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_________________ Synopsis 
A barrier that separates cellular contents from the environment is an absolute condition for li fe. 
This separation is provided by the plasma membrane also called the celi membrane. Ali biologica! 
membranes. whether from eucaryot ic or procaryotic cells, have the same classes of chemical com
ponents. a similari ty in strucLUral organ izat ion and a number of properties in common. Biologica! 
membrane consist of a con tinuous double layer of lipid molecules in which proteins are embedded. 
This lipid bi layer is flu id, with individuai lipid molecu les able to diffuse rapid ly w ithin their own 
monolayer but usuall y not from on monolayer to the other. 
The three major I i p id components of membranes are phosphoglycerides, sph ingo i i pids and 
cholesterol ; their percentage varies significantly in the different membranes and is related to the 
specific roles of the individuai membranes. A lthough lipid molecu les display considerable struc
tural diversity. ali of them share one important structural property: they are amphipatic, so they can 
assemble spontaneously into bilayer when placed in water, forming sealed compartments that reseal 
if torn. The functional significance of the lipid compositions of different membranes will be di s
cussed and focused mainly on the lipid lamellar strucLUre of stratum corneum. 

La barriera che separa dal l'ambiente il contenuto delle cellule rappresenta la condizione indispensa
bile per la vita. Questa separazione è mantenuta dalla membrana plasmatica chiamata anche mem
brana cellulare. Tutte le membrane biologiche sia che provengano da cellule eucariotiche che preca
riotiche, sono formate dagli stessi componenti chimici e posseggono una uguale struttura organizza
ta. La membrana biologica è formata da un doppio strato continuo di molecole lipidiche attraversate 
da qualche molecola proteica. 
Il doppio strato lipidico è fluido e permette soltanto l ' interscambio tra i diversi l ipidi di uno 
stesso trato. I tre principali componen ti delle membrane sono i fosfogliceridi, gli sfingolipidi 
ed il colesterolo. La loro percentuale varia in un modo significativo tra le diverse membrane ed 
è legato al loro speci fico ruolo. Anche se i di versi lipidi posseggono considerevol i diversità 
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strutturali. sono tutte molecole anfi pat iche che formano spontaneamente s trati b imolecolari se 
inserite in un ambiente acquoso. 
li s ignificato funzionale della composizione lipidica delle diverse membrane verrà di cu so in mo
do da mettere a fuoco soprattutto la s truttura lamellare lipidica dello strato corneo. 
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Basic structural features of 
cellular membranes. 
Biologica! membranes, both from eucaryotic and 
procaryotic cells are bui lt up from the same clas
ses of che mical compounds - lipids, proteins and 
in smalle r quantity, carbohydrates. however the
re are important qual itative and quantitati ve di f
ferences within any g iven c lass of compounds. 
Biologica! membranes d ivide the intrace llul ar 
milieu from the exte rna l environment. In con
trast to the procaryotes, eucaryotic cells have a 
well defi ned me mbrane surrounding a centrai 
nuc leus and a variety of intracellular structures 
and organe lles. The in tracellular membranous 
syste m establishes a number of dis tinct subcel
lula r specializalion. By means of this compar
tmentali zat ion of the celi , diffe re nt che mical 
reactions, requiring different e nvironments, can 
occur s imultaneously. 
As it w ill be di scussed late r in more detail , 
membranes are lipid in na ture and many sub
s tances that are soluble in a hydrophobic envi
ronme nt wi ll concentrate in cellu lar membranes, 
w here ma ny specific bioche mical reactions can 
occ ur; the extensive me mbrane syste m of euca
ryo ti c cell s c reate an additiona l e nvironment 
that the celi can use for its di ffere nt functions. 
The mean thickness of a typica l plasma mem
brane is 75-90 À, but th is va lue is lower for in
trace llular membra nes. A li of the m, however, 
cons titute a dynamic struc ture in which lipids a
re present in a fluid state and make up a non a
queous compartme nt where the differe nt com
pounds can move and possibly interact. 
Bio logica! me mbranes, and particularly the pla
sma membranes. share unique properties: they 
are impermeable to a g reat varie ty o f substances 
and within the membranes itself there are sele
ctive transport systems that a llow strict contro ! 
of the flux of substrates, cofactors and ions from 
one compartment to the others. In th is way the 
concentrati on of the di ffe re nt subs tances and 
conseque ntl y the different metabolic pathways 
can be modulated. 
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The plasma membrane of e ucaryotic cells also 
plays an important ro le in celi-celi recognition 
and interaction and represents the target of ma
ny hormones and metabolic regulatory factors 
which are important for the signal transmiss ion 
and transduction to intracellular mediators. 
As already mentio ned , lipids and proteins are 
the main components of biologica) membranes; 
the ir amount varies cons idera bly in different 
membranes according to the type and the fun 
ction of a given celi. A smaller amount of car
bohydrates is also present, not in free form, but 
linked to g lycoproteins a nd glycolipids. 
Based on evidence from physicochemical, bio
c hemica l and electro n mi c roscope inves t iga
tio ns knowledge of the structu re o f biologica! 
me mbranes has evolved. Pro te ins can be d ivi
ded, roughly, into two main categories on the 
basis of their ex tractibility from the membrane: 
I - peripheral (or extrins ic) localized on the 
me mbra ne s urface, to w hich they are loo e ly 
bound and from where they can be easily remo
ved. T hey account fo r approximately 30% o f 
the tota! and in many instance have e nzymatic 
acti vity. 2 - integra i (or intrinsic) which span the 
phospholipid bil ayer (see a lso be low), with por
tio ns protruding on each s ide. Hydrophobic in
teractions be tween the lipids and the hydropho
bic domains of these integrai proteins prevent 
the m fro m be ing readily re moved, and their e
xtractio n leads to di sruptio n of the membrane. 
In generai me mbrane prote ins play di vers ified 
roles and are involved in many functions: tran
sport of small molecules; recogni tion and adhe
s ion phenomena; transduction of s ignals from e
x te rnai ligands; they can act as enzymes and re
ceptors. besides the ir s truc tural role. 
Me mbrane lipids belong to three ma in classes: 
phospholipids, sphingoglycolipids and chole te
rol. Their pe rcentage in d iffere nt membranes 
varies significantly and it is quite clearly re lated 
to the celi and/or organe lle functions. 
The phospholipids (or g lycerophospholipids) a
re polar, ionie lipids composed of 1,2 d iacylgly
cerol with a phosphodiester bridge that links the 

