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Cell membranes are crucial to the life of the cell

o Cells of all kinds share certain structural features. The plasma membrane defines the periphery

of the cell, separating its contents from the surroundings.

o Itis composed of lipid and protein molecules that form a thin, tough, pliable, hydrophobic

barrier around the cell.
o Proteins that span the lipid bilayer are called Integral or intrinsic proteins.

o Phosphoglycerides, Sphingolipids, and Sterols are the major lipids in cell membranes.



Lipid raft: 7/\(

* Small, specialized areas in membranes
where some lipids (sphingolipids &
cholesterol) and proteins are concentrated.

lipid raft



Localization and proteomic characterization of cholesterol-
rich membrane microdomains in the inner ear
Thomas PV, et al , J Proteomics. 2014 May 30;103:178-93.

Biological membranes organize and compartmentalize cell signaling into discrete
microdomains, a process that often involves stable, cholesterol-rich platforms that facilitate
protein-protein interactions. Polarized cells with distinct apical and basolateral cell processes

A

rely on such compartmentalization to maintain proper function.

In the cochlea, a variety of highly polarized sensory and non-sensory cells are responsible for
the early stages of sound processing in the ear, yet little is known about the mechanisms that
traffic and organize signaling complexes within these cells. We sought to determine the
prevalence, localization, and protein composition of cholesterol-rich lipid microdomains in
the cochlea.

Lipid raft components, including the scaffolding protein caveolin and the ganglioside
GM1, were found in sensory, neural, and glial cells. Among the DRM constituents were
several proteins involved in human forms of deafness including those involved in ion
homeostasis, such as the potassinm channel KCNQ1, the co-transporter SLLC12A2, and
gap junction proteins GJA1 and GJB6. The presence of caveolin in the cochlea and the
abundance of proteins in cholesterol-rich DRM suggest that lipid microdomains play a
significant role in cochlear physiology.
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Proteins of Cell Membrane 7/\(

4——— Peripheral protein Integral proteins >
Extracellular space Some proteins are linked to
Most integral membrane proteins membrane phosphohpxds via
have membrane-spanning a-helical an
Peripheral proteins are domains of about 20 amino acids.

noncovalently bonded
; with integral proteins.
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triphosphate = ribose adenine
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neighboring paracrine signalling

cells
Purinergic World
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Inner hair cell

P2R expression in hair cells
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Cell to Cell Communication ¢ sl Jual il

Plasma membrane receptors
® Cells communicate by releasing
extracellular signaling Pl Imemtang recoploc Plasma membrane

molecules:
e Hormones
e Neurotransmitters

: Intracellular receptors
® that bind to receptor proteins

located in the:
e Plasma membrane
o Cytoplasm
e Nucleus

Signal molecule
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¢ Plasma membrane
» Jon channel-linked receptors
» G protein-coupled receptors
» Catalytic receptors
» Receptor guanylyl cyclases
» Receptor threonine/serine kinases
» Receptor tyrosine Kinases,
» Tyrosine kinase-associated receptors,
« Transmembrane recentors
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Contact Dependent N

* Such contact-dependent CONTACT-DEPENDENT
signaling is especially
important during development
and in immune responses.

signaling cell target cell

* Contact-dependent signaling
during development can
sometimes operate over
relatively large distances,
where the communicating cells

membrane-
extend long processes to make 5
contact with one another. bound sngnal
molecule
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Endocrine Signaling 7/\(

* Endocrine cells, secrete

their signal molecules, ENDOCRINE
called hormones, into the endocrine cell receptor
bloodstream, which carries target cell

the molecules far and wide,
allowing them to act on

h
target cells that may lie / ormone

anywhere 1n the body.
N @ j
bloodstream @‘
target cell
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Paracrine Signaling N

* In most cases, signaling cells

secrete signal molecules into

the extracellular fluid. PARACRINE
* The secreted molecules may be

carried far afield to act on

distant target cells, or they may

act as local mediators,

affecting only cells in the local

environment of the signaling g cells

cell. The latter process is called

paracrine signaling

signaling
cell

® target

local
mediator
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Autocrine Signaling N

* The signaling and target cells in
paracrine signaling are of different & A
cell types, but cells may also
produce signals that they
themselves respond to: this is
referred to as autocrine
signaling.

* Cancer cells, for example, often
use this strategy to stimulate their
own survival and proliferation. \ J
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Synaptic Signaling

e Synaptic signaling is performed
by neurons that transmit signals
electrically along their axons and
release neurotransmitters at

synapses, which are often SYNAPTIC
located far away from the synapse
neuronal cell body. neuron
‘ axon .
cell neurotransmitter rargefice

body



Gap Junction 43 sasll QYL

Gap Junctions Allow Neighboring Cells to Share Signaling

Information
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 Presynaptic
cytoplasm
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Postsynaptic
cytoplasm

extracellular
space

Channel formed
by pores in
each membrane

6 connexin subunits = Each of the 6 connexins
1 connexon (hemichannel) has 4 membrane-spanning
regions

) Cytoplasmic loops
i — Presynaptlc \ for regulation
‘ ~) cytoplasm

Extracellular
space

Extracellular loops for
homophilic interactions
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* When fluorescent molecules of
various sizes are injected into
one of two cells coupled by gap
junctions, molecules with a mass
of less than about 1000 daltons
can pass into the other cell, but
larger molecules cannot.
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ATP diffusion through gap junctions

Stimulus

Outer hair cell

¥ P2YR
I} Unidentified channels
&8 Gap junctions

Supporting cell
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Pathogenic mechanism
of deafness-associated Cx26 mutations

Wild-type connexins oligomerize in the

ER/Golgi.
Hemichannels traffic to plasma

membrane through the secretory
pathway by a cytoskeletal-dependent
mechanism.

Epithelial and supporting cells i the

cochlea express both Cx26 and Cx30.

(A) Cx26 homomeric GJCh are
permeable to 1ons, like K, and bigger
molecules, like IP3.

Cx30 homomeric GICh have high
permeability to K but lower
permeability

to IP3. (B) Heteromeric Cx26—Cx30
GICh. (C) Heterotypic channels.

Deafness-associated Cx26 mutations
may produce.
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ION-CHANNEL-COUPLED RECEPTORS
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