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Abstract

Studying biochemical indicators in response to various environmental factors allows 
revealing the metabolic adaptive strategy of the organism’s tolerance and survival under 
a variety of environmental impacts. This review analyses both the authors’ own data and 
the available literature on the problem of biochemical adaptations of the lipid composi-
tion in marine bivalves, particularly blue mussels, Mytilus edulis L., to various environ-
mental impacts. Modifications in the composition of lipids and their fatty acids in blue 
mussels caused by short-term (under laboratory conditions) and chronic (field monitor-
ing) exposure to natural and human factors indicate that homeostasis is maintained in 
cell membranes and the organism’s energy requirements and facilitate the adaptation 
and tolerance of the mussels to environmental disturbances. The lipid and fatty acid com-
position indices in White Sea intertidal mussels which reflect their chronic exposure to a 
wide variety of environmental factors are discussed and compared to data on changes in 
the lipid composition of blue mussels exposed to some environmental factors (salinity, 
anoxia, metals) in aquarium experiments. The lipid profile plays an important role in 
the adaptation of blue mussels to new conditions in the habitat, and it can be used as a 
biochemical marker for indicating the organism’s physiological state.

Keywords: lipids, fatty acids, biochemical adaptation, environmental factors, Mytilus 

edulis

1. Introduction

Biochemical processes underlie the development of cell metabolic responses to environmental 

impacts and allow an organism to adapt and survive in a changing environment [1]. Metabolic 

modifications up to the level of physiological and morphological disorders are reflected in the 

© 2017 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



changes of various biochemical indicators, which allow determining the adaptive strategy of 

an organism’s tolerance and survival under both natural and human impacts. Lipid molecules, 

which are involved in all the essential physiological-biochemical processes [2], play a major role 

in the organism’s adaptive responses to various factors in the environment [1]. The primary 

response to stress is modification of the physical state of cell membranes (mainly fluidity), which 
triggers a change of their lipid and fatty acid composition [3, 4]. The main lipid components of 

biological membranes are phospholipids and cholesterol. The ratio of phospholipids and cho-

lesterol is considered as an indicator of membrane fluidity. Cholesterol is known to increase 
the order of the phospholipid fatty acid chains in membranes [5]. Membrane phospholipids in 

different molecular species and molecular shapes as well as their interaction with cholesterol 
and membrane proteins determine membrane fluidity and subsequently regulate the activity of 
membrane-bound enzymes and the functioning of ion channels, pumps and receptors [2, 6, 7].  

Besides their effects on membrane fluidity, membrane phospholipids are also a source of bioactive 
compounds and messengers [8]. In particular, eicosapentaenoic acid (EPA, 20:5n-3) and arachi-

donic acid (AA, 20:4n-6) are released from phosphatidylcholine (PC), phosphatidylethanolamine 
(PE) and phosphatidylinositol (PI) by phospholipase A2 and serve as precursors of short-lived 

hormone-like substances called eicosanoids (prostaglandins, thromboxanes, leukotrienes, etc.). 

The bioactive molecules have a wide range of physiological actions, including immune response, 

inflammatory response, neural function, reproduction and enhancement of an organism’s adap-

tation to environmental stress [2, 8]. PI is also a source of such messengers as diacylglycerols 

and inositol phosphates (namely, inositol trisphosphate and others). These messengers, as well 

as the phospholipid phosphatidylserine (PS), are involved in regulating the activity of protein 

kinase C, which controls many cell functions, such as differentiation, proliferation, metabolism 
and apoptosis [2, 8, 9]. Moreover, fatty acids are the most labile components of lipid molecules, 
quickly and accurately reflecting environmental impacts and activating an organism’s adaptive 
abilities. For example, a well-known biochemical response of poikilothermic organisms to low 

temperature is increased fatty acid unsaturation of both membrane and storage lipids [7, 10, 11].  

In addition to membrane lipids, an important role in the adaptive response of organisms to 

various environmental factors belongs to high-energy storage lipids, chiefly triacylglycerols 
and their fatty acids [12–15], which cover the energy costs needed for maintaining homeostasis 

under the new environmental conditions. Since long-chain polyunsaturated fatty acids, par-

ticularly such essential fatty acids as EPA and docosahexaenoic acid (DHA, 22:6n-3), cannot be 
de novo synthesized in marine mussels [16, 17], their incorporation and elimination in mem-

brane and storage lipids are strongly regulated [18, 19]. Thus, lipid and fatty acid composition 
as a key component of various metabolic pathways that are linked to processes important for 

survival and tolerance reflects the adaptive response of an organism to environmental effects. 
It is assumed that lipid composition may be used as a biochemical marker for indicating the 

organism’s physiological state in environmental assessments and biomonitoring.

The blue mussels, Mytilus edulis L., are used worldwide as marine sentinel organisms in bio-

monitoring programmes due to their longevity, sessile nature, global distribution and ability 

to bioaccumulate high concentrations of pollutants [20–22]. In the White Sea, M. edulis L. is the 

dominant species of coastal (intertidal) ecosystems. Numerous studies on White Sea mussels’ 

response to various environmental effects have identified adaptive mechanisms on molecular, 
biochemical, cellular, physiological and behavioural levels of biological organization [23–38].
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This paper summarizes the results of research on lipid composition effects in White Sea blue 
mussels, M. edulis L. (1758), in response to environmental factors such as temperature, salin-

ity, short-term anoxia, change of nutrition source, metals and oil pollution. Phenotype-specific 
features of the lipid composition in White Sea blue mussels from different habitat conditions 
(intertidal zone and aquaculture), as well as compensatory modifications of the lipid compo-

sition in intertidal mussels under chronic stress in the natural habitat and under short-term 

exposure to stress in laboratory experiments, are discussed.

2. Environmental factors

2.1. Temperature

Being a major environmental factor, influences all aspects of life of an organism, especially 
poikilotherms [1]. The literature offers quite detailed descriptions of the contribution of the 
lipid composition to thermal adaptations in bivalves [11, 39–43]. Often, the response involv-

ing the lipid composition depends on the duration of exposure to ambient temperatures. 

Moreover, organ-specific distribution of lipids in Bivalvia causes differences in lipid composi-
tion response to temperature effects, depending on the studied organ. Thus, gills of bivalves, 
which are the location of primary contact with the environment, contain high concentrations 

of membrane lipids, chiefly cholesterol [42]. It is well-known cholesterol is necessary for 

membrane stabilizing and maintaining the permeability of membranes [2, 5]. It was demon-

strated that when exposed to rapid (several hours) temperature fluctuations gills of bivalves 
experience modifications in cholesterol levels, whereas prolonged (several weeks) tempera-

ture impacts induce changes in the amount of phospholipids enriched in polyunsaturated 

fatty acids [41, 43]. Whereas the gill lipid composition response in White Sea mussels in the 

temperature experiment was the opposite: a significant rise of the cholesterol concentration 
in response to prolonged (14 days) impact of both low and high temperatures, while short-

term temperature stress (1 day) influenced the content of phospholipids and their fatty acids 
[36]. Since the synthesis of polyunsaturated fatty acids in bivalves is limited as well as an 
involvement of essential fatty acids in/from membrane lipids is strictly regulated [18, 19], 

