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AULA 2: MEMBRANAS BIOLOGICAS E SINALIZACAO
ATRAVES DE MEMBRANAS



Caracteristicas dos lipideos

Alta solubilidade em solventes organicos
praticamente insoldveis em dgua

Anfipaticos (anfifilicos)

il Porcdo polar hidrofilica e

H,=LH
1
&0t 5 "
- 5= T ¢ o .
| f i}': f/( i - } '{q_‘ N - 1_n v ~ . , .
Cliy (|Gl r/,li-'f A A RNV .
5 ,f A AT, 4
L i Sk
CHI CH b H_/‘ 5 .
rope il ® .
LA i

L LT e
I |lcu / S

™ -
P % ",
[ BN
My chy
1 LY
iy ~E
[CH3|




Fungoes bioldgicas

Componentes de membranas Reserva de energia
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Tipos de lipideos: para estoque e de membranas

Triacilglicerdis (estoque)

Glicerofosfolipidios

Esfingolipidios

Esterdides , :
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Acidos Graxos
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Fosfolipideo
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Esfingolipideo (esfingomielina)
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Propriedades fisicas

Dependem das insaturagoes e do
comprimento da cadeia de hidrocarboneto

Saturado Insaturado
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Temperatura de fusdo

O ponto de fusdo designa a temperatura nqa
qual uma substancia passa do estado sélido ao
estado liquido.



Propriedades fisicas

Saturado Insaturado
JORRVY Q @O %w @

Cadeias flexiveis e distendidas A9P_€9.0d05, menos compactos
(interagdes hidrofaobicas) mais instavels

Temperatura de fusdo: diminui com o nimero de insaturagdes e aumenta com o
comprimento da cadeia.

Temperatura ambiente dcidos graxos saturados com mais de 14 carbonos sdo
sélidos, possuindo pelo menos uma dupla ligagdo sdo liquidos.

Grau de fluidez de membranas bioldgicas dependem
da composigdo lipidica



Pontos de Fusdo de Acidos Graxos Saturados

Nome N° de Carbonos Ponto de Fusao
(°C)

Laurico 12 43,9

Miristico 14 541

Palmitico 16 62,7

Estearico 18 69,9

Araquidico 20 75,4

Pontos de Fusdo de Acidos Graxos Insaturados

Nome N° de
Carbonos

Palmitoléico 16

Oléico 18
Linoléico 18
Linolénico 18

Araquidénico 20

N° de Ligas Ponto de

Duplas Fuséo (°C)
1 0,5

1 13,4

2 -5,0

3 -10,0

4 -49,5

( Blanco,A. Quimica Bioldgica,1991)
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Ring closure in

S cholesterol biosynthesis

Structure of Cholesterol http://images.absoluteastronomy.com/images/
encyclopediaimages/c/ch/cholesterol-synthesis-reaction12.png

O Colesterol é o esterol precursor dos No organismo, o Colesterol pode apresenta-se
demais esterdides na forma esterificada
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Estrutura rigida influencia a fluidez das membranas



Lipideos anfipdticos se organizam em solugdo?2

Esfingolipidios
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Figure 11-4
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Colesterol afeta a fluidez da membrana

1.3.U3 Cholesterol is a component of animal cell membranes.

Cholesterol
Hydroxyl group makes the head

/ polar and hydrophilic - attracted
to the phosphate heads on the
o periphery of the membrane.
o N Carbon rings — it's not
S classed as a fat or an oil,

cholesterol is a steroid
CH % %

CK p s

\

CHy
CH, Non-polar (hydrophobic) tail —attracted to
\C the hydrophobic tails of phospholipids in
/ "‘l the centre of the membrane
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Membranas e paredes celulares

Diversos componentes celulares sdo separados pelas

membranas.
Parede celular encontra-se somente nas células de

planta, fungo e microorganismos como bactérias,
algas eftc.

