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Abstract. The microalga Isochrysis galbana, due to its nutritional properties, is considered one of important feeds for
aquaculture species. Increasing the efficiency of microalgae cultivation with minimal economic costs is the main way
to provide live feed and increase profitability of farms. One of the approaches to addressing this issue is the use of
phytohormones that have a stimulating effect on the production characteristics and biochemical composition of culti-
vated microalgae. This study examined the effect of indolyl-3-butyric acid, a phytohormone, at concentrations of 0.1-1
x 107 mol. L™' on the growth of the microalga /. galbana cultivated in an enrichment culture. The duration of the ex-
periment was 7 days. The production characteristics of microalgae were determined by measuring the culture density
per 1 mL of the incubation medium as a biomass parameter. Dynamics of cell culture growth were measured using a
CytoFLEX flow cytometer. The production characteristics of the culture were also determined on the basis of such pa-
rameters as total contents of protein, carbohydrates, lipids, and chlorophyll. The dynamics of the fatty acid composi-
tion under the exposure to the phytohormone during cultivation were assessed. The phytohormone at a concentration
of 0.4 x 10~° mol. L' was observed to have a stimulating effect on microalgae growth, resulting in a 27% increase
over 7 days of cultivation. The effect of indolyl-3-butyric acid at a concentration of 0.4 x 10~ mol. L™ on the morpho-
logical and biochemical characteristics of the microalgae culture was studied. It was found that the use of the phyto-
hormone resulted in a 57% increase in microalgae cell size compared to the control group. The increase in culture
density in the experimental group was accompanied by a 2.6-fold increase in cell aggregates. The increase in protein
content after 7 days was 425% in the control group and 538% in the experimental group exposed to the phytohor-
mone. No difference in the carbohydrate content was observed between the control and experimental groups through-
out the experiment. Indolyl-3-butyric acid was shown to have a stimulating effect on lipid accumulation. In the exper-
imental culture of 1. galbana, the total lipid production activity was 1.5-fold higher than in the control culture. An in-
creased contribution of polyunsaturated fatty acids was also noted.
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AHHOTanus1. MUKpoBoOpoCik Isochrysis galbana 6naronapst CBOMM NMUTATENEHBIM CBOMCTBAM paccMaTPHBACTCS KakK