presumably, the mussels’ adaptive strategy is to use a less energy-intensive mechanism for 

maintaining optimal membrane fluidity by redistributing polyunsaturated fatty acids among 
storage and membrane lipid fractions (in the absence of additional cholesterol synthesis) that 

bivalves employ to adapt to rapid temperature changes [35, 36]. The role of minor mem-

brane phospholipids (namely, phosphatidylserine and sphingomyelin) in the acclimation of 

mussels to elevated ambient temperature was also demonstrated in gills. They are believed 

to facilitate adaptive modifications of the fluidity and permeability of cell membranes in 
response to elevation of the ambient temperature [35, 36]. Let us remark that a similar effect 
involving these phospholipids was observed in gills of mussels acclimating to variable sea-

water salinity [44]. Elevated ambient temperature is known to produce a destabilizing effect 
on cell membranes in poikilotherms [3]. Apparently, seawater salinity variations, primarily 

reduction of salinity, cause an analogous response of the membrane physicochemical prop-

erties which, in turn, initiates compensatory modifications of the composition of membrane 
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lipids and their fatty acids similar to those observed in response to elevated temperature. 
Digestive glands in bivalves contain higher concentrations of triacylglycerols (TAGs) required 
for energy  metabolism  during their acclimation to new environmental conditions as well as 

for reproductive processes. In particular, it was shown that bivalves from thermally differ-

ent habitats differed in TAG metabolism in the digestive glands during overwintering. Blue 
mussels, M. edulis, adapted to harsh winters, accumulate TAGs enriched in 20:5n-3 fatty acids 
(EPA) in the digestive glands, while the oyster, Crassostrea virginica, which generally occurs in 

warmer habitats, on the contrary, did not reserve TAG before overwintering [42].

2.2. Salinity

Is one of the key abiotic factors in the marine environment. Marine and freshwater molluscs 

were shown to be alike in the content of total and neutral lipids, but the levels of individual 

fractions of phospholipids such as PC, PI, PS and PE, as well as PE plasmalogen form, were 
found to be dependent on the ambient salinity [45]. In gills of bivalves, salinity stress induces 

an increase in negatively charged phospholipids, chiefly PI and cardiolipin. This may suppos-

edly be one of the intracellular mechanisms to bind excessive cations lest they degrade the cell’s 

enzymatic systems [46]. Exposure of White Sea mussels to reduced seawater salinity (15 psu) in 

aquarium experiments (25 psu as a control) resulted in an increase in the concentration of phos-

pholipids, mainly PC and PS, in gills [44], alongside a reduction in the levels of cholesterol and 

storage lipids (triacylglycerols and cholesterol esters) in gills and digestive glands [34, 47]. The 

reduced levels of cholesterol and storage lipids indicate an adverse effect of low salinity on the 
physiological state of the mussels and their metabolism. We know that when salinity is drawn 

down from 25 psu (normal values of salinity in the White Sea) to 14 psu, the functional activity 

of M. edulis is suppressed [23, 48], and the mussels’ tolerance of low salinity is ensured by cellu-

lar volume regulation using organic and inorganic osmolytes [32, 49, 50]. Thus, the acclimation 

of molluscs to reduced salinity apparently implies that storage lipids are utilized not only as 

sources of metabolic energy but also as substrates for the synthesis of organic osmolytes [34]. 

Moreover, it was shown that the action of increased salinity (from 25 psu to 35 and 45 psu) 

leads to various responses of the lipid composition of White Sea mussels, M. edulis, depending 

on the studied organ. Although mantle edge and gills are sites for primary contact with exter-

nal environment, the effect of increased seawater  salinity on both intertidal and cultured mus-

sels caused organ-specific reactions in the cholesterol level: the level rose in the mantle edge 
[51] but declined in gills [44]. Apparently, the different cholesterol content in gills and mantle 
edge of the mussels reflects differences in membrane fluidity and ion permeability in response 
to increased salinity effect. Some authors have pointed out the lack of distinctions between 
marine and freshwater bivalves in the fatty acid composition [45, 52, 53], although some papers 

have reported elevated concentrations of C20 and C22 unsaturated fatty acids, predominantly 
20:5n-3, 22:5n-3 and 22:6n-3, in marine molluscs [54] as well as high level of monounsaturated 

fatty acids and arachidonic acid (20:4n-6) in freshwater molluscs [55]. Yet, the high variability of 

fatty acid content observed in both freshwater and marine mollusc species is primarily due to 
the factors of nutrition and ambient temperature [14, 15, 41–43, 45, 56–58]. Nonetheless, a lower 

level of n-6 polyunsaturated fatty acids was found in gills of marine bivalves acclimated to high 
salinity as compared to the individuals exposed to low salinity [46]. White Sea mussels accli-

mated to different  seawater salinities also manifested  considerable modifications of the lipid 

Organismal and Molecular Malacology146



fatty acid composition in gills and mantle edge. Thus, in gills of intertidal mussels, the level of 
n-6 polyunsaturated fatty acids (mainly owing to AA, 20:4n-6) increased in response to seawa-

ter salinity reduction (5 psu) and elevation (45 psu). At the same time, cultured mussels col-

lected from aquaculture substrates responded with a decrease in n-3 polyunsaturated fatty acid 
(PUFA) content and an increase in saturated fatty acid level in gills both to a reduction (to 5 and 
15 psu) and an elevation (to 35 and 45 psu) of seawater salinity. Remarkably, notwithstanding 

the considerably different lipid composition of gills in intertidal and aquaculture mussels, they 
both responded to critically low salinity (5 psu) with similar modifications of the lipid composi-
tion, indicative of non-specific defence reaction in bivalves—closure of shell valves, reduction 
of total metabolism and transition to anaerobic metabolic pathways [44]. Varied response of 

fatty acid composition to salinity effects was detected in the mantle edge of mussels from dif-
ferent tidal zones (intertidal and aquaculture) [51]. Thus, it was shown that the concentration 

of non-methylene-interrupted fatty acids (NMIFA) in mantle edge increased in the intertidal 
mussels exposed to 5, 35 and 45 psu (25 psu as a control), whereas in cultured mussels exposed 

to 5, 35 and 45 psu salinity, there was an increase in n-3 PUFA content. It is known that NMIFA 

can be synthesized in marine bivalve molluscs in the case of a lack of usual n-3 PUFA [53]. 

Probably, n-3 PUFA deficiency in intertidal mussels is the result of their utilization to generate 
energy required for mussel acclimation to different salinities, whereas additional synthesis of 
NMIFA is essential for maintaining the unsaturated state of membrane phospholipids as well 

as fluidity and permeability of membranes in mantle edge.

2.3. Short-term anoxia

Blue mussels, M. edulis, living in the marine coastal (intertidal) zone are facultative anaerobes 

tolerant of short-term anoxia during low tide [30, 59, 60]. The main sources of energy for bivalves 

in the anaerobic metabolism conditions are glycogen and proteins [1, 61], whereas lipids are uti-

lized to provide for gametogenesis [61]. The role of storage lipids (chiefly triacylglycerols) in the 
adaptive reactions of mussels under anoxic conditions was demonstrated in our studies [62, 63]. 

