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Background: Microalgae are very important for production of some chemicals industrially, such as
carbohydrates, peptides, lipids, and carotenoids. There are many ways by which the yield of the valuable
chemicals can be improved. They may include the reduction of cultivation temperature and change in the
composition of growth media.

Obijectives: study adaptive mechanisms of Dunaliella salina Teodoresco and Chlorococcum dissectum
Korshikov to low temperature and to develop the method for their hypothermic storage.

Materials and methods: The objects of research were unicellular green microalgae D. salina and
Ch. dissectum. Cold adaptation (for 24 hours) and hypothermic storage (for 3—-30 days) of cultures were
performed at 4 °C without lighting. Light and confocal microscopy methods were used to determine the
viability and pigment composition of cells. The Alamar Blue (AB) test was used as an express method for
assessing the metabolic activity of cells before and after cold adaptation.

Results: The study has showed that lowered cultivation temperature and increased salinity of the growth
medium increase the fluorescence of the NR dye in D. salina cells and do not affect this indicator in
Ch. dissectum. The 24 h exposition at 4 °C does not lead to a significant decrease in the relative fluorescence
units according to the AB test. Storage the algae at 4 °C does not result in their loss of viability and motility
for up to 30 days.

Conclusions: Incubation of D. salina at 4 °C for 24 hours increase carotenoid production compared to the
intact culture, while it has no effect on Ch. dissectum, regardless of the growth medium composition. The
short-term effect of low temperatures does not lead to a significant decrease in the metabolic activity of D.
salina and Ch. dissectum. Storage of museum collection of D. salina and Ch. dissectum is possible for a
period of 30 days at 4 °C without significant loss of metabolic activity, motility and cell concentration.
These results also demonstrate that a combination of high salt and low temperature stresses increase the
yield of valuable metabolites.
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Microalgae today are a significant part of the bio-business, which is developing rapidly and
gaining global scale. VVarious types of microalgae under certain conditions are able to synthesize
valuable metabolites such as carbohydrates, peptides, lipids, and carotenoids [1-6].
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Halotolerant microalgae Dunaliella salina is one of the richest sources of natural carotenoids.
They can accumulate carotenoids under conditions that are sub-optimal for their growth high
light intensity, low temperatures, nutrient limitation, high salt concentrations. Under the
conditions carotenoids may make up 10% of their dry biomass. Chlorococcum dissectum is
another species of interest that may change its production of lipids and carotenoids depending
on changes in the composition of the growth medium, making microalgae a potential source of
important bio-business resources [7].

One of the primary environmental drivers of algal productivity is temperature. During mass
cultivation in open ponds, temperature fluctuations can stress or temporarily distort metabolic
processes affecting growth, overall productivity, and biomass composition [8—10]. As reported
for several taxa, cold stress, either individually or in some combination with another
environmental stress, reduces growth/productivity. However, it can stimulate lipid production
[11, 12] which is of industrial interest. Thus, the fundamental study of the mechanisms of
resistance of various microalgae to temperature stress is the basis for the targeted synthesis of
industrially important compounds.

The ability of algae to survive under extreme conditions has formed during evolution. Recent
metabolic analyses show that plants have developed a number of strategies to reorganize their
metabolism in adverse conditions, but the full extent of their adaptation mechanisms is unknown
[13, 14]. The cellular responses used by chlorophytes and other microorganisms to survive at low
temperatures have only been extensively studied in recent years, with a focus on psychrophilic
species [15, 16]. For different types of algae there are obviously common genetically determined
protective processes taking plays during the stress response phase. The processes enable them to
survive during short-term exposure to various chemical and physical factors such low temperature
[17, 18]. The processes include the synthesis of carotenoids, cold shock proteins, and activation
of the pentose phosphate pathway [6, 19]. At the same time, it has been shown that even a short-
term temperature decrease to 3 °C can lead to death of vegetative cells of blue-green algae
Anacystis nidulans and Chlamydomonas reinhardtii [20, 21]. Thus, the resistance of microalgae
to low temperatures depends on their taxonomic and morphofunctional properties. It is of high
priority to investigate the effects of cold temperature and other factor on certain types of algae.
On the one hand, this may allow to increase the production of metabolites, on the other hand, to
avoid the death of cell in culture because of too harsh condition.

