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The aim of the study was to develop the biotechnology approach for obtaining secondary carotenoids
of green microalgae Desmodesmus armatus (Chod.) Hegew. under conditions of two-stage cultivation on
waste water from recirculating aquaculture system in response to the action of inducers of different ori-
gin. By chemical nature, secondary carotenoids are C40-ketocarotinoids — intermediates of enzymatic
oxidation of B-carotene to astaxanthin.

The study presents the conditions for cultivation of D. armatus on the waste water from the recircu-
lating aquaculture system by a two-stage accumulation process, where conditions for rapid growth of
biomass were created at the first stage, and the biosynthesis of the target product was induced by the
introduction of carotenoid biosynthesis precursors (C¢H;504, CH;COONa), promoters of free radical oxi-
dation (FeSO, / H,0,) or osmotic stress (NaCl) into the nutrient medium.

It was shown that the first phase of cultivation was characterized by high growth and productive indices: the
amount of biomass is up to 13 g/1, the content of total proteins was 37.9 %, lipids — 26 % and total carotenoids —
7.5 % per gram of dry biomass. Among carotenoids, the presence of zeaxanthin, lutein, -carotene, insignificant
amounts of astaxanthin, canthaxanthin, esters of adonixanthin and astaxanthin were detected.

The features of the adaptive response of D. armatus to the influence of factors that induce secondary
carotenogenesis are established. Among them is retention of the number of cells or doubling of their
number during the use of chemical activators. Decrease in the activity of cytochrome oxidase as an
indicator of the metabolic activity of the culture.

Thus, the possibility of increasing the content of B-carotene and astaxanthin in D. armatus biomass,
essential for fish and crustaceans, by introducing promoters of free radical oxidation and osmotic stress
NaCl (200 mM) or Fe?" (200 mM) and H,0, (10* mM) into the waste water from RAS in the second phase of
cultivation was established. Metabolic disbalance in D. armatus cells, which were observed under the
influence of chemical factors, led to a redistribution of the main nutrients profile. Biosynthesis and
accumulation of lipids were activated against the background of intensive carotenogenesis.

Key words: Desmodesmus armatus, two-stage accumulative cultivation, recirculating aquacul-
ture system RAS, secondary carotenoids.

To date, most of the technologies of
microalgae cultivation are aimed at correcting

[2]. So, the color of the skin, muscles and
caviar is associated with the content of

their nutrient composition due to saturation
with various essential compounds, including
carotenoids [1]. The latter are used as food
supplements, preventive agents, they are
also irreplaceable components of feed and
premixes in fish and crustaceans aquaculture
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carotenoids and their composition, and they
are also an important factor in the formation
of the reproductive products of fish and the
survival of their larvae [3]. As in breeding of
fish in aquaculture, the composition of feed
is formed artificially, the introduction of
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carotenoids in the diet is very important [4, 5].
Astaxanthin, zeaxanthin, B-carotene also play
an important role in providing antioxidant
protection, reproductive functions, promoting
growth and immunity. Microalgae are the
qualitative natural source of carotenoids in the
composition of aquaculture feeds and premixes
[6, 7]. Only some representatives belong to
those capable of synthesizing [(-carotene,
astaxanthin, essential for aquaculture. Thus,
the commercial producer of B-carotene is
halophilic green algae Dunaliella salina,
and the source of natural astaxanthin is
Haematococcus pluvialis. The first microalgae
requires high salinity of the medium, while
cultivating of another is accompanied
by difficulties in avoiding of culture
contamination. Their cultivation on the waste
water from the recirculating aquaculture
system (RAS) can be quite labor-consuming
[8, 9]. Therefore, the search for new producers
of carotenoids among the representatives of
algae and the development of schemes for their
obtaining is relevant.

