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Abstract 14 

Noctiluca scintillans reached the highest abundance (5105 ind/m3) in April; and April was an important period in the 15 

Black Sea ecosystem because of the seasonal thermocline. While the relationship between temperature and abundance was 16 

important (P<0.05, r2=-0.8), the relationship was not important between salinity and abundance (P<0.05, r2=-0.06); and 17 

Chlorophyll-a (Chl-a) and abundance (P<0.05, r2=-0.2). It was determined that total lipid was 0.5% in wet weight (WW). It 18 

was shown that the main Saturated Fatty Acids (SFA) were 16:0 (24%) and 18:0 (6%), main Monounsaturated Fatty Acids 19 

(MUFA) were 18:1ω-9c (22%) and 16:1ω-7 (4%), main Polyunsaturated Fatty Acids (PUFA) were 18:2ω-6c (19%) and 20 

20:4ω-6c (8%). Phytosterols were the most important sterols in N. scintillans; and stigmasterol was 60 µg/gr and β-sterol was 21 

8µg/gr as the most important ones in phytosterols. α-tocopherol was the highest amount (10.8 µg/g) in lipophilic vitamins. It 22 

was found that Malondialdehyde (MDA) was 65 µg/g, total protein was 10 mg/g, Glutathione (GSH) was 10565 µg/g and 23 

GSSG) was 49 µg/g. Consequently, PUFA and α-tocopherol were the most important biochemical parameters and α-24 

tocopherol may reduce toxicity in blooms of N. scintillans because of inhibitory effect of α-tocopherol on lipid oxidation. 25 

Additionally, we can say that N. scintillans is a resistant dinoflagellate against oxidative stress. 26 
 27 

Keywords: PUFA, phytosterols, toxicity, lipid oxidation 28 

 29 

Güneydoğu Karadeniz’de Noctiluca scintillans’ın biyokimyasal içeriği (yağ asitleri, 30 

steroller, lipofilik vitaminler, toplam protein, MDA, GSH, GSSG) 31 

Özet  32 

Noctiluca scintillans Nisan ayında en yüksek bolluğa ulaşmıştır ve mevsimsel termoklinin de Nisan ayında 33 

oluşmasından dolayı, Nisan ayı Karadeniz ekosisteminde önemli bir dönemdir. Sıcaklık ve bolluk arasındaki ilişki önemli 34 

iken (P<0.05, r2=-0.8), tuzluluk ve bolluk (P<0.05, r2=-0.06), Chl-a ve bolluk (P<0.05, r2=-0.2) arasındaki ilişki önemli 35 

değildir.  Toplam lipit yaş ağırlıkta (WW) %0.5 olarak belirlenmiştir. Temel doymuş yağ asitlerinin (SFA); 16:0 (%24) ve 36 

18:0 (%6), temel tekli doymamış yağ asitlerinin (MUFA); 18:1ω-9c (%22) ve 16:1ω-7 (%4), temel çoklu doymamış yağ 37 

asitlerinin (PUFA);18:2ω-6c (%19) ve 20:4ω-6c (%8) olduğu görülmüştür. N. scintillans’ daki en önemli steroller 38 

fitosterollerdi ve fitosterollerden, stigmasterol 60 µg/gr ve β-sterol 8 µg/gr dı. α-tokoferol en yüksek miktara (10.8 µg/g) 39 

sahip lipofilik vitamindi. Bunu D2 (3.5 µg/g) ve K2 (0.2 µg/g) vitaminleri takip etmiştir. N. scintillans’da Malondialdehit 40 

(MDA) 65 µg/g, toplam protein 10 mg/g, Glutatyon (GSH) 10565 µg/g ve Glutatyon disülfit (GSSG) 49 µg/g olarak 41 
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bulunmuştur. N. scintillans’daki en önemli biyokimyasal parametreler PUFA ve α-tokoferoldur. Sonuç olarak, α-tokoferolun 42 

lipit oksidasyonunu engelleyici etkisinden dolayı, α-tokoferolun N. scintillans bloomlarında toksititeyi azalttığı ve N. 43 

scintillans’ın oksidatif strese karşı dayanıklı bir dinoflagellat olduğu da söylenebilir.  44 

Anahtar Kelimeler: PUFA, fitosteroller, toksisite, lipit oksidasyonu 45 

 46 

 47 

Introduction 48 

 49 

Noctiluca scintillans (Macartney) Kofoid & Swezy is a large-size heterotrophic dinoflagellate. It is reported 50 

widely as a “red tide” organism in temperate, subtropical and tropical seas and is well known for its 51 

luminescence. Noctiluca does not produce toxins but it is reported as a harmful algal with oxygen depletion, gill 52 

clogging, and high ammonia levels on the basis of mass mortalities of finfish in farms associated (Okaichi and 53 

Nishio, 1976). It has been reported that N. scintillans may act as a vector of phycotoxins to higher trophic levels, 54 

by feeding on toxigenic microalgae (Escalera et al., 2007). The blooms generally occur from spring to summer 55 

in many parts of the world, and can cause extreme events as increasing of the cells concentrate near the surface 56 

(Elbrächter and Qi, 1998; Miyaguchi et al., 2006; Baek et al., 2009; Padmakumar et al. 2010). The blooms are 57 

resulted often in a strong pinkish red or orange in some places as Australia (Hallegraeff, 1991), Thailand 58 

(Sriwoon et al. 2008), Gulf of Mannar, India (Gopakumar et al., 2009) Japan, Hong Hong, China (Huang and Qi, 59 

1997), Turkey including  the Bosphorus, Marmara Sea,Dardanelles (Unsal et al. 2003, Turkoglu et al., 2004, 60 

Turkoglu and Buyukates, 2005, Turkoglu, 2010; Turkoglu and Erdogan, 2010; Turkoglu, 2013), the Black Sea 61 

(Porumb,1992; Turkoglu and Koray, 2002; 2004) and in the Southeastern coast of the Black Sea (Kopuz et al., 62 

2014). N. scintillans blooms are known to occur after diatom blooms ((Kiørboe, 1998; Tiselius and Kiorobe, 63 

1998; Dela-Cruz et al., 2002) because availability of phytoplankton as prey is one of the important factors for the 64 

variation in abundance of N. scintillans (Elbrächter and Qi, 1998). Therefore, we used Chl-a concentration as the 65 

basic criteria of the phytoplankton biomass. However, the abundance of N. scintillans shows temporal variations 66 

from seasons to years, and its blooms have been reported to correlate with environmental factors.  However, the 67 

initial trigger of the largescale bloom formations have not specifically been attributed to the any particular 68 

condition. The cause of the large-scale bloom formation in coastal embayments is still controversial (Miyagucci 69 

et al, 2006).  70 

N. scintillans is an opportunistic omnivorous dinoflagellate and has a rapid reproduction capability, together with 71 

polyphagous feeding behavior enables outbursts in populations under favorable conditions, frequently 72 

dominating the >200 µm fraction of plankton (Uhlig and Sahling, 1990; Shanks and Walters 1996; Elbrachter 73 

and Qi, 1998). The diet of the species consists of a broad spectrum of prey, including phytoplankton, nauplii and 74 

eggs of zooplankton (acartia), anchovy, organic detritus, and bacteria (Hattori, 1962; Sekiguchi and Kato, 1976; 75 

Schaumann et al., 1988; Kirchner et al., 1996; Elbrachter and Qi, 1998; Quevedo et al., 1999), thus enabling the 76 

species to prey on items theoretically higher up in the trophic web. It is one of the common and numerous 77 

components of the heterotrophic plankton in the Black Sea (Erkan et al., 2000; Kovalev et al., 2001; Feyzioglu 78 

and Sivri, 2003; Özdemir and Ak, 2012; Mikaelyan et al., 2014) and has an important role on the pelagic 79 

ecosystem of the Black Sea (Oguz et al., 2001 a, b). Thus, we thought that to obtain information about some 80 
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biochemical parameters of N. scintillans would be useful to create source. - We especially researched these 81 

parameters in the period when there was the most abundance. Biochemical parameters as lipids are important 82 

biochemical compounds in trophic transfer in marine food webs - because they are rich in carbon with a very 83 

high energy value (Parrish, 1988). They can be used as biomarkers in ecology (Budge et al., 2006; Litzow et al., 84 

2006). Especially, PUFA, including docosahexaenoic acid (20:6ω3, DHA), eicosapentaneoic acid (20:5ω3, EPA) 85 

and α-linolenic acid (18:3ω3, ALA) etc., are among the crucial classes of fatty acids. They are critical structural 86 

components and precursors of signaling molecules, which are involved in many diverse biological and 87 

biochemical processes, and important to maintain physiological functions in consumers (Ackman et al. 1980; 88 

