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* Transducao de
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extracelular ativa um
receptor ou uma
alteracao na
membrana
plasmatica causando
respostas
intracelulares”
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https://www.youtube.com/watch?v=tMMrTRnFdI4
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Membrana plasmdtica e de organelas
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Estruturas lipidicas
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Modelo do mosaico fluido

Oligosaccharide ;
chains of ( 7
Glycolipid glycoprotein 0

Lipid
bilayer

3“{0/ @ Inside

Phospholipid |

Sterol polar heads

Peripheral protein
covalently linked T Peripheral
to lipid " lIntegral protein protein
(single trans-

membrane helix)

Figure 11-3

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




Composigdo de lipideos varia entre
membranas de organismos diferentes

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 — —

Note: Values do not add up to 100% in every case, because there are components other than protein, phospholipids, and sterol; plants, for
example, have high levels of glycolipids.

Table 11-1

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




Composigdo de lipidios varia entre
membranas das células

mitochondrial

Lysosomal

Rat hepatocyte membrane type

mitochondrial F

i

Nuclear| |

Figure 11-2

© 2008 W.H. Freeman and Company
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Lehninger Principles of Biochemistry, Fifth Edition
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Modelo do mosaico fluido revisitado
Assimetria

Percent of
total
Membrane membrane Distribution in
phospholipid phospholipid membrane
Inner Outer

monolayer monolayer
0 1

Phosphatidyl- 30
ethanolamine

Phosphatidylcholine 27
Sphingomyelin 23
Phosphatidylserine 15
Phosphatidylinositol

Phosphatidylinositol
4-phosphate

Phosphatidylinositol
4,5-bisphosphate

Phosphatidic acid

Figure 11-5
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Composigdo de lipideos varia entre as faces de uma membrana



Movimento de "“flip-flop” ndo é espontdneo

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

Outside

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




Composicdo de lipideos e adaptagdo ao meio
/\/\/\/\)km

bdcdo graxo SATURADO

dcdo graxe INSATURADO o . B i
(Observacdo: a instauracao se deve a

ocorréncia de pelo menos uma dupla

MO - .
ligacso entre os carbonos da molécula.




Modelo do mosaico fluido revisitado
Lipid rafts (balsas lipidicas)




Membranas podem ter regidoes mais ou menos definidas

Citoesqueleto limita movimento dos lipideos e proteinas

Chloride-bicarbonate
exchange proteins

Glycophorin

Outside
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membrane

Ankyrin
Spectrin

Path of single
lipid molecule

Junctional complex
(actin)

Inside

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




Proteinas de membranas

o -: -ar'

IF ‘ -
s - -

> .i ‘I
Chy '-'r F. 1. ur ||

|'|!|Tlﬁ‘jl“ lll"'lllrl "illllu'“fflmllfllﬂ“'
N 1 "'H rhuwlwm|||




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 *CHQ*S/J

""<
COo0~

40
CH,0—C
.3
7
. NH
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D
N

Yy NHa 0 .
\C~www &

= internal Cys (or Ser)

Palmitoyl group on

¥ N-Mynstoyl group on
. amino-terminal Gly

* Farnesyl (or geranylgeranyl)

< group on
% carboxyl-terminal Cys

No lado externo da
membrana plasmdtica sdo
encontradas as proteinas

ancoradas com grupo glicosil-
fosfatidilinositol



Proteinas integrais de membrana

+ Alfa-hélices hidrofdbicas ou anfipdticas

Inside

Figure 11-9
Lehninger Principles of Biachemistry, Fifth Edition
© 2008 W. H, Freeman and Company
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©2008 W.H.Freeman and Company
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Budding of vesicles

from Golgi complex
Exocytosis

Endocytosis )
Fusion of endosome

and lysosome

Fusao e
fissao de

Viral infection

NENIERER Ty
of sperm and egg
e 00

Separation of two
plasma membranes

» O

at cell division r
Figure 11-22

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




Fusdo de membranas

* Mediada por proteinas

SNARES

(soluble

attachment receptor)

- neurotransmissao

funcionam como
“ziperes"

NSF

s |e° Neurotransmitter-filled vesicle
‘_\_ approaches plasma membrane.

ransmitter molecules

Neurot
— /" N\_v-SNARE

\\\3 (/ 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.

Hemifusion: inner leaflets of both
membranes come into contact.