OJIH M3 BO)KHBIX KOPMOBBEIX OOBEKTOB JUIS BHJOB, KyJbTUBHPYEMBIX B MAapHUKYJIbTYPHBIX X03siicTBax. [loBhieHne
3¢ eKTHBHOCTN KYJIETHBUPOBAHHUS MHKPOBOIOPOCICH NP MUHHMAJIBHBIX SKOHOMHYECKHX 3aTpaTax — OCHOBHOM
ITyTh 00ECIIeYeHHsI )KUBBIMU KOPMaMH U MOBHIIIEHHS] PeHTa0eIbHOCTH PHIOOX03IHCTBEHHBIX Npeanpusituii. OqHuM u3
MOAXOMOB K PEUICHHIO MPOOJIEMBI SBISIETCS HCIOJIB30BAaHNE (PUTOTOPMOHOB, OKA3bIBAIONIMX CTUMYIHPYIOLIIHN 3(-
(eKT Ha MPOXYKIMOHHBIC XapaKTEPUCTHKN U OMOXMUMHUYECKHI COCTaB KyJIBTHBHPYEMBIX MHKpoBomopocieii. IIpose-
JICHO HCCIEOBAHNE BIMAHHS (PHTOrOPMOHA HHJONMII-3-MACIAHOM KHCIOTH B KoHuenTpamuu 0,1-1 x 107 Mo Ha
poct MukpoBojopociu Isochrysis galbana, BeIpamuBaeMol B HAKOIIUTEIEHOM peKUMe. [IpoomKUTEIBHOCT JKCTIe-
puMeHTa cocraBisiia 7 aHel. [IpoayKIroHHbIe XapaKTepHCTHKA MHKPOBOJOPOCIIH ONPEAEIISUIN 110 TUNIOTHOCTH KYyJIb-
Typbl B 1 MiI HHKYOAIIMOHHOH Cpebl Kak MoKa3areslb Ouomaccsl. JJMHaMUKy pocTa KIETOYHBIX KyJIbTYP ONpeIeIsuIH
Ha npotouHoM nutodayopumerpe CytoFLEX. ITpoaykunoHHbIe XapaKTePUCTHKU KYJIbTYPhI OMPEICISIN MO MoKa3a-
TensiM OOIIEro coaepkaHus Oelika, YIJIeBOJOB, JIUMUIOB, Xjiopodumuia. OnpeneneHa JTMHAMHKA COCTaBA >KHUPHBIX
KHUCJIOT TOJI BIMAHUEM (PUTOrOPMOHA B IIPOLIECCe KyJIbTHBUPOBaHMs. [I0Kka3aHO CTUMYyNHpYroliee BIUsSHUE QUTOrOp-
MoHa B kouuenTparun 0,4 x 107> Momb Ha pocT MUKpoBOTOpociH Ha 27 Y% 3a 7 CyTOK Ky/IbTHBUPOBaHHs. [IpOBEICHbI
HCCIIEIOBAHMS BIMSHHS MHIOIHI-3-MACISHON KHCIOTH B KoHueHTpamun 0,4 x 107 Momp Ha MOp(OIOrmyecKue u
6MOXMMHYECKHE MOKA3aTeNIN KyIbTYphl MUKPOBOAOPOCIH. Y CTAHOBJIEHO, YTO MIPUMEHEHHE (HUTOrOPMOHA MPUBOAUIIO
K YBEIHUYEHHUIO Ha 57 % pa3MepHOCTH KJIETOK MHKPOBOAOPOCIH MO CPAaBHEHHIO C KOHTPONIBHOH Trpymnmoil. YBennue-
HHE TUIOTHOCTH KyJIBbTYPhI B 9KCIIEPUMEHTANILHOM IPyIIIe CONPOBOXKIATOCH POCTOM B 2,6 pa3a KI€TOUHBIX arperaTros.
VBennueHne Koau4ecTBa OeNka B KOHTPOJIBHOM Ipymie uepes3 7 cyTok cocTaBuio 425 %, B OMBITHOI MO BIUSTHUEM
¢duroropmona — 538 %. CoxepkaHue yrieBoA0B B KOHTPOJIBHOM U ONBITHON TPYMNIax HE OTINYANIOCH HA MPOTSKEHUU
BCETO BPEMEHU 3KCHEPUMEHTA. Y CTaHOBIICHO, YTO MHAOIMI-3-MacisiHasi KMCJIOTa OKa3bIBaeT CTUMYIHpYIOIee Aeii-
CTBHE HA HAKOIUICHME JUMUAOB. B onbITHON KynbType Isochrysis galbana obuias NpoayKIMOHHAS aKTUBHOCTD JIMITH-
noB OblTa BhIe B 1,5 pa3a o CpaBHEHHUIO C KOHTPOJIBHOHM KyibTypoil. Takke oTMEUEH pOCT KOHIEHTPALUH IOIUHE-
HACBIIIEHHBIX )KUPHBIX KHUCIIOT.
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Introduction

