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The article presents the results of the study of the content of carotenoids of L. sulphureus
mycelium under the action of LED lasers: BRP—3010-5, with red spectrum radiation with a
wavelength of 635 nm, BBP-3010-5 with blue spectrum radiation with a wavelength of
405 nm and BGP-3010-5 with green spectrum radiation with a wavelength of 532 nm
(irradiation energy 51.1 ml/cm?) when cultured on nutrient medium with different
concentrations of glucose. The irradiated mycelium served as a control. It was found that is
most effective for the synthesis of carotenoids the use of glucose-peptone medium with a
glucose concentration of 10 g/dm® in combination with irradiation of mycelium with green
light at a wavelength of 532 nm (irradiation energy 51.1 mJ/cm?). Under the action of this
irradiation regime for strain L.s.-18 the content of carotenoids in the mycelium increased by
66.1% according to the control. Laser irradiation of mycelium with blue light with a
wavelength of 405 nm (irradiation energy 51.1 mJd/cm?) increased the content of
carotenoids for strain L.s.-18 by 46.7%. Irradiation with red light with a wavelength of 635
nm (irradiation energy 51.1 mJ/cm?) contributed to an increase in the content of carotenoids
for strain L.s.-16 of the fungus L. sulphureus by 28.9%. It was found that the use of
glucose-peptone medium with a glucose concentration of 8 g/dm® in combination with
irradiation of the mycelium with green light with a wavelength of 532 nm (irradiation
energy 51.1 ml/cm?) was less effective. Under these conditions, the content of carotenoids
in the mycelium increased for strain L.s.-17 by 62.3%. Laser irradiation of mycelium with
blue light with a wavelength of 405 nm (irradiation energy 51.1 md/cm?) increased the
content of carotenoids for strain L.s.-17 by 30.6%. Irradiation with red light with a
wavelength of 635 nm (irradiation energy 51.1 mJ/cm?) contributed to an increase in the
content of carotenoids for strain L.s.-18 of the fungus L. sulphureus by 16.8% respectively.
For strain L.s.-16 the number of carotenoids in the mycelium no increase. The use glucose-
peptone medium with glucose concentrations of 6 and 4 g/dm? in combination with laser
irradiation of mycelium with red (wavelength 635 nm), blue (wavelength 405 nm) and
green (wavelength 532 nm) light with irradiation energy 51.1 mJ/cm? was no increase in the
content of carotenoids in the mycelium.