Sargent et al., 1987; Caramujo et al., 2008; Lund et al., 2008). Additionally, proteins play extremely important 89 

roles in most biological processes of living beings, such as enzymatic catalysis, transport and storage, 90 

coordinated motion, mechanical support, immune protection, generation and transmission of nerve impulses, and 91 

control of growth and differentiation (Zaia et al., 1998). MDA level constitutes a good marker of peroxidative 92 

damage to cell membranes (Gil et al., 2002).  Thus, it is used as an indicator of lipid peroxidation. In addition, it 93 

is a highly reactive three carbon dialdehyde produced as a byproduct of PUFA peroxidation (Janero, 1990) and 94 

also during arachidonic acid (ARA)  metabolism for the synthesis of prostaglandins (Marnette, 1999). GSH - 95 

plays an important role in protecting these from oxidative damage (López-Barea and Gómez-Ariza, 2006). GSH 96 

is the most abundant antioxidant in aerobic cells and is synthesized from l-glutamate, l-cysteine, and l-glycine in 97 

two ATP requiring steps catalyzed by the enzymes g-glutamylcysteine ligase and GSH synthetase. The cysteine 98 

thiol moiety gives  antioxidant properties of GSH. The thiol is oxidized by cellular pro-oxidants, such as free 99 

radicals and reactive aldehydes, to form GSSG (Owen and Butterfield, 2010).  100 

To our knowledge, this paper is the first report about biochemical content of N. scintillans. The main objective of 101 

this study is to investigate  some biochemical parameters as lipophilic  vitamins, fatty acids, sterols,  MDA, GSH 102 

and GSSH in N. scintillans, which has a wide range of food, almost non-predator and causes blooms; also, to 103 

determine the relation between abundance and environmental conditions.  104 

 105 

Materials and Methods 106 

Study Area and Sampling 107 

 108 

The study was performed in the Southern part of the Black Sea at a coastal station with coordinates 400 57ı 12ıı N 109 

- 400 9ı 30ıı E (Figure 1).  N. scintillans samples were collected with a 200 µm mesh Hydro-Bios net with a 110 

mouth diameter of 110 cm. The vertical haul was used from the entire oxic layer starting from a depth of 130 m 111 

up to the surface layer.  Samplings for abundance were made on a single day for every corresponding month 112 

between March 2012 and February 2013 aboard KTU’s research vessel Yakamoz. The water depth was 250 m. 113 

Water samples were taken using Nansen bottles on the surface layer. Temperature and salinity values were 114 

measured with a conductivity-temperature-depth-oxygen CTD profiler (CTD, General Oceanic Idronaut, 316).  115 

 116 

Abundance of N. scintillans 117 

 118 
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N. scintillans cells were counted under BH2 stereo microscope. The abundance was calculated as the number of 119 

individuals in m3.  In the basis, the volume of filtered water and the total number of individuals were used 120 

(Harris et al., 2000). 121 

 122 

Chlorophyll-a Analysis 123 

 124 

Water samples were collected from the surface layer for Chlorophyll-a (Chl-a) assay. The collected samples 125 

were filtered through 0.45 µm cellulose acetate membrane. The filtered samples were immediately frozen at -126 

20oC and kept until analysis. Before the analysis, Chl-a was extracted from the filtered samples using 90% 127 

acetone, and was assayed with spectrometric method (Parsons et al., 1984). 128 

 129 

Lipid Extraction 130 

The samples were homogenized with tissue fragmentation buffer. The homogenate was centrifuged at 5000 rpm 131 

for 5 min at 4°C. After centrifuging, the supernatant part was used for GSH, MDA, and GSSH. The remaining 132 

homogenate pellets were extracted in hexane: isopropanol (3:2 v/v) (Hara and Radin, 1978) and used by 133 

centrifuging for the ADEK vitamin and fatty acid analysis.  134 

 135 

Derivatization and Analysis of Fatty Acids 136 

 137 

An aliquot was taken from the supernatant part of the sample pellet and 5 mL 2% H2SO4  in  methanol was added. 138 

The mixture was vortexed and then kept  in the oven for 12h (50°C). Then, after being cooled to room 139 

temperature, 5 mL of 5% NaCl was added and then it was vortexed. Fatty Acid Methyl Esters (FAME) were 140 

extracted with 2×5 ml hexane.  FAME were treated with 5 ml 2% KHCO3 solution and then the hexane phase 141 

was evaporated by the nitrogen flow; and then, samples were taken to auto sampler vials by dissolving in 1 ml 142 

fresh hexane (Christie,1990).. 143 

The FAME were analyzed on a SHIMADZU GC 17 Ver. 3 Gas Chromatography (Kyoto, Japan). The GC 144 

column was 25 m of long Machery-Nagel (Germany) capillary column with an inner diameter of 0.25 μm and a 145 

25 micron-thick film was used. The column temperature was kept at 120-220°C, the injection temperature was 146 

kept at 240°C, and the detector temperature stayed constant at 280°C. The column temperature program was 147 

adjusted as  120-220°C, and the temperature increase was determined to be 5°C/min until 200 and 4°C/min from 148 

200-220°C. It was kept at 220°C for 8 min and the total duration was set as 35 min. Nitrogen gas was used as the 149 

carrier gas. Before the analysis of the FAME, mixtures of standard fatty acid methyl esters were injected and the 150 

residence time of each fatty acid was determined. After this process, the necessary programming was made and 151 

the fatty acid methyl ester mixtures of the samples were analyzed (Christie, 1990). 152 

 153 

Derivatization and Analysis of Lipophilic Vitamins and Sterols 154 

 155 

The 5 mL supernatant was taken to 25 mL tubes with caps and 5mL KOH: methanol (1: 10 v/v) was added. The 156 

tubes werevortexed and then they were kept in the oven at 85°C for 15 min. They were taken and cooled to room 157 
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temperature, and 5 mL of pure water was added and mixed. -Lipophilic molecules were extracted with 2×5 mL 158 

hexane. The hexane phase was evaporated with nitrogen flow. It was dissolved in 1 mL acetonitrile: methanol 159 

(50 + 50% v/v) and then was taken to auto sampler vials and was analyzed. 160 

Sterols were analyzed on a Shimadzu HPLC, by using LC-10 ADVP UV as the visible pump; SPD-10AVP as 161 

the detector; CTO- 10ASVP, as column oven; SIL-10ADVP as auto sampler, unit DGU-14A as degasser and 162 

Class VP software (Shimadzu, Kyoto Japan). The acetonitrile: methanol (60+40% v/v) was used in the mobile 163 

phase. The mobile phase flow rate was 1 mL. UV detector and the Supelcosil LC 18 (15×4.6 cm, 5 μm; Sigma, 164 

USA) column  were - used. Wave lengths of detection were 326 nm for vitamin A, 202 nm for vitamin E and 165 

265 nm for vitamins D, K (Katsanidis and Addis, 1999). 166 

 167 

Analysis of MDA, GSH, GSSG and Total Protein 168 

 169 

The supernatant part was used for MDA, GSH and GSSG. 1mL perchloric acid (10% v/v) was added to 1 mL 170 

supernatant. After centrifuged, MDA, GSH and GSSG were analyzed on a Shimadzu HPLC. MDA was analyzed 171 

according to Karatepe et al., 2004. GSH was analyzed according to Yilmaz et al., 2009. Peaks were identified by 172 

comparison of retention times and spectra (multiwave length scan) of the standard and the samples. Total protein 173 

amount in N. scintillans was measured by method of Lowry et al., 1951. 174 

 175 

Statistics 176 

The data obtained were analyzed using the Analysis of Variance (ANOVA) Method.  Used software  was 177 

STATISTICA 8.0 in case there were any significant differences. 178 

 179 

Results and Discussion 180 

 181 

Hydrography, Chl-a, and the Abundance of N. scintillans 182 

Samplings of temperature, salinity, Chl-a, and the abundance of N. scintillans were carried out during March 183 

2012-February 2013 (Figure 2). It was determined that N. scintillans reached the highest abundance in April 184 

during the sampling period (March 2012-February 2013). Therefore, biochemical content of N. scintillans was 185 

investigated in April. 186 

During the sampling period (March 2012-February 2013) for hydorography, temperatures of sea surface 187 

fluctuated from 9°C in March to 28 °C in August; and a seasonal thermocline was observed to start at a depth of 188 

20 m in April when N. scintillans was sampled for biochemical content. It was observed that the temperature of 189 

the sea surface increased (12oC) with the increase of the temperature in April.  Water temperature at a depth of 190 

40 m decreased to 7°C and the cold intermediate layer (CIL) observed during certain periods in the Black Sea 191 

dominates the region. CIL is characterized by temperatures less than 8oC (Alkan et al., 2013). In the same 192 

sampling period, salinity of the sea surface was 18 ppt and it reached 19 ppt in 100 m depending on the depth. 193 