'b rp :ﬂ»ﬁ ‘!PTﬂ%

copyrlg?kﬁussell Klghtley Media, www r!

ke uﬂa animal




Membranas Bioldgicas

Os limites das células e de organelas sdo estabelecidos por
membranas bioldgicas

Sistemas de transporte especificos mantém a permeabilidade
seletiva

Estruturas dinamicas formadas por lipideos e proteinas

Proteina en estructura alfa-hélice
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Membranas Bioldgicas

-Limites fechados
-contém carboidratos
-proteinas especificas medeiam diferentes fungoes
das membranas

(bombas, canais, receptores, transdutores de energig,
enzimas).

-Montagens ndo covalentes

-Assimétricas

-Estruturas fluidas

-Eletricamente polarizadas (lado interno negativo)




https://www.youtube.com/watch?v=y59P4P5d9VA
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Composi¢do de

lipideos
membranas de organismos diferentes

varia entre

Components (% by weight)

Protein Phospholipid Sterol Sterol type Other lipids
Human myelin sheath 30 30 19 Cholesterol Galactolipids, plasmalogens
Mouse liver 45 27 25 Cholesterol —
Maize leaf 47 26 7 Sitosterol Galactolipids
Yeast 52 7 4 Ergosterol Triacylglycerols, steryl esters
Paramecium (ciliated protist) 56 40 4 Stigmasterol —
E. coli 75 25 0 — —

example, have high levels of glycolipids.

Table 11-1
Lehninger Principles of Biochemistry, Fifth Edition

© 2008 W.H.Freeman and Company

Note: Values do not add up to 100% in every case, because there are components other than protein, phospholipids, and sterol; plants, for




Composigdo de lipideos varia entre
membranas da célula

Plasma ] Cholesterol
Inner B cardiolipin
mitochondrial ] Minor lipids
Outer [l Sphingolipids
mitochondrial

[ Phosphatidylcholine

Lysosomal [] Phosphatidylethanolamine

Nuclear
Rough ER

Smooth ER

Rat hepatocyte membrane type

Golgi

0 20 40 60 80 100
Percent membrane lipid
Figure 11-2

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Modelo do mosaico fluido

Oligosaccharide
chains of ( ?
glycoprotein b

Lipid
bilayer

T
I M‘lll

(i

200 N\
1

Phospholipid
polar heads

{

Peripheral protein

covalently linked =, Peripheral
to lipid =) Integral protein protein
(single trans-
membrane helix)
Figure 11-3

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Modelo do mosaico fluido revisitado

Membrane asymmetry

Composigdo de lipideos varia entre as faces de uma
membrana

Percent of
total
Membrane membrane Distribution in
phospholipid phospholipid membrane
Inner Outer
monolayer monolayer
100 0 100
L) 1 | LI LI 1
Phosphatidyl- 30

ethanolamine
Phosphatidylcholine 27
Sphingomyelin 23
Phosphatidylserine 15
Phosphatidylinositol )

Phosphatidylinositol
4-phosphate

Phosphatidylinositol
4,5-bisphosphate

Phosphatidic acid

Figure 11-5
Lehnii Princij

les of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Modelo do mosaico fluido revisitado

Membrane asymmetry

Proteinas e lipideos especificos permitem a
segregagdo de processos bioldgicos.

Lipid Rafts concentragdo de colesterol e de
proteinas que interagem com colesterol.

Translocagdo de fosfolipideos de uma face da
membrana para a outra feita por flipases e
scrambalases



Mosaico fluido: movimento lateral das moléculas

Cell

L
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Fluorescent P ostinseg's

lipids L
probe on w / W&{:?}Zﬁ

lipids ARl AR
View surface with
fluorescence
microscope

Intense laser
beam bleaches
small area

@

With time, unbleached
phospholipids
diffuse into

bleached area

G
Masure rate
of fluorescence
return
Figure 11-17

Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Movimento de "flip-flop” ndo € espontaneo

(a) Uncatalyzed transbilayer (“flip-flop”) diffusion

Inside
ATP ADP+P; ATP ADP+P;
Flippase Floppase Scramblase
(P-type ATPase) (ABC transporter) moves lipids in
moves PE and PS moves phospholipids either direction,
from outer to from cytosolic to toward equilibrium
cytosolic leaflet outer leaflet

