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Bacteremia is an actual problem of modern 
medicine. In recent years a great number 
of  human pathogenic bacteria with drug 
resistance was found [1]. As a result the number 
of effective antimicrobial drugs decreases and 
there is an increasing need in new antibiotics 
[2, 3]. There are many antibiotic producers 
among pro- and eukaryotes, but fungi, 
including higher fungi, can be considered 
as the largest group of producers which was 
studied for the last decade [4–11]. However, 
the investigations of antimicrobial activity 
of macromycetes are limited by the screening 
and determination of chemical structure of 
antibiotics.

One of the requirements to antibiotic 
producers is submerged cultivation that in 
case of discovery of the promising compound 

can be a base for technology development and 
its production by synthesis.  To reach higher 
productivity of the processes that would result in 
the receipt of the target product researchers are 
looking for optimum conditions of cultivation. 

The study of factors that affect 
antimicrobial activity of macromycetes is 
limited by selection of nutrient media [12, 13]. 
Despite the great amount of investigations 
the search of new environmentally friendly 
regulators of growth and biological activity 
of fungi is highly relevant. The light is one of 
such regulators [14–16]. We have previously 
shown the possibility of the usage of low-
intensity coherent laser and incoherent light 
from different sources to stimulate the 
growth and biosynthetic activity of some 
macromycetes [17].
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The aim of the work was to study the induction of antimicrobial activity of macromycetes by low-
intensity light of different wavelengths and coherence. The objects of investigation were the strains of 
Flammulina velutipes 3923, Pleurotus ostreatus 531, Ganoderma lucidum 1908 and G. applanatum 1552 
from Mushrooms Collection of the Kholodny Institute of Botany of the National Academy of Sciences of 
Ukraine, the test-cultures from Cultural Collections of the Gause Institute of New Antibiotics, All-Union 
Research Institute of Antibiotics and the All-Russian Collection of Industrial microorganisms. As a 
source of coherent visible light lasers were used helium-neon laser with a wavelength of 632.8 nm and an 
argon ion laser with wavelengths of 488.0 nm and 514.5 nm. For obtaining incoherent light were used 
LEDs with emission at a wavelength of 490.0, 520.0 and 634.0 nm. It was found that short-term exposure 
of sowing mycelium by low intensity light with the energy density of 230 MJ/cm2 
in the red and blue wavelength ranges reduced the cultivation period before the appearance of 
antimicrobial activity and induced the increasing of the culture fluid inhibitory activity against different 
test-cultures from 20 to 238%.  Selectable modes of antimicrobial activity photostimulation could be 
used in biotechnology of submerged cultivation of macromycetes for intensification of technological 
stages and increa sing the yield of the final product.
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The aim of this work was to study the 
induction of antimicrobial activity of some 
macromycetes, which are producers of 
biologically active compounds, by low-intensity 
light of different wavelengths and coherence. 

Materials and Methods

The objects of investigations were four 
strains of four basidiomycete species from 
Mushrooms Collection of the Kholodny 
Institute of Botany of the National Academy 
of Sciences of Ukraine: Flammulina velutipes 
(Curtis) Singer 3923, Pleurotus ostreatus 
(Jacq.) P. Kumm. 531, Ganoderma lucidum 
(Curtis) P. Karst. 1908 and Ganoderma 
applanatum (Pers.) Pat.1552. Twelve test-
cultures were also used for investigations: 
Gram-positive bacteria (Bacillus subtilis 
АТСС 6633, B. mycoides 537, B. pumilus 
NCTC 8241, Leuconostoc mesenteroides VKPM 
B-4177, Micrococcus luteus NCTC 8340, 
Staphylococcus aureus FDA 209P (MSSA), 
INA 00761 (MRSA, clinical isolate), Gram-
negative bacteria (Escherichia coli ATCC 
25922, Comamonas terrigena VKPM B-7571 
(=ATCC 8461), Pseudomonas aeruginosa 
ATCC 27853) and fungi (Aspergillus niger INA 
00760, Saccharomyces cerevisiae RIA 259).

