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The aim of the work was to study the effect of nitrogen concentrations on photo-induction of growth,
enzymatic activity and synthesis of melanin by the medicinal mushroom I'nonotus obliquus (Ach.: Pers.)
Pilat. Irradiated by light of low intensity light, different coherence and in different wavelength ranges,
mycelium was cultivated in a dynamic mode on a glucose-peptone medium with different concentrations
of total nitrogen. The concentration of the nitrogen source was not shown to significantly affect the
photo-induced stimulation of the I.obliqguus growth. The increase in biomass accumulation of mycelium
photoactivated in different modes was almost the same in all variants of the experiment, compared with
the biomass of not-irradiated mycelium. A reliable dependence of the photo-stimulation of melanin
synthesis on the concentration of nitrogen in the medium was established. Reduced nitrogen concentration
more than twice increased the stimulating effect of low-intensity laser radiation with a wavelength of
488 nm. Using substrate with a reduced content of the nitrogen source is advisable to increase the photo-
induced stimulating effect in the production of extracellular catalase, tyrosinase and polyphenol oxidase,
intracellular peroxidase.

Thus, the cultivation parameters of I. obliquus and the light treatment regimes of the inoculum
should be adjusted according to the target bioactive components.

Key words: Inonotus obliquus, photoinduction, nitrogen, melanin, catalase, tyrosinase, polyphe-
nol oxidase, peroxidase, growth activity.

For several hundreds of years, Inonotus
obliquus has been used, rather successfully,
in traditional medicine to treat cancer and
other illnesses. Its chemical composition
is known by now. Thus, the mushroom is
recognized as a promising producer of not
only phenolic compounds, melanins and
triterpenoids, but also of other components
with anti-oxidant, antitumor, antiviral,
hepatoprotective and immunomodulation
properties [1—-4].
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Previously we’ve established that the
low-intensity light of different coherence
in the visible part of the spectrum can be
effectively utilized to regulate the growth and
biosynthesis activity of this mushroom [5, 6].
However, the way the mushroom reacts to light
exposure depends on various factors. For many
of them, the mechanisms of action are hardly
studied at all. The published data mostly
touches on the processes of photoreception and
photo-regulation of the microfungi metabolism
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[7—13]. For Hypocrea atroviridis it is shown
that the composition of medium and culturing
regime determine the photostimulation
levels of growth and conidia production. In
Trichoderma reesei, photo-induced activity of
enzymes, involved in plant cell destruction,
also depends on the nutrient source [13]. The
photoreception and expression of Aspergillus
enzimes is sometimes linked with carbohydrate
metabolism [14]. Other researchers think that
there is a relationship between light and the
metabolism of nitrogen [15, 16]. We have
previously revealed the dependence of photo-
activation levels of mycelial growth in five
species of fungi on the carbon concentration
in substrate [17]. There is no statistically
significant evidence of the effect of nitrogen
source concentration on the photo-induction of
growth stimulation and biomass accumulation
in those fungi. However, the nitrogen
concentration can affect the photo-induction
of secondary metabolites in those species,
which does not necessarily correlate with the
growth activity [17-20].

To test that hypothesis, we’ve studied the
biosynthetic activity of I. obliqguus on media
with different concentrations of nitrogen
(2 and 4 g/1 of peptone).

Materials and Methods

Study object was pure culture of Inonotus
obliqgus (Ach.: Pers.) Pilat 1877 from the
mushroom culture collection (IBK) of Kho-
lodny Institute of Botany of the National
Academy of Sciences of Ukraine.

The medium used to study the effect of
nitrogen concentration on photo-induced
biosynthetic activity was the glucose-peptone
medium (Bacteriological Peptone (laboratorios
CONDA), with 30 g/1 glucose and different
peptone concentrations (2 and 4 g/l, equal
to 282 and 564 mg/] of total nitrogen). The
mycelium, surface-grown on wort-agar at
25-26 °C, was irradiated. Immediately after
that, disks of mycelium were cut out, 5 mm in
diameter. Mycelial disks were put in groups
of five in Erlenmeyer flasks with 150 ml of
nutrient medium, and cultured in dynamic
mode (180 rpm) at same temperature for
12 days. The biomass was dried at 60 °C to
constant weight. The change in growth indices
after irradiation with low-intensity light was
calculated in% compared to control.

