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Abstract

Lipids play important roles in a variety of cellular trafficking and signaling pathways, and in maintaining
homeostasis within eukaryotic cells. This review aims at discussing the various classes of lipids present in cellular
membranes, as well as their roles, and an up-to-date discussion of the impact of membrane lipid composition on
vesicular trafficking and associated diseases.

Overview of Lipids

Lipids are a diverse class of nonpolar or semipolar organic molecules that, in contrast to nucleic
acids and carbohydrates, are insoluble in water but soluble in nonpolar organic solvents [1]. Within
the cell, lipids have many roles, including signaling, structural composition of membranes, and
energy storage [2]. Lipids can be synthesized de novo, or can be taken up from the environment, and
used either directly or after modification [3].

The membranes that form the outer boundary of the cell and the limits of organelles are made
of three main categories of lipids: phospholipids, sphingolipids, and sterols (cholesterol, or the
yeast alternative, ergosterol) [4]. Within each of these broad groupings; however, there are many
molecular alterations that result in a wide range of different lipids that behave in diverse ways
and at various intracellular locations. Furthermore, cells alter the lipid composition within their
membranes, based on the environment, in order to achieve optimal membrane performance [5].

Molecules in the first category of membrane lipids, phospholipids, consist of two fatty acid tails
and a polar head group attached to a 3-carbon glycerol backbone. An extremely large number of
different molecules with different physical properties can be formed within the phospholipid family
by varying the length and degree of saturation of the fatty acid tails, or the molecular structure of
the head group [6]. Important lipids in this family include phosphatidylinositol (PI), an important
precursor to several other phospholipids found within membranes throughout the cell [7,8]. These
downstream lipids include Phosphatidylinositol-4- Phosphate [PI(4)P], which is important in yeast
for secretion and in mammalian cells for recruitment of the adaptor protein AP-1 to the Golgi
[9]. In addition, Phosphatidylinositol (4,5)-Bisphosphate [PI(4,5)P2] is a phospholipid that has
important roles at the plasma membrane bymodulating actin polymerization and vesicle formation
[10], and additionally playing a role in signaling and cold tolerance [11]. PI(4,5)P2 is synthesized
through the action of the lipid kinase Mss4 [12], and can be dephosphorylated back to PI1(4)P or PI,
through the action of the phosphatases Sjl1, Sjl2, and Sj13 (also known as Inp51, Inp52, and Inp53),
thus modulating the composition of each species of phospholipid in the membrane [13]. PI(4,5)P2
levels can be synthetically depleted using a temperature sensitive mutant, mss4ts, grown at elevated
temperatures [12]. Additionally, accumulation of PI(4,5)P2 can be induced through deletion of
SJL1, SJL2, or SJL3 [13].

The second category of membrane lipids, sphingolipids, is composed of the long chain base
(a long carbon chain that terminates in an amine group and several hydroxyl groups) parent
molecule sphingosine, as well as its derivatives: ceramides, sphingomyelins, cerebrosides, and
gangliosides [14]. Sphingolipids are important parts of cell membranes, but also have signaling
roles via regulating various aspects of the yeast cell cycle from cell division through apoptosis
[15]. Additionally, sphingolipids have been shown to play a role in mitochondrial function and
gene expression [16,17]. The first step in sphingolipid production is mediated by Lcbl and Lcb2,
which together form the serine palmitoyl transferase complex [18,19]. This step can be inhibited
through addition of the atypical amino acid myriocin, resulting in a dose-dependent depletion of
sphingolipids within the treated cells [20].

Molecules in the third category of membrane lipids, sterols, have a characteristic pattern
of four interlocking hydrocarbon rings, rather than the long hydrocarbon chains present in
phospholipids and sphingolipids. Sterols interact with sphingolipids in the cell membrane, playing
an important role in endocytosis, transport of amino acids throughout the cell, energy production,
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and maintenance of membrane stability during cellular stress [21-23].
Among the multiple sterols known to play important roles within the
cell, cholesterol and ergosterol are the most prominent in mammalian
and yeast cells, respectively [24].

Most steroids are synthesized in the ER and then trafficked to
their final destination. For example, cholesterol can be incorporated
into lipid droplets present in the cytoplasm, and then trafficked to
the mitochondria by SNARE proteins [25]. Ergosterol is similar to
cholesterol but has a slightly altered structure and function, and is
synthesized from its precursor, zymosterol, via a complex multi-step
process involving the ERG genes [26]. Knockout or overexpression of
these genes can result in an accumulation of the ergosterol precursors
or ergosterol within the cell membrane, altering cellular behavior and
function [27]. The final steps of ergosterol synthesis are catalyzed
by ERG6, ERG2, ERG3, ERG5 and ERG4, and knockout of these
genes results in cells that are viable, but have abnormal phenotypes
of varying degrees of severity due to the accumulation of ergosterol
precursors [28]. Of these five genes, ERG6, ERG3, and ERG4 have the
greatest impact on cell physiology. In strains with any of these genes
deleted, plasma membrane stability is compromised, resulting in
increased sensitivity to changes in environmental water (erg6A cells),
decreased ability of the cell to maintain membrane potential (erg6A
and erg4Acells), variations in size and morphology (erg4Acells),
and altered susceptibility to antifungal agents (erg6A, erg3A and
ergdAcells) [21,29].

Roles of Lipid Classes

Each class of lipids has unique and important roles in maintaining
proper cellular and organismal function. For example, phospholipids
play important roles nutritionally in brain development [30,31] as
well as possibly playing roles in proper brain function and in the
prevention of neurodegenerative diseases [32,33]. Phospholipid
consumption has also been linked to resistance against certain
kinds of bacteria and viruses [34,35]. Interestingly, certain kinds
of phospholipids have also been found to have anti-proliferative
properties, leading to speculation about the possible applications for
lipids in cancer therapies [36,37].

Sphingolipids have been found to have various roles in signaling
and regulation of cellular processes. Specifically, sphingolipids play a
role in regulating the cell cycle, apoptosis, cell survival [38,39], and
inflammation [40,41]. Some examples of sphingolipids as signaling
molecules include their role in regulating survival and apoptosis of
murine neuroblasts [42], and their postulated role in development
of diabetes through contributing to apoptosis of pancreatic p-cells
[39]. Sphingolipids also have a role in recycling of endocytic
membranes [43], and in intracellular trafficking during the life cycle
of some viruses, including hepatitis B and C viruses [44]. Overall,
sphingolipids play important roles as biological signaling molecules,
and their imbalance would be likely to cause defects in cell function.