In White Sea blue mussels, we observed a rise in the levels of cholesterol and PC within total lip-

ids of soft tissues, which are known to have a stabilizing effect on membranes and thus reduce 
their permeability. It is known that anoxia may reduce the permeability of cell membranes, thus 

causing modifications in their lipid composition [64]. On the other hand, elevated concentra-

tions of polyunsaturated fatty acids (in particular, arachidonic acid) and non-methylene-inter-

rupted fatty acids within total lipids of soft tissues balance the stabilizing effect of membrane 
lipids and probably facilitate the functioning of membrane-bound proteins (enzymes, ion chan-

nels and receptors) [63]. Additional research is needed to determine organ-specific reaction of 
the lipid and fatty acid composition in blue mussels under short-term anoxia effect.

2.4. The nutrition factor

It is a known fact that lipid composition, especially the fatty acid profile of filter-feeding mus-

sels, like in any consumers, is a trophic marker of the composition of their food and includes 

the biochemical markers of all seston components, namely, phytoplankton, zooplankton and 

bacteria (detritus) [14, 15, 56, 58, 65–68]. The study of modifications in the composition of lipids 
and their fatty acids in gills and digestive glands of White Sea mussels, M. edulis, induced by 
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their acclimation to laboratory conditions where they were fed with artificial feed (“Coraliquid”, 
Sera) revealed organ-specific patterns in the assimilation and modification of lipids, primarily 
concerning their fatty acid profile [69]. It was shown that change of the food source caused 

alterations in the lipid and fatty acid composition, mainly in the digestive gland. Elevated con-

tent of high-energy lipids (triacylglycerols) enriched in saturated fatty acids (namely, myristic 
14:0 acid), as well as vaccenic 18:1n-7 acid in the feed, promoted the storage of these lipids 

in mussel gills and digestive gland. At the same time, the fact that phospholipids in the feed 

lacked essential fatty acids, EPA and DHA, which are known to be derived from phytoplank-

ton, told considerably on the fatty acid profile of triacylglycerols in the mussels [69].

Intertidal habitats are the most variable in terms of such abiotic environmental factors as tem-

perature, salinity, aerial exposure and concentrations of suspended nutritive material [70]. Life 

under such heavily variable environmental conditions reflects both on the mussels’ physiolog-

ical (including growth rate) and metabolic processes and on the size and age structure of mus-

sel beds (local populations), their abundance and biomass [27, 29, 30, 71].  Ecologo-biochemical 

monitoring during 2009–2014 years of two intertidal mussel beds located in different parts 
of the Gulf of Kandalaksha, White Sea, and differing in hydrological characteristics, includ-

ing seawater salinity, revealed the features of the lipid composition in gills and digestive 

glands which reflect the chronic impact of salinity drops [38]. Frequent salinity drops in one 

of the investigated sites (Site 1) are due not only to discharge from streams but also to human 

activities (namely, unregulated freshwater discharges from hydropower plant). The effect of 
reduced seawater salinity (approximately 9.7–14.0 psu) on mussels from Site 1 appears not 

only in the level of some phospholipids (in particular, phosphatidylserine, phosphatidyletha-

nolamine and phosphatidylcholine), and the ratio of n-3/n-6 polyunsaturated fatty acids in the 
molluscs’ gills and digestive gland, but also in some ecological characteristics of the mussel 

beds, i.e. its size-age structure, abundance and biomass [38]. The elevated content of the named 

phospholipids and the prevalence of n-3 polyunsaturated fatty acids over n-6 polyenes appar-

ently serve to keep membranes permeable to ions and maintain the functioning of membrane-

bound enzymes involved in cellular volume regulation in response to low seawater salinity. 

These data agree with the results of previous aquarium experiments on the effect of low sea-

water salinity on the lipid composition of intertidal and cultured mussels [44], which suggest 

that the mussels’ lipid and fatty acid composition is adapted to secure the survival of the mol-
luscs under low seawater salinity. The elevated ratio of n-3/n-6 polyunsaturated fatty acids in 
the mussels chronically exposed to salinity drops may also be a result of high metabolic rate 

of n-6 polyunsaturated fatty acids (chiefly AA, 20:4n-6). Arachidonic acid is a precursor for the 
synthesis of physiologically active hormone-like molecules, eicosanoids (such as prostaglan-

dins), which are known to build up bivalves’ resistance to stress, including various seawater 

salinities [8, 72–75]. One must mention that intertidal mussels living in a habitat with relatively 

stable salinity conditions (away from freshwater discharges, Site 2 where seawater salinity is 

20.1–22.5 psu) feature an elevated content of cholesterol and n-6 polyunsaturated acids within 

total lipids of both gills and digestive glands [38]. Our monitoring studies of the lipid and fatty 
acid composition in intertidal mussels from different habitats in the White Sea showed that 
the fatty acid composition of digestive glands, unlike their content in gills, reflects the adap-

tive features of the lipid metabolism in the mussels under chronic effect of a wide range of 
environmental factors [38].
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There is a lot of research on the study of the differences in physiological (energetic, growth rate, 
clearance rate, ingestion rate, absorption rate, respiration rate) and biochemical indices between 

mussels collected in intertidal (rocky shore) and subtidal (aquaculture) environments [13–15, 

76–78]. It is considered that these origin-related differences in physiological rates have to do 
with features of the energy distribution, namely, in intertidal mussels more energy is directed 

to the formation of a thicker shell, while in subtidal mussels the energy is spent on tissue growth 

[78]. Simultaneously, biochemical differences between these mussel groups are associated with 
various concentrations and quality of seston in the intertidal and subtidal zones [13, 14, 76]. In 

particular, frequent exposure to air (during low tide) has very high effect on the mussels’ energy 
reserves including triacylglycerols, saturated fatty acids and some polyunsaturated fatty acids, 
similarly to the effect of starvation [13, 14]. We have also studied origin-related lipid composi-

tion differences in gills of littoral (intertidal) and cultured (sublittoral) mussels after 2 weeks of 
acclimation to laboratory conditions [44, 79]. It was demonstrated that gills of intertidal mussels 

differ from those kept under the fairly stable conditions of aquaculture (cultured mussels) in 
that the former have a higher level of lipids that stabilize membrane structure (cholesterol and 

saturated fatty acids), as well as n-6 polyunsaturated fatty acids (chiefly AA, 20:4n-6), which 
arguably contribute to the establishment of suitable membrane permeability and regulate the 

activity of membrane-bound enzymes, ion channels and receptors. High level of AA in the 
whole body as well as in gills of intertidal mussels appears to be due to selective retention of the 

fatty acid required for eicosanoid synthesis [14, 15]. In addition, unlike for mussels collected in 

August (where mussels were on reproductive stage IIIc or stage 0, resting), increased content 

of the fatty acid in the whole body of the mussels collected in June (where mussels were on 
reproductive stage IIIb, spawning) is needed for reproductive processes [79]. Although no dif-

ferences were found in the sterol content in mussels originating from the two habitats (rocky 

shore and subtidal) [13], a significant excess in cholesterol level in the whole body and gills of 
intertidal mussels from the White Sea is probably due to the effect of severe fluctuations in tem-

peratures (up to subzero temperatures). These features of the lipid composition are assumed 

to be one of the biochemical adaptation mechanisms providing for the phenotypic plasticity 

and survival of blue mussels in a frequently changing coastal environment. On the other hand, 

high level of triacylglycerols as well as elevated concentrations of n-3 polyunsaturated fatty 
acids, primarily of phytoplanktonic origin, EPA and DHA, in mussels collected from artificial 
substrates evidences high food availability (phytoplankton) and relatively stable environmental 

conditions in aquaculture [44, 79]. These origin-related differences of blue mussel lipid compo-

sition reflect the important role of lipids in adaptation to a changing environment.