Nowadays potential producers of
ketocarotenoids are considered to be
representatives of green algae of the genera
Chlorella, Chlamydomonas, Muriellopsis
and Scenedesmus [10, 11]. We have shown
the possibility of using green microalgae
Desmodesmus armatus, which is one of the
potential producers of secondary carotenoids
grown on the waste water from RAS, as
sufficient for the nutritional composition of
the feed substrate for Daphnia magna [12].
The ability of this microalgae to rapid biomass
accumulation, as well as the simple technology
of industrial cultivation, makes it one of the
most promising objects in aquaculture. The
great advantage of D.armatus in comparison
with other is not only the simplicity of
cultivation, but also the lability of the
chemical composition, which allows conducting
biosynthesis of valuable chemical compounds,
among which carotenoids occupy a dominant
position. However, taking into account our
previous results, in order to increase aquatic
feed’s value of such biomass, the quantitative
content of valuable ketocarotenoids should be
increased. This can be achieved by introducing
inducers of carotenogenesis into the nutrient
medium, namely waste water from RAS.
For other representatives of microalgae
it has been shown that reactive oxygen
species (ROS) are involved in the induction
of secondary carotenoids synthesis, as the
introduction of generators (sodium chloride,
hydrogen peroxide, ferrous sulphate) into

the medium triggers the hyperinsynthesis of
secondary carotenoids. Most likely, the ROS
act as secondary messengers, activating ways
of biosynthesis of secondary carotenoids,
in particular astaxanthin and its esters, by
activation of the corresponding enzymes or
inducing the expression of the genes that
encode them. There is also an increase in
the concentration of ROS under conditions
of osmotic stress or with the reduction of
the efficiency of carbon dioxide fixation.
Mechanisms of induction of the secondary
carotenogenesis with sodium acetate and glucose
are also known. Perhaps these compounds are
included in the energy and structural metabolism
of algae cells via acetyl-CoA [13, 14].

In order to obtain the target product
from the algaculture, it is expedient to use
two-phase accumulating cultivation with the
addition of activating compounds, mentioned
above [15]. Using such a scheme at the first
stage makes possible to create conditions
for the rapid growth of biomass, and on the
second, to induce biosynthesis of carotenoids.

Therefore, the aim of the study was to
develop schemes for obtaining secondary
carotenoids of green microalga D. armatus
(Chod.) Hegew. under conditions of two-
stage cultivation on the waste water from
RAS in response to the action of precursors
of biosynthesis, inducers or carotenogenesis
stimulants.

Materials and Methods

The studies were carried out using a
unialgal culture of green algae Desmodesmus
armatus (Chod.) Hegew (IBASH-A), obtained
from the collection of the Kholodny Institute
of Botany of the National Academy of Sciences
of Ukraine, for which we express our gratitude
to it.

Conditions of cultivation of the initial
culture. The original unialgal culture of D.
armatus was grown on the waste water from
RAS. The water was taken from a mechanical
filter, poured into aliquots, autoclaved
for 30 min at 121 °C, standardized for pH
and total mineralization. The inoculation
was carried out in a ratio of the inoculum:
the nutrient medium that is 1:10. All the
manipulations related to the culture sowing
were performed in a laminar-box. During the
cultivation, physicochemical parameters were
monitored: pH (7.5—-8) (U-160 MU ionometer)
and total mineralization of the medium
(495+5 ppm) (Water Quality Tester COM-100
conductometer) [15, 16].
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Climatic conditions of cultivation. The
initial culture of D. armatus was grown in a
climatic room at a temperature of 21+2 °C,
illuminated with fluorescent lamps of 2500—
4000 lux and a 16-hour photoperiod in 500 ml
Erlenmeyer flasks [15, 16]. The distance to the
light source does not exceed 0.5 m.

Conditions of two-stage cultivation.
The first phase of accumulative culture of
D. armatus lasted 16 days until the optimal
density of culture was achieved (5x10° cells/1).
Biomass of the first phase served as a source
of inoculum, that was introduced into the
medium for the second phase in a ratio of 1:10.
A corresponding carotenogenesis inducer was
introduced into each of the media: FeSO, (0.11,
0.22, 0.45 mM) with H,0, (10™* mM), NaCl
(50, 100, 200 mM), CzH,;,04 or CH;COONa (10,
25, 50 mM). Growth and productive indices
of culture were analyzed in the dynamics of
cultivation.

Evaluation of growth activity. The amount
of biomass was determined from the culture
density using an optical index at 750 nm at
CaryWin UV 60 (Agilent, USA). The transition
from the units of optical density (Dy;5,) to the
value of absolutely dry biomass (ADB) was
carried out through the empirical coefficient k:

ADB =k x Doy,

The coefficient k (k = g unit density
per liter) for the culture of D. armatus
was determined experimentally in three
independent repeats [17]. Morphological
parameters were analyzed microscopically
using the Goriaev camera, the MicroMed-3300
trinocular microscope (x1000) (Ukraine),
and the computer program Micam 2.0.
(http://science4all.nl/?Microscopy_and __
Photography). The physiological state of the
cells was assessed by the cytochrome oxidase
test [18].