For the test-cultures the modified Gause 
medium was used (%): glucose — 1, peptone — 
0.5, tryptone — 0.3, agar — 2 and sodium 
chloride — 0.5.

The me dium for submerged cultivation was 
the following (%): glucose — 1.0, soy flour — 
2.0, malt extract «Мaltax» (Finland) — 2.0.

Macromycetes, test-cultures L. mesen-
te roides VKPM B-4177, C. terrigena VKPM 
B-7571 (=ATCC 8461), A. niger INA 00760 and 
S. cerevisiae RIA 259 were incubated at 28 С, 
whereas other test-cultures were incubated 
at 37 С. The period of cultivation for test-
cultures was 17–20 hours.

 The submerged cultivation of macro-
mycetes was carried out in Erlenmeyer flasks 
(volume 500 ml, volume of the medium — 
100 ml) on a rotary shaker (200 rpm). The 
flasks were inoculated with the culture from 
the agar medium. The inoculum was presented 
by 5 wort agar disks 10 mm diameter with the 
mycelium of 7-day culture. The activity in the 
culture fluid was determined once a week on 
the 7th, 14th, and 21st day of growth.

Antimicrobial activity of the cultural fluid 
was determined by agar diffusion method. 
Test-cultures (107cells/ml) were inoculated 
into the cooled molten modified Gause medium. 
After solidification of the agar medium 100 μl 

of the culture fluid was added into wells 9 mm 
diameter.

To concentrate antimicrobial compounds 
ethyl acetate was added to the culture fluid 
(volume ratio 1:2). The mixture was vigorously 
shaken for 10 min and stored at +4 С 
for 20 hours. After that ethyl acetate was 
removed, the mixture evaporated and the 
obtained pellet solved in 10% aqueous methanol 
to give a 150-fold concentration. A solution of the 
resulting concentrate was applied to filter paper 
discs (6 mm diameter), the disks were air dried 
and applied on the surface of the medium with  
test-culture. Given the amount of concentrate 
coated on the disk in each sample contained 
approximately 15 times more substances 
compared to the substances contained in 100 ul 
of culture fluid introduced into the well.

Antimicrobial activity was determined by 
the diameters of the zones of growth delay of 
test-cultures after incubation, the change of the 
activity was expressed as a percentage relative 
to control. Seed mycelium grown on the surface 
of agar medium was subjected to light exposure. 
Cultures which were not subjected to the light 
treatment served as control. 

The sources of coherent visible light 
were gas lasers: helium-neon LGN 215 with 
radiation at a wavelength of 632.8 nm (red) 
(“Poliaron”, Lviv, Ukraine) and argon ion 
(modified model LGN-106M1, Scientific 
Production Association “Plasma”, Russian 
Federation) with radiation at a wavelength 
of 514.5 nm and 488.0 nm. Modification of 
the laser was performed as an installation 
of laser resonator Littrow prism instead of 
one of the mirrors. That gave the possibility 
to configure the instrument to generate 
radiation at a selected wavelength. Basic 
modification of the laser LGN-106 M1 was 
designed to generate radiation simultaneously 
at several wavelengths, predominantly 488.0 
and 514.5 nm. The laser beam was defocused 
by lens to the area size of the Petri dish. Light 
emitting diodes (LED) with a wavelength of 
490.0 (blue), 520.0 (green) and 634.0 nm (red) 
were used as the sources of incoherent light. 

Laser power density was measured 
using a digital optical power and energy 
meter PM-100D (Thorlabs Inc.) with a 
standard photodiode sensor power S120C, 
the working range of 400–1100 nm. Energy 
dose (light energy incident per unit area) 
was defined as the product of power density 
and exposure time. Thanks to a sufficiently 
broad variation of output power of light 
sources the exposure was selected according 
to a predetermined dose of 230 mJ/cm2 
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and varied from 1 to 30 minutes, depending 
upon the experimental scheme. 