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VY crarti mpencraBieHO pe3yibTaTH JIOCTIJDKEHHS KUIBKOCTI KapOTHHOINIB MilleJlifo
L. sulphureus 3a xaii LED naszepis: BRP—3010-5, 3 BUIIpOMiHIOBaHHSM YEPBOHOTO CHEKTPY
3 poBxuHOIO XBWii 635 HM, BBP-3010-5 3 BHUIpOMIHIOBaHHSIM CHHBOTO CIIEKTPY 3
noxuHOl0 xBwii 405 HM Ta BGP-3010-5 3 BHIpOMIHIOBaHHSM 3€JE€HOTO CIEKTPY 3
NOBXKUHOK XBWI 532 HM (eHepris ompominennst 51,1 mJlx/cm?) mpu Ky/ibTHBYBaHHI Ha
KMBWIBHOMY CEpEJOBHII 3 PI3HUMH KOHIEHTpALisIMU TIIOKO3W. KoHTposiem ciyryBas
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HEONpOMiHEHUH Mileii. BcTaHOBIEHO, 110 Hale()eKTUBHIIINM Ul CHHTE3Y KapOTHHOINIB
€ BUKOPHMCTAHHS TJIFOKO30-TIENTOHHOTO CEPENOBHINA 3 KOHIEHTpaliero riokosn 10 r/mam® y
KOMIUIEKCi 3 OIPOMIHEHHSAM MILIEITII0 3€JICHUM CBITIIOM JOBXXHHOIO XBHJI 532 HM (eHepris
onpominenns 51,1 mJIx/cm?). 3a i 1bOro pexuMy onpoMiHeHHs A mramy L.s.-18 BmicT
KapoTHHOIAIB y Minedmii 3pic Ha 66,1 % BixnoBigHO N0 KOHTpoOmo. JlazepHe onpoMiHEHHS
MIIENiI0 CHHIM CBiTIIOM AoBXHHOIO XBrii 405 HM (eHepris onpomineHHs 51,1 mJx/cm?)
30UIBIIMIIO  KUTBKICTh KapoOTHHOINIB juii mramy L.S.-18 Ha 46,7 %. OnpomiHeHHS
4epBOHUM CBITJIOM JOBXMHOK XBHIi 635 HM (eHepris ompominenns 51,1 mJlx/cm?)
CIIPUSIIO 3POCTAHHIO KiTBKOCTI KapOTHHOIAIB 1uisi mramy L.S.-16 rpuba L. sulphureus ua
28,9 %. BcraHOBIEHO, IO BHKOPUCTAHHS IJIIOKO30-TIENITOHHOTO —CEpelOBHINA 3
KOHIIEHTPALI€I0 TIIIOKO3U 8 I/1M° y KOMIUIEKCI 3 OIIPOMIHEHHAM MiLIEJIi0 3€€HUM CBiTJIOM
JIOBKHHOKO XBHII 532 HM (eHepris onpominenns 51,1 mJx/cM?) Oya0 MeHII eEKTHBHUM.
3a X YyMOB BMICT KapOTHHOIJIB y Milenito 3pic misa mramy L.S.-17 Ha 62,3%. Jlasepue
ONPOMIHEHHSI MILIENII0 CHHIM CBITJIOM JOBXHHOIO XBHWII 405 HM (eHepris ONpOMiHEHHS
51,1 mJx/cM?) 36IMBIIMIO  KiTBKICTH KapoTuHOimiB mnsg mramy L.S.-17 ma 30,6%
BinnoBigHO. OTpOMiHEHHS YEPBOHMUM CBITJIIOM JOBXHHOIO XBWI 635 HM (eHepris
onpoMinenHs 51,1 MJIx/cM?) COPUSIO 3POCTAHHIO KiIKOCTI KApOTUHOINIB Ans mramy Ls-
18 rpuba L. sulphureus ua 16,8% BignosinHo. J{is mramy L.S.-16 KifbKicTh KapOTHHOINIB
y wMinenii He 3pocima. Ilim Yac BHKOPHCTaHHSA IJIIOKO30-NIENITOHHOTO —CEPeIOBHIIA
KOHIICHTPAIISIMH TIIFOKO3U 6 Ta 4 r/mm3 Yy KOMIUICKC] 3 JJa3epPHAM OIIPOMIHCHHS MIiILIETif0
YEepBOHMM (IOBXWHA XBUII 635 HM), cuHIM (noBkMHA XBuii 405 HM) Ta 3eJIeHUM (IOBXKHHA
XBUII 532 HM) CBiTJIOM 3 eHepriero onpoMinenHs 51,1 M [x/cM? He BiOyBanocs 3pocTaHHs
BMICTy KapOTHHOI/IB y MiLeii.