Scientific interest in cultivation of microalgae is
associated with their use as a potential source for the
energy, cosmetic, pharmaceutical, and food industries.
Microalgae constitute the major food supply for the
larval stages of mariculture organisms, including bi-
valves, crustaceans, echinoderms, etc. [1-4].

In recent years, Isochrysis galbana, which belongs
to the class Prymnesiophyceae, has attracted increas-
ing interest due to its nutritional value. Its chemical
composition is rich in polyunsaturated fatty acids, in-
cluding eicosapentaenoic acid (20:5n-3), vitamins B,
C, and E, proteins, tocopherols, and pigments such as
fucoxanthin, lutein, and B-carotene [5-7].

Isochrysis galbana is characterized by high plastic-
ity to changing environmental factors and a rapid
growth rate. Variations in the biochemical composition
of this microalga are largely determined by cultivation
conditions, including the nutrient medium composi-
tion, temperature, salinity, and photoperiod [8]. One of
the potential strategies for increasing microalgae bio-
mass production is the use of phytohormones [9].

Phytohormones are small signaling molecules that
play a vital role in regulating and coordinating plant
growth. They are involved in all developmental pro-
cesses, including responses to abiotic and biotic stress-
es [10]. Phytohormones act as external regulators
of microalgae resistance to variations in environmental
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conditions and also influence the biosynthesis of lipids
and pigments [11, 12].

The regulatory effect of gibberellic acid on bio-
mass production and metabolite synthesis in Isochrysis
galbana is well documented [13, 14].

At low concentrations, phytohormones, such as
auxins, promote cell growth by inducing genes respon-
sible cell division. However, at high concentrations,
they inhibit growth by acting as herbicides [15].

The mechanisms of action of these hormones are
still a subject of ongoing research [16].

Previous studies have shown that auxins increase
the growth rate and yield in a number of microalgae
species [17].

However, these studies do not always show opti-
mum phytohormone concentrations in terms of bio-
mass and lipid production.

The aim of the present study was to determine the
effective concentrations of indolyl-3-butyric acid (IBA)
and to assess its effect on the growth and biochemical
parameters of Isochrysis galbana in an enrichment
culture.

Materials and methods

The material for the study consisted of algologically
pure cultures of the microalga Isochrysis galbana from
the collection of the Far Eastern Technical University of
Fisheries. The microalgae were grown in an enrichment
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mode on an f/2 nutrient medium prepared using filtered
and sterilized seawater enriched with mineral salts
(NaNO3, NaH2PO4 X HzO, and NaZSiO3 X 9H20), micronu-
trients (CuSO,4 x 5H,0, ZnSO, x 7H,0, CoCp x 6H,0,
Ml’lC]Z X 4H20, N32M004 X 2H20, EDTA-Naz, and F CCB X
x 6H,0), and vitamins (B;, B, and By,) [18]. Microalgae
cultures were maintained in an Excella E25 shaker incuba-
tor (New Brunswick) at a temperature of 20 °C an illumi-
nation of 9 000 lux, and a light period of 8 h per day.

Experimental cultures were grown in 1 000 mL
conical flasks with a culture suspension volume of
500 mL. The inoculum was added to the medium at the
exponential stage of its growth in a volume of 100 mL.

Indolyl-3-butyric acid was used as a growth stimula-
tor at a concentration of 0.1-1.0 x 10~ mol. L™ (Hebei
Guanlang Biotechnology Co., Ltd., China). Cultures
grown without the addition of the growth stimulator
were used as the control group.

The dynamics of cell culture growth were studied
using a CytoFLEX flow cytometer (Beckman Coulter,
USA) with a blue laser for excitation (wavelength
488 nm). Data collection and automatic recording were
carried out at a constant flow rate of cell suspension
through the flow cell (50 uL/min), with the sample
collection time limited to 60 s.

The production characteristics of microalgae were
determined using the culture density per 1 mL of incu-
bation medium as biomass values [13].

Total carbohydrate content was quantified by acid hy-
drolysis of samples with the addition of L-tryptophan [19].

Sample preparation for protein assay was per-
formed according to Herbert et al. [20]. Protein content
was measured by the Lowry protein assay [21].

Lipid extraction was performed using the Bligh and
Dyer method [22]. Total lipid content was measured
photometrically by sulfo-phospho-vanillin reaction [23].

Lipid esterification for production of fatty acid me-

Million cells/ml
7

Days

thyl esters (FAME) was performed using a freshly
prepared acetyl chloride/methanol mixture (1 : 10, v/v)
methylation mixture.