83 



Rote of lipids in cellular membranes and skin biology 

glycerol backbone to a specific base, usually a 
nitrogenous one, such as choline. serine, ethano
lamine. Phosphatidylcholine (PC) contains mo
stly palmi tic (C 16:0) in rhe sn- 1 position of gly
cerol and primarily the unsaturated 18-carbon 
fatty acids - oleic, linoleic or linolenic - in the 
sn-2 position. Phosphatidy lethanolamine (PE) 
has the same saturateci fatty acids as PC at the 
sn- J pos iti on bu t contains more of the long
chain polyunsatured fatty acids, namely 18:2, 
20:4, 22:6 - at the sn-2 position. 
PC, PE and phosph atidylserine (PS) are the 
most abundant phospholipids in human tissue. 
At ph ysiological pH PC and PE have no net 
charge and exist as a dipolar zwitterions, whe
reas PS has a net charge of - 1, i.e. it is an acid 
phospholipid. 
There are two other compounds wi th this chara
cteristic: phosphatidy l inositol and phosphati
dylglycerol ; the first one occurs in mammalian 
membranes and it i rather unusual because it o
ften contains almost exclusively stearic acid at 
the sn- 1 position and arachidonic acid (C20:4) 
at the sn-2 hydroxygroup. Phosphatidylglycerol 
occurs in relati vely large amount in mi tochon
drial membranes and it is a precursor of cardi o
Jipin. M ost phosphol ipids contain more than one 
kind 01· fatty acids per molecule, so that a given 
class of these compounds actually represents a 
fami ly of different molecular species. 
Sphingolipids are complex lipids whose core 
structure is provided by the long-chain aminoal
cohol sphingosine. There is a close similar ity 
between carbons 1,2 and 3 of sphingosine and 
glycerol mainly because both of them have nu
cleophilic groups, hydroxyl or amino, at these 
carbon atoms. Sphingosine as such with i ts free 
amino group does not occur naturally. 
The fundamental building block or core structu
re of natural phingolipids is ceramide, the lon
g-chain fatty acid amide derivative of sphingo
sine. Therefore there are two long-chain hydro
carbon domains in the ceramide molecule and 
these hydrophobic regions are responsible for 
the lipoidal character of sphingol ipids. 
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Free ceramide is not a component of membrane 
lipid but rather it is an intermediate in the bio-
ynthesi and catabolism of glycosphingolipids 

