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Abstract. The marine photoautotrophic and endosymbiotic organism, Symbiodinium, uses a combination 
of solar radiation and nutrient as its principal sources to maintain its physiological processes which 
include photosynthesis, growth, and intracellular chemical compound production such as lipid and 
carotenoid. The present study examined the synergetic effect of light and nitrogen on the intracellular 
lipid production and carotenoid accumulation in Symbiodinium. The pure and isolated Symbiodinium was 
cultured and treated with a combination of light intensity and nitrogen depletion. Data such as biomass 
growth, lipid content, and carotenoid in its initial culture condition were analysed to examine their 
correlation. The results showed that the initial stresses reduced biomass, increased total lipid content 
which was dominated by palmitic acid (C16:0), linoleic acid (C18:2n6), and linolenic acid (C18:3n3), and 
increased the intracellular carotenoid of Symbiodinium. The research identified a highly positive linear 
correlation between intracellular lipid production and carotenoid accumulation of Symbiodinium in initial 
culture condition.  
Key Words: environmental effect, lipid, photopigment, Symbiodinium. 

 
 
Introduction. Since early nineteenth century, global alternative energy resources have 
become a crucial factor in the industrial revolution in intensifying the economic growth 
and living standard (Atabani et al 2012). Human beings are making the effort of 
balancing the economic and ecological needs by searching for efficient and abundant 
biosources to provide for a better future to live in. Marine microalgae are potential 
biosources of biofuel and other fine biochemical compounds due to the higher growth 
rate and high lipid content of their cellular structure (Prartono et al 2013; Hudaidah et al 
2015). The variability of microalgae species and its culture conditions are the two most 
important variables that influence oil production (Wang et al 2008; Xu et al 2013). It has 
been reported that marine microalgae are the more sustainable source of biodiesel in 
terms of food security and environmental impact (Prartono et al 2013; Wang et al 2013; 
Hudaidah et al 2015).  

Nitrogen is a vital environment element which quantitatively influences highly the 
variability of microalgae growth and lipid productivity within the diverse free living 
marine microalgae (Griffiths & Harrison 2009; Prartono et al 2010). Furthermore, the 
modified light intensities may play an important role in increasing the lipid content of 
microalgae (Rosenberg et al 2008). Initially, the lipid production of the most common 
cultured microalgae ranges between 20 and 50% and is affected by the nutrient 
variability; subsequently, light intensity has been identified as another potential factor to 
regenerate their high lipid productivities (Mata et al 2010).  

The marine microalgae found in both free living or endosymbiotic microalgae may 
potentially serve as biofuel and sound chemical compound sources. The marine free-
living microalgae Nannochloropsis sp. are considered to be suitable for biofuel production 
because of their high oil content (26.2-28.7%, respectively) (Gouveia & Oliveira 2009; 
Hudaidah et al 2015). The average lipid production of marine microalgae may vary 
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during their initial culture conditions; certain species may even consist of up to 90% dry 
weight of lipid content (Chen et al 2015). Prartono et al (2013) showed the potential use 
of other free-living unicellular marine microalgae (Skeletonema, Thalassiosira, and 
Chaetoceros) as biodiesel sources by analysing their lipid content and composition under 
controlled and stressed conditions. The dynamic model analysis of microalgae described 
the high correlation of light and nutrient (as independent factors) alongside their growth 
and intracellular chemical compound production (Tang et al 2000). On the other hand, 
light may affect the physiological behaviours of those corals which contain endosymbiotic 
microalgae (Symbiodinium). Moya et al (2006) showed that light has simplified 
correlation with the calcification process in their host coral. Furthermore, appropriate 
lighting condition is essential for the production growth of sound chemical compound and 
maintenance of endosymbiotic microalgae biomass of gastro dermal host corals (Krueger 
& Gates 2012).  

