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Effects of salinity on the growth,
physiological and biochemical
components of microalga
Euchlorocystis marina
Yao Pan †, David Kwame Amenorfenyo †, Mingbiao Dong,
Ning Zhang, Xianghu Huang, Changling Li and Feng Li*

College of Fisheries, Guangdong Ocean University, Zhanjiang, China
Euchlorocystis marina, a new marine species of the genus Euchlorocystis

discovered in 2022, has the potential to improve the water quality in

mariculture ponds. However, the effects of salinity on the growth, physiology,

and biochemical composition of these algae are not well understood. In this

study, changes in physiological and biochemical indices such as cell density,

photosynthetic pigment, polysaccharide, and lipid content of E. marina under

different salinity treatments were analyzed. The results showed that the highest

cell density was observed at a salinity of 15‰. The lowest photosynthetic pigment

content was observed at a salinity of 60‰, and the highest polysaccharide and

lipid content was observed at a salinity of 60‰. These results indicated that lower

salinity was more conducive to E. marina reproduction and growth. E. marina can

accumulate polysaccharides and lipids in high salinity environments. This study

provides new information for understanding the salinity adaptation strategies of

E. marina and has practical significance for its development and utilization.
KEYWORDS

Euch l o rocy s t i s ma r i n a , s a l i n i t y , adap t a t i on , g rowth , phy s i o l ogy ,
biochemical composition
1 Introduction

Over the past few decades, population and economic growth have led to increasingly

serious problems, such as eutrophication and water pollution in coastal water bodies,

hindering the sustainable development of the mariculture industry (Kang et al., 2021).

Microalgae, which are the natural producers of organic matter and inorganic matter in the

aquatic environment, play an important role in stabilizing micro-ecosystems and

maintaining healthy water quality in aquaculture ponds (Salam et al., 2016; Esteves
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et al., 2022). They can absorb carbon dioxide through

photosynthesis to produce oxygen and increase the dissolved

oxygen levels in the water, as well as purify water by absorbing

and transforming excess nutrients (Cheng et al., 2023). To address

the negative impacts of unregulated human activities on

aquaculture environments, there is growing interest in technology

that uses direct artificial culture of green algae to improve the

aquatic environment in aquaculture facilities in China.

In Southern China, there are many mariculture ponds that

cover an estimated 165,000 km (Liu et al., 2023). Huang (2013)

observed that salinity levels in these aquaculture ponds fluctuate

significantly over time. A decrease in salinity can lead to an increase

in the dominance of toxic microalgal species such as cyanobacteria,

which can destabilize the aquaculture ecosystem and result in water

quality deterioration and disease outbreaks (Xie et al., 2003; Yang

et al., 2019; Lian et al., 2024). Additionally, during droughts, the

salinity levels of some ponds may increase to over 40‰. These

drastic fluctuations in salinity can affect the structure of the

phytoplankton community in ponds, which can disrupt the

ecological balance. Studies have shown that the presence of green

algae with wide salinity tolerance can effectively inhibit the growth

of pond cyanobacteria and improve the stability of aquaculture

ecosystems (Wang et al., 2020). Therefore, constructing a

mariculture pond environment with salt-tolerant microalgae as

the dominant population can effectively reduce the risk of

ecological imbalances due to salinity fluctuations.

Oocystaceae is a widely distributed green alga that possesses

complex biological characteristics and is capable of adapting to

various environmental conditions due to its long-term evolution (Li

et al., 2022). Some Oocystaceae species have the potential to

improve aquatic environments (Liu et al., 2018a, 2020). and

wastewater treatment (Ajala and Alexander, 2020) because of

their capacity to absorb nitrogen, P, and CO2 (Ajala and

Alexander, 2020; Chuka et al., 2020). Furthermore, they can adapt

to various environmental conditions (Takeuchi et al., 1992; Huang

et al., 2002). At present, the majority of reported Oocystaceae

species are freshwater species, with only a few marine species

being taxonomically accepted, such as Oocystis submarina,

Oocystis marina, and Euchlorocystis subsalina (Liu et al., 2018b).

