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i I Lipidi

del Sanmic

I Lipidi sono distinti da un punto di vista funzionale in :
1) Lipidi di membrana
2) Lipidi di riserva
3) Lipidi a funzioni diverse

( cofattori, trasportatori, pigmenti, ormonti,
messaggeri intracellulari).



i I Lipidi

del Sanmic

I Lipidi di membrana piu diffusi sono :
1) 1 fosfolipidi

2) 1l colesterolo

I Lipidi di riserva sono essenzialmente 1 triacilgliceroli o
trigliceridi.

I Lipidi, che hanno ruoli diversi, possono appartenere a piu
specie € quindi sono meno omogenel da un punto di vista
strutturale.



I Lipidi

I Lipidi sono distinti da un punto di vista strutturale in :

1) Lipidi semplici
(acid1 grassi)

1) Lipidi complessi

(triacilgliceroli, fosfolipidi, glicolipidi).
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Classificazione strutturale de1 lipidi

Storage ‘ Membrane lipids (polar)
lipids
(neutral)

Phospholipids Glycolipids

Triacylglycerols Glycerophospholipids ‘ ‘ Sphingolipids Sphingolipids

——— Fatty acid Fatty acid

Fatty acid Fatty acid Fatty acid

—— Fatty acid

Glycerol
Glycerol

Sphingosine
Sphingosine

Mono- or
—— Fatty acid —‘ PO, —‘ Alcohol —‘ PO, —‘ Choline oligosaccharide




LimivErsit
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Gli acidi grassi sono 1 p1u diffusi tra 1 lipidi, ma non sono
presenti in forma libera nell” organismo.

Gli acidi grassi sono trasportati in circolo attraverso
sistemi di trasporto molto efficienti.

Gli acidi grassi sono trasportati attraverso 1l legame con:

1) L” albumina, che trasporta gli acidi grassi endogeni
dal tessuto adiposo a1 tessuti;

2) Le lipoproteine, che trasportano gli acidi grassi esogeni
dall’intestino a1 tessuti.
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Carboxyl
group

Hydrocarbon
chain
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Some Naturally Occurring Fatty Acids

I Lipidi

Carbon

skeleton Structure*®

Systematic name'

Solubility at 30 °C
(mg/g solvent)

Common name
(derivation)

Melting

point (°C) Water  Benzene

12:0 CH4(CH,),COOH

CHa(CH,);,CO0H

CH4(CH,),4CO0H

CH3(CH,),sCO0H

CHa(CH,);5COO0H

24:0 CH3(CH,),,CO0H

16: ].(Ag)
18:1(a%)

5 Hg(CHQ}:gC HZCH(CH2)}‘COOH
G Hg(CHQ}?C H=CH(CH2)?COOH

18:2(a%12) CH;(CH,),CH=CHCH,CH=
CH(CH,);CO0H
CH4CH,CH=CHCH,CH=
20:4(A%8 1110 CH4(CH,)4,CH=CHCH,CH=
CHCH,CH=CHCH,CH=
CH(CH,);CO0H

18:3(A%1215)

n-Dodecanoic acid

n-Tetradecanoic acid

n-Hexadecanoic acid

n-Octadecanoic acid

n-Eicosanoic acid

n-Tetracosanoic acid

cis-9-Hexadecenoic acid
cis-9-Octadecenoic acid

cis-,cis-9,12-Octadecadienoic
acid

cis-,cis-,cis-9,12,15-
Octadecatrienoic acid

cis-,cis-,cis-,cis-5,8,11,14-
Icosatetraenoic acid

Lauric acid 44.2 0.063
(Latin faurus,
“laurel plant")

Myristic acid
(Latin Myristica,
nutmeg genus)

Palmitic acid
(Latin palma,

“palm tree")

Stearic acid
(Greek stear,

“hard fat")

Arachidic acid
(Latin Arachis,
legume genus)

Lignoceric acid
(Latin lignum,
“wood" + cera, "wax")

Palmitoleic acid

Oleic acid
(Latin oleum,

“oil™)

Linoleic acid

(Greek finon, “flax")

«-Linolenic acid

2,600

0.024 874

0.0083 348

0.0034 124

Arachidonic acid

*All acids are shown in their nonionized form. At pH 7, all free fatty acids have an ionized carboxylate. Note that numbering of carbon

atoms begins at the carboxy! carbon.