3. Pollution effect

Natural habitats of marine aquatic organisms may also be negatively affected by human 
impact. Seawater is contaminated by organic and inorganic chemical substances (such as 

metals, petroleum hydrocarbons, pesticides) from municipal and industrial discharges. Since 

pollutants of various nature get either directly or indirectly involved in lipid peroxidation 

reactions [80–82], it is obvious that a characteristic sign of their impact on cell membranes is the 

disruption of lipid bilayer packing, which in its turn triggers modifications in the composition 
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of membrane lipid components (cholesterol, phospholipids and their fatty acids) [83]. Thus, 

mussels from contaminated sites had an elevated level of triacylglycerols and an increased tri-

acylglycerol/phospholipid ratio, which implies a reduced rate of mobilization of triacylglycer-

ols into the phospholipid pool with serious consequences for the structure and function of cell 

membranes. There was also a substantial decrease in phospholipids, apparently in connection 

with membrane destruction [84–86]. Some papers have reported the modifications in lipid and 
fatty acid composition of hydrobionts, including marine mussels, in response to organic and 
inorganic pollutants’ effect [34, 37, 87–93]. Since the lipid metabolism plays an important role 

in living organism, it is believed that the lipid and fatty acid profile may be used to indicate 
the organism’s health under stress conditions of pollutant effect. Exposure of blue mussels 
from the White Sea to various concentrations of oil products in an aquarium experiment led to 

an increase in the level of phospholipids and a reduction of cholesterol concentration in gills 

and mantle, i.e. the gateway organs for external impacts [25, 34]. These modifications in mem-

brane lipids are believed to make cell membranes more permeable to oil products and create 

the conditions for their accumulation in these organs for further detoxification. A significant 
decrease in the level of membrane lipids—phospholipids (mainly at the expense of PC and 
PE) and cholesterol—simultaneously with an increase in triacylglycerols was observed in gills 
and digestive glands of mussels exposed to various concentrations of cadmium [37]. These 

modifications of the lipid profile reflect the destructive effect of cadmium on cell membranes 
realized through the activation of lipid peroxidation processes. It is worth noting that a signifi-

cant decrease of the cholesterol concentration under the impact of oil products, mainly their 

high concentrations, was observed in all the studied organs (gills, mantle, mantle edge and 

foot) of M. edulis [25, 34], as well as under the impact of cobalt on Mytilus galloprovincialis [94]. 

One of the presumed examples of the toxic effect of oil products, as well as some heavy metals 
on bivalves, is the inhibition of cholesterol synthesis, leading to high membrane permeability. 

At the same time, the effect from exposure to copper as an essential metal was the opposite 
(significant increase of cholesterol concentration), probably meant to stabilize the membranes 
under the metal’s oxidative action and to reduce their permeability. It was noted also that 

when exposed to cadmium and copper [37], as well as to relatively low concentrations of oil 

products [95], mussels demonstrated an elevated level of arachidonic acid. Apparently, AA 

involvement in the synthesis of eicosanoids ensures high resistance of the mussels to these 

xenobiotic impacts. On the other hand, when the concentrations of oil products were high, the 

level of this acid in the mussels decreased, probably due to inhibition of its biosynthesis, given 

the observed elevated concentrations of linoleic acid, its metabolic precursor [95]. The results 

of studies on the lipid composition of gills and digestive glands of intertidal blue mussels, 

M. edulis, collected from different sites in the Gulf of Kandalaksha, White Sea, prove that the 
composition of lipids and their fatty acids depends not only on the hydrological conditions in 
the habitat but also on the degree of human impact on it [38]. To wit, the fatty acid profile of 
the intertidal mussels living in habitats with high human impact is noted for the prevalence of 

oleic (18:1n-9) acid among total lipids of gills and digestive glands. A similar effect in the fatty 
acid composition of total lipids was observed in the mussels exposed to various doses of cop-

per in an aquarium experiment [37]. Elevated content of non-essential oleic acid in bivalves 

may be associated with its additional synthesis under the toxic effect of pollutants and have 
the goal of binding and detoxifying xenobiotic substances. Unsaturated fatty acids are known 
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to be capable of forming complexes with metal ions and thus to contribute to the accumulation 

and detoxification of these xenobiotic substances in mussels [96].

4. Conclusions

The lipid profile of White Sea blue mussels, M. edulis L., is modified in response to various 
environmental factors in order to protect cell membranes, maintain or recover their homeo-

stasis, replenish the cell’s energy and metabolic resources and thus to secure the mussels’ 

adaptation to the change in environmental conditions. Organ-specific distribution of lipids 
and fatty acids in White Sea blue mussels, as well as the dependence of the lipid and fatty acid 
composition response on the effect of various environmental factors on the studied organ, 
was detected. Modifications in the lipid composition predominantly in gills reflect the acute 
effect of environmental factors in aquarium experiment conditions, whereas changes in the 
lipid composition of digestive glands represent an adaptation of the lipid metabolism in 

response to chronic exposure to ambient factors (field monitoring). The composition of lipids 
and their fatty acids in intertidal mussels evidences their chronic exposure to abiotic envi-
ronmental factors and human impact and is in agreement with data on the modifications of 
the lipid profile in White Sea blue mussels subjected to such environmental factors (namely, 
salinity, short-term anoxia, heavy metal and oil pollution) in aquarium experiments. The data 

discussed above prove that the lipid profile plays an important role in the adaptation of blue 
mussels, M. edulis, to new conditions in the habitat. Assessment of the lipid composition in 

intertidal and cultured mussels helps disclose the metabolic strategy to ensure resistance and 

adaptation of the organisms to environmental impacts of different nature and can be used as 
a biochemical marker for indicating the organism’s physiological condition. This knowledge 

is necessary for environmental safety assessment under both natural and human impacts, as 

well as to predict an organism’s and population’s status in biomonitoring.

Acknowledgements

The results on the lipid composition of White Sea blue mussels were obtained using the facilities 

of the Equipment Sharing Centre of the Institute of Biology KarRC RAS (Petrozavodsk, Russia).

The authors are grateful to the administration and staff of the “Kartesh” White Sea Biological 
Research Station of the Zoological Institute RAS, especially Drs. V.Ja. Berger, V.V. Khalaman 
and A.A. Sukhotin, for the permission and help with aquarium experiments at the station, 

as well as to researchers from the Institute of Biology KarRC RAS I.N. Bakhmet, PhD, and 
I.V. Sukhovskaya, PhD, for the assistance in setting up the experiments and sampling biologi-
cal material. The authors also acknowledge the help of the Kandalaksha Strict Nature Reserve 
staff, as well as the professor at the Petrozavodsk State University Dr. G.A. Shklyarevich in 
collecting material from the nature reserve territory.