Fatty acid methyl esters were analyzed on an Agilent
6890 gas chromatograph with a flame ionization detec-
tor. An HP Innowax capillary column (30 m x 0.25 mm)
was used for separation. The separation parameters were
as follows: evaporator temperature of 230 °C, detec-
tor temperature of 240 °C, and column temperature of
200 °C (isothermal mode). Helium (He) was used as the
carrier gas with a linear flow velocity of 35 cm/s.

Identification of monounsaturated fatty acids (MUFA)
was carried out by comparing the relative retention
times of the FAME sample with standard “carbon num-
ber” values based on the calculation of equivalent chain
length [24], and by comparing with known standards.

Pigment extraction was carried out according to
Carneiro et al. [25]. The quantitative content of chlo-
rophylls was measured spectrophotometrically at
wavelengths of 630, 647, 664, and 750 nm. Ninety
percent acetone was used as the control [26].

Statistical analysis was performed using the STA-
TISTICA 12.0 program. Data from measurements in at
least triplicate were used in the analysis. The data were
evaluated by one-way analysis of variance (ANOVA)
and a two-tailed Student’s t-test. The significance
threshold was p < 0.05.

Results and discussion

The effect of exposure to IBA in the concentration
range of 0.1-1 x 10 mol. L™ on the growth dynamics
of Isochrysis galbana in an enrichment culture was
studied. The study showed a slight stimulating effect on
culture growth (15.5%) after 5 days of cultivation only
at a phytohormone concentration of 0.4 x 10~ mol. L.
The figure shows average culture density values from
experiments in triplicate (p < 0.05) (Fig. 1).
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Fig. 1. Effect of different concentrations of indolyl-3-butyric acid (0.1-1.0 x 107> mol. L™")
on the density dynamics of Isochrysis galbana culture: C — control
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Further cultivation showed no stimulating effect
for any of the studied phytohormone concentrations,
except for 0.4 x 10~ mol, compared to the control.
A 27% stimulation of culture growth was observed on
day 7 of cultivation under the phytohormone exposure
at this concentration. The culture density was 6.61 mil-
lion cells/mL in the experimental culture and 5.2 mil-
lion cells/mL in the control culture.

3 days
7 days

—— () (|a}'s

C IBA

100
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C IBA
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The effect of IBA on the dynamics of the biochem-
ical composition and morphological characteristics of
Isochrysis galbana culture cells was studied at an ef-
fective phytohormone concentration of 0.4 x 10~ mol.

During cultivation, changes in the morphological
characteristics of the 1. galbana culture were observed.
Error whiskers represent standard deviation from the
mean value (p < 0.05) (Fig. 2).
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Fig. 2. Effect of indolyl-3-butyric acid (IBA) at a concentration of 0.4 x 10~ mol L™' on the morphological characteristics
of Isochrysis galbana culture compared to the control (% of the change in the indicator to the control):
a — size; b — granularity; ¢ — debris; d — aggregates

By day 7 of cultivation, a 57% increase in cell size
was recorded for the experimental group compared to
the control (Fig. 2, a). The increase in cell size was ac-
companied by increased granularity of the culture, indi-
cating enlargement of mature microalgal cells (Fig. 2, b).
An increase in culture density was accompanied by the
formation of cell aggregates. According to the experi-
mental data, the number of Isochrysis galbana cell ag-

gregates in the experimental group treated with IBA was
2.6-fold higher than in the control group (Fig. 2, d). In
addition, the results showed a substantial increase in the
amount of cell fragments (debris) in the culture exposed
to IBA. The values of this parameter in the experimental
culture were higher than those in the control 10.7-13.5-
fold at different cultivation periods (Fig. 2, c).