and sphingomyelin. 
In sphingomyelin the primary alcohol group at 
C- 1 of sphingosine is esterified to cho line 
through a phosphodiester bridge of the kind that 
occurs in the acyl glycero-phosphol ipid; the ami
no group of sphingosine is attached to a long
chain fatly ac id by means of an amide bond. 
Sphingosine is therefore a ceramide phosphocho
line. l t contains one negati ve and one positi ve 
charge so that it is neutra! at physiological pH. 
As indicateci above. in plasma membranes there 
are also carbohydrate-conlaining sphingolipids. 
which include cerebrosides, sulfatides, globosi
des and gangl iosides. In this compounds the po
lar head group is attached to sphingosine via the 
glycosidic linkage of a sugar molecule rather 
than a pho. phate ester bond, as in the case of 
the phospholipids. 
In other words the glycosphingolipids do not 
contain phosphate and have a sugar attached by 
a B-glycosidic linkage to the 1-hydroxyl group 
of the sphingosine in a ceramide. One subgroup 
is the cerebrosides, which contain either a glu
cose or a galactose attached to ceramide and are 
referred to as glucocerebrosides or galactocere
brosides, respectively. Cerebrosides are neutra! 
compounds. Galactocerebrosides are found pre
dominantl y in brain and nervous ti ssues. whe-· 
reas the small quantities of cerebrosides in non
neutral tissues usually contain glucose. Galacto
cerebrosides may contain a sul fate group esteri 
fied on the 3 position of the sugar. T hey are cal 
led sulfatides. Cerebrosides and sulfatides u
sually contain very long-chain fatty acids with 
22 to 26 carbon atoms. 
In piace of one monosaccharide, neutra! glyco
sphi ngo lipids of ten bave 2 (dihexosi des) , 3 
(trihexosides), 4 (tetrahexosides) sugar residues 
attached to the 1-hydroxyl group of sphingos ine. 
0 -g lucose, d-galactose, N-acety lg lucosamine, 
and N-acetylgalactosamine are the usual sugars. 
The most complex group of glycosphi ngolipids 



is represented by gangliosides, which contain o
ligosaccharide head groups with one or more re
sidues of sialic acid; these are amphipathic com
pounds with a negative charge at pH 7.0. Speci
fic gangliosides and glycolipids are found in the 
skin either in normai or pathological conditions. 
The third major lipid present in membranes is 
cholesterol that contains four fused rings - which 
makes it a planar structure - a palar hydroxyl 
group at carbon-3, and an eight-member bran
ched hydrocarbon chain attached to the D ring at 
position 17. Cholesterol is a compact hydropho
bic molecule; however the hydroxyl group, that 
can be este rified, g ives, when it is free, a little 
hydrophilia to the molecule. In a given membra
ne choleste rol is located between the phospholi
pid molecules, orienced in a way which allows it 
to internet with the other lipid components, rno
dulating the fluidity and, consequently, the per
meability of the membrane itself. 