Evaluation of algal culture productivity.
The microalgae suspension was centrifuged at
8000 rpm for 15 min on the Biofuge Stratos
“Heraeus” (Germany) centrifuge. The hydrated
cells were disintegrated on USDN-2T, 60 pA
sonicator for 10 min [16]. The amount of total
protein was determined by the method of
Lowry [19], the total lipids by reaction with the
phosphorus-vanillin reagent [20], the content of
chlorophyll a, b and total carotenoids in acetone
extracts by spectral photometry with CaryWin
UV 60 (Agilent, USA) in range of wavelengths
from 400 to 800 nm [21, 22]. The obtained
values were converted to absolute dry biomass.

Thin layer chromatography (TLC). The
fractional composition of carotenoids was
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analyzed by chromatography in a thin layer
of sorbent (TLC) on “Silufol-UV-254” plates
(Czech Republic) in a hexane: acetone (9:1)
solvent system in an ascending manner in
accordance with the requirements of the
State Pharmacopoeia [23]. The plates with
applied samples were placed in a darkened
chromatographic chamber preliminarily
saturated with a mixture of solvents.
Carotenoid fractions were identified by the
specific color of the spots and compared with
typical values of Rf for primary and secondary
carotenoids [24].

Isolation of individual carotenoids was
carried out by preparative TLC. The zones
corresponding to the individual compounds
were removed from the support and eluted
with petroleum ether (carotene) and ethanol
(xanthophylls). The purity of the obtained
fractions and their amount were checked
spectrophotometrically by Cary 60 (Agilent,
USA) using the software CaryWin UV.

Statistical processing of results. Statistical
processing of the obtained results was
carried out using Microsoft Excel software.
Differences in the results are significant at the
level P <0.05 by the Student’s criterion.

Results and Discussion

When developing schemes for the induction
of secondary carotenogenesis on the waste
water from RAS, the classical scheme of two-
phase accumulation culture was chosen as
the basis and adapted to increase the yield of
secondary carotenoids of D. armatus (Fig. 1).

Thus, it is known from literature
sources that the most effective method for
obtaining biomass of microalgae enriched
with carotenoids is a two-stage accumulative
culture. Under such conditions, optimal
conditions for rapid growth of biomass are
created at the first phase, and biosynthesis
of target metabolites is induced at the second
phase [25]. This method avoids the biosynthesis
of the target metabolite in a culture whose
cells are actively dividing, since a combination
of both processes can be inefficient. In the
first phase of cultivation, the inoculum of the
original culture was introduced into a fresh
nutrient medium, which was the waste water
from RAS. This made it possible to obtain an
actively growing culture, with high productive
indicators: the amount of total protein —
37.9%, lipids — 26% and total carotenoids —
7.5% . In addition, up to the end of the first
phase of cultivation, a rapid increase in the
biomass to 13 g/1 was observed (Table 1).
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Fig. 1. Scheme of two-stage accumulative
cultivation of D. armatus

Table 1. Dynamics of biomass and number of cells, content of total protein, lipids and carotenoids
at the first stage of D. armatus cultivation

cuﬂ?ga(gon Biomass, g-l_1 Proteins, % Lipids, % Carotenoids, %
1 8.8+0.57 33.6+2.17 23.4+1.69 4.6+0.11
5 9.1+0.81 35.3+2.87 24.0+1.92 5.8+0.34
10 10.7+0.85 37.0=3.11 25.7+2.41 6.3+0.54
15 13.0+0.97 37.9+3.67 26.0+2.89 7.5%+0.87

This is probably due to the availability
of components of mineral nutrition in the
waste water. At the same time, 8 fractions
of carotenoids were detected in D. armatus
biomass. Among these compounds, the basis is
formed by primary carotenoids, in particular
zeaxanthin, lutein, B-carotene. Also, a small
amount of astaxanthin, canthaxanthin, as
well as esters adonixanthin and astaxanthin,
is present (Fig. 2).

A B C D

E

So, stage I of cultivation allows to obtain
a culture characterized by a constant increase
in biomass, a high content of proteins, lipids,
carotenoids. Such a culture can be used in
the future to receive target metabolites, in
particular for the accumulation of secondary
carotenoids.

