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Abstract. The laser irradiation effect of nutrient media solutions on their 

microstructure and, as a result, on the dynamics of bacterial growth in 

photomodified media is considered in the article. It is experimentally shown that 

the growth rate of bacteria varies depending on the irradiation media time, that 

allows us to control the dynamics of bacterial cultures. © 2020 Journal of 
Biomedical Photonics & Engineering. 
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1 Introduction 

Laser radiation is widely used to modify a structure and 

properties of biomaterials, drugs, and biological fluids 

[1–4]. In the case of exposure to a liquid media, the 

energy of laser radiation is used to modify a 

microstructure of the liquid. It is known [5, 6] that 

organic molecules (for example, proteins 

macromolecules) and water molecules themself form 

clusters using hydrogen bonds. The larger size of such 

associate means the higher ratio of its mass to the 

surface and, hence, the smaller reactivity. It is shown 

[4, 7] that under the influence of laser radiation clusters 

of organic molecules can break up into smaller 

formations, because coherent monochromatic laser 

radiation causes intense movements of charged sections 

of macromolecules. As a result, the molecules break out 

of the clusters, creating more homogeneous mixture 

with fewer inhomogeneities. 

On the other hand, the control of bacterial cultures 

growth is an urgent problem in medicine, because 

traditional methods of bacterial reproduction 

suppressing, for example, with the help of antibiotics, 

are not always effective. Therefore, some strains of 

Staphylococcus aureus have become resistant to a wide 

range of antibiotics, in particular to penicillins 

(methicillin, dicloxacillin, nafcillin, oxacillin, etc.) and 

cephalosporins. Resistance of bacteria leads to various 

complications after staphylococcal infection and causes 

high mortality. Therefore, the search for new methods 

for control of the bacterial growth dynamics is an urgent 

task. 

The dynamics of bacterial culture development 

depends to a significant extent on both the presence of 

nutrients and their bioavailability. Therefore, there are 

three stages of cultivation for any bacterial culture in an 

in vitro closed environment: rapid growth under 

nutrients excess, “plateau” – the period when the 

processes of reproduction and death balance each other, 

and the decline period, when the depletion of nutrients 

leads to the predominance of the death processes over 

the growth processes of the culture. It is known that 

liquid or gel protein solutions are often used as a 

nutrient medium for the microorganisms cultivation [8], 

for example, meat-peptone agar. As noted above, 

dissolved substances form clusters (associates) in 

liquids by combining molecules. The associate size 

affects its diffusion through the bacterial membrane and, 

thus, its bioavailability as a food for bacterial cells. 

Therefore, the destruction of the molecule clusters, for 

example, under the influence of laser radiation, would 

allow us to change their suitability for assimilation by 

microorganisms. 

The aim of this work is to determinate the effect of 

modification of the nutrient medium by laser irradiation 

on the growth dynamics of microorganisms in a closed 

system. 

2 Materials and methods 

The influence of nutrient medium laser exposure on the 

bacterial growth dynamics was evaluated. As a test 

model, we used a reference culture of Staphylococcus 

aureus (St. aureus) that was grown in a liquid medium 

(nutrient broth is an aqueous solution of peptone, fish 

meal hydrolysate, and sodium chloride). In the control 

cases, a microbial suspension was added to the liquid 

nutrient medium immediately after its preparation. In 
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experimental samples, the nutrient medium that is 

necessary for the development of bacterial culture was 

exposed to laser radiation in the green region of the 

spectrum (wavelength 532 nm, power 100 mW). The 

choice of this wavelength is determined by the results of 

previous experiments on the effect of laser radiation on 

protein solutions [9]. Laser radiation with wavelength of 

532 nm, even under small exposure times, provides a 

larger change of the structure compared to the 

wavelength of 650 nm. 

The irradiation of the nutrient medium was carried 

out in the “light boiler” mode. Laser radiation was 

directed from above to the liquid nutrient medium in a 

test tube, which was wrapped with a reflective layer. 

Thus, the liquid medium was affected not by direct 

radiation only, but also by reflected radiation. Laser 

radiation was exposed during 30, 60, and 120 sec (the 

total irradiation energy is 3 J, 6 J, and 12 J, 

respectively). After that, a microbial suspension was 

placed in the nutrient medium. It should be noted that 

the laser radiation affected the nutrient medium only 

and did not interact with bacteria. Every 12–24 hours 

during the week, a drop of liquid medium with 

microbial suspension was taken and seeded on a solid 

agar-based medium in four repetitions (4 Petri dishes). 

