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The effects of phytohormone Kinetin on cell density, photosynthetic pigments, antioxidant enzymes, and fatty acids composition
of the microalgae Tetraselmis suecica were investigated. T. suecica was treated with different concentrations (0, 5, 10, 15, 20, and
25mg/L) of Kinetin at optimal growth conditions (salinity 28 g/L, temperature 25°C, and 24 hr photoperiod). Results indicated an
increase in cell density in all treatments compared to the control; however, it was not significant, except for the treatment, 15mg/L
(p<0:05). The content of photosynthetic pigments and the activities of catalase and superoxide dismutase, measured after 10 days,
significantly increased in the presence of Kinetin (p<0:05). Total n-3 fatty acid was significantly higher at 25mg/L of Kinetin.
At 15mg/L, arachidonic acid (ARA) and eicosapentaenoic acid (EPA) were significantly higher compared to the control (p<0:05).
Therefore, Kinetin could be useful for the production of the microalgae Tetraselmis suecica to increase growth, chemical composi-
tion, and antioxidant enzyme activity.

1. Introduction

The microalgae, T. suecica is a saltwater microscopic plant
widely studied for its applications in aquaculture for larval
culture, especially as live food [1]. T. suecica is rich in some
valuable components such as lipids and proteins, which make
it beneficial to fish nutrition. Dietary T. suecica decreased
pathogenic bacteria in the intestine of Fenneropenaeus indicus
shrimp [2]. Seaweed species have been used as food additives
to increase growth and survival and disease resistance in Nile
tilapia [3], rabbit fish [4], and red tilapia [5]. T. suecica con-
tains 22.4% carbohydrate, 8% lipids, 48.7% proteins, 0.4%
pigments (including lutein), vitamins A, C, E, and minerals
including N, P, and K [6]. Lutein from T. suecica showed
several health benefits including antioxidant activity and
anti-inflammatory activities and protection against vascular
and amnesia diseases [7]. Recently, it is shown that T. suecica

can improve the quality of aquaculture discharged wastewater
by absorbing soluble nutrients [8, 9].

Phytohormones are shown to increase the microalgae
growth mainly through stimulating cell division and intensi-
fying algae photosynthetic processes, increasing the number
of cells and cell masses [7]. Phytohormones are a group of
natural organic substances that increase growth and devel-
opment of plants at low concentrations. There are different
types of phytohormones, including auxins, cytokinins, absci-
sic acid, ethylene, and gibberellin [10]. Physiological func-
tions of phytohormones have been studied widely in green
algae and cyanobacteria [11–13]. Addition of phytohormone
cytokinins reduced some of the adverse effects of microalgae
culture under the conditions caused by nitrogen limitation
[14] and increased growth rate and tolerance of algae under
harsh environmental conditions [15–17]. Phytohormones
generally prevent the formation of reactive oxygen species
(ROS) by activating antioxidant enzymes, followed by
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lowering cell damages induced by oxidative stress [18].
Particularly, cytokinins have been shown to enhance biogen-
esis and differentiation of chloroplasts, prevent leaf aging,
while increasing nutrient absorption [19]. It increased cyto-
kinins division and photosynthetic pigments [20]. Moreover,
cytokinins prevent the destruction of chlorophyll and delay
the decomposition of chlorophyll, thus enhancing amino acid
absorption and protein storage in plants. Phytohormone,
Kinetin belongs to the group of cytokinins, with a small mol-
ecule that can regulate cell division and growth in microalgae
via N6 furfuryladenine [21–23]. Cytokinin is a purine product
and its main form is Zeatin, which has two structures, trans
and cis. In microalgae, it is mainly as cis structure [24]. By
adding foreign phytohormones, the spread of ROS can be
prevented by activating antioxidant enzymes and antioxi-
dants. Therefore, it can limit cell damage caused by abiotic
stress and increase the efficient storage of biochemical com-
pounds in microalgae. So, by using plant hormones, abiotic
stresses, growth, and metabolism of microalgae can be regu-
lated. Owning to this work, not only the improvement of
photosynthesis efficiency and fat density can be increased
but also the stressful environmental conditions can be com-
bated [25]. Therefore, the aims of this study investigated the
effects of Kinetin on growth, photosynthetic pigment, antiox-
idant enzymes, and fatty acid composition of microalgae
Tetraselmis suecica.