Complete fusion creates a fusion
pore.
XERELRLZI---BERTZEREX:

1 Pore widens; vesicle contents
are released outside cell.

YL

Figure 11-24
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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Membrane curvature
Filapodia e Lamellipodi

Bar domain containing proteins sense curvature

Amphichysin2 Fllspadin =— Lamallipodium
in

Bin2

Bin3, Rvs161p

Endophilin 1,2,3
Rvs 167p

SNX1,2,4,5,6,7,8
SNX9,18
Tuba

APPL1,2

ASAP1/Ddef1

Centaurin b1,2,5

PICK1

Nadrin, SH3BP1 n!{hu(irﬂ‘ I
Ol h 1-1
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Membranes 2012, 2, 91-117; doi:10.3390/membranes2010091
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Neuropatia com Desmielinizagdo

Gap junction

Structure that permits direct transfer of small
molecule(upto 1200Da).

* Composed of family of protein called connexins.

* Mutations in genes encoding connexins are associated
with cardiovascular diseases and X-linked form of charcot-

Marrie-tooth disease.

TFy
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Cell 1

{a) Direct communication through gap junctions 44
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Comunicacado celular adesdo

CELL-CELL adhesion CELL ADHESION MOLECULES
§ Cadh. repeats

S N +— Cadherins

(a)

Ca 2+ -dep. homophilic adhesion
functional unit = dimer

b Ig and Fn llI
{ ) repeats Immunoglobin superfamily

[ | | | =—— (CAMs)

homaophilic or heterophilic

(c) L «— Selectins

heterophilic

P selectin + counter-receptor
PSGL-1, glycosylated

(d)

Integrins

= heterodimers, heterophilic
bind to ECM, Ig-CAMs, cadherins
adhesion, polarity, migration

Cytoplasm Intercellular space Cytoplasm

Plasma Plasma
membrane membrane Hynes: TiCB: 9:M33 1999



Comunicacado celular adesado
Migragdo de leucécitos

Ativacao de mtegnna ‘Adesdo Mlgra:;an através
do endotélio

Rolamento
pelas quimiocinas estavel

[—

1

| Leuchcite % Integrina (estado
| Y ¥ %7 devaixa afinidade)y —
S o | | Fluxo sanguineo _—>

Ligante selectina
| de quimiocin}l

Integrina (estado
de alta afinidade)

Receptor
| Quimiocina
Selectina
: Proteo- 4
| glicanos |

Quimiocinas

|Citocinas
|(TNF, IL-1)

Macréfago estimulado Fibrina e fibronectina ——
pelos microrganismos (matriz extracelular)

https://www.youtube.com/watch?v=B9Qi7weQYnk



https://www.youtube.com/watch?v=B9Qi7we0Ynk

Transporte
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membranas




Movimento através de uma membrana permeavel

Concentrag¢ado

Before equilibrium
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Permeabilidade das membranas bioldgicas

HYDROPHOBIC
MOLECULES

SMALL
UNCHARGED
POLAR
MOLECULES

LARGE
UNCHARGED
POLAR
MOLECULES

IONS

02 high permeability
CO; o
N2 10%
| |
steroid R
hormones |
B
|
H20 B
urea o 107
2!
glycerol
NH3 ..
urea —
glycerol —e
‘1075
glucose
SUCrose tryptophan —e
glucose ==
inIOfB
H* Na* .
HCO; o—F "
K* Ca’* o
= Nat —=— 1072
Cl M92+ a
7107]4
L low permeability
synthetic
lipid

bilayer

permeability coefficient (cm/sec)

A Comparison of Inorganic lon Concentrations Inside and Outside
a Typical Mammalian Cell*

Component Cytoplasmic concentration Extracellular concentration
(mM) (mM)

Cations

Na* 5-15 145

K* 140 5

Mg?* 0.5 12

Ca’* 1074 12

H* 7 x 105 (1072 Mor pH 7.2) 4 x107° (1074 M or pH 7.4)

Anions

Ccr 5-15 110

*The cell must contain equal quantities of positive and negative charges (that is, it must be
electrically neutral). Thus, in addition to CI, the cell contains many other anions not listed in
this table; in fact, most cell constituents are negatively charged (HCOs~, PO4%", nucleic acids,
metabolites carrying phosphate and carboxyl groups, etc.). The concentrations of

Ca?* and Mg?* given are for the free ions: although there is a total of about 20 mM Mg?* and
1-2 mM Ca?* in cells, both ions are mostly bound to other substances (such as proteins, free
nucleotides, RNA, etc.) and, for Ca?*, stored within various organelles.



Transporte
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Transportadores e Canais

EXTRACELLULAR

Simple ionfwater ATP-coupled
diffusion channel 5] i
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]

channel-
mediated

* -Movimentam ions inorgdnicos.

« -Junto com os trocadores regulam a concentragdo
citoplasmdtica de ions e o potencial de membrana.



