples of DNA images fixed on a glass slide
after irradiation with different doses of γ-rays.

3. Results

3.1 Protective effect of ascorbic acid against 

photo-induced DNA double-strand breaks

Fig. 3 showed the relationship between the content of 

damage DNA and time, which demonstrates that AsA has a 

good protection on photo-induced DNA damage.

Figure 3: Protective effect of ascorbic acid against the 
double strand breaks caused by photo-irradiation.  

3.2 Protective effect of ascorbic acid against 

gamma-ray-induced DNA double-strand breaks

The result of the observation was showed by Fig. 4. It is 

found that the average length of DNA molecules s longer 

after add AsA into samples, indicating the protective effect 

of AsAagainst DSBs caused by γ-rays.

Figure 4: Protective effect of ascorbic acid against the 
double-strand breaks caused by -ray. 

3.3 Ultrasound-induced DNA double-strand breaks

As Fig. 5 showed, the average length of DNA remained 

essentially constant, indicating the absence of protective 

effect of AsA against ultrasound-induced damage.

Figure 5: No apparent protective effect ascorbic acid 
against the double strand breaks caused by ultrasound.  

4. Conclusion

Comparing the protective effect of AsA among three 

different radiation resources, the followings have it become 

clear: For the photo-induced DSBs, AsA obviously slows

down the breaks and this protective effect is enhanced at 

higher AsA concentration; With regard to the damage caused 

by γ-ray, AsA still exhibits protective effect being not so 

significant compared to that for the photo irradiation. In the 

experiment of ultrasound irradiation, AsA shows no apparent 

protective effect against the DSBs.
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Fig.3 Fluorescene microscopic images of DNA 
molecules stretched on glass surface. 

Fig.4 DNA length vs. dose of gamma ray (Co60)
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Microbubble, Shell material, laser Doppler vibrometer

1.

Ultrasound Drug Delivery System:UDDS

Church Stride
1 2

2.

Pluronic F68

3.

3.1.

Fig 1
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[1] Church, Charles C. "The effects of an elastic solid 

surface layer on the radial pulsations of gas 
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[2] E. Stride, ”The influence of surface adsorption on 
microbubble dynamics”, Phil. Trans. R. Soc. A,
366 (2008), 2103-2015.

[3] S. Morioka, et al., “Sound pressure threshold of 
non-spherica oscillation of an attached bubble 
evaluated by a laser Doppler vibrometer”, Proc. 
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1.  

ARFI Acoustic radiation force impulse
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Spatial Peak Temporal Average 720 mW/cm2 MI
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MTR (Maximum 
Temperature Rise)  

3.2.  
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Fig. 3
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4.  
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MTR
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[1] Herman BA,Harris GR.”Models and regulatory 

consideration for transient temperature rise  
during diagnostic ultrasound pulses.Ultrasound”, in 
Medicine & Biology,pp.17-24, 2002 

[2] Martin O. Culjat; David Goldenberg,  Tewari 
 Priyamva,Rahul S. Singh, A Review of Tissue  
 Sabstitutrs for Ultrasound Imaging”,in Medicine & 
 Biology,pp.861-873,2010 
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Fig. 1 Measurement system of temperature rise.  
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3.2. 
0
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In-gel digestion

3.3.

10 μm
ITO

9-amino acridine(40 mg/mL 9-amino 
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Fig. 1 Experimental System.
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Fig. 2 The result of 2D BN/SDS-PAGE.

Fig. 3 MALDI-Imaging Mass Spectrometry
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Two-dimensional Blue Native/SDS Gel 
Electrophoresis of Multi-Protein Complexes from 
Whole Cellular Lysates Molecular & Cellular 
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[2] Toshihiko Matsumoto,Shuji Terai,Toshiyuki oishi, 
“Medaka as a model for human nonalcoholic 
steatohepatitis,”DiseaseModels&Mechanisms,3,pp
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Fig. 1 Ultrasound exposure system.
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[1]Z. Zhou, J. Ou. Techniques of temperature 
compensation for FBG strain sensors used in 
long-term structural monitoring. Proceeding of 
Asian pacific fundamental problems of Opto- and 
Microelectronics. Russia. 2004: 465-71. 
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Figure 2- Integrated coaxial focused double transducers 

with different resonance frequencies.   

 

 

 

 

 

 

Figure 3- Experimental setup 
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Figure 4- Echo shift time vs. time for fat and muscle 

tissues. 
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  Viscous heating  
 

1.  

 
1

2.0 3.8

in vitro

 
1  

 Cv [J/cm3 °C] 
 2.0 
 3.7 
 3.9 
 3.8 

 

2.  