"The prefix n- indicates the “normal” unbranched structure. For instance, “dodecanoic” simply indicates 12 carbon atoms, which could
be arranged in a variety of branched forms; “n-dodecanoic” specifies the linear, unbranched form. For unsaturated fatty acids, the
configuration of each double bond is indicated; in biological fatty acids the configuration is almost always cis.
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Saturated
fatty acids

(c)




I Lipidi

Mixture of saturated and
unsaturated fatty acids

(d)




Limiversit:
chewti- Storchi
del SANTIG

Some Naturally Occurring Fatty Acids

I Lipidi

Carbon

skeleton Structure*®

Systematic name'

Solubility at 30 °C
(mg/g solvent)

Common name
(derivation)

Melting

point (°C) Water  Benzene

12:0 CH4(CH,),COOH

CHa(CH,);,CO0H

CH4(CH,),4CO0H

CH3(CH,),sCO0H

CHa(CH,);5COO0H

24:0 CH3(CH,),,CO0H

16: ].(Ag)
18:1(a%)

5 Hg(CHQ}:gC HZCH(CH2)}‘COOH
G Hg(CHQ}?C H=CH(CH2)?COOH

18:2(a%12) CH;(CH,),CH=CHCH,CH=
CH(CH,);CO0H
CH4CH,CH=CHCH,CH=
20:4(A%8 1110 CH4(CH,)4,CH=CHCH,CH=
CHCH,CH=CHCH,CH=
CH(CH,);CO0H

18:3(A%1215)

n-Dodecanoic acid

n-Tetradecanoic acid

n-Hexadecanoic acid

n-Octadecanoic acid

n-Eicosanoic acid

n-Tetracosanoic acid

cis-9-Hexadecenoic acid
cis-9-Octadecenoic acid

cis-,cis-9,12-Octadecadienoic
acid

cis-,cis-,cis-9,12,15-
Octadecatrienoic acid

cis-,cis-,cis-,cis-5,8,11,14-
Icosatetraenoic acid

Lauric acid 44.2 0.063
(Latin faurus,
“laurel plant")

Myristic acid
(Latin Myristica,
nutmeg genus)

Palmitic acid
(Latin palma,

“palm tree")

Stearic acid
(Greek stear,

“hard fat")

Arachidic acid
(Latin Arachis,
legume genus)

Lignoceric acid
(Latin lignum,
“wood" + cera, "wax")

Palmitoleic acid

Oleic acid
(Latin oleum,

“oil™)

Linoleic acid

(Greek finon, “flax")

«-Linolenic acid

2,600

0.024 874

0.0083 348

0.0034 124

Arachidonic acid

*All acids are shown in their nonionized form. At pH 7, all free fatty acids have an ionized carboxylate. Note that numbering of carbon

atoms begins at the carboxy! carbon.

"The prefix n- indicates the “normal” unbranched structure. For instance, “dodecanoic” simply indicates 12 carbon atoms, which could
be arranged in a variety of branched forms; “n-dodecanoic” specifies the linear, unbranched form. For unsaturated fatty acids, the
configuration of each double bond is indicated; in biological fatty acids the configuration is almost always cis.
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Olive o1l, Butter, Beef fat,
liquid soft solid  hard solid

Natural fats at 25 °C




I Lipidi complessi di riserva
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Glycerol
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1-Stearoyl, 2-linoleoyl, 3-palmitoyl glycerol,
a mixed triacvlglycerol
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[ triacilgliceroli costituiscono la riserva energetica
p1u ingente per tutti gli organismi.

Le cellule del tessuto adiposo conservano energia
prontamente utilizzabile sottoforma d1 triacilglicerol..