Agirbas et al. (2014) reported that the thickness of the CIL was observed to be larger (65-130 m) in the coastal 194 

station of the Southeastern Black Sea (Trabzon coastline) and the salinity varied greatly within the range of 18 to 195 

21‰ in the CIL during March 2010-December 2010. Measurements at Southeastern Coastal Site of the Black 196 
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Sea (off Trabzon) took a decade (2001-2011) and were documented by Alkan et al. (2013). They indicated that 197 

the temperature had the lowest values in the range of 7-10oC during March and the highest values as 25-29oC 198 

during July-August for all the years. And also, the surface mixed layer is characterized by salinity values 199 

between 17.5-18.0 psu (Alkan et al., 2013). 200 

The mean integrated concentration of Chl-a during the sampling period (March 2012-February 2013) was 1.08 201 

µg/L in the surface layer. Chl-a was the lowest value in April (0.54 µg/L) and while Chl-a was 1.41 µg L-1 in 202 

March, it decreased sharply in April and increased again to 1.65 µg L-1 in May (Figure 1). Chl-a concentration 203 

was used as the basic criteria of the phytoplankton biomass and researched intensively seasonal, annual and 204 

monthly variations (Vedernikov and Demidov, 1993; Oguz et al., 2002; Kopelevich et al., 2002; Moncheva, 205 

2003; Agirbas et al., 2014). The Black Sea is characterized with two seasonal peaks of Chl-a in Autumn and 206 

Spring (Lalli and Parsons, 2004). Intense concentrations of Chl-a occurs during autumn and two subsequent 207 

secondary peaks in late winter-early spring (February-March) and early summer (June) (Alkan et al., 2013). 208 

During the sampling period (March 2012-February 2013), N. scintillans was the most  abundant (5105 ind/m3) in 209 

April, following March (1358 ind/m3) and February (888 ind/m3) (Figure 2). Although the relation between the 210 

temperature and the abundance was important (P<0.05, r2=-0.8), the relation between the salinity and the 211 

abundance was not important (P<0.05, r2=-0.06). Also, the relation between Chl-a and the abundance was not 212 

important (P<0.05, r2=-0.2). Ozdemir and Ak (2012) reported that the rate of N. scintillans was 57%, 98% and 213 

85%, respectively, in April, May and June, in all of the zooplankton species in the Southeastern Black Sea 214 

(Trabzon Coast). But they did not give individual amounts. In their study, abundance of N. scintillans had the 215 

highest rate in May. But, only two species represented zooplankton abundance. In the study.  the abundance of 216 

N. scintillans was 57% in April, but the abundance rate was given in five zooplankton species.  Also, the 217 

influence of the environmental factors should not be forgotten. Therefore the abundance of N. scintillans can 218 

change in the same season. An unusual blooming of N. scintillans was observed in April, 2011 in the same place 219 

by Kopuz et al. (2014). 220 

 221 

Biochemical Content 222 

 223 

In marine ecosystems, lipids provide the densest form of energy which is transferred from algae to vertebrates 224 

via zooplankton.  Also, they contain essential fatty acids and sterols which are considered to be important drivers 225 

of ecosystem health and stability. Fatty acids and sterols are also susceptible to oxidative damage leading to 226 

cytotoxicity and a decrease in membrane fluidity. The physical characteristics of biological membranes can be 227 

defended from the influence of changing temperature, pressure, or lipid peroxidation by altering the fatty acid 228 

and sterol composition of the lipid bilayer. The influence of essential lipids, lipid oxidation, and membrane 229 

composition on food web structure and function will become increasingly important in the context of global 230 

warming and ozone depletion (Parrish, 2013). In the present study, the  biochemical  parameters as fatty acids, 231 

sterols and lipophilic vitamins have been investigated. 232 

Table 1 represents the FA composition (percent of total FA) of N. scintillans from dinoflagellate in April, 2012.  233 

The total lipid amount was determined as 0.5% in Wet Weight (WW). Some fatty acids, or their derivatives, are 234 

thought to work synergistically with other known toxins such as domoic acid (Wang and Shimizu, 1990; Wang 235 

http://www.hindawi.com/journals/isrn/2013/604045/#B117
http://www.hindawi.com/journals/isrn/2013/604045/#B117
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et al., 1993), diarrhetic shellfish poison (DSP) (Lawrence et al., 1994), or the neurotoxin brevetoxin (Boer et al., 236 

2012). Interestingly, de Boer et al. (2012) found that two essential fatty acids, i.e. the C20 PUFA, ARA and EPA, 237 

were more toxic than the C18 PUFA octadecatetraenoic acid (OTA, 18:4ω-3). Since ARA and OTA have the 238 

same number of double bonds, and ARA is more toxic than EPA, the degree of unsaturation does not seem to be 239 

a key determinant of toxicity level (Parrish 2013).EPA with 2% and DHA with 3% were the two PUFA mainly 240 

detected in April, 2012. Fatty acid composition of algal lipids varies widely with species, habitat, light, salinity, 241 

pollution and environmental conditions (Kim et al., 1996; Ratana-Arporn and Chirapart, 2006) and in most 242 

studies 16:0 is predominant (Khotimchenko et al., 2002; Li et al., 2002; Gressler et al., 2010; Leblond et al., 243 

2003). Dinoflagellates are the major contributors to the marine food web and are second only to diatoms as 244 

primer producers of organic matter in the Ocean (Tappan, 1980). Dinoflagellates can form extensive blooms 245 

known as red-tide in coastal areas (Hallegraeff, 1993). Therefore, they are a major source of essential long-chain 246 

highly unsaturated fatty acids (HUFA), sterols, and other nutrients to other marine species. They are also an 247 

important source of organic matter in marine sediment (De Leeuw et al., 1983). HUFA are high in 248 

dinoflagellates (Holz, 1981; Nichols et al., 1984). Also, feeding preference of N. scintillans would modify the 249 

quantity and distribution of ω-3 polyunsaturated fatty acids in the ambient environment (Zhang et. al. 2015; 250 

Zhang et. al., 2016).  Morever, altering the amount and ratio of some HUFA (DHA and EPA) available to higher 251 

trophic levels, such as copepods, fish larvae or hydromedusae (Zhang et. al., 2016).  252 

Mansour et al. (1999) reported that saturated fatty acids were dominated by 16:0 and its concentration ranged 253 

from 9.0% to 24.8% in terms of the total fatty acids in different marine dinoflagellates species. They indicated 254 

that MUFA and PUFA’s level changed according to the species. While they existed at high levels in some 255 

species, they existed at low levels in some species. In this study, the major MUF A were oleic acid (18:1ω-9) in 256 

N. scintillans (22%) and it was the second most abundant compound. The same result was given by Leblond et 257 

al. (2003) and they determined that 16:0 was the  first dominant and, 18:1ω-9 was the second dominant fatty acid 258 

in Karenia brevis (dinoflagellate). But, Holz (1981) and Parrish et al. (1994) reported that MUFA was not 259 

usually abundant in dinoflagellates. Mansour et al. (1999) observed that the elevated content (11.8%) of in 260 

Gymnodinium sp. (dinoflagellate) was unexpected. The fatty acid profile can distinguish among algal classes but 261 

it may be limited use for the identification of species within the same algal class (Holz, 1981; Volkman, 1989). 262 

Viso and Marty (1993) determined the profiles of fatty acids of nine different marine algal groups, and they were 263 

even able to define the species-specific lipid compositions. 264 

Free sterols are dominated in sediments of the Black Sea and the sterols  are clearly of dinoflagellate origin 265 

(Boon et al., 1979). The sterols are essential for all eukaryotes. They are components of the membranes and have 266 

a function in regulation of the membrane fluidity and permeability. Sterols also play an important role as 267 

precursors of many steroid hormones including vitamin D and brassinosteroids as well as for a wide range of 268 

secondary metabolites such as saponins and glycolalkaloids (Piironen et al., 2000). Also, sterols are a source of 269 

oxygenated lipids: the oxysterols which are the sterols bearing a second oxygen function. These compounds have 270 

a variety of biological properties including cytotoxicity and effects on specific enzymes (Parrish, 1991). 271 

Phytosterols are present in small amounts, and two common examples are the stigmasterol and the sitosterol 272 