2. Materials and Methods

2.1. Chemicals and Reagents. The stock of T. suecica was
kindly donated from Shrimp Research Institute (Bushehr,
Iran). To cultivate this microalga, the Walne [26] culture
medium was used. Stock solution of Kinetin (powder, 26-
79-1, Sigma–Aldrich Chemical Co., St. Louis, MO, USA) was
prepared by dissolve 21.5mg of Kinetin in 1mL of 1N
NaOH. Then, the volume was brought to 10mL with molec-
ular biology-grade water to get a final solution of 10mM.
Catalase and superoxide dismutase (SOD) kits were obtained
from Navand Salamat Co. (Urmia, Iran).

2.2. Experimental Design. Phytohormone Kinetin at the con-
centrations of 0, 5, 10, 15, 20, and 25mg/L in each of three
replicates were added to the cell culture medium. The culture
medium without the addition of Kinetin was used as the
control. Algae cultivation was done in a medium made
with 28 g/L salinity, temperature 25°C, and using a 24 hr
photoperiod with continuous aeration. Growth was moni-
tored daily for up to 10 days using a spectrophotometer
(BioTek, Synergy HT, China) at 680 nm [27]. Algae were
harvested when they reached logarithmic growth.

2.3. Measurement of Pigments. To measure the content of
photosynthetic pigments, 5mL of algal suspension (2.5×
106 cell/mL) was taken from each treatment and centrifuged
(SIGMA, 1-15PK, GERMANY) for 10min at 8,000× rpm and
4°C to obtain biomass. Then, 5mL of 96% methanol was
mixed with the obtained biomass, and homogenized for
5min at 2,000× rpm and 4°C. After the homogenizing,
stored for 1 hr in darkness at refrigerator temperature. The

amount of chlorophyll a, chlorophyll b, and total carotenoid
was calculated based on the following formula [28]:

Chlorophyll a μg=mLð Þ ¼ Chl − a mg L−1ð Þ
¼ 16:72A665:2 − 9:16A652:4;

ð1Þ

Chlorophyll b μg=mLð Þ ¼ Chl − b mg L−1ð Þ
¼ 34:09A652:4 − 15:28A665:2;

ð2Þ

Total carotenoids μg=mLð Þ ¼ 1; 000 × A470 − 1:63Chlð
−a − 104:9Chl − bÞ=221:

ð3Þ

2.4. Fatty Acid Composition. The composition of fatty acids
from T. suecica was measured using a gas chromatography
(GC) system (Agilent Technologies 7890A, Santa Clara, CA,
USA) coupled to a DB225MS (30m× 0.25mm) column
according to the method of Li-Beisson et al. [29]. The con-
tent of each fatty acid was expressed as a percentage of the
total of the peaks obtained [29].

2.5. Antioxidant Enzymes. Antioxidant enzyme (catalase and
superoxide dismutase) activities were determined using com-
mercial kits (Navand Salamat Co., Urmia, Iran) according to
the manufacturer’s protocols. For the catalase activity assay,
briefly, algae cell walls were destructed using frozen mortars
with nitrogen, and the extract was obtained using extraction
buffer. One-hundred microliter of assay buffer with 30 μL of
R1 (the solution in the assay kit) was poured into the wells of
the microplate and 20 μL of the extract biological sample
(homogenized tissue) was added. To start the reaction,
another 20 μL of R2 (the solution in the assay kit) was added
and stored for 20min at ∼20°C. The reaction was then ter-
minated by adding 30 μL of R3 (the solution in the assay kit)
and R4 (chromogen), respectively. After 10min, 10 μL of R5
was added and the absorbance read at 550 nm. Catalase
activity was calculated using the following equation:

