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21Plasma membranes are complex entities common to all living cells. The basic principle of their organization
22appears very simple, but they are actually of high complexity and represent very dynamic structures. The inter-
23actions between bioactive molecules and lipids are important for numerous processes, from drug bioavailability
24to viral fusion. The cellmembrane is a carefully balanced environment and any change inflicted upon its structure
25by a bioactivemoleculemust be considered in conjunctionwith the overall effect that this may have on the func-
26tion and integrity of the membrane. Conceptually, understanding themolecular mechanisms by which bioactive
27molecules interact with cell membranes is of fundamental importance.
28Lipid specificity is a key factor for the detailed understanding of the penetration and/or activity of lipid-
29interacting molecules and of mechanisms of some diseases. Further investigation in that way should improve
30drug discovery and development of membrane-active molecules in many domains such as health, plant
31protection or microbiology.
32In this review, we will present complementary biophysical approaches that can give information about lipid
33specificity at a molecular point of view. Examples of application will be given for different molecule types,
34from biomolecules to pharmacological drugs. A special emphasis is given to cyclic lipopeptides since they are
35interestingmolecules in the scope of this review by combining a peptidicmoiety and a lipidic tail and by exerting
36their activity via specific interactions with the plasma membrane.

37 © 2014 Published by Elsevier B.V.
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69 1. Plasma membrane

70 1.1. General concept

71 As compared to nucleic acids, responsible for the genetic informa-
72 tion and proteins, that perform most of the functional and enzymatic
73 tasks, lipids often appear as “Cinderella” in the biomolecules family,
74 being considered as just sitting there passively.
75 The basic principle of the organization ofmembranes looks very sim-
76 ple, formed by lipid bilayers where the polar headgroups are facing the
77 aqueous environment and the hydrocarbon tails facing the interior of
78 the bilayer, yet the details are surprisingly complex. Hence, plasma
79 membranes (PMs) are complex dynamic entities which delimit the
80 cell from its environment. They are the point of exchangewith adjoining
81 cells, and between the cell and the external medium. They are the pri-
82 mary place where signal recognition and transduction into intracellular
83 responses for nutritional uptake, environmental responses, and devel-
84 opmental signalling occurs [1,2]. Over years, it has become increasingly
85 clear that if they are laterally fluid, they also can adopt a fascinating
86 range of spatial organizations like the formation of transient local or-
87 dered clusters which are biologically important for several functional
88 states of membrane proteins [2].
89 The cell membrane is a carefully balanced environment and any
90 change inflicted upon its structure by a bioactive molecule must be
91 considered in conjunction with the overall effect that it may have on

92the function and integrity of the membrane [3]. Understanding the
93mechanism at themolecular level bywhich bioactivemolecules interact
94with cell membranes is therefore of fundamental importance.

951.2. Plasma membrane composition

96PMs are composed by three main classes of lipids: glycerolipids
97(mainly phospholipids—PL), sphingolipids and sterols [2,4]. However,
98between species or cell types within a species, the lipid composition
99of PM can show a high degree of diversity; Table 1 illustrates this
100complexity.
101In eukaryotic cells, the major structural lipids are glycerophospho-
102lipids, such as phosphatidylcholine (PC), phospatidylethanolamine
103(PE), phosphatidylserine (PS) and phosphatidic acid (PA) [5–8]. Their
104hydrophobic tails, with chain length varying mostly from 14 to 22 car-
105bons are either satured or cis-unsaturated. PC is the most abundant, ac-
106counting for more than 50% of PL [9]. The backbone of sphingolipids is
107constituted by a ceramide with saturated or trans-unsaturated hydro-
108phobic chains. In mammalian cells, sphingomyelin (SM) and glyco-
109sphingolipids are the most abundant. Concerning sterols, cholesterol
110(Chol) is predominating in mammals and has a preferential interaction
111with sphingolipids, forming the so-called rafts domains (see below).
112It is worth noting that the variation in headgroups and aliphatic
113chains permits the existence of more than a thousand different lipids.

t1:1 Table 1
t1:2 Lipid composition (in molar %) of different cell membranes in eukaryotic or prokaryotic organisms.

t1:3 Lipids Eukaryotic cells Prokaryotic cells

t1:4 Human
erythrocyte

Human alveolar
macrophage

Rat
liver

A. thaliana leave S. cerevisiae B. megaterium
Gram+

S. aureus
Gram+

P. aeruginosa
Gram−

E. coli
Gram−

t1:5 PC 16 30 25 17 25
t1:6 PE 15 21 12 18 10 73 60 82
t1:7 PS 7 21 2 3 3 Traces
t1:8 PG 4 27 58 21 6
t1:9 CL ~2 42 11 12
t1:10 PI 0.5 4 5 9
t1:11 PA 1 5
t1:12 SLa 14 (SM) 7 (SM) 13 7 (GIPCa) 10–20 (MIPC)
t1:13 Sterola 46 (chol) 8 (Chol) 43 (Chol) 46 (sitosterol) 30–40 (Ergosterol)
t1:14 Others 0.5 13 1
t1:15 Ref [5,6] [7] [8] [1,10,11] [13,15,17] [8] [19] [19] [19]

t1:16 PC: phosphatidylcholine, PE: phosphatidylethanolamine, PS: phosphatidylserine, PG: phosphatidylglycerol, CL: cardiolipin, PI: phosphatidylinositol, PA: Phosphatidic acid, SL:
t1:17 sphingolipid, SM: sphingomyelin, GIPC: glycosyl inositol phosphorylceramides, MIPC: mannosyl inositol phosphorylceramides.
t1:18 a The most abundant lipid of these categories is indicated in brackets.
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