The study was funded by the federal budget under state-ordered project № 0221-2014-0033.

Lipid Composition Modifications in the Blue Mussels (Mytilus edulis L.) from the White Sea
http://dx.doi.org/10.5772/67811

151



Author details

Natalia N. Fokina*, Tatiana R. Ruokolainen and Nina N. Nemova

*Address all correspondence to: fokinann@gmail.com

Institute of Biology, Karelian Research Centre of Russian Academy of Sciences, Petrozavodsk, 
Russia

References

[1] Hochachka PM, Somero GN. Biochemical Adaptation. Oxford: Princeton University 
Press; 2002. 480 p.

[2] Vance DE, Vance JE, editors. Biochemistry of Lipids, Lipoproteins and Membranes. 4th 
ed. Amsterdam: Elsevier; 2002. 610 p.

[3] Los DA, Murata N. Membrane fluidity and its role in the perception of environmen-

tal signals. Biochimica et Biophysica Acta. 2004;1666(1-2):142-157. DOI: http://dx.doi.
org/10.1016/j.bbamem.2004.08.002

[4] Lopez CS, Alice AF, Heras H, Rivas EA, Sanches-Rivas C. Role of anionic phospholip-

ids in the adaptation of Bacillus subtilis to high salinity. Microbiology. 2006;152:605-616. 

DOI: 10.1099/mic.0.28345-0

[5] Crockett EL. Cholesterol function in plasma membranes from ectotherms: membrane-
specific roles in adaptation to temperature. American Zoologist. 1998;38(2):291-304. 

DOI: http://dx.doi.org/10.1093/icb/38.2.291

[6] Fodor E, Jones RH, Buda C, Kitajka K, Dey I, Farkas T. Molecular architecture and bio-

physical properties of phospholipids during thermal adaptation in fish: an experimental 
and model study. Lipids. 1995;30(12):1119-1126. DOI: 10.1007/BF02536612 

[7] Logue JA, de Vries AL, Fodor E, Cossins AR. Lipid compositional correlates of tem-

perature-adaptive interspecific differences in membrane physical structure. Journal of 
Experimental Biology. 2000;203:2105-2115.

[8] Parrish CC. Essential fatty acids in aquatic food webs. In: Arts MT, Brett MT, Kainz M, 
editors. Lipids in Aquatic Ecosystems. New York: Springer; 2009. pp. 309-326. DOI: 
10.1007/978-0-387-89366-2_13 

[9] Di Paolo G, De Camilli P. Phosphoinositides in cell regulation and membrane dynamics. 
Nature. 2006;443(7112):651-657. DOI: 10.1038/nature05185

[10] Cossins AR. Homeoviscous adaptation of biological membranes and its functional sig-

nificance. In: Cossins AR, editor. Temperature Adaptation of Biological Membranes. 
London: Portland Press; 1994. pp. 63-76.

Organismal and Molecular Malacology152



[11] Hazel JR, Williams EE. The role of alterations in membrane lipid-composition in enabling 
physiological adaptation of organisms to their physical environment. Progress in Lipid 

Research. 1990;29:167-227. DOI: 10.1016/0163-7827(90)90002-3

[12] Sangiao-Alvarellos S, Laiz-Carrion R, Guzman JM, Martin del Rio MP, Miguez JM, 
Mancera JM, Soengas JL. Acclimation of S. aurata to various salinities alters energy 

metabolism of osmoregulatory and nonosmoregulatory organs. American Journal of 
Physiology. Regulatory, Integrative and Comparative Physiology. 2003;285:R897–R907. 

DOI: 10.1152/ajpregu.00161.2003 

[13] Freites L, Fernandez-Reiriz MJ, Labarta U. Lipid classes of mussel seeds Mytilus gallopro-

vincialis of subtidal and rocky shore origin. Aquaculture. 2002;207:97-116.

[14] Freites L, Fernandez-Reiriz MJ, Labarta U. Fatty acid profiles of Mytilus galloprovinci-

alis (Lmk) mussel of subtidal and rocky shore origin. Comparative Biochemistry and 
Physiology Part B: Biochemistry and Molecular Biology. 2002;2:453-461.

[15] Freites L, Labarta U, Fernández-Reiriz MJ. Evolution of fatty acid profiles of subtidal 
and rocky shore mussel seed (Mytilus galloprovincialis, Lmk.). Influence of environmen-

tal parameters. Journal of Experimental Marine Biology and Ecology. 2002;268(2):185-

204. DOI: http://dx.doi.org/10.1016/S0022-0981(01)00377-X

[16] De Moreno JEA, Moreno VJ, Brenner RR. Lipid metabolism of the yellow clam, 
Mesodesma mactroides: 2-polyunsaturated fatty acid metabolism. Lipids. 1976;11:561-566. 

DOI: 10.1007/BF02532902

[17] De Moreno JEA, Moreno VJ, Brenner RR. Lipid metabolism of the yellow clam, Mesodesma 

mactroide: 3-saturated fatty acids and acetate metabolism. Lipids. 1977;12:804-808. DOI: 
10.1007/BF02533268

[18] Delaunay F, Marty Y, Moal J, Samain JF. The effect of monospecific algal diets on growth 
and fatty acid composition of Pecten maximus (L) larvae. Journal of Experimental Marine 
Biology and Ecology. 1993;173:163-179. DOI: 10.1016/0022-0981(93)90051-O

[19] Soudant P, Marty Y, Moal J, Masski H, Samain JF. Fatty acid composition of polar 
lipid classes during larval development of scallop Pecten maximus (L.). Comparative 
Biochemistry and Physiology Part A: Molecular & Integrative Physiology. 1998;121(3):279-

288. DOI: http://dx.doi.org/10.1016/S1095-6433(98)10130-7

[20] Goldberg ED. The mussel watch concept. Environmental Monitoring and Assessment. 
1986;7(1):91-103. DOI: 10.1007/BF00398031

[21] Widdows J, Donkin P. Mussels and environmental contaminants: bioaccumulation and 
physiological aspects. In: Gosling E, editor. The Mussel Mytilus: Ecology, Physiology, 
Genetics and Aquaculture. Amsterdam: Elsevier; 1992. pp. 383-424.

[22] Gosling E. The Mussel Mytilus: Ecology, Physiology, Genetics and Culture. Amsterdam: 
Elsevier; 1992. 589 p.

Lipid Composition Modifications in the Blue Mussels (Mytilus edulis L.) from the White Sea
http://dx.doi.org/10.5772/67811

153



[23] Berger VJa, Kharazova AD. Mechanisms of salinity adaptations in marine molluscs. 
Hydrobiologia. 1997;355:115-126. DOI: 10.1007/978-94-017-1907-0_12

[24] Bakhmet IN, Berger VJa, Khalaman VV. The effect of salinity change on the heart rate 
of Mytilus edulis specimens from different ecological zones. Journal of Experimental 
Marine Biology and Ecology. 2005;318(2):121-126. DOI: http://dx.doi.org/10.1016/j.
jembe.2004.11.023

[25] Bakhmet IN, Fokina NN, Nefedova ZA, Nemova NN. Physiological-biochemical prop-

erties of blue mussel Mytilus edulis adaptation to oil contamination. Environmental 

Monitoring and Assessment. 2009;155:581-591. DOI: 10.1007/s10661-008-0457-5

[26] Bakhmet IN, Khalaman VV. Heart rate variation patterns in some representatives of 
Bivalvia. Biology Bulletin. 2006;33:276-280. DOI: 10.1134/S1062359006030101 

[27] Sukhotin AA, Abele D, Portner H-O. Growth, metabolism and lipid peroxidation in 
Mytilus edulis: age and size effects. Marine Ecology Progress Series. 2002;226:223-234. 