Kmiouosi crosa: miyeniu, kapomunoiou, pomopeyenyis, pomoaxmusayis

PEIIETHUK K.C. (2020). Biausinue j1a3epHOro M3J1yueHUusl 1 KOHIEHTPAIIMH TJIIOKO3bI HA
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B cratee mpencTaBieHbl pe3yabTaThl HCCIIEIOBAHMS KOJIMYECTBA KaPOTHHOMIOB MHIIEIHS
L. sulphureus 3a aeiictBust LED nazepos: BRP-3010-5, ¢ usny4yenneM KpacHOTo CHEKTpa ¢
JuirHOM BOJTHBI 635 HM, BBP—3010-5 ¢ u3nyueHneM CHHEro CreKTpa ¢ JUIMHON BOJIHBI 405
HM 1 BGP-3010-5 ¢ u3nydeHHeM 3eJIeHOT0 CIeKTpa C JUIMHOM BOJHBI 532 HM (3Heprus
obnyuenus 51,1 mJx/cM?) Npu KyJIbTHBUPOBAHHMM HA MMUTATEJILHOM Cpejle C PasIMuHbIMU
KOHIIEHTPAIMSIMH TII0K03Bl. KOHTpoNeM city>kui HeoOTyueHHbII MUIETHH. Y CTaHOBIICHO,
qr0 Haubosee 3()(YEKTUBHBIM IS CHHTE3a KAPOTHHOMAOB SBIIAETCS MHCIOJIH30BAHUE
JIFOKO30-TIENTOHHOTO  CPefibl € KOHLEHTpamueidl Timoko3sl 10 r/am® B KoMIUIEKce ¢
00ydeHHEeM MUIIEHS 3eJCHBIM CBETOM JUTHHON BONHBI 532 HM (3Heprus obOmyueHus 51,1
MI[)K/CMZ). 3a pmeiicTBHs 3TOro pekuMma oOmydeHuWs s mrTamma L.S.-18 comepkanme
KapOTHHOHUJIOB B MHIEINU BBIpOcIO Ha 66,1% B cooTBeTcTBUM C KOHTpois. JlazepHoe
o0JydeHHe MUILEIHS CHHUM CBETOM JIHHON BoiHBI 405 HM (3Heprus obmywenms 51,1
MJK/cM?)  yBEIMYUIO KOJMYECTBO KAapOTUHOMAOB s mramma L.S.-18 mHa 46,7%
cooTBeTCTBEHHO. OONydyeHHs KpacHbIM CBETOM JUIMHONW BOJHBI 635 HM (3HEprus
obnydenus 51,1 mJIx/cM?) crlocoGCTBOBAIO POCTY YHMCIa KAPOTHHOMIOB Juls mtamy L.s.-
16 rpuba L. sulphureus ra 28,9%. YcTaHOBIICHO, YTO HCIIOIB30BAHUE TIFOKO30-TIEMTTOHHOM
Cpejibl C KOHIEHTpaLMeR III0K03bl 8 T/aM° B KOMIUIEKCE C 00JIyUEHHEM MHULIEIIUS 3€JICHBIM
CBETOM JUIMHOM BOJIHBI 532 HM (3Heprus obmydenus 51,1 mJlx/cm?) ObUIO MeHee
3¢ peKTUBHBIM. B 3THX yCIIOBHSIX copepKaHWEe KapOTHHOWAOB B MHIENHUS BBIPOCIO JUIS
mramma L.S.-17 Ha 62,3%. JlazepHOoe 0Oy4YeHHE MULEIUS CHHUM CBETOM JTMHOMN BOJIHBI
405 um (9Heprus obmyuenus 51,1 MJIx/cM?) YBENMUMIIO KOJIMYECTBO KAPOTHHOUJIOB JUIS
mramma L.S.-17 Ha 30,6%. OOiry4eHust KpacHBIM CBETOM JUIMHOW BOJIHBI 635 HM (3Heprus
obnyuenus 51,1 mJlx/cm?) crioco6CTBOBANIO POCTY YKMC/Ia KAPOTMHOUIOB JUIs ITamMma L.S.-
18 rpuba L. sulphureus nma 16,8% coorBerctBenHo. s mramma L.S.-16 konnuecTBO
KapOTHHOMIOB B MHIIEJINU HE BBIPOCTO. [Ipu HCIIOIB30BaHNH TITFOKO30-TIENITOHHOM CPEJIBI C
KOHIIEHTPALMAMHU TIIHOKO3bl 6 M 4 r/iM° B KOMIUIEKCE € JIa3epHBIM OOIyHEHHs MUIIEIUS
KpacHBIM (AJIMHA BOJIHBI 635 HM), cuHUM (ArHA BOTHBI 405 HM) M 3€€HBIM (JJIMHA BOJIHBI
532 uM) cBeTOM ¢ 3Heprueii uznydenus 51,1 M [x/cM? He TIPOUCXOAMIO POCTA COAEPIKAHUS
KapOTHHOH/IOB B MUIIEIINH.