(Abidi, 2001). Phytosterols are bioactive compounds, which can be found in a great variety of plant-based foods 273 

http://www.hindawi.com/journals/isrn/2013/604045/#B35
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(Brufau et al., 2008). Phytosterols were the most important sterols in N. scintillans. Stigmasterol was 60 µg/g 274 

and β-sterol was 8 µg/g from phytosterols. 275 

In our study, it was shown that α- tocopherol (vitamin E)  had the highest amount (10.8 µg/g) in lipophilic 276 

vitamins, following D2 (3.5 µg/g) and K2 (0.2 µg/g). α-tocopherol is an important antioxidant, and antioxidants 277 

play a major role in reducing or preventing the lipid peroxidation (Aitken et al., 1989). One of the most effective 278 

antioxidants is α-tocopherol as it breaks the free radical chain reaction by forming a relatively stable 279 

tocopheroxyl radical (Selley et al., 1991). α-tocopherol is identified as the major naturally occurring tocopherol 280 

in the lipids of marine organisms (Ackman and Cormier, 1978; Parazo et al., 1998). It is essential for integrity 281 

and optimal function of reproductive, muscular, circulatory, nervous and immune systems (Hoekstra, 1975; 282 

Sheffy and Schultz, 1979; McDowell, 2000). The most important determinant of vitamin E requirements is the 283 

dietary concentration of unsaturated fatty acids as PUFA are highly susceptible to auto-oxidation (Nacka al et 284 

al., 2001). Animals ingesting high levels of PUFA require high concentrations of vitamin E to protect tissue 285 

lipids from free radical attack (Debier et al., 2002; Lammi-Keefe and Jensen, 1984; Machlin, 1991). PUFA and 286 

α- tocopherol prevent the occurrence of oxidative stress in the marine organisms, and a correlation between 287 

increased dietary PUFA and α- tocopherol requirement has been found in blue tilapia (Roen et al. 1990) turbot 288 

(Stephan et al. 1995), carp (Runge et al., 1992) and Atlantic salmon (Waagboe 1991). High level α-tocopherol 289 

probably reflects higher degree of antioxidant protection required ω-3 PUFA-rich organisms (Hamre and Lie 290 

1995). It has also an accelerating effect on reproduction (Kahn-Thomas and Enesco, 1982; Shalaby et al., 2004). 291 

This effect could be possibly attributed to the well-known antioxidant effect of α-tocopherol (Shalaby et al., 292 

2004). Therefore, higher α-tocopherol amount than the other lipophilic vitamins may cause blooms in suitable 293 

temperature condition, because of reproduction accelerating effect of the α-tocopherol in N. scintillans. 294 

Additionally, the most important reason of indirect toxicity of N. scintillans may be the inhibitory effect of α-295 

tocopherol on lipid oxidation. 296 

In this study, the MDA level was found as 65 µg/g, the total protein amount was found as 10 mg/g, the GSH 297 

level was found as 10565 µg/g and the GSSG level was found as 49 µg/g in N. scintillans. MDA was used as an 298 

indicator of lipid peroxidation, and protein carbonyl content, which provides an indication of protein oxidative 299 

damage. It is a highly reactive three carbon dialdehyde produced as a byproduct of polyunsaturated fatty acid 300 

peroxidation (Janero, 1990) and also during arachidonic acid metabolism for the synthesis of prostaglandins 301 

(Marnette, 1999). MDA can combine with several functional groups on molecules including proteins, 302 

lipoproteins, RNA and DNA (Sevilla et al., 1997). GSH is a key contributor to the cellular antioxidant defense 303 

system and to the maintenance of the intracellular redox milieu for the preservation of thiol disulfide redox states 304 

of proteins. GSH is also involved in cellular signaling, regulation and redox activation of transcription factors, 305 

and thioldisulfide exchange reactions. GSH oxidation to GSSG are resulted in intracellular redox imbalance as 306 

reflected in a decreased GSH-to-GSSG ratio (GSH/GSSG), a condition often associated with oxidative stress 307 

(Dalle-Donne et al., 2007). In our study, GSH/GSSG was measured as 216 µg/g in N. scintillans. It was shown 308 

that MDA level was lower than GSH, and GSH/GSSG was quite high. We can say that N. scintillans is a 309 

resistant dinoflagellate against oxidative stress. Fidan et al. (2008) showed that GSH, as natural antioxidant, 310 

levels were found to be the same as MDA due to increase and decrease of oxidative stress in Carassius carassius 311 

in Eber Lake. MDA level increases when the natural antioxidant system is insufficient (Şahan et al., 2003). The 312 
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increase of its level in winter could be because of the cold conditions of the fish environment, and the lipid 313 

catabolism occurs in cold seasons to get much more energy for their metabolisms (Fidan et al., 2008). Because, 314 

Fidan et al. (2008) indicated that MDA levels varied during the seasons and the highest level was in winter and 315 

the lowest level was in spring and summer seasons. They observed that the highest GSH level was in winter 316 

season. 317 

 318 

Conclusion 319 

 320 

N. scintillans is one of the most important heterotrophic dinoflagellates in the Black Sea ecosystem. It creates 321 

blooms. But it is not toxic.  In this study, some biochemical parameters of N. scintillans were investigated in the 322 

most abundant periods (April) of N. scintillans together with biological and physiological factors. We 323 

determined that April was an important period in the Black Sea because seasonal thermocline occurred and the 324 

abundance of N. scintillans reached the highest amount in April. Consequently, we found a negative relationship 325 

between the temperature and the abundance of N. scintillans.   However, the between the salinity, Chl-a and 326 

abundance of  N. scintillans was not a relationship.  Additionally, we can say that PUFA, α-tocopherol and GSH 327 

were the most important parameters in bloom of N. scintillans. α-tocopherol and GSH may reduce toxicity in N. 328 

scintillans because of inhibitory effect of α-tocopherol on lipid oxidation, and key role in the cellular antioxidant 329 

defense system of GSH and N. scintillans is a resistant dinoflagellate against oxidative stress. Future studies are 330 

required to establish new methods for a few cell. In addition, effect of biochemical content on the bloom 331 

formation of N. scintillans should research with annually series. However, it is difficult to provide enough 332 

sample amounts for biochemical analyses on N. scintillans and enough sample amount can provide in most 333 

abundant or bloom periods. Therefore we thought that the study would contribute to future studies about 334 

biochemical content of N. scintillans. Moreover, the study is the first known record about biochemical content of 335 

N. scintillans.  336 

 337 

References 338 

 339 
Abidi, S.L. 2001. Chromatographic analysis of plant sterols in foods and vegetable oils. Journal of Chromatography, A 340 

935(1-2): 173-201. doi: 10.1016/S0021-9673(01)00946-3. 341 
Ackman, R.G. and Cormier, M.G.1978. α-Tocopherol in some Atlantic fish and shellfish with particular reference to live 342 

holding without food.  Journal of the Fisheris Reearch Board of Canada, 24: 357-373.doi:10.1139/f67-031. 343 
Ackman, R., Sebedio,  J. and Kovacs, M. 1980. Role of eicosenoic and docosenoic fatty acids in fresh water and marine 344 

lipids. Marine Chemistry, 9: 157−164. doi: 10.1016/0304-4203(80)90034-1. 345 
Agirbas, E., Feyzioglu, A.M. and Kopuz, U. 2014. Seasonal Changes of Phytoplankton Chlorophyll a, Primary Production 346 

and their Relation in the Continental Shelf Area of the South Eastern Black Sea. Turkish Journal of Fisheries and 347 
Aquatic Sciences, 14: 713-726. doi: 10.4194/1303-2712-v14_3_14. 348 

Aitken, R.J., Clarkson, J.S. and Fishe, L.S. 1989. Generation of reactive oxygen species lipid peroxidation and human sperm 349 
function, Biology of Reproduction, 41: 83-197. doi: 10.1095/biolreprod41.1.183. 350 

Alkan, A., Zengin, B., Serdar, S. and Oğuz, T. 2013. Long-Term (2001-2011) Temperature, salinity and Chlorophyll-a 351 
variations at a Southeastern Coastal site of the Black Sea. Turkish Journal of Fisheries and Aquatic Sciences, 13: 57-68. 352 
doi: 10.4194/1303-2712-V143_1_08. 353 

Baek, S.H., Shimode, S., Kim, H.C., Han, M.Y. and Kikuchi, T.  2009. Strong bottom–up effects on phytoplankton 354 
community caused by a rainfall during spring and summer in Sagami Bay, Japan. Journal of Marine Systems, 75: 253-355 
264. doi: 10.1016/j.jmarsys.2008.10.005. 356 

Boon, Rijpstra, W.I.C., de Lange, F., De Leeuw, J.W., Yoshioka and M., Shimizu, Y. 1979.  Black Sea sterol-a molecular 357 
fossil for dinoflagellate blooms. Nature, 277: 125-127. doi: 10.1038/277125a0. 358 