DOI: 10.3354/meps226223

[28] Sukhotin AA, Lajus DL, Lesin PA. Influence of age and size on pumping activity and stress 
resistance in the marine bivalve Mytilus edulis L. Journal of Experimental Marine Biology 
and Ecology. 2003;284:129-144. DOI: http://dx.doi.org/10.1016/S0022-0981(02)00497-5

[29] Sukhotin AA, Portner H-O. Age-dependence of metabolism in mussels Mytilus edulis (L.) 

from the White Sea. Journal of Experimental Marine Biology and Ecology. 2001;257:53-

72. DOI: http://dx.doi.org/10.1016/S0022-0981(00)00325-7

[30] Sukhotin AA, Pörtner HO. Habitat as a factor involved in the physiological response to 
environmental anaerobiosis of White Sea Mytilus edulis. Marine Ecology Progress Series. 

1999;184:149-160. DOI: 10.3354/meps184149

[31] Lesin PA, Khalaman VV, Flyachinskaya LP. Heterogeneity of the byssal threads in 
Mytilus edulis L. on different stages of attachment. Proceedings of the Zoological Institute 
of the Russian Academy of Sciences. 2006;310:107-112.

[32] Lysenko LA, Kantserova NP, Käiväräinen EI, Krupnova MJu, Nemova NN. Osmotic 
balance in marine organisms: adaptation through protein degradation. Comparative 
Biochemistry and Physiology Part A: Molecular & Integrative Physiology. 2012;163: 

S29–S30.

[33] Khalaman VV, Lezin PA. Clumping behavior and byssus production as strategies for 
substrate competition in Mytilus edulis. Invertebrate Biology. 2015;134(1):38-47. DOI: 
10.1111/ivb.12075

[34] Fokina NN, Bakhmet IN, Shklyarevich GA, Nemova NN. Effect of seawater desalina-

tion and oil pollution on the lipid composition of blue mussels Mytilus edulis L. from 

the White Sea. Ecotoxicology and Environmental Safety. 2014;110:103-109. DOI: http://
dx.doi.org/10.1016/j.ecoenv.2014.08.010

[35] Fokina NN, Lysenko LA, Sukhovskaya IV, Vdovichenko EA, Borvinskaya EV, Kantserova 
NP, Krupnova MYu, Ruokolainen TR, Smirnov LP, Vysotskaya RU, Bakhmet IN, Nemova 

Organismal and Molecular Malacology154



NN. Biochemical response of blue mussels Mytilus edulis L. from the White Sea to rapid 

changes in ambient temperature. Journal of Evolutionary Biochemistry and Physiology. 
2015;51(5):378-387. DOI: 10.1134/S0022093015050038

[36] Fokina NN, Ruokolainen TR, Bakhmet IN, Nemova NN. Lipid composition in response 

to temperature changes in blue mussels Mytilus edulis L. from the White Sea. Journal of 
the Marine Biological Association of the United Kingdom. 2015;95(08):1629-1634. DOI: 
http://dx.doi.org/10.1017/S0025315415000326

[37] Fokina NN, Ruokolainen TR, Nemova NN, Bakhmet IN. Changes of blue mussels 
Mytilus edulis L. lipid composition under cadmium and copper toxic effect. Biological 
Trace Element Research. 2013;154(2):217-225. DOI: 10.1007/s12011-013-9727-3

[38] Fokina NN, Shklyarevich GA, Ruokolainen TR, Nemova NN. Effect of low salinity 
on intertidal blue mussels, Mytilus edulis L., from the White Sea: lipids and their fatty 
acid composition as a biochemical marker. In: Snyder M, editor. Aquatic Ecosystems: 

Influences, Interactions and Impact on the Environment. New York: Nova Science 
Publishers Inc; 2016. pp. 87-124.

[39] Dey I, Farkas T. Temperature shifts induce adaptive changes in the physical state of 
carp (Cyprinus carpio L.) erythrocyte plasma membranes in vitro. Fish Physiology and 

Biochemistry. 1992;10(4):347-355. DOI: 10.1007/BF00004484

[40] Williams E, Somero G. Seasonal-, tidal-cycle- and microhabitat related variation in mem-

brane order of phospholipid vesicles from gills of the intertidal mussel Mytilus california-

nus. Journal of Experimental Biology. 1996;199:1587-1596.

[41] Parent GJ, Pernet F, Tremblay R, Sevigny JM, Ouellette M. Remodeling of membrane 
lipids in gills of adult hard clam Mercenaria mercenaria during declining temperature. 

Aquatic Biology. 2008;3(2):101-109. DOI: http://doi.org/10.3354/ab00073

[42] Pernet F, Tremblay R, Comeau L, Guderley H. Temperature adaptation in two bivalve 
species from different thermal habitats: energetics and remodelling of membrane lipids. 
Journal of Experimental Biology. 2007;210(17):2999-3014. DOI: 10.1242/jeb.006007

[43] Pernet F, Tremblay R, Gionet C, Landry T. Lipid remodeling in wild and selectively 
bred hard clams at low temperatures in relation to genetic and physiological parameters. 

Journal of Experimental Biology. 2006;209(23):4663-4675. DOI: 10.1242/jeb.02581

[44] Nemova NN, Fokina NN, Nefedova ZA, Ruokolainen TR, Bakhmet IN. Modifications 
of gill lipid composition in littoral and cultured blue mussels Mytilus edulis L. under 

the influence of ambient salinity. Polar Record. 2013;49(03):272-277. DOI: http://dx.doi.
org/10.1017/S0032247412000629

[45] Kashin AG. Influence of Ambient Salinity on Lipid Composition of Some Water Inver-
tebrates [dissertation]. Samara: Samara State University; 1997. 14 p.

[46] Glemet HC, Ballantyne JS. Influences of environmental salinity on the structure and func-

tion of gill mitochondrial membranes of an osmoconforming invertebrate, Crassostrea 

virginica. Marine Biology. 1995;121:673-683. DOI: 10.1007/BF00349303

Lipid Composition Modifications in the Blue Mussels (Mytilus edulis L.) from the White Sea
http://dx.doi.org/10.5772/67811

155



[47] Fokina NN, Bakhmet IN, Nemova NN. Cooperative effect of crude oil and low salinity 
on the digestive glands lipid composition of the White Sea blue mussels Mytilus edulis. 

Proceedings ZIN. 2016;320(3):357-366.