The aim of this study was to examine adaptive mechanisms of Dunaliella salina and
Chlorococcum dissectum to low temperature and to develop the method for their hypothermic
storage.

MATERIALS AND METHODS
Microalgae culture

Unicellular green microalgae Dunaliella salina Teodoresco and Chlorococcum dissectum
Korshikov were included in this study.

Ch. dissectum is a freshwater biflagellate. Its cell wall consists mainly of glycoproteins
(hydroxyproline). Ch. dissectum has a massive chloroplast.

D. salina is a biflagellate, halophilic, unicellular photosynthetic microalga that does not
have rigid cell wall, which makes the alga sensitive to osmotic pressure.

Cultures of D. salina and Ch. dissectum were obtained from the collection of microalgae
cultures of the Department of Botany, V. N. Karazin Kharkiv National University.

Cultural medium and growth measurements
Cultures of D. salina and Ch. dissectum were grown under passive aeration conditions
before the stationary growth phase. Microalgae were cultured at 25+2 °C (normothermia).
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Biomass accumulation was performed in culture vials (TPP, Switzerland) with a volume of
40 ml, under round-the-clock illumination with white fluorescent light 52.84 pmol
photons m2s™ or 3 kLux [22, 23].

Ch. dissectum was cultured in growth medium BG-11 [24] and BG-11 with the addition of
sodium chloride at final concentrations of 0.06 M NaCl or 0.2 M NacCl.

D. salina was grown in two media containing different amounts of sodium chloride:
Ramaraj (Rm) [25] and Ramaraj with a high sodium chloride (Rmnaci) concentration of 4 M
NaCl.

Cold adaptation and hypothermic storage

Samples of all tested cultures (20 ml) in the stationary growth phase were placed in culture
vials (TPP, Switzerland) with a volume of 40 ml. Cold adaptation (for 24 hours) and
hypothermic storage (for 3-30 days) of cultures were performed at 4°C without lighting.

Viability and pigment analysis

Growth dynamics of all cultures, the amount of D. salina cells and their motility were
controlled by counting cells in a hemocytometer [26] using a light microscope. The preservation
of D. salina cells was assessed based on morphological properties: cell integrity, chloroplast
structure, motility, presence or loss of flagella. Additionally, D. salina samples were cultivated
in a liquid growth media.

Viability of Ch. dissectum cells was determined by controlling the number of colony-
forming units (CFU) for 10 days at 25 °C and round-the-clock lighting on agar medium BG-11
having an appropriate content of sodium chloride (n=3) [27].

The Alamar Blue (AB) test was used as an express method for assessing the metabolic
activity of Ch. dissectum and D. salina cells before and after cold adaptation [28]. The initial
concentration of cells in all samples was about 1.5x108 cells/ml. Control are cells under normal
cultivation conditions in the same growth media. Optical density was measured using a Tecan
Genios Microplate Reader (Tecan Inc, Australia) at a wavelength of 550 nm and an emission
of 590 nm. The obtained data were processed using XFLUOR4 v.4.50 and expressed in relative
fluorescence units (RFU).

To evaluate the intracellular synthesis of lipids before and after cold adaptation, Nile Red
(NR) dye (Sigma-Aldrich) was used, which was added at a ratio of 10 ul per 1 ml of culture
[29, 30].

The fluorescence of total chlorophyll and NR in D. salina cells was determined using a
LSM-510 Meta laser confocal microscope (Carl Zeiss, Germany) under excitation with a diode
laser at 405 and 543 nm. The fluorescence intensity was determined using the
AimlmageBrowser program.

Ch. dissectum cells were visualized by confocal microscopy using an Olympus FV10i-LIV
laser scanning confocal microscope (Olympus, Japan). The sensitivity of the detectors and the
intensity of the lasers in all the studied samples were the same. The size of the confocal aperture
was 2.0. Relative fluorescence intensity measurements in each individual cell and image
deconvolution were performed using the Olympus CellSens Dimension Desktop software.