Euchlorocystis marina is a newly isolated marine green algal species

belonging to the Oocystaceae family (Li et al., 2022). Their

biological characteristics and ecological functions are similar to

those of Oocystis and have the potential to improve the water quality

of aquaculture ponds. However, the effects of salinity on the growth,

physiology, and biochemical composition of algae are poorly

understood. The salinity level in the mariculture ponds in

southern China typically falls between 25–35 ‰. Nevertheless,

under conditions of drought, this level can exceed 40 ‰ and may

decrease below 20 ‰ during periods of rainfall. Therefore, this

study aimed to analyze the changes in growth and physiological and

biochemical indices under different salinity conditions to

understand the salinity adaptability of E. marina. The results of

this study provide valuable information for the development and

utilization of this alga.
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2 Materials and methods

2.1 Microalgal strain

E. marina (Figure 1) was isolated from a mariculture shrimp pond

in Zhanjiang and was inoculated and provided by the Laboratory of

Algae Resources Development and Aquaculture Environmental

Ecological Restoration of the College of Fisheries, Guangdong Ocean

University (accession number OM413748; NCBI).
2.2 Culture conditions

The strains were maintained at 15 mmol photons m−2 s−1 in

Zhanshui 107–13 seawater medium. E. marina working cultures

were cultured and reproduced in f/2 culture medium with artificial

seawater under continuous light (30 mmol photons m−2 s−1),

aeration (0.5 L min−1), and temperature (25 ± 1°C) in a 1 L

Erlenmeyer flask. The aeration was stopped a day before the

experiment to allow the algal suspension to settle naturally, and

the supernatant was removed to collect the concentrated algal

solution. The algal solution was centrifuged (at 25°C and 4500 r

min-1 for 10 min), the supernatant was removed, and the algal cells

were washed and resuspended in 1 L of artificial seawater at an

initial pH of 8 and 25‰ salinity. The pH and salinity of the culture

were adjusted using a YSI model 63 multi-parameter meter (Yellow

Springs Instrument Co., USA).

Algal sludge was then added to the f/2 culture medium at

salinity levels of 15, 30, 45, and 60 ‰ to inoculate an initial OD680

value of 0.5. The modified f/2 medium was prepared with the

following composition: NaNO3 (75 mg), KH2PO4 (5 mg), Na2SiO3–

9H2O (20 mg), and F/2 trace element solution (1 mL) per liter of

double-distilled water. The f/2 trace element solution comprised

C10H14N2Na2O8 (4160 mg), FeCl3·6H2O (3150 mg), MnCl2·4H2O

(180 mg), ZnSO4·4H2O (22 mg), CuSO4·5H2O (10 mg),

H4MoNa2O6 (6 mg), and CoCl2·6H2O (4160 mg) per liter of

double-distilled water. Different levels of salinity were achieved by

adding appropriate amounts of distilled water or NaCl to the

seawater and then adjusting the concentrations to the desired

level. The experiment was carried out in triplicate for each group

and cultured under growth conditions of temperature (25 ± 2°C),

light intensity (30 ± 2 mmol photons m-2 s-1), and photoperiod

(12:12 h, light: dark).
2.3 Algal cell density

5 mL of algal suspension was taken every two days and

measured at an optical density of 680 nm (OD680) using a

UV2450 spectrophotometer. The algal cell density was calculated

based on the annotation curve of the OD680 value (Xie et al., 2020).

The standard curve is:

Y = 0:0017X + 0:0288
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Correlation coefficient R2 = 0.9968, where Y is the value of

OD680 and X is the cell density (×104 cells mL-1).
2.4 Photosynthetic pigment
content determination

The photosynthetic pigments in E. marina were extracted and

determined according to the method described by Ren (2021).

Briefly, 5 mL of algae solution of various salinity groups was

taken after shaking the solution thoroughly and centrifuged at

5,000 r min-1 for 15 min. The supernatant culture solution and

an equal amount of 1×PBS (pH 7.2) using phosphate buffer salt

solution were added, mixed thoroughly, and centrifuged at 5,000 r

min-1 for 15 min, after which the supernatant was removed. The

centrifuge tubes were wrapped in tin foil and placed in a refrigerator

at -20°C for 12 h in the dark. 5 mL of 95% ethanol was preheated at

80°C for 30 min was added quickly and thoroughly mixed, and

placed in an 80°C water bath for 5 min. The solution was then

wrapped in tin foil and placed in the dark at room temperature for 4

h. Subsequently, the solution was centrifuged at 5000 r min-1 for 15

min, and the optical density of the supernatant was measured at

470, 649, and 665 nm using a UV2450 UV spectrophotometer.

Pigment content was calculated using the equation described by

Lichtenthaler and Wellburn (1983).