Cholesterol (ergosterol) has important roles in many membranes,
as well as being important as a precursor of steroid hormones [45].
The concentration of cholesterol in various organelles has been
shown to be important in the trafficking of African swine flu virus
[46], and trafficking of hedgehog ligands, which are important in the
regulation of developmental processes [47], and integrins, which are
important for interaction of cells with the extra-cellular matrix [48].

Citation: Woodman S and Kim K. Membrane Lipids: Implication for Diseases

and Membrane Trafficking. SM J Biol. 2017; 3(1): 1016.

Improper accumulation of cholesterol in the mitochondria has been
one factor implicated in the ability of cells to avoid apoptosis, leading
to cancer [45,49].

Lipid-Associated Diseases

Alteration of membrane lipid concentrations is known to play a
role in a variety of diseases. For example, cystic fibrosis causes lipid
imbalances which impair surfactant ability in the lungs and promotes
bacterial growth, leading to decreased breathing ability [50,51].
In mouse models of cystic fibrosis, membrane lipid imbalance was
found in affected organs, but administration of docosahexaenoic acid
[39], remedied both the lipid imbalances and disease pathology [52]
and administration of myriocin, a sphingolipid synthesis inhibitor,
reduced inflammation and bacterial growth [53]. Additionally,
alterations in lipid concentration and cholesterol structure have been
found to activate signaling pathways and allow for recruitment of
proteins that play a role in amyloid formation, which can contribute
to damage of pancreatic -cells, leading to type 2 diabetes [54] or
to the death of neurons, leading to Alzheimer’s disease [55-57].
Furthermore, alterations of membrane lipids have been implicated in
multiple sclerosis and in the progressive neurodegenerative condition
Niemann-Pick C Disease, suggesting that lipid imbalance is toxic for
neural cells [58,59], but administration of a sphingosine homologue
which allows for SNARE association with the cellular membrane has
proven promising for treatment of multiple sclerosis [60].

Altered membrane lipid concentration has been reported in
other diseases, although the imbalance may be a result, rather than a
cause, of the disease. One of these findings is that levels of cholesterol
and unsaturated fatty acids increased in the membranes of platelets
isolated from women with preeclampsia [61]. Patients with sickle
cell anemia were found to have a lack of Eicosapentaenoic Acid
(EPA) and Docosahexaenoic Acid [39] making up the membranes of
their erythrocytes, and supplementation of EPA and DHA has been
proposed as a therapy to reduce the severity of the anemia in these
patients [62,63]. Additionally, membrane lipid imbalance, specifically
in immune cells such as macrophages, has been proposed to be
involved in the development of atherosclerosis [64].

At the cellular level, membrane lipids play an important role,
especially at the plasma membrane. Lipids are important for
determining the curvature of the membrane, which may influence
interactions with nearby cells [65], as well as impacting the secondary
structure of proteins that interact with the membrane from outside the
cell. Membrane lipid imbalance can also disrupt proper functioning
of membrane proteins, including G Protein-Coupled Receptors
(GPCRs), because proteins that are embedded in the membrane
interact with membrane lipid components.

Membrane Trafficking Pathways Impacted by Lipid
Composition

Membrane lipid concentration is crucial for proper functioning
of membrane trafficking pathways, specifically endocytosis and the
secretory pathway. In urothelial cells, excesses of oleic and linoleic
acids have been found to reduce endocytosis [66], and altered sterol
structure and composition can inhibit endocytosis [67], indicating
lipid homeostasis is important for proper uptake of materials from
the environment. Conversely, defects in the low density lipoprotein
receptor can result in impaired uptake of cholesterol from the
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blood, leading to hypercholesterolemia and atherosclerosis [68].
Additionally, a high fat diet can also interfere with formation of lipid
rafts required for uptake of components such as insulin from the blood
[69]. Mechanistically, this occurs because proteins required to initiate
the endocytic process are recruited to the membrane by the presence
of specific lipids. For example, local PIP2 enrichment in the plasma
membrane results in recruitment of SNX9 [70], which then activates
other proteins, such as dynamin, that are important for completion
of the endocytic process [71]. Other lipids, such as sterols, also play
important roles in lipid raft formation, and can impact the rates of
both clathrin-dependent and clathrin-independent endocytosis [67].

Lipid balance also plays a role in proper secretory transport
from the Golgi to the plasma membrane. The levels of lipids in the
membranes of each organelle vary, allowing the vesicular trafficking
to proceed properly, and alterations of these compositions result
in defects in various pathways [72]. In particular, target membrane
SNAP receptors (t-SNAREs) rely on a proper balance of cholesterol
in the endosomes and Golgi in order to be trafficked properly [73,74].
Specifically, defects in the endosome/Golgi lipid balance results in
accumulation of Syntaxin 6, a protein important in trafficking from
the TGN [75]. When cholesterol accumulates in the endosomes
rather than being transported to the Golgi, localization of t-SNAREs
important in the exocytic process is impaired, but this localization
and transport pathway is rescued when proper cholesterol balance
is restored [76]. Sphingolipid depletion also results in improper
targeting of the v-SNARE Sncl [77]. Additionally, SNAREs are
unable to function properly when membrane fluidity is disrupted
due to altered membrane lipid compositions, resulting in failure
of vesicles to fuse with their target membranes, inhibiting many
vesicular trafficking pathways, including recycling, secretory, and
degradation pathways [78]. Alterations in lipid transport from the
endosomes to the Golgi have also been implicated in the progressive
neurological Niemann-Pick C disease, potentially due to impairing
the transport of a variety of proteins within the cell [59].

Lipids are also important in regulating exocytosis. For example,
exocytosis during sperm development is triggered by a change in
cholesterol concentration, which serves as a signal that result in
alterations in calcium concentrations and activation of phospholipase
B, an enzymeimportant in the hydrolysis of the fatty acid tails of
phospholipids [79]. Since the curvature of membranes depends on
the relative area occupied by the lipid heads and tails, hydrolysis of
lipid tails reduces the space occupied by the lipid tails, resulting in
curvature of the membrane, which allows for exocytosis to occur [79].
Additionally, specificlipids are required for the formation of lipid rafts
containing a variety of proteins needed in the exocytic process [80].
Specifically, PI4P enrichment allows for recruitment of proteins such
as synaptotagmin and SNAREs, which are essential for exocytosis
to occur [81-83]. Mechanistically, the membrane phospholipid
concentration is important for actin polymerization, and imbalances
result in defects in actin polymerization and thus in exocytosis [84].
Through regulation of lipid concentrations, cells can regulate rates of
exocytosis. This is particularly important in maintaining proper rates
of material movement across cells at the border of the blood brain
barrier [85].