Micelles, lipid bilayers 
and liposomes 
The physicochemical properties of the lipid 
components just described dictate the bas ic 
structural characteristic of their organization in 
living cell s. 
Ali amphipathic compounds, with a hydrophilic 
head and a hydrophobic tail, react in a unique 
fashion in an aqueous system because o f the ir 
low solubility in water. Under proper cond i
tions, these lipid molecules will come together 
to form spheres, termed micelles, with the hy
drophobic tails interacting to exclude water and 
wi th the charged polar head groups on the outsi
de. Micelles wi th a single lipid or a mixture of 
lipids can be made. The formation of the micel
le depends also on the temperature of the sy
stem and, if a mixture of lipids is used, on the 
ratio of concentrations of the different lipids in 
the mjxture. The micelle structure is very stable 
because of the hydrophobic interaction of the 
hydrocarbon chains and the attraction of the pa
lar groups to water. Depending upon the condi-
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tion, amphipathic lipids will interact to fonn a 
bimolecular leaf structure with two layers of li
pid in which the polar head groups are at the in
terface between the aqueous medium and the li
pid while the hydrophobic tails internet in a se
cond way to form an environment that excludes 
water. This bilayer conformation is the basic li
pid structure of ali biologica) membranes as de
scribed later in more detail. 
Lipid bilayers are extremely s table structures 
held together by noncovalent interactions of the 
hydrocarbon chains of the acyl groups and the 
ionie inte ractions of the charged groups w ith 
water. Hydrophobic interactions of the hydro
carbon chains lead to the srnallest possible area 
for water to be in contact with the chains, and 
water is essentially excluded from the interior of 
the bilayer. 
A lipid bilaye r may close in on itself, forming a 
sphe rical ves icle separating the external space 
from an interna l compartment. These vesicles a
re termed liposomes. 
Indi viduai phospholipid molecules can read ily 
exchange piace with the neighbouring molecu
les, which leads to rapid lateral diffusion in the 
piane of the membrane. In addition, the fatty a
cy l chains can rotate around the carbon-carbon 
bonds; in fact there is a greater degree of rota
tion nearer the methyl end, leading to greater 
motion at the center of the lipid bi layer. Indivi
duai lipid molecules cannot migrate readi ly 
from one monolayer to the other, a process ter
med flip-flop. Thus the lipid bilayer has not on
ly an inherent stability but also a flu idity in 
which individuai molecules can move rapidly in 
their own monolayer but do not exchange with 
the adjoin ing monolayer. 
Artificial membrane systems have been studied 
extensively as a mean to determine the prope r
ties of biologica! membranes. A varie ty o f te
chniques are available to prepare liposomes, u
sing synthetic phospholipids and lipids extra
cted from natural membranes. Depending on the 
procedure, unilamellar ves icles and multilarnel
lar vesicles (ves icles within vesicles) of various 
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size (20nm- l µm in diameter) can be prepared. 
The interioi· of the vesicle is an aqueous envi
ronment, and it is possible to prepare liposomes 
with different substances entrapped. Thus the e
xternal and internal environments of the liposo
me can be manipulated. 