Brufau, G., Canela, M.A. and Rafecas,  M. 2008. Phytosterols: physiologic and metabolic aspects related to cholesterol-359 
lowering properties. Nutrition Research 28: 217–25. doi: 10.1016/j.nutres.2008.02.003. 360 

doi:10.1139/f67-031
http://dx.doi.org/10.1016/0304-4203(80)90034-1
doi:%2010.4194/1303-2712-v14_3_14
doi:%2010.1095/biolreprod41.1.183
../AppData/Roaming/Microsoft/Word/nictuluca%20scintillans/doi
doi:%2010.1016/j.jmarsys.2008.10.005
doi:%2010.1038/277125a0


  
                                                         

 
Turkish Journal of Fisheries and Aquatic Sciences 

www.trjfas.org 
ISSN 1303-2712 

DOI: 10.4194/1303-2712-v17_2_09 

 
Budge, S.M., Iverson, S.J. and Koopman, H.N. 2006. Studying trophic ecology in marine ecosystems using fatty acids: a 361 

primer on analysis and interpretation. Marine Mammal Science, 22: 759-801. doi; 10.1111/j.1748-7692.2006.00079.x. 362 
Christie, W.W. 1990. Gas chromatography and lipids: A practical guide. Bridgewater, Somerset: The Oily Press. 363 
Caramujo, M.J., Boschker, H.T. andAdmiraal, W.  2008. Fatty acid profiles of algae mark the development and composition 364 

of harpacticoid copepods. Freshwater Biology, 53: 77−90. 365 
Dalle-Donne, I., Rossi, R., Giustarini, D., Colombo, R. and Milzani, A. 2007. S-glutathionylation in protein redox regulation. 366 

Free Radical Biology and Medicine, 43: 883-898. doi: 10.1016/j.freeradbiomed.2007.06.014. 367 
De Boer, M.K., Boeree, C., Sjollema, S.B., de Vries, T.,  Rijnsdorp,  A.D., Buma,  A.G.J. 2012. The toxic effect of the 368 

marine raphidophyte Fibrocapsa japonica on larvae of the common flatfish sole (Solea solea), Harmful Algae, 17: 92–369 
101. doi: 10.1016/j.hal.2012.03.005. 370 

De Leeuw, J.W., Rijpstra, W.I.C., Schenck, P. A. and Volkman, J.K. 1983. Free, esterified, and residual bound sterols in 371 
Black Sea Unit I sediments. Geochimica Cosmochimica Acta, 47:455-465. doi: 10.1016/0016-7037(83)90268-5. 372 

Debier, C., Pomeroy, Van,  P.P., Wouwe, N, Mingolet, E., Baret, P.V. and Larondelle, Y. 2002.  Dynamics of vitamin A in 373 
grey seal (Halichoerus grypus) mothers and pups throughout lacatation. Canadian Journal of Zoology, 80: 1262-1273. 374 
doi: 10.1139/z02-107. 375 

Dela-Cruz, J., Ajani, P., Middleton, H. J. and Suthers, M. I. (2003) Population growth and transport of the red tide 376 
dinoflagellate Noctiluca scintillans, in the coastal waters off Sydney, Australia, using cell diameter as a tracer. 377 
Limnology and Oceanography, 48: 656-674. doi:10.4319/lo.2003.48.2.0656. 378 

Elbrachter, M. and Qi, Y.Z. 1998. Aspects of Noctiluca (Dinophyceae) population Dynamics. In: Physiological ecology of 379 
harmful algal blooms, (eds., DM. Anderson,  AD. Cambella, GM. Hallegraeff), Springer, London, pp.  662.  380 

Erkan, F., Gucu, A. and Zagorodnyaya, J. 2000. The diel Vertical distribution of zooplankton in the Southeast Black Sea. 381 
Turkish Journal of Zoology, 24: 417-427.  382 

Escalera, L., Pazos, Y., Morono and A., Reguera, B. 2007.  Noctiluca scintillans  may act as a vector of toxigenic microalgae. 383 
Harmful Alagae, 6:317-320. doi: 10.1016/j.hal.2006.04.006. 384 

Feyzioglu, A.M. and Sivri, N. 2003. Seasonal changes of Noctiluca scintillans Kofoids and Swezy in Trabzon Coast, Eastern 385 
Black Sea. E.U. Journal of Fisheries and Aquatic Sciences 20: (1-2): 75- 79. doi: 386 
10.12714/egejfas.2003.20.1.5000157043. 387 

Fidan, A.F., Ciğerci, I.H., Konuk, M., Küçükyurt, I., Aslan, R. and Dündar, Y. 2008. Determination of some heavy metal 388 
levels and oxidative status in Carassius carassius L., 1758 from Eber Lake, Environmental Monitoring and 389 
Assessment, 147(1): 35-41.doi: 10.1007/s10661-007-0095-3. 390 

Gil, P., Farinas, F., Casado, A. and Lo´pez-Ferna´ndez, E. 2002. Malondialdehyde: a possible marker of ageing. Gerontology, 391 
48: 209-214. doi: 10.1159/000058352. 392 

Quevedo, M., Gonzalez-Quiros, R. and Anadon, R. 1999. Evidence of heavy predation by Noctiluca scintillans on Acartia 393 
clausi (copepoda) eggs off the central Cantabrian coast (NW Spain). Oceanologica, 22: 127-131. doi: 10.1016/S0399-394 
1784(99)80039-5. 395 

Gopakumar, G., Sulochanan, B. and Venkatesan, V. 2009. Bloom of Noctiluca scintillans (Macartney) in Gulf of Mannar, 396 
southeast coast of India. Journal Marine Biological Association of India, 51(1): 75- 80. 397 

Gressler, V., Yokoya, N., Fujii, M., Colepicolo, P., Filho, J., Torres, R. and Pinto, E. 2010. Lipid, fatty acid, protein, amino 398 
acid and ash contents in four Brazilian red algae species. Food Chemistry, 120:585-590. doi: 399 
10.1016/j.foodchem.2009.10.028. 400 

Hallegraeff, G.M., 1993. A review of harmful algal blooms and their apparent global increase. Phycologia, 32: 79-99. doi: 401 
10.2216/i0031-8884-32-2-79.1. 402 

Hallegraeff, G.M. 1991. Aquaculturists guide to harmful Australian microalgae. 1st edn., Fish. Ind. Train. Board, 403 
Tasmania/CSIRO Div. Fisher., Hobart, pp 111.  404 

Hamre, K. and Lie, O. 1995. Alpha-tocopherol levels in different organs of Atlantic salmon (Salmo salar L.) - effect of 405 
smoltification, dietary levels of n-3 polyunsaturated fatty acids and vitamin E. Comp. Biochemistry & Physiology, 406 
111(A): 547-554. 407 

Harris, R., Wiebe, P., Lenz, J., Skjoldal, H.R. and Huntley, M. 2000. ICES zooplankton methodology manual. Academic 408 
Press, UK, pp 684. 409 

Hattori, S. 1962. Predatory activity of  Noctiluca on Anchovy eggs． Bull． Tokai Reg． Fish． Res． 410 
Lad. 9: 211-220． 411 

Hoekstra, W.G. 1975. Biochemical function of selenium and its relation to vitamin E. Federation Proceedings, 34: 2083-412 
2089. 413 

Holz Jr., G.G. 1981. Non-isoprenoid lipids and lipid metabolism of marine flagellates. In: Bio- chemistry and Physiology of 414 
Protozoa, (eds., M Levandowsky, SH Hunter), Academic Press, New York, pp. 301-332.  415 

Huang, C. and Qi, Y. 1997. The abundance cycle and influence factors on red tide phenomena of Noctiluca scintillans 416 
(Dinophyceae) Dapeng Bay, the South China Sea.  Journal of Plankton Research, 19(3): 303-318. doi: 417 
10.1093/plankt/19.3.303. 418 

Janero, D.R. 1990. Malondialdehyde and thiobarbituric acid-reactivity as diagnostic indices of lipid peroxidation and 419 
peroxidative tissue injury. Free Radical Biology and Medicine, 9: 515-540. doi: 10.1016/0891-5849(90)90131-2. 420 

Kahn-Thomas, M. and Enesco, H.E. 1982. Effect of α-tocopherol and culture method on reproduction of Turbatrix aceti. 421 
Journal of Nematology, 14(4):496-500. 422 

Karatepe, M. 2004. Simultaneous determination of ascorbic acid and free malondialdehyde in human serum by HPLC/UV. 423 
LC-GC North America, 22(4): 362–365. 424 