Symbiodinium may be found as marine free-living and endosymbiont microalgae 
(Baker 2003; Kuguru et al 2010). Symbiodinium, as the most abundant marine 
Cnidarians endosymbiont, a unique phenomenon can be observed in its interaction 
between the gastro dermal cells of host and their photoautotrophic symbiotic microalgae. 
This mutual relationship plays a critical role in maintaining the health condition of the 
host and lays the foundation of the tropical marine ecosystem (Finney et al 2010; Peng 
et al 2012). Symbiodinium could be a potential biofuel source due to its significant ability 
to produced intracellular fine chemical compounds (Krueger & Gates 2012). Only a few 
studies have examined the content, synthesis, and biological activity of fatty acids in 
Symbiodinium (Wang et al 2013; Chen et al 2015; Liang et al 2015). As a marine 
microalgae, Symbiodinium may be influenced by marine environmental factor such as 
nutrient and light availability. Nutrient limitation and high light intensity, as stress 
variables, separately may induce lipid accumulation during cyst formation in 
Symbiodinium (Krueger & Gates 2012; Liang et al 2015). These conditions tend to 
fluctuate the photosynthesis process of pigments and change other physiological 
performances (Strychar & Sammarco 2012). Compared to terrestrial microalgae, a brief 
significant inverse correlation between intracellular lipid production and photosynthetic 
activity was briefly described in the freshwater microalgae Chlorella sp. (White et al 
2011). Furthermore, Solovchenko et al (2010) stated that the tight, nonlinear 
relationship between the photo pigment: chlorophyll ratio and total fatty acid (TFA) 
contents per dry weight occurred during the cultivation of Parietochloris incisa.  

Although the potential lipid/biofuel production in free-living micro algae have been 
investigated as mentioned above, there is still a lack of the studies in examining the lipid 
and photo pigment production strategy under specific conditions in endosymbiotic micro 
algae represented by Symbiodinium. In this research, we examined the lipid production 
and the relationship between carotenoid accumulation under nitrogen depletion and light 
intensities treatments in Symbiodinium natural biomass. 
 
Material and Method 
 
Period of study. The research was done in two major steps; the preparation and the 
main research. The preparation steps consist of host sample collection, and isolation of 
Symbiodinium which were conducted on January-July 2017. The main research consist of 
analysis of lipid extraction, Total Fatty Acid (TFA) analysis, and photo pigment analysis 
which were conducted on August-October 2017. 
 
Collection of host and isolation of Symbiodinium. The symbiotic Fungia sp. was 
collected from Marine Protected Area (MPA) of Pahawang island, Lampung Province, 
Indonesia as sources of Symbiodinium samples. The specimens were brought into the 
laboratory within < 9 h after being collected. The targeted zooxanthellae were collected 
from ±1 cm piece of host tentacles and homogenized in 0.45 µm millipore filtered sea 
water (MFSW) by using Teflon and glass homogenizer. The crude suspension was washed 
twice by centrifugation (500 rpm for 2 minutes) and resuspended in MFSW (Perez et al 
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2001). A spectrophotometer approach was used to calculate the Symbiodinium biomass 
for all treatments according to Zamani & Muhaemin (2015).  
 
Symbiodinium culture conditions. The endosymbiotic marine microalgae, 
Symbiodinium, was cultured in the Laboratory of Fisheries and Marine Science Research, 
University of Lampung. The acclimation was conducted at 21±1oC and cultured in a semi 
outdoor running seawater tank and was fully exposed with an ambient natural solar 
radiation with a photo period ratio of 12:12 light:dark. The maximum photosynthetic 
photon flux density (PPFD) exposed to the specimens was 600-700 nm (2100±50 µmol 
m-2 s-1). The preparation and composition of culture media were based on Krueger & 
Gates’s (2012) formula (KGF) which then were added with (NO3

-/NH4
-) as nitrogen 

source, chelating agents and organic supplements. The bio-contamination of diatom was 
reduced by omitting silica and tris-base compound from all culture media.  

After the acclimation process, the surviving endosymbiont microalgae biomass 
with exponential growth phase was used for the experiments. The microalgae cells were 
harvested by centrifugation (4500 rpm for 4 min), washed twice with double-distilled 
water, and re-suspended for all preliminary treatments. The treatments conditions were 
(1) control (the KGF medium was given the same condition as indicated in the 
acclimation process); (2) the KGF medium was exposed under 450 μmol photons m-2 s-1 
(N2-HL); (3) the KGF medium was nitrogen-free and treated under optimal light intensity 
(without N2); and (4) the KGF medium was nitrogen-free and treated under 450 μmol 
photons m-2 s-1 (without N2-HL). Each experiment was performed for 12 days of culture 
(DOC) with at least three independent repetitions for each treatment were conducted. 
The Symbiodinium cells were sampled every 24 hours for the analyses. 

