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Cell membrane

%
S

3

N

m T




Function of the cell membrane

» Separation of the cell components from the nonliving
surroundings (8 nm thick)

> |t controls traffic into and out of the cell. - Jo iors —

» Like other membranes, the plasma membrane is
Qs\as o n .
* e selectively permeable, allowing some substances to
cross more easily than others (hydrophilic vs

hydrophobic)



Composition of cell membrane

» The basic structural unit of biological
membranes is a lipid bilayer

» Phospholipids are the primary bilayer
forming lipids




General membrane structures
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Different types of phospholipids

(a) Phosphoglycerides Head group
P+ « gthonol aming
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Hydrophobic tail

» Choline, ethanolamine are the most O/I >y @
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abundant PL classes. Head group
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has no net charge i on Chotie
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» Serine and inositol head groupsg-c Y ’ @

have net negative charges
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Characteristics of membrane

» The main macromolecules in membranes are lipids and
proteins, but include some carbohydrates

| /@46}”&%
» Membranes are fIU|d—\/§ §]1P—ﬁ0{@P

» Membranes are‘mosaics of structure and function
Structure ‘unclia

» Membrane carbohydrates are important for cell-cell
recognition .y« B
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Membranes are fluid

» A membrane is held in together by weak hydrophobic
Interactions

» Most membrane lipids and some proteins can drift
laterally within the membrane (2 microns per second)
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»Molecules rare!x flip transversely Monpolar fail - I\ S5

(flip-flop) across the membrane, =
because hydrophilic parts would have W /Cf f’_\O)Y
to cross the membrane’s hydrophobic g% .
core. movement F"P'ﬂw

(a) Movement of phospholipids



Membranes are fluid

e e ©
» Membrane fluidity is mﬂuencetemperature and
its éonstituents. L temp + —» erergy +— Hevanont
= f[cu‘ai%j ¥ «)

» As temperatures cool, membranes switch from a fluid
state to a solid state as the phospholipids are more
closely packed.

» Membranes rich in unsaturated fatty acids are more fluid
that those dominated by saturated fatty acids because
the kinks in the unsaturated fatty acid tails prevent tight

packin J Fluid Viscous

i RAREABA. SRS

% i ioutos o

Unsaturated Saturated
hydrocarbon hydrocarbon
tails with kinks tails




Membranes are fluid

» Short chain fatty acyl groups tend to increase lateral
mobility

» cholesterol in membrane of eukaryotes, modulates
membrane fluidity by making the membrane: .owere s

» Less fluid at warm temperatures (e.g. 37 °C body Coecpatorts
. . " f“k)) &)l p Ay

temperature) by restraining the phospholipid ', .. -
movement. Bluidily I Go Yoo Pasprlde ot

ilayer’

» More fluid at lower (cool) temperatures by preventing
close packing of phospholipids.

» Cells may alter membrane lipid
concentration in response to changes
in temperature ., prpmlps conmoos aipd Ll
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Membranes are mosaics of structure
and function

RN AP N G Gl (AP 30y
» Membranes have asymmetric inside and outside faces.
The membrane’sisynthesis'and modification by-the ER
determines this asymmetric distribution of lipids, proteins
and carbohydrates.

» The two lipid layers may differ
In lipid composition. Golg

apparatus
» Membrane proteins
have a clear direction.

» When present,
carbohydrates are restricted .«

to the membrane’s exterior  jev™*

Plasma membrane:
Cytoplasmic face
Extracellular face




Membrane Proteins

> Proteins determine most of the membrane’s
specific functions

» Membrane proteins:
c~e—» peripheral proteins

-

. })\Cy »loosely bound to surface of membrane

»cell'surface identity-marker (antigens)

» integral proteins: penetrate lipid bilayer.
usually across whole membrane

»transmembrane protein: o fussive S

»transport proteins (g/hgmn\gﬁ Fiouns ot Qw _
permeases (pumps)) - active, YO AR




Many Functions of Membrane Proteins

S s ® Transport Intercellular joining

Enzymatic activity
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Cell-cell recognition

d D Signal transduction
v (_nomon, nea/bdr’h'ls"'"‘f’)

