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Membrane bilayer

Exterior =,

3 ';".i‘i_: } Staining artifact

due to binding of a
contrasting agent (Uranyl
or Osmium) to the polar
headgroups

Polar head
groups

Hydrophobic
tails \[

Polar head
groups

Figure 10-6ab
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



Lipid bilayer stability

It takes = 55 kcal/mole to remove a single acyl chain from a
bilayer and put it into water.

The energy of stabilization of the membrane is equivalent to
about 16 high energy phosphate bonds (ATP — ADP) per
lipid molecule!

Even a 20 nm edge of a ruptured membrane would expose
about a hundred lipids or cost 11 000 kcal/mole.

No other physical force comes close to generating this
amount of energy.

More than 95% of the hydrophobic lateral area of a typical
biological membrane 1s occupied by lipids.



A phospholipid is an amphiphilic molecule
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There are 1500 types of lipids.

PHOSPHOLIPIDS
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phosphate CH3®
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Chemical Diversity of Glycerophospholipids and
Sphingolipids

Chemical modification of head
groups (green circle), fatty acid
chain length, and numbers of A B
double bonds (degree of
saturation) contribute to the

Phosphocholine
Phosphoethanolamine
Phosphoserine

Phosphocholine
Phosphoethanolamine
Phosphate

versi ] ‘A Phosphoglycerol Phosphoinositol
dlve Slly ana’ com]?l.exlly Of( ) Phosphoinositol Glyco Substitution
glycerophospholipid and (B) Phosphate

sphingolipids. ostor.
alkyl ether,
alkenyl ether I o _
The linkage in glycerol in the sn-1 ¢ P £ £
in glycerophospolipids (red circle) ¢ _ 2. S S
. : ¥ B < ¢
increases the variety further. &8 &8 2 2
. @ — TS - w w
Int?t?ad of a glyceml, sphin- ; ; : ; 5 5
golipids contain a backbone of 2 2 5 S
sphingoid base, including 2 £
sphingosine, which is amide bound |
to a fatty acid to form ceramide. — Sphingosine A N

Glycerophospholipids Sphingolipids



Lipid self assembly is a water (entropy)-driven process.
The hydrophobic Effect

+ Molecules with a fatty acid chain of 4 carbons or less have
reasonable solubility in water.

+ Above 8 carbons, molecules bind strongly to a membrane or
proteins with hydrophobic pockets.
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A rf}rpaa?t‘éfir‘gé O{i\>° %

Lo
& I
,:\“l ( )
O’-f'—:’_’o . e‘n
o D
OO::O

Bilayer membrane




Energetically unfavorable

The lipid bilayer ey
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Giant vesicle with a diameter d=50 um



The structure of DOPC lipid molecule and a snapshot of the
bilayer model used comprlsmg of 1 28 DOPC molecules.
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Defining “The Structure” of Fluid Bilayers




INTERFACE HYDROCARBON INTERFACE

“ s
Time averaged probability A CORE
transbilayer "structure"
of a lipid functional group '
-Z +Z
waters

£ of
s hydration
£
a

T B
choline phosphate glycerol

BilayerNormal(z)>
-30 -20 -10 0 10 20 30
. . . . DISTANCE FROM HC CENTER (A)
Distribution of groups along the z-axis % 2 w0 o 10 2 1

HYDROCARBON
CORI

0.05

Charge Density

from S. White



partitioning

A

coupled

¥

folding

insertion

assodiation

[profiles perturbed 10

M. C. Wiener & S. H. White (1992)
Biophys. J. 61:434-447

S. H. White & W. C. Wimley (1998)
Biochim. Biophys. Acta 1376:339-352



Time averaged mass density profiles of the DOPC groups
relative to bulk water at 0 dyn/cm membrane tension.
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percentage of free volume

L B ) The lipid bilayer

R Region 1: perturbed water
ShoRea Low headgroup density —

* g 20-27 A from the bilayer center

vt Region 2: interphase

1 2 3 4 3 2 1

High headgroup density —
Free vilume distribution 13-20 A from the bilayer center

5 E f E Bcrf:ndscn'sgfour rcg?nn.s. % i .' 5
50 - ;"3 1 ; 2 ! 3 E 4 l 4 E 3 5 2 i 1 ! ;;_ °
= . | [
~ :| Region 3: soft polymer

High tail density —
6-13 A from the bilayer center

Region 4: decane

Low tail density —
0-6 A from the bilayer center
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distance from the bilayer centre / A



Radial distribution of water O

“Bound” water .