(1)
 

 

v
v2

C
qTT

dt
dT

 (1) 

 
∆T

τ Cv

qv
[2] 1

2

t=0
1 2

qv Cv

qv

α I
(2)
 

Iqv 2 (2) 

 
 (1) (3) Cv

0
V )/(

2

tdtdT
IC (3) 

 
3.
3.1

1

I

41

⑬



 

3.2 Viscous heating
2

Viscous heating
Viscous heating

Viscous heating

Viscous heating  

3.3
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5.5 cm 90

5 MHz
2 MHz Agilent,

33500B Burst

3.2.
31.25 MHz 64

6 MHz
1-3

192 0.36 mm 0.26 10 mm

4.
Figure3 Fig. 6 2 MHz

Fig. 3 Fig. 4 5 MHz 6 cycles
14.4 Vpp Fig. 5 Fig. 6 5 MHz 6

cycles 14.4 Vpp 2 MHz 200 cycles
10 Vpp Fig. 3
7 MHz Fig. 5

7 MHz

5.

CBCE

7 MHz

2

[1]
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Ultrasonics, vol. 41, no. 3, pp. 353-365, 2014.
[2] T. Eura, K. Yoshida, Y. Watanabe, “Blood Flow 

Measurement by the Counter-Crossed Beam Contrast 
Echo Method,” Japanese Journal of Applied Physics, 
vol. 49, 07HF05-1-6, 2010.

[3] N. Yoshimato, K. Yoshida, Y. Watanabe, I. Akiyama, 
“A New Contrast Echo Imaging Method Using 
Crossed Beams of Two Ultrasonic Frequencies,” 
Japanese Journal of Applied Physics, vol. 47, no. 5, 
pp. 4188-4192, 2008.

Fig. 3 Sum frequency (7 MHz) components in the 
echo signals, when transmitting the pulse of 5 
MHz.

Fig. 4 Fundamental components in the echo signals, 
when transmitting the pulse of 5 MHz.

Fig. 5 Sum frequency (7 MHz) components in the echo 
signals, when transmitting the pulses of 5 MHz 
and 2 MHz.

Fig. 6 Fundamental components in the echo signals, 
when transmitting the pulse of 5 MHz and 2 
MHz.
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Fig. 2 (A) Spectrogram of R. ferrumequinum nippon  in the open 
field. (B) Three-dimensional flight trajectory. Arrow shows 
flight direction. Four filled circles show microphones.  (C) 
Change in CF2 frequency IPI CF duration.  

Fig. 3 (A) Spectrogram of R. ferrumequinum nippon in flight 
chamber. (B) Three-dimensional flight trajectory. Arrow shows 
flight direction. (C) Change in CF2 frequency IPI CF duration. 

Fig. 4 Changes in flight speed (triangle) and the CF2 frequency 
of measured emitted pulses (square) and t he calculated returned 
echoes (circle) in (A) open and (B) cluttered spaces.  
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1. Introduction 

Action potentials can be evoked by irradiating infrared 

laser (IL) to neurons [1]. The laser stimulation is 

gathering much attention as substitution of electric 

stimulation because IL is able to stimulate nerves without 

contacting tissues. In general, severely hearing impair 

people has been encouraged to wear cochlear implants. 

However, invasive surgery is needed to wear cochlear 

implants. Our goal is to develop the noninvasive hearing 

aids using IL as a substitute for an electrode stimulation.  

The purpose of this study was to develop a speech 

encoding scheme for the noninvasive hearing aid to 

convey intelligible speech. Previous our studies revealed 

that rodents perceived laser-evoked sounds which 

resembled click sounds. We therefore created a 

click-modulated speech sound as a simulation of the 

noninvasive hearing aid system. In this experiment, five 

Japanese native speakers were participated. The simulated 

sounds were presented to the subjects, and they answered 

how they perceived. Our data suggest that 

click-modulated speech sounds were at least partially 

intelligible and that the speech encoding scheme can be 

applied to the noninvasive hearing aids to restore speech 

perception in hearing-impaired people.     

2. Materials and methods 

2.1. Subjects 

Five Japanese people (22-27 years old) who had not listen 

the simulated sounds of pulsed laser were used as 

subjects. 

2.2. Stimuli 

Fifty simulated sounds were presented to the subjects. 

The simulated sounds exhibited in the experiments were 

60 dB SPL and synthesized from the 4-mora words which 

have 5.5-7.0degree of intimacy in development of 

Familiarity-controlled Word-lists (FW03). These words 

were uttered by a woman.  

The simulated sounds were click train, repetition 

rate of which followed formant frequency and amplitude 

envelope transition of an original speech sound (Fig.1). 

Frequency information were derived every15 msec for the 

center frequencies of the first two formants. Amplitude 

envelope information was extracted using half-wave 

rectification and low pass filter (LPC). 

2.3. Experimental procedure 

Experiments were conducted under following procedures. 