Kniouegvie cnosa: muyenuil, kapomunouosi, pomopeyenyus, pomoaxmusayus
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Carotenoids perform more than 20 biological functions — from photoreception to
protecting the organism from lipid peroxidation [BRITTON, 1986]. From literary sources, it is
known that fungi, in which the presence of mycochromic systems is established, have
carotenoid pigments. Among them the fungus Laetiporus sulphureus (Bull.) Murrill., which is
noted for a fairly high carotenoid content. These pigments are closely associated with the cell
membrane and are able to reduction-oxidation (redox) reactions [ZHDANOVA, VASILEVSKAYA,
1982]. Carotenoids take part in protecting the body from the effects of adverse environmental
factors, stabilize membranes, and are hormone precursors [KARNAUKHOV, 1986]. They play a
role in the processes of differentiation and in the reactions of phototropism and phototaxis
[GESSLER et al., 2002; 2006].

It is known that carotenoids have antioxidant, radioprotective, anticancer,
immunomodulatory and other medicinal properties [BUTSENKO et al., 2010; GESSLER et al.,
2003; GoobwiIN, 1980]. Carotenoids are used as dyes and antioxidants in various fields
industry [FEDOTOV, 2007; ELDAHSHAN et al., 2013]. Accordingly, a wide range of uses of
these pigments requires the search for new organisms-producers to obtain them. One of such
organisms that are able to synthesize carotenoids are fungi [BECKER, 1988; GoobwiN, 1980;
RIBEIRO et al. 2011]. In particular, the biomass of the fungi Blakeslea trispora and
Neurospora crassa is already used to obtain carotenoids [Becker, 1988; Gessler et al. 2003]. It
was studied that the fruiting bodies of fungi of the genera Hygrophorus, Fistulina,
Cantharellus, Boletus, Suillus also contain carotenoids [RIBEIRO et al., 2011]. Among the
fungi, one of the most promising producers of carothenoids is the agaricomycet L. sulphureus.
This fungus can be widely used for obtaining preparations possessing antioxidant protection
[VELYGODSKAYA, FEDOTOV, 2016]. It is established that the intensity of metabolic processes
in the fungal organism significantly depends on cultivation factors in ex-situ studies [BECKER,
1988]. Because carotenoids are secondary metabolites, there is a possibility of regulation their
synthesis by changing the conditions of cultivation of producer strains, including and the
composition of nutrient media [SAAKOv, 2003]. An important advantage for obtaining
carotenoids of fungal origin is the lack of seasonal dependence of biotechnological
production, ecological purity of the obtained drugs, availability of raw materials [PYROG,
IHNATOVA, 2009].

Light belongs to environmental factors and regulates morphogenetic processes in
many types of fungi. The nature of the effect of light depends on its spectral characteristics
and on the duration of the light [KAMADA et al., 2010]. Recently, the mechanisms of
photoreception in fungi have been the subject of intensive research [FROEHLICH et al. 2005;
DE FABO et al., 2008; KRrITsKIY et al., 2010; CORROCHANO, GARRE, 2010; FULLER et al.
2015]. Mushrooms can absorb ultraviolet, blue, green, red and distant red light, using up to 11
photoreceptors and signaling cascades to control most of the genome and adapt to
environmental conditions [Yu, FISCHER, 2019]. Thus, in the agaricomicetes Coprinus
cinereus (Schaeff.) Gray, Pleurotus ostreatus (Jacg.) P. Kumm. and Lentinula edodes (Berk.)
Pegler genes encoding the receptors, responsible for the perception of blue light, were found.
The study of the fungal genome revealed the photoreceptor genes encoding proteins that are
sensitive to red light [KAMADA et al., 2010]. Green light is perceived by opsin systems based
on retinal, whose biological functions still need to be clarified [Yu, FISCHER, 2019]. The
positive influence of irradiation on P. ostreatus fungus yields was investigated, and it was
also found that laser irradiation at doses of 45-230 mJ/cm? stimulates sprout growth and
mycelium growth in Hericium erinanceus. The known influence of low intensity light on
linear growth and biomass accumulation by different types of macromycetes (Agaricus
bisporus, Inonotus obliguus, Ganoderma lucidium, Hericium erinanceus, L. ededes)
[Poyedinok et al., 2013]. It is known that the dependence of photoinduced stimulation of
fungal mycelium growth on the concentration of the carbon source in the nutrient medium. In
addition, it was found that irradiation leads to changes in the trophism of fungi, which is
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expressed in an increase in the efficiency of consumption of a carbon source in environments
with low glucose content [POYEDINOK, 2015]. However, literature data on the influence of
LED laser systems on the parameters of fungal growth when cultivated on a medium with
different concentrations of carbon sourceare limited, so this issue requires further study. In
view of the above, the aim of our article was to determine the amount of carotenoids in
L. sulphureus mycelium under the influence of laser irradiation and to study the carotenoid
accumulation in mycelium under the influence of irradiation at low glucose concentrations.