In all variants of the experiment we used 
the conditions of equal doses of light energy 
on the spores and mycelium, so for all types 
of light sources, the energy density on the 
surface of the sample was the same. To provide 
the same energy irradiation conditions of 
the samples (when established and generally 
accepted mechanism of action of low-intensity 
radiation on the mycelium were absent) it 
seemed reasonable to determine the qualitative 
differences of fungi exposure to equal doses of 
radiation of different spectral composition. 

The investigations which were carried 
out on other biological objects showed that 
their sensitivity to light of low intensity was 
universal, implying the existence of the same 
molecular mechanisms [18]. The obtained data 
proved that short-term (from fractions of 
seconds to tens of minutes) low-intensity laser 
coherent radiation in relatively small doses (102–
103 J/m2) promoted persistent macro effect. In 
our experiments the optical radiation energy was 
230 mJ/m2. This value was chosen in accordance 
to the results of our previous studies [17] and the 
analysis of data obtained by other researchers 
[19]. As it is known, fungi photoreceptor system 
is adapted to visible light in the wavelength range 
from 350 to 730 nm [14, 19, 20] and this spectral 
series proved our selection of wavelengths (blue, 
green and red region).

Light exposure of 7-day mycelium was 
performed directly in Petri dishes with a 
diameter of 90 mm. In this case the dose was 
18–20 J and the period of the light exposure 
per a single sample was from 1 to 20 min. 

Experimental results were expressed as 
mean ± standard deviation from the mean of 
three replicates. The results were processed 
using Microsoft Excel 2007 and Annova 
version 0.98.  The values with P <0.05 were 
considered as statistically significant.

Results and Discussion

Short-term exposure of seed mycelium by 
low-intensity light in red and blue wavelength 
ranges increased antimicrobial activity 
macromycetes towards almost all the above 
mentioned test cultures (Table). Green light 
either did not cause changes in the level of 
activity or suppress it. We have previously 
found antimicrobial activity of strain 531 
P. ostreatus against Gram-positive bacteria 
B. mycoides 537, B. pumilus NCTC 8241, 
L. mesenteroides VKPM B-4177, M. luteus 
NCTC 8340, S. aureus FDA 209P (MSSA) 

and INA 00761 (MRSA, clinical isolate), as 
well as against Gram-negative bacteria E. coli 
ATCC 25922, C. terrigena VKPM B-7571 
(=ATCC 8461) and P. aeruginosa ATCC 27853 
[17]. At this stage the biosynthesis of the 
antibiotic component in the control probes 
was fixed after 14 days of incubation (except 
components active against MSSA and MRSA), 
that is in accordance with our previous studies. 
Exposure by laser (coherent) light (632.8 nm 
and 488.0 nm) as well as by light-emitting 
diodes (incoherent) in the same wavelength 
range induced the appearance of antimicrobial 
activity on the 7th day of cultivation 
of P. ostreatus against B. mycoides, B. pumilus, 
L. mesenteroides and C. terrigena. Increasing 
of the antimicrobial activity by more than 
100% was observed against B. pumilus, 
L. mesenteroides, C. terrigena, MRSA, MSSA 
and E. coli. The zone of growth inhibition 
of B. mycoides by culture filtrate which 
was obtained after 14 days of incubation of 
P. ostreatus irradiated with red laser light 
increased by 3.8 times compared to the control. 
Irradiation with blue light increased the zone of 
growth inhibition of this test-culture almost by 
3 times. Low-intensity laser radiation induced 
10–40% greater stimulatory effect compared 
with the LED emission. After irradiation of 
P. ostreatus with green light it was observed 
the decreasing of antimicrobial activity of 
the culture fluid against B. mycoides, MRSA, 
M. luteus and P. aeruginosa. However, 
exposure in this range with either coherent or 
incoherent light increased the biosynthesis of 
antimicrobial components which suppressed 
the growth of E. coli. Based on this, it can be 
assumed that the green light stimulates this 
strain to synthesize specific compounds which 
are active against E. coli.