Figure 11-16
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Apoptose

Apoptosis Greek"falling of f*

Programmed cell death

outer leaflet

VIABLE CELL;

asymmetric membrane Flippase

Scramblase
{(tfloppase)

APOPTOTIC CELL;
loss of asymmetry

5 !phusphatidylchu]ine é ;phusphatidyl fg phosphatidylserine APQOP% Dye

and sphingomyelin ethanolamine




Modelo do mosaico fluido revisitado

Non-bilayer membranes

Gap junctions




Modelo do mosaico fluido revisitado

Membrane curvature

Bar domain containing proteins




Modelo do mosaico fluido revisitado

Cytoskeletal fences

Septins are involved in
the formation of
structures such as, cilia
and flagella, dendritic
spines, and yeast buds




Adaptagdo ao meio




Proteinas de membranas
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Protein
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Proteinas de membranas
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Proteinas periféricas - ancoradas na membrana

No lado interno da membrana plasmatica sdo encontradas
as proteinas ancoradas com dcidos palmitico e miristico e

com grupos farnesyl ou geranygeranyl|

Cys —CH,—S” 4

coo-

(8]
O

gNHs o -
§\CANWV\N .

= internal Cys (or Ser)

Palmitoyl group on

¥ N-Mymstoyl group on
. amino-terminal Gly

" Farnesyl (or geranylgeranyl)

< groupon
% carboxyl-terminal Cys

No lado externo da
membrana plasmdtica sdo
encontradas as proteinas

ancoradas com grupo glicosil-
fosfatidilinositol



Proteinas integrais de membrana

+ Alfa-hélices hidrofobicas ou anfipdticas

Amino
terminus

Carboxyl
terminus

Hydropathy index
b )
Ao —

Residue number
(a) Glycophorin

10 50 100 150 200 250

Hydropathy index
o

B ) T S S S 0 S W S S S
10 50 100 150 200 250

Residue number

(b) Bacteriorhodopsin

Figure 11-11
Lehnil Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Proteinas integrais de membrana

* Barris B

FepA OmpLA Maltoporin

Figure 11-13
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Membrana podem ter regioes mais ou menos definidas

+  Citoesqueleto limita movimento dos lipideos e proteinas

Chloride-bicarbonate
exchange proteins

Glycophorin

Outside

W P

Plasma
membrane

Ankyrin
Spectrin

Path of single
lipid molecule
Junctional complex
(actin)

Inside

Figure 11-19
Lehnii Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company




Membranas podem ter regides mais ou menos definidas

Raft, enriched in
sphingolipidls, cholesterol

™9

"Rafts” (jangadas)
concentram lipideos

de cadeias mais longas T e G inkad
Maior concentragdo de AL oAU U,_,g
lipoproteinas ; @ U§ U‘ 1
Facilita interagdo entre > ,(\cy:g,:,u,:s A ooy Inside

T N renyiate paiinizoy . [ rotein
pr'OTelnC(S de vias de (a) :rotgllnt d  myristoyl) Caveolin prot
sinalizagdo

Figure 11-20
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Fusdo de membranas
(endocitose e exocitose)

Budding of vesicles
from Golgi complex

Exocytosis

Endocytosis

Fusion of endosome
and lysosome

Viral infection '@T’/

N

Fusion ~
of sperm and egg

Fusion of small O
vacuoles (plants) /< O

Separation of two k
plasma membranes » G
at cell division

Figure 11-22
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Fusdo de membranas

* Mediada por proteinas

SNARES

- heurotransmissao
- funcionam como
“ziperes"

- inibidas por toxina

botulinica

(soluble NSF
attachment receptor)

Cytosol

S t o N
v::ir:,:ry Neurotransmitter-filled vesicle

\ approaches plasma membrane.
Neurotransmitter molecules
—/ N\ _v-SNARE
“ / t-SNARE
Plasma membrane
l SNAP25

v-SNARE and t-SNARE bind to
each other, zipping up from the
amino termini and drawing the
two membranes together.

l Zipping causes curvature
and lateral tension on bilayers,
favoring hemifusion between
outer leaflets.

