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MEMBRANASMEMBRANAS

The major intracellular compartments of an animal cell. The cytosol (gray),
endoplasmic reticulum, Golgi apparatus, nucleus, mitochondrion, endosome,
lysosome, and peroxisome are distinct compartments isolated from the rest of the
cell by at least one selectively permeable membrane.
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Three views of a cell membrane. (A) An electron micrograph of a plasma membrane (of
a human red blood cell) seen in cross section. (B and C) These drawings show two-
dimensional and three-dimensional views of a cell membrane. (A, courtesy of Daniel S.
Friend.)

LosLos lípidoslípidos dede membranamembrana sonson
moléculasmoléculas anfipáticasanfipáticas yy lala mayormayor
parteparte dede ellosellos formanforman bicapasbicapas dede

BICAPASBICAPAS

parteparte dede ellosellos formanforman bicapasbicapas dede
maneramanera espontáneaespontánea.. LasLas bicapasbicapas
proveenproveen lala estructuraestructura básicabásica dede
laslas membranasmembranas..

General models for membrane structure. a, The Singer–Nicholson “fluid mosaic model”.
b, An amended and updated version. (Engelman DM 2005 Nature 438: 578-580)
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LipidLipid moleculesmolecules constituteconstitute aboutabout 5050%% ofof thethe
massmass ofof mostmost animalanimal cellcell membranes,membranes, nearlynearly
allall ofof thethe remainderremainder beingbeing proteinprotein.. ThereThere areare
approximatelyapproximately 55××101066 lipidlipid moleculesmolecules inin aa 11 μμmm22

areaarea ofof lipidlipid bilayer,bilayer, oror aboutabout 101099 lipidlipid
moleculesmolecules inin thethe plasmaplasma membranemembrane ofof aa smallsmallmoleculesmolecules inin thethe plasmaplasma membranemembrane ofof aa smallsmall
animalanimal cellcell..

TheThe mostmost abundantabundant membranemembrane lipidslipids areare thethe
phospholipidsphospholipids

The parts of a phospholipid molecule. This example is phosphatidylcholine, represented
(A) schematically, (B) by a formula, (C) as a space-filling model, and (D) as a symbol. The
kink resulting from the cis-double bond is exaggerated for emphasis.

How hydrophilic and hydrophobic molecules interact differently with water. (A)
Because acetone is polar, it can form favorable electrostatic interactions with water
molecules, which are also polar. Thus, acetone readily dissolves in water. (B) By contrast,
2-methyl propane is entirely hydrophobic. It cannot form favorable interactions with water
and it would force adjacent water molecules to reorganize into icelike cage structures,
which increases the free energy. This compound therefore is virtually insoluble in water.
The symbol δ- indicates a partial negative charge, and δ+ indicates a partial positive
charge. Polar atoms are shown in color and nonpolar groups are shown in gray.
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Packing arrangements of lipid molecules in an aqueous environment. (A) Wedge-
shaped lipid molecules (above) form micelles, whereas cylinder-shaped phospholipid
molecules (below) form bilayers. (B) A lipid micelle and a lipid bilayer seen in cross
section. Lipid molecules spontaneously form one or other of these structures in water,
depending on their shape.

Figure 10-5. The spontaneous
closure of a phospholipid bilayer
to form a sealed compartment.
The closed structure is stable
because it avoids the exposure ofbecause it avoids the exposure of
the hydrophobic hydrocarbon tails
to water, which would be
energetically unfavorable.

Liposomes (A) An electron micrograph of unfixed, unstained phospholipid vesicles
liposomes in water rapidly frozen to liquid nitrogen temperature. The bilayer structure of the
liposomes is readily apparent. (B) A drawing of a small spherical liposome seen in cross
section. Liposomes are commonly used as model membranes in experimental studies. (A,
courtesy of Jean Lepault.)
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LasLas bicapasbicapas sese consideranconsideran
fluidosfluidos bidimensionalesbidimensionales yy
susu fluidezfluidez dependedepende dede susu
composicióncomposición

The mobility of phospholipids molecules in an artificial bilayer

Phospholipid mobility. The types of
movement possible for phospholipid
molecules in a lipid bilayer.

The influence of cis-double bonds in
hydrocarbon chains. The double bonds
make it more difficult to pack the chains
together, thereby making the lipid bilayer
more difficult to freeze. In addition, because
the fatty acid chains of unsaturated lipids
are more spread apart, lipid bilayers
containing them are thinner than bilayers
formed exclusively from saturated lipids.