After two weeks of cultivation F. velutipes 
strain revealed antimicrobial activity 
against a broad spectrum of microorganisms: 
B. subtilis ATCC 6633, S. aureus FDA 209P, 
S. aureus INA 00761 and E. coli ATCC 2592 and 
after a week the growth inhibition of A. niger 
INA 00760 was observed. Three antibiotic 
components were revealed at this strain during 
the one-stage and two-stage cultivation [5]. 
Irradiation of seed mycelium of this fungus 
with red and blue coherent light stimulated 
its synthesis and accordingly increased the 
activity against all of the above mentioned 
microorganisms including micromycete 
A. niger for 60–150%. Stimulation of inhibitory 
activity of F. velutipes with incoherent light 
under the same conditions was 20–100%. As 
in case of P. ostreatus antimicrobial activity of 
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Antimicrobial activity of macromycetes after light exposure 
(diameters of zones of growth inhibition, mm)

Test-culture Day of 
growth

Red Green Blue Control 
without 

light 
exposure

coherent incoherent coherent incoherent coherent incoherent

P. оstreatus

B. mycoides 
537

7 11 ± 0.16* 7 ± 0.2* 0 0 9 ± 0.14* 5 ± 0.23* 0

14 19 ± 0.21* 14 ± 0.18* (7 ± 0.16)* (6 ± 0.14)* 14 ± 0.21* 12 ± 0,2* 5 ± 0.21

21 0 18 ± 0.16* (6 ± 0.21)* (8 ± 0.14)* 19 ± 0.1* 17 ± 0.18* 13 ± 0.14

B. pumilus 
NCTC 8241

7 5 ± .02* 5 ± 0.26* 0 0 6 ± 0.12* 4 ± 0.1* 0

14 15 ± 0.17* 16 ± 0.17* 9 ± 0.12* 6 ± 0.2* 12 ± 0.2* 10 ± 0.16* 8 ± 0.14

21 0 0 0 0 5 ± 0.14 0 6 ± 0.17

L. mesente-
roides VKPM 

B-4177

7 4 ± 0.12* 4 ± 0.10* 5 ± 0.33* 3 ± 0.10* 8 ± 0.22* 5 ± 0.1* 0

14 10 ± 0.14* 9 ± 0.19* 10 ± 0.09* 6 ± 0.22* 10 ± 0.16* 6 ± 0.1* 5 ± 0.16

21 8 ± 0.2* 6 ± 0.12* 0 0 0 3 ± 0.1* 5 ± 0.3

S. aureus FDA 
209P (MSSA)

7 11 ± 0.2 10 ± 0.14* 8 ± 0.18* 7 ± 0.14* 12 ± 0.21* 10 ± 0.23* 5 ± 0.17

14 16 ± 0.19* 13 ± 0.26* 8 ± 0.22 7 ± 0.18* 16 ± 1.7* 14 ± 0.23* 8 ± 0.24

21 0 0 0 0 0 0 0

S. aureus 
INA 00761 

(MRSA)

7 12 ± 0,16* 11 ± 0,2* 4 ± 0.12* 5 ± 0.1 14 ± 0.19* 11 ± 0.24* 5 ± 0.2

14 20 ± 0,3* 18 ± 0.23* 11 ± 0.18* 9 ± 0.17* 19 ± 0.32* 16 ± 0.19* 10 ± 0.15

21 0 0 (15 ± 0.33)* (13 ± 0.22)* 0 0 16 ± 0.32

M. luteus 
NCTC 8340

7 0 0 0 0 0 0 0

14 11 ± 0.1* 9 ± 0.22* 0 0 7 ± 0.11* 7 ± 0.2* (6 ± 0.14) 