[48] Berger VJa. On the minimal terms of triggering the processes of phenotypic adaptation. 
Doklady Biological Sciences. 2005;400(1):57-60. DOI: 10.1007/s10630-005-0043-8

[49] Pagliarani A, Bandiera P, Ventrella V, Trombetti F, Pirini M, Borgatti AR. Response to 
alkyltins of two Na+-dependent ATPase activities in Tapes philippinarum and Mytilus gal-

loprovincialis. Toxicology in Vitro. 2006;20:1145-1153. DOI: http://dx.doi.org/10.1016/j.
tiv.2006.02.006

[50] Pierce SK. Invertebrate cell volume control mechanisms: a coordinated use of intra-

cellular amino acids and inorganic ions as osmotic solute. The Biological Bulletin. 

1982;163(3):405-419.

[51] Fokina NN, Nefedova ZA, Ruokolainen TR, Bakhmet IN, Nemova NN. Effects of vari-
ous salinity on the White Sea blue mussels Mytilus edulis lipid composition. Proceedings 

ZIN. Supplement 3. 2013;3:55-63.

[52] Pollero RJ, Irazú CE, Brenner RR. Effect of sexual stages on lipids and fatty acids of 
Diplodon delodontus. Comparative Biochemistry and Physiology Part B: Comparative 
Biochemistry. 1983;76(4):927-931. DOI: 10.1016/0305-0491(83)90414-5

[53] Zhukova NV. Non-methylene-interrupted fatty acids of marine bivalves: distribution 
in tissues and lipid classes. Journal of Evolutionary Biochemistry and Physiology. 
1992;28(4):434-440.

[54] Gardner D, Riley JP. The component fatty acids of the lipids of some species of marine 
and freshwater molluscs. Journal of the Marine Biological Association of the United 
Kingdom. 1972;52(04):827-838. DOI: http://dx.doi.org/10.1017/S0025315400040571

[55] Fried B, Rao KS, Sherma J, Huffman JE. Fatty acid composition of Goniobasis virginica, 

Physa sp. and Viviparus malleatus (Mollusca: Gastropoda) from lake Musconetcong, New 
Jersey. Biochemical Systematics and Ecology. 1993;21(8):809-812.

[56] Sushchik NN. Role of essential fatty acids in trophometabolic interactions in the fresh-

water ecosystems (a review). Zhurnal obshchei biologii. 2007;69(4):299-316.

[57] Khardin AS, Aizdaicher NA, Latyshev NA. Changes in the fatty acid composition of 
hepatopáncreas of the mollusk Mytilus trossulus fed on microalgae. Russian Journal of 
Marine Biology. 2003;29(6):378-382. DOI: 10.1023/B:RUMB.0000011706.89867.ec

[58] Alkanani T, Parrish CC, Thompson RJ, McKenzie CH. Role of fatty acids in cultured mus-

sels, Mytilus edulis, grown in Notre Dame Bay, Newfoundland. Journal of Experimental 
Marine Biology and Ecology. 2007;348:33-45. DOI: http://dx.doi.org/10.1016/j.jembe. 
2007.02.017

[59] Alyakrinskaya IO. Resistance to drying in aquatic molluscs. Biology Bulletin. 2004;31:299-

309. DOI: 10.1023/b:bibu.0000030153.33353.77

Organismal and Molecular Malacology156



[60] Gromosova SA, Shapiro AZ. The Main Biochemical Patterns of Energy Metabolism in 
Mussels. Moscow: Legkaya I pishchevaya promyshlennost; 1984. 120 p.

[61] Gabbott PA. Developmental and seasonal metabolic activities in marine molluscs. In: 
Hochachka P, editor. Mollusca Vol. 2 Environmental Biochemistry and Physiology. New 
York: Academic press Inc; 1983. pp. 165-217.

[62] Fokina NN, Nefedova ZA, Nemova NN. Lipid Composition of Mytilus edulis L. Mussels 

from the White Sea. Effect of Some Environmental Factors. Petrozavodsk: Karelian 
Research Centre of RAS; 2010. 243 p. DOI: 10.13140/2.1.2154.8322

[63] Fokina N, Nemova N, Nefedova Z. Fatty acid composition of mussels Mytilus edulis 

under short-term anoxia. Chemistry and Physics of Lipids. 2007;149:S60–S60.

[64] Hochachka PW, Bick LT, Doll CJ, Land SC. Unifying theory of hypoxia tolerance: molec-

ular/metabolic defense and rescue mechanisms for surviving oxygen lack. Proceedings 
of the National Academy of Sciences of the United States of America. 1996;93:9493-9498.

[65] Zhukova NV, Imbs AB, Yi LF. Diet-induced changes in lipid and fatty acid composi-
tion of Artemia salina. Comparative Biochemistry and Physiology Part B: Biochemistry 
and Molecular Biology. 1998;120(3):499-506. DOI: http://dx.doi.org/10.1016/S0305-0491 

(98)10036-6

[66] Dalsgaard J, John MS, Kattner G, Müller-Navarra D, Hagen W. Fatty acid trophic mark-

ers in the pelagic marine environment. Advances in Marine Biology. 2003;46:225-340. 

DOI: http://dx.doi.org/10.1016/S0065-2881(03)46005-7

[67] Kelly JR, Scheibling RE. Fatty acids as dietary tracers in benthic food webs. Marine 
Ecology Progress Series. 2012;446:1-22.

[68] Bergé JP, Barnathan G. Fatty acids from lipids of marine organisms: molecular biodiver-

sity, roles as biomarkers, biologically active compounds, and economical aspects. In: Le 

Gal Y, Ulber R, editors. Marine Biotechnology I. Berlin Heidelberg: Springer; 2005. pp. 
49-125. DOI: 10.1007/b135782

[69] Fokina NN, Ruokolainen TR, Nemova NN, Bakhmet IN. Alteration of lipid composition 

of blue mussels Mytilus edulis L. as a result of their acclimation to laboratory conditions. 

Proceedings of KarRC of RAS. 2015;11:76-84. DOI: 10.17076/eb235

[70] Newell RIE. Species profiles: life histories and environmental requirements of coastal 
fishes and invertebrates (North and Mid-Atlantic). Blue mussel. Biological Report. 
1989;82(11.102) TR EL-82-4:1-34.

[71] Gerasimova AV, Maximovich NV. Age–size structure of common bivalve mollusc popu-

lations in the White Sea: the causes of instability. Hydrobiologia. 2013;706(1):119-137. 

DOI: 10.1007/s10750-012-1415-3

[72] Freas W, Grollman S. Ionic and osmotic influences on prostaglandin release from the 
gill tissue of a marine bivalve, Modiolus demissus. Journal of Experimental Biology. 
1980;84:169-185.

Lipid Composition Modifications in the Blue Mussels (Mytilus edulis L.) from the White Sea
http://dx.doi.org/10.5772/67811

157



[73] Stanley-Samuelson DW. Physiological roles of prostaglandins and other eicosanoids in 
invertebrates. The Biological Bulletin. 1987;173(1):92-109.