Chlorophyll a = 13:95�OD665 − 6:88�OD649

Chlorophyll b = 24:96�OD649 − 7:32�OD665

Carotenoids = (1000�OD470 − 2:05� Chl a − 114:8

� Chl b)=245
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Where Chl a is chlorophyll a, Chl b is Chlorophyll b, and OD is

measured absorbance values at different wavelength.
2.5 Determination of chlorophyll
fluorescence parameters

The maximum photochemical efficiency of PSII (Fv/Fm) and the

actual photochemical efficiency of PSII (FPSII) were measured

using an FMS-2 pulse-modulated fluorometer (Hansatech, UK).

The steady-state fluorescence (Fs) and light-adapted maximum

fluorescence (Fm) values were recorded when the chlorophyll

fluorescence reached a steady-state level in the light, and FPSII =

1 − (Fs/Fm) · (Fv/Fm) was measured after 30 min of dark adaptation

(Ren et al., 2020).
2.6 Polysaccharide content determination

A standard curve was prepared according to the phenol-sulfuric

acid method (Han, 2018). Briefly, 100 mg mL-1 glucose was diluted

to different concentrations (0, 40, 80, 120, 160, and 200 mL).
Distilled water was added to the diluted solution to 200 mL,
followed by the addition of 200 mL of 5% phenol, and subsequent

mixing. 1 mL of concentrated H2SO4 was added, mixed, and left for

30 min. A total of 250 mL was added to a 96-well cell culture plate

and the absorbance of the solution was measured at 490 nm using a

Synergy 2 microplate reader. The standard curve of glucose was

Y = 0:009X + 0:134

The correlation coefficient (R2) was 0.9994, where Y is the

absorbance and X is the glucose concentration.

The polysaccharide content of microalgae was determined

according to the method described by Wang et al. (2012). The

algal solution (3 mL) was centrifuged at 5000 r min-1 for 15 min, the

supernatant was removed, and an equal amount of 1×PBS

phosphate buffer salt solution was added and thoroughly mixed.

The supernatant was removed after centrifugation at 5000 r min-1

for 15 min, 1 mL of 0.305 mol L-1 NaOH solution was added to

wash the algae sludge, and the sample was then incubated in a water

bath at 58°C for 68 min. After centrifugation at 5000 r min-1 for 15

min, 200 mL of supernatant was transferred to a 2 mL centrifuge

tube, 200 mL of 5% phenol reagent and 1 mL of concentrated H2SO4

were added and thoroughly mixed, and the mixture was allowed to

settle for 30 min. A total of 250 mL was added to a 96-well cell

culture plate and the absorbance of the solution was measured at

490 nm using a Synergy 2 microplate reader. Polysaccharide

content was calculated using the glucose standard curve equation.
2.7 Lipid content determination

Using the method described by Wang et al. (2012), an

appropriate amount of algal solution was centrifuged (5000 rpm

for 10 min) and suspended in 1× PBS to an OD680 value of 0.8.
FIGURE 1

Optical microscopic image of E. marina used in this study.
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Subsequently, 1 mL of the solution was transferred to a 2 mL

centrifuge tube and centrifuged at 5000 rpm for 10 min. The

supernatant was removed and the algal cell pellet was washed

twice with 1× PBS. Then, 1 mL of 20% dimethyl sulfoxide

solution was added, and the mixture was incubated in a water

bath at 38°C for 18 min. After adding 20 mL of Nile Red dye (0.1

mg/mL acetone solution) and mixed, the sample was stained for 5

min. 250 mL of the sample was placed in a 96-well microplate and its

absorbance value was determined using a multi-mode microplate

reader. The wavelength was set at 480 nm, and the fluorescence

intensity at 570 nm was measured.
2.8 Statistical analysis

One-way ANOVAwith Duncan’s test (post hoc) was used to conduct

statistical analysis with the aid of the SPSS forWindows statistical software

package (IBM SPSS v26.0; Chicago, USA). The significance level was set at

P< 0.05, and the results are expressed as mean ± SD.
3 Results

3.1 Effect of salinity on the cell density of
E. marina

The effects of the different salinity treatments on E. marina cell

density are shown in Figure 2. Salinity significantly affected E.

marina cell density (P< 0.05). E. marina grew normally at salinity of

15‰, 30‰, 45‰, and 60‰. 15‰ salinity showed a maximum cell

density of 507.96×10–4 cells mL-1 compared with 60‰ salinity

which showed a minimum cell density (383.84×10–4 cells mL-1).
Frontiers in Marine Science 04
The cell density of E. marina at 15‰ and 30‰ salinity was higher.