21 7 ± 0.17* 8 ± 0.12 0 0 11 ± 0.32* 9 ± 0.18* (8 ± 0.16) 

E. coli ATCC 
25922

7 0 0 0 0 0 0 0

14 12 ± 0.12* 10 ± 0.16* 9 ± 0.18* 7 ± 0.18* 13 ± 0.26* 10 ± 0.20* 6 ± 0.23

21 15 ± 0.28* 13 ± 0.18* 12 ± 0.25* 10 ± 0.23* 16 ± 0.2* 13 ± 0.16* 9 ± 0.2

C. terrigena 
VKPM B-7571

7 10 ± 0.19* 9 ± 0.14* 0 0 10 ± 0.15* 12 ± 0.1* 0

14 16 ± 0.26* 12 ± 0.17* 7 ± 0.12 7 ± 0.1 18 ± 0.3* 16 ± 0.18* 7 ± 0.12

21 4 ± 0.23* 6 ± 0.23м 9 ± 0.24* 7 ± 0.1м 0 0 9 ± 0.12

P. aeruginosa 
ATCC 27853

7 0 0 0 0 0 0 0

14 14 ± 0.17* 11 ± 0.18* (8 ± 0.2)* (9 ± 0.2)* 14 ± 0.16* 12 ± 0.23* 8 ± 0.21

21 11 ± 0.16* 7 ± 0.25* (7 ± 0.14)* (7 ± 0.19)* 8 ± 0.18* 6 ± 0.21* 4 ± 0.17*

F. velutipes

B. mycoides 
537

7 6 ± 0.12* 5 ± 0.19* 0 0 9 ± 0.18* 3 ± 0.1* 0

14 15 ± 0.22* 13 ± 0.1* 0 0 14 ± 0.11* 12 ± 0.18* 8 ± 0.23

21 5 ± 0.2* 5 ± 0.23* 6 ± 0.12* 5 ± 0.2* 6 ± 0.14* 16 ± 0.17* 12 ± 0.32

S. aureus FDA 
209P (MSSA)

7 13 ± 0.11* 9 ± 0.16* 0 0 10 ± 0.19* 6 ± 0.31* 0

14 26 ± 0.3* 24 ± 0.23* 12 ± 0.27 11 ± 0.2* 28 ± 0.25* 23 ± 0.17* 12 ± 0.19

21 8 ± 0.21* 6 ± 0.15* 18 ± 0.14* 20 ± 0.33* 9 ± 0.25* 8 ± 0.24* 22 ± 0.23
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Note: * P <0.05; in particular pairs 5 and 6, 11 and 12 were statistically significant. For example, 6 ± 0,12 
and 5 ± 0,3: the value of the Student’s t-test = 3.09, the differences were statistically significant (P <0.05), 
the number of degrees of freedom f = 4; the critical value of the Student’s t-test = 2.776, at a significance level 
 = 0,05; 11 ± 0,2 and 12 ± 0,11: the value of the Student’s t-test = 4.38; differences are statistically significant 
(P <0.05); the degrees of freedom f = 4; the critical value of the Student’s t-test = 2.776, at a significance level 
= 0,05 (the same applies to the other pairs).

Control is everywhere; «0» — zero activity. In parentheses are the diameters of the zones of growth 
inhibition.

Test-culture Day of 
growth

Red Green Blue Control 
without 

light 
exposure

coherent incoherent coherent incoherent coherent incoherent

S. aureus 
INA 00761 

(MRSA)