All data were processed by Statistica 6.0 package for Windows (Tulsa, OK, USA), and the
results were expressed as means and standard deviation. Comparisons were tested using
Student’s t-test with Bonferroni correction. Values of p<0.05 were considered statistically
significant.

RESULTS AND DISCUSSION
When studying the effect of short-term adaptation at 4°C, certain regularities were
revealed: within 24 hours, cell viability, and motility of D. salina and Ch. dissectum cultures
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did not change compared to control samples (normothermia). Despite this, structural changes
took place in D. salina culture, namely, an increase in the number and size of lipid globules
containing carotenoids (Fig. 1). NR fluorescence was also elevated compared to intact culture

(Fig. 2).

Fig. 1. Visualization of lipid droplets in D. salina cells by confocal microscopy during cultivation in Rm (A)
and Rmnaci (B) media depending on the cultivation temperature: 1 — control, 2 — after incubation at 4 °C for
24 hours. Yellow is NR fluorescence (scale bars =10 pm).
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Fig. 2. NR fluorescence of D. salina cells during cultivation in Rm (A) and Rmnaci (B) media depending on the
cultivation temperature: 1 — control, 2 — after incubation at 4°C for 24 hours.
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The composition of the culture-adaptation medium also influenced the lipid synthesis. NR
fluorescence was higher in the medium with high levels of sodium chloride. The results indicate
the benefits of using a combination of low temperature and high salinity in a two-step culture
process to maximize the synthesis of valuable metabolites.

Measurement of the intensity of intrinsic fluorescence of total chlorophyll in D. salina cells
showed that short-term incubation at 4 °C and deprivation of light did not cause degradation of
chlorophyll in the cells regardless of culture medium composition (Fig. 3).
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Fig. 3. Fluorescence of chlorophyll (red color) (micrographs and intensity curves) in D. salina cells in
Rm (A) and Rmnaci (B): 1 — control, 2 — after incubation at 4°C for 24 hours (scale bars = 10 um).
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Incubation of Ch. dissectum cells at 4 °C for 24 hours did not lead to regular changes in the
fluorescence intensity of chlorophyll or NR regardless of the content of sodium chloride in the
growth medium (Fig. 4).

A

Fig. 4. Fluorescence of chlorophyll (green) and NR dye (yellow) in Ch. dissectum microalgae cells in the growth
media with different sodium chloride content: 0 M (A), 0.06 M (B), 0.2 M (C) before (1) and after (2) incubation
at 4 °C for 24 hours (scale bar=10um).

The absence of regular changes in the pigment composition of Ch. dissectum cells after
low temperature exposition and high salt stress may be species-specific. In contrast to
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halotolerant D. salina, which is able to adapt to abrupt temperature and salinity changes,
Ch. dissectum obviously lacks this rapid natural adaptation mechanism aimed at maintaining
cell viability under unfavorable conditions.

It was shown that the values of RFU of D. salina and Ch. dissectum cells slightly decreased
before and after cold adaptation.

No significant inhibition of D. salina cells’ metabolic activity was recorded (Fig. 5A).

The lowest RFU values (up to 35 %) compared to control group was observed in
Ch. dissectum culture in the medium containing 0.2 M sodium chloride. In other samples
metabolic activity decreased slightly or remained unchanged (Fig. 5B). This behavior of cells
may be due to the fact that Ch. dissectum cells were subjected to double stress: salt and
temperature. That would lead to slowdown in the respiratory chain electron transfer of the cells
and inhibition of their metabolic activity.
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Fig. 5. AB fluorescence in m — control samples and = — samples after cold adaptation of D. salina (A) and
Ch. dissectum (B) microalgae cells at 4 °C for 24 hours.

The effect of hypothermic storage on the viability and functional properties of
D. salina and Ch. dissectum microalgae cells

Low temperature storage is widely used to preserve various types of microalgae. However,
there is not enough information about the long-term effect of low temperatures on the stability
of the cells of D. salina and Ch. dissectum and their functioning. Therefore, after studying the
short-term effect of low temperatures on D. salina and Ch. dissectum, it was also expedient to
study the effect of long-term hypothermic storage on these cultures to assess the survival and
motility of the cells depending on the exposure time.