However, the cell density of E. marina was significantly (P< 0.05)

higher at a salinity of 15‰. The cell density at all salinity levels

increased from the second day to the final day of cultivation.
3.2 Effect of salinity on the photosynthetic
pigment content of E. marina

3.2.1 The total chlorophyll content and
chlorophyll content

Figure 3 shows the pigment contents of E. marina at different

salinity levels. The salinity of 60‰ caused a significant decline in

the pigment content of E. marina during day 0–4 for chlorophyll a

(Figure 3A), day 0–2 for chlorophyll b (Figure 3B) and day 2–4 for

carotenoid (Figure 3C), which resulted in the lowest pigment

content among the groups. 30‰ salinity showed significantly

(P< 0.05) higher chlorophyll a and b and carotenoid content with

1.7995 pg cell-1, 0.4824 pg cell-1, and 0.4294 pg cell-1, respectively,

compared with 45 ‰ and 60 ‰ salinity. However, there was no

significant (P > 0.05) evidence between salinity of 30‰ and 15‰.

3.2.2 Photosynthetic efficiency (ФPSII and Fv/Fm)
The ФPSII and Fv/Fm values of E. marina were affected by

salinity levels (Figure 4). There were significant differences inФPSII

at various salinity levels on days 4 and 14. The ФPSII efficiency

decreased by 12.0%, 14.5%, 16.6%, and 14.0% under 15, 30, 45, and

60‰ salinity, respectively, on day 8 (Figure 4A). However, on the

final day of cultivation, ФPSII efficiency increased significantly by

6.1%, 3.5%, 1.2%, and 12.7% under 15, 30, 45, and 60‰ salinity

respectively (Figure 4A). The changes in Fv/Fm, an indicator of

ФPSII activity, were consistent with those in ФPSII in the various

salinity groups on day 8 (Figure 4B). For example, the efficiency of

Fv/Fm decreased by 10.3%, 9.5%, 10%, and 9.6% under 15, 30, 45,

and 60‰ salinity, respectively, and showed a trend similar to that of

ФPSII (Figure 4A).
3.3 Effect of salinity on the polysaccharide
content of E. marina

The polysaccharide content of E. marina significantly increased

with increasing salinity (Figure 5). Salinity levels of 15‰ and 30‰

exhibited a swift decrease from days 0 to 2, while the salinity 45‰

group maintained its initial level after day 2. The polysaccharide

content in the 60‰ group was significantly (P< 0.05) higher (745.63

pg cell-1) on the 8th day of cultivation than the low polysaccharide

content observed in the 15‰ group during the same period.
3.4 Effect of salinity on the lipid content of
E. marina

Fluorescence intensity was used to measure the variations in the

lipid content of E. marina among the different salinity groups. The

results showed that salinity significantly affected the lipid content of
FIGURE 2

Changes in the cell density of E. marina at different levels of salinity
(mean ± SD, n = 3).
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the E. marina. The lipid content of all salinity groups fluctuated

from day 2 to day 8, as shown in Figure 6; however, the lipid content

of E. marina continued to increase after the 10th day. The lipid

content increased with increasing salinity levels, with the maximum
Frontiers in Marine Science 05
lipid content of E. marina observed at 60‰ salinity, which was

significantly higher (P< 0.05) than that of the other salinity groups.

Additionally, the 15‰ and 30‰ salinity groups had lower lipid

content than the 45‰ and 60‰ salinity groups.
BA

FIGURE 4

Changes in ФPSII (A) and Fv/Fm (B) of E. marina at different levels of salinity (mean ± SD, n = 3).
B

C

A

FIGURE 3

Changes in chlorophyll a (A), chlorophyll b (B), and carotenoid (C) content of E. marina at different levels of salinity (mean ± SD, n = 3).
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4 Discussion

Salinity plays a crucial role in shaping the structure and

function of aquatic ecosystems (Smyth and Elliott, 2016). The

effects of changing salinity levels in aquaculture ponds are

primarily determined by the physiology and tolerance of

organisms, and their ability to cope with fluctuations in salinity.