 
Lipid extraction and total fatty acid (TFA) analysis. Symbiodinium cultured cells 
were harvested and lyophilized by using a freezer dryer to analyse the total lipid content. 
A total of 30 mg of freeze dried samples were mixed well with 1000 μL of methanol at 
4°C for 20 minutes. A triplicate extraction was done to obtain all the neutral lipids. 
Subsequently, the methanol was extracted (containing 0.01% butylhydroxytoluene, 
hexane, and water) with a final ratio of 1:1:1 (v/v/v). There are two phases involved in 
this analysis. The collection of upper phase was conducted after mixture underwent 
centrifugation (2500xg for 10 min). The pH of the lower phase was adjusted to 3.5-4.5 
with acetic acid, and re-extraction with a mixture of diethyl ether and hexane (1:1 v/v) 
was conducted. Subsequently, the combined phases evaporated to dryness in nitrogen 
and stored at -25°C. Four different treatments were performed after 12 days and three 
independent repetitions for each extraction were conducted to minimize response bias 
between treatments. 

The fatty acid content was analysed by providing 20 mL of each lyophilized sample 
and placing these samples into a conical flask containing 30 mL of petroleum ether (An et 
al 2013). Each solution was placed in an ultrasound bath equipment (40.0 kHz and 600 
W) for 35 min at 45°C. This process was repeated twice. Another option would be to 
move the solvent from a rotary vacuum evaporator at 45°C until the weight was stable. 
The total fatty acids content was transmethylated to fatty acid methyl esters (FAMEs) 
with 6 mL of 0.35 M KOH:methanol (v/v) at room temperature (18±1°C). The FAMEs 
treatment was carried out using a Finnigan Trace GC-MS (Agilent Technologies, USA). 
The FAMEs were analysed by comparing authentic standards (Sigma Chemicals Co., 
USA), against peaks that were simulated with DPS software Version 7.05. 

 
Photo pigments analysis. Photo pigment was analysed by harvesting stress-exposed 
and ultrasonic decomposition of 50 mL of Symbiodinium culture at different intervals. The 
photo pigments were extracted from microalgae cells by adding dimethyl sulfoxide 
(DMSO) at 70°C for 5 min (Strychar & Sammarco 2012). The total carotenoid and 
chlorophyll contents were examined by UV-Vis spectrophotometers (Purkinje General, 
China) using the coefficients mentioned by Solovchenko et al (2010). The chlorophyll and 
carotenoid concentrations were expressed in mg of carotenoid per litre, respectively. 
 



AES Bioflux, 2018, Volume 10, Issue 2. 
http://www.aes.bioflux.com.ro 

90 

Statistical analysis. Each experiment was repeated three times. All observations and 
calculations were made separately for each set of experiment. The data were expressed 
as means (µ) combined with standard deviation (SD). Statistical analyses were 
performed by using SPSS 17.0 for Windows. Variance among treatments was tested 
using a one-way ANOVA. The significance level was p < 0.05 for all tests unless 
otherwise indicated. 
 
Results. In the control culture, the sample showed a maximum cell concentration of 
8.38×106 cells mL-1 after 10 DOC and reached an exponential phase from the 2nd to the 
8th DOC. Symbiodinium cultured in [HL] treatment entered the exponential growth phase 
after 2 DOC with the highest cell concentration of 4.24×106 cells mL-1 after 10 DOC. Both 
[without N2] and [without N2-HL] cultures showed no exponential growth phase. The 
maximum cell concentrations in [without N2] and [without N2-HL] were 1.85×106 cells mL-