../AppData/Roaming/Microsoft/Word/nictuluca%20scintillans/doi;%2010.1111/j.1748-7692.2006.00079.x
doi:%2010.1016/j.freeradbiomed.2007.06.014
doi:%2010.1016/j.hal.2012.03.005
http://dx.doi.org/10.1016/0016-7037(83)90268-5
doi:%2010.1139/z02-107
http://dx.doi.org/10.4319/lo.2003.48.2.0656
doi:%2010.1016/j.hal.2006.04.006
http://dx.doi.org/10.12714/egejfas.2003.20.1.5000157043
doi:%2010.1007/s10661-007-0095-3
doi:%2010.1159/000058352
doi:%2010.1016/S0399-1784(99)80039-5
doi:%2010.1016/S0399-1784(99)80039-5
doi:%2010.1016/j.foodchem.2009.10.028
doi:%2010.1016/j.foodchem.2009.10.028
doi:%2010.2216/i0031-8884-32-2-79.1
doi:%2010.2216/i0031-8884-32-2-79.1
doi:%2010.1093/plankt/19.3.303
doi:%2010.1093/plankt/19.3.303
doi:%2010.1016/0891-5849(90)90131-2


  
                                                         

 
Turkish Journal of Fisheries and Aquatic Sciences 

www.trjfas.org 
ISSN 1303-2712 

DOI: 10.4194/1303-2712-v17_2_09 

 
Katsanidi, E. and Addis, P.B. 1999. Novel HPLC analysis of tocopherols and cholesterol in tissue. Free Radical Biology and 425 

Medicine, 27: 1137-1140. doi:10.1016/S0891-5849(99)00205-1. 426 
Kim, M., Dubacq, J., Thomas, J. and Giraud, G. 1996. Seasonal variations of triacylglycerols and fatty acids in Fucus 427 

serratus. Phytochemistry, 43: 49-55. doi: 10.1016/0031-9422(96)00243-9. 428 
Kiørboe, T. 1998. Intensive aggregate formation with low flux during an upwelling-induced diatom bloom. Limnology and 429 

Oceanography, 43: 104–116. doi:10.4319/lo.1998.43.1.0104. 430 
Kirchner, M., Sahling, G., Uhlig, G., Gunkel, W. and Klings, K.W. 1996. Does the red tide-forming dinoflagellate Noctiluca 431 

scintillans feed on bacteria? Sarsia, 81: 45-55. doi: 10.1080/00364827.1996.10413610. 432 
Khotimchenko, S., Vaskovsky, V. and Titlyanova, T. 2002. Fatty acids of marine algae from the Pacific coast of North 433 

California. Botanica Marina, 45: 17-22.  doi: 10.1515/BOT.2002.003. 434 
Kopelevich, O.V., Sherberstov, S.V.,Yunev, O., Baştürk, O., Finenko,  Z.Z., Nikonov, S. and   Vedernikov, V.I. 2002. 435 

Surface chlorophyll in the Black Sea over 1978-1986 derived ferom satelite and in situ data. Journal of Marine 436 
Systems, 36(3-4):145-160. doi: 10.1016/S0924-7963(02)00184-7. 437 

Kopuz, U., Feyzioglu, A.M. and Valente, A. 2014. An unusual red-tide event of Noctiluca scintillans (Macartney) in the 438 
Southeastern Black Sea. Turkish Journal of Fisheries and Aquatic Sciences, 14: 261-268. doi: 10.4194/1303-2712-439 
V14_1_28. 440 

Kovalev, A.V., Mazzocchi, M.G., Siokou-Frangou, I. and Kideys, A.E. 2001. Zooplankton of the Black Sea and the Eastern 441 
Mediterranean: similarities and dissimilarities. Mediterranean Marine Science,  2(1): 69-77. doi: 10.12681/mms.277. 442 

Lalli, C.M. and Parsons, T.R. 2004. Biological Oceanography an Introduction. University of British Columbia, Vancouver, 443 
Canada, 314. 444 

Lammi-Keefe, C.J. and Jensen, R.G. 1984. Lipids in human milk: a review. 2: Composition and fat-soluble vitamins. Journal 445 
of Pediatric Gastroenterology Nutrition, 3: 172-198. doi: 10.1097/00005176-198403000-00004. 446 

Lawrence, J.F., Chadha, R.K., Ratnayake, W.M.N. and Truelove, J.F. 1994. An incident of elevated levels of unsaturated free 447 
fatty acids in mussels from Nova Scotia and their toxic effect in mice after intraperitoneal injection. Natural Toxins, 448 
2(5): 318–32. doi: 10.1002/nt.2620020511. 449 

Leblond, J.D., Evans, T.J. and Chapman, P.J. 2003. The biochemistry of dinoflagellate lipids, with particular refrence to the 450 
fatty acid and sterol composition of a Karenia brevis bloom. Phycologia, 42(20): 324-331. doi: 10.2216/i0031-8884-451 
42-4-324.1. 452 

Li, X., Fan, X., Han, L. and Lou, Q. 2002. Fatty acids of some algae from the Bohai Sea. Phytochemistry, 59: 157-161. doi: 453 
10.1016/S0031-9422(01)00437-X. 454 

Litzow, M.A., Bailey, K., Prahl, F.G. and Heintz, R. 2006. Climate regime shifts and reorganization of fish communities: the 455 
essential fatty acid limitation hypothesis. Marine Ecology Progress Series, 315: 1-11. doi: 10.3354/meps315001. 456 

López-Barea, J. and Gómez-Ariza, J.L. 2006. Environmental proteomics and metallomics. Proteomics, 6: S51-S62. doi: 457 
10.1002/pmic.200500374. 458 

Lowry, O.H., Rosebrough, N.J. and Farr, A.L. 1951. Randall RJ: Protein measurement with folin phenol reagent. The Journal 459 
of Biological Chemistry, 193 (1): 265-275. 460 

Lund, E.D, Chu, F.L., Harvey, E. and  Adlof, R. 2008. Mechanism(s) of long chain n-3 essential fatty acid production in two 461 
species of heterotrophic protists: Oxyrrhis marina and Gyrodinium dominans. Marine Biology, 155: 23-36. doi: 462 
10.1007/s00227-008-1003-2. 463 

Machlin, L.J. 1991. Handbook of Vitamins. Marcel Dekker, Inc., New York and Basel. 464 
McDowell, L.R. 2000. Vitamins in animal and human nutrition. (ed., I.A. Ames),  Iowa State University Press, pp. 793. doi: 465 

10.1002/9780470376911. 466 
Mansour, M.P., Volkman, J.K., Jackson, A.E. and Blackburn, S.I. 1999. The fatty acid and sterol composition of five marine 467 

dinoflagellates. Journal of Phycology, 35: 710-720. doi: 10.1046/j.1529-8817.1999.3540710.x. 468 
Marnette, L.J. 1999. Generation of mutagens during arachidonic acid metabolism. Cancer and Metastasis Reviews, 13: 303-469 

308. doi: 10.1007/BF00666100. 470 
Mikaelyan, A.S., Malej, A., Shiganova, T.A., Turk, V., Sivkovitch, A.E., Musaeve, E.I., Kogovsek, T. and Lukasheva, T.A. 471 

2014. Populations of the red tide forming dinoflagellate Noctiluca scintillans (Macartney): A comparison between the 472 
Black Sea and the Northern Adriatic Sea. Harmful Algae, 33: 29- 40. doi: 10.1016/j.hal.2014.01.004. 473 

Miyaguchi, H., Fujiki, T., Kikuchi, T., Kuwahra, V.S. and Toda, T. 2006. Relationships between the bloom of Noctiluca 474 
scintillans and environmental factors in the coastal waters of Sagami Bay, Japan. Journal of Plankton Research, 475 
28(3):313-324. doi: 10.1093/plankt/fbi127. 476 

Monncheva, S. 2003. On the recent state of the Black Sea Ecosystem biologycal response to eutrophycation-are there signs of 477 
recovery uncertainties. In: Preliminary Assessment of the previous biogeochemical, hydrophysical, and hydrobiological 478 
cruise data within the Black Sea, pp. 53. 479 

Nacka, F., Cansell, M., Meleard, P. and Combe, N. 2001. Incorporation of alphatocopherol in marine lipid-based liposomes: 480 
in vitro and in vivo studies. Lipids, 36:1313-1320. doi10.1007/s11745-001-0846-x. 481 

Nichols, P., Jones,  G.J., de Leeuw, J.W. and Johns, R.B. 1984. The fatty acid and sterol composition of two marine 482 
dinoflagellates. Phytochemistry, 23:1043-1047. doi: 10.1016/S0031-9422(00)82605-9. 483 

Oğuz, T., Ducklow, H.W. and  Purcell, J.E. 2001a. Modeling the response of top-down control exerted by gelatinous 484 
carnivores on the Black Sea pelagic food web. Journal of Geophysical Research, 106: 4543-4564. doi: 485 
10.1029/1999JC000078. 486 