Materials and methods

Research were conducted at the Department of Botany and Ecology of Vasyl' Stus
Donetsk National University. Three strains from the collection of agaricomycete cultures of
the Department of Botany and Ecology of Vasyl' Stus Donetsk National University belonging
to the Basidiomycota division were used for the research.

To obtain an inoculum the mycelium of strains Ls-17, Ls-16, Ls-18 of the fungus L.
sulphureus was cultured for 7 days on agar potato-glucose medium in standard Petri dishes (9
cm in diameter).

A device designed by the staff of the Department of Botany and Ecology of Vasyl Stus
Donetsk National University was used for laser irradiation of mycelium. The device consists
of an 8-sided mirror prism, receives a beam of LED lasers: BRP-3010-5, with red spectrum
radiation with a wavelength of 635 nm, BBP-3010-5 with blue spectrum radiation with a
wavelength of 405 nm and BGP-3010-5 with emission of a green spectrum with a wavelength
of 532 nm (laser manufacturer BOB LASER Co., China) and reflects it on a conveyor belt on
which a Petri dish with mycelium is placed. The power of each laser is 100 mW. The device
has 2 electric motors, which are responsible for the movement of the mirror prism and the
conveyor belt. The device is controlled by a control panel, which is equipped with buttons to
adjust the exposure time and select the desired laser with the appropriate wavelength of light.
The mycelium was irradiated as follows: a Petri dish with mycelium moves along the
conveyor belt and passes under a beam of light with a set wavelength: 635 nm or 405 nm or
532 nm, obtaining the necessary radiation energy (51.1 mJ/cm?), depending on the purpose of
our study. Mycelium irradiation in our studies lasted 10 seconds. Mycelium irradiation was
conducted in the following embodiments (table 1).

Table 1.
The irradiation of the mycelium of the studied species of macromycetes
Irradiation duration, sec .
. . Irradiation energy,
Irradiation option _ . . )
Red light Blue light Green light mJ/cm
(wavelength 635 nm) | (wavelength 405 nm) | (wavelength 532 nm)
1 (KOHTPOITB) 0 0 0 0

2 10 0 0 51,1

3 0 10 0 51,1

4 0 0 10 51,1

Inoculation of Erlenmeyer flasks was performed under sterile conditions using a sterile
steel tube 5 mm diameter. For inoculation one of Erlenmeyer flask with nutrient medium used
five mycelial disks with a diameter of 5 mm. An unirradiated culture was used to inoculate
control Erlenmeyer flasks.

To study the total carotenoid content of mycelium of strains L.s.-17, L.s.-16, L.s.-18 of
the fungus L. sulphureus was cultured by stationary culture in Erlenmeyer flasks on glucose-
peptone nutrient medium of the following composition (g/dm?3) [Bisko et al., 1983]: different
concentrations of glucose (10, 8, 6, 4 ), peptone - 3.0; KH2PO4 - 0,6; KoHPO4 - 0.4; MgSOa4
-7 H20 - 0.5; CaCl; - 0.05; ZnSO4 -7 H20 - 0.001, distilled water - 1 dm?®. The volume of
Erlenmeyer flask was 0.25 dm?, the volume of nutrient medium was 0.05 dm?*. Duration of
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cultivation — 12 days. Cultivation was carried out at a temperature of 25 = 2 °C in a
thermostat.