7 7 ± 0.1* 4 ± 0.1* 0 0 11 ± 0.36** 9 ± 0.13* 0

14 16 ± 0.14* 14 ± 0.22* 6 ± 0.11* 6 ± 0.16* 18 ± 0.21* 14 ± 0.11* 9 ± 0.1

21 12 ± 0.31* 12 ± 0.15* 10 ± 0.2* 9 ± 0.21* 9 ± 0.11* 5 ± 0.1* 14 ± 0.26

E. coli ATCC 
25922

7 6 ± 0.13* 6 ± 0.2* 0 0 8 ± 0.19* 5 ± 0.17* 0

14 20 ± 0.17* 18 ± 0.32* 9 ± 0.12* 8 ± 0.26* 22 ± 0.34* 19 ± 0.12* 12 ± 0.14

21 14 ± 0.24* 10 ± 0.11* 15 ± 0.34* 11 ± 0.1* 9 ± 0.19* 8 ± 0.11* 17 ± 0.19

A. niger INA 
00760

7 16 ± 0.11* 12 ± 0.19* 7 ± 0.1* 8 ± 0.15* 19 ± 0.3* 17 ± 0.31* 10 ± 0.12

14 12 ± 0.29* 15 ± 0.12* 10 ± 0.16* 10 ± 0.22* 12 ± 0.25* 13 ± 0.27* 14 ± 0.21

21 9 ± 0.12* 10 ± 0.14* 8 ± 0.25* 7 ± 0.2* 6 ± 0.32* 5 ± 0.11* 12 ± 0.2

G. applanatum

B. subtilis 
АТСС 6633

7 5 ± 0.11* 0 0 0 7 ± 0.16* 4 ± 0.11* 0

14 13 ± 0.22* 11 ± 0.16* 8 ± 0.11 9 ± 0.28* 15 ± 0.36* 12 ± 0.18* 8 ± 0.12

21 6 ± 0.18* 0 0 0 5 ± 0.11* 0 0

S. aureus FDA 
209P (MSSA)

7 7 ± 0.1* 5 ± 0.19* 0 0 8 ± 0.23* 6 ± 0.21* 0

14 17 ± 0.33* 15 ± 0.34* 12 ± 0.22* 11 ± 0.12* 16 ± 0.17* 14 ± 0.3* 13 ± 0.7

21 4 ± 0.12 0 0 0 6 ± 0.15* 0 0

S. aureus 
INA 00761 

(MRSA)

7 9 ± 0.14* 7 ± 0.19* 0 0 10 ± 0.22* 8 ± 0.13* 0

14 18 ± 0.29* 17 ± 0.24* 10 ± 0.13* 11 ± 0.2* 16 ± 0.32* 14 ± 0.16* 12 ± 0.11

21 7 ± 0.2* 6 ± 0.21* 0 0 0 0 0

G. lucidum

B. subtilis 
АТСС 6633

7 9 ± 0.22* 6 ± 0.16* 0 0 7 ± 0.11* 6 ± 0.18* 0

14 18 ± 0.15* 16 ± 0.13* 12 ± 0.3* 13 ± 0.34 19 ± 0.28* 16 ± 0.26* 13 ± 0.3

21 6 ± 0.1* 0 0 0 4 ± 0.12* 0 0

S. aureus FDA 
209P (MSSA)

7 5 ± 0.1* 5 ± 0.11* 0 0 7 ± 0.1* 6 ± 0.11* 0

14 12 ± 0.18* 10 ± 0.21* 6 ± 0.12* 8 ± 0.13 14 ± 0.14* 11 ± 0.2* 8 ± 0.15

21 0 0 0 0 0 0 0

S. aureus 
INA 00761 

(MRSA)