Marine microalgae have a specific range of adaptability to different

salinity levels. In this study, E. marina was divided and multiplied at
Frontiers in Marine Science 06
a salinity range of 15– 60 ‰. Maximum growth of E. marina was

obtained under 15‰. However, 15–30‰ can serve as the optimum

salinity range for growth and biomass production. This

demonstrates that algal cell growth and metabolic activity were

supported at the salinity of 15–30‰ (Rasool et al., 2013). A similar

salinity range (25–35 ppt) was reported for the maximum growth of

T. suecica by Talukdar et al. (2012) and 1.5–2.5% for Isochrysis

galbana by Laing and Utting (1981). Excessive levels of salinity may

result in a rapid decrease in the cellular water content, which

increases the concentration of salts within the cells. This can

impede cellular metabolism, nutrient uptake, and utilization

which negatively affects the growth of E. marina. However, E.

marina was found to be capable of maintaining some degree of

growth even at high salinities of 60‰, suggesting that it is a salt-

tolerant species.

As previously reported by Zhang et al. (2010), the salinity also

affects the pigment content of microalgae. High salinity can hinder

photosynthetic activity in microalgae and Yao et al. (2013) found

that, high salinity affected the photosynthetic activity in Tetraselmis

subcordiformis. The findings of this study suggest that, except for

the salinity 60‰ group, the other salinity groups accumulated

photosynthetic pigments during the initial two days. This

indicates that E. marina experienced stress at salinity of 60‰.

The result agrees with what was reported by Sedjati et al. (2019).

They recorded higher chlorophyll a and b content of Dunaliella

salina at low level of salinity (20‰). Additionally, Park et al. (2015)

discovered that the overall chlorophyll content of Dunaliella

tertiolecta decreased significantly under high salinity conditions.

Pancha et al. (2015) also observed a substantial reduction in

chlorophyll a, chlorophyll b, and total carotenoid contents in

Scenedesmus sp. when the NaCl concentration in the medium

was increased. Similar to previous findings, the results of the present

study showed a significant decrease in chlorophyll a, b, and total

carotenoid content of E. marina at higher salinity ranges.

Limitations of photosynthetic electron transport in high-salt

environments may impede the synthesis of photosynthetic

pigments in algal cells, resulting in reduced chlorophyll

production (Zhang et al., 2010; Ren et al., 2020). From day 2, the

photosynthetic pigment content of each salinity group gradually

decreased, and the number of cells decreased with an increase in

cultivation time. This could be a result of the limited amount of light

energy channeled into the photosystem pathway, which in turn

decreases the accumulation of photosynthetic pigment synthesis

(Srivastava and Goud, 2017). PSII is considered to be one of the

most important components of the electron transport chain. This

component is measured by its ability to utilize absorbed light for

photochemical processes. The Fv/Fm ratio, which is the ratio of

variable to maximum fluorescence, is a useful indicator of the

efficiency of photochemistry in PSII, and can reveal the level of

stress experienced by plants. In the present study, we found that

ФPSII and Fv/Fm values decreased with an increase in salinity

concentration (45 and 60‰) during the first four days of culture,

indicating that salinity stress resulted in a decrease in PSII activity.

Our findings align with those of Liang et al. (2014), indicating that

the Fv/Fm values for P. tricornutum are higher at salinities ranging

from 20 to 40 psu. Additionally, for C. gracilis, the Fv/Fm values
FIGURE 6

Changes in the fluorescence intensity of lipid content of E. marina at
different levels of salinity (mean ± SD, n = 3).
FIGURE 5

Changes in the polysaccharide content of E. marina at different
levels of salinity (mean ± SD, n = 3).
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were higher at salinities of 5–40 psu compared to those at 1 psu or

50–70 psu.

Different salinity levels can affect the accumulation and

consumption of microalgal carbohydrates. When algal cells are

exposed to salinity, certain regulatory processes are activated, such

as the regulation of the uptake and export of ions through the cell

membrane (Allakhverdiev et al., 2000), restoration of expansion

pressure, and accumulation of osmoprotective solutes and stress

proteins (Talebi et al., 2013), which maintain the cells in a stable

growth state. Zou (2018) observed that the polysaccharide content

of Spirulina platenis was significantly elevated and maintained at a

high level under saline conditions, suggesting that polysaccharides

might be involved in osmoregulation. Polysaccharide not only plays

a positive role in the regulation of cellular osmotic pressure, but also

participates in the formation of biofilm (Rinaudi and González,

2009). Qurashi and Sabri (2012) concluded that increased secretion

of total cellular sugars under high salt stress promotes biofilm

formation and protects cells. According to Tewari and Arora

(2014), higher concentrations of NaCl affect the composition of

extracellular polymers and increase rhamnose and trehalose levels,

which can help microorganisms to tolerate salt stress. In this study,

the polysaccharide content of E. marina increased with increasing

salinity. This showed that, to adapt to the environment of increased

salinity, algal cells synthesize polysaccharides or maintain high

levels of polysaccharide content to maintain osmotic balance

inside and outside cells. Increased extracellular polysaccharides

maintain optimal levels of intracellular sodium content and

antioxidant enzyme activities (Liu et al., 2017), which may help E.