The accumulation of biomass in all experiments was determined by the weight
method, drying the mycelium to a constant mass at a temperature of 105° C [DUDKA et al.,
1982], (g absolute dry biomass /dm?).To determine the total carotenoid content, the mycelium
was homogenized by grinding in a sterile mortar and extracted with ethyl alcohol (90%) in a
ratio of 1:5 for 10 min at temperatures of 60 °C. The mixture was centrifuged for 10 minutes
at RCF 450 (Laboratory medical centrifuge OPn-8), the supernatant was drained and used to
determine the amount of carotenoids. Determination of the amount of carotenoids was
performed in mycelium — per unit mass, g spectrophotometric (Granum 722, China) method
and calculated by the modified Wettstein formula for the determination of carotenoids in
fungi [WETTSTEIN, 1957].

C =4,69 x D440,5

where D440,5 — the optical density of the solution at wavelengths A = 440,5 uwm;

Then calculated the pigment content in the test material in terms of wet weight [MUSIENKO et
al., 2001].
-V

- 1000
A — the content of pigments in the test sample, mg/g biomass; C — the concentration of
pigment found by the Wetstein formula, mg/dm?; V — volume of extract, cm?; n — sample of
the prototype, g; 1000 — coefficient for calculating the concentration of pigments per 1 cm?.
All experiments were performed in triplicate. To determine the probability of exposure to
laser irradiation, the analysis of variance was used. Comparisons of average values were
carried out by the method of Dunnett. Processing was carried out using a package of statistical
programs created at the Department of Plant Physiology of the Vasyl' Stus Donetsk National
University [PRYSEDSKYY, 2005].

A=

Results and discussion

A study of the biomass accumulation in L. sulphureus mycelium due to irradiation at
different glucose concentrations showed that for L. sulphureus macromycetes is most
effective the use of glucose-peptone medium with a glucose concentration of 10 and 8 g/dm?
in combination with irradiation of mycelium with green light at a wavelength of 532 nm
(irradiation energy 51.1 mJ/cm?). Under the influence irradiation of mycelium with green
light, the best response was observed for the Ls-18 strain — the biomass in mycelium
increased from 86.7 to 93.6% in accordance with the control. For strains Ls-17 and Ls-16, the
biomass increased by 56.8-71,3% and by 57.5-60.3%, respectively. Laser irradiation of
mycelium with blue light at a wavelength of 405 nm (irradiation energy 51.1 mJ/cm?)
increased the number of biomass for strain Ls-18 by 86.7-93.6%, and for strains Ls-17 and
Ls-16 by 56.8-58.1% and 57.5-60.3%, respectively. Irradiation with red light at a wavelength
of 635 nm (irradiation energy 51.1 mJ/cm?) contributed to an increase in the number of
biomass for all studied strains of the fungus L. sulphureus from 12.7% to 31.7%. Using a
glucose-peptone medium with glucose concentrations of 6 and 4 g/dm® in combination with
laser irradiation of mycelium with red (wavelength 635 nm), blue (wavelength 405 nm) and
green (wavelength 532 nm) light with an emission energy of 51.1 mJ/cm? no increased in the
biomass of the mycelium (Fig. 1).
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Fig. 1. Accumulation of absolute dry biomass (g/dm?) in the mycelium of Laetiporus sulphureus strain on
glucose-peptone medium at different glucose content 12 day of cultivation. [} without irradiation; [l —
405 nm;Jll — 635 nm; - 532 nm. Note. * — the difference is statistically significant compared to the
control variant (P <0.05).