— phosphate P

Rist e SN SRl Ee 3 cbomic 1 phosphate P —4
i ' Al | cholineN  -15
carbonylC -1.5
) i total bound -21
R A b "0 5 10 15

r(A)
First solvation shell

Diffusion constants of water
DPPC bilayer (nw = 28, 50°C)

D (10® cm?/s)
bulk 6.2
N bound 4.1
P bound 3.0
CO bound 2.2

[Tobias, in “Hydration Processes in
Biology,” NATO AS1, ISO Press (1999)]




Water bridges between PE
headgroups.

The clathrate cages around N(CH,),
groups from two PC headgroups
from opposing bilayers.




025

4+ The chain order parameters are at

their plateau values. : oz0 |
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+ The main barrier to
permeation of small
molecules.
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Headgroup repulsion ( <0

Hydrogen bonding
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Hydrophobic effect




Lateral pressure in membranes
(a mechanism for modulation of protein function)

with water . ‘

g "‘ ; J.
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The membrane is self-assembled
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structure — there is no overall stress.
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transition between h-
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Membrane proteins are stabilized in lipid bilayers which
constitute cell membranes.

Probability
— Phase
| ? separation

Interface ™.\

S
LN

Electric
Hydro- .
carbon ﬁEId

core

Interface .~

-20A

-40A

Unique physical properties of a lipid bilayer,
which may affect the folding, stability and
function of membrane proteins.



Biological membrane
dynamics

An aggregate is an excellent
material for cell membranes

* Hydrophobic effect is the driving
force — self-assembly in water

» Tendency to close on themselves

» Extensive: up to millimeters

Trans-Golgi

Medial-Golgi
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composition and assembly

Structure,

Figure 11.33 Physical Biology of the Cell (© Garland Science 2009)



Biological membrane model development
A third of the dry weight of a %%05@ 1880

cell 1s membrane. " ofmemirane [\w overton
"’"‘i"“’, s 7 Langmuir —_1900
A Almost half of all proteins TR e
encoded by a eukaryotic genome  «iupia 1020
are membrane proteins. Grendel |
“"Ei‘f.}';' fzi',?!ﬁ.' Daniel | 10a0
1 Roughly half of biological
processes occur on membranes.  “ memorane N
1 The phospholipid bilayer Nicdteon ©
membrane is the solvent for e QL [
membrane proteins and forms the 53’33&;”8 ==
o 2000

basis of the biological membrane.

Copyright @ 2003 Pearson Education, Inc., publishing as Banjamin Cummings.
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Typical model lipid membranes:

a) Langmuir monolayer

. 2 ..

1n eXpanded or Liquid expanded

condensed state. W
b) Lipid liposomes and

GUVs. o

L. Liquid condensed

¢) Supported lipid

bilayers on mica or ;

silicon and tethered

aqueous subphase

'. '.1'. '. 1
...00.‘.0..‘.00.

bilayer lipid

membranes ona gold © e

solid support. P |
d) Chamber for studying

electrical properties

and 1on transport of 53
bilayers (black) lipid -
membranes.

LUVs: ¢ =50-200 nm
GUVs: ¢ =1-300 um

Teflon
I film I



Biological membranes are flexible, non-extendible,
self-sealing, differentially permeable barriers that
separate “IN” from “OUT”

LB
L
,,,,,,

Eukaryote

il

microtubules
T N\
centriole y E'D

, d) ,

' B

mitochondrion nuclear pore

chromatin
nuclear envelope nucleus
nucleolus
! S Golgi complex
"\'YH‘ \
) _,rl.ll \Il; L
Prokaryote = 7 .%/ AN iysosome

vesicle “T @ .

cytosol ©
flagellum

plasma membrane

rough " | smooth

endoplasmic endoplasmic
reticulum ribosomes reticulum




Biological membrane - Life’s Border

Its thermodinamical stability results from molecular non-covalent
interactions within the phospholipid bilayer and water phase.

