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Materials and Methods 

The experimental work was carried out at the Department of Information Technology, 
Mathematics and Physics of Moscow State Academy of Veterinary Medicine and 
Biotechnology. The purpose of our research was to identify the basic effects of amplitude-
modulated ultrasonic waves in various organophotoheterotrophic prokaryotes cells. As the 
test objects the representatives of unicellular organisms, photobacteria, were selected, 
i. m. – the culture of marine luminescent halotolerant bacteria Aliivibrio fischeri 6.  
All samples were sonicated under identical conditions (oscillator square, cooling fluid, 
circulative rate). The blood sonication was carried out in a temperature-controlled cuvette. 
Its walls were made of US conductive plastic. A coolant, distilled water, circulated 
continuously (so-called "flow-through cooling"). 
As inoculum it was used cell cultures grown to stationary phase of growth in optimal 
conditions at 20°C in the same medium in flasks on a shaker. The intensity of crop growth 
was assessed by optical density slurries using a calorimeter KFK–2MP at 590 nm or 555 nm 
when FEKM.  
 



A.fischeri culture 
medium 

composition 

 

(g/l): peptone – 10, yeast 
extract – 1, NaCl – 30, 
Na2HPO4 – 5.3, KH2PO4 – 
2.1, (NH4)2SO4 – 0.5, 
MgSO4 × 7H2O – 0.1, 
glycerin – 3 ml; pH 7.4. 



Methods of sonication 
 

Cells were exposed for 15 min to 
ultrasound (US) intensity ISATA of 
0.2 W/cm2 and 0.4 W/cm2 with 
modulation frequency range of 
0.1 – 10 Hz and 10.0 – 1000 Hz 
using the US therapeutic 
apparatus UST–5. The carrier 
frequency was 880 kHz; 
modulating generators GA–112 
and GA–110 provides the ability 
to create a modularize signal in a 
wide range of frequencies (0.001 
Hz–1999 kHz). 
 



US effects on cells (control and after the US 
exposure) were observed under a light 
microscope (immersion, transmitted light 
microscope «LOMO», optical objective– 
100x/1.25; ocular lens– 10x/18). 
Bioluminescence of the cells was measured 
in special cuvettes at room temperature and 
a fixed exposure time of 10 min (the 
temperature of the incubation mixture was 
22°C) by the luminometer consisting from a 
photomultiplier FEU-85 and a 
microvoltmeter B2- 15. 



RESULTS 
It was found that the intensity of bioluminescence in growing control 
cells depends on the population density. The maximum intensity of 
luminescence is characterized by state of the population of growing 
A. fischeri cells, called «quorum sensing». The emission was absent at 
low concentrations of cells (optical density = 0.2–0.3), and sharply 
increased and reached a maximum after 20 hours when the 
population reached its critical density (OD = 2). Cell synthesized 
autoinductor of luminescence (acyl-derivate of L-homoserine, N-3-
oksogeksanoillakton) diffused freely across cell membranes. It was 
involved in cell communication via the «quorum sensing» system and 
it was the main factor affecting the expression of the A. fischeri lux-
genes. 



Continuous ultrasound 
The experimental results showed that low-intensity ultrasound (0.05–0.1 W/cm2, the 
exposure time of 1–3 minutes), did not effect on the growth and development of the 
bacterial culture, but lowered the intensity of the sonicated cells’ luminescence. Probably it 
has not been reached the state of “quorum sensing”. However, the emission intensity 
quickly restored after the ultrasonic termination. The intensity increase from 0.1 to 
0.2 W/cm2 caused the intensification of luminescence which gradually reached the 
reference value. Exposure to US intensity of 0.4 W/cm2 stimulated the bioluminescence 
and the growth rate of A. fischeri. In the range between 0.4 and 0.6 W/cm2 visible bacterial 
luminescence changes weren’t observed. It is obvious that under these intensities 
suppression and stimulation of bioluminescence effects are equal. US intensities, greater 
than 0.6 W/cm2, irreversible inhibition of bioluminescence was observed. The number of 
viable cells progressively reduced. The US intensity when bioluminescence suppression 
starts, coincides with the thresholds of cavitation in the slurry, which was confirmed by 
experiments on the generation of ultrasonic cavitation emission in free from bacterial cells 
media under intensities greater than 0.6 W/cm2 



The dependence of the luminescence 
intensity (I, r.u.) on the intensity of the US 



Amplitude-modulated ultrasound 

The direct effect of 0.2 W/cm2 US 
intensity and of the modulation 
frequency less than 85 Hz changed 
minimally the degree of cell culture 
emission, whereas at the frequency 
of 120 Hz completely inhibited the 
bioluminescence. 
The US modulation frequency 
range from 85 to 100 Hz at the 
same US intensity of 0.2 W/cm2 
increased the degree of emission. 



US intensity of 0.4 W/cm2 and a 
modulative frequency of 14 Hz and 
9 Hz did not affect significantly on the 
degree of bacterial cells’ 
luminescence. But under lower 
modulation frequencies, 5–7 Hz, the 
emission intensity fell twice – fivefold. 
The stimulation of luminescence was 
observed only when the modulation 
frequency was equal to 10-12 Hz. 



Conclusion 

In brief, we can point out some terms. 

1. The physiological characteristics of marine bacteria showed an adaptation to physical 

factors. 

2. Amplitude modulation allowed to perform equal–energy exposure on cells and to 

determine biologically active frequencies. 

3. Amplitude modulation can initiate both a sharp increase in luminescence and inhibition 

of metabolic processes, causing destruction of the cell wall and death of the 

microorganism. 

4. The change in the optical density of bacteria, both in the experiment and in the control, 

described functions: 

Logistic Model y=a/(1+b*exp(-cx)) and Rational Function y=(a+bx)/(1+cx+dx2). 
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