Lipideos, membranas bioldgicas e
transporte




LIPIDEOS DE ARMAZENAMENTO

Some Naturally Occurring Fatty Acids

Solubility at 30 °C

(mg/g solvent)
Carbon Common name Melting
skeleton Structure* Systematic name' (derivation) point (°C) Water Benzene
12:0 CH4(CH5),,CO0H n-Dodecanoic acid Lauric acid 44.2 0.063 2,600
(Latin faurus,
“laurel plant")
14:0 CH4(CH3);,CO0H n-Tetradecanoic acid Myristic acid 53.9 0.024 874
(Latin Myristica,
nutmeg genus)
16:0 CHa(CH»)4CO0H n-Hexadecanoic acid Palmitic acid 63.1 0.0083 348
(Latin palma,
“palm tree")
18:0 CH4(CH.),,CO0H n-Octadecanoic acid Stearic acid 69.6 0.0034 124
(Greek stear,
“hard fat")
20:0 CHa(CH,),:CO0H n-Eicosanoic acid Arachidic acid 76.5
(Latin Arachis,
legume genus)
24:0 CH4(CH,),,CO0H n-Tetracosanoic acid Lignoceric acid 86.0
(Latin lignum,
“wood" + cera, "wax")
16:1(A%) CH4(CH;)sCH=CH(CH,);COOH cis-9-Hexadecenoic acid Palmitoleic acid -0.5
18:1(a%) CH3(CH,);CH=CH(CH,);,CO0H ¢is-3-Octadecenoic acid Oleic acid 13.4
(Latin oleum,
“oil")
18:2(a%12) CHa(CH,),CH=CHCH,CH= ¢is-,¢is-9,12-Octadecadienoic  Linoleic acid -5
CH(CH,);,CO0H acid (Greek /inon, “flax”)
18:3(a%1%1%)  CH4CH,CH=CHCH,CH= cis-,cis-,cis-9,12,15- a-Linolenic acid -11
CHCH,CH=CH(CH,);COOH Octadecatrienoic acid
20:4(A%8 1114 CH4(CH,)4CH=CHCH.CH= cls-, cfs-,cis-,cis-5,8,11,14- Arachidonic acid ~49.5

CHCH,CH=CHCH,CH=
CH(CH,),CO0H

Icosatetraenoic acid




Carboxyl
group
Hydrocarbon
chain

Mixture of saturated and
unsaturated fatty acids

Saturated
fatty acids




Triacilgliceréis

1-Stearoyl, 2-linoleoyl, 3-palmitoyl glycerol,
a mixed triacylglycerol
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C.lﬁ an.d C’IS CIG and C 18 C4 to 014_
saturated  unsaturated saturated

Fatty acids (% of total)

20

Olive oil, Butter, Beef fat,
liquid soft solid  hard solid

Natural fats at 25 °C
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Palmitic acid 1-Triacontanol




LIPIDEOS ESTRUTURAIS DE
MEMBRANA

Storage Membrane lipids (polar)

lipids
(neutral)
Phospholipids Glycolipids
|
| |
Triacylglycerols Glycerophospholipids Sphingolipids Sphingolipids
7 —————————————— N T
| Fatty acid Fatty acid |
Fatty acid Fatty acid Fatty acid Fatty acid
- _ ~ | | Mono-or
Fatty acid PO, Alcohol i PO, Choline oligosaccharide
|




GLICEROFOSFOLIPIDEO
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1CH2—O—C\/\/\/\/\/\/\/\ Saturated fatty acid
0 (e.g., palmitic acid)

Glycerophospholipid I

(general structure) * Unsaturated fatty acid

CH—0—C — BLELL.
\/\/\/\/_\/\/\/\/ (e.g., oleic acid)
)

I
5CH;—0—P—0— X

(0 Head-group
Name of Net charge
glycerophospholipid Name of X Formula of X (at pH 7)
Phosphatidic acid — —H -1
+
Phosphatidylethanolamine Ethanolamine — CH,—CH,—NH; 0
+

Phosphatidylcholine Choline — CH,—CH,—N(CHz), 0

o+
Phosphatidylserine Serine — CH,—CH—NH4 -1

500~
Phosphatidylglycerol Glycerol — CHx—iH—Cﬂz—OH -1

OH
Phosphatidylinositol myo-Inositol 4,5- —4

4,5-bisphosphate bisphosphate
Cardiolipin Phosphatidyl- -2
glycerol HOH O
H,—O0—P—0—CH,
T,
CH—O—C—R
1
CH;—O0—C—R?