23

6761 ‘g punqpd sisdiysos] “Oe3[eoromu Jo siojourered [BOIUYD-0Iq PUE YJMOIS UO UOHEN[BAS JOILJ PIOk JLIAING-C-[A[OPU] 'V "V BAOWISIUY “F °S BAOYNSY “V " BAOSIEY A “H AP “N ‘N AS[BAOI[



OMOXUMHYECKHE ITOKa3aTeIn MHUKPOBOAOPOCIIN

-MacCJITHON KUCJIOTBI Ha pocT u

Koganes H. H., Muxees E. B., bapcoa E. A., Jleckopa C. E., AHucumona A. A. OrieHKa BIMSHUSA MHIOJIMI-3

Isochrysis galbana Parke, 1949

Becmuux Acmpaxanckozo 2ocyoapcmeennozo mexuuueckozo ynusepcumema. Cepus: Poionoe xo3aiicmeo. 2025. No 3

ISSN 2073-5529 (Print), ISSN 2309-978X (Online)
Boouwvie 6uopecypcuol u ux payuonanvbroe ucnonv3osanue

The high growth rate of Isochrysis galbana culture
under the IBA exposure was apparently accompanied
by accelerated maturation of cells and their subsequent

Protein,
pg/ml

35
30
25
20
15

10

5

0

apoptosis (Fig. 3: error whiskers represent standard
deviation from the mean value (p < 0.05)).

aoc

B BA

3 7

Days

Fig. 3. Dynamics of protein accumulation in Isochrysis galbana culture exposed
to 0.4 x 10 mol. L™' IBA compared to control

The study demonstrated that IBA had a stimulating
effect on protein biosynthesis in the Isochrysis galba-
na culture. Over 7 days of cultivation, the protein con-
centration increased by 425% in the control group and
by 538% in the experimental group.

Carbohydrate synthesis activity is a key characteris-

Carbohydrates,

pg/ml
18

16

tic in plant development. On day 3 of cultivation, IBA
was found to stimulate carbohydrate accumulation by
15% compared to the control group (Fig. 4: error
whiskers represent standard deviation from the mean
value (p < 0.05)).

ac

BE1BA

3 7

Days

Fig. 4. Dynamics of carbohydrate accumulation in Isochrysis galbana culture exposed
to 0.4 x 107> mol. L' indolyl-3-butyric acid compared to the control

By the end of the experiment, on day 7 of cultiva-
tion, the carbohydrate concentrations in the experi-
mental and control groups did not differ significantly.

Lipids are the main energy component of microal-
gae. The study of lipid dynamics in Isochrysis galbana
culture showed that under the IBA exposure the lipid

content in the experimental group on day 3 of cultiva-
tion was 17.9 pg/mL. Further cultivation did not have
an effect on the lipid content in either the experimental
or control groups (Fig. 5: error whiskers represent
standard deviation from the mean value (p < 0.05)).
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Lipids, pg/ml

20

In the experimental group, lipid accumulation was
observed throughout the cultivation period, reaching
12.5 pg/mL on day 7. By the end of the experiment,
the difference in lipid content between the experi-

18
16

ocC
8 IBA

3 7
Days

Fig. 5. Dynamics of lipid accumulation in Isochrysis galbana culture exposed
t0 0.4 x 10> mol. L' IBA compared to the control (C)

mental and control groups was 46%.

The photosynthetic activity of the Isochrysis gal-
bana culture was assessed on the basis of quantitative
chlorophyll content (Fig. 6: error whiskers represent
standard deviation from the mean value (p < 0.05)).

Chlorophyll pg/ml

2.

1.

3

5
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Fig. 6. Dynamics of chlorophyll accumulation in Isochrysis galbana culture exposed to 0.4 x 10~ mol. L™ IBA

The dynamics of chlorophyll accumulation showed
that on day 7 of cultivation, its content in the experi-
mental group was 2.66 pg/mL, which was by 39%
higher than in the control group. Over the cultivation
period, the total increase in chlorophyll content was
269.2% in the control group and 411.5% in the exper-

imental group (Fig. 6).

compared to the control

Production characteristics of the microalgac were
assessed as described by Madani et al. [13], using the
culture density per 1 mL of incubation medium as bio-
mass values. Table shows mean values of the parameter
under study from experiments in triplicate + standard
error of the mean (p < 0.05) (Table 1).