The transition of the culture to the
second phase was caused by the introduction
of carotenoid biosynthesis precursors

Fig. 2. Fractional content of D. armatus carotenoids at the stage I (4) and II of cultivation after introduc-
tion of CH3COONa (B), CgH;504 (C), NaCl (D), Fe?" /H50, (E)
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(C¢H1504, CH3COONa), promoters of free-
radical oxidation (FeSO,/H,0,) or osmotic
stress (NaCl) into the nutrient medium. It is
important to control the physiological state
and growth activity of the culture. In all cases,
mass death of cells was not observed while
introducing inducers (Fig. 3). The addition
of FeSO,/H,0, and NaCl led to inhibition of
growth activity. Under these conditions, the
number of cells remained at the level of the
first day of the second stage of cultivation
for all days of cultivation and was about
4x10%cells/1 at day 9.

Such suppression of the growth activity of
the culture may be due to changes in osmotic
balance or the accumulation of reactive oxygen
substances [26]. At the same time, when
CH3;COONa was applied at the terminal stage,
the number of cells did not exceed 8x10° cells/1,
and when C¢H,,04 was applied, this value was
within 9x10° cells/1.

In addition, changes in the number of
cells were also accompanied by changes
characteristic of the carotenoids accumulation,
in particular, it is shown for other species
of genera Desmodesmus and Acutodesmus,
provided that carotenogenesis is introduced
into the medium of inducers [26, 27].

Against the background of morphological
changes, the inhibition of metabolic activity
of the culture was observed, which is proved
by the cytochrome oxidase test (Fig. 4).

The effect of FeSO, with H,0, and
NaCl led to a decrease in the activity of
cytochrome oxidase by a factor of two as
early as the 3" day of the second phase of
cultivation. Most likely, osmotic balance
disturbances have the same effect on
biosynthetic processes as the accumulation
of ROS. At the same time, the precursors
of the biosynthesis of carotenoids, sodium
acetate and glucose, negatively suppress
biosynthetic processes in cells, as against
the background of a slight decrease in
growth indices, the activity of cytochrome
oxidase at terminal stages of cultivation
decreases by only 23% in both cases. At the
same time, the important question is what
metabolites are accumulated under such
conditions. The introduction of inductors
into the medium primarily affects the
efficiency of the accumulation of pigments.
Thus, the use of promoters of free-radical
oxidation (Fe," + H,0,) and osmoregulator
(NaCl) leads to an increase in the number of
carotenoids from 14% to 27% (Fig. 5).

Fig. 3. D. armatus cell number dynamics at cultivation stage II after introduction of CH;COONa (A4),
CegH {206 (B) NaCl (C), Fe2+/H202 (D)
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Fig. 4. D. armatus cytochrome oxidase activity dynamics at the cultivation stage II
after introduction of CH3COONa (A4), CgH,504 (B) NaCl (C), Fe2+/H202 (D)
Note. Here and after * — differences among groups are statistically significant at P <0.05

Table 2. Fractional content of D. armatus carotenoids

Fraction CH3COONa CeH 504 NaCl Fe?t/ H,0, Control
B-Carotene 17.87+0.16% 23.70+1.24% 32.45+2.02 37.04+2.86% | 29.1+2.16
Astaxanthin 10.17+0.16%* 12.76+0.54% 13.19+1.89% 12.32+1.03* | 5.11+0.93
monoesters
Astaxanthin 9.30=0.53* 13.08=0.54% 11.76=0.97% 11.54=0.68% | 3.04%0.18
diesters
Astaxanthin 36.52+3.55% 21.49+2.13% 20.23+1.65% 23.73+2.67% | 13.6+2.17

At the same time the use of glucose and
sodium acetate leads to increase in the content
of carotenoids to only 18% . However, changes
in the composition of the nutrient medium
affect not only the qualitative composition
of carotenoids, but also their quantitative
characteristics. Thus, during the second stage
of cultivation, the quantitative composition
of individual fractions of carotenoids varies
significantly (Table 2). A redistribution of
the carotenoid profile was observed when
precursors of biosynthesis were introduced.
Thus, a decrease in the content of primary

carotenoids and an increase in the fraction of
secondary carotenoids were noted.