marina adapt to high-salinity environments. Overall, maintaining a

high polysaccharide content in high-salinity environments has a

positive effect on the osmoregulatory capacity of E. marina and the

formation of biofilms with protective functions.

The lipid content of microalgae can be influenced by various

environmental factors such as stress. Research has shown that

increasing salinity levels can lead to an increase in both lipid and

fatty acid contents in microalgae (Feng and Guo, 2009). In this

study, we observed that E. marina exposed to salinity levels of 45‰

and 60‰ had higher lipid content than those exposed to 15‰ and

30‰. This finding is consistent with a previous study that reported

the highest lipid content of I. galbana at a salinity level of 40 ppt

(15.68 ± 0.58% of dry weight) (Haris et al., 2022). It is also known

that salt stress conditions cause the degradation of starch and the

accumulation of lipids in microalgae cells (Zhang et al., 2018).

Microalgae accumulate intracellular lipids as long-term energy

sources in response to salt stress (Ines et al., 2016). This

accumulation, particularly of neutral lipids, helps to maintain

membrane integrity under salt stress, reducing cell membrane

osmotic pressure and fluidity (Ji et al., 2018). Srivastava and

Goud (2017) reported that under salt stress, algae preferred the

synthesis of neutral lipids, and that elevated neutral lipid content

improved the ability of algal cells to cope with unfavorable

environments. Kan et al. (2012) showed that the increase in the

proportion of saturated fatty acids in organisms under salt stress

can effectively reduce the fluidity of biological membranes, which in
Frontiers in Marine Science 07
turn reduces the damage of cell membranes. Lipid accumulation in

algal cells is a survival strategy in response to salt stress, enabling

algal cells to respond to increases in osmotic pressure and to

maintain cell membrane fluidity and integrity.
5 Conclusion

In aquaculture activities, the salinity of mariculture ponds

fluctuates significantly. Frequent fluctuations in salinity have a

significant impact on the community structure of planktonic

microalgae in the culture system. Therefore, the adaptability of

microalgae to salinity is an important parameter affecting the

success of the construction of ideal plankton communities in

mariculture ponds. This study investigated the effects of salinity

on the growth, physiology, and biochemical composition of E.

marina. Our findings showed that cells multiplied at a faster rate

at a salinity of 15. Algal cells can synthesize photosynthetic

pigments more efficiently at a salinity of 30, resulting in faster

growth. At a salinity of 60, the cells could cope with the high-salinity

environment by accumulating and preserving polysaccharides and

lipids. E. marina microalga exhibits a broad range of salinity

tolerance, making it a promising candidate for regulating the

environment of mariculture ponds. However, there is a need for

further investigation of the impact of fluctuating salinity levels on

the uptake and metabolism of excess nutrients in the water of

aquaculture ponds by this microalga.
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Rinaudi, L. V., and González, J. E. (2009). The low-molecular-weight fraction of
exopolysaccharide II from sinorhizobium meliloti is a crucial determinant of biofilm
formation. J. Bacteriol 191, 7216–7224. doi: 10.1128/JB.01063-09

Salam, K. A., Velasquez-Orta, S. B., and Harvey, A. P. (2016). A sustainable
integrated in situ transesterification of microalgae for biodiesel production and
associated co-product-A review. Renew. Sustain. Energy Rev. 65, 1179–1198.
doi: 10.1016/j.rser.2016.07.068

Sedjati, S., Santosa, G. W., Yudiati, E., Supriyantini, E., Ridlo, A., and Kimberly, F. D.
(2019). “Chlorophyll and carotenoid content of dunaliella salina at various salinity
stress and harvesting time,” in IOP Conference Series: Earth and Environmental
Science, Vol. 246. 012025. 4th International Conference on Tropical and Coastal Region
Eco Development, 30–31 October 2018. Semarang, Indonesia. IOP Publishing Ltd,
Philadelphia, PA. doi: 10.1088/1755–1315/246/1/012025