Since there is no information in the literature on the study of light exposure for this
species of fungus, respectively, we first found that laser irradiation of the mycelium affects
the content of carotenoid pigments of strains of the fungus L. sulphureus. A study of the
carotenoid accumulation in L. sulphureus mycelium due to irradiation at different glucose
concentrations showed that for L. sulphureus macromycetes (strain L.s.-17) is most effective
the use of glucose-peptone medium with a glucose concentration of 10 and 8 g/dm? in
combination with irradiation of mycelium with green light at a wavelength of 532 nm
(irradiation energy 51.1 mJ/cm?). Under these conditions, the carotenoid content significantly
increased from 62.3 to 63.5% according to the control. Laser irradiation with blue light with a
wavelength of 405 nm (irradiation energy 51.1 mJ/cm?) significantly increased the carotenoid
content of mycelium from 30.6 to 32%. Irradiation with red light with a wavelength of 635
nm (irradiation energy 51.1 mJ/cm?) increased the content of carotenoids from 5.1 to 8.2%,
respectively. Use of glucose-peptone medium with concentrations of 6 and 4 g/dm?® in
combination with laser irradiation of green (wavelength 532 nm) light with irradiation energy
of 51.1 mJ/cm?, respectively, increased the content of carotenoids in the mycelium in
insignificant values. Use of glucose-peptone medium with concentrations of 6 and 4 g/dm? in
combination with laser irradiation of red mycelium (wavelength 635nm), blue (wavelength
405 nm) light with irradiation energy of 51.1 mJ/cm?, no increased the content of carotenoids
in the mycelium (Fig. 2).
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Fig. 2. The carotenoid accumulation (mg/g wet biomass) in the mycelium of L.s.-17 Laetiporus sulphureus
strain on glucose-peptone medium at different glucose content. 12 day of cultivation. [] — without
irradiation; [l 405 nm; [l 635 nm; E - 532 nm. Note. * — the difference is statistically significant
compared to the control variant (P <0.05).

The results of our studies for the strain L.s.-16 L. sulphureus show that it is advisable to use
glucose-peptone medium with a glucose concentration of 10 and 8 g/dm? in combination with
irradiation of the mycelium with green light wavelength 532 nm (irradiation energy 51.1
mJ/cm?).
Under these conditions, the carotenoid content significantly increased from 37.1 to
61.9 % according to the control. Laser irradiation with blue light with a wavelength of 405 nm
(irradiation energy 51.1 mJ/cm?) significantly increased the content of mycelial carotenoids
from 15 to 40.5%. Irradiation with red light with a wavelength of 635 nm (irradiation energy
51.1mJ /cm?) increased the carotenoid content from by 28.9%. Use of a glucose-peptone
medium with glucose concentrations of 6 and 4 g/dm? in combination with laser irradiation of
mycelium with red (wavelength 635 nm), blue (wavelength 405 nm) and green (wavelength
532 nm) light with an emission energy of 51.1 mJ/cm? no increased in the content of
carotenoids in the mycelium (Fig. 3).
12
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Fig. 3. The carotenoid accumulation (mg/g wet biomass) in the mycelium of strain L.s.-16 Laetiporus
sulphureus on glucose-peptone medium at different glucose content. 12 day of cultivation. [ — without
irradiation;lll — 405 nm; [l — 635 nm; [l — 532 nm. Note. * — the difference is statistically significant
compared to the control variant (P <0.05).
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The results of our studies for the L. sulphureus strain L.s.-18 show that, to increase the
carotenoid content, it is advisable to use a glucose-peptone medium with a glucose
concentration of also 10 and 8 g/dm?® in combination with green light irradiation waves 532
nm (irradiation energy 51.1 mJ/cm?). Under these conditions, the carotenoid content
significantly increased from 44.8 to 66.1% according to the control. Laser irradiation with
blue light with a wavelength of 405 nm (irradiation energy 51.1 mJ/cm?) significantly
increased the content of mycelial carotenoids from 18.1 to 46.7%. Irradiation of the mycelium
with red light with a wavelength of 635 nm (irradiation energy 51.1 mJ/cm?) increased the
carotenoid content by 16.8%. Using a glucose-peptone medium with glucose concentrations
of 6 and 4 g/dm?® in combination with laser irradiation of mycelium with red (wavelength 635
nm), blue (wavelength 405 nm) and green (wavelength 532 nm) light with an emission energy
of 51.1 mJ/cm? no increased in the content of carotenoids in the mycelium (Fig. 4).
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Fig. 4. The carotenoid accumulation (mg/g wet biomass) in the mycelium of strain L.s.-18 Laetiporus
sulphureus on glucose-peptone medium at different glucose content. 12 day of cultivation. [] — without
irradiation; [l - 405 nm; I - - 635 nm; - 532 nm. Note. * — the difference is statistically significant

compared to the control variant (P <0.05).

