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Diagrama esquemadtico de uma membrana celular

% =~ Oligosaccharide

e

Integral
protein
Hydrophobic
g o helix
> ‘:‘.,}(f ; .t
il st vy . 3 “Z
i { N 4“ }‘

T : iy 3 43,
: J Phospholipid

Cholesto%_}

Compartimentalizagdo: separagdo entre interior e exterior

(Voet, Voet, 1990)

Seletividade: fransporte seletivo através da membrana

Comunicacgdo: transducdo de sinais



Anfifilicos

anfifilico: parte polar e parte apolar y
audgig (amphis): ambos 7
@IAia (philia): amor, amizade ,§

Lipidios: tﬁ

"

o o)

T
o
O

O
o

“do material
bioldgico, o que é
solivel em
cloroformio, e |,
portanto, ndo é
soldvel em H,0O" DMPC

dimiristoil fosfatidil colina



H,O

55% em peso do corpo de uma pessoa adulta

m; |:€ C1U2|30320[|>ar Ligagdes de hidrogénio

o 9"

o
o A .

gelo ~ 4 H-bonds/molécula
liquido ~ 2 H-bonds/moléculas (dindmicas)

Muitos estudos ainda em andamento.. p. ex., Vera Henriques



Grupos hidrofébicos ou hidrofilicos:

hidrofilicos: capazes de formar ligagées com a H,O

H H'x. .J"H
H H 4 oS
%
:‘:—Df HWLnt::n_hH DE&H_ H_f(l‘“H D::H H“‘N H Dr’H
o M gt A - H.. %D=CH ) “I“ﬁ
HKH‘_,.:.R |—|| ’ IH I:|hJ lf Nermo "
H H..-f":' H ':Ii Er III'|
hidrofobicos
Etano (C,H,) do benzeno para H,O: H_.;.;H
HoH
ASTr‘ = -83.7 J/mol K /H:i: HHE—HIIIII T':'&H
®, H H
AH,. = -9.4 kT /mol o T U
% /
AG = AH - T AS N A
G‘H. |
(T=298K) AG,.=+ 155 kJ/mol ! !

(T. Heimburg: “"Thermal biophysics of membranes")



Etano (C,H,) do benzeno para H,O:
AS;. = -83.7 J/mol K
AH;. = -9.4 kJ/mol
AG = AH - T AS
(T=298 K) AG,,. =+ 155 kJ/mol

Grande diminuigdo da entropia € principalmente relacionada
a organizagdo das moléculas de H,O em volta do grupo

“hidrofdbico”: forma um tipo de "gaiola”.

Isto €, o contato entre H,O e o grupo hidrofdbico é menos

favordvel do que o contato entre duas moléculas de H,O.



Hydrophilic
“head group”

Hydrophobic
alkyl group

%
& ///&@ ‘
“Flickering clusters” of HyO 78\
molecules in bulk phase CA)

Highly ordered HyO molecules form
“cages” around the hydrophobic alkyl chains

(Lehninger Principles of Biochemistry)

°Q Dispersion of
lipids in HpO

Each lipid

molecule forces

surrounding HoO

molecules to become

o =q highly ordered.
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Clusters of lipid
molecules

Only lipid portions

at the edge of

the cluster force the
ordering of water.
Fewer HyO molecules
A%, are ordered, and
entropy is increased.

Micelles

v

) All hydrophobic
groups are
sequestered from
water; ordered
shell of HoO
molecules is
minimized, and
&., entropy is further
&o increased.

R &
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g Modelos de membranas bioldgicas
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vesiculas unilamelares vesiculas multilamelares




Lipidios podem também formar outras estruturas
em solugdo aquosa...
dependendo de sua estrutura e da solugao

090
) Q
() O
O O
0 o 2 nm
a0 —
micela:
8 000
e O oooooo
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o o o2°
000 Q00% o
(#) O o
“J
) {
° o 0®%g 9000
OOQO O o)
o , o

micela invertida

0000000000000

i

OOOOOOODOOQOOO
bicamada

vesicula ou lipossomo

hitp://labspace.operv.ac.uk
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4 CMC

Concentragcdo Micelar Critica

Para micelas, ou bicamadas, ou ...