Our results showed that 30-day-exposure at 4°C had individual species-specific
differences.

The long-term storage of D. salina cells at low temperatures did not affect the cell
concentration during the entire period of observation (Fig. 5A). On day 30, there was a
significant increase in the concentration of D. salina cells in the Rm medium compared to the
control, which indicated an increase in biomass.

At the same time, hypothermic storage at 4 °C reduced cell motility (Fig. 6B). A significant
decrease by 20% was obtained in Rmnaci medium by day 10. The decrease in Rm medium made
up 40% by day 30. At the same time, the results indicate that such a decrease in mobility was
not fatal for these cells: the cells continued to divide and their concentration grew.

The study of Ch. dissectum viability showed that 30-day hypothermic storage in BG-11,
BG-11 (0.06 M NaCl) and BG-11 (0.2 M NaCl) at 4 °C increased the number of CFU compared
to the corresponding samples, cultivated under normothermia (Fig. 7). At the same time, a more
considerable increase in biomass was observed in BG-11 medium (0.06 M NaCl). These data
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have indicated that the cell culture of microalgae Ch. dissectum can be stored at 4 °C for 30

days without their viability loss.

A
140 -
120 ~
R
c 100
o
T a0
c
8
© 60 A
=]
Q
= 40
8 -= Rm
20 A
-=-RmNaCl
0 T T T
0 10 20 30
Time, days
B
140 -
120 A
s 100 B =
N
£ 80 - = _ -
= 2 el :
e T T
E &0 gt
©
Q 40
-= Rm
20 4
-=-RmNaCl
0 T T .
o] 10 20 30
Time, days

Fig. 6. Concentration (A) and motility (B) of D. salina cells during their incubation at 4 °C depending on the
duration of exposition and culture media: --m-- — Rm, m — Rmnaci.

* — The difference was statistically significant compared to day 0 (p<0.05).
** — The difference was statistically significant compared to day 0 in the Rm medium (p<0.05).
# — compared to day 0 in the Rmnaci medium (p<0.05).

3.5 1

3

25

N
1

x108 CFU/m
o

=y

o
[

0 10

20 30
Time, days

Fig. 7. Determination of Ch. dissectum viability by their ability to form colonies after they were deposited
at 4 °C, depending on the type of growth medium and exposure time: m — BG-11, m — BG-11

(0.06 MNaCl); = — BG-11 (0.2 MNaCl).

* — The difference was statistically significant compared to day 0 value (p<0.05) for the

environment BG-11.

# — compared to day 0 for medium BG-11 (0.06 M NaCl) (p<0.05).
$ — compared to day 0 for medium BG-11 (0.2 M NaCl) (p<0.05).
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Thus, increasing the content of sodium chloride to 4 M for D. salina and 0.06 M for Ch.
dissectum can promote the synthesis of protective compounds, increase the resistance of the
cells to low temperatures, and prolong their hypothermic storage. Moreover, this may increase
the yield of valuable metabolites from the cells.

CONCLUSIONS

Incubation of D. salina at 4 °C for 24 hours increase carotenoid production compared to
the intact culture, while it have no effect on Ch. dissectum, regardless of the growth medium
composition; the short-term effect of low temperatures does not lead to a significant decrease
in the metabolic activity of D. salina and Ch. dissectum; storage of museum collection of D.
salina and Ch. dissectum is possible for a period of 30 days at 4 °C without significant loss of
metabolic activity, motility, and cell concentration. These results also demonstrate that a
combination of high salt and low temperature stresses may increase the yield of valuable
metabolites.

ACKNOWLEDGEMENT

The authors of this study would like to express thanks to the Faculty of Biology and
Department of Botany of the V. N. Karazin Kharkiv National University (Ukraine) for
conducting some microscopic experiments and for providing the microalgae culture.