The sources of coherent visible low-intensity
laser radiation (LILR) were gas lasers: helium-
neon laser LGN-215 with a wavelength of
632.8 nm (red light) (“Poliaron”, Lviv,

Ukraine), and argon ion laser with a wavelength
of 488.0 nm (blue light) (modified LGN-106M1,
“Plasma”, Russia). The laser ray was defocused
with a lens to the size of a Petri dish.

The light-emitting diodes (LED) matrix was
the source of low-coherent light. It was produced
with 21 high power LED units based on AlGaInN
(China Young Sun Led Technology Ltd). Each
diode block included two microchips emitting
light with wavelengths of 463 nm (blue) and 625
nm (red). The electrical power of each microchip
was 1 W. Radiation intensity was regulated
from zero to maximum independently for each
spectral range, that is separately for the blue,
green and red lights by adjusting the current
running through the diodes [6].

Radiation power density was measured
using a PM-100D digital optical power and
energy meter, Thorlabs Inc. with standard
photodiode power sensor S120C, operating
range of 400—1100 nm. The radiation dose was
determined as the product of the power density
and the exposure time, and was 230 mdJ/cm?in
all variants of the experiment. We chose the
modes of irradiation based on our previous
results [5, 6, 18, 20]. Light processing of
inoculum was carried out in the complete
absence of other light sources.

Methods of melanin extraction from
biomass and its quantitative determination in
mycelium and culture medium were described
in [6], together with methods used for the
determination of enzyme activity.

Statistical processing of the results
was performed using Excel 2007 software
program. All experiments were performed
in 4-5 replicates. Statistical processing of
the results was calculated in Statistica 6.0
software program. The results of study on the
biosynthetic activity of I. obliquus on media
with different concentrations of nitrogen were
statistically significant at P < 0.05 according
to the t-student criterion.

Results and Discussion

Our results did not reveal any significant
effect of the nitrogen concentration on the
photoinduction of I. obliquus growth (Fig. 1).
The increase in biomass accumulation by
mycelium, photoactivated in different
modes, was almost the same in all variants
of the experiment compared with control
(non-irradiated mycelium). We’ve obtained
similar data for other species of fungi[5]. This
allows us to assume that there are common
mechanisms of photo-regulation of growth
activity in the studied species of fungi.
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Fig. 1. Growth of photo-activated mycelium of I. obliquus on media with different concentrations of nitrogen
(control = 100%, 0 on the figure)

The results presented on Fig. 2 demonstrate
that there is a statistically significant
dependence of photo-stimulation of melanin
synthesis on the concentration of nitrogen
in medium. Reducing the concentration of
nitrogen increases the stimulating effect of
LILR with a wavelength of 488 nm by more
than 2 times.

In this regard, the study of the effect of
nitrogen on photo-induced changes under the
activity of I. obliquus enzymes which were
established earlier [6] was of particular interest,
specifically catalyzing the synthesis of melanin,
extracellular and intracellular tyrosinase,
polyphenol oxidase, as well as catalase and
peroxidase, which provide antioxidant cell
protection and maintaining the concentration
of reactive oxygen species at the physiological
level.

Limiting the nitrogen concentration in the
nutrient medium lead to increased stimulating
effect of both laser and LED irradiation only
for the extracellular tyrosinase (Fig. 3). The
tyrosinase activity increased by 42.7% and
65.0% on a medium with 284 mg/1 of nitrogen
after irradiation of the seed mycelium with
light with the wavelength of 632.8 nm
and 488.0 nm, respectively, compared to
cultivation on medium containing 568 mg/1
nitrogen. The tyrosinase is known to catalyze
the synthesis of melanin, thus a parallel two-
fold increase in the synthesis of this pigment
in the same variant of the experiment is quite
explicable. The results suggest that nitrogen
metabolism does not affect the biosynthesis of
intracellular tyrosinase.