Smyth, K., and Elliott, M. (2016). “Effects of changing salinity on the ecology of the
marine environment,” in Stressors in the marine environment: physiological and
frontiersin.org

https://doi.org/10.1007/s40095-019-00333-0
https://doi.org/10.1104/pp.123.3.1047
https://doi.org/10.3389/fbioe.2023.1196948
https://doi.org/10.1007/s10811-020-02276-0
https://doi.org/10.3390/app122412608
https://doi.org/10.3969/j.issn.1672&ndash;6510.2009.04.006
https://doi.org/10.1016/j.aqrep.2021.100925
https://doi.org/10.1016/j.aqrep.2021.100925
https://doi.org/10.1016/j.biortech.2016.07.022
https://doi.org/10.3390/ijms19092800
https://doi.org/10.1007/s13131-012-0183-2
https://doi.org/10.1007/s13131-012-0183-2
https://doi.org/10.1007/s11160-021-09668-6
https://doi.org/10.1016/0044-8486(80)90127-1
https://doi.org/10.1016/0044-8486(80)90127-1
https://doi.org/10.3390/d14020119
https://doi.org/10.3390/biology13010054
https://doi.org/10.3390/biology13010054
https://doi.org/10.1515/bot-2014-0037
https://doi.org/10.1515/bot-2014-0037
https://doi.org/10.1042/bst0110591
https://doi.org/10.1007/s10499-020-00534-z
https://doi.org/10.1007/s10499-020-00534-z
https://doi.org/10.1007/s00128-018-2450-1
https://doi.org/10.1007/s00253-017-8114-y
https://doi.org/10.1111/jeu.12455
https://doi.org/10.1016/j.biortech.2015.04.017
https://doi.org/10.1016/j.biortech.2015.04.017
https://doi.org/10.1007/s10811-014-0394-3
https://doi.org/10.1590/S1517-83822012000300046
https://doi.org/10.1007/978&ndash;1-4614&ndash;4747-4_1
https://doi.org/10.3969/j.issn.1673&ndash;9159.2020.03.005
https://doi.org/10.3969/j.issn.1673&ndash;9159.2020.03.005
https://doi.org/10.1128/JB.01063-09
https://doi.org/10.1016/j.rser.2016.07.068
https://doi.org/10.1088/1755&ndash;1315/246/1/012025
https://doi.org/10.3389/fmars.2024.1402071
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Pan et al. 10.3389/fmars.2024.1402071
ecological responses; societal implication. Eds. S. Martin and W. Nia (Oxford Academic,
New York, NY, Oxford). doi: 10.1093/acprof:oso/9780198718826.003.0009

Srivastava, G., and Goud, V. V. (2017). Salinity induced lipid production in
microalgae and cluster analysis (ICCB 16-BR_047). Bioresource Technol. 242, 244–
252. doi: 10.1016/j.biortech.2017.03.175

Takeuchi, T., Utsunomiya, K., Kobayashi, K., Owada, M., and Karube, I. (1992).
Carbon dioxide fixation by A unicellular green alga Oocystis sp. J. Biotechnol. 25, 261–
267. doi: 10.1016/0168–1656(92)90160-B

Talebi, A. F., Meisam, T., Seyed, K. M., Masoud, T., and Foad, M. (2013).
Comparative salt stress study on intracellular ion concentration in marine and salt-
adapted freshwater strains of microalgae. Notulae Botanicae Horti Agrobotanici Cluj-
napoca 5, 309–315. doi: 10.15835/nsb539114

Talukdar, J., Kalita, M. C., and Goswami, B. C. (2012). Effects of salinity on growth
and total lipid content of the biofuel potential microalga ankistrodesmus falcatus
(Corda) ralfs. Int. J. Sci. Eng. Res. 3, 1–7.

Tewari, S., and Arora, N. K. (2014). Multifunctional exopolysaccharides from
pseudomonas aeruginosa PF23 involved in plant growth stimulation, biocontrol and
stress amelioration in sunflower under saline conditions. Curr. Microbiol. 69, 484–494.
doi: 10.1007/s00284-014-0612-x

Wang, H., Fu, R., and Huang, B. (2012). Rapid determination of lipid in chlorella based on
nile red fluorescence. China Oils Fats. 37, 78–81. doi: 10.3969/j.issn.1003–7969.2012.03.020