Since lipid imbalance is characteristic of diseases such as
Alzheimer’s, Niemann-Pick type C Disease, and cardiovascular
disease [86], a deeper understanding of the role of lipids within the
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cell is crucial. Future work should investigate in greater detail the
mechanisms by which membrane lipid imbalance results in defects in
intracellular trafficking. Additionally, a greater understanding of the
relationship between membrane dynamics and protein recruitment
is needed. Elucidation of the role of lipids in intracellular processes
will lead to a greater understanding of therapeutic targets, which will
enable more sophisticated treatment options for a variety of lipid-
related diseases.

Acknowledgement

The authors would like to thank the Missouri State University
Biology Department for supporting this research.

References

1. Fahy E, Subramaniam S, Murphy RC, Nishijima M, Raetz CR, Shimizu T, et
al. Update of the LIPID MAPS comprehensive classification system for lipids.
J Lipid Res. 2009; 50: 9-14.

2. Klug L, Daum G. Yeast lipid metabolism at a glance. FEMS Yeast Res. 2014;
14: 369-388.

3. Tehlivets O, Scheuringer K, Kohlwein SD. Fatty acid synthesis and elongation
in yeast. Biochim Biophys Acta. 2007; 1771, 255-270.

4. van Meer G, Voelker DR, Feigenson GW. Membrane lipids: where they are
and how they behave. Nat Rev Mol Cell Biol. 2008; 9: 112-124.

5. Martin CE, Oh CS, Jiang Y. Regulation of long chain unsaturated fatty acid
synthesis in yeast. Biochim Biophys Acta. 2007; 1771: 271-285.

6. Daum G, Lees ND, Bard M, Dickson R. Biochemistry, cell biology and
molecular biology of lipids of Saccharomyces cerevisiae. Yeast. 1998; 14:
1471-1510.

7. Dean-Johnson M, Henry SA. Biosynthesis of inositol in yeast. Primary
structure of myo-inositol-1-phosphate synthase (EC 5.5.1.4) and functional
analysis of its structural gene, the INO1 locus. J Biol Chem. 1989; 264: 1274-
1283.

8. Nikawa J, Tsukagoshi Y, Yamashita S. Isolation and characterization of two
distinct myo-inositol transporter genes of Saccharomyces cerevisiae. J Biol
Chem. 1991; 266: 11184-11191.

9. Wang YJ, Wang J, Sun HQ, Martinez M, Sun YX, Macia E, et al.
Phosphatidylinositol 4 phosphate regulates targeting of clathrin adaptor AP-1
complexes to the Golgi. Cell. 2003; 114: 299-310.

10. Doughman RL, Firestone AJ, Anderson RA. Phosphatidylinositol phosphate
kinases put PI4, 5P(2) in its place. J Membr Biol. 2003; 194: 77-89.

11. Corcoles-Saez |, Hernandez ML, Martinez-Rivas JM, Prieto JA, Randez-Gil F.
Characterization of the S. cerevisiae inp51 mutant links phosphatidylinositol
4,5-bisphosphate levels with lipid content, membrane fluidity and cold growth.
Biochim Biophys Acta. 2016; 1861, 213-226.

12. Audhya A and Emr SD. Regulation of Pl4, 5P2 synthesis by nuclear-
cytoplasmic shuttling of the Mss4 lipid kinase. EMBO J. 2003; 22: 4223-4236.

13. Guo S, Stolz LE, Lemrow SM, York JD. SAC1-like domains of yeast SAC1,
INP52, and INP53 and of human synaptojanin encode polyphosphoinositide
phosphatases. J Biol Chem. 1999; 274: 12990-12995.

14. Schneiter R. Brave little yeast, please guide us to thebes: sphingolipid
function in S. cerevisiae. Bioessays. 1999; 21: 1004-1010.

1

)]

. Spincemaille P, Matmati N, Hannun YA, Cammue BP, Thevissen K.
Sphingolipids and mitochondrial function in budding yeast. Biochim Biophys
Acta. 2014; 1840: 3131-3137.

1

o)

. Kitagaki H, Cowart LA, Matmati N, Montefusco D, Gandy J, de Avalos SV,

et al. ISC1-dependent metabolic adaptation reveals an indispensable role
for mitochondria in induction of nuclear genes during the diauxic shift in
Saccharomyces cerevisiae. J Biol Chem. 2009; 284: 10818-10830.

Cragess


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2674711/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2674711/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2674711/
https://www.ncbi.nlm.nih.gov/pubmed/24520995
https://www.ncbi.nlm.nih.gov/pubmed/24520995
https://www.ncbi.nlm.nih.gov/pubmed/16950653
https://www.ncbi.nlm.nih.gov/pubmed/16950653
https://www.ncbi.nlm.nih.gov/pubmed/18216768
https://www.ncbi.nlm.nih.gov/pubmed/18216768
https://www.ncbi.nlm.nih.gov/pubmed/16920014
https://www.ncbi.nlm.nih.gov/pubmed/16920014
https://www.ncbi.nlm.nih.gov/pubmed/9885152
https://www.ncbi.nlm.nih.gov/pubmed/9885152
https://www.ncbi.nlm.nih.gov/pubmed/9885152
https://www.ncbi.nlm.nih.gov/pubmed/2642902
https://www.ncbi.nlm.nih.gov/pubmed/2642902
https://www.ncbi.nlm.nih.gov/pubmed/2642902
https://www.ncbi.nlm.nih.gov/pubmed/2642902
https://www.ncbi.nlm.nih.gov/pubmed/2040626
https://www.ncbi.nlm.nih.gov/pubmed/2040626
https://www.ncbi.nlm.nih.gov/pubmed/2040626
https://www.ncbi.nlm.nih.gov/pubmed/12914695
https://www.ncbi.nlm.nih.gov/pubmed/12914695
https://www.ncbi.nlm.nih.gov/pubmed/12914695
https://www.ncbi.nlm.nih.gov/pubmed/14502432
https://www.ncbi.nlm.nih.gov/pubmed/14502432
http://www.sciencedirect.com/science/article/pii/S138819811500236X
http://www.sciencedirect.com/science/article/pii/S138819811500236X
http://www.sciencedirect.com/science/article/pii/S138819811500236X
http://www.sciencedirect.com/science/article/pii/S138819811500236X
https://www.ncbi.nlm.nih.gov/pubmed/12912920
https://www.ncbi.nlm.nih.gov/pubmed/12912920
https://www.ncbi.nlm.nih.gov/pubmed/10224048
https://www.ncbi.nlm.nih.gov/pubmed/10224048
https://www.ncbi.nlm.nih.gov/pubmed/10224048
https://www.ncbi.nlm.nih.gov/pubmed/10580985
https://www.ncbi.nlm.nih.gov/pubmed/10580985
https://www.ncbi.nlm.nih.gov/pubmed/24973565
https://www.ncbi.nlm.nih.gov/pubmed/24973565
https://www.ncbi.nlm.nih.gov/pubmed/24973565
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2667769/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2667769/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2667769/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2667769/