ESFINGOLIPIDEOS

Fattyacid
Sphingolipid
(general
structure)
Name of sphingolipid Name of X Formula of X
Ceramide — —H
Sphingomyelin Phosphocholine — ij—O-—Gli_[z_CHE_ﬁ(CHa‘)a
.0-—
"H,OH
Neutral glycolipids
Glucosylcerebroside Glucose
Lactosylceramide Di-, tri-,or ' '
(a globoside) tetrasaccharide / \ .
Ganglioside GM2 Complex
oligosaccharide




Estrutura molecular
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Phosphatidylcholine Sphingomyelin




Determinantes de grupos sanguineos

O Antigen




Degradacao de lipideos de membrana

Phospholipase A;
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Degradacao de esfingolipideos

" Globoside

e

hexosaminidase
Aand B

ganglioside
neuraminidase

p-galactosidase ~— !‘

|'Ceramide H Phosphocholine |

Sphingomyelin
glucocerebrosidase ®—'

\‘——)

sphingo-
myelinase

@ o () canac

Gal () NeusAc




LIPIDEOS COMO SINAIS E PIGMENTOS

— NH—CH,—CH,—S0;

Steroid
nucleus

Taurocholic acid
(a bile acid)



EICOSANOIDES

Membrane
phospholipid
Polar
head
group
(a)
0
Il
8 5 1c—oH
TN Arachidonic acid
CH;

OH OH 3 — ({__ o0~ Leukotriene A4
(0]
Prostaglandin E1 NS Chs
(PGE1)

Thromboxane Ay

Eicosanoids
(b)




nios derivados do colesterol

Testosterone

GH,OH
H,CX_OH
HO 5

H,C

Cortisol

OH
H,C
HO
Estradiol
- (|3H20H
O\é c=0
HO
HC
O
Aldosterone

Prednisolone

Prednisone



Vitamina D

CH,
CH;,
7-Dehydrocholesterol
uv ]ight\_‘w l
l 2 steps (in skin)
H,C_ CH,4

25

CH;

CH,
Cholecaleiferol (vitamin D)

ll step in the liver

ll step in the kidney

HiC. o JCH,

'OH
2 _—
1,25-Dihydroxycholecalciferol
(a) (1,25-dihydroxyvitamin Dg)




point of
cleavage

B-Carotene
(a)

Vitamina A

oxidationof
i alcohol to
aldehyde

Vitamin A, 11-cis-Retinal

(retinol) (visual pigment)
(b) (e)

oxidation
of aldehyde

WV

Retinoic acid

(d)

H/C\‘o
all-trans-Retinal
(e)

——> Hormonal
signal to
epithelial
cells

Neuronal
signal
to brain



Vitamina E

CHj
HO | ?Hs : CHj | CH
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Warfarin: a blood -
anticoagulant CH
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CH.—C—CHj;




MEMBRANAS BIOLOGICAS E

TRANSPORTE
e
Individual units are
wedge-shaped
(cross-section of head
greater than that

of side chain)
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Individual units are

cylindrical (cross-section
of head equals that of side chain)
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MODELO DO MOSAICO FLUIDO

Oligosaccharide

chains of

glycoprotein

Integral protein
(multiple trans
membrane helices)
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Glycolipid
fatty acyl
polar heads
Peripheral
protein



Movimentacao dos lipideos da membrana

»

state (solid)

e
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(a)
Heat produces thermal
. motion of acyl side chains
Fluid (solid — fluid transition)

state

}:ijr o
hu{%i%%%’“\‘

AR NN

(b)
Lateral diffusion
in plane of bilayer
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i (e

i Transbilayver diffusion (“flip flop™)

1| £1r2 = hours to days (uncatalyzed)
= seconds (flippase catalyzed)
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Proteinas integrais e periféricas

Peripheral
protein

change in pH;
chelating agent; |

urea; CO% ~~

detergent

Lipid-linked
protein

N

Protein—glycan

(hydrophobic domain
coated with detergent)



teinas integral (glicoforina)




Tipos de proteinas integrais de membranas




Outside

Amino
terminus

Carboxyl
terminus

Hydropathy index

Bacteriorrodopsina
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Hydrophobic
Hydrophilic
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Residue number

Bacteriorhodopsin

(b)



Proteinas envolvidas nas interacoes célula-célula

Immunoglobulin-like

/ ' domains
Ligand-binding Adhesive 2 ) Lectin domain
region domain " (binds carbohydrates)

@

Plasma
membrane

Inside Integrin Cadherin N-CAM Selectins



-
~ HIV attaches to host .
Fusdo de membranas P e o
envelope and CD4 in host
cell plasma membrane.

Cytokine receptor (CCR5) in

I‘-‘ 7 ! host cell plasma membrane
Host cell _— binds CD4 and gp120,

plasma allowing amino-terminal

| membrane membrane fusion domain
| of gp41 to insert into host
} cell membrane.