With the use of free radical oxidation
promoters (Fe?" + H,0,) and osmotic stress
(NaCl), the share of B-carotene increases to
37%, astaxanthin — to 24% . When NaCl
and FeSO,/H,0, were used, the content of
B-carotene increased in parallel with the
content of secondary carotenoids. In this
case, it is obvious that B-carotene is formed
de novo in chloroplasts and is transported to
the cytoplasm, where it is oxidized through a
series of intermediates to astaxanthin by the

51



BIOTECHNOLOGIA ACTA, V.12, No 2, 2019

Fig. 5. Content of total proteins (A), lipids (B), carotenoids (C) of D. armatus
at the end of cultivation stage II during the induction of carotenogenesis

action of ketolases and hydroxylases, that are
accumulated in D. armatus cells due to abiotic
stress. This phenomenon may indicate the
functioning of two main pathways of secondary
carotenoid biosynthesis or their branching at
key points of bifurcation [28].

Intensification of carotenogenesis can
also lead to changes in the metabolism of
other nutrients. Thus, during the induction
of biosynthesis of secondary carotenoids, the
profile of the main nutrients is redistributed
[26]. The basic role in stressful conditions
is played by adaptive metabolic systems,
in particular quantitative and qualitative
changes in biosynthesis of lipids and proteins.
Considering the factors that activate
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carotenogenesis and the physiological effects of
their accumulation, special attention is paid to
the connection of the biosynthesis of secondary
carotenoids with the activation of biosynthesis
and the accumulation of lipids, which are an
energy reserve [29]. Thus, the accumulation
of biomass in D. armatus culture was mainly
due to an increase in the lipid content. When
introduced into the medium CH3COONa in
D. armatus biomass, the content of total lipids
increased to 41% against the background of a
decrease in the total proteins content. Similar
trends were also observed using C4H;,04 at the
same concentrations. An increase in the content
of carotenoids is always accompanied by an
increase in the content of lipids, since fatty acids
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are necessary for the esterification of free OH
groups in ketocarotenoid molecules, and neutral
lipids are provided for their dissolution and
functioning in the cytoplasm [29]. On the issue of
patterns of protein accumulation in microalgae
under conditions of enhanced carotenogenesis,
there is no consensus in the literature. One of the
opinions is that the enhanced carotenogenesis
activates the synthesis of proteins, in particular
those that stabilize the lipid structures of
accumulation of secondary carotenoids [30].
In other cases, and in ours in particular, the
induction of carotenogenesis proceeds without
the intensification of protein synthesis [31,
32]. So, with the use of stress factors (FeSO,/
H,0,, NaCl), the protein content decreased
almost 4-fold to the end of the second phase of
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IHIYKIIA KAPOTUHOTEHE3Y
Desmodesmus armatus (Chod.) Hegew,
KYJbTUBOBAHOI HA CKHTHIN BOJII
I3 PUBOBOJIHOI YCTAHOBKH
3AMEKHYTOTI'O BOJOIIOCTAYAHHS
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MeToio po6oTH OYJIO POSPOOUTU CXEMY OTPH-
MaHHS BTOPUHHUX KapOTUHOIAIB 3eJeHO0I MiKpo-
Bomopocti Desmodesmus armatus (Chod.) Hegew.
3a YMOB [IBOCTAIiHOr0 KyJbTUBYBAHHS HA CKUJ-
Hi#l Bofi 3 pubOBOAHOI YyCTaHOBKY 3aMKHYTOT'O BO-
momoctavaHHA — Y3B y BignmoBias Ha BOJIUB iH-
IYKTOPIiB pisHOI mpupoau. 3a XiMiuHOIO TPUPOIOI0
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ITenbio paboTsl OblIa pa3paboTKa CXeM IIOJTY-
YeHNsI BTOPUYHBLIX KaPOTHUHONIOB 3€JI€HOM MUKPO-
Bogopocyau Desmodesmus armatus (Chod.) Hegew.
B YCJIOBUAX ABYXCTAIUHMHOTO KYJIbTUBUPOBAHUS
Ha cOPOCHOII BOJie C PHIOOBOSHOM YCTAHOBKHU 3aM-
KHYTOTO BomocHabKeHuss — Y3B B oTBeT Ha BO3-
IeificTBMEe HHAYKTOPOB PA3JUYHON NPUPOMIEI.



Experimental articles

BTOpUHHI KapoTunoingu € C40-kKeToKapoTUHOIA-
MU — iHTepMexmiaTaMu (DePMEHTATHUBHOTO OKKC-
HEHHA }-KapoTUHY 0 aCTaKCAHTUHY.