Wang, X. Q., Zhang, Y. L., Li, C. L., Huang, X. H., Li, F., Wang, X. Y., et al. (2022).
Allelopathic effect of oocystis borgei culture on microcystis aeruginosa. Environ.
Technol. 43 (11), 1662–1671. doi: 10.1080/09593330.2020.1847202
Frontiers in Marine Science 09
Xie, L., Lin, X., Xu, Z., Hu, R., Qi, X., and Cheng, K. (2003). Phytoplankton
communities and physical and chemical factors in different types of shrimp ponds.
Ecologic Sci. 22, 034–037. doi: 10.3969/j.issn.1008–8873.2003.01.009

Xie, L. S., Zhang, N., Li, C. L., and Huang, X. H. (2020). Effects of sodium nitrate on
growth, biochemical components, and sedimentation of oocystis borgei. J. Guangdong
Ocean University. 40, 48–55. doi: 10.3969/j.issn.1673–9159.2020.03.007

Yang, A., Zhang, G., Meng, F., Zhi, R., Zhang, P., and Zhu, Y. (2019). Nitrogen
metabolism in photosynthetic bacteria wastewater treatment: A novel nitrogen
transformation pathway. Bioresour. Technol. 294, 122162. doi: 10.1016/
j.biortech.2019.122162

Yao, C. H., Ai, J. N., Cao, X. P., and Xue, S. (2013). Salinity manipulation as an
effective method for enhanced starch production in the marine microalga tetraselmis
subcordiformis . Bioresource Technology. 146, 663–671. doi : 10.1016/
j.biortech.2013.07.134

Zhang, T., Gong, H. M., Wen, X. G., and Lu, C. M. (2010). Salt stress induces a
decrease in excitation energy transfer from phycobilisomes to photosystem ii but an
increase to photosystem I in the cyanobacterium Spirulina platensis. J. Plant Physiol.
167, 951–958. doi: 10.1016/j.jplph.2009.12.020

Zhang, L., Pei, H., Chen, S., Jiang, L., Hou, Q., and Yang, Z. (2018). Salinity-induced
cellular cross-talk in carbon partitioning reveals starch-to-lipid biosynthesis switching
in low-starch freshwater algae. Bioresour Technol. 250, 449–456. doi: 10.1016/
j.biortech.2017.11.067

Zou, X. (2018). The physiological effects of salinity stress on fresh spirulina platensis.
[Master dissertation]. Nanjing Agricultural University, Jiang Su.
frontiersin.org

https://doi.org/10.1093/acprof:oso/9780198718826.003.0009
https://doi.org/10.1016/j.biortech.2017.03.175
https://doi.org/10.1016/0168&ndash;1656(92)90160-B
https://doi.org/10.15835/nsb539114
https://doi.org/10.1007/s00284-014-0612-x
https://doi.org/10.3969/j.issn.1003&ndash;7969.2012.03.020
https://doi.org/10.1080/09593330.2020.1847202
https://doi.org/10.3969/j.issn.1008&ndash;8873.2003.01.009
https://doi.org/10.3969/j.issn.1673&ndash;9159.2020.03.007
https://doi.org/10.1016/j.biortech.2019.122162
https://doi.org/10.1016/j.biortech.2019.122162
https://doi.org/10.1016/j.biortech.2013.07.134
https://doi.org/10.1016/j.biortech.2013.07.134
https://doi.org/10.1016/j.jplph.2009.12.020
https://doi.org/10.1016/j.biortech.2017.11.067
https://doi.org/10.1016/j.biortech.2017.11.067
https://doi.org/10.3389/fmars.2024.1402071
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

	Effects of salinity on the growth, physiological and biochemical components of microalga Euchlorocystis marina
	1 Introduction
	2 Materials and methods
	2.1 Microalgal strain
	2.2 Culture conditions
	2.3 Algal cell density
	2.4 Photosynthetic pigment content determination
	2.5 Determination of chlorophyll fluorescence parameters
	2.6 Polysaccharide content determination
	2.7 Lipid content determination
	2.8 Statistical analysis

	3 Results
	3.1 Effect of salinity on the cell density of E. marina
	3.2 Effect of salinity on the photosynthetic pigment content of E. marina
	3.2.1 The total chlorophyll content and chlorophyll content
	3.2.2 Photosynthetic efficiency (&Fcy;PSII and Fv/Fm)

	3.3 Effect of salinity on the polysaccharide content of E. marina
	3.4 Effect of salinity on the lipid content of E. marina

	4 Discussion
	5 Conclusion
	Data availability statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


