Biological membranes — separation and communication

impermeable for macromolecules, selectively permeable for small molecules
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Composition:

- phospholipids

- cholesterol

- cholesteryl esters
- glycolipids

- proteins

- membrane fluidity

- fatty acids

- saturated

- unsaturated
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Classes of membrane proteins

Ll

spanning domains.

<— Peripheral protein ——>< Integral proteins B
Extracellular space Some proteins are linked to
: Most integral membrane proteins membrane phospholipids via
E have membrane-spanning o-helical an oligosaccharide...
Peripheral proteins are | domains of about 20 amino acids.
noncovalently bonded :
with integral proteins. - Some have multiple membrane-

directly to fatty
acids or prenyl

groups.



ligand-binding receptors,
adhesion molecules (integrins, cadherins),

transporters (channels, carriers, pumps)

A LIGAND-BINDING RECEPTOR

N

Ligand-binding domain

7 transmembrane
segments

The cytoplasmic domain |
interacts with the
intracellular proteins.

The helical domains
form a compact unit
in the membrane.

Role of membrane proteins
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i high bili
Physiology of membranes , high permeability

AN
.
- distribution of solutes is not uniform across the membrane :
- steady-state 1 -
- the driving force for movement of solutes across the membrane is the Lres
electrochemical potential difference Au. glycerol —
H-10"°
tryptophan —s
Definition of the electrochemical potential: glucose —
H—108
u=p, +zF¥Y + RTIn[X]
The difference for the solute X is:
Clm —— i
Min — Koyt = Ap = ZFAY + I:Q-I-In[x]in /[X]out
X is at equilibrium when Ap = 0: K==l .
Na+ — 10
AY = E, = -RT/zF . In[X],, /[X],.
(Nernst equation) 014

E,, Nernst equilibrium potencial low permeability



Transport across biological membranes

transported molecule

channel Q carrier
protein protein

lipid
bilayer

simple channel- carrier-
diffusion mediated mediated
|_diffusion diffusion

PASSIVE TRANSPORT
(FACILITATED DIFFUSION)

L |
ACTIVE TRANSPORT

Simple diffusion

— depends on partition coefficient water/lipids, diffusion coefficient and membrane
thickness

- simplified Fick’s First Law of diffusion:

'IX = PX . (Xout - Xin)

P, — permeability coefficient



Facilitated diffusion:
- channels, pores
- carriers

- passive transport

Active transport:
-primary

- P-type pumps

- V-type pumps

- F-type pumps

- ABC transporters

- secondary (Na/glucose, Ca/Na)
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Secondary active transport

* Antiporters carry two substances across the membrane in
opposite directions.

* Symporters carry two substances across the membrane in the
same direction.

(a) Antiporters (b) Symporters
Extracellular space
Na‘/glucose Na*/phosphate Na‘/iodide Na‘/K*/CF Na*/Ck K*/Cl-
cotransporter cotransporter symporter cotransporter cotransporter cotransporter
SGLT1 NaPi lla/b NIS NKCC NCC KCC
2Ck

2 Na* 1 Glucose 3 Na*

1P, 2 Na* k= 1 Na* 1KY 1 Na* 1Ck

...........




The Na-K pump keeps| | (<o ;i"‘“ The Ca-H pump and the Na-Ca exchanger keep
[Na'] inside the cell Pty intracellular [Ca*'] four orders of magnitude
(HCO3), 24mM lower than extracellular [Ca?*].

Channels and carriers

PORE (NON-GATED CHANNEL) B CHANNEL (GATED PORE)

lic
[Ca®) 107M |

In most cells, [CT] is modestly above equilibrium by 3
< uphhmhd-HCO,mlwwradNa/K]Cl The Na'-H' exchanger and Na'-driven
cotransporter balances passive CI efflux through channels CI-HCO, keep intracellular pH and

d magnitude lower than extracellular [Ca®*|. [HCO;3] abave their equilibrium values.