7 6 ± 0.12* 0 0 0 4 ± 0.13* 0 0

14 11 ± 0.2* 10 ± 0.19* 8 ± 0.14 7 ± 0.2* 12 ± 0.21* 9 ± 0.15* 8 ± 0.1

21 0 0 0 0 0 0 0
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F. velutipes was observed a week earlier than 
in the control. Irradiation with green light 
inhibited the activity of strain F. velutipes. 
Similar changes of antimicrobial activity 
were observed after irradiation of strains 
G. lucidum and G. applanatum. Antimicrobial 
activity of these strains against methicillin-
sensitive  and methicillin-resistant strains 
of S. aureus and B. subtilis ATCC 6633 was 
previously identified [6]. However, unlike the 
previously described species these strains were 
active within a narrow time interval. Short-
term exposure with low-intensity light in the 
blue and red wavelengths not only increased 
the antimicrobial activity of G. lucidum 
and G. applanatum, but also extended their 
biosynthetic activity. Perhaps these changes 
should be seen as positive, as some researchers 
think that for the antibiotic formation the 
long-term  surface cultivation or submerged 
cultivation is needed [20, 21]. However, to 
prove this, additional accurate quantitative 
investigations of biosynthesis antibiotic 
components throughout the entire process of 
cultivation have to be performed. It should 
be noted that the mechanisms responsible for 
the biosynthesis of antimicrobial compounds 
from G. lucidum and G. applanatum were 
less sensitive to light exposure under 
proposed conditions. Maximal increasing 
of antimicrobial activity of G. applanatum 
against B. subtilis was observed when this 
fungi was irradiated with coherent red light 
and blue light (82 and 87%, respectively as 
compared with the non-irradiated control).

In case of G. lucidum the exposure 
under same conditions largely increased the 
inhibitory activity of the culture fluid against 
MSSA (50% — red and 75% —  blue light). 
Green light did not have any significant effect 
on the duration of the biosynthesis or the level 
of the activity of antimicrobial components of 
these strains. Analysis of the results revealed 
some general patterns in the changes of 
antimicrobial dependence of the macromycete 
studied species after light exposure.

The stimulating effect of blue and red 
light let us suggest the presence of two 
photoreceptor systems that is in accordance to 
the modern theory of the universality of the 
mechanisms of photosensitivity [18]. There 
are several types of photoreceptors in fungi 
[14, 15, 19]. Isolation and characterization 
of fungi photoreceptors are based on the 
identified genes of WC-1 and WC-2 from 
Neurospora crassa. Genes which are similar 
to WC-1 and WC-2 have been identified in the 
genomes of some Ascomycetes, Basidiomycetes 

and Zygomycetes, and many of these genes are 
required for the light photoresponse of fungi. 
The blue light was the most efficient from 
the point of view of impact on the mushroom 
photomorphogenesis. This light can also 
activate metabolism or affect the growth of 
fungal structures. Genes which are responsible 
for photoreception of blue light were found in 
basidiomycetes Coprinus cinereus (Schaeff.) 
Gray, Pleurotus ostreatus (Jacq.) P. Kumm. 
and Lentinus edodes (Berk.) Singer [22, 23]. 
Besides, research of fungi genome allowed to 
identify unexpected photoreceptor genes of 
phytochromes which are in particular sensitive 
to red light in addition to cryptochrome and 
rhodopsin which absorb the blue light [22, 24].

In all experiments macromycetes showed 
a higher sensitivity to low-intensity laser 
radiation. Experiments with different 
biological objects identified the highest 
bioactivity of coherent light compared to 
incoherent light at the same wavelength 
ranges by the spatial heterogeneity of the laser 
field. It is believed that the effectiveness of 
the coherent light is related to the influence 
of spatially heterogeneous distribution of the 
intensity of scattered coherent light [15, 18, 
25], and the ability to create a high spectral 
radiation brightness, which can’t be achieved 
by using conventional incoherent light sources.

It was found that low intensity light with 
the energy density of 230 mJ/cm2  resulting 
from laser and LED light sources had a 
significant effect on the antimicrobial activity 
of F. velutipes, P. ostreatus, G. lucidum and 
G. applanatum at submerged cultivation. Short-
term exposure of seed mycelium with red and 
blue wavelengths helped to reduce the period 
of cultivation and promoted the appearance of 
antimicrobial activity. Coherent (laser) light 
had a great stimulating effect as compared with 
incoherent (LED) and its usage under given 
conditions induced increase of the inhibitory activity 
of the culture fluid against different test-cultures: 
F. velutipes for 60–150%, P. ostreatus — 100–238%, 
G. applanatum — 30–87% and G. lucidum — 
30–70%. However, the usage of LED sources 
provided quite high antimicrobial activity 
of P. ostreatus (37–180%) and F. velutipes 
(20–100%).