Oğuz, T., Malanotte-Rizzoli, P. and Ducklow, H.W. 2001b. Simulations of phytoplankon seasonal cycle with multi-level and 487 
multi-layer physical-ecosystem models: the Black Sea example. Ecological Modeling, 144: 295-314. doi 488 
: 10.1016/S0304-3800(01)00378-7. 489 

doi:10.1016/S0891-5849(99)00205-1
doi:%2010.1016/0031-9422(96)00243-9
http://dx.doi.org/10.4319/lo.1998.43.1.0104
doi:%2010.1080/00364827.1996.10413610
doi:%2010.1515/BOT.2002.003
doi:%2010.1016/S0924-7963(02)00184-7
doi:%2010.4194/1303-2712-V14_1_28
doi:%2010.4194/1303-2712-V14_1_28
http://dx.doi.org/10.12681/mms.277
doi:%2010.1097/00005176-198403000-00004
doi:%2010.1002/nt.2620020511
doi:%2010.2216/i0031-8884-42-4-324.1
doi:%2010.2216/i0031-8884-42-4-324.1
doi:%2010.1016/S0031-9422(01)00437-X
doi:%2010.1016/S0031-9422(01)00437-X
doi:%2010.3354/meps315001
doi:%2010.1002/pmic.200500374
doi:%2010.1002/pmic.200500374
doi:%2010.1007/s00227-008-1003-2
doi:%2010.1007/s00227-008-1003-2
doi:%2010.1002/9780470376911
doi:%2010.1002/9780470376911
http://dx.doi.org/10.1046/j.1529-8817.1999.3540710.x
doi:%2010.1007/BF00666100
http://dx.doi.org/10.1016/j.hal.2014.01.004
doi:%2010.1093/plankt/fbi127
http://dx.doi.org/10.1007/s11745-001-0846-x
doi:%2010.1016/S0031-9422(00)82605-9
doi:%2010.1029/1999JC000078
doi:%2010.1029/1999JC000078
../AppData/Roaming/Microsoft/Word/nictuluca%20scintillans/doi%0b:%2010.1016/S0304-3800(01)00378-7
../AppData/Roaming/Microsoft/Word/nictuluca%20scintillans/doi%0b:%2010.1016/S0304-3800(01)00378-7


  
                                                         

 
Turkish Journal of Fisheries and Aquatic Sciences 

www.trjfas.org 
ISSN 1303-2712 

DOI: 10.4194/1303-2712-v17_2_09 

 
Oğuz, T., Deshpande, A.G. and  Malanotte-Rizzoli, P. 2002. The role of mesoscale peocesses controlling biological 490 

variability in the Black sea coastal waters: interfences from sea WIFS-derived surface chlorophyll field. Continental 491 
Shelf Research, 22: 1477-1492. doi: 10.1016/S0278-4343(02)00018-3. 492 

Okaichi, T. and  Nishio, S. 1976. Identification of ammonia as the toxic principle of red tide of Noctiluca miliaris. Bulletin of 493 
the Plankton Society of Japan, 23: 75-80.  494 

Owen, J.B. and Butterfield, D.A. 2010. Measurement of oxidized/reduced glutathione ratio. Methods in Molecular Biology, 495 
648: 269-277.doi: 10.1007/978-1-60761-756-3_18. 496 

Özdemir , G.P. and  Ak, O. 2012. Quality and quantitative Changes of phytoplankton in the South East Black Sea (Trabzon 497 
Coasts). Yunus Research Bulletin, 4: 13-25.  498 

Padmakumar,  K.B., SreeRenjima, G., Fanimol, C.L., Menon, N.R. and  Sanjeevan, V.N. 2010. Preponderance of 499 
heterotrophic Noctiluca scintillans during a multi-species diatom bloom along the southwest coast of India. 500 
International Journal of Oceans and Oceanography,  4(1): 55-63. 501 

Parish, E. 1991. The biosynthesis of oxysterols in plants and microorangisms. In: Physiology and Biochemistry of Sterols, 502 
(eds., GW Patterson,  WD Nes), pp. 324-336. 503 

Parrish, C.C. 2013. Lipids in marine ecosystems. ISRN Oceanography, 2013: 1-16. doi: 10.5402/2013/604045. 504 
Parsons, T.R., Maita, Y. and  Lailli, C.M. 1984. A manuel of chemical and biological methods for Seawater Analysis. 505 

Pergamon Press, Greet Britain, pp. 173. 506 
Parazo, M.P.M., Lall, S.P., Castell, J.D. and Ackman, R.G. 1998. Distribution of α- and γ-tocopherols in Atlantic salmon 507 

(Salmo salar) tissues. Lipids, 33: 697-704. doi: 10.1007/s11745-998-0259-x. 508 
Piironen, V., Lindsay, D.G., Miettinen, T.A., Toivo, J. and  Lampi, A.M. 2000. Plant sterols: biosynthesis, biological 509 

function and their importance to human nutrition. Journal of the Science of Food and Agriculture. 80: 939–966. doi: 510 
10.1002/(SICI)1097-0010(20000515)80:7<939::AID-JSFA644>3.0.CO;2-C. 511 

Porumb, F. 1992. On the development of Noctiluca scintillans under eutrophication of Romanian Black Sea waters. Science 512 
of the total environment, Supplement 1992, Elseiver Publishers BV, Amsterdam, pp. 907- 920. 513 

Ratana-Arporn, P. and Chirapar, A. 2006. Nutritional evaluation of tropical green seaweeds Caulerpa lentillifera and Ulva 514 
reticulate. Kasetsart Journal: Natural Sciences, 40: 75-83. 515 

Roem, A.J., Kohler, C.C. and   Stickney, R.R. 1990. Vitamin E requirement of the blue tilapia, Oreochromis aureus 516 
(Steindachner), in relation to dietary lipid level. Aquaculture, 87: 155-164. doi: 10.1016/0044-8486(90)90272-O. 517 

Runge, G., Steinhart, H. and  Schwarz, F.J. M. 1992. Influence of type of fats and α-tocopherol acetate additions to the feed 518 
rations on the tocopherol and tocotrienol composition of carp (Cyprinus carpio L.). Journal of Animal Physiology and 519 
Animal Nutrition, 67: 16-24. doi: 10.1111/j.1439-0396.1992.tb00577.x. 520 

Shalaby, M.A., El Zorba, H.Y. and  Kamel, G.M. 2004. Effect of α-tocopherol and simvastatin on male fertility in 521 
hypercholesterolemic rat. Pharmacological Research, 50(2): 137-142. doi: 10.1016/j.phrs.2003.10.013. 522 

Sargent,  J.R., Parkes,  R., Mueller-Harvey,  I. and  Henderson, R. 1987. Lipid biomarkers in marine ecology. In: Microbes in 523 
the sea, (ed., MA. Sliegh ),  Ellis Horwood Limited:, Chichester, UK, pp. 119-138. 524 

Sekiguchi, H. and  Kato, T. 1976. Influence of Noctiluca’s predation on the Acartia population in Ise Bay, central japan. 525 
Journal of Oceanographical Society of Japan, 32: 195-162. doi: 10.1007/BF02107121. 526 

Shanks, A. and Walters, K. 1996. Feeding by a heterotrophic dinoflagellate in marine snow. Limnology and Oceanography, 527 
41: 177-181. doi: 10.4319/lo.1996.41.1.0177. 528 

Schaumann, K., Gerdes, D. and  Hesse K.J. 1988. Hydrographic and biological characteristics of a Noctiluca scintillans red-529 
tide in the German Bight, 1984. Meeresforschung, 32: 77-91. 530 

Selley, M.L.,  Lacey, M.J.,  Bartlett,  M.R. and   Copeland, C.M. and  Ardlie, N.G. 1991. Content of significant amounts of a 531 
cytotoxic endproduct of lipid peroxidation in human semen, Journal of Reproduction and Fertility, 92: 291-298. doi: 532 
10.1530/jrf.0.0920291. 533 

Sevilla, C.L., Mahle, N.H., Eliezer, N., Uzieblo,  A., O'Hara, S.M., Nokubo, M., Miller, R., Rouzer, C.A. and  Marnett, L.J. 534 
1997.  Development of monoclonal antibodies to the malondialdehyde-deoxyguanosine adduct, pyrimidopurinone. 535 
Chemical Research in Toxicology, 10: 172-180. doi: 10.1021/tx960120d. 536 

Sheffy,  B.E. and Schultz, R.D. 1979. Influence of vitamin E and selenium on immune response mechanisms. Federation 537 
Proceedings, 38: 2139-2143. 538 

Sriwoon, R.,  Pholpunthin, P., Lirdwitayaprasit, T. 2008. Population dynamics of green Noctiluca scintillans (dinophyceae) 539 
associated with the monsoon cycle in the upper gulf of Thailand. Journal of Phycology, 44: 605-615. doi: 540 
10.1111/j.1529-8817.2008.00516.x. 541 

