Experimental articles

UDC 544.431.122:582.284.3:628.93

doi: 10.15407 /biotech8.01.063

INDUCTION OF ANTIMICROBIAL ACTIVITY
OF SOME MACROMYCETES
BY LOW-INTENSITY LIGHT

N. L. Poyedinok? Unstitute of Food Biotechnology and Genomics

O. B. Mykhaylova® of the National Academy of Sciences of Ukraine, Kyiv

A. M. Negriyko® 2Kholodny Botany Institute of the National Academy

1. A. Dudka? of Sciences of Ukraine, Kyiv

B. F.Vasilyeva* 3Institute of Physics of the National Academy of Sciences of Ukraine,
O.V. Efremenkova* Kyiv

‘Gause Institute of New Antibiotics, Moscow, Russian Federation

E-mail: poyedinok@ukr.net
Received 17.12.2014

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 increasing the yield of the final product.

Key words: macromycetes, low intensity lights, lasers, antimicrobial activity, light emitting diodes.

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 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
ATCC 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 «Maltax» (Finland) — 2.0.

Macromycetes, test-cultures L. mesen-
teroides VKPM B-4177, C. terrigena VKPM
B-7571 (=ATCC 8461), A. niger INA 00760 and
S. cerevisiae RIA 259 were incubated at 28 °C,
whereas other test-cultures were incubated
at 37 °C. 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 7%, 14" and 21°* 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 pul
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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 °C
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/cm?
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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 (10—
103 J/m?) promoted persistent macro effect. In
our experiments the optical radiation energy was
230 mJ/m?. 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.aureusINA 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.nigerfor 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)

Red Green Blue Control
Test-culture Day (t)ﬁ w;.thl(:;lt
grow coherent |incoherent| coherent incoherent coherent incoherent 1g
exposure
P. ostreatus
7 |11=0.16*| 7=x0.2% 0 0 9+0.14" | 5+0.23" 0
B. mgg?‘des 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
7 | 5+.02" |5+0.26" 0 0 6+0.12° | 4=+0.1% 0
B. pumilus % % % % % %
NOTC 8941 | 14 [15=0.177/16+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
7 |4+0.12%[4+0.10°| 5+0.33" | 3+0.10" | 8+0.22" | 5=0.1% 0
L. mesente- = = = = = =
roides VKPM | 14 [10+0.14%]9+0.19% | 10+0.09% | 6 +0.22% [10+0.16"| 6=0.1 5+0.16
B-4177
21 | 8+0.2" |6=+0.12% 0 0 0 3+0.1% 5+0.3
7 | 11+0.2 [10+0.14% 8+0.18% | 7+0.14" [12+0.21%| 10=0.23" | 5+0.17
S. aureus FDA % % % * *
500P (MssA) |14 [16=0.19%13+0.26%) 80.22 | 7+0.18" | 16+1.7" | 14=0.23" | 8=0.24
21 0 0 0 0 0 0 0
7 [12+0,16%|11+0,2%| 4+0.12% 5+0.1 |14+0.197| 11+0.24% | 5+0.2
S. aureus - o - = = =
INAO00761 | 14 [20+0,3%|18+0.23% 11+0.18% | 9+0.17" [19+0.32%| 16 +0.19% | 10+0.15
MRSA
( ) 21 0 (15 +0.33)"| (13 = 0.22)" 0 0 16 = 0.32
7 0 0 0 0 0 0
M. luteus % % * *
NCTC 8340 | 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)
7 0 0 0 0 0 0 0
E. "z"élgfggcc 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
7 110+0.19%| 9 +0.14" 0 0 10+0.15%| 12+0.1% 0
C. terrigena % % % %
VEKPM B a7yl 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+0.23m| 9+0.24 | 7=0.1m 0 0 9+0.12
7 0 0 0 0 0 0 0
P. i *
Agégug’;’g‘?g 14 [14+0.17%[11 +0.18*| (8=0.2)" (gio.z)*' 14+0.16%| 12 +0.23" 8i0.21'
21 [11+0.16"|7+0.25% | (720.14)" | (7=0.19)* | 8+0.18% | 6+0.21" | 4=0.17"
F. velutipes
7 |6+0.12%|5+0.19% 0 0 9+0.18°| 3+0.1% 0
B. mgg?‘des 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
7 [13+0.11*|9+0.16" 0 0 10+0.19%| 6+0.31% 0
S. aureus FDA % % * * *
500D (MSSA) | 14 | 26+0.3%|2420.23"] 1220.27 | 11+0.2 28i0.25' 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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Red Green Blue C9ntr01
Test-culture Day 2{1 W;.thl(:;lt
grow coherent |incoherent| coherent |incoherent | coherent incoherent 1g
exposure
S 7 7+0.1" | 4+0.1% 0 0 11+0.36"%| 9=+0.13" 0
.aureus - - -
INAO00761 | 14 [16=0.14"[14+0.22%| 6+0.117 | 6+0.16" | 18+0.21% | 14+0.11° | 9=0.1
(MRSA) % : :
21 [12+0.31%12+0.15%] 10+0.2* | 9+0.21% | 9+0.11 5+0.1 14 +0.26
7 |6+0.13%| 6+0.2% 0 0 8+0.19° | 5+0.17° 0
E. c;éigé’zrcc 14 |20=0.17%(18 +0.32%| 9+0.12" | 8=0.26% | 22+0.34% | 190+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
7 |16+0.11%[12+0.19% 7+x0.1% | 8+0.15% | 19+0.3" | 17+0.31% | 10+0.12
A. ’ﬁg;’é{)NA 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
7 |5=0.11% 0 0 0 7+0.16" | 4=+0.11%
Ifq;é‘ébéié% 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
7 | 72017 | 5+0.19% 0 8+0.23" | 6+0.21%
%O‘ggiﬁsg%‘ 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 7 19+0.14% | 7+0.19% 0 0 10+0.22% | 8=+0.13" 0
.aureus - -
INA 00761 14 [18+0.29%17+0.24%/10+0.13%| 11+0.2" | 16 +0.32% | 14+0.16" | 12+0.11
(MRSA) m o
21 | 7+0.2% |6=0.21 0 0 0 0 0
G. lucidum
7 |9+0.22|6=+0.16" 0 0 7+0.11% | 6=0.18" 0
If,fé‘ébéiég% 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
7 | 520.1" |5+0.11% 7+0.1% | 6=0.117
Sz'otgtpriﬁsg%? 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
7 |6=0.12% 0 4+0.13%
S. aureus " " " " "
INAO00761 | 14 [11+0.2°[10+0.19"| 8+0.14 | 7+0.2° |12+0.21%| 9=+0.15 8+0.1
(MRSA)
21 0 0 0 0 0 0 0