1 after 11 DOC and 1.54×106 cells mL-1 after 10 DOC, respectively.  
Figure 1 shows that all treatments exhibited various increase in biomass yield, 

even though the cultures were exposed to nitrogen and light stresses. All treatments 
showed lower cell concentrations than the control cultures. The cells under nitrogen 
depletion treatment and the nitrogen depletion combined with the high light treatment 
did not exhibit an obvious exponential phase (Figure 1). The culture stressed with 
nitrogen depletion had a significantly reduced biomass of Symbiodinium than the cultures 
handled by other treatments. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1. The growth of Symbiodinium in the control-, HL-, without N2-, and without N2-HL cultures 
within 12 DOC of cultures [HL refers to the cells under high light (450 μmol photons m-2 s-1 of 
continuous light); without N2 refers to the cells under nitrogen starvation stress; without N2-HL 
refers to the cells under high light (450 μmol photons m-2 s-1 of continuous light) and nitrogen 

starvation stresses]. 
 
Figure 2 showed the total lipid contents of Symbiodinium during the treatments. In the 
control condition the total lipid content of Symbiodinium gradually increased with the rise 
of DOC in linear model resulting in a maximum total lipid content of 13.6% dw at the 10th 

day. The total lipid content in [without N2] and [without N2-HL] cultures increased sharply 
in the first 6 DOC and raised slowly in the following 4 DOC, then declined after the 10 
DOC. Thus, the highest lipid productivities of [without N2] and [without N2-HL] cultures 
were obtained after 10 DOC, allowing for a production of up to 45.2% and 46.3% 
respectively. In the [HL] culture, a sharp increase of total lipid content in the first 8 DOC 
was observed. In the following 2 DOC a similar increase was detected, although less 
pronounced. In the last 2 DOC, the total lipid content decreased slightly. 

Figure 2 showed that the highest amount of total lipid content obtained after 10 
DOC was significantly higher than in the longer cultivated culture. The maximum 
productivity for total lipid accumulation in high-light-exposed cells was 56.92%, which 
was almost six-fold higher than the control cells. The cellular contents of total lipid 
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declined after 10 DOC regardless of any culture condition. The results suggest that the 
10th stress day may be the optimal time for lipid production.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 2. Total lipid content (% dry weight) in Symbiodinium grown within the control-, HL-, 
without N2-, and without N2-HL-treatments. 

 
Table 1 showed the change in the fatty acid (TFA) composition of the Symbiodinium cells 
growth. The dominant fatty acids in Symbiodinium were palmitic acid (C16:0), linoleic 
acid (C18:2n6), and linolenic acid (C18:3n3), which were found to represent about 65-
72% of the TFA. Generally, the TFA was increased under stress conditions except under 
[without N2] treatment compared with control. Additionally, significant increase were 
found in oleic acid (C18:1) which rose by 3.1-fold under [HL], 2.2-fold under [without 
N2], and 2.44 fold under [without N2-HL] treatments culture condition. The different 
phenomena were obtained by the decreased of C16:2, C16:4, C18:3n6, ARA, and EPA 
fatty acids.  

 

Table 1 
Fatty acid species profile (%) in the control, [HL], [without N2], and [without N2-HL] 

treatments culture 
 

Treatments Fatty acid 
species Control HL Without N2 Without N2-HL 
C14:0a 0.45±0.04 0.67±0.02 0.40±0.02 0.55±0.04 
C16:0a 24.2±0.09 26.59±0.01 26.36±0.10 27.62±0.11 
C16:2a 2.15±0.08 0.49±0.02 0.39±0.03 0.00±0.00 
C16:3a 3.38±0.05 1.14±0.03 0.70±0.03 0.38±0.02 
C16:4a 9.89±0.04 7.44±0.03 8.05±0.03 7.82±0.01 
C18:0a 3.29±0.01 3.43±0.04 2.47±0.02 3.06±0.01 
C18:1a 3.14±0.03 9.60±0.05 6.88±0.07 7.57±0.02 

C18:2n6a 17.06±0.03 17.22±0.04 18.11±0.06 19.27±0.08 
C18:3n6a 1.30±0.04 1.10±0.03 1.12±0.02 0.87±0.04 
C18:3n3a 19.49±0.04 19.70±0.04 20.38±0.02 19.94±0.01 
C18:4a 3.70±0.04 3.72±0.05 3.06±0.06 3.69±0.06 

C20:4n6 (ARA)a 2.79±0.05 1.56±0.05 1.40±0.5 1.42±0.04 
C20:5n3 (EPA)a 1.91±0.03 1.41±0.08 1.28±0.01 1.44±0.01 