Formaldehyde μMð Þ ¼ OD sample − B
A

×
0:17mL
0:02mL

; ð4Þ

Catalase activity ¼ sample μMð Þ
20min

: ð5Þ

The extracts obtained from cell wall destruction were
used for measuring superoxide dismutase (SOD) activity
using R1 and R2 (assay kit solutions). After 5min of incuba-
tion at room temperature in darkness, absorbance was read
at 405 nm using a microplate reader (BioTek, Synergy HT,
China). SOD was calculated using the following equation:
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SOD activity U=mLormg proteinð Þ ¼ OD test
OD control

× 200:

ð6Þ

2.6. Statistical Analysis. Statistical analysis was performed
with the SPSS software, Version 21. Using Levene’s and
Shapiro–Wilk’s tests, the data were analyzed for homogene-
ity of variances and normality, respectively (P<0:05). The
comparisons among means were done by an analysis of vari-
ance (ANOVA), followed by Tukey–Kramer HSD for post
hoc multiple comparisons. Differences among the means
were considered at P<0:05. Algae cell densities compared
and analyzed in all days. The rest of the data (photosynthetic
pigments, antioxidant enzyme, and fatty acid profile) was
analyzed at the end of the experimental period. The data of
six experimental groups are displayed as means of three
replicatesÆ standard deviation (SD).

3. Results

3.1. The Cell Density of Microalgae. Based on Figure 1, the
cell density of microalgae T. suecica was investigated during
the experimental period from the first day to the last day.
Results indicated most differences for Kinetin on the cell
density after day 6 to the last day (P<0:05). The highest
cell density of microalgae on the last day was significantly
obtained at concentrations of 5, 10, and 15mg/L of Kinetin
compared to the control; however, a decrease of algae cell

density was not significantly observed in the treatments
20 and 25mg/L of Kinetin.

3.2. Photosynthetic Pigments. According to the results, the
content of photosynthetic pigments of microalgae T. suecica,
measured after 10 days, was significantly affected in the pres-
ence of Kinetin (P<0:05). The highest content of chlorophyll a
was significantly observed at concentrations of 20mg/L.
However, there was no significant difference at concentrations
of 10, 15, and 25mg/L of phytohormone.

The content of chlorophyll b is significantly affected by
concentrations of 15, 20, and 25mg/L of Kinetin. However,
other concentrations had no significant effect on chlorophyll b
content (Figure 2(b)). The highest content of chlorophyll b was
observed at a concentration of 15mg/L of Kinetin. According to
Figure 2(c), the total pigment of treated microalgae was not
significantly affected by Kinetin concentration and the content
of total pigments showed a relative increase with phytohormone
content in the algae medium culture.

3.3. Antioxidant Enzymes. The activity of the catalase enzyme
was significantly increased at concentrations of 5 and 25mg/L
of Kinetin compared to the control (P<0:05, Figure 3(a)).
However, there was no significant effect at a concentration
of 20mg/L of Kinetin on catalase enzyme activity. Moreover,
at concentrations of 10 and 15mg/L, the catalase enzyme
activity had no significant differences compared to the control
(P<0:05). The highest amount of SOD enzyme activity was
significantly observed at concentrations of 5 and 25mg/L of

a

bc
d

a

b
b

a

a

cd

a

ab

ab

a

ab

bc
a

ab

ab

a

ab

a a

a

a

a

c

ab
a

ab
b

a b

a

b

b

b

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 2 4 6 9 11

A
bs

or
pt

io
n 

(a
t 6

80
 n

m
)

Time (day)

Control
5 mg/L
10 mg/L

15 mg/L
20 mg/L
25 mg/L

FIGURE 1: The cell density of microalgae T. suecica in the presence of 0, 5, 10, 15, 20, and 25mg/L of phytohormone Kinetin during the
experimental period.
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Kinetin, 227Æ 29, and 219Æ 26U/mg of protein, respec-
tively, (P<0:05, Figure 3(b)).