Budding of vesicles
from Golgi complex

Exocytosis

Endocytosis

Fusion of endosome
and lysosome

Conformational change

| in gp41 yields hairpin

! structure with coiled-coil
domain, bringing the two
membranes into contact.

Viral infection

Fusion
of sperm and egg

Fusion of small
vacuoles (plants)

- g AW Fusion of HIV and host

! cell membranes allows
Separation of two HIV contents (RINA

plasma membranes _) C genome and enzymes)
: /,/’ o to enter host cell.

at cell division

B _ (b)



Transporte de solutos através de membranas

Hydrated
solute

Simple diffusion
without transporter

i
AGsimple
diffusion

Diffusion
with transporter

Free energy, G

Va>0 Vh,=0

Before equilibrium At equilibrium

(b) (b)




Aquaporinas (proteina transportadora de agua)
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D-Glucose




Sistemas de transporte

Uniport Symport Antiport
| |

Cotransport



Co-transporte (cloreto bicarbonato)

Carbon dioxide produced
by catabolism enters
erythrocyte

COy

Chloride-bicarbonate
exchange protein

In respiring tissues

carbonic anhydrase

Bicarbonate
dissolves in
blood plasma

HCO; CI

CO9 + HyO

>HCO; + H'

CO9 + HyO =

In luns

Carbon dioxide leaves
erythrocyte and is
exhaled

carbonic anhydrase

HCO3 +H™ CI” | |

HCO3 Cl

Bicarbonate enters
erythrocyte from
blood plasma



Transporte ativo

Primary active transport Secondary active transport

(a) (b)



ATases de transporte
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Four Classes of Transport ATPases

Organism or tissue Type of membrane Role of ATPase
P-type ATPases
Na K" Animal tissues Plasma Maintains low [Na™1, high [K"] inside cell; creates
transmembrane electrical potential
H"K* Acid-secreting (parietal) Plasma Acidifies contents of stomach
cells of mammals
H Al St L FiasIme Create H' gradient to drive secondary transport
' ; of extracellular solutes into cell
H Higher plants Plasma
Ga® Animal tissues Plasma Maintains low [Ca®"] in cytosol
Ca’* Myocytes of animals Sarcoplasmic reticulum Sequesters intracellular Ca®*, keeping cytosolic
(endoplasmic reticulum) [Ca?"] low
(a2, He™, Sy Bacteria Plasma Pumps heavy metal ions out of cell

V-type ATPases

H™ Animals Lysosomal, endosomal,

secretory vesicles Create low pH in compartment, activating
H* Higher plants Vacuolar proteases and other hydrolytic enzymes
H Fungi Vacuolar

F-type ATPases

H Eukaryotes Inner mitochondrial
H* Higher plants Thylakoid Catalyze formation of ATP from ADP + P
H™ Prokaryotes Plasma

Multidrug transporter

Animal tumor cells Plasma Removes a wide variety of hydrophobic natural
products and synthetic drugs from cytosol,
including vinblastine, doxorubicin, actinomycin D,
mitomycin, taxol, colchicine, and puromycin



ATPase do tipo P

@ 3Na'

w
@ _ Na'K' ATPase

Membrane potential =

+ | 1

+ | |+

+ | | +
2K*

+ | | +

+ -  Cytosol [K']=140mM  — || +

[Na™] =12 mM

+ + o+ o+ o+ o+ o+

Extracellular fluid [K+ =4 mM
or blood plasma [Na™] = 145 mM



Transporte de glicose nas células epiteliais do intestino

Apical Basal
surface surface

Intestinal
lumen

Microvili P <
> Epithelial cell N % 2Kt

Ifﬁlucose uniporter
1uT2 (facilitates

Na™ glucose '/
S ‘downhill efflux)

Symporter \
(driven by high -/
extracellular [Na™*])




Canal de potdssio
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Valinomicina




Canal de sodio

I II III v
Domain ——*—— e ——y ——— — Selectivity filter

(pore region)

Outside

Inactivation gate Voltage sensor
(a)
Outside ,g.c:ivation
ate
111 ook -

’ Voltage
sensor

Selectivity

filter (pore)

= @\— 11
&8 ...
L L 2 Activation

Voltage

: Inside = Membrane polarized, gongor
gate channel closed
+ Aqueous ion
channel

Inside :-NaJr

/ Inactivation

Tether I Membrane depolarized,

gate (open) channel open

(b) (©



Facilitated diffusion
(down electrochemical
gradient)

Simple diffusion

(nonpolar compounds only,
down concentration
gradient)

Sont

Primary active
transport (against
electrochemical

Sont

Tonophore- <
mediated

Ion channel

(down Ion
electrochemical Sesomiary r
adient; ma active transpo
gl;‘e gated by g Q (against electrochemical
i i Ion adient, driven by ion
ligand or ion) gr » y

moving down its gradient)