The structure of cholesterol. Cholesterol is represented (A) by a formula, (B) by a
schematic drawing, and (C) as a space-filling model.
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Cholesterol in a lipid bilayer. Schematic drawing of a cholesterol molecule
interacting with two phospholipid molecules in one monolayer of a lipid bilayer.

Four major phospholipids in mammalian plasma membranes. Note that different
head groups are represented by different colors. All the lipid molecules shown are
derived from glycerol except for sphingomyelin, which is derived from serine.

LaLa distribucióndistribución asimétricaasimétrica dede
loslos lípidoslípidos enen laslas bicapasbicapas queque

ll bbestructuranestructuran laslas membranasmembranas
biológicasbiológicas tienetiene consecuenciasconsecuencias
funcionalesfuncionales
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The asymmetrical distribution of phospholipids and glycolipids in the lipid bilayer of
human red blood cells. The colors used for the phospholipid head groups are those
introduced in Figure 10-12. In addition, glycolipids are drawn with hexagonal polar head
groups (blue). Cholesterol (not shown) is thought to be distributed about equally in both
monolayers.

A lipid raft. Lipid rafts are small, specialized areas in membranes where
some lipids (primarily sphingolipids and cholesterol) and proteins (dark
green) are concentrated. Because the lipid bilayer is somewhat thicker in
the rafts, certain membrane proteins accumulate.

Model of lipid rafts in the trans Golgi network. Glycosphingolipids and cholesterol
are thought to form rafts in the lipid bilayer. Membrane proteins with long enough
membrane-spanning segments preferentially partition into the lipid rafts and thus
become sorted into transport vesicles. These rafts are subsequently packaged into
transport vesicles that carry them to the apical domain of the plasma membrane.
Carbohydrate-binding proteins (lectins) in the lumen of the trans Golgi network may
help stabilize the rafts, as shown.
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Schematic diagram of changes in lipid raft structure and cell function during cholesterol enrichment and
atherosclerosis. Subtypes of lipid rafts enriched with sphingolipid (blue lipids) and cholesterol (red
lipids) include caveolae (1) that contain caveolin protein (in green) and detergent-resistant membrane
domains.(2) The Figure shows that with cholesterol enrichment, separate cholesterol crystalline
membrane domains (3) form and precede the development of extracellular crystals.(4) Cholesterol
crystals contribute to mechanisms of cell injury and death, including apoptosis. With cholesterol
enrichment, there is an increase in the number of caveolae, leading to inhibition of nitric oxide synthase
(eNOS). Loss of normal membrane structure and function with cholesterol enrichment is also associated
with disruptions in calcium regulation and redox potential. (Mason RP & RF Jacob 2003 Circulation
107:2270-2273)

A model for the formation of lipids dropletsA model for the formation of lipids droplets

Signaling functions of membrane components inthe cytosolic leafletSignaling functions of membrane components inthe cytosolic leaflet Signaling functions of membrane components inthe cytosolic leafletSignaling functions of membrane components inthe cytosolic leaflet
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Glycolipid molecules. (A) Galactocerebroside is called a neutral glycolipid because
the sugar that forms its head group is uncharged. (B) A ganglioside always contains
one or more negatively charged sialic acid residues (also called N-acetylneuraminic
acid, or NANA), whose structure is shown in (C). Whereas in bacteria and plants
almost all glycolipids are derived from glycerol, as are most phospholipids, in
animal cells they are almost always produced from serine, as is the case for the
phospholipid sphingomyelin. Gal = galactose; Glc = glucose, GalNAc = N-
acetylgalactosamine; these three sugars are uncharged.

Approximate Lipid Compositions of Different Cell Membranes

PERCENTAGE OF TOTAL LIPID BY WEIGHT

LIPID LIVER CELL* RBC*  MYELIN     MIT**        ER          E. coli

Cholesterol 17 23 22 3 6 0

Phosphatidylethanolamine 7 18 15 25 17 70Phosphatidylethanolamine 7 18 15 25 17 70

Phosphatidylserine 4 7 9 2 5 trace

Phosphatidylcholine 24 17 10 39 40 0

Sphingomyelin 19 18 8 0 5 0

Glycolipids 7 3 28 trace trace 0

Others 22 13 8 21 27 30

* Plasma membranes; ** Inner and Outer membranes