Canais ionicos

Canais ionicos diferem de transportadores de ions:
-Velocidade do fluxo de ions é maior nos canais. |
- Canais ndo sdo saturdveis. channel-
-"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 fransmembranar causa o movimento
de uma proteina com carga relativo a membrana causando a
abertura ou fechamento do canal



Cystic Fibrosis

https://youtu.be/eehsgyvm0SQ

Normal CFTR CFTR mutation

fMu:us clearance ‘ Mucus clearance

L TE T I T3 1

Apical surface ‘\._ " I Apkcal surface rf‘ |
IR T
S NP | e I e $ __________ ) -

Cr Na* ek


https://youtu.be/eehsgyvm0SQ

Transportadores e Canais

fl

Transportadores A
-Saturdveis

-Baixa velocidade de transporte

-Maioria proteinas monoméricas

Canais
-Mais rdpidos

-Insaturdveis
-Maioria proteinas oligoméricas



Transportadores e Canais

Vi :
M3 transporter-mediated

diffusion
\

simple diffusion
and channel-mediated
transport

rate of transport

Km concentration of —
transported molecule



Transportadores
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coupled transport



Transportadores de ions
(transportador de K*/ filtro de seletividade)

selectivity filter

lipid
bilayer

gat;:
CLOSED OPEN

High selectivity needs tight binding site! il
Easier to remove water more distant from nucleus ! = RelnlE b =
Bond distance and backbone Carbonil oxigens = Water for K Q | |
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https://www.youtube.com/watch?v=4l_OeDYbNVE



T he structure of the potassium ion channel explains its rapid rate of transport

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

Hydrated K- ion proceeds The ion then gives up its coordinated The ion can move between
into the channel. water molecules and binds to a site tthefour sites(tetramer,
Cell exterior within the selectivity filter region similar ion aff inity).

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



Transportadores
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Transportadores de Glicose

Glucose Transporters

* Tissue-specific expression pattern

GLUT-1 RBCs and brain
GLUT-2 Liver, kidney & pancreas
GLUT-3  Neurons
GLUT-4  Adipose tissue & skeletal muscle
GLUT-5 Small intestine & testes
GLUT-7 Liver (ER-membrane)

* Functions:

GLUT-1,3 & 4 Glucose uptake from blood
GLUT-2 Blood & cells (either direction)
GLUT-5 Fructose transport

o
glucose OG
Co © 1
© o

||n||||n

() receplor
Qiycﬂw C} o {:) *-F;._,--_F._:_x
fatty acids

pyruuate




uniporter

Tr'CmSPO r'Te (Uniporter)

@ OUTSIDE OF CELL
Transport protein

@ shifts to alternative @

Glucose binds confarration Glucose is

to binding site released fo the
open 1o outside inside and
protein raturns

to its original

INSIDE OF CELL
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Transportadores

Sodium-dependent glucose co-transporters (symporter)

EXTRACELLULAR SPACE
glucose Na* plasma membrane

a° F Y] o © e o o L o © |
Na* glucose
electrochemical - e -~ e 9 -— R concentration
gradient gradient
e e / \ e
[+ 4 X
e o o e [ Y
CYTOSOL i oo
occluded- outward- occluded- inward- occluded-
empty open occupied open empty

Intestinal mucosa (enterocytes) of the small intestine and the proximal
tubule of the nephron. They contribute to renal glucose reabsorption.



https://en.wikipedia.org/wiki/Mucosa
https://en.wikipedia.org/wiki/Enterocytes
https://en.wikipedia.org/wiki/Small_intestine
https://en.wikipedia.org/wiki/Proximal_tubule
https://en.wikipedia.org/wiki/Proximal_tubule
https://en.wikipedia.org/wiki/Nephron
https://en.wikipedia.org/wiki/Renal_glucose_reabsorption

Sodium-dependent glucose co-transporters (symporter)

intestine lumen enterocyte

GLUT2
glucose —=—=— glucose

glucose

+ +—L 1 onNat
bia SGLT1/2 — Na"—r—"Na

"
A
~

Feeek

KF et

-—— Kt

. tight junction



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

O bicarbonato é mais soldvel no plasma do que o CO, ~




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

ATP-coupled
active-transport

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



Transportadores

(ATP)

- small molecule
H*or@'or@or@ o

H*
lipid
bilayer
CYTOSOL
P hr
/—' ADP
[
+
P @ ATP ADP + (P
P-type pump ABC transporter V-type proton pump

H*

R VT ATP

F-type ATP synthase



ions

“ " oL or (© o @ @
Transportador "bomba" tipo P

lipid
bilayer

CYTOSOL

Membrane
lumen

Ey-(Ca™)y Ey-(Ca®*)(ATP) E,-P-(Ca™),(ADP)

P-type pump




Na*/K*-ATPase ATP-coupled

active-transport

@ 3Na'

4
e Wty < A T TR e O 5

b b + + +
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



Digitalis
Digitalina (insuficiéncia cardiaca)

Catis removed by reuptake into the sarco-
Ca ﬂOOdS in from plasmic reticulum and by extrusion from the

cell by a Ca?*/Na* exchange.
outside cell

Voltage-sensitive Na+/Caz+ Na+/K+
slow Ca2* channel exchange ATPase

CCB CaZ+ Ca?* Na* 2Na* K*
ﬁoQQ%ﬁﬁﬁ.