SMGre&up

17.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Citation: Woodman S and Kim K. Membrane Lipids: Implication for Diseases

Copyright © Kim K

Kitagaki H, Cowart LA, Matmati N, Vaena de Avalos S, Novgorodov
SA, Zeidan YH, et al. Isc1 regulates sphingolipid metabolism in yeast
mitochondria. Biochim Biophys Acta. 2007; 1768: 2849-2861.

.Buede R, Rinker-Schaffer C, Pinto WJ, Lester RL and Dickson RC.

Cloning and characterization of LCB1, a Saccharomyces gene required for
biosynthesis of the long-chain base component of sphingolipids. J Bacteriol.
1991; 173: 4325-4332.

. Nagiec MM, Baltisberger JA, Wells GB, Lester RL, Dickson RC. The LCB2

gene of Saccharomyces and the related LCB1 gene encode subunits of
serine palmitoyltransferase, the initial enzyme in sphingolipid synthesis. Proc
Natl Acad Sci U S A. 1994; 91: 7899-7902.

Miyake Y, Kozutsumi Y, Nakamura S, Fujita T, Kawasaki T. Serine
palmitoyltransferase is the primary target of a sphingosine-like
immunosuppressant, ISP-1/myriocin. Biochem Biophys Res Commun. 1995;
211: 396-403.

Dupont S, Beney L, Ferreira T, Gervais P. Nature of sterols affects plasma
membrane behavior and yeast survival during dehydration. Biochim Biophys
Acta. 2011; 1808: 1520-1528.

Parks LW, Smith SJ, Crowley JH. Biochemical and physiological effects of
sterol alterations in yeast--a review. Lipids. 1995; 30: 227-230.

Pichler H, Riezman H. Where sterols are required for endocytosis. Biochim
Biophys Acta. 2004; 1666: 51-61.

lkonen E, Jansen M. Cellular sterol trafficking and metabolism: spotlight on
structure. Curr Opin Cell Biol. 2008; 20: 371-377.

Kraemer FB, Shen WJ, Azhar S. SNAREs and cholesterol movement for
steroidogenesis. Mol Cell Endocrinol. 2017; 441: 17-21.

Zinser E, Paltauf F, G. Sterol composition of yeast organelle membranes and
subcellular distribution of enzymes involved in sterol metabolism. J Bacteriol.
1993; 175: 2853-2858.

Barton DH, Corrie JE, Bard M and Woods RA. Biosynthesis of terpenes and
steroids. IX. The sterols of some mutant yeasts and their relationship to the
biosynthesis of ergosterol. J Chem Soc Perkin. 1974; 1: 1326-1333.

Lees ND, Skaggs B, Kirsch DR, Bard M. Cloning of the late genes in the
ergosterol biosynthetic pathway of Saccharomyces cerevisiae--a review.
Lipids. 1995; 30: 221-226.

Kodedova M, Sychrova H. Changes in the Sterol Composition of the Plasma
Membrane Affect Membrane Potential, Salt Tolerance and the Activity of
Multidrug Resistance Pumps in Saccharomyces cerevisiae. PLoS One. 2015;
10: 0139306.

Hellhammer J, Waladkhani AR, Hero T, Buss C. Effects of milk phospholipid
on memory and psychological stress response. British Food Journal. 2010;
112: 1124-1137.

.Liu H, Radlowski EC, Conrad MS, Li Y, Dilger RN, Johnson RW. Early

supplementation of phospholipids and gangliosides affects brain and
cognitive development in neonatal piglets. J Nutr. 2014; 144: 1903-1909.

Nagai K. Bovine milk phospholipid fraction protects Neuro2a cells from
endoplasmic reticulum stress via PKC activation and autophagy. J Biosci
Bioeng. 2012; 114: 466-471.

Schipper L, van Dijk G, Broersen LM, Loos M, Bartke N, Scheurink AJ, et
al. A Postnatal Diet Containing Phospholipids, Processed to Yield Large,
Phospholipid-Coated Lipid Droplets, Affects Specific Cognitive Behaviors in
Healthy Male Mice. J Nutr. 2016; 146: 1155-1161.

Fuller KL, Kuhlenschmidt TB, Kuhlenschmidt MS, Jimenez-Flores R,
Donovan SM. Milk fat globule membrane isolated from buttermilk or whey
cream and their lipid components inhibit infectivity of rotavirus in vitro. J Dairy
Sci. 2013; 96: 3488-3497.

Veereman-Wauters G, Staelens S, Rombaut R, Dewettinck K, Deboutte D,
Brummer RJ, et al. Milk fat globule membrane (INPULSE) enriched formula
milk decreases febrile episodes and may improve behavioral regulation in
young children. Nutrition. 2012; 28: 749-752.

and Membrane Trafficking. SM J Biol. 2017; 3(1): 1016.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Castro-Gomez P, Rodriguez-Alcala LM, Monteiro KM, Ruiz AL, Carvalho JE
and Fontecha J. Antiproliferative activity of buttermilk lipid fractions isolated
using food grade and non-food grade solvents on human cancer cell lines.
Food Chem. 2016; 212: 695-702.

Kuchta-Noctor AM, Murray BA, Stanton C, Devery R, Kelly PM. Anticancer
Activity of Buttermilk Against SW480 Colon Cancer Cells is Associated with
Caspase-Independent Cell Death and Attenuation of Wnt, Akt, and ERK
Signaling. Nutr Cancer. 2016; 68: 1234-1246.

Garcia-Gil M, Pierucci F, Vestri A, Meacci E. Crosstalk between sphingolipids
and vitamin D3: potential role in the nervous system. Br J Pharmacol. 2017;
174: 605-627.

Ng ML, Wadham C, Sukocheva OA. The role of sphingolipid signalling in
diabetesassociated pathologies (Review). Int J Mol Med. 2017; 39: 243-252.