XEXZXIXEZ ++ IXXZKZKZRX

Hemifusion: inner leaflets of both
membranes come into contact.

Complete fusion creates a fusion
pore.

o sieeessiglisier eese ey

1 Pore widens; vesicle contents

are released outside cell.

Figure 11-24
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company




Receptor de transferrina

Extracellular fluid (pH 7.4)

Diferic T o> o0 OMT ©

Transferrin

STEAP3 Q
receptor 1

(ferrireductase)

Acidified endosome
(pH 5.5)

O 1\ Lysosome
) (fertitin degradation)



Transporte




TRANSPORTE DE GLICOSE

Glucose Transporters




Tipos de transportadores

EXTRACELLULAR
Simple lon/water ATP-coupled
diffusion channel gated ion channel uniporter symporter antiporter active-transport

INTRACELLULAR

A-lons

5]
- macro molecules




Movimento através de uma membrana permedvel

Concentragado Carga

V>0 V,=0
— Before equilibrium At equilibrium

Net flux No net flux




Transportadores e Canais
Transportadores

-Saturdveis

-Baixa velocidade de transporte
-Maioria proteinas monoméricas
Canais

-Mais rapidos

-Insaturadveis
-Maioria proteinas oligoméricas



uniporter

@
a0

Transporte Uniporte

L X ]
@) OUTSIDE OF CELL
Transport protein
@ shifts to alternative
Glucose binds conformation Glucose is

released o the
inside and
protein returns

l;) - its origin
/4 )\;‘:,n'?;mi.u::,

INSIDE OF CELL Glucose

1o binding site
open to outside

,L— slucose transporter
(GIuT?*)



Trocador de cloreto-bicarbonato
(trocador anionico)
Co-transportador antiporte

O bicarbonato é mais solivel no plasma do que o CO,

. ﬂCOa Cl-




Transporte ativo resulta no acimulo do soluto acima do
ponto de equilibrio fermodinamicamente ndo
é favoravel e deve ser acoplado a um
processo exergonico

ATP-coupled
active-transport

Primary active transport Secondary active transport
(a) (b)



active-transport

Na*/K*-ATPase

Membrane potential = v
50-70 mV @ ~ Na K' ATPase
) / + + -
o ) | : M= o
-
22 - +
¥ - +
+ - 9 i | .
2K
t = ~ I -
+ +

+ + + + + + +

Extracellular fluid [K*] =4 mm
or blood plasma INa*] = 145 mm

* Na*/K*-ATPase
exporta 3 ions de Na* e importa 2 K* por ciclo

+ O transporte ativo é acoplado com a hidrolise de 1
ATP

* A atividade resulta em uma carga negativa por um
ciclo de trabalho.



ATPase de calcio

Membrane
lumen

E,-(Ca?Y), E,-(Ca*),(ATP) E,-P-(Ca*),(ADP)

E,

Figure 13.5
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company



Digitalis

Digitalina (insuficiéncia cardiaca)

Na+/K+
ATPase pump

'K’

Na+/Ca®* Na+
antiport

AT

.”

M"caz* %
1 blockade of Nav/K+ ATPase
— | —
| : 2 Incraase Na+ Inside ool

E

UL

causing dec output of Ca+
— | —

3 increased Ca+ concentration

myofibril contraction leads 10 actin myosin
(+VE IONOTROPIC EFFECT) contraction




Transportadores ABC
ATP-binding cassette transporters
(MDR) Conferem resisténcia a drogas

ABC transporters utilize the energy of
ATP binding and hydrolysis to transport
various substrates across cellular
membranes.

periplasm

In prokaryotes, importers mediate the
uptake of nutrients into the cell.

cytoplasm

Eukaryotes do not possess any
importers. Exporters or effluxers, which
are present both in prokaryotes and
eukaryotes, function as pumps that
extrude toxins and drugs out of the cell.



https://en.wikipedia.org/wiki/Substrate_(biochemistry)
https://en.wikipedia.org/wiki/Cell_membrane
https://en.wikipedia.org/wiki/Nutrient
https://en.wikipedia.org/wiki/Eukaryotes