’ Mouse Cell
0:00

Time after fusion

. Human Cell

“Membranes are two-dimensional solutions of

oriented lipids and globular proteins.”
J. Singer & G. Nicolson, 1972




Scales

OUTER MEMBRANE

SURFACE

Carbohydrate
chains

Phospholipid
bilayer

Lipid-anchored -

membrane

protein
Hydrophobic
region

Hydrophilic
region

Carbohydrate

Integral
chains -

membrane
protein

Peripheral
membrane

(a) Fluid mosaic model of

Phospholipid
bilayer membrane structure
(7-8 nm)
INNER MEMBRANE Q Phospholipid
SURFACE o+ el 48
Polypeptide
a-helical e (string of
transmembrane 3 amino acids)
segments
(b) An integral membrane protein (€)An enlarged a-helical £ E:;?: :\O\zdrate
transmembrane segment glycoprotein)

(20-30 amino acids)



Electron
microscopy of
| N |y . biological
N e O 0 membranes

Figure 11.3 Physical Biology of the Cell (© Garland Science 2009)

Extracellular

Freeze-facture 1s a
specialized preparation ®)
technique that splits a _
iy

membrane along the Plastaa Cytoplasinic

. membrane layer
middle of the '

. . . x “‘- : B “)ki-,;::‘”
phospholipid bilayer - - s »&m - \gg%;@ §

«"1

& -."~\\~" , - .-‘ .
t“ E w.‘,'\'% h e ey
> A AR
SN SRR W&é& ENEN

Extracellular layer Cytoplasmlc layer



Functions of the cell membrane

Regulate mass transport

Diffusion
Active transport
Vesicular transport

Electric activity
Membrane potencial

Signaling, signal processing
Receptor —ligand interaction
(hormons, growth factors, neurotransmitters, etc.)

Selective signal recognition and transduction by
transmembrane receptors



Functions of the cell membrane

Plasma Membrane Structure

Carbohydrate yoDprooe
Side Chain—Y/ 2

Cell to cell interaction, cell recognition

Immune recognition,
synchronization of cellular activities

Biochemical activity TAFHANN ez
\ & ®© Hydrophobic

Provide stable site for the binding and e
catalysis of enzymes
Compartment separation for chemiosmosis

ATP sysnthesis in mitochondria and chloroplasts

Cell shape and motility

cytoskeleton,
cilia and flagella




CELL MEMBRANE

consl:sts of
| | | |
Cholesterol Phospholipids Carbohydrates Proteins
[ ' | | . | | I |
togeth'er form together form togethfr form
Lipid bilayer Glycolipids Glycoproteins
| |
whose funcilions include
! {
Structural Cell Immune
stability recognition response

Plasma membrane lipid composition (in mol%) of various

cell types

Lipid type Net charge Human Human Human Human G bacteria G bacteria  Yeast Plant
at neutral pH erythrocytes, erythrocytes, fibroblasts HelLa (E. coli, outer (B. subtilis) (S. cerevisiae) (oat root)
outer leaflet  inner leaflet membrane)
Cholesterol 0 1.1 333 13 253
Other sterols 0 48.5 39.1
Phosphaditylcholine (PC) 0 10.3 4.1 43.2 39.5 8.8 14.3
Phosphatidylethanolamine (PE) 0 3.7 11.6 16.1 16.8 83.5 8.4 7.2 15.3
Spingolipids (SM) 0 11.8 2 12.2 3.1 15.8 10.1
Diacylglycerol (DG) 0 28.2
Phosphatidylserine (PS) I- 0.7 8.2 6.4 9.9 0.6 2 42
Phosphatidylglycerol (PG) 1- 12.3 49 1.3
Phosphatidic acid (PA) l- 0.3 0.9 1.5 0.5 1.3 11.8
Cardiolipin (CL) 2- 4.3 0.6 2.8 2.2
Phosphatidylinositol (PI) 1-, 2-, 3- 0.5 1.5 7.6 l 14.3 1.5
Others 1.5 11.6 1.7



Correlation between lipid compositional complexity and
cellular architecture and function

Bacteria Yeast Higher Organisms
S

Lipid composition ~ Mainly PE and PG~ 4 SPs, GPs, and sterols ~ GPs, sterols, and tissue-specific SPs

UL "
() | {

Membrane Robust Robust Robust
properties Different shapes Different shapes Different shapes
Complex organelle Complex organelle morphology
morphology Complex and specific cellular
architecture
Functionalities Membrane protein ~ Membrane protein Membrane protein incorporation
incorporation incorporation Membrane budding