Bulk transport and endosomal sorting

Endocytosis
Phagocytosis
* o
L] * solid particle

Pinocytosis

Receptor-mediated

endocytosis "
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Phagosome
(food vacuole)

Clatrin-dependent endocytosis

Assembly protein 2 (AP2) links receptors
and clatrin

Dynamin is required for vesicle fission
Removing of clatrin coat and fusion of

vesicles controlled by the small GTPases
Rab

3 Receptor

Coated pit

Coat protein

Coated vesicle




Signal transduction across the membrane
-gap junction (molecules less than 1200 Da, electrical coupling of the cells)

- chemical signals (amines, peptides, proteins, steroids, eicosanoids, amino acids,  nucleotides, ions,
gases (NO))

-Interaction with receptors
- intracellular (steroid receptors, transcription factors)
- membrane
- IONOTROPIC (ligand-gated ion channels)

- CATALYTIC (guanylyl cyclase, tyrosine kinase, tyrosine phosphatase, and
serine/threonine kinase activities)

- LINKED TO G PROTEINS (metabotropic)

G-proteins: 7 transmembrane domains, extracellular N-terminus is glycosylated

Activation cycle of heterotrimeric G proteins: (a+p+y+GDP) inactive complex + activated receptor
substitution of GTP for GDP—— dissociation of the complex on (o) + (By) subunits — activated
(+GTP) subunit stimulates the effector —— hydrolysis of GTP terminates the signalling events —
dissociation of (a.+GDP) from the effector —reassociation with (By) subunit.



Classes of membrane receptors

‘Extracellular

\ signal
‘/‘/- molecules ECF
<

G protein  protein Cytoskeleton

region
Ligand binding Ligand binding to a Ligand binding to a G protein- Ligand binding to ICF
opens or closes receptor-enzyme activates coupled receptor opens an ion integrin receptors

the channel. an intracellular enzyme. channel or alters enzyme activity. |  alters the cytoskeleton.




A: antrial natriuretic peptid —
cGMP-dependentni kinase
(PKG)

B: inhibins and activins,
growth factors. Type |
receptors do not bind the
ligands but propagate the
signal downstream

C: insulin, EGF, IGF-1, ligand
binding induces the
formation of receptor dimers
or tetramers (insulin, IGF-1)

D: ligand binding activates
loosely associated
tyrosinkinases (Src, JAK).
Prolactin, erythropoietin,
interferon, growth factors,
cytokines, etc.

E: receptors that are required
for lymphocyte activation
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Catalytic receptors

C RECEPTOR D TYROSINE-KINASE- E RECEPTOR
B RECEPTOR SERINE/ TYROSINE ASSOCIATED TYROSINE
THREONINE KINASES KINASES (RTKs) RECEPTORS PHOSPHATASES
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Type 1 Tyrosine  kinases © c phosphatase
S This is the "'“33? GROWTH HORMONE ~ domain &
kinase that domains RECEPTOR
TGF-B phosphorylates NGF CD45
RECEPTOR | downstream RECEPTOR
effectors.
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Downstream effects of activated G
protein o subunit

- adenylyl cyclase (Gs-cholera toxin,
Gi-pertussis toxin)

- phosphodiesterase (phototransduction)

- phospholipase PLCB (IP3, SERCA,
DAG, PKC)

- phospholipase A2 (via MAPkinases,
eicosanoids)

- prostaglandin pathway

- leukotriene pathway

C G PROTEIN ACTING VIA A PHOSPHOLIPASE
Pty of bawad VAo i

- epoxygenase pathway



Phospholipases PLC and PLD
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= Ca activates calmodulin-dependent
kinases (CaM kinases)

= Ca activates soluble and inactive
proteinkinase C (PKC)

= activated PKC binds to diacylglycerol
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Phospholipase A2 and synthesis of eicosanoids

DIRECT PATHWAY

INDIRECT PATHWAYS

Boron & Boulpaep: Medical Physiology, 2nd Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.

—C —T—-m
“*-"f Lysophospholipid

o—r=0

C==0

?u
CH—C
H

=

O —

)

Boron & Boulpaep: Medical Physiology, 2nd Edition.
Copyright © 2009 by Saunders, an imprint of Elsevier, Inc. All rights reserved.



Intracellular receptors

A TRANSCRIPTIONAL ACTIVATION B TRANSCRIPTIONAL ACTIVATION
BY GLUCOCORTICOID HORMONE BY THYROID HORMONE
Carrier-

ed

I Hormone may bind to
) a receptor before or
1 after dimerization.

Glucocorticoid Hormone

response element transcription response transcription
(GRE) element
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