Gualtierotti R, Guarnaccia L, Beretta M, Navone SE, Campanella R, Riboni L,
et al. Modulation of Neuroinflammation in the Central Nervous System: Role
of Chemokines and Sphingolipids. Adv Ther. 2017; 34: 396-420.

Ueda N. Sphingolipids in Genetic and Acquired Forms of Chronic Kidney
Diseases. Curr Med Chem. 2017; 24: 1238-1275.

Bruno M, Rizzo IM, Romero-Guevara R, Bernacchioni C, Cencetti F, Donati,
et al. Sphingosine 1-phosphate signaling axis mediates fibroblast growth
factor 2-induced proliferation and survival of murine auditory neuroblasts.
Biochim Biophys Acta. 2017; 1864: 814-824.

Lima S, Milstien S, Spiegel S. Sphingosine and Sphingosine Kinase 1
Involvement in Endocytic Membrane Trafficking. J Biol Chem. 2017; 292:
3074-3088.

Zhang JY, Duan ZP, Zhang JL, Zheng SJ. Research advances in the role of
sphingolipids in HCV and HBYV life cycles. Zhonghua Gan Zang Bing Za Zhi.
2016; 24: 945-947.

Garcia-Ruiz C, Ribas V, Baulies A, Fernandez-Checa JC. Mitochondrial
Cholesterol and the Paradox in Cell Death. Handb Exp Pharmacol. 2016;
240: 189-210.

Cuesta-Geijo MA, Chiappi M, Galindo |, Barrado-Gil L, Munoz-Moreno R,
Carrascosa JL, et al. Cholesterol Flux Is Required for Endosomal Progression
of African Swine Fever Virions during the Initial Establishment of Infection. J
Virol. 2015; 90: 1534-1543.

Chen D, Chen M, Lu Z, Yang M, Xie L, Zhang W, et al. Cholesterol induces
proliferation of chicken primordial germ cells. Anim Reprod Sci. 2016; 171:
36-40.

Garcia-Melero A, Reverter M, Hoque M, Meneses-Salas E, Koese M,
Conway JR, et al. Annexin A6 and Late Endosomal Cholesterol Modulate
Integrin Recycling and Cell Migration. J Biol Chem. 2016; 291: 1320-1335.

Ribas V, C, Fernandez-Checa JC. Mitochondria, cholesterol and cancer cell
metabolism. Clin Transl Med. 2016; 5: 22.

Grassme H, Henry B, Ziobro R, Becker KA, Riethmuller J, Gardner A, et
al. B1-Integrin Accumulates in Cystic Fibrosis Luminal Airway Epithelial
Membranes and Decreases Sphingosine, Promoting Bacterial Infections. Cell
Host Microbe. 2017; 21: 707-718.

Gunasekara L, Al-Saiedy M, Green F, Pratt R, Bjornson C, Yang A, et al.
Pulmonary surfactant dysfunction in pediatric cystic fibrosis: Mechanisms and
reversal with a lipid-sequestering drug. J Cyst Fibros. 2017; 1569-1993.

Freedman SD, Katz MH, Parker EM, Laposata M, Urman MY, Alvarez JG. A
membrane lipid imbalance plays a role in the phenotypic expression of cystic
fibrosis in cftr(-/-) mice. Proc Natl Acad Sci U S A. 1999; 96: 13995-14000.

Caretti A, Vasso M, Bonezzi FT, Gallina A, Trinchera M, Rossi A, et al.
Myriocin treatment of CF lung infection and inflammation: complex analyses
for enigmatic lipids. Naunyn Schmiedebergs Arch Pharmacol. 2017; 390:
775-790.

Zhang X, St Clair JR, London E, Raleigh DP. Islet Amyloid Polypeptide
Membrane Interactions: Effects of Membrane Composition. Biochemistry.
2017; 56: 376-390.