In experiment I, four alternative choices were presented 

before subjects listened to the simulated sounds. Then, 

the subjects answered what they heard from the 

alternative choices within 5 seconds after the stimulus 

was presented. The trial was carried out 50 times. The 

simulated sounds were presented randomly. In experiment 

II, the subjects listened to the simulated sounds and 

dictated how they perceived on response sheets in roman  
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Fig. 1  An example of the stimulus. Upper figures show 

the waveform and amplitude envelope (dotted line), and 

lower figures show spectrograms. (A) Original speech 

sound. A Japanese word “[a][ma][gu][mo].” (B) 

Click-modulated speech sound synthesized from the 

original sound (A). 
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letters within 10 seconds after the sounds were presented. 

The same sounds were used as the sounds which the 

subjects listened to in Experiment I.  

3. Results 

3.1 Experiment I (alternative choice task) 

The results of experiment I was shown in Fig.2A. Fig.2A 

shows when the subjects answered what they heard from 

four alternative choices, percentage of correct answer was 

73 % on average. The value was significantly higher than 

chance level (25 %). 

3.2 Experiment II (dictation test) 

Correctly perceived vowel rate was shown in Fig.2B. 

Correctly perceived consonant rate was shown in 

Fig.2C.Correctly perceived mora rate was shown in 

Fig.2D. Fig.2B shows that the average of accuracy 

reached 40 % on average. The percentage was also 

significantly higher than chance level (20 %). Fig.2C 

shows that the average of accuracy reached 40 % on 

average. The percentage was also significantly higher 

than chance level (20 %). Fig.6 shows that correctly 

perceived mora rate exceeded 19 % on average.  

4. Discussion 

Our data showed that subjects were able to understand the 

contents of the click-vocoded speech sounds to at least 

some extent (Fig. 2). As seen in Fig. 2A, subjects were 

able to comprehend the contents of CMS relatively easily, 

if the right answer was provided as an option. The 

relatively high performance in the alternative-choice 

compared with the dictation task (Fig. 2B–D) could be 

due partly to top-down cognitive processing. 

5. Conclusion 

Our data shows that laser-evoked sounds are at last 

partially intelligible as speech sound. These results open 

up the possibility of the speech encoding scheme can be 

applied to the noninvasive hearing aids to restore speech 

perception in hearing-impaired people. 

6. Reference 

[1] J. Wells, C. Kao, K. Mariappan, J. Albea, E. D. 

Jansen, P. Konrad, and A. M. Jansen, “Optical 

stimulation of neural tissue in vivo,” Optics letters, 

vol.30, no.5, pp.504-506, 2005. 
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Fig. 2  Intelligibility of click-modulated speech sound. Error bar represents standard deviation of the mean, and the 

horizontal dotted line indicates chance level. Average scores were compared with chance level (CL) using a 

one-sample t-test (** <0.01, *** <0.001). (A) Results of alternative-choice task. Vertical axis shows percentage of 

correct answers. CL is 25%. (B) Correctly perceived vowel rate in dictation task. CL is 20%. (C) Correctly 

perceived consonant rate. CL is 6%. (D) Number of correctly perceived morae. 
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Fig.1 Recording site of Cochlear microphonics

Measured Cochlear microphonics by inserting a silver l ine 

electrode in the hole of bulla.  The electrode was hooked 

onto the round window of cochlear.  Reference electrode 

was placed on a brain surface.

Fig.2 Experimental environment. All experiments were held 

in sound proof faraday cage. Sound stimuli were presented 

from a speaker placed 10 cm from the right ear.
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Fig.3 Temporal structure of the test sound.  All stimuli 

were tone bursts.  Masker of intensity was -10, 0, +10, 

+20 dB SPL from the threshold maskee. Duration of a 

masker was 500 ms(rise/fall t ime 50 ms).  Duration of a 

maskee was 100 ms(rise/fall time 10ms).  Interval was 

199 ms.  Interstimulus interval was 1 ms.
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Fig.4 Amplitude shift of the 2 kHz Maskee CM (A), 8 kHz 

Maskee CM (B) and 22.6 kHz Maskee CM (C) in each 

frequency. In both figures show the amount of amplitude 

shift between 50 dB Masker (dot l ine) and 60,70,80,90 dB 

Masker.

[1] Robert V. Shannon (1976)  Two-tone unmasking 
and suppression in a forward-masking situation. J
Acoust Soc Am. 59 (6):1460-70.
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Fig. 1 Reflection induced ΘA scattering geometry. 

ki : wave vector of the incident light . 
ks : wave vector of the scattered light. 
q : wave vector of the sound wave. 

/2: angle between the incident laser beam and  
the normal line of the specimen surface. 
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Max [m/s] Min[m/s] anisotropy

Trabecula [5] 5.25 5.01 4.5%

Cartilage 150 μm 3.82 3.72 2.6%

Cartilage 500 μm 3.67 3.62 1.2%

Cartilage 950 μm 3.73 3.58
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Fig. 2 Wave velocity distribution in a direction parallel 
to the subchondral bone.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Velocity anisotropy in the cartilage.  
0 degree indicates wave propagate 
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