3.4. Fatty Acid Composition. The fatty acid profiles of treated
T. suecicawere affected by Kinetin (Tables 1 and 2). In treated
algae cells, the content of saturated (SFA) and monounsatu-
rated fatty acid (MUFA) insignificantly increased (P<0:05,

Table 1). Besides, in treated algae cells, the amount of
n6-PUFA and n6-HUFA insignificantly decreased, except at
a concentration of 15mg/L of Kinetin (Table 1, P<0:05). The
n3-PUFA fatty acids of treated algae cells were significantly
affected by phytohormone and the lowest and highest
amount, respectively, were observed at 10 and 25mg/L of
Kinetin (P<0:05). Besides, the n3-HUFA fatty acids content
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FIGURE 2: The content of chlorophyll a (a), chlorophyll b (b), and total pigments (c) in microalgae T. suecica in the presence of 0, 5, 10, 15, 20,
and 25mg/L of phytohormone Kinetin during the experiment trial.
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increased at concentrations 5 and 10mg/L of Kinetin.
Inversely, the amount of n6-HUFA fatty acids significantly
decreased in all treated algae cell groups (Table 1, P<0:05).
The linoleic acid content of treated algae cells insignificantly
decreased compared to the untreated group, but linolenic acid
content at 20 and 25mg/L of Kinetin significantly increased
compared to the control (Table 2, P<0:05).

According to Table 2, the amount of eicosapentaenoic fatty
acid (EPA) and arachidonic acid (ARA) in the treated algae
cells significantly increased at concentrations of 5 and 10mg/L
of Kinetin. The amount of EPA in the treatment of 5, 10, and
15mg/L significantly increased compared to the untreated
algae cell, but decreased at concentrations of 20 and 25mg/L
of phytohormone. The ratio of n3/n6 in the treated algae cell
was affected by a concentration of 25mg/L Kinetin; however,
other treatments had insignificant effects.

4. Discussion

Phytohormones in microalgae by stimulating cell division
activate the growth and intensify some photosynthetic

processes, but the pathways in microalgae are still unknown.
The growth of microalgae includes increases in cell division
and the number of cells, resulting in more cell biomass.
Besides, the significant increase in photosynthetic pigments
content is due to the increase in the number of cells and the
hormone-related prevention of the destruction of chloro-
phyll and protein. In the current study, an increase in cell
density and photosynthetic pigments was observed, which is
in line with the results of a combination of auxin and cytokinin
[23, 30]. Kinetin or cytokinin compounds stimulate growth
and increase the activity of cell division in plants [30]. The
amount of chlorophyll a and b and carotenoids was increased
per unit volume of culture medium under the influence of
phytohormone cytokinin, which was due to the positive effects
of cytokinins on the biosynthesis and development of the pho-
tosynthetic apparatus of microalgae T. suecica. Mousavi et al.
[31] also pointed to a similar result, regarding the effects of
cytokinins on the carotenoids of microalgae Dunaliella salina.
Cytokinins play a role in chloroplast differentiation and cause
the synthesis of chlorophyll and photosynthetic enzymes [32].
In plants, cytokinins induced more chlorophyll biosynthesis

TABLE 1: Fatty acids composition of microalgae T. suecica in the presence of 0, 5, 10, 15, 20, and 25mg/L of phytohormone Kinetin during the
experiment time (10 days, meanÆ SD).

Fatty acids
Treatments

Control (0mg/L) 5mg/L 10mg/L 15mg/L 20mg/L 25mg/L

SFA 21.84Æ 2.25 25.86Æ 1.94 25.07Æ 2.76 24.58Æ 1.05 22.33Æ 3.78 23.82Æ 0.63
MUFA 11.63Æ 0.54 13.32Æ 1.18 13.60Æ 2.10 12.28Æ 0.54 13.10Æ 2.25 13.51Æ 0.49
PUFA 44.33Æ 5.19 40.50Æ 2.09 40.44Æ 1.15 39.15Æ 3.36 41.27Æ 1.60 41.95Æ 0.76
Detected FA 77.79Æ 3.20 79.68Æ 1.04 79.11Æ 3.71 76.00Æ 2.78 76.70Æ 4.43 79.28Æ 1.17
n3-PUFA 19.76Æ 2.01ab 18.74Æ 1.69ab 16.89Æ 2.79b 19.37Æ 1.45ab 19.65Æ 2.91ab 21.26Æ 0.46a

n6-PUFA 24.56Æ 3.29a 21.76Æ 0.39ab 23.56Æ 1.64ab 19.78Æ 1.96b 21.62Æ 1.32ab 20.69Æ 0.51ab