Cragesrs


https://www.ncbi.nlm.nih.gov/pubmed/17880915
https://www.ncbi.nlm.nih.gov/pubmed/17880915
https://www.ncbi.nlm.nih.gov/pubmed/17880915
https://www.ncbi.nlm.nih.gov/pubmed/2066332
https://www.ncbi.nlm.nih.gov/pubmed/2066332
https://www.ncbi.nlm.nih.gov/pubmed/2066332
https://www.ncbi.nlm.nih.gov/pubmed/2066332
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC44511/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC44511/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC44511/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC44511/
https://www.ncbi.nlm.nih.gov/pubmed/7794249
https://www.ncbi.nlm.nih.gov/pubmed/7794249
https://www.ncbi.nlm.nih.gov/pubmed/7794249
https://www.ncbi.nlm.nih.gov/pubmed/7794249
https://www.ncbi.nlm.nih.gov/pubmed/21081111
https://www.ncbi.nlm.nih.gov/pubmed/21081111
https://www.ncbi.nlm.nih.gov/pubmed/21081111
https://www.ncbi.nlm.nih.gov/pubmed/7791530
https://www.ncbi.nlm.nih.gov/pubmed/7791530
http://www.sciencedirect.com/science/article/pii/S0005273604001580
http://www.sciencedirect.com/science/article/pii/S0005273604001580
http://www.sciencedirect.com/science/article/pii/S0955067408000586
http://www.sciencedirect.com/science/article/pii/S0955067408000586
https://www.ncbi.nlm.nih.gov/pubmed/27477781
https://www.ncbi.nlm.nih.gov/pubmed/27477781
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC204601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC204601/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC204601/
https://www.ncbi.nlm.nih.gov/pubmed/4604164
https://www.ncbi.nlm.nih.gov/pubmed/4604164
https://www.ncbi.nlm.nih.gov/pubmed/4604164
https://www.ncbi.nlm.nih.gov/pubmed/7791529
https://www.ncbi.nlm.nih.gov/pubmed/7791529
https://www.ncbi.nlm.nih.gov/pubmed/7791529
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0139306
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0139306
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0139306
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0139306
https://www.researchgate.net/publication/254187395_Effect_of_milk_phospholipid_on_memory_and_psychological_stress_response
https://www.researchgate.net/publication/254187395_Effect_of_milk_phospholipid_on_memory_and_psychological_stress_response
https://www.researchgate.net/publication/254187395_Effect_of_milk_phospholipid_on_memory_and_psychological_stress_response
https://www.ncbi.nlm.nih.gov/pubmed/25411030
https://www.ncbi.nlm.nih.gov/pubmed/25411030
https://www.ncbi.nlm.nih.gov/pubmed/25411030
https://www.ncbi.nlm.nih.gov/pubmed/22664345
https://www.ncbi.nlm.nih.gov/pubmed/22664345
https://www.ncbi.nlm.nih.gov/pubmed/22664345
http://jn.nutrition.org/content/early/2016/05/03/jn.115.224998.abstract
http://jn.nutrition.org/content/early/2016/05/03/jn.115.224998.abstract
http://jn.nutrition.org/content/early/2016/05/03/jn.115.224998.abstract
http://jn.nutrition.org/content/early/2016/05/03/jn.115.224998.abstract
https://www.ncbi.nlm.nih.gov/pubmed/23548280
https://www.ncbi.nlm.nih.gov/pubmed/23548280
https://www.ncbi.nlm.nih.gov/pubmed/23548280
https://www.ncbi.nlm.nih.gov/pubmed/23548280
https://www.researchgate.net/publication/221806128_Milk_fat_globule_membrane_INPULSE_enriched_formula_milk_decreases_febrile_episodes_and_may_improve_behavioral_regulation_in_young_children
https://www.researchgate.net/publication/221806128_Milk_fat_globule_membrane_INPULSE_enriched_formula_milk_decreases_febrile_episodes_and_may_improve_behavioral_regulation_in_young_children
https://www.researchgate.net/publication/221806128_Milk_fat_globule_membrane_INPULSE_enriched_formula_milk_decreases_febrile_episodes_and_may_improve_behavioral_regulation_in_young_children
https://www.researchgate.net/publication/221806128_Milk_fat_globule_membrane_INPULSE_enriched_formula_milk_decreases_febrile_episodes_and_may_improve_behavioral_regulation_in_young_children
https://www.ncbi.nlm.nih.gov/pubmed/27374586
https://www.ncbi.nlm.nih.gov/pubmed/27374586
https://www.ncbi.nlm.nih.gov/pubmed/27374586
https://www.ncbi.nlm.nih.gov/pubmed/27374586
https://www.ncbi.nlm.nih.gov/pubmed/27472445
https://www.ncbi.nlm.nih.gov/pubmed/27472445
https://www.ncbi.nlm.nih.gov/pubmed/27472445
https://www.ncbi.nlm.nih.gov/pubmed/27472445
https://www.ncbi.nlm.nih.gov/pubmed/28127747
https://www.ncbi.nlm.nih.gov/pubmed/28127747
https://www.ncbi.nlm.nih.gov/pubmed/28127747
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5358714/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5358714/
https://link.springer.com/article/10.1007/s12325-016-0474-7
https://link.springer.com/article/10.1007/s12325-016-0474-7
https://link.springer.com/article/10.1007/s12325-016-0474-7
https://www.ncbi.nlm.nih.gov/pubmed/28078995
https://www.ncbi.nlm.nih.gov/pubmed/28078995
https://www.ncbi.nlm.nih.gov/pubmed/28188805
https://www.ncbi.nlm.nih.gov/pubmed/28188805
https://www.ncbi.nlm.nih.gov/pubmed/28188805
https://www.ncbi.nlm.nih.gov/pubmed/28188805
https://www.ncbi.nlm.nih.gov/pubmed/28049734
https://www.ncbi.nlm.nih.gov/pubmed/28049734
https://www.ncbi.nlm.nih.gov/pubmed/28049734
https://www.semanticscholar.org/paper/Research-advances-in-the-role-of-sphingolipids-in-Zhang-Duan/24b5eb9dbcb4bebb7baf2b3f122d43537615ec14
https://www.semanticscholar.org/paper/Research-advances-in-the-role-of-sphingolipids-in-Zhang-Duan/24b5eb9dbcb4bebb7baf2b3f122d43537615ec14
https://www.semanticscholar.org/paper/Research-advances-in-the-role-of-sphingolipids-in-Zhang-Duan/24b5eb9dbcb4bebb7baf2b3f122d43537615ec14
https://link.springer.com/chapter/10.1007/164_2016_110
https://link.springer.com/chapter/10.1007/164_2016_110
https://link.springer.com/chapter/10.1007/164_2016_110
https://www.ncbi.nlm.nih.gov/pubmed/26608317
https://www.ncbi.nlm.nih.gov/pubmed/26608317
https://www.ncbi.nlm.nih.gov/pubmed/26608317
https://www.ncbi.nlm.nih.gov/pubmed/26608317
https://www.ncbi.nlm.nih.gov/pubmed/27269880
https://www.ncbi.nlm.nih.gov/pubmed/27269880
https://www.ncbi.nlm.nih.gov/pubmed/27269880
https://www.ncbi.nlm.nih.gov/pubmed/26578516
https://www.ncbi.nlm.nih.gov/pubmed/26578516
https://www.ncbi.nlm.nih.gov/pubmed/26578516
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4960093/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4960093/
https://www.ncbi.nlm.nih.gov/pubmed/28552668
https://www.ncbi.nlm.nih.gov/pubmed/28552668
https://www.ncbi.nlm.nih.gov/pubmed/28552668
https://www.ncbi.nlm.nih.gov/pubmed/28552668
https://www.ncbi.nlm.nih.gov/pubmed/28599957
https://www.ncbi.nlm.nih.gov/pubmed/28599957
https://www.ncbi.nlm.nih.gov/pubmed/28599957
https://www.ncbi.nlm.nih.gov/pubmed/10570187
https://www.ncbi.nlm.nih.gov/pubmed/10570187
https://www.ncbi.nlm.nih.gov/pubmed/10570187
https://www.ncbi.nlm.nih.gov/pubmed/28439630
https://www.ncbi.nlm.nih.gov/pubmed/28439630
https://www.ncbi.nlm.nih.gov/pubmed/28439630
https://www.ncbi.nlm.nih.gov/pubmed/28439630
https://www.ncbi.nlm.nih.gov/pubmed/28054763
https://www.ncbi.nlm.nih.gov/pubmed/28054763
https://www.ncbi.nlm.nih.gov/pubmed/28054763

SMGre&up

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Citation: Woodman S and Kim K. Membrane Lipids: Implication for Diseases

Copyright © Kim K

Brown AM, Bevan DR. Influence of sequence and lipid type on membrane
perturbation by human and rat amyloid beta-peptide (1-42). Arch Biochem
Biophys. 2017; 614: 1-13.

Soria MA, Cervantes SA, Bajakian TH, Siemer AB. The Functional Amyloid
Orb2A Binds to Lipid Membranes. Biophys J. 2017; 113: 37-47.