Similar study was conducted on the changes

Fig. 2. Effect of nitrogen concentration (282 and 564 mg/1) on photoinduction of melanin in I. obliquus:
* statistically significant differences of melanin synthesis on media with different nitrogen concentrations

(P <0.05), results presented as M+n,n=41to5

36



Experimental articles

Fig. 3. Effect of nitrogen concentrations (282 with compared to 564 mg/1) on activity of tyrosinase
in I. obliquus
Hereinafter (A) extracellular, (B) intracellular enzyme, results presented as M+n, n =4 to 5.
* Statistically significant differences of tyrosinase activity on media with different nitrogen concentrations
(P <0.05).

in the activity of polyphenol oxidase, another
enzyme responsible for the synthesis of melanin
in I. obliquus (Fig. 4). It was observed that
decreasing the concentration of nitrogen in the
culture medium lead, on the contrary, to 42.4%
decrease in the level of intracellular enzyme
activity if mycelium irradiated with blue laser
light were used as seed material. A significant
decrease in the activity of polyphenol oxidase
in mycelium was also noted when using other
modes of irradiation, but not as substantial.

In a medium with reduced nitrogen content,
the activity of extracellular polyphenol oxidase
increased more than twice when the seed
mycelium was activated by red low-coherent
light (Fig. 4).

Higher extracellular peroxidase activity
in I. obliquus was observed on a medium
containing 284 mg/l of nitrogen for non-
irradiated inoculum (control). Irradiation

reduced enzymatic activity on media with both
concentrations of nitrogen (Fig. 5).
Reduction of nitrogen concentration
did not affect the activity of intracellular
peroxidase in control and after irradiation of
mycelium with non-coherent light. Irradiation
with both blue and red coherent light caused
an increase in peroxidase activity in the
mycelium of I. obliquus. However, changes in
the concentration of nitrogen in the medium
affected the photo-induction of this enzyme
differently. For example, cultivating mycelium
irradiated with light with a wavelength of
632.8 nm on a medium with 284 mg/1 of total
nitrogen resulted in lower enzymatic activity
than when cultivating it on a medium with
568 mg/l of nitrogen. When those media
were inoculated with mycelium activated by
blue coherent light, the opposite reaction was
observed. We can only assume that light of
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A

Fig. 4. Effect of nitrogen concentrations (282 with compared to 564 mg/1) on activity of polyphenol oxidase
in I. obliquus: * statistically significant differences of polyphenol oxidase activity on media with different
nitrogen concentrations (P < 0.05)

A

Fig. 5. Effect of nitrogen concentrations (282 with compared to 564 mg/1) on activity of peroxidase
in I. obliquus: * statistically significant differences of peroxidase activity on media with different nitrogen
concentrations (P < 0.05)
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Fig. 6. Effect of nitrogen concentrations (282 with compared to 564 mg/1)
on activity of catalase in I. obliquus:
* statistically significant differences of catalase activity on media with different nitrogen concentrations
(P <0.05)

different wavelengths and coherence induces
various changes in metabolism, changing the
peroxidase activity of mycelium. Studying the
mechanisms of such changes is undoubtedly of
practical and scientific interest and deserves
due attention.

Regarding the effect of nitrogen
concentrations on the realization of
photoinduced changes in catalase activity, our
studies unequivocally showed the advantages
of using media with a reduced content of
nitrogen source to culture the photoactivated
inoculum, for an additional stimulating effect
(Fig. 6).

The activity of extracellular catalase after
irradiation with red and blue coherent light
on the medium with 284 mg/1 of nitrogen was
2.6 and 10.0 times higher, respectively, than
when cultivated on a medium with higher
nitrogen content. The activity of intracellular
catalase during cultivation on a medium

with low nitrogen content was 11.1 to 29.4%
higher than with higher nitrogen content in all
variants of the experiment, including control.
It can be assumed that photo-induction of
intracellular catalase does not affect the
nitrogen metabolism in I. obliquus.

Thus, usinge nutrient media with reduced
nitrogen content is advisable to enhance
the photo-induced stimulating effect in
the production of melanin, intracellular
peroxidase, and extracellular catalase,
tyrosinase, and polyphenol oxidase.