Biologica/ membranes 
T he basic structure is a bimolecular leaf arran
gement of lipids in which phosphoglycerides, 
sphingolipids, and cholesterol are oriented so 
that the hydrophobic portions of the molecules 
interact to minimize their interactions wi th wa
ter or other polar groups. The polar head groups 
of the amphipathic compounds are at the inter
face w ith the aqueous environment. A number 
of models for the structure of biologica! mem
branes have been suggested dating back to one 
by H . Davson and J. Danielli in 1935, which 
was refined in later years by J.D. Robertson. In 
early 1970s, G.L. Nicolson and S.J. Singer pro
posed th e mosa ic model for membranes in 
which i t was suggested that proteins are on the 
surface as well as in the lipid bilayer. Some pro
teins could span the lipid bi layer wi th their po
lar groups in contaci wi th the aqueous surroun
dings on both sides and the hydrophobic por
tions interacting with the lipids in the interior of 
the membrane. This model has been extensively 
retìned and now is referred to as the fluid mo
saic model to indicate the movement of both l i
pids and proteins in the membrane. The propo
sed structure accounts for many properties of 
mammalian membranes, but it continues to un
dergo modi fications and refinements. 
These properties, including fluidity, flexibil i ty, 
which allow changes of shape and form, self
sealing features and impermeability for many 
substances are mainl y related to the physicoche
mical characteristics of the lipid bilayer. 
Jr is now recognized that the membrane lipids may 
nor be randomly distributed in the monolayers, but 
that there are islands of lipids associated together 
or in contact with a specific protein. The indivi-
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dual l ipids are not, however, immobil ized in the e 
islands but rapidly exchange with molecules in the 
suITounding area of the membrane. 
A n importane difference between the Nicolson
Singer model and earlier models is that the lipid 
bilayer is discontinuous, w ith proteins embed
ded in the hydrophobic portion of the bilayer. 
M any membrane proteins span the bilayer, wi th 
portions protruding on each side. Hydrophobic 
interaction between the lipid and the hydropho
bic domains of these integrai proteins prevents 
these proteins from being readil y removed, and 
their extraction leads to disruption of the mem
brane. Protein can also be loosely bound to the 
membrane by interaction between charges on 
the protein and these peripheral proteins are ea
sily removed by mild treatment with little dama
ge to the membrane. 
Even though the model would suggest that pro
teins are randomly distributed throughout and 
on the membrane, evidence from a variety of 
sources supporrs a high degree of functional or
gani zation wi th definite restriction on the loca li
zation of some proteins. M embrane proteins al
so have a defin i te orientation w ithin and across 
the membrane. Integrai proteins w ith enzymatic 
acti vi ty may bave their catalytic site on either 
the inner or outer surface. This orientation is e
stablished during the biosynthesis of the mem
brane and remains unchanged. A nother restri 
ction is th at spec i fic peripheral proteins are 
bound to only one side. 

Asymmetry of the Membrane 
In contrast 10 the random distribution of lipids 
between the outer and inner lipid monolayer of 
liposomes, there is an asymmetric distribution of 
lipid components across biologica! membranes. 
Each layer of the bilayer has a di fferent compo
sition w ith respect to individuai phosphoglyceri 
des and sphingolipids. 
Sphingomye lin and phosphatidylcholine are 
predominantly in the outer layer, whereas pho
sphatidy lethanolamine, phosphatidylseri ne and 



phosphoinositides are predominantly in the in
ner lipid layer. In contrast. cholesterol i s equally 
distributed on both sides of the membrane. 