PospobieHo ymoBU KyabTuUBYBaHHS D. arma-
tus Ha CKUAHiN BoAi 3 ¥Y3B muIaxom gBoCTaIiii-
HOT0 HaKONMUYYBaJbHOTO KYJIbTUBYBAHHS, e Ha
IIepIIoOMy eTalri 0yJI0 CTBOPEHO YMOBU JJIA IIIBU/I-
KOro HapoIllyBaHHA Oiomacu, a HA APyromMy — iH-
ITYKOBAHO 0i0CHMHTES3 I[iJIbOBOTO MIPOAYKTY IILIAXOM
BHECEHHS Y JKUBUJIbHE CEPEeJOBUIIE TTIOTIEPETHUKIB
6iocunaTesy KapoTunoinis (C¢H,,04, CH;COONa),
IIPOMOTOPiB BiJIBHOPAAMKAJIBHOTO OKUCHEHHS
(FeSO,/H,0,) un ocmotuusoro crpecy (NaCl).

ITokasamo, mo KyabTypa I dasu KyabTu-
BYBaHHA XapaKTepPU3yEThCA BUCOKUMU PO-
CTOBUMHU Ta NPOAYKTUBHUMU NOKAa3HUKAMU:
KigbKicTio 6iomacu mo 13 r/i, 3araJbHOTO IPO-
Teiny — 37,9%, gimigis — 26% Ta cymapHuUX
KaporuHoifis — 7,5% . Cepen KapoTuHOifiB
BCTAHOBJIEHO HAaABHICTh 3€aKCAHTUHY, JIOTEIHY,
B-kaporuny, He3HAYHOI KiJIBKOCTi acTaKCaHTH-
HY, KaHTaKCaHTUHY, epipiB afoHiKCAHTUHY Ta
acTaKCaHTUHY.

BcTaHOBIIEHO 0COOIMBOCTI afalTUBHOIL BifgmIO-
Bigi D. armatus Ha BriuB (haKTOPiB, IO IHAYKY-
IOTh BTOPUHHUI KaPOTUHOTEHEe3, IKi BKIIOYAIOTh:
30eperKeHHsa YNCeJILHOCTI KJIiTUH a00 301IbIITeHH S
ii BABiuUi B mIepio BUKOPUCTAHHA XiMiYHUX aKTHU-
BaTOPiB; 3SHUIKEHHA aKTUBHOCTI ITUTOXPOMOKCH-
nasm, AK IOKa3HMKa MeTabdoJaiuHol aKTUBHOCTI
KYJBTYPHU.

TakuM YMHOM, IIOKA3aHO MOYKJINBiCTEL 30i/Ib-
mieHHA y 6iomaci D. armatus BMicTy HiHHUX OJIs
aKBaKyJbTYPU PUb Ta paKOMOLiOHUX [-KapoTu-
HY Ta aCTaKCAHTUHY IJIIXOM BHECEHHS y CKU[I-
HY Boay 3 ¥Y3B mpomoTopiB BinmbHOpagmKaIb-
HOTO OKHWCHEHHs Ta ocMoTuuHOro crpecy NaCl
(200 MM) uu Fe?" (200 MmM) 3 H,0, (10™* MM) Ha
apyriit pasi kyapTuByBaHHA. [lopyiieHHEa o6Mi-
HY PeYoBUH y KiaitTuuax D. armatus, siki cuocre-
piranucsa 3a Aii xiMmiunmx paxTopiB, IPU3BOSATH
IO TIepepo3noAisy npodisao OCHOBHUX HYTPi€H-
TiB. Ha poHi iHTEHCMBHOTO KAPOTUHOTEHE3Y aK-
TUBYBAJUCA IIPOIecu OiOCUHTE3y Ta HAKOIIUYeH-
HA Jinigis.

Knwuosi cnoea: Desmodesmus armatus,
IBOCTafiliHe HaKOMUYyBaJbHEe KYJbLTUBYBAHHA,
puboBOLHA YCTAHOBKA 3aMKHYTOI'O BOJOIIOCTA-
yaHHs — Y 3B, BTOpuHHI KapoTuHOIAM.

ITo xuMuueckoit npupoJe BTOPUUHBIE KAPOTU-
Houanl 9T0 C40-KeTOKapOTUHOUABI — MHTEPME/IH-
aThl 9H3UMHOTO OKUCJIEHU [3-KapOTUHA IO aCTaK-
CaHTUHA.