CONFLICT OF INTEREST STATEMENT
The authors have no conflicts of interest to declare. All co-authors have seen and agree
with the contents of the manuscript and there is no financial interest to report. We certify that
the submission is original work and is not under review at any other publication.

Authors’ ORCID ID
. Chernobai " https://orcid.org/0000-0002-5736-9277
. Kadnikova "' https://orcid.org/0000-0002-5728-6498
. Vozovyk " https://orcid.org/0000-0002-9743-001X
Rozanov " https://orcid.org/0000-0002-2191-9230
Kovalenko "= https://orcid.org/0000-0002-7063-6712
G. Kot " https://orcid.org/0000-0003-2591-4098

A
G
D
F.
F.

N
N.
K.
L.
I

Y.

REFERENCES

1. de Morais MG, VazBda S, de Morais EG, Costa JA. Biologically Active Metabolites Synthesized by
Microalgae. BioMed Res Int. 2015:835761. https://doi.org/10.1155/2015/835761

2. Amaro HM, Barros R, Guedes AC, Sousa-Pinto I, Malcata FX. Microalgal compounds modulate
carcinogenesis in the gastrointestinal tract. Trends Biotechnol. 2013;31(2):92-8.
https://doi.org/10.1016/j.tibtech.2012.11.004

3. Palavra AMF, Coelho JP, Barroso JG, Rauter AP, Fareleira JMNA, Mainar A, et al. Supercritical carbon
dioxide extraction of bioactive compounds from microalgae and volatile oils from aromatic plants. J Supercrit
Fluids. 2011;60:21-7. https://doi.org/10.1016/j.supflu.2011.04.017

4. Singh NK, Dhar DW. Microalgae as second generation biofuel. A review. Agron Sustain Dev. 2011;31(4):605—
29. https://doi.org/10.1007/s13593-011-0018-0

5. Priyadarshani I, Rath B. Commercial and industrial applications of micro algae. A review. J Algal Biomass
Utln. 2012;3(4):89-100. Available from:
http://storage.unitedwebnetwork.com/files/521/0213bc4222e0f127a5b84f709383cf88.pdf

6. Ermilova E. Cold Stress Response: An Overview in Chlamydomonas. Front Plant Sci. 2020;11:569437.
https://doi.org/10.3389/fpls.2020.569437

7. Ankush MAT. Monitoring of Shatt Al-Arab River using water quality environment modeling and Benthic
diatoms indices. PhD Thesis. College of Agriculture, University of Basrah. 2013:143. 2006.

8. Nalley JO, O’Donnell DR, Litchman E. Temperature effects on growth rates and fatty acid content in
freshwater algae and cyanobacteria. Algal Res. 2018;35:500-7. https://doi.org/10.1016/j.algal.2018.09.018

9. Raven JA, Geider RJ. Temperature and algal growth. New Phytol. 1998;110:441-61. Available from:
https://www.jstor.org/stable/2434905



https://orcid.org/0000-0002-5736-9277
https://orcid.org/0000-0002-5728-6498
https://orcid.org/0000-0002-9743-001X
https://orcid.org/0000-0002-2191-9230
https://orcid.org/0000-0002-7063-6712
https://orcid.org/0000-0003-2591-4098
https://doi.org/10.1155/2015/835761
https://doi.org/10.1016/j.tibtech.2012.11.004
https://doi.org/10.1016/j.supflu.2011.04.017
https://doi.org/10.1007/s13593-011-0018-0
http://storage.unitedwebnetwork.com/files/521/0213bc4222e0f127a5b84f709383cf88.pdf
https://doi.org/10.3389/fpls.2020.569437
https://doi.org/10.1016/j.algal.2018.09.018
https://www.jstor.org/stable/2434905

16
N. A. Chernobai, N. G. Kadnikova, K. D. Vozovyk, L. F. Rozanov, I. F. Kovalenko,
Y. G. Kot

10. Singh SP, Singh P. Effect of temperature and light on the growth of algae species: a review. Renew Sust Energ
Rev. 2015;50:431-44. https://doi.org/10.1016/j.rser.2015.05.024