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
a=0,05;11=+0,2and 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
a = 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.
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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
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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/cm? 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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IIIY «IHCcTHUTYT XapuoBOi 6ioTexHOJIOTiT
iremomiku HAH Vkpaiuu», Kuis
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HAH Vxkpainu, Kuis
3Uucruryr dpisuxu HAH Yrpaiau, Kuis
IHCTUTYT 3 HOIIYKY HOBUX aHTUOIOTHUKIB
im. I'. &. T'ayse PAMH, Mockga, P®

E-mail: poyedinok@uker.net

Meroio pob6oTu 6yJI0 BUBUEHHS iHAYKYBaHHA
AHTUMiKPOOHOI aKTUBHOCTI MaKpPOMiIleTOB HU3h-
KOiHTeHCHUBHUM CBiTJIOM Pi3HOI KOTe€pPEeHTHOCTI i
pisHUX MOBKUH XBUJIb. O0’€KTaMU JOCTimKeH-
Ha O0ynu mramu Flammulina velutipes 3923,
Pleurotus ostreatus 531, Ganoderma lucidum
1908 i G. applanatum 1552 3 KoaekIii Kyab-
TYyp IIaIMHKOBUX rpubiB IHcTuUTyTy OOTaHiKHU
im. M. I". Xonogroro HAH Ykpainu Ta TecT-KyJIb-
Typu i3 BecepocilicbKol KoJiekIlii MikpoopraHis-
MiB. fIK mKepeso KOTepeHTHOT'0 BUIMMOTO CBiTIa
BUKOPUCTOBYBAJIU I'a30Bi Jia3epu: rejlieBo-HEOHO-
BU Jia3ep 3 BUIIPOMiHIOBAHHAM Ha JOBXKUHI XBU-
Jai 632,8 HM i aproHoBuii ioHHUH 1azep — 488,0 i
514,5 aMm. [I4a ogep:kaHHA HEKOT€PEHTHOTO CBiT-
Jia 3aCTOCOBYBAJIM CBIiTJIOAiONM 3 BUIIPOMiHIOBaH-
HAM Ha moBxxkuHi xsuab 490,0, 520,0 i 634 uM.
3’sAcoBaHO, 110 KOPOTKOYACHE OIMIPOMiHEHHS II0-
CiBHOT'O MiIleJIifo CBiTJIOM HM3BKOI iHTEHCHUBHOCTI
3i miiapHicTIO eHeprii 230 M,HHQ/CMz Y 4epBOHOMY
i cuEbOMY miamasoHaX JOBMKUH XBUJIbL CKOPOUYE
nepios KyJIbTUBYBAHHSA J0 IIOSBYU aHTUMiKpPOOHOT
aKTUBHOCTI Ta iHAYKye 30iabIlIeHHA iHTiIOy0OUOI
AKTUBHOCTIL KyJIbTYypPaJIbHOL PIAWUHU CTOCOBHO Pi3-
HUX TecT-KyabTyp Big 20 o 238% . Beranosieni
pexumMu (POTOCTUMYJIAIl aHTUMiIKPOOHOI aKTHB-
HOCTi MOXKYTh OYyTH BUKOPHUCTaHI B 610TE€XHOJIOTI1
TIUOMHHOTO KYJbTUBYBAHHA MaKPOMIIIETOB AJIs
iHTeHCU(iKaIii eTamiB i 36ibIIIEHHA BUXOY KiH-
I[€BOT'O TPOAYKTY.