Stéphan, G., Guillaume, J., Lamour, F. 1995. Lipid peroxidation in turbot (Scophthalmus maximus) tissue: effect of dietary 542 
vitamin E and dietary n-6 or n-3 polyunsaturated fatty acids. Aquaculture, 130: 251-268. doi: 10.1016/0044-543 
8486(94)00322-F. 544 

Şahan, A., Kurutaş, E; and  Dikel, S. 2003. Liver Antioxidant Systems and Lipid Peroxidation in Sea Bass (Dicentrarchus 545 
labrax) Adapted to Fresh Water. Turkish Journal of Veterinary and Animal Sciences, 27: 1261– 1267. 546 

Tappan, H. 1980. The Paleobiology of Plant Protists. Freeman, San Francisco, pp. 1027. 547 
Tiselius, P. and Kiørboe, T. 1998. Colonization of diatom aggregates by the dinoflagellate Noctiluca scintillans. Limnology 548 

and Oceanography, 43: 154–159. doi: 10.4319/lo.1998.43.1.0154. 549 
Turkoglu, M., Unsal, M., Ismen, A., Mavili, S, Sever, T.M., Yenici, E., Kaya, S. and  Coker, T. 2004. Dynamics of lower and 550 

high food chain of the Dardanelles and Saros Bay (North Aegean Sea). TUBITAKYDABAG Tech. Fin. Rep., 551 
No:101Y081, Canakkale, (in Turkish), pp. 314. 552 

doi:%2010.1016/S0278-4343(02)00018-3
doi:%2010.1007/978-1-60761-756-3_18
doi:%2010.5402/2013/604045
doi:%2010.1007/s11745-998-0259-x
http://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C939::AID-JSFA644%3E3.0.CO;2-C
http://dx.doi.org/10.1002/(SICI)1097-0010(20000515)80:7%3C939::AID-JSFA644%3E3.0.CO;2-C
doi:%2010.1016/0044-8486(90)90272-O
doi:%2010.1111/j.1439-0396.1992.tb00577.x
doi:%2010.1016/j.phrs.2003.10.013
doi:%2010.1007/BF02107121
doi:%2010.4319/lo.1996.41.1.0177
doi:%2010.1530/jrf.0.0920291
doi:%2010.1530/jrf.0.0920291
doi:%2010.1021/tx960120d
doi:%2010.1111/j.1529-8817.2008.00516.x
doi:%2010.1111/j.1529-8817.2008.00516.x
doi:%2010.1016/0044-8486(94)00322-F
doi:%2010.1016/0044-8486(94)00322-F
http://dx.doi.org/10.4319/lo.1998.43.1.0154


  
                                                         

 
Turkish Journal of Fisheries and Aquatic Sciences 

www.trjfas.org 
ISSN 1303-2712 

DOI: 10.4194/1303-2712-v17_2_09 

 
Turkoglu, M. and Buyukates, Y. 2005. Short time variations in density and bio-volume of Noctiluca scintillans 553 

(Dinophyceae) in Dardanelles. XIII. Natnl. Fish. Symp., 01–04 Semptember  2005, Canakkale, Turkey, Abstr. Book 554 
(Abstracts), (in Turkish), pp.59. 555 

Turkoglu, M. 2010. Temporal variations of surface phytoplankton, nutrients and chlorophyll-a in the Dardanelles (Turkish 556 
Straits System): A coastal station sample in weekly time intervals. Turkish Journal of Biology,  34(3): 319-333. 557 

Turkoglu, M. and Erdogan,Y. 2010. Diurnal variations of summer phytoplankton and interactions with some 558 
physicochemical characteristics under eutrophication of surface water in the Dardanelles (Çanakkale Strait, Turkey). 559 
Turkish Journal of Biology, 34(2): 211–225. 560 

Turkoglu, M. and Koray, T. 2002.  Phytoplankton species succession and nutrients in Southern Black Sea (Bay of Sinop), 561 
Turkish  Journal of Botany, 26: 235-252. 562 

Turkoglu, M. and Koray,  T.  2004. Algal blooms  waters of the Sinop Bay in the Black Sea, Turkey. Pakistan Journal of 563 
Biology Sciences, 7(9): 1577-1585. doi: 10.3923/pjbs.2004.1577.1585. 564 

Turkoglu, M. 2013. Red tides of the dinoflagellate Noctiluca scintillans associated with eutrophication in the Sea of Marmara 565 
(the Dardanelles, Turkey), Oceanologia, 55(3): 709-732.  doi: 10.5697/oc.55-3.709. 566 

Uhlig, G. and  Sahling G. 1990. Long-term studies on N. scintillans in the German Bight population dynamics and red tide 567 
phenomena. Netherlands Journal of Sea Research, 25: 101-112. doi: 10.1016/0077-7579(90)90012-6. 568 

Unsal, M, Turkoglu, M. and  Yenici, E. 2003. Biological and physicochemical researches in the Dardanelles (Canakkale 569 
strait). TUBITAK-YDABAG Tech. Fin. Rep., No: 101Y075, Canakkale, (in Turkish), pp. 92. 570 

Vedernikov, V.I. and Demidov, A.B. 1993. Primary production and chrophyll in deep regions of the Black Sea, Oceanology, 571 
33: 193-199. 572 

Viso, A.C. and Marty, J.C. 1993. Fatty acids from 28 marine microalgae. Phytochemistry, 34: 1521-1533. doi: 573 
10.1016/S0031-9422(00)90839-2. 574 

Waagbø, R., Sandnes, K., Sandevin, A. and  Lie, O. 1991. Feeding three levels of n-3 polyunsaturated fatty acids at two 575 
levels of vitamin E to Atlantic salmon (Salmo salar): Growth and chemical composition. Fzrk.Dzr. Skr., Ser. Ernrerzng, 576 
4: 51-63. 577 

Volkman, J.K. 1989. Fatty acids of microalgae used as feedstocks in aquaculture. In: Fats for the Future, (ed., RC  Cambie), 578 
Ellis Horwood Limited: Chichester, UK, pp. 263-283. 579 

Yilmaz, O., Keser, S., Tuzcu, M., Guvenc, M., Cetintas, B., Irtegun, S., Tastan, H. and  Sahin, K. 2009.  A Practical HPLC 580 
Method to Measure Reduced (GSH) and Oxidized (GSSG) Glutathione Concentrations in Animal Tissues. Journal of 581 
Animal and Veterinary Advances, 8(2): 343-347. 582 

Wang, R., Maranda, L, Hargraves, P.E. and  Shimizu, Y. 1993. Chemical variation of Nitzschia pungens as demonstated by 583 
the co-occurrence of domoic acid and bacillariolides. In: Toxic Phytoplankton Blooms in the Sea, (eds., T.J. Smayda, 584 
Y. Shimizu), Elsevier, pp. 637-641. 585 

Wang, R. and Shimizu, Y. 1990. Bacillariolides I and II, a new type of cyclopentane eicosanoids from the diatom Nitzschia 586 
pungens. Journal of the Chemical Society, 5: 413-414. doi: 10.1039/c39900000413. 587 

Zaia, D.A.M., Zaia, C.T.B.V. and Lichting, J. 1998. Determination of total protein by spectrophotometry: advantages and 588 
disadvantages of proposed methods. Quimica Nova, 21(6): 787-793. doi: 10.1590/S0100-40421998000600020. 589 

Zhang, S., Liu, H., Chen, B. and Wu, C.J. (2015) Effects of diet nutritional quality on the growth and grazing of Noctiluca 590 
scintillans. Marine Ecology Progress Series, 527: 73-85. doi: 10.3354/meps11219. 591 

Zhang, S., Liu, H., Guo, C. and Harrison, P.J. (2016). Differential feding and growth of Noctiluca scintillans on monospecific 592 
and mixed diets. Marine Ecology Progress Series, 549: 27-40. doi: 10.3354/meps11702. 593 

 594 

 595 

Table 1. Fatty acid composition of N. scintillans 596 

Fatty Acids % 

16:0 24.34±0.91 

C18:0 6.11 ±0.56 

C23:0 1.03 ±0.08 

∑SFA 31.48±0.43 

16:1ω-7 3.96±0.18 

18:1ω-9t 1.03±0.43 
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∑MUFA 27.81±1.49 

18:2ω-6t 1.68±0.08 

18:2ω-6c 18.49±2.26 

18:3ω-3c  7.12±0.69 
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∑PUFA 40.71±2.22 
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∑HUFA 13.42±0.81 
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Figure 1. Sampling station in the Southeastern Black Sea. 600 
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Figure 2. Abundance and Chl-a of N. scintillans (ind/m3) during the sampling periods 604 