PaspaboraHbl ycja0BUSA KYJbTUBUPOBAHUA
D. armatus Ha cOpocHOIi Boge ¢ ¥Y3B nmyTem AByX-
CTAIUMHOTO HAKOIUTEIBHOTO KYJIbTUBUPOBAHUA,
rje Ha IePBOM dTalle ObLIN CO3MAHBI YCJIOBUS IJIs
OBICTPOr0 HapaIMBaHMUSA OMOMAacchl, a Ha BTO-
pPOM — MHAYIIMPOBAH OMOCHHTE3 I[eJIeBOTO IIPO-
OIYKTa MyTeM BHECEeHHUS B IMUTATEJbHYIO CPexy
IPeAIIEeCTBEHHUKOB OMOCUHTEe3a KaPOTUHOUIOB
(Ce¢H 1504, CH3COONa), uELyKTOPOB CBOOOJHODA-
pukanbHOro okuciaenus (FeSO,/H,0,) unu ocmo-
Tuueckoro crpecca (NaCl).

IToxasano, uTo KyabTypa I hasbl KyJIbTUBUPO-
BaHUS XapaKTepu3yeTcsd BHICOKMMU POCTOBLIMU
¥ TPONYKTUBHBIMHU ITOKA3aTEJIAMU: KOJINUECTBOM
ouomaccsl 10 13 r/i, obrero nporensa — 37,9%,
aunugoB — 26% ® cyMMapHBIX KapPOTHUHOU-
I0B — 7,5% . Cpenu KapOTHUHONLOB YCTAHOBJICHO
HaJnuYne 3eaKCaHTUHA, JIOTENHA, [3-KapoTHHA,
HEe3HAUYUTEJbHOTO KOJMYEeCTBa acTaKCaHTHUHA,
KaHTaKCAaHTUHA, d()UPOB aJOHUKCAHTUHA U aCTaK-
CaHTHUHA.

YcranoBiaeHBI 0COOEHHOCTU aJalTUBHOTO OT-
Beta D. armatus Ha Bo3elicTBre (paKTOPOB, UHIY-
IUPYIONINX BTOPUYHBIN KapOTUHOTEeHEes3, KOTOPbIH
BKJIIOUAET: COXPaHEeHUEe UYUCJIEHHOCTU KJIETOK,
UJIU YBeJIUUYeHUE ee BJBOE B EPUOJ] UCIOJIbh30Ba-
HUA XUMUYECKUX aKTUBAaTOPOB; CHUKEeHe aKTUB-
HOCTH IIUTOXPOMOKCHIA3hI KaK IIOKA3aTeJIsd MeTa-
0OJIMYECKOI aKTUBHOCTU KYJIbTYPHI.

Takum ob6pasom, IIOKas3aHa BO3MOMKHOCTH
yBesqnueHuA B 6uomacce D. armatus comepika-
HUSA IEeHHBIX IJA aKBaKyJbTYPbI PbIO U pPaKo-
00pasHBIX [-KapOTHHA U aCTAKCAHTHUHA IyTEeM
BHeCeHHUs B cOPOCHYIO Boay ¢ ¥3B mpomoTopoB
CBOOOIHOPAUKAIBHOTO OKUCJIEHUS U OCMOTHYE-
ckoro crpecca NaCl (200 mM) niu Fe?" (200 mm)
c H,0, (10™* MM) Ha BTOpPO# (hase KyIbTHBHPO-
BaHuA. Hapyiienre o6MeHa BeIleCTB B KJIETKaX
D. armatus, KoTopble HAOJIIOaJIUCh TIPU BO3AEH-
CTBUM XUMHUYECKUX (DAKTOPOB, IIPUBOAAT K IIEpe-
pacipe/esieHnto PO OCHOBHBIX HYTPUEHTOB.
Ha ¢oHe nHTeHCUBHOTO KapOTUHOTeHEe3a aKTUBHU-
poBaJIiCh MPOIleCChl OMOCUHTE3a U HAKOIJIEeHUE
JUTULO0B.

Knarouesvre cnosa: Desmodesmus armatus, IByX-
cTaAuiiHOe HAKOIUTEJNbHOE KYJbTUBUPOBAHUE,
pBrIOOBOHAA YCTAHOBKA 3aMKHYTOI'O BOJTOCHAO-
JKeHusd — Y3B, BTopruHbIe KaPOTUHOUIHI.
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