~ Attachment to the
cytoskeleton and

o extracellular matrix
(ECM)




Glycolipids /@f N\
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» Pattern of sugar residues is variable «**
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» Always in \outer leaflet|of cell membrane, &

inner Ieaflet)

of organelles

Sugar
residues

Hydrophilic

soluble

e Serine
Fatty acid

Hydrophobic

(not soluble tails (can be

saturated or

= lipophilic)

unsaturated) U U
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for ceII cell recognltlon

» Cell-cell recognition: The ability of a cell to distinguish
one type of neighboring cell from another. < -= . &

r(\:§/v/ T"LQ

» Cell-cell recognition is crucial in the functioning of an
organism. It is the basis for:

\gyohic ol
w¢ > Sorting of cells into tissues and organs in an animal

Jem ros gl — —

» Rejection of foreign cells by the immune system.
M/J —

» The way cells recognize other cells is probably by keying
on surface molecules (markers)




Membrane carbohydrates are important
for cell-cell recognition

» Membrane carbohydrates are usually branched
oligosaccharides with fewer than 15 sugar units:

> They may be|covalently bonded|either to lipids, forming

glycolipids, or, more commonly, to proteins;forming
lycoproteins.

» The oligosaccharides on the external side of the plasma
membrane vary from species to species, individual to
individual, and even from cell type to cell type within the
same individual



Movement across cell membrane

acfive poLssive
Fibers of Carbohydrate EXTRACELLULAR
extracellular FLUID
matrix (ECM)

Glycoprotein

Filamens of Cholesterol
cytoskeleton

Peripheral Integral \
protein protein CYTOPLASM



Movement across cell membrane

» Passive Transport
> Simple diffusion —— sowion 34050 2 polority@ s Lo e
» diffusion of nonpolar, hydrophobic molecules
/> lipids o boo 5 e
» high — low concentration gradient — e ik e arte npet <ot
» Facilitated transport o
» diffusion of polar, hydrophilic molecules
> through a protein channel Carier — Suchse corer
» high — low concentration gradient
» Active transport
» diffusion jagainst/concentration gradient
» low — high
» uses a protein pump

» requires ATP




Movement across cell membrane

Diffusion

> Passive transport

Facilitated diffusion




Transport of large molecules

» Moving large molecules into & out of cell
(oML o> (~\o2
» through vesicles & vacuoles
» endocytosis ‘-l
»phagocytosis = “cellular eating” Zolid
»pinocytosis = “cellular drinking”[:guis
» exocytosis ¢ -

Plasma Secretory —@ @ 000
membrane product @ 909

Secretory
vesicle

Cytoplasm
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Diffusion of water... ... «s .«

[aigh salu_lf7<- locosolu@ Ol (e (Siru stal <= bkl
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> Diffusion of water from (high concentration ofywatér to
low concentration of water
» Direction of osmosis is determined by comparing total
solute concentrations
» Hypertonic - more solute, less water

» Hypotonic - less solute, more water

» Isotonic - equal solute, equal water

net movement of water
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[ Chemicalty aleered LDL cells acoimulace
in the artery wall. Samulased endoehelal
cells dbsplay adhesion molecules and
secrete chemokines chas NEMM
and T cells ineo the indma.

E The lured monocyees masare loeo

macroptuges. The macroptuges .

along Meh T cells produce
mediators such as

oyeokines, which promoee cell

division. Scavenger fecepeors oo

displayed oo the macrophage help

them digesx modifed LDLs.

Bl As the macrophage
feed oo che LDLs chey become

fudled macrophages (called foam E] Infammatory molecules promote [ Foam cells weaken the cap by secrexing digesiing

ceml.tmgmrull(lmauemu farcher growth of plaque and form 2 macroe molecules. ¥ ehe weakened cap rupeares,

form of acherosclerock phque. Ebrous cap oves che hpid core. The dssue faceocs, which display ca ehe foam cell,
Ebrous cap seals off che Faeey coce inerace with cloe-promoeing elemens in the
£rom the blood. blood caning a clot (thrombus).