n3/n6 0.81Æ 0.05bc 0.86Æ 0.06abc 0.72Æ 0.17c 0.98Æ 0.04ab 0.91Æ 0.19abc 1.03Æ 0.03a

n3-HUFA 2.92Æ 0.28ab 3.77Æ 0.14a 3.41Æ 0.15a 3.16Æ 0.60a 2.03Æ 1.12b 3.02Æ 0.11ab

n6-HUFA 24.56Æ 3.29a 21.76Æ 0.39ab 23.56Æ 1.64ab 19.78Æ 1.96b 21.62Æ 1.32ab 20.69Æ 0.51ab

SFA, saturated fatty acid; MUFA,monounsaturated fatty acid; PUFA, polyunsaturated fatty acid. a,b,c,ab,bc, abcDifferent letters on the each row indicate significant
differences by Tukey’s test (P<0:05).

TABLE 2: Profile of fatty acids microalgae T. suecica in the presence of 0, 5, 10, 15, 20, and 25mg/L of phytohormone Kinetin during the
experiment time (10 days, meanÆ SD).

Fatty acids
Treatments

Control (0mg/L) 5mg/L 10mg/L 15mg/L 20mg/L 25mg/L

C14 : 0 0.57Æ 0.25 0.70Æ 0.15 0.47Æ 0.16 0.71Æ 0.19 0.42Æ 0.13 0.48Æ 0.04
C16 : 0 20.25Æ 1.97 23.80Æ 0.74 22.62Æ 3.63 21.91Æ 1.71 21.15Æ 3.81 22.20Æ 0.97
C16 : 1n7 2.70Æ 0.09 1.99Æ 0.66 2.19Æ 0.27 2.68Æ 0.37 2.90Æ 0.00 2.80Æ 0.11
C18 : 0 0.51Æ 0.16 0.56Æ 0.05 0.54Æ 0.15 0.54Æ 0.09 0.47Æ 0.05 0.40Æ 0.06
C18 : 1n9 5.04Æ 0.32b 7.29Æ 0.13a 7.14Æ 1.52a 6.09Æ 0.56ab 5.72Æ 0.96b 6.55Æ 0.50ab

C18 : 1n7 3.49Æ 0.18 3.65Æ 0.39 3.75Æ 0.70 3.15Æ 0.27 4.01Æ 1.09 3.78Æ 0.07
C18 : 2n6 21.32Æ 2.83 17.71Æ 1.04 19.52Æ 0.74 17.10Æ 1.56 18.75Æ 0.50 18.21Æ 0.39
C18 : 3n3 16.84Æ 1.78ab 14.97Æ 1.56b 13.47Æ 2.64b 16.20Æ 0.86ab 17.62Æ 1.80a 18.24Æ 0.57a

C20 : 1n9 0.40Æ 0.07 0.38Æ 0.00 0.52Æ 0.14 0.35Æ 0.07 0.47Æ 0.20 0.39Æ 0.07
C20 : 2n6 0.37Æ 0.20 0.55Æ 0.33 0.35Æ 0.05 0.32Æ 0.04 0.60Æ 0.57 0.20Æ 0.07
C20 : 4n6 2.87Æ 0.51ab 3.50Æ 0.31a 3.68Æ 0.85a 2.36Æ 0.44b 2.27Æ 0.24b 2.29Æ 0.11b

C20 : 5n3 2.92Æ 0.28ab 3.77Æ 0.14a 3.41Æ 0.15a 3.16Æ 0.60a 2.03Æ 1.12b 3.02Æ 0.11ab

C24 : 0 0.51Æ 0.36 0.81Æ 1.00 1.43Æ 0.87 1.43Æ 1.00 0.29Æ 0.05 0.74Æ 0.70
a,b,abDifferent letters on the each row indicate significant differences by Tukey’s test (P<0:05).
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and also coordinated increases of auxiliary pigments (carote-
noids) and primary photosynthetic pigments (chlorophyll)
[33]. Moreover, Renuka et al. [34] indicated that cytokinin by
enhancing the activity of enzymes involved in photosynthesis
probably could increase in photosynthetic performance.