ΣSFAb 27.89±0.05 30.69±0.07 29.23±0.10 30.23±0.06 
ΣMUFAb 3.14±0.03 9.60±0.05 6.88±0.07 7.57±0.02 
ΣPUFAb 61.67±0.44 53.78±0.26 54.49±0.35 54.83±0.60 

aValues are means±SD of three determinations; b SFA - saturated fatty acids, MUFA - monounsaturated fatty 
acids, PUFA - polyunsaturated fatty acids. HL refers to the cells under high light (450 μmol photons m-2 s-1 of 
continuous light); without N2 refers to the cells under nitrogen starvation stress; without N2-HL refers to the 
cells under high light (450 μmol photons m-2 s-1 of continuous light) and nitrogen starvation stress. 

 
The initial percentage of saturated fatty acids (SFA) was shown under [HL]- (10.04%),  
[without N2]- (4.81%) and [without N2-HL] culture (8.39%) conditions compared to the 
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control one. The monounsaturated fatty acid (MUFA) content increased higher than 
others such as [HL] culture (205.73%), [without N2] culture (119.11%), and [without N2-
HL] culture (141.08%) respectively. The different phenomena shown by the poly-
unsaturated fatty acid (PUFA) content presented a downward trend.  

The dynamic changes in carotenoid content are presented in Figure 3. The effect 
of the synergetic stress of nutrient and light on carotenoid concentration was examined 
to prove the linkage between the accumulation of lipid and carotenoid. The intracellular 
content of the total carotenoid in the control culture tends to stabilize appreciably within 
12 DOC. In [without N2] culture, the total carotenoid content increased moderately. In 
[HL] culture, the content in total carotenoid increased slowly on the first 6 DOC, 
continues to rise exponentially between 6 and 10 DOC, and beyond that will start to 
decrease (Figure 3).  

Generally, the intracellular carotenoid concentration peaked on the 10th day, to 
29.90 mg L-1 in [HL] cultures and to 22.10 mg L-1 in [without N2] cultures, respectively. 
The intracellular carotenoid concentration in [without N2-HL] culture was nearly three 
times higher than the one in the control culture (Figure 3). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. The fluctuation of total carotenoid contents of Symbiodinium cells growth in the control-, 

[HL]-, [without N2]-, and [without N2-HL] cultures. 
 

Discussion. In this research, an assumption was made to compare the changes in lipid 
content and carotenoid profile in Symbiodinium under various stress conditions. The 
trend of biomass accumulation observed in Symbiodinium (Figure 1) was comparable 
with those from previous observations (Damiani et al 2010; Fitriyani et al 2017). The 
intracellular concentration of fatty acids under nitrogen starvation is a widely known 
phenomenon as mentioned in Ahmad et al (2011) and Fitriyani et al (2017). However, 
we were particularly interested in analysing the correlation between lipid accumulation 
and high light intensity in Symbiodinium cultures with or without nitrogen, and also 
whether stress conditions induced a sharp increase in the intracellular lipid content of 
Symbiodinium. The observations of biomass and lipid accumulation (Figures 1 and 2) 
were briefly described as mentioned in Gustavs et al (2010) that when microalgae were 
cultured under stress condition, the occurrence of the intracellular degradation are 
correlated with the fluctuation of intracellular cellular C/N balance, which apparently 
induced lipid accumulation. White et al (2011) showed that the accumulation of oleic acid 
was correlated with an increase of astaxanthin esters when microalgae was grown under 
nitrogen starvation or high light intensity conditions. 

Our observation (Table 1) showed that intracellular oleic acid concentration 
increased sharply (3.1 fold) in the cells exposed to stress conditions, though it is not the 
major species of fatty acid. Gustavs et al (2010) showed that oleic acid was the major 
fatty acid present in cysts. The differences in oleic acid content observed in this research 
could be triggered by differences in initial culture conditions (Damiani et al 2010). Recht 
et al (2012) showed that the de novo pathway induced most of the 18:1 and 16:0 at the 
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expense of the PUFAs 16:2, 16:4 and EPA. In this research, we also found out that PUFAs 
such as 16:2, 16:4, C18:3n6, ARA, and EPA decreased when Symbiodinium cells were 
cultivated under stress conditions. Solovchenko et al (2010) stated that EPA will be 
placed in chloroplast membrane under nutritional depletion; and cells are unable to 
resynthesize EPA and/or even keep the concentration of nutritional components constant. 