Membrane budding Vesicular trafficking
Vesicular trafficking Specific functions depending on

the cell type

Sphingolipids (SPs) and sterols enable eukaryotic cellular membranes
with the property of vesicular trafficking important for the establishment
and maintenance of distinct organelles. Tissue-specific SPs in higher
organisms enable the generation of specific architecture and function



Protein, lipid, and carbohydrate content of
different cell membranes

Approximate Percent by Weight

Membrane Protein Lipid Carbohydrate Protein/Lipid Ratio
Plasma membrane

Human erythrocyte 49 43 8 1.14

Mammalian liver cell 54 36 10 1.50

Amoeba 54 42 4 1.29
Myelin sheath of nerve axon 18 79 3 0.23
Nuclear envelope 66 32 2 2.06
Endoplasmic reticulum 63 27 10 2.33
Golgi complex 64 26 10 2.46
Chloroplast thylakoids 70 30 0 2.33
Mitochondrial outer membrane 55 45 0 1.22
Mitochondrial inner membrane 78 22 0 3.54
Gram-positive bacterium 75 25 0 3.00

endoplasmic

reticulum mitochondria

Figure 11.34 Physical Biology of the Cell (© Garland Science 2009)



Rat hepatocyte membrane type

Plasma

Inner
mitochondrial

Outer
mitochondrial

Lysosomal
Nuclear
Rough ER
Smooth ER

Golgi

1 1 1 1

0 20 40 60 80
Percent membrane lipid
. Cholesterol . Sphingolipids
[ Cardiolipin [} Phosphatidylcholine
|| Minor lipids  [J}] Phosphatidylethanolamine

Within cells, lipid
composition differs
depending on membrane

type.

Nuclear membrane .
Centrioles

———Nucleus 2 " Golgi

apparatus
——— Nucleolus PP

——Chromatin

ribosomes Vacuole

Endoplasmic
reticulum

—_—

S/ Photo Researghers.

Lysosome Cell membrane

Rough endoplasmic
reticulum

Smooth endoplasmic reticulum




Membrane Proteins

MEMBRANE
PROTEINS
|
can be categorized according to

[ — 1

Structure ] Function
¢ Y ¢ Y X y y
Lipid- Integral | |Peripheral Membrane Structural Membrane | _ .. .. | Membrane |
anchored| |proteins| | proteins transporters proteins enzymes receptors
proteins l '
¢—‘—¢ are found in are active in
Carrier Channel o
proteins proteins are active in
l l ¢ Y
Cell junctions| |Cytoskeleton Receptor-
change form mediated
conformation endocytosis
Y Y A Y VY
Open channels| |Gated channels Metabolism Signal
transfer
open and
M h¢‘ Il Ch * | clase
echanically emically
gated Volt:;ge-galted gated |«
channel LI channel

Copyright © 2007 Pearson Education, Inc., publishing as Benjamin Cummings.



The asymmetrical distribution of proteins, lipids
and associated carbohydrates in the plasma
membrane is determined when the membrane is
built by the ER and Golgi apparatus.




Membrane
asymmetry

Types of asymmetry
+ lipids

+ proteins

Integral
protein protein Cyrorasu

The detailed structure of an animal cell's plasma membrane, in cross section.

+ carbohydrate

+ salt composition

+ function

asymmetric functions = asymmetric structures



transmembrane adsorbed transmembrane
glycoprotein glycoprotein proteoglycan

@ = sugar residue

Carbohydrates

cell coat
(glycocalyx)

lycolipid
, glycolipi

= Surface-associated sugers

lipid

|
= Exclusively on noncytosolic side ™| [l /[0

CYTOSOL

= Tend to self-associate (lipid rafts)

glycocalyx cytosol nucleus plasmalmembrane
| | |

Functions

= Protection of cell surface

= Electrical effects

= (Cell recognition and adhesion

L 1
200 nm

= Lectins, or carbohydrate-binding proteins, are also involved in this
layer

The diversity of carbohydrate chains is enormous, providing
each individual with a unique cellular “fingerprint .