11.Lynch DV, Thompson GA. Low temperature-induced alterations in the chloroplast and microsomal
membranes of Dunaliella salina. Plant Physiol. 1982;69:1369—75. https://doi.org/10.1104/pp.69.6.1369

12. Sushchik NN, Kalacheva GS, Zhila NO, Gladyshev MlI, Volova TG. A temperature dependence of the intra-
and extracellular fatty-acid composition of green algae and cyanobacterium. Russ J Plant Physiol.
2003;50:374-80. https://doi.org/10.1023/A:1023830405898

13. Cvetkovska M, Hiiner NPA, Smith DR. Chilling out: the evolution and diversification of psychrophilic algae with
a focus on Chlamydomonadales. Polar Biol. 2017;40:1169-84. https://doi.org/10.1007/s00300-016-2045-4

14.Margesin R, Miteva V. Diversity and ecology of psychrophilic microorganisms. Res Microbiol.
2011;162(3):346-61. https://doi.org/10.1016/j.resmic.2010.12.004

15. Collins T, Margesin R. Psychrophilic lifestyles: mechanisms of adaptation and biotechnological tools. Appl
Microbiol Biotechnol. 2019;103(7):2857—71. https://doi.org/10.1007/s00253-019-09659-5

16. Marx JG, Carpenter SD, Deming JW. Production of cryoprotectant extracellular polysaccharide substances
(EPS) by the marine psychrophilic bacterium Colwellia psychrerythraea strain 34H under extreme conditions.
Can J Microbiol. 2009;55(1):63—72. https://doi.org/10.1139/W08-130

17.Mock T, Otillar R, Strauss J, McMullan M, Paajanen P, Schmutz J, et al. Evolutionary genomics of the cold-
adapted diatom Fragilariopsis cylindrus. Nature. 2017;541:536—40. https://doi.org/10.1038/nature20803

18. Schulze PSC, HulattChJ, Morales-Sanchez D, Wijffels RH, Kiron V. Fatty acids and proteins from marine cold
adapted microalgae for biotechnology. Algal Res. 2019;42:101604.
https://doi.org/10.1016/j.algal.2019.101604

19. Song H, He M, Wu Ch, GuCh, Wang Ch. Global transcriptomic analysis of an Arctic Chlorella-Arc reveals its
eurythermal adaptivity mechanisms. Algal Res. 2020;46:101792. https://doi.org/10.1016/j.algal.2020.101792

20. Valledor L, Furuhashi T, Hanak AM, Weckwerth W. Systemic cold stress adaptation of Chlamydomonas
reinhardtii. Mol Cell Proteomics. 2013;12(8):2032—47. https://doi.org/10.1074/mcp.M112.026765

21.Raymond JA, Morgan-Kiss R, Stahl-Rommel S. Glycerol is an osmoprotectant in two antarctic
Chlamydomonas species from an ice-covered saline lake and is synthesized by an unusual bidomain enzyme.
Front Plant Sci. 2020;11:1259. https://doi.org/10.3389/fpls.2020.0 1259

22. Tafreshi AH, Shariati M. Dunaliella biotechnology: methods and applications. J Appl Microbiol. 2009;107:
14-35. https://doi.org/10.1111/j.1365-2672.2009.04153.x

23. Aravantinou AF, Manariotis I1D. Effect of operating conditions on Chlorococcum sp. growth and lipid
production. J Environ Chem Eng. 2016;1(4):1217-23. https://doi.org/10.1016/j.jece.2016.01.028

24.Rippka R, Deruelles J, Waterbury JB, Herdman M, Stanier RY. Generic Assignments, Strain Histories and
Properties of Pure Cultures of Cyanobacteria. Microbiology. 1979;111:1-61.
https://doi.org/10.1099/00221287-111-1-1

25. Sathasivan R, Juntawong N. Modified medium for enhanced growth of Dunaliella strains. Int J Curr Sci.
2013;5:67-73. Available from: https://www.researchgate.net/publication/322635532

26. Absher M. Chapter 1 — Hemocytometer Counting. In: Kruse PF, Patterson MR, editors. Tissue Culture.
Methods and Applications. NY: Academic Press; 1973:395-7. https://doi.org/10.1016/B978-0-12-427150-
0.50098-X