Negli animali ibernanti 1 triacilgliceroli sono utilizzati
come fonte di energia e come 1solanti termici.
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Tessuto adiposo bianco
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Tessuto adiposo bruno

3 um




I Lipidi

Le cere sono costituiscono una classe di lipidi complessi

O

|
CH3(CHz)14—C—0—CHy—(CHz)2s—CHj

EE——T——— PR

Palmitic acid 1-Triacontanol

(a)
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Le cere sono una protezione contro gli insulti esterni
a causa della loro 1drorepellenza e consistenza
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I Lipidi complessi nelle membrane

Storage ‘ Membrane lipids (polar)
lipids ———————————

(neutral) ‘
‘ Phospholipids ‘ Glycolipids ‘

Triacylglycerols Glycerophospholipids ‘ ‘ Sphingolipids Sphingolipids

—— Fatty acid Fatty acid ‘

- Fatty acid Fatty acid ‘

—‘ Fatty acid — Fatty acid

| Mono- or
—— Fatty acid PO, ‘ Alcohol ‘ —‘ PO, —‘ Choline oligosaccharide

Glycerol
Glycerol

Sphingosine
Sphingosine
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La struttura del glicerolo 3 fosfato
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I Lipidi

I glicerofosfolipidi

0

I
1CH,—0—C. o .
i ™ \/ NS \’ N ™ J’\/ i

Saturated fatty acid
(e.g., palmitic acid)

O

Glycerophospholipid . ;

(general structure) “CH—O—C. o A A A y Unsatu r_aitr}ri_iatt.}-' acid
| s “ SN / T . Y s, TR \ o leg., oleic acid)

fl__lj o
3CH.—O0—P—0—X

O Head-group
substituent
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I Lipidi

Name of
glycerophospholipid

Name of X Formula of X

Net charge
(at pH 7)

Phosphatidic acid

Phosphatidylethanolamine

Phosphatidylcholine

Phosphatidylserine

Phosphatidylglycerol

Phosphatidylinositol
4,5-bisphosphate

Cardiolipin

—H
-+
Ethanolamine — CH,—CH,—NH;,
Choline — CH,—CH,—N(CHy);

Serine — CHg—CH—f\-IH;.j
00

Glycerol — CHQ—(|3H—CH2—OH

myo-Inositol 4,5-
bisphosphate

Phosphatidyl-
glycerol

<=,
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Phosphatidylcholine
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Membrane
phospholipid

PDIEH‘ 5 I-JE..“f:Ilhl:ll iJ’1,1_-..'._-- 'I,L

head
group
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Phosphatidylinositol

phosphorylation |~ 2ATP
in plasma
membrane \> 2ADP

W

Phosphatidylinositol 4,5-bisphosphate

hormone-sensitive HoO
phospholipase C f -
in plasma

membrane ‘/\

Inositol 1,4,5-trisphosphate Diacylglycerol

| |

Release of intracellular Ca2™ ———-—> Activation of
protein kinase C

I

I

I

I
v

Regulation of other enzymes Regulation of other enzymes
(by Ca2™) (by protein phosphorylation)
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Sphingosine
HO—*CH—CH=CH—(CH,);,—CHj
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Fattyacid
; g (0]
Sphingolipid I
(general

structure)

2CH—N—C\/\/\/\/\/\/\/\/\/\/\/\
H

'CH,—0—X

Name of sphingolipid Name of X Formula of X

Ceramide —H

7
Phosphocholine — F—O—CHQ— CHg—I;rT(CHa)g

o-

Sphingomyelin

(@)
Neutral glycolipids H/ nu
Glucosylcerebroside

OH H
OH
H OH

H

Lactosylceramide Di-, tri-, or _
(a globoside) tetrasaccharide

o Complex
Ganglioside GM2 oligosaccharide
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Sphingomyelin
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?OOO OH (‘)H
- CH—CH—CH,OH

OH H

H

H HN (H: CH.,
O

N-Acetylneuraminic acid (sialic acid)
(NeubAc)




I Lipidi

Sfingolipidi

Sphingomyelin

Senza residuo di zucchero, fosfolipide

gomyelin

Glucosylceramide

Galaclosylceramide

| principali glicolipidi sono:

Lactosyceramide

Trihexosylceramide

-cerebrosidi:(singolo zucchero)

Globoside

sutatide <D -globosidis (oligosaccaridi

Gangliosides

-sulfatidi (singolo zucchero acido)

-gangliosidi (diversi zuccheri acidi)
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Ceramide | . 8 OO