Transportadores ABC

Cell
exterior

Cell

Figure 13.9
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company



Transportador de lactose movido por um gradiente de H*

Lactose
transporter +
R ... 3
(1]
Lactose H* H y+ H by
[outside)
e [ et B el
PV v‘ lllllllllllllllllllllllllllllllll
|
‘A
OOCCOCCOCTOOCCCY
Lactose
linside)
H* H*
H+
s 71 a8

| T P s R S e Lo
§ B W Frrrme i | gy



Aquaporina Transportador de agua

Water channel Urine Sicle BIOO S 10e
lo ermicality high wsrmelality
aplcal basslateral
plerirma meribirans plassrn membrane

vasopressin siqgnaling
i FasUpEssn

ajuapann-£

Cell membrane Cell membrane

*Mutations in the aquaporin-2 gene cause hereditary
nephrogenic diabetes insipidus in humans.

*Mice homozygous for inactivating mutations in the aquaporin-O
gene develop congenital cataracts.



https://en.wikipedia.org/wiki/Gene
https://en.wikipedia.org/wiki/Diabetes_insipidus
https://en.wikipedia.org/wiki/Homozygous
https://en.wikipedia.org/wiki/Congenital
https://en.wikipedia.org/wiki/Cataracts

Canais iohicos
-Movimentam ions inorganicos.

-Junto com os trocadores requlam a concentragdo
citoplasmatica de ions e o potencial de membrana.

-Em neurdnios mudangas rdpidas nos canais iohicos
causam mudangas em potenciais de membrana
(potencial de agdo), que transmitem sinais no neuronio.

-Em miocitos a abertura de canais de cdlcio no
reticulo sarcoplasmatico libera o cdlcio que ativa a
contragdo muscular.



Canais iohicos

Canais ionicos diferem de transportadores de ions:
- Velocidade do fluxo de ions € maior nhos canais.

- Canais ndo sdo saturaveis.

-"gated” controlados por algum estimulo.

Controlados por ligantes (geralmente oligoméricos).
- Mudanga conformacional do canal que abre ou fecha com um
ligante.

Controlados por voltagem

- Mudanga no potencial transmembranar causa o movimento
de uma proteina com carga relativo @ membrana causando a
abertura ou fechamento do canal



The structure of the potassium ion channel explains its rapid
rate of transport

High selectivity needs tight binding sitel
How to achieve fast transport of channels?

Hydrated K* ion
proceeds into the

channel. The ion then gives up its coordinated The ion can move between
Cell water molecules and binds to a site the four sites(tetramer,
exterior within the selectivity filter region similar ion affinity).

This multiple binding site mechanism solves the apparent par'dox of
high ion selectivity and rapid flow.



"Gated Ion Channels”

ot .

CYTOSOL

o VB

CYTOSOL v
voltage-gated ligand-qated tension-gated

CLOSED




Superfamilies of Ligand-Gated Ion Channels

Cys-Loop Receptors Glutamate receptors ATP receptors

Ligand binding

Extracellular
side

Cytoplasmic
side

NH, COOH




Estimulos por Canais Ionicos

(NEUROTRANSMITTERS  SENSORY STIMUL] )

Acetylcholine (Nicotinic) Mechanical

ATP Temperature

GABA Noxious chemicals
Glutamate

Glycine

\5-Hydroxytryptam|ne (5-HT) Y

lonotropic receptors
TRP channels

Receptor
Transducer
and
Amplifier

Messengers

ELECTRICAL SIGNALS

Membrane depolarization (AV)

Voltage-operated

calcium channels
+
+
+




COMUNICACAO POR MEIO DE NEUROTRANSMISSORES

Constituicao do Neurodnio:
- corpo celular ou pericario

- prolongamento celulares: dendritos e axonio

. Dendritos
Recepcao de | Axbnio

neurotransmissores ¥ A7 / / . &
A . | / Libertacdo de

~

/

[ X neurotransmissores

Recepcido
1/ Transmissao

Terminagdes do axdnio



Fases da transmissdo sindptica

I. Sintese do neurotransmissor na terminacdo hervosa
pré-sindptica.

IT. Armazenamento dos neurotransmissores em vesiculas
secretoras.