Analysis of the results of our studies for the fungus L. sulphureus shows that to
increase the content of carotenoids it is advisable to use glucose-peptone medium with a
glucose concentration of 10 and 8 g/dm?® in combination with mycelium irradiation with green
light wavelength 532 nm (irradiation energy 51.1 mJ/cm?). Under these conditions, the
statistically significant increase in the content of carotenoids in the mycelium was found from
37.1% to 66.1%. From literary sources it is known that L. sulphureus macromycetes are
capable of synthesizing carotenoids, mainly under the influence of light [ZHDANOVA et al.,
1982]. Because carotenoids are secondary metabolites, it is possible to regulate their synthesis
by changing the conditions of cultivation of producer strains, including the composition of
nutrient media. It is known that to increase the accumulation of carotenoids in the mycelium
of L. sulphureus, it is advisable to introduce into the standard glucose-peptone medium
peptone in concentration of 5 g/dm?3, and also proline or valine [VELYGODSKA et al., 2014]. It
is also proven that the source and amount of carbon can dramatically change the biosynthetic
function of fungal organisms [PIROG, 2010]. The results of our studies show the increase in
carotenoid content at low glucose concentration (8 g/dm? instead of 10 g/dm?®) in combination
with irradiation of the mycelium with green light with a wavelength of 532 nm (irradiation
energy 51.1 mJ/cm?) is a reaction fungal organism to stressful conditions that occur due to a
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decrease in the amount of carbon in the nutrient medium. As a result, there is a rapid
adaptation of the fungal organism to negative changes in environmental conditions.

Conclusions

Thus, analyzing our research results, we can conclude that is most effective the use of
glucose-peptone medium with a glucose concentration of 10 g/dm? in combination with
irradiation of mycelium with green light at a wavelength of 532 nm (irradiation energy 51.1
mJ/cm?). Under the action of this irradiation regime for strain L.s.-18 the content of
carotenoids in the mycelium increased by 66.1% according to the control. Laser irradiation of
mycelium with blue light with a wavelength of 405 nm (irradiation energy 51.1 mJ/cm?)
increased the content of carotenoids for strain L.s.-18 by 46.7%. Irradiation with red light
with a wavelength of 635 nm (irradiation energy 51.1 mJ/cm?) contributed to an increase in
the content of carotenoids for strain L.s.-16 of the fungus L. sulphureus by 28.9%. It was
found that the use of glucose-peptone medium with a glucose concentration of 8 g/dm? in
combination with irradiation of the mycelium with green light with a wavelength of 532 nm
(irradiation energy 51.1 mJ/cm?) was less effective. Under these conditions, the content of
carotenoids in the mycelium increased for strain L.s.-17 by 62.3%. Laser irradiation of
mycelium with blue light with a wavelength of 405 nm (irradiation energy 51.1 mJ/cm?)
increased the content of carotenoids for strain L.s.-17 by 30.6% respectively. Irradiation with
red light with a wavelength of 635 nm (irradiation energy 51.1 mJ/cm?) contributed to an
increase in the content of carotenoids for strain L.s.-18 of the fungus L. sulphureus by 16.8%
respectively. For strain L.s.-16 the number of carotenoids in the mycelium no increase. The
use glucose-peptone medium with glucose concentrations of 6 and 4 g/dm? in combination
with laser irradiation of mycelium with red (wavelength 635 nm), blue (wavelength 405 nm)
and green (wavelength 532 nm) light with irradiation energy 51.1 mJ/cm? was no increase in
the content of carotenoids in the mycelium.
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