In the present study, the activity of two antioxidant
enzymes, SOD, and catalase, was affected by the concentra-
tion of phytohormone Kinetin. Based on our findings, the
phytohormone effects showed a concentration-dependent
trend. So at low concentration it had an increasing effect
on the activity of antioxidant enzymes, at a medium concen-
tration showed an effect equivalent to the control treatment,
while after that, a sudden increase in the activity of antioxi-
dant enzymes was observed at the maximum concentration
of the Kinetin (25mg/L hormones). Based on our findings,
the addition of exogenous phytohormones revealed differen-
tial responses at different growth phases. Until day 4 (at lag
phase) due to the low cell density, there was not a big differ-
ence, however, after that, at mid log phase there was a little
decrease in cell density probably due to the oxidative stress
and then at late log phase resulted in the highest activity of
antioxidant enzymes. Similarly, in the research of Renuka
et al. [34], the effect of exogenous cytokinin on photosynthetic
efficiency was more remarkable in the late log phase, as com-
pared to the initial stages of growth. In line with our
research, Piotrowska-Niczyporuk et al. [35] showed the
effects of the phytohormones, auxin, and cytokinin on the
activity of antioxidant enzymes, and pigments in microalgae
Acutodesmus obliquus under potassium stress. Also, based
on their results, cytokinins were more effective in reducing
hydrogen peroxide than auxins [35].

It has been reported that phytohormones increase the
amount of lipid of microalgae A. obliquus under stress con-
ditions by increasing the activity of critical enzymes such as
ACCase in the lipid substrate, [36]. Sivaramakrishnan and
Incharoensakdi [37] indicated that Omega-3 fatty acids can
be considerably elevated with the addition of phytohormone
indole acetic acid in microalgae Chlorella sp. They indicated
that oxidative stress caused by the phytohormones could
increase the amount of fatty acids. The mechanism of fatty
acid biosynthesis in microalgae includes the activating of
acetyl-coenzyme carboxylase, as increased in phytohormone
treatments. In addition to ACC, expression levels of other
genes involved in the fatty acid synthesis, including (ACP)
Acyl carrier protein and (Mctk) malonyl-Coa transacylase
were observed after treatment with phytohormones [37].
Udayan et al. [38] indicated that phytohormones Kinetin
and gibberellin had an increasing effect on unsaturated fatty
acids of Nannochloropsis oceanica. They also stated that a
culture media containing phytohormone can significantly
accumulate SFAs in microalgae. The combination of two
hormones, Kinetin and Gibberellin, decreased the amount
of SFAs and increased the content of MUFAs. The addition
of Kinetin increased the percentage of EPA 4 times as com-
pared to the control. In addition, an increasing of PUFA
amount was observed in cultures with in response to 0.86%
Kinetin compared to control [38]. In the study of Renuka
et al. [34], the highest lipid content (39.05% and 36.34%) of

microalgae A. obliquus was obtained in presence of Kinetin
and Zeatin, respectively. Moreover, the amount of SFA and
C16 : 0 fatty acids showed an increase in presence of phytohor-
mones under nitrogen limitation and standard control condi-
tions. Therefore, phytohormones supplements may induce
fatty acids synthesis to improve fluidity and permeability of
cell membrane facilitate increased absorption of plant hor-
mones [34].

5. Conclusion

The present study demonstrate that phytohormone Kinetin
had promoting effect on cell density and resulted in improve-
ment in photosynthetic pigments, antioxidant enzyme, and
fatty acid composition of microalgae T. suiciceca. The concen-
tration of 15mg/L of phytohormone Kinetin resulted in
49% increase in cell density. Therefore, this concentration of
Kinetin can be used for cultivation and biomass production of
microalgae T. suiciceca. Besides, the concentration of 5mg/L
of Kinetin exhibited an increase in antioxidant enzyme such
as superoxide dismutase and catalase activity and production
of n3HUFA and saturated fatty acid as compared to control.
The funding of the current study could provide a basis for the
development of scalable strategies for microalgae T. suiciceca
based on phytohormone Kinetin for biomass and biofuels
production.
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