27.Breed RS, Dotterrer WD. The Number of Colonies Allowable on Satisfactory Agar Plates. J Bacteriol.
1916;1:321-31. https://doi.org/10.1128/jb.1.3.321-331.1916

28. Chernobai NA, Vozovik KD, Kadnikova NG. Comparative analysis of methods for assessing the safety of
Dunaliella salina Teodoresco and Chlorococcum dissectum Korshikov (Chlorophyta) microalgae cultures after
exposure to stress factors. Algologia. 2021;31(4):353-64. https://doi.org/10.15407/alg31.04.353

29.Halim R, Webley PA. Nile Red staining for oil determination in microalgal cells: a new insight through
statistical modeling. Int J Chem Eng 2015:695061. https://doi.org/10.1155/2015/695061

30. Rumin J, Bonnefond H, Saint-Jean B, Rouxel C, Sciandra A, Bernard O, et al. The use of fluorescent Nile red
and BODIPY for lipid measurement in microalgae. Biotechnol Biofuels Bioprod. 2015;8:42.
https://doi.org/10.1186/s13068-015-0220-4

TEMIIEPATYPHO-COJIbOBUM CTPEC SIK CITOCIB NIJIBUIIEHHSI BUXOY HIHHUX
METABOJIITIB TA 35LJIBIIIEHHS TEPMIHIB 3BEPEKEHHSI MIKPOBOJIOPOCTEM
H. A. Yepno6aii’, H. I'. Kaguixosa®, K. JI. Bososux?, JI. ®. Pozanos’, I. ®. Kopanenxo?, IO. I'. Kor?
nemumym npobnem xpiobionoaii i kpiomeduyunu HAH Yipainu, eyn. Iepescnascoxa, 23, m. Xapxis,
Vkpaina, 61016;
2Xapxiscoruii nayionansnuti ynieepcumem iveni B. H. Kapasina, matidoan Ceoboou, 4, m. Xapxie, Yrpaina, 61022


https://doi.org/10.1016/j.rser.2015.05.024
https://doi.org/10.1104/pp.69.6.1369
https://doi.org/10.1023/A:1023830405898
https://doi.org/10.1007/s00300-016-2045-4
https://doi.org/10.1016/j.resmic.2010.12.004
https://doi.org/10.1007/s00253-019-09659-5
https://doi.org/10.1139/W08-130
https://doi.org/10.1038/nature20803
https://doi.org/10.1016/j.algal.2019.101604
https://doi.org/10.1016/j.algal.2020.101792
https://doi.org/10.1074/mcp.M112.026765
https://doi.org/10.3389/fpls.2020.0%201259
https://doi.org/10.1111/j.1365-2672.2009.04153.x
https://doi.org/10.1016/j.jece.2016.01.028
https://doi.org/10.1099/00221287-111-1-1
https://www.researchgate.net/publication/322635532
https://doi.org/10.1016/B978-0-12-427150-0.50098-X
https://doi.org/10.1016/B978-0-12-427150-0.50098-X
https://doi.org/10.1128/jb.1.3.321-331.1916
https://doi.org/10.15407/alg31.04.353
https://doi.org/10.1155/2015/695061
https://doi.org/10.1186/s13068-015-0220-4

17
Temperature-salt stress increases yield of valuable metabolites and shelf life of microalgae

AKTyajbHicTh. MiKpOBOZOPOCTI BayKJIMBI AJIs1 HPOMHUCIOBOTO BUPOOHHIITBA JESKUX XIMIYHUX PEUOBUH,
TaKMX SK BYIJIEBOJH, MENTUAM, JIMN Ta KApOTHHOIMU. € 6araTo crocobiB, 3a JOMOMOIOI0 SIKUX MOKHA
MiBUIIUTYA BUXIJ MIHHUX XIMIYHHX PEUOBHMH 3 KIITHH MIKPOBOJOPOCTeH. BOHM MOXYTh BKIIIOYATH
3HW)KEHHSI TEMIepaTypH KyJIbTUBYBaHHS Ta 3MiHY CKJIay CEpeJOBHILA ISl POCTY.