Further, the primary growth time was taken into 

account, the number of colony-forming units (CFU) was 

calculated and their types were described. Thus, for 

each of the 8 time points, 4 seeding procedures were 

carried out, a total of 32 samples for each series of 

experiments, or 128 samples in total. The average value 

and measurement error were calculated from 4 

measurements for each time point. 

3 Results 

The first growth of bacteria in the control and 

experimental groups was recorded 12 hours after 

sowing (Fig. 1). However, in a group with nutrient 

medium irradiated during 120 sec growth was delayed: 

growth was observed only in one Petri dish. 

There is a 24-hour active growth stage in the control 

group, where St. aureus was cultured in a non-laser-

exposed medium (Fig. 1). At the same time, the number 

of bacteria has its maximum – 7.925 ± 0.15 lg CFU/ml. 

The number of cells decreases to 4.535 ± 0.11 

lg CFU/ml from 24 hours point to the end of the 

experiment. 

For the culture medium irradiated for 30 and 60 sec, 

the dynamics of the bacteria growth is identical to the 

control group in the first 24 hours. However, the 

medium irradiated for 30 sec later shows a smoother 

decrease of the colonies number that is 1.32 times 

greater at the end of experiment than for the non-

irradiated medium. The difference significantly exceeds 

the error of the experiment at this stage. 

The irradiation of the media during 60 sec increases 

the active breeding period of the microbial population to 

72 hours. In addition, the population size reached its 

maximum value in comparison with all experimental 

cases (7.75 ± 0.5 lg CFU/ml). After that, the death 

processes began to predominate over the division 

processes (it is associated with the nutrient substrate 

depletion) and the number of bacteria decreased to 

5.175 ± 0.35 lg CFU/ml, that differs from the control 

value within the experimental error.  

 

 

Fig. 1 The dependence of bacterial growth over the time 

(the abscissa axis sets time, the ordinate axis sets the 

logarithm of colony-forming units (CFU). 

With an increase of the laser exposure time to 

120 sec the bacteria growth was slowed down at the 

initial stage compared to the control group. In this case, 

the active breeding phase of the microbial population 

was extended to 48 hours, followed by a slight decrease 

in the number of colonies. “Plateau” is registered until 

the completing experiment, so the processes of 

reproduction and death are approximately at the same 

level. It should be noted that the absence of bacteria 

amount reducing phase leads to the fact that the amount 

of colonies in the 120 sec exposure media exceeds the 

control value by 1.5 times to the end of the experiment. 

The observed significant difference in growth 

dynamics is probably due to changes in the structure of 

the macromolecular clusters in the nutrient medium. 

Thus, at short exposure times (30 and 60 sec) the laser 

radiation energy is spent on increase of the cluster 

components mobility that leads to its disintegration into 

smaller formations and increase of the nutrients 

bioavailability in the solution. These changes cause an 

elongation of the bacteria growth phase and a sharp 

depletion of nutritional resources, that later leads to 

intensive bacterial death. 

Under irradiating the nutrient medium during 

120 sec, we observe the opposite effect: at the initial 

stage, the bacteria growth rate was less than control, and 

this fact indicates a decrease of the nutrients 

bioavailability. We offer two explanations for this 

phenomenon. First, under the excess of the laser 

radiation energy, additional energy is enough not only 

to destroy clusters but also to change the secondary and 

tertiary conformation of protein molecules that 

negatively affects their interaction with receptors on the 

bacterial membrane. Second, the explanation may be 

since according to some experimental data [10] laser 

radiation causes an increase in the homogeneity of the 
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liquid media structure, i.e., there are two parallel 

processes: division of the large clusters into smaller 

ones, and on the contrary, fusion, enlargement of the 

smallest clusters. Thus, the dispersion degree of the 

clusters size decreases, while the percentage of the 

smallest ones decreases, which also causes a bacteria 

growth slowdown in the media and increases the time 

until the resources are depleted, that looks like a long 

“plateau” on the graph. 

4 Conclusion 

Thus, it is experimentally established that laser 

irradiation with a wavelength of 532 nm significantly 

affects growth dynamics of the Staphylococcus aureus 

in a closed system. Nutrient media irradiated for 30 and 

60 sec contribute to a longer growth period compared to 

the control that is probably associated with decrease in 

the characteristic size of clusters formed by 

macromolecules of nutrients that increases their 

bioavailability. Irradiation of the nutrient medium 

during 120 sec leads to the opposite effect: the rate of 

the bacteria growth slows down, the consumption of the 

nutrient resources decreases, and the phase of active 

death does not occur by the end of the observation time. 
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