[74] Di Marzo V, Cimino G, Crispino A, Minardi C, Sodano G, Spinella A. A novel multifunc-

tional metabolic pathway in a marine mollusc leads to unprecedented prostaglandin 

derivatives (prostaglandin 1, 15-lactones). Biochemical Journal. 1991;273:593-600. DOI: 
10.1042/bj2730593

[75] Bell JG, Sargent JR. Arachidonic acid in aquaculture feeds: current status and future 
 opportunities. Aquaculture. 2003;218(1):491-499. DOI: http://dx.doi.org/10.1016/S0044-8486 

(02)00370-8

[76] Labarta U, Fernández-Reiríz MJ, Babarro JMF. Differences in physiological energetics 
between intertidal and raft cultivated mussels Mytilus galloprovincialis. Marine Ecology 

Progress Series. 1997;152:167-173. DOI: 10.3354/meps152167

[77] Babarro JMF, Fernández-Reiriz MJ, Labarta U. Metabolism of the mussel Mytilus gal-

loprovincialis from two origins in the Ría de Arousa (north-west Spain). Journal of the 
Marine Biological Association of the UK. 2000;80(05):865-872.

[78] Fernández-Reiriz MJ, Irisarri J, Labarta U. Flexibility of physiological traits underlying 
inter-individual growth differences in intertidal and subtidal mussels Mytilus gallopro-

vincialis. PLoS ONE. 2016;11(2):e0148245. DOI: 10.1371/journal.pone.0148245

[79] Fokina NN, Nefedova ZA, Nemova NN, Khalaman VV. Modulating role of lipids and 
their fatty acids in adaptation of the White Sea mussels Mytilus edulis L. to environmental 

salinity change. Journal of Evolutionary Biochemistry and Physiology. 2007;43(4):379-

387. DOI: 10.1134/S0022093007030023

[80] Vlahogianni TH, Valavandis A. Heavy-metal effects on lipid peroxidation and anti-
oxidant defence enzymes in mussels Mytilus galloprovincialis. Chemistry and Ecology. 
2007;5:361-371. DOI: http://dx.doi.org/10.1080/02757540701653285

[81] Geret F, Serafim A, Barreira L, Bebianno MJ. Response of antioxidant systems to copper 
in the gills of the clam Ruditapes decussatus. Marine Environmental Research. 2002;54: 

413-417. DOI: http://dx.doi.org/10.1016/S0141-1136(02)00164-2

[82] Company R, Serafim A, Bebianno MJ, Cosson R, Shillito B, Fiala-Medioni A. Effect of cad-

mium, copper and mercury on antioxidant enzyme activities and lipid peroxidation in 

the gills of the hydrothermal vent mussel Bathymodiolus azoricus. Marine Environmental 

Research. 2004;58:377-381. DOI: http://dx.doi.org/10.1016/j.marenvres.2004.03.083

[83] Thompson GA Jr. Metabolism and control of lipid structure modification. Biochemistry 
and Cell Biology. 1986;64(1):66-69. DOI: 10.1139/o86-010

[84] Dzogbefia VP, Kling D, Gamble W. Polychlorinated biphenyls in vitro and in vitro 
modifications of phospholipid and glyceride biosynthesis. Journal of Environmental 
Pathology and Toxicology. 1978;1:841-856.

[85] Capuzzo JM, Leavitt DF. Lipid composition of the digestive glands of Mytilus edulis 

and Carcinus maenas in response to pollutant gradients. Marine Ecology Progress Series. 

1988;46:139-145.

Organismal and Molecular Malacology158



[86] Kato N, Kawai K, Yoshida A. Effects of dietary polychlorinated biphenyls and protein 
level on liver and serum lipid metabolism of rats. Agricultural and Biological Chemistry. 
1982;46:703-708. DOI: http://dx.doi.org/10.1080/00021369.1982.10865132

[87] Albergamo A, Rigano F, Purcaro G, Mauceri A, Fasulo S, Mondello L. Free fatty acid 
profiling of marine sentinels by nanoLC-EI-MS for the assessment of environmental pol-
lution effects. Science of the Total Environment. 2016;571:955-962. DOI: http://dx.doi.
org/10.1016/j.scitotenv.2016.07.082

[88] Filimonova V, Gonçalves F, Marques JC, De Troch M, Gonçalves AM. Fatty acid profiling 
as bioindicator of chemical stress in marine organisms: a review. Ecological Indicators. 

2016;67:657-672. DOI: http://dx.doi.org/10.1016/j.ecolind.2016.03.044

[89] Gladyshev MI, Anishchenko OV, Sushchnik NN, Kalacheva GS, Gribovskaya IV, Ageev 
AV. Influence of anthropogenic pollution on content of essential polyunsaturated fatty 
acids in links of food chain of river ecosystem. Contemporary Problems of Ecology. 
2012;5:376-385. DOI: http://dx.doi.org/10.1134/S1995425512040051

[90] Hannam ML, Bamber SD, Galloway TS, John Moody A, Jones MB. Effects of the model 
PAH phenanthrene on immune function and oxidative stress in the haemolymph of the 
temperate scallop Pecten maximus. Chemosphere. 2010;78:779-784. DOI: http://dx.doi.
org/10.1016/j.chemosphere.2009.12.049ICRAM

[91] Filimonova V, Gonçalves F, Marques JC, De Troch M, Gonçalves AM. Biochemical and 
toxicological effects of organic (herbicide Primextra® Gold TZ) and inorganic (cop-

per) compounds on zooplankton and phytoplankton species. Aquatic Toxicology. 

2016;177:33-43. DOI: http://dx.doi.org/10.1016/j.aquatox.2016.05.008

[92] Rocchetta I, Pasquevich MY, Heras H, Ríos de Molina MdC, Luquet CM. Effects of sew-

age discharges on lipid and fatty acid composition of the Patagonian bivalve Diplodon 

chilensis. Marine Pollution Bulletin. 2014;79:211-219. DOI: http://dx.doi.org/10.1016/j.
marpolbul.2013.12.011

[93] Signa G, Di Leonardo R, Vaccaro A, Tramati CD, Mazzola A, Vizzini S. Lipid and fatty 
acid biomarkers as proxies for environmental contamination in caged mussels Mytilus 

galloprovincialis. Ecological Indicators. 2015;57:384-394. DOI: http://dx.doi.org/10.1016/j.
ecolind.2015.05.002

[94] Nechev J, Stefanov K, Popov S. Effect of cobalt ions on lipid and sterol metabolism 
in the marine invertebrates Mytilus galloprovincialis and Actinia equina. Comparative 
Biochemistry and Physiology. Part A. 2006;144:112-118. DOI: http://dx.doi.org/10.1016/j.
cbpa.2006.02.022

[95] Bakhmet IN, Fokina NN, Nefyodova ZA, Ruokolainen TR, Nemova NN. Blue mussels 

Mytilus edulis L. in the White Sea as bioindicators under diluted oil impact. Proceedings 

of KarRC of RAS. 2012;2:38-46.

[96] Mal Reddy N, Venkateswara Rao P. Copper toxicity to the fresh water snail, Lymnaea 

luteola. Bulletin of Environmental Contamination and Toxicology. 1987;39(1):50-55. DOI: 
10.1007/BF01691788

Lipid Composition Modifications in the Blue Mussels (Mytilus edulis L.) from the White Sea
http://dx.doi.org/10.5772/67811

159




	Chapter 7
Lipid Composition Modifications in the Blue Mussels (Mytilus edulis L.) from the White Sea