ITTI. Liberagdo regulada do neurotransmissor (exocitose)
na fenda sindptica.

IV. Receptores especificos para os neurotransmissores estdo
presentes na membrana pds-sindptica.

V. Controle da acdo do neurotransmissor na fenda e no
receptor pds-sindptico.



Sinapse neuromuscular (placa motora)

I. Despolarizagdo e abertura de canais de calcio com a
liberagdo de cdlcio para a membrana pré=sinaptica.

IT. Alta concentracgdo de cdlcio desencadeia a exocitose de
Vesiculas sinapticas que liberam acetilcolina.]

ITT. A acetilcolina liberada por exocitose atua sobre os
receptores da membrana pés-sindptica, promovendo a
contragdo da fibra muscular.

IV. A acetilcolina € inativada pela acetilcolinesterase.



Método de medir os potenciais da
membrana - patch clamp

Channel

Micropipette applied tightly Patch of membrane
to plasma membrane pulled from cell

Patch of membrane
placed in aqueous
solution

: - Micropipette

3 / Elect-rOdeS

Bert Sakmann

Electronics to‘l~101cl transmembrane
for their discoveries concerning the potential (V) constant and measure

. . . . " current flowing across membrane
function of single ion channels in cells



Método para Medir o Potencial de Repouso

Axonio e
A, ) /o
E&Qﬁﬁi 3&/

[ N
I|‘|‘ \5.. %-:.- P
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Dois eletrodos,
inseridos no axonio de
um heurohio em
repouso, detectam a
pequena diferenga de
potencial, entre os
meios extra e intra
celular, esse sinal é
amplificado e
mostrado num
osciloscépio.



Em repouso
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Potencial de acdo

Um potencial de agdo € uma inversdo do potencial de
membrana que percorre a membrana de uma célula.
Potenciais de a¢do transportam rapidamente
informacdes entre e dentro dos tecidos.

Utilizados mais intensamente pelo sistema hervoso, para
comunicagdo entre neuronios e para transmitir
informagdo dos neuronios para outro tecido do
organismo, como os musculos ou as glandulas.



https://m.youtube.com/watch?v=fHRC8SILcHO



Receptores de fatores de
crescimento

{ Upregulation of PDGFR, EGFR signaling




Receptores acoplados a proteina G
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Disord

ers

Some disease resulting from or attributed to abnormalities of

Membranes
Disease Abnormality
Achondroplasia Mutations in the gene encoding the fibroblast growth factor receptor 3
(MIM 100800)
Familial hypercholester- | Mutations in the gene encoding the LDL receptor
olemia (MIM 143890)
Cystic fibrosis Mutations in the gene encoding the CFTR protein, a CI transporter
(MIM 219700)
Congenital long QT syn- | Mutations in genes encoding ion channels in the heart
drome (MIM 192500)
Wilson disease Mutations in the gene encoding a copper-dependent ATPase
(MIM 277900)
I-cell disease Mutations in the gene encoding GicNAc phosphotransferase, resulting in absence of the Man 6-P
(MIM 252500) signal for lysosomal localization of certain hydrolases
Hereditary spherocytosis | Mutations in the genes encoding spectrin or other structural proteins in the red cell membrane
(MIM 182900)
Metastasis Abnormalities in the oligosaccharide chains of membrane glycoproteins and glycolipids are thought
to be of importance
Paroxysmal noctumal | Mutation resulting in deficient attachment of the GPI anchor to certain proteins of the red cell
hemoglobinuria membrane

(MIM 311770
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How optogenetics works

A light-sensitive ..and insert the DNA into
protein from algae specific neurons in the brain

Take the gene for
this protein...
//»
& W

\ Neurons communicate by “firing.” This is an electrical

This protein is an ion channel that signal created by opening & closing ion channels.
opens in response to blue light

So now you can cause “ XY 7
neurons to fire just by R L
flashing blue light! N

With the right combination of neurons, you can activate an
entire brain circuit to control specific behaviors (like movement)

http://www.latimes.com/92360583-132.html