Table 1

Effect of indolyl-3-butyric acid on the production activity of Isochrysis galbana culture, pg/mL

Parameter Experimental group* 0 Experiment ;i uration, days 7
C 0.0855 £ 0,003 031 £0.000
Carbohydrates BA 0.0855+0.002 0.323 £ 0.009 0385 £0.010
: C 0.324 £ 0.008 0.930 £0.024
Protein BA 0.0395+0.001 0317 £0.009 0.819£0.019
. C 0.809 £0.018 1,06 £ 0.030
Lipids BA 0.0827+0.002 0.696 £ 0.021 14220039

* C — control.
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According to the data presented in Table 1, carbo-
hydrate production in the control group was observed
from days 3 to 7 of cultivation. The total production
activity for the cultivation period increased 3.61-fold
compared to the initial values. In the experimental
group, the maximum carbohydrate production oc-
curred within the first 3 days of cultivation. During
this period, the production activity increased 3.8-fold
in the experimental group and 4.5-fold in the control
group compared to the initial values. The differences
in carbohydrate production activity between the con-
trol and experimental groups were 1.2-fold.

The protein production activities in the experi-
mental and control groups were comparable during the
first 3 days of cultivation. However, by day 7, the pro-
tein production activity in the control group was higher
than in the experimental group. Over the cultivation
period, the total protein production activity increased
20.7-fold in the experimental group and 23.8-fold in
the control group.

The production activity of lipids in the Isochrysis
galbana culture tended to increase throughout the culti-
vation period. The maximum lipid production activity
was observed in the control group, 9.8-fold within the
first 3 days of cultivation compared to the initial value.
In the experimental group, this value was 8.4-fold. Fur-
ther cultivation led to a 1.31-fold increase in the control
group and a 2.04-fold increase in the experimental
group. Overall, the total lipid production activity over
the cultivation period increased 12.8-fold in the control
group and 17.2-fold in the experimental group com-
pared to the initial value (Table 1).

This study showed the effect of IBA on fatty acid
(FA) biosynthesis in microalgae. Table presents mean
values of the parameter under study from experiments in
triplicate + standard error of the mean (p < 0.05) (Table 2:
fatty acids with percentage contents below 1% are not
shown in Table 2, but they were included in the calcula-
tion of general parameters).

Table 2
Fatty acid composition of Isochrysis galbana culture, % of total fatty acids
Inoculum | Control | IBA*
Fatty acid* Experimental time, days
0 3 7 3 7

14:0 9.80 £0.30 14.89 £0.45 14.40 £+ 0.40 4.02+0.12 10.34 +£0.31
16:0 17.86 +0.54 13.75+0.41 12.50 +0.39 9.36 £0.27 17.10 £ 0.44
16:1n-9 1.98 +0.06 0.39 +0.01 4.02+0.12 1.15+0.03 1.50 £0.05
16:1n-7 4.63+0.14 3.96+0.12 0.78 £0.03 2.17£0.07 4.07+0.14
16:4n-3 0.62 = 0.04 0.42 £0.01 0.43 £0.02 6.79 £0.19 1.42 £0.04
18:0 3.64+0.11 1.13£0.02 0.83 £0.03 3.36=+0.11 2.45+0.05
18:1n-9 26.05 +0.76 14.87 £0.45 13.17£0.37 12.05 +0.34 25.96 +0.76
18:1n-7 8.94 £0.27 1.24 +£0.04 1.40 +£0.04 3.62+£0.11 3.84 £0.09
18:2n-6 1.99 £ 0.06 3.56+0.11 3.13£0.08 8.92+0.27 3.27+0.10
18:3n-3 1.89 £ 0.06 5.22+0.16 5.46+0.16 0.87 = 0.04 3.30 £0.09
18:4n-3 4.24+0.13 13.30 £ 0.39 1591 +£0.44 10.36 +0.31 7.40 £0.22
20:1n-11 2.10 +£0.05 5.52+0.15 6.32+0.18 0.98 +0.03 1.52+0.04