Mera po6oru. Busuntn Mexanismu ananranii Dunaliella salina Teodoresco Ta Chlorococcum dissectum
Korshikov 1o HE3BKOI TEMITEpaTypH Ta po3pOOUTH METOAMKY X TITOTEPMIYHOTO 30epiranHs.

Marepiaau i meromu. O6’eKTOM JOCTiKEHHST OYIIH OMHOKIITHHHI 3eseHi MikpoBomopocrti D. salina Ta
Ch. dissectum. KymbTuByBaHHsS 3HiHCHIOBAIM BIiNIOBIZHO 1O CTaHAAPTHAX METOIHUK. XOJOJOBY
amanTamifo (mporaroM 24 roawH) Ta TimotepmiuHe 30epiramHs (ympomoBxk 3-30 mHIB) KyJIBTYp
spiticaroBanu mipu 4 °C 6e3 ocBiTieHHS. JKHUTTE3MaTHICTh Ta MIrMEHTHWI aHali3 KIITHH BUBYAIH 3a
JIOTIOMOTOK0 METO/IiB CBITJIOBOT Ta KOH(pOKanbHOI Mikpockomii. Alamar Blue (AB) TecT BUKOpHCTOBYBaITH
B SIKOCTI EKCIpec-METOAy OLiHKH Merabomiunoi aktuBHOcTi Ch. dissectum ta D. salina go Ta micns
XOJIOJIOBO] ajanTarii.

PesyabTraTu. JlocmimpkeHHS mOKaszanu, IIO 3HIDKEHa TEMIIepaTypa KyJIbTHBYBaHHS Ta IiJBUILICHA
COJIOHICTh CepeZOBHINa POCTy 30uIbIIye Quyopeciieniio 0appauka NR y kmitunax D. salina ta He
BIUIMBAe Ha 1ei nmokasHuk B Ch. dissectum. Bymno BcTaHOBJEHO, 110 24-rOAMHHA SKCIIO3MIIIS CYCIICH31H
000X KynbTyp mpu 4 °C HE IPU3BOANUTH A0 3HAYHOI'O 3HIKECHHS BITHOCHUX OJMHHMIL (DIyopecreHmii 3a
AB-tectom. 36epiranas npu 4 °C He COpUYHHSAE BTPATy JKUTTE3NATHOCTI Ta PYXIMBOCTI JOCHIIHKEHUX
MikpoBogopocteii mpotsarom 30 mHIB.

BucnoBku. Jlenonysanns D. salina mpu 4 °C npotsirom 24 roauH 3011bl1ye BUPOOHHUIITBO KAPOTHHOI/IIB
MOPIBHSAHO 3 IHTAKTHOK KyNIbTYpor Ha Bimminy Big Ch. dissectum, ne He 3adikcoBaHO JOCTOBIpHHX
BIZIMIHHOCTEH, HE3alIe)KHO Bifl CKIaqy cepenoBuiia pocty. KopoTkouacHa Jisi HU3BKHX TeMIEparyp He
MPU3BOUTE JI0 ICTOTHOTO 3HIKEHHs MeTabomiunoi aktuBHocTi D. salina ta Ch. dissectum. 36epiranus
My3eiiHoi konekmiitnoi kynsTypu D. salina ta Ch. dissectum moximBo npotsirom 30 guis npu 4 °C 6e3
3HAYHOI BTPaTH METa0O0IYHOI aKTUBHOCTI, PyXJIMBOCTI Ta KOHIEHTpaIli KiIiTuH. OTpUMaHi pe3ysibTaTh
JIEMOHCTPYIOTb, IO ITOEHAHA /sl MiBHUIIEHOI COJIOHOCTI Ta HU3bKUX TEMIIEPaTyp MOXe 301IbLIUTH BUXi
LIHHUX METa0OJIITIB.

KJIFOUYOBI CJIOBA: mikpoBomopocTi; consoBuii ctpec; Temieparyphuii crpec; Dunaliella salina; Chlorococcum
dissectum.