GM1
Fealactosidase ®—~ Generalized gangliosidosis

Ceramide__:

hexosaminidase A @—' Tay-Sachs disease WWH >
| Leramide
= B i L . —

=S
Globoside

hexosaminidase =
e @—' Sandhoff’s disease

Aand B
\,< \
N
Ceramide | . I — =
Ceramide [ T 0

GMS
ge m;_hmu!f—- g a-galacto- /
neuraminidase sidase A
) = / (8}—> Fabry's disease

__(}_?r'slf'}i@_e__;—.—( > / ~ )
pgalactosidase \%"_" { )

Ceramide — =l 5
g | Ceramide J Phosphocholine

/ Sphingomyelin

glucocerebrosidase @—-r Gaucher’s disease -
— . /

sphingo-
®-— Niemann-Pick disease

myelinase
\> thphochclmo|

e

‘Ceramide | «
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Gl1 abnormi depositi di gangliosdidi nei lisosomi delle cellule
cerebrali di un bambino affetto da morbo di Tay-Sachs sono il
reperto di un caso di malattia da accumulo di glicolipidi




Un Lipide complesso particolare
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Il colesterolo

Alkyl
side
chain

_— . . .
Polar X ' Steroid
head nucleus
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Un sale biliare

—NH—CH,—CH,—SO0;

Taurocholic acid
(a bile acid)
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Ormoni steroidel

Testosterone Estradiol

CH,OH CH,OH
I H |

0| ¢=0
. H. (_‘\ (Jl{ C
HO. _—~2]

som

Cortisol

Prednisolone Prednisone
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Vitamina D

o
H i

T-Dehydrocholesterol

Lk 1 T

Fr s 1N sKin

Cholecaleiferml (vitamin D)

1 sbap b thee keidney
.

HC

B¢ |
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I1 deficit di Vit.D provoca il rachitismo

A

Before vitamin D treatment After 14 months of vitamin D treatment
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Limtiversit
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2 Un acido grasso a 20 atomi di carbonio, 1’acido arachidonico,
genera alcuni lipidi a funzione ormonale : prostaglandine,
trombossani e leucotrieni

Leukotriene Ay

Prostaglandin E; ~(y 1 )
(PGE1) OH

Thromboxane As

Eicosanoids
(b)
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point of
cleavage

CH;—{ ?

g-Carotene
(a)

I Lipidi

oxidation of
alechol to

aldehyde
ﬁ}‘ GHE
N
15!‘3 H,OH

Vitamin A, 11-cis-Retinal
(retinol) ivisual pigment}
(h) (c)

oxidation

of aldeh }’{Ief o

.

to acid
-

.'-.".

-

Retinoic acid

(d)

i A "H.
I:_.-"'I- L (' H"i

\ ™
vt CHy
/ %

all-trans-Retinal

(e)

—» Hormonal
signal to
epithelial
cells

Neuronal
signal
to brain

—
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O

[ CH, CH; f|H %H
. i
A1 CH,—CH=C—CH,+(CH,—CH,—CH—CH; |, +CH,—CH,—CH—CHj

I : !
0)
(b)

Vitamin K;: a blood-clotting
cofactor (phylloquinone)
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O O
(c)

Warfarin: a blood -
anticoagulant (‘3H
H

CHE_(“J_CHB
O
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[ |

N |
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"

b

I Lipidi

CH, CH,

| i | .
CH,—CH=C—CH,+|CH,—CH=C—CH,; ) ,+

(d)

Ubiquinone: a mitochondrial
electron carrier (coenzyme Q)
(n =4-8)

£|'3H3
CH,—CH=C—CHj,
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CHj CHj, CHj

i

F i | | ! | A I |
"CH,—CH=C—CH,~+(CH,—CH=C—CH, ),+CH,—CH=C—CH;
I

I

(e)
Plastoquinone: a chloroplast
electron carrier (n = 4-8)
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| ?H:s. 1 (|3H3 | (|3H3
HO--CH,—CH,—CH—CH,-(CH,—CH=C—CHS, ) ,~-CH,—CH=C—CHj
| I I

(f)

Dolichol: a sugar carrier
(n =9-22)
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L e

ﬂérﬂgfnf

Doppio
strato
ipidico
della
membrana
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Aggregati lipidici che formano 1n soluzione acquosa

»singole unita hanno

; forma cilindric:

(la = ine trasversale rsale

della testa & pin grande della lesta & quasi uguale

di quella della catena | a quella della catena idrofobica )
il —

(a) Micella (b) Doppio strato

(¢) Vescicola



I Lipidi

Carboxyl
group

Hydrocarbon
chain
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I Lipidi

Aggregati lipidici che formano 1n soluzione acquosa

»singole unita hanno

; forma cilindric:

(la = ine trasversale rsale

della testa & pin grande della lesta & quasi uguale

di quella della catena | a quella della catena idrofobica )
il —

(a) Micella (b) Doppio strato

(¢) Vescicola
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Phosphatidylcholine
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I Lipidi

Aggregati lipidici che formano 1n soluzione acquosa

»singole unita hanno

; forma cilindric:

(la = ine trasversale rsale

della testa & pin grande della lesta & quasi uguale

di quella della catena | a quella della catena idrofobica )
il —

(a) Micella (b) Doppio strato

(¢) Vescicola
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Composizione lipidica della membrana plasmatica e
delle membrane degli organuli subcellulari

Plasmiatica

e I
Mitoconcnale
estema | .

it ol ratio

Lisosomiate [N

ucleare [ |

er rwvico [
ER liseio I:I:l:
ol E[ 1 1 i : [ Calesterolo ] Lipidi nidnord B Fostatidilcoling

1) B Cardiclipina B Stingolipici I Fostatidiletanolammina

'ercenituale det lipidi di membrana
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Percentuale
Fosfolipide del fosfolipide Distribuzione
di membrana di membrana totale nella membrana

Monostrato  Monostrato

100 mterno 0 esterno 100

Fr_';sf'q tidiletanol-
ammina

Fosfatidilcolina

Sfingomielina

Fosfatidilserina
Fosfatidilinositolo

Fosfatidilinositolo
4-fosfato

Fosfatidilinositolo
4 b-bisfosfato

Acido fosfatidico
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L
Composizione proteica della membrana plasmatica

7

o)

Lalene
J:f'd/' ligosaccaridiche

§
9

%
]
ljD dedle glicoproteme
s ¢
P 1 Esterno

Clicolipidi
a
' _ ..
b | -
\L |h-|:|ri1>

§ | sirato
' lipidica

Inierno

\ff

Teste polari

i
\ 4 \ | ’) dei fosfolipidi
sberolo /

Prileina periferica
|"'.‘—U”~'L,. 4 -I-.:;If.-1|1u-nu-|||.- Prieins
a un lipade _
""w.__\_j"|a;.l|-|;||..| mtegrale periferica
(umna sola elica
transmembrana )
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Proteina
periferica
Proteina
anfitropica
variazione del pH:
agente chelante;

AP,

S

s

2

2
I“F\

Proteina
con ancora GPI

Proteina-glicano

-
u &
Proteina ints
(dominio idrofobico
rivestito con detergente)
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I Lipidi

Terminazio Gl Ve A
amminica @ g w0

Thr

Anii The in

Ard Ll Hi Thr Asp

Thr Als Hin G

P Arg

5 ATE [
Esterno e

Hin
Gt Y This

BT

Thr

0
Glu

Interno
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I Lipidi
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,_-dnnn*'—’
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EJAI‘HHP*\H
___,___,_.A:Hiu_r--

Interno : Esterno
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Esterno Amminoterminale

Interno

Carbossiterminale
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(a) Stato paracristallino (gel)

[l calore produce un movimento
termico delle catene laterali
(transizione gel — fluido)




I Lipidi

(a) Diffusione trasversale non catalizzata (*flip-flop™)

(b) Diffusione laterale non catalizzata

(¢) Traslocazione trasversale catalizzata

+
NHj

P =
e 8|

ATP  ADPsP

Flippasi
(ATPasi di tipo )
trasferisce
la PE e il PS
dal foglietto esterno
a quello citosolico

enta
In gornt )

r—
—

mcto veloes

(1 pmi's)

{
ADP+P,

Floppasi
sportatore ABC)H
orta i fosfolipidi

dal lato citosolico
a quello esterno

Esterno

Interno

Scramblasi
trasferisce i lipidi
in ambedoe
le direzioni,
verso equilibrio