West E, Osborne C, Bate C. The cholesterol ester cycle regulates signalling
complexes and synapse damage caused by amyloid-beta. J Cell Sci. 2017.

Hon GM, Hassan MS, van Rensburg SJ, Abel S, van Jaarsveld P, Erasmus
RT, et al. Red blood cell membrane fluidity in the etiology of multiple sclerosis.
J Membr Biol. 2009; 232: 25-34.

Vance JE. Lipid imbalance in the neurological disorder, Niemann-Pick C
disease. FEBS Lett. 2006; 580: 5518-5524.

Darios FD, Jorgacevski J, Flasker A, Zorec R, Garcia-Martinez V, Villanueva
J, et al. Sphingomimetic multiple sclerosis drug FTY720 activates vesicular
synaptobrevin and augments neuroendocrine secretion. Sci Rep. 2017; 7:
5958.

Garzetti GG, Tranquilli AL, Cugini AM, Mazzanti L, Cester N, Romanini C.
Altered lipid composition, increased lipid peroxidation, and altered fluidity
of the membrane as evidence of platelet damage in preeclampsia. Obstet
Gynecol. 1993; 81: 337-340.

Connor WE, Lin DS, Thomas G, Ey F, DeLoughery T, Zhu N. Abnormal
phospholipid molecular species of erythrocytes in sickle cell anemia. J Lipid
Res. 1997; 38: 2516-2528.

Ren H, Obike I, Okpala I, Ghebremeskel K, Ugochukwu C, Crawford M.
Steady-state haemoglobin level in sickle cell anaemia increases with an
increase in erythrocyte membrane n-3 fatty acids. Prostaglandins Leukot
Essent Fatty Acids. 2005; 72: 415-421.

Schmitz G, Grandl M. Lipid homeostasis in macrophages - implications for
atherosclerosis. Rev Physiol Biochem Pharmacol. 2008; 160: 93-125.

Kuypers FA. Membrane lipid alterations in hemoglobinopathies. Hematology
Am Soc Hematol Educ Program. 2007; 68-73.

Grasso EJ, Calderon RO. Urothelial endocytic vesicle recycling and
lysosomal degradative pathway regulated by lipid membrane composition.
Histochem Cell Biol. 2013; 139: 249-265.

Kim J, Singh A, DelPoeta M, DA, London E. The effect of sterol structure
upon clathrin-mediated and clathrin-independent endocytosis. J Cell Sci.
2017.

Soufi M, Rust S, Walter M, Schaefer JR. A combined LDL receptor/
LDL receptor adaptor protein 1 mutation as the cause for severe familial
hypercholesterolemia. Gene. 2013; 521: 200-203.

Gray SM, Aylor KW, Barrett EJ. Unraveling the regulation of insulin transport
across the brain endothelial cell. Diabetologia. 2017; 60: 1512-1521.

Schoneberg J, Lehmann M, Ullrich A, Posor Y, Lo WT, Lichtner G, et al. Lipid-
mediated PX-BAR domain recruitment couples local membrane constriction
to endocytic vesicle fission. Nat Commun. 2017; 8: 15873.

and Membrane Trafficking. SM J Biol. 2017; 3(1): 1016.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.
84.

85

86.

Lundmark R, Carlsson SR. SNX9 - a prelude to vesicle release. J Cell Sci.
2009; 122: 5-11.

Holthuis JC, Menon AK. Lipid landscapes and pipelines in membrane
homeostasis. Nature. 2014; 510: 48-57.

Johansen J, Ramanathan V, Beh CT. Vesicle trafficking from a lipid
perspective: Lipid regulation of exocytosis in Saccharomyces cerevisiae. Cell
Logist. 2012; 2: 151-160.

Reverter M, Rentero C, de Muga SV, Alvarez-Guaita A, Mulay V, Cairns R, et
al. Cholesterol transport from late endosomes to the Golgi regulates t-SNARE
trafficking, assembly, and function. Mol Biol Cell. 2011; 22: 4108-4123.

Bock JB, Klumperman J, Davanger S and Scheller RH. Syntaxin 6 functions
in trans-Golgi network vesicle trafficking. Mol Biol Cell. 1997; 8: 1261-1271.

Reverter M, Rentero C, A, Hoque M, Vila de Muga S, Alvarez-Guaita A, et al.
Cholesterol regulates Syntaxin 6 trafficking at trans-Golgi network endosomal
boundaries. Cell Rep. 2014; 7: 883-897.

Tani M, Kuge O. Involvement of complex sphingolipids and phosphatidylserine
in endosomal trafficking in yeast Saccharomyces cerevisiae. Mol Microbiol.
2012; 86: 1262-1280.

Karunakaran S, Fratti RA. The lipid composition and physical properties of
the yeast vacuole affect the hemifusion-fusion transition. Traffic. 2013; 14:
650-662.

Cohen R, Mukai C, Travis AJ. Lipid Regulation of Acrosome Exocytosis. Adv
Anat Embryol Cell Biol. 2016; 220: 107-127.

Dubois L, Ronquist KK, Ek B, Ronquist G, Larsson A. Proteomic Profiling
of Detergent Resistant Membranes (Lipid Rafts) of Prostasomes. Mol Cell
Proteomics. 2015; 14: 3015-3022.

Aoyagi K, Sugaya T, Umeda M, Yamamoto S, Terakawa S and Takahashi
M. The activation of exocytotic sites by the formation of phosphatidylinositol
4,5-bisphosphate microdomains at syntaxin clusters. J Biol Chem. 2005; 280:
17346-17352.

Bao H, Goldschen-Ohm M, Jeggle P, Chanda B, Edwardson JM, Chapman
ER. Exocytotic fusion pores are composed of both lipids and proteins. Nat
Struct Mol Biol. 2016; 23: 67-73.

Jahn R, Lang T, Sudhof TC. Membrane fusion. Cell. 2003; 112: 519-533.

Masters TA, Sheetz MP, Gauthier NC. F-actin waves, actin cortex
disassembly and focal exocytosis driven by actin-phosphoinositide positive
feedback. Cytoskeleton (Hoboken). 2016; 73: 180-196.

. Andreone BJ, Chow BW, Tata A, Lacoste B, Ben-Zvi A, Bullock K, et al.

Blood-Brain Barrier Permeability Is Regulated by Lipid Transport-Dependent
Suppression of Caveolae-Mediated Transcytosis. Neuron. 2017; 94: 581-
594.

Ikonen E, Holtta-Vuori M. Cellular pathology of Niemann-Pick type C disease.
Semin Cell Dev Biol. 2004; 15: 445-454.