Lipid orrnno xonomoniw

asymmetry 0804 o‘ 099006080608 $000

CYTOSOL
Percent of
total

membrane Distribution in

Membrane phospholipid phospholipid membrane
Inner Outer
100 monolayer 0 monolayer 100
[ [ I |

Phosphatidylethanolamine 30 I
Phosphatidylcholine 27 [
Sphingomyelin 23 ]
Phosphatidylserine 15 I |
Phosphatidylinositol [ I
Phosphatidylinositol 4-phosphate 5 ]
Phosphatidylinositol 4,5-bisphosphate I |
Phosphatidic acid I |




Major functions and asymmetry of membrane proteins:
— Transport
— Enzymatic activity
— Signal transduction

— Cell-cell recognition

— Intercellular joining

— Attachment to the cytoskeleton and extracellular
matrix (ECM)

Cell-cell recognition Intercellular joining

Attachment to the
cytoskeleton and extra-
cellular matrix (ECM)

¢ Receptor



Extracellular

fluid

Ng*-----=mmm—- 142 mEg/L -~
K*- -4mEqlL -
- 24 mEqlL --
Mg* ¥ == 1.2mEqL -
Cl™ ==—mmm e 103 mEqg/L -
HCO3 ™ -—---—-— 28mEqlL -
Phosphates ----—-- 4mEglL -
R 1mEglL -
Glueosg ~—===-= 90 mg/dl --
Amino acids ------ 30 mg/dl -
Cholesterol i
Phospholipids === 0.5gm/dl- ff -
Neutral fat ’
POy =---======= 35mmHg -
PCOp -—————————- 46mm Hg -
PH == - 74—
Proteins - - - =— = === 2 gm/d|

(5 mEg/L)

Mammalian cell
intracellular and

extracellular aqueous

phases composition

. MammaLIAN CELL

Cell Blood
Ion (mM) (mM)
K* 139 4
Na* 12 145
Cl™ 4 116
HCO;~ 12 29
X 138 9
Mg>* 0.8 LS5
Ca’t <0.0002 1.8



Gated ion channel
Opens or closes in
response to concentration
of signal ligand (S)

or membrane potential.

Ion

T

mbrane

Asymmetry of events

55

Receptor enzyme
Ligand binding to
extracellular domain
stimulates enzyme
activity in intracellular
domain.

Serpentine receptor
External ligand binding

to receptor (R) activates an
intracellular GTP-binding
protein (G), which regulates
an enzyme (Enz) that
generates an intracellular
second messenger, X.

m 6

——

"Enz

. "
~. |
l

|
|
|
I
I

Receptor with no intrinsic
enzyme activity

Interacts with cytosolic
protein kinase, which
activates a gene-regulating
protein (directly or through a
cascade of protein kinases),
changing gene expression.

8=

I

7S Adhesion
’ / ¥ receptor
Kinase  Binds molecules
cascade  jn extracellular
. conformation,
thus altering its
interaction with

cytoskeleton.




Different plasma membrane regions in
endothelial cell

Apical membrane

WU\ Tight

EoAZ N junction
Ny |

Microfilaments
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Lipid microdomains m——
.._f,ree-ﬂoatlng raft
in plasma membrane . )

caveolae c.ohtalnmg raft
....

Nieeeefee Clo .
| %%:g%%%% %55 ) 22 S

raft

glycosphingolipids — Rm m
cholesterol —

% f(ﬁ%%‘

Rich i PtdinsP, —

" Rich in

] 127 caveolin //
sphingolipids and Pl

cholesterol Caveola

» Longer, saturated chains of sphingolipids cause membrane
thickening

" Such lipid arrangement recruits particular proteins and
facilitates their transport or function as a group



olelele The superlattice

000 000® Lateral lattice strain caused by a bulkier
Q00O OOO guest molecule.

Random Superlattice

Control of membrane
associated enzymes

Free ., Percolation”

Energy

Composition




Curvature is a key property of functional

membranes

Influences on membrane curvature

Lipid composition

Heac i
LRI - it Y y f'1 A
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Actin cytoskeleton Microtubule motors
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The induced shape changes

- after 30 h of metabolic depletion,

- instantaneously 1f lyso-PC or
phosphatidylcholine with short chains 1s
added,

- temporarily after the addition of
phosphatidylserine or
phosphatidylethenolamine

Spm

Figure 11.38 Physical Biology of the Cell (© Garland Science 2009

)



Cylindrical

&5
Phosphatidylcholine | 5& .
Phosphatidylserine | #