Knarouwosi cnosa: makpoMmileTu, HU3bKOIHTEHCUB-
He CBiTJIO, Jladepw, aHTUMiKpPOOHA AKTUBHICTB,
cBiTIIOMiOMM.
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lﬂy«I/IHCTHTYT MTUATIEBOM OMOTEXHOJOTUN
u renomuk HAH Vkpaunbel», Kues
2I/IHCTI/ITYT 6oranuku uM. H. I'. XomogHOro
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ITenpio paboTHI OBLIO M3YyUEHNE UHAYIIMPOBA-
HUS aHTUMUKPOOHOM aKTUBHOCTU MaKPOMUIIETOB
HUBKOMHTEHCUBHBIM CBETOM Pa3HOM KOTE€PEHTHO-
CTH U PA3HBIX AJNH BOJH. O0beKTaMU HCCJIeI0Ba-
HudA ObLIu mraMmmbl Flammaulina velutipes 3923,
Pleurotus ostreatus 531, Ganoderma lucidum
1908 u G. applanatum 1552 us Konmeknuu
KYJAbTYP HIIANIOYHBIX rpuboB MHCTUTyTa 6OTa-
Huku um. H. I'. Xomogunoro HAH VYkpauHbl u
TeCT-KYJAbTYPhI 13 BcepoccUiicKoil KOJMIeKIIUN
MUKPOOPTaHU3MOB. B KauecTBe MCTOUHUKA KO-
TePeHTHOTO BUIMUMOTO CBETa MCI0Jb30BaIU Ia3o-
BBIE JIa3ephl: TeJINeBO-HEOHOBBIN Jla3ep ¢ U3JY-
yeHMEM Ha IJInHe BOJHBI 632,8 HM 1 aproOHOBBIN
MOHHBIH Jazep — 488,0 u 514,5 um. aa momy-
YeHUS HeKOIePEeHTHOTO CBeTa IPUMEHSIN CBEeTO-
IUOABI ¢ M3ayUYeHueM Ha aiauue BosH 490,0, 520,0
u 634,0 HM. YcTaHOBIEHO, UTO KPAaTKOBPEMEH-
HOoe 00JydYeHHUE IIOCEBHOTO MUIIEJIUA CBETOM
HU3KOM MHTEHCUBHOCTH C IIJIOTHOCTHIO SHEPTUU
230 m/Ix/cM? B KPACHOM M CHHEM AUAIIa30HAX
IJWH BOJH COKpAIaeT IIepuoa KYJIbTUBUPOBA-
HUSA [0 HOSBJIEHUA aHTUMUKPOOHON aKTUBHOCTHU
U UHAYIIUPYET yBeJUuUeHre NHIMOupyIoei ak-
TUBHOCTU KYJIbTYPAJIbHOMN KUIKOCTH II0 OTHOIIIE-
HUIO K pasHbIM TecT-KyabTypam ot 20 mo 238% .
YcraHOBIEHHBIE PEXKUMBI (DOTOCTUMYJIAIUY aH-
TUMUKPOOHON aKTUBHOCTHU MOT'YT OBITH MCIIOJIb30-
BaHbI B 0MOTEXHOJOIUY IIYOUHHOT'O KYJIbTUBUAPO-
BaHUSI MAaKPOMUIIETOB AJIA UHTEHCU(MUKAIIUY 9Ta-
TIOB U YBEJIMUEHUA BBIX0Za KOHEUHOTO IIPOAYKTA.

Knrmuesvle cnosa: MakpoOMUIEThI, HU3KOUHTEH-
CUBHBIII CBeT, Jiadepbl, AaHTUMUKPOOHAS aKTUB-
HOCTb, CBETOMOIEI.