When cultivating I. obliquus, the parameters
and modes of light treatment of the seed
mycelium should be adjusted in accordance with
the target bioactive components. Regulating
the mechanisms of metabolic pathways of
bioactive components with light of different
wavelength ranges and coherence should be
subject to systematic control depending on
specific biotechnological problems.
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BIIJINB KOHITEHTPAITIL A30TY
HA ®OTOIHIYKOBAHY POCTOBY,
EH3UMATUYHY AKTHUBHICTH I CHHTE3
MEJIAHIHY Inonotus obliquus (Ach.:Pers.) Pilat
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MerToto poboTu 6yI0 BUBUNTH BIJINB KOHIIEH-
Tpalii asdory Ha (OTOIHAYIil0O POCTOBOI, eH3U-
MaTUYHOI aKTHUBHOCTI Ta CMHTE3 MeJaHiHYy JiKy-
BajbHOro rpuba Inonotus obliquus (Ach.: Pers.)
Pilat. 3 Kosekuii KyJapTyp IIanMHKOBUX TpubiB
Izmcturyry 6oraniku im. M. I'. Xomomgmoro HAH
Yxpainu. OnpomineHuii cBiT/ioM HU3LKOI iHTEH-
CUBHOCTiI PiBdHOI KOTepeHTHOCTi Ta B Pi3HHX mia-
mas3oHaXxX JOBXKUH XBHUJIb MiIleJiii KyJIbTHUBYBaJIN
B IMHAMIYHOMY PEeKUMi Ha TJIIOK030-IIEIITOHHOMY
CepeloBUIIli 3 PIBHMMHY KOHIIEHTPAI[iIMHU 3arajb-
HOTO a30TYy.

OrpuMaHi pe3yIbTaTy OCTiIKeHH He BUSIBU-
JIVI TOCTOBipHOIO BILIMBY KOHIIEHTpAIlil asoTy Ha
doroingykoBany crtumyJidAlilo pocty I. obliquus.
30iybIIeHHA HAKOMMYEeHHA OioMacu (POTOAKTHBO-
BaHUM B DiBHUX peKUMax Milesiem, IMOPiBHAHO
3 HeONPOMiHEeHUM, 0yJI0 TPAKTUYHO OTHAKOBUM Y
BCcix BapianTax mociiny. BcTaHOBIIEHO TOCTOBIpHY
3aJIEKHICTE (DOTOCTUMYJIAII]I CHMHTE3y MeJaHiHy
Big KoHIIeHTpaIlil a30Ty B cepefoBUILli. SHUKEHHS
KOHIIeHTpAaIlii a3oTy 36iJbIIye CTUMYIIOBAJILHUNA
edeKT HU3LKOIHTEHCHUBHOI'O JIa3€PHOr'0 BUIIPOMi-
HIOBaHHSA 3 JOBKUHOIO XBUJIi 488 HM GiIbIN HidK y
2 pasu. BukopucTaHHA KUBUJIbHUX CEPEIOBUIIT 3i
SHIMKEHUM BMICTOM OJKepeJa a30Ty € OOIMiJIbHUM
IS IMigBUMIEHHSA (POTOIHAYKOBAHOTO CTUMY.JIO-
BaJbHOTO e(eKTy 3a OTPUMAHHA IT03aKJiTHHHOL
Karajasu, TUPO3WMHA3W 1 MoJi(heHoIOKCHasH,
BHYTPiITHBOKJIITUHHOI IIePOKCUIa3MU.

TakuM YMHOM, TapaMeTpPW KYJbTUBYBaHHSI
I. obliquus i pe:xuMu CBiTII0BOTO 0OPOOJIEHHS TI0-
ciBHOTO MileJifo cJIiff KOpUryBaTu BiAIIOBiZHO 0O
iJIbOBUX 0i0JIOTIUHO AKTUBHUX KOMIIOHEHTIB.

Knwouwosi cnosa: Inonotus obliquus, GoToiHAYK-
misg, asoT, MeJIaHiH, KaTaJjasa, THUPO3UHA3a,
noiaipeHoSIOKCHLAa3a, II€POKCHOA3a, POCTOBA
AKTHUBHICTB.