Forca atrativa de van der Waals entre as cadeias
Forga repulsiva entre as cabecas polares

Efeito entrodpico

Micelas: um equilibrio dinamico
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OS se organizam
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EcomooslL

cylindrical (cross section
of head equals that of side chain)

Individual units are

(cross section of head
greater than that

Individual units are
of side chain)

wedge-shaped

(c¢) Liposome

(b) Bilayer

(a) Micelle
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Leandro R. S. Barbosa

fases cubicas



Composigdo das membranas bioldgicas

( é )
cabeca polar
¢gap T~

2

cadeia
hidrocarbonica
apolar
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Tab. 3.1 Head group composition of the membranes of some mammalian liver cells, erythro-
cytes , and nerve cells in weight percent. Adapted from Jamieson and Robinson (1977). Ab-
breviations: PC = phosphatidylcholines, PE = phosphatidylethanolamines, PS = phosphatidyl-
serines, Pl = phosphatidylinositols, SM = sphingomyelin, CL = cardiolipin.

Membrane PC PE PS PI SM CL Glycolipid Cholesterol Others
Erythrocyte (human) | 20 18 7 3 18 - 3 20 11
Plasma (rat liver) 18 12 7 3 12 - 8 19 21
ER 48 19 4 8 5 — tr 6 10
Golgi 25 9 3 5 7 - 0 8 43
Lysosome 23 13 - 6 23 =5 - 14 16
Nuclear membrane |44 17 4 6 3 1 tr 10 15
Mitochondria 38 29 0 3 0 14 tr 3 13
Neurons 48 21 5 7 4 - 3 11 1
Myelin 11 17 9 1 8 - 20 28 6
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Assimetria dos lipidios em membranas biologicas

human red blood cell membrane
60 — _

total
7 outside
40 - L

l sm PC
20 - =
PE

20 - =

percentage of total

60 — inside -

(T. Heimburg: "Thermal biophysics of membranes")



Bicamadas lipidicas: transigdo de fase principal

gel Apreseq‘rada
Fid g pela maioria
AR dos
! fosfolipidios
saturados
(Voet ano} Ve, 1990 ¥ Tm DMPC
Capacidade .
térmica (Cp) < !
S s
A fluid
% . gel
transigao g 4
ordem/desordem g o] T
1 p
. N
(1a ordem) g
6 1[0 2‘0 3‘0 4‘0 5‘0 6‘0

Temperature (°C)
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Figure 2.10. Potential energy curve for rotation about a carbon—carbon bond in an alkane.
Helow is the Newman projection diagram of the minimum energy gauche and trans con-
formations of butane: g*, g', and ¢. Adapted from ref, 535.

gel: maioria das ligagoes C-C trans

fluida: muitas ligagées C-C gauche

(R. B. Gennis)



Transigdo de fase principal

from side:
loss in chain order

from top:
loss in lattice order

high degree of (Heimburg, 2007)
lateral mobility

Transicdo de 1a ordem: ordem/desordem



Lipid bilayer main phase transition

DMPC

Differential scanning calorimetry (DSC)

Cp (kcal/mol/K)

NCR < N C TR URYC SR
1 l 1 l 1 l 1 l 1 l 1

16 -
14
12 4

10

Heat Capacity (Cp)
T DMPC
gel fluid
Tp i P’
E) | 1[0 | 2‘0 | 3‘0 | 4{0 | 5‘0 6‘0

Temperature (°C)



Gel-fluid transition of lipid bilayers

200 -
<
2 10
2

a. 100 -

<
T w4 DMPC DPPC DSPC

g (14:0) (16:0) (18:0)
- |
=
-50 —
10 2 3 0 <0 0
temperature [°C] (Heimburg, 2007)

T,, is highly dependent on chain length



Depends on:

(DMPC in Avanti
Polar Lipids site)

It is also related with bilayer curvature and
bilayer/bilayer interaction



Gel-fluid transition of biological membranes

— DPPC LUV

%

e

L
" hovine lung surfactant

< Mixture of different lipids
:; If.mn‘_

ER Possible presence of

o 107 . . . .

< os different lipid micro-
| bacillus subtilis do mal ns

S Very complicated systemsl!

1 I 1
1] 20 40 &0
temperature [°C]

(Heimburg, 2007)



Propriedades das bicamadas lipidicas

cmc ~ 1010 M

coeficiente de difusao lateral Dyel ~ 1019 nm?/ns  Dg,q ~ 10 nm?/ns

area por cabeca polar ~ 0.6 nm? 10s 1ms

“flip flop rate” ~ 1-10 h

bicamada lipidica fluida: bem estavel, mas muito maleavel e dindmica