Thus, we assumed that initial stresses would influence the photosystem. However, 
the relationship between photosynthetic efficiency and intracellular lipids concentration 
has not been widely studied in the previous studies (Petrou et al 2008; Gustavs et al 
2010). Petrou et al (2008) showed that nutrient-depleted microalgae redirect energy 
from photosynthetic processes to maximize nutrient uptake upon nutrient addition, and 
tend to lead to a net decrease in the cell capacity to dissipate inert photochemical 
energy. This result suggests a means of photo-protection that the synthesis and the yield 
of neutral lipids may lead to be a sensitive protective mechanism for cells against 
environmental conditions (Courchesne et al 2009).   

The environmental stress effect on carotenoid accumulation and lipid production 
was also observed in this research. We found out that there were significant changes in 
the pigment content of the Symbiodinium in [HL]-, [without N2]-, and [without N2-HL] 
cultures compared to the control one (Figure 3). It has been reported that under stress 
conditions, such as high light irradiance or nitrogen limitation, Symbiodinium form 
clusters of globules containing carotenoid at the cell centre (Peng et al 2012). 
Predominantly, intracellular carotenoid may vary as mono- and di-esters (Savage et al 
2002) and as such suggests that carotenoid possibly plays a role as an antioxidant, which 
maybe inhibiting lipid peroxidation (Peng et al 2012). Our research data in Table 2 
represent the linear correlative changes in intracellular lipid and carotenoid contents of 
Symbiodinium. The correlation between lipid and carotenoid contents under specific 
environmental stress conditions perfectly described the phenomena by providing the 
spearman correlation (r) from 0.844 to 0.983 and deterministic indexes (R2) from 0.711 
to 0.965. It was reasonable to assume that under specific culture condition the fatty acid 
metabolism may induce intracellular pigment accumulation in Symbiodinium. These 
results indicated that Symbiodinium must be a potential marine micro alga in the 
production of biofuel and carotenoid. 
 

Table 2 
Spearman (r) and deterministic (R2) indices of total lipid contents and total carotenoid in 

the control, [HL], [without N2], and [without N2-HL] cultures 
 

Parameter Control HL Without N2 Without N2-HL 
Equation Y=1.104X+3.131 Y=0.332X+4.894 Y=0.352X+5.932 Y=0.866X+1.897 

r 0.844 0.911 0.954 0.983 
R2 0.711 0.829 0.909 0.965 

Note: HL refers to the cells under high light (450 μmol photons m-2 s-1 of continuous light); without N2 refers to 
the cells under nitrogen starvation stress; without N2-HL refers to the cells under high light (450 μmol photons 
m-2 s-1 of continuous light) and nitrogen starvation stress. 
 
Figure 4 provides the linear correlation diagram of total lipid content and total carotenoid 
for all treatments. Our data represent the same trends of changes in total lipid and 
carotenoid contents. The relationship between lipid and carotenoid under stress 
conditions perfectly matched the above-mentioned point of view (Table 2) by providing 
correlation indexes (r) from 0.844 to 0.983. It was reasonable to assume that the fatty 
acid metabolism under specific conditions is inductive to pigment accumulation in 
Symbiodinium. 
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Figure 4. Correlation analysis between total lipid content and total carotenoid in Symbiodinium cells 

grown in the control, [HL], [without N2], and [without N2-HL] cultures. 
 
Conclusions. The research described the suitable condition for intracellular lipid and 
carotenoid production by Symbiodinium grown under high light intensity and nitrogen 
depletion. In its initial culture condition, a highly positive correlation between intracellular 
carotenoid and lipid contents exposed the possibility of using Symbiodinium for the 
combined production of biofuel and carotenoid. Further studies might explore more 
specific culture conditions, such as the use of another potential environmental variable to 
provide a significant increase of lipid and carotenoid contents. 
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