Membrane fluidity 
The interaction among the different lipids and 
between lipids and proteins are complex and dy
namic. There is a fluidity in the lipid portion of 
the membrane in which both the lipids ancl pro
teins move. The clegree of flui cl ity is dependent 
on the temperature ancl the composition of the 
membane. A t low temperature the lipids are in a 
gel-crystall ine state, w ith the li picls restrictecl in 
their mobil ity. As the temperature is increasecl, 
therc is a phase transition into a liquid-crystal l i
ne state. w ith an increase in fluiclity. With l ipo
somes prepared from a single pure phospholi 
pid, the phase transition temperature, Tm, is ra
ther precise; but w ith liposomes prepared from a 
mixt ure of lipids. the Tm becomes less precise 
because individuai clusters of lipids may be in 
either the gel-crystalline or the l iquicl-crystalline 
state. The Tm is not precise for biologica! mem
branes because of their heterogeneous chemical 
composit ion. lnteract ions between speci fi c li 
pids and between lipids and proteins also leacl to 
variations in the gel- liquid state throughout the 
membrane ancl 10 cl ifferences in the fluiclity of 
cli fferent areas of the membrane. 
The specific composition of the indi viduai bio
logica! membranes leads to differences in flu icli
ty. Phosphoglycerides containing short-chain 
fatty acids will increase the flu idi ty as does an 
increase in unsaturation of the fatty acyl groups. 
The c is double bond in an unsaturated fatty acid 
of phosphol ip id leacls to a kink in the hyclrocar
bon chain. preventing the tight packing of the 
chains, and creates pockets in the hydrophobic 
areas. l t i s assumecl that these spaces, which 
will also be mobile due to the mobility of the 
hyclrocarbon chains, are filled with water mole
cules and small ions. Cholesterol wi th its flat 
stiff ring structure reduces the coi ling of the fat
ty acicl chains and decreases fluidity. Ca2+ dire-
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ctly clecreases the fluidi ty of a number of mem
branes because of its interaction with the negati 
vely chargecl phospholipicls, which. in turn, re
cluces repul sion between the polar groups and 
increases the packing of li picl molecu les. 
Ca2+ causes aggregation of lipids into clusters. 
which also reduces membrane fluidity. Fluidity 
at different levels within the membrane also va
ries. The hydrocarbon chains of the lipi cls bave 
a motion, which procluces a fluidity in the hy
drophobic core. The centrai area of the bi layer 
is occupiecl by the encl s of th e hydrocarbon 
chains ancl is more flu id than the areas closer to 
the l wo surfaces, where th ere are more con
straints due to the sti ffer portions of the hyclro
carbon chains. Cholestcrol makes the membrane 
more rigicl towarcl the periphery because it does 
not reach into the centrai core of the membrane. 
Indi viduai lipids and proteins can move rapiclly 
in a lateral motion along th e surface of the 
membrane. However. electrostatic interacti ons 
of polar beaci groups. hydrophobic interactions 
of cholesterol w ith selected phospholipids or 
glycolipids, and protei n- lipid interactions ali 
lead to constraints on the movement. Thus there 
may be lipid domains in which lipicls move to
gether. such as islancls floating in a sea of lipicls. 
Integrai membrane proteins also move in the li
pid environment, even i f their movements are 
slower than that of li picls. 
There is very l ittle transverse motion of proteins 
in membranes. Movement of membrane pro
teins may be restrictecl by other membrane pro
teins, matri x proteins, or cellular structural ele
ments such as microtubules or microfilaments 
to which they may be attachecl. 
Evidence is accumulat ing th at the fluiclity of 
cellular membranes can change in response to 
changes in diet or physiological state. Their 
contene of fatty acid and cholesterol i s modified 
by a variety of factors. In addition, pharmacolo
gical agents may bave a direct effect on mem
brane fluidity (e.g. anaesthetics). 
Thus cellular membranes are in a constantly 
changing state, with not only movement of pro-
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teins and lipids laterally on che membrane but 
wi th molecules moving into and out of the mem
brane. A variety of forces. including hydropho
bic and electrostatic interactions are involved in 
maintaining the basic structural characceri stics. 