20:2n-6 6.78 +0.19
20:4n3 not detected 5.56=0.14 not detected

20:5n-3 1.16 £0.04 0.59 +0.03 1.24 £0.06 not detected
22:5n-6 2.37 +£0.06 3.02 £0.09 3.15+0.08 5.51+£0.17 2.61 +£0.07
22:6n-3 6.90 £0.19 12.35+0.37 12.24 +0.36 3.20£0.10 6.91 £0.18
SFA 34.32 +1.03 32.11+0.92 30.03 £0.89 26.41 £0.72 35.07+£1.01
MUFA 45.56 +1.34 28.02 +0.83 28.02+0.78 21.98 +0.63 39.63+1.14
PUFA 20.12 +0.57 39.87 +1.12 41.96 +1.21 51.61 £1.29 2530+ 0.67

* IBA — indolyl-3-butyric acid, 0.4 x 10 mol. L™'; SFA — saturated fatty acids; MUFA — monounsaturated fatty acids; PUFA — polyun-

saturated fatty acids.

In the control group, a decrease in the concentration
of 16 : 0 and 18 : 0 FA was observed during cultivation.
The concentration of 14 : 0 FA increased by 4.6%.

In the experimental group exposed to IBA, the total
content of saturated fatty acids (SFA) significantly
decreased on day 3 of cultivation. However, during
this period, the concentration of 16 : 0 FA increased
1.8-fold.

26

The dynamics of FA composition in the experi-
mental group on day 3 day of cultivation showed a de-
crease in concentration of MUFA and a twofold in-
crease in concentration of PUFA. Despite the significant
increase in PUFA, the synthesis of 20:5n-3 acid by the
microalgae culture was inhibited under the IBA expo-
sure. Additionally, the formation of docosahexaenoic
acid in the experimental culture was also suppressed.
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An interesting aspect of PUFA dynamics was ob-
served in the culture exposed to the phytohormone. On
day 3 of cultivation, the accumulation of 20:2n-6
(6.78%) and 20:4n-3 (5.56%) FA was detected in the
microalgal cells, which might indicate the activation of
an alternative pathway of PUFA biosynthesis under the
IBA exposure.

The PUFA composition of the control culture was
mainly represented by such FA as 18:3n-3, 18:4n-3, and
22:6n-3, with their concentrations increased multifold
by day 7 of cultivation.

Conclusion

The development of an environmentally friendly
method for microalgae cultivation is a key factor for
scaling up the algae mariculture technology. However,
evidence for the actual physiological and growth-
promoting roles of auxins in microalgae remains lim-
ited. Synthetic auxins such as indoleacetic acid and in-
dolebutyric acid at a concentration of 1 mM have been
shown to stimulate increase in culture density by 53 and
46%, respectively.

In our study, IBA had a growth-stimulating effect

on the Isochrysis galbana culture within a narrow con-
centration range. The efficiency of culture density in-
crease reached 27%. The effect of the phytohormone
was manifested as an increase in cell size and a decrease
in granularity. The rise in culture density led to the for-
mation of cell aggregates and a multifold increase in the
number of destroyed cells (debris).

This study showed that the IBA exposure had a stim-
ulating effect on the synthesis of proteins, carbohydrates,
and lipids in microalgae in the enrichment culture. An
increased carbohydrate productivity was observed on
day 3, and an increased lipid productivity was observed
on day 7 of cultivation. Furthermore, there was a direct
correlation between the chlorophyll concentration and
the lipid synthesis under the IBA exposure.

Indolyl-3-butyric acid had little effect on the FA
composition of Isochrysis galbana lipids. The general
trend in the FA composition was characterized by
a decrease in the MUFA content and an increase in
PUFA levels.

Thus, the conducted study has demonstrated feasi-
bility of modulating the composition of Isochrysis gal-
bana components under the effect of IBA.
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