BJIUAHUE KOHITEHTPAIIUU A3OTA
HA ®OTONHAYIIUNPOBAHHYIO
POCTOBYIO, 9OHSUMATUYECKY IO
AKTUBHOCTH U CHHTE3 MEJIAHUHA
Inonotus obliquus (Ach.:Pers.) Pilat
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A.B. Tyeaitz, O. B. Muxaiinosa®,
H.H. Cepeuitlty}c4,A. M. Hezpuﬁxo5

ry «HCTUTYT IUIIEBOY OMOTEXHOJIOTUN
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um. [1. K. 3ab6ororaoro HAH VYkpauns:, Kues
3I/IHC’I‘I/I’I‘YT 6oranuku um. H. I'. Xomoguoro
HAH Vkpaunsl, Kues
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Pa3BUTHUSA UeJO0BeKa « YKpanHa», Kues
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ITenpio paboOTHI OBLIO M3yUeHUE BIUSHUA KOH-
IEHTPaIu a30oTa Ha (POTOUHIYIINIO POCTOBOI, 9H-
3MMATUYECKON aKTUBHOCTHU W CUHTE3 MeJIAaHWHA Jie-
KapcTBeHHOro rpuba Inonotus obliquus (Ach.: Pers.)
Pilat. us Kosmekiuy KyJabTyp ILIAIOYHBIX I'PHIOOB
Nucturyra 6otanuku nMm. H. I'. Xomogmoro HAH
Yxpawnabl. O6IyueHHBIN CBETOM HU3KOM MHTEHCUB-
HOCTH Pa3HOI KOTePEHTHOCTH U B PA3HBIX AMAMA30-
HaX [JIMH BOJIH MUIIEJINY KYJIbTUBUPOBAJIN B AWHA-
MHUYECKOM pPesKrMe Ha IJII0K030-IeIITOHHON cpefe ¢
PasHBIMU KOHIIEHTPAI[AAMU OOIIIero a3oTa.

TTonyuenHbIe PE3yIbTATHI MCCIETOBAHNS HE BhI-
SABWIN JOCTOBEPHOTO BIUAHUA KOHIIEHTPAIIWU a30-
Ta Ha (POTOMHIYIIMPOBAHHYIO CTUMYJIAIINIO POCTa
1. obliquus. YBenmueHUe HAKOILIEHNA OroMaccs! (o-
TOAKTUBUPOBAHHBLIM B PA3HBIX PEIKUMAX MULIEIUEM,
TI0 CPAaBHEHUIO ¢ HeO0 Iy UeHHBIM, OBbLIO ITPAKTUUYECKHU
OIMHAKOBBIM BO BCEX BapMaHTAX OIBITA. ¥ CTAHOB-
JIeHa JOCTOBEPHAA 3aBUCUMOCTH (DOTOCTUMYJIAIINN
CHHTe3a MeJIAHMHA OT KOHIIEHTPAIIUU a30Ta B Cpe-
nme. CHIKeHMe KOHIIEHTPAIUK a30Ta YBEeJINYMBAET
CTUMYJIUPYIONINHA 3(pPeKT HU3KOMHTEHCUBHOIO Jia-
3€PHOT0 UBJIYUYEeHUS C JJINHOI BOJIHBI 488 HM OoJiee
yeM B 2 pasa. Vcmoab3oBaHMe MUTATEIbHBIX CPE C
TIOHM;KEHHBIM COZEPIKaHUEM a30Ta IleJIecO00pasHO
JIJI TIOBBIITeHUA (DOTOMHAYITUPOBAHHOTO CTUMYJIM-
pytomiero s()deKTa Ipu IIOJYyUEeHUN BHEKJIETOUHOI
KaTa/jasbl, THUPO3UHA3bI U IOJU(DEHOJIOKCHUIA3HI,
BHYTPHUKJIETOYHO IIePOKCUAA3HI.

Taxkum ob6pa3om, mapaMeTpbl KyJbTHBUPOBA-
Hud I. obliquus m peXUMBI CBETOBOI 06pabOTKM;
IIOCEBHOT'0 MUIIEJINA CJIeNyeT KOPPEeKTUPOBATH B
COOTBETCTBUHU I[€JI€BBIMU OUOJIOTUUECKU AKTUB-
HBIMUA KOMIIOHEHTAMMU.

Knwuesvte cnosa: Inonotus obliquus, dorTouH-
OYKIUs, a30T, MeJIaHWH, KaTajlasa, THPO3uHasa,
nondeHOoJIOKCHa3a, IepPOKCHgas3a, POCTOBAA
aKTUBHOCTD.
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