AC MUSCLEL
I

Sodium balance is
restored by Na*/K*
ATPase.

2+
(sf,?co;f:;ﬁ.f,c CaZ* entry from outside the cell
reticulum) triggers the release of a much
larger quantity of Ca2* from the
sarcoplasmic reticulum.

Increased CaZ* concentration

initiates the contractile
—p E 3 process.
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Digoxin inhibits Ho

Na*/K* exchange
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Inhibited by
cardiotonic steroids

by Na*/K*-ATPase.

The concentration of intracellular Na*
increases, and the concentration gradient
across the membrane decreases.

Increased Na* decreases the driving force for the
Na*/Ca%*exchanger, so there is decreased
extrusion of Ca?* into the extracellular space.

¢ Increases the force of cardiac contraction, causing the cardiac output.

¢ Improved circulation leads to reduced sympathetic activity, which
then reduces peripheral resistance with reduction in heart rate.

¢ Slows down conduction velocity through the AV node, which
accounts for its use in atrial fibrillation.
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Transportador de lactose movido por um gradiente de H*
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Lactose

Lactose




Gated Channels
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Superfamilies of Ligand-Gated Ion Channels

Cys-Loop Receptors Glutamate receptors ATP receptors

Ligand binding

Extracellular
side

Cytoplasmic
side

NH, COOH




Aquaporina Transportador de dgua

Urine 5ice SO e TR
law camolality high smeolafiy I i
ﬂpl;d Basedateral H*
pldirma merrhrare plagsra membrane ) >
- . 1 [ & =
;JUAparin: YRSCENERSII Sian st o vasupIEssn lipid "\_,-) iy
= bilayer =
1 ';- VE recepior O =IH(_>=(_':
i T, LR ﬂ.ﬂ |.H.|[|r| -1 I,..I z
water—=2, \ wice ¢$ _ )
lf & _\j ( ;|||(}—.(_:\
fA] [ =
B et {3 oH—NAsn
‘ actin o BA PO -2 = [ s
S crease 0 o T H —MN s
= [ ] = =
-, o = Y ..
s () ] &
[ = =
f‘\‘ C_‘xl,ﬂ.s,n' J ’:) |.|(}—_c:
» ‘.A""‘"Asn O
- - r: ) #
‘ ._\ b CHL -H:I |||(_)=(_\
a0 -
LS
o
(B water molecule (c} D)

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

*Mice homozygous for inactivating mutations in the aquaporin-0
gene develop congenital cataracts.



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

Potencial de agado

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

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



Despolarizagdo neuronal

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

Impulso Nervoso
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Condugdo nervosa

/NEUHOTHANSMITTEHS

Acetylcholine (Nicotinic)
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ELECTRICAL SIGNALS

Membrane depolarization (AV)

Voltage-operated

Receptor L) lonotropic receptors
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Comunicacao por meio de neurotransmissores

Constituicdo do Neurénio:
- corpo celular ou pericario

- prolongamento celulares: dendrites e ax6nio

Recepcao de

neurotransmissores -] i _ Liberacao de
A » - . neurotransmissores
r
i |
Recepgéo Corpo caifular &
Transmissao



Método de medir os potenciais da

Erwin Neher

Bert Sakmann

Channel

Micropipette applied tightly
to plasma membrane

Electronics to hold transmembrane

potential (V) constant and measure

current flowing across membrane

for their discoveries concerning the
function of single ion channels in cells"

Patch of membrane
placed in aqueous

— Micropipette

' /‘7 Electrades

membrana - patch clamp

:’.

Patch of membrqne

gentle suction

le—1 pm —=|
(8)
pull micropipette
away from cell
to detach the
patch of
membrane
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How o

A light-sensitive
protein from algae

\ Neurons communicate by “firing. This is an electrical

ptogenetics works

...and insert the DNA into
specific neurons in the brain

Take the gene for
this protein... ! {<‘ 'i )j‘ (‘ i :J ‘i ij

This protein is an ion channel that
opens in response to blue light

signal created by opening & closing ion channels.

So now you can cause Y
neurons to fire just by — Y L
flashing blue light! N S

I AN\

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

https://www.youtube.com/watch?v=7Mmsah0v9Qc
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