Stratum corneum lipids as 
bound-water modulators 
and their importance 
tor water uptake 
In the kin or ali vertebrates a membrane is pre
sent to function as a homeostatic barrier which re
gulates water diffusion throughout the skin itself: 
this membrane is constilllted by the horny layer of 
which the main components - proteins. lipids. wa
ter - are assembled in a very ordered struclllre. 
Lipids derive from desquamated keratinocytes 
and from the sebaceous secretion. 
In the horny layer the intercellular spaces inclu
de a super imposed lamel lar structure. derived 
by exocytosis from granules localized in the lo
wer granular layer. 
The basic unit o f lamellar structures that are 
fou nd in the end-phase of keratinocytes diffe
rentiati on consists of a lipid bilayer sim i lar to 
that found in myelin and rods of the retina. In 
common wi th other biologica! membranes the 
lipid distribution shows asymmeu-y: however a 
characteristic feature is that this asymmetry is 
not due to phosphol ipids butto glucosylcerami
des and ceramides. Altogether these compounds 
are prevalently locali zed in the external leaflet. 
The less potar species have an unusual structure 
in which the fatty acid l inked lo sphingosine is 
represented by a long chain alpha-hydroxyacid 
esterifi ed in turn main ly w i th linoleic acid. In 
some glyco ylceramides thi s last one esterifi es 
the glucose moiety in the 3' position. 
Thus glycolipids have the function of a " reser
voir" of essential fatty acids normally accompli
shed in biologica! membranes by phospholipids. 
These last molecules are present only in the li
v ing cells of the basai and spi nous layer and are 
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rapidly degraded when keratinogenesis starts. 
The hydrolyzed fatty acids from phosphol ipids 
contribute to che pool of free acyls present in the 
horny layer together with those derived from se
baceous secretion: the sphingosine moiety is re
cycled for the synthesis of glucosylceram icles or 
ceramides. 
The remainder of the lipid component of the 
horny layer is represented by free cholesterol 
(20%), and free fatty acids. 
Lamellar granules. in which the bilayer is organi
zecl in a disk-shape configuration, assemble to gi
ve the fi nal structure of the layer under the in
fluence of: I - acylglucosylceramides which du
ring the .. dispersion·· of lamellar disks undergo a 
deglycosi lation process: 2- lysophospholipids for
mation. catalyzed by a Ca-dependent phospholi
pase that acts on phospholipids of the granular 
layer: 3- the parallel increase of free fatty acids in 
the arca between the granular and horny layers. 
A ro te which is not on ly structural but also fun
ctional is played by the cholesterol esters locali 
zed in the stratum corneum: the exfoliation or 
horny layer cells, which constitutes the last sta
ge of epiclermal di fferentiation, is accompl ishccl 
by the hydrolysis of cholesterylsulfate. 
In conclusion, stratum corneum lipids that form 
the lamellar structure serve as a water modu la
tor. This water-holding function of the stratum 
corneum is thought to be completely distinct 
from the water permeability barrier, although 
the same intercellular lipids play a crucial ro le 
and pathological (del ipidated) skin general ly 
suffer a defect in both functions. Recent data 
from the l iteralllre suggest that although cerami
des are the main determinane of both functions, 
ceramides with relati vely short. non-branched, 
and saturateci alkyl chain lengths are mainly as
sociateci with the water-holding function, whe
reas acylceramides with linoleic acid or cerami
des with long alkyl chain lengths serve as a per
meability barrier. 



B. Berra. S. Rape/11 

References 

1. Singer S.J., Nicolson, G.L. (1972.) The fluid mosaic model of the structure of celi membranes. 
Science 175:720-73 1. 

2. Finean J .B.R., Coleman, R., M ichell, R.H. (1984) Membranes and Their Cellular Function, 
3rd ed. Oxford: Blackwell. 

3. Bretscher M.S. (1985) The molecules of the celi membrane. Sci. Am. 253 (4): 100-109. 
4. Datta D.B. (1987) A Comprehensive Introduction to Membrane Biochemistry. Madison: Fiorai. 
5. Yeagle P. (1987) The Membranes of Cells. Orlando: Academic. 
6. Alber ts B. et al. (1989) Molecular Biology of the Celi 2nd Ed. Garland Pubi. Inc. 
7. Friberg S.E. et al. (1990) The importance of lipids for water uptake in stratum corneum. lnt. J. 

Cosmetic Sci. 12:5-12. 
8. Berra B., Ra pelli S. (1990) Carbohydrate, protein and lipid metabolisms in the skin; biochemi

cal and molecular aspects. In Skin Pharmacology and Toxicology. C.L. Gall i, C.N. Hensby and 
M. Marinovich eds., Plenum Publishing Corporation, 37-52. 

9. Imokawa G., Kuno H., Kawai M. ( 199 1) Stratum Corneum Lipids Serve as a Bound-Water 
Modulator. J. lnvest. Dermato/. 96: 845-851 . 

89 