Crages's


https://www.ncbi.nlm.nih.gov/pubmed/28700922
https://www.ncbi.nlm.nih.gov/pubmed/28700922
https://www.ncbi.nlm.nih.gov/pubmed/28760925
https://www.ncbi.nlm.nih.gov/pubmed/28760925
https://www.ncbi.nlm.nih.gov/pubmed/19915887
https://www.ncbi.nlm.nih.gov/pubmed/19915887
https://www.ncbi.nlm.nih.gov/pubmed/19915887
https://www.ncbi.nlm.nih.gov/pubmed/16797010
https://www.ncbi.nlm.nih.gov/pubmed/16797010
https://www.ncbi.nlm.nih.gov/pubmed/28729700
https://www.ncbi.nlm.nih.gov/pubmed/28729700
https://www.ncbi.nlm.nih.gov/pubmed/28729700
https://www.ncbi.nlm.nih.gov/pubmed/28729700
http://journals.lww.com/greenjournal/Abstract/1993/03000/Altered_Lipid_Composition,_Increased_Lipid.4.aspx
http://journals.lww.com/greenjournal/Abstract/1993/03000/Altered_Lipid_Composition,_Increased_Lipid.4.aspx
http://journals.lww.com/greenjournal/Abstract/1993/03000/Altered_Lipid_Composition,_Increased_Lipid.4.aspx
http://journals.lww.com/greenjournal/Abstract/1993/03000/Altered_Lipid_Composition,_Increased_Lipid.4.aspx
https://www.ncbi.nlm.nih.gov/pubmed/9458275
https://www.ncbi.nlm.nih.gov/pubmed/9458275
https://www.ncbi.nlm.nih.gov/pubmed/9458275
http://www.sciencedirect.com/science/article/pii/S0952327805000426
http://www.sciencedirect.com/science/article/pii/S0952327805000426
http://www.sciencedirect.com/science/article/pii/S0952327805000426
http://www.sciencedirect.com/science/article/pii/S0952327805000426
https://www.ncbi.nlm.nih.gov/pubmed/18425439
https://www.ncbi.nlm.nih.gov/pubmed/18425439
https://www.ncbi.nlm.nih.gov/pubmed/18024611
https://www.ncbi.nlm.nih.gov/pubmed/18024611
https://www.ncbi.nlm.nih.gov/pubmed/23064746
https://www.ncbi.nlm.nih.gov/pubmed/23064746
https://www.ncbi.nlm.nih.gov/pubmed/23064746
http://jcs.biologists.org/content/early/2017/06/23/jcs.201731
http://jcs.biologists.org/content/early/2017/06/23/jcs.201731
http://jcs.biologists.org/content/early/2017/06/23/jcs.201731
https://www.ncbi.nlm.nih.gov/pubmed/23510778
https://www.ncbi.nlm.nih.gov/pubmed/23510778
https://www.ncbi.nlm.nih.gov/pubmed/23510778
https://www.ncbi.nlm.nih.gov/pubmed/28601906
https://www.ncbi.nlm.nih.gov/pubmed/28601906
https://www.nature.com/articles/ncomms15873
https://www.nature.com/articles/ncomms15873
https://www.nature.com/articles/ncomms15873
https://www.ncbi.nlm.nih.gov/pubmed/19092055
https://www.ncbi.nlm.nih.gov/pubmed/19092055
37.%09Holthuis JC, Menon AK. Lipid landscapes and pipelines in membrane homeostasis. Nature. 2014; 510: 48-57.
37.%09Holthuis JC, Menon AK. Lipid landscapes and pipelines in membrane homeostasis. Nature. 2014; 510: 48-57.
https://www.ncbi.nlm.nih.gov/pubmed/23181198
https://www.ncbi.nlm.nih.gov/pubmed/23181198
https://www.ncbi.nlm.nih.gov/pubmed/23181198
https://www.ncbi.nlm.nih.gov/pubmed/22039070
https://www.ncbi.nlm.nih.gov/pubmed/22039070
https://www.ncbi.nlm.nih.gov/pubmed/22039070
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC276151/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC276151/
https://www.ncbi.nlm.nih.gov/pubmed/24746815
https://www.ncbi.nlm.nih.gov/pubmed/24746815
https://www.ncbi.nlm.nih.gov/pubmed/24746815
https://www.ncbi.nlm.nih.gov/pubmed/23062277
https://www.ncbi.nlm.nih.gov/pubmed/23062277
https://www.ncbi.nlm.nih.gov/pubmed/23062277
https://www.ncbi.nlm.nih.gov/pubmed/23438067
https://www.ncbi.nlm.nih.gov/pubmed/23438067
https://www.ncbi.nlm.nih.gov/pubmed/23438067
https://www.ncbi.nlm.nih.gov/pubmed/27194352
https://www.ncbi.nlm.nih.gov/pubmed/27194352
https://www.ncbi.nlm.nih.gov/pubmed/26272980
https://www.ncbi.nlm.nih.gov/pubmed/26272980
https://www.ncbi.nlm.nih.gov/pubmed/26272980
https://www.ncbi.nlm.nih.gov/pubmed/15741173
https://www.ncbi.nlm.nih.gov/pubmed/15741173
https://www.ncbi.nlm.nih.gov/pubmed/15741173
https://www.ncbi.nlm.nih.gov/pubmed/15741173
https://www.ncbi.nlm.nih.gov/pubmed/26656855
https://www.ncbi.nlm.nih.gov/pubmed/26656855
https://www.ncbi.nlm.nih.gov/pubmed/26656855
https://www.ncbi.nlm.nih.gov/pubmed/12600315
https://www.ncbi.nlm.nih.gov/pubmed/26915738
https://www.ncbi.nlm.nih.gov/pubmed/26915738
https://www.ncbi.nlm.nih.gov/pubmed/26915738
https://www.ncbi.nlm.nih.gov/pubmed/28416077
https://www.ncbi.nlm.nih.gov/pubmed/28416077
https://www.ncbi.nlm.nih.gov/pubmed/28416077
https://www.ncbi.nlm.nih.gov/pubmed/28416077
https://www.ncbi.nlm.nih.gov/pubmed/15207834
https://www.ncbi.nlm.nih.gov/pubmed/15207834

	Title
	Abstract
	Overview of Lipids
	Roles of Lipid Classes
	Lipid-Associated Diseases
	Membrane Trafficking Pathways Impacted by Lipid Composition
	Acknowledgement
	References