Thus, these results demonstrate the 
promising use of low-intensity light as an 
environmentally friendly stimulator of 
antimicrobial activity in biotechnology of 
submerged cultivation of macromycetes. The 
selected conditions of photostimulation may 
be used to intensify the output stages and to 
increase the yield of the final product.
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Метою роботи було вивчення індукування 
антимікробної активності макроміцетов низь-
коінтенсивним світлом різної когерентності й 
різних довжин хвиль. Об’єктами досліджен-
ня були штами Flammulina velutipes 3923, 
Pleurotus ostreatus 531, Ganoderma lucidum 
1908 і G. applanatum 1552 з Колекції куль-
тур шапинкових грибів Інституту ботаніки 
ім. М. Г. Холодного НАН України та тест-куль-
тури із Всеросійської колекції мікроорганіз-
мів. Як джерело когерентного видимого світла 
використовували газові лазери: гелієво-неоно-
вий лазер з випромінюванням на довжині хви-
лі 632,8 нм і аргоновий іонний лазер — 488,0 і 
514,5 нм. Для одержання некогерентного світ-
ла застосовували світлодіоди з випромінюван-
ням на довжині хвиль 490,0, 520,0 і 634 нм. 
З’ясовано, що короткочасне опромінення по-
сівного міцелію світлом низької інтенсивності 
зі щільністю енергії 230 мДж/см2 у червоному 
і синьому діапазонах довжин хвиль скорочує 
період культивування до появи антимікробної 
активності та індукує збільшення інгібуючої 
активності культуральної рідини стосовно різ-
них тест-культур від 20 до 238%. Встановлені 
режими фотостимуляції антимікробної актив-
ності можуть бути використані в біотехнології 
глибинного культивування макроміцетов для 
інтенсифікації етапів і збільшення виходу кін-
цевого продукту.

Ключові слова: макроміцети, низькоінтенсив-
не світло, лазери, антимікробна активність, 
світлодіоди.
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Целью работы было изучение индуцирова-
ния антимикробной активности макромицетов 
низкоинтенсивным светом разной когерентно-
сти и разных длин волн. Объектами исследова-
ния были штаммы Flammulina velutipes 3923, 
Pleurotus ostreatus 531, Ganoderma lucidum 
1908 и G. applanatum 1552 из Коллекции 
культур шляпочных грибов Института бота-
ники им. Н. Г. Холодного НАН Украины и 
тест-культуры из Всероссийской коллекции 
микроорганизмов. В качестве источника ко-
герентного видимого света использовали газо-
вые лазеры: гелиево-неоновый лазер с излу-
чением на длине волны 632,8 нм и аргоновый 
ионный лазер — 488,0 и 514,5 нм. Для полу-
чения некогерентного света применяли свето-
диоды с излучением на длине волн 490,0, 520,0 
и 634,0 нм. Установлено, что кратковремен-
ное облучение посевного мицелия светом 
низкой интенсивности с плотностью энергии 
230 мДж/см2 в красном и синем диапазонах 
длин волн сокращает период культивирова-
ния до появления антимикробной активности 
и индуцирует увеличение ингибирующей ак-
тивности культуральной жидкости по отноше-
нию к разным тест-культурам от 20 до 238%. 
Установленные режимы фотостимуляции ан-
тимикробной активности могут быть использо-
ваны в биотехнологии глубинного культивиро-
вания макромицетов для интенсификации эта-
пов и увеличения выхода конечного продукта.

Ключевые слова: макромицеты, низкоинтен-
сивный свет, лазеры, антимикробная актив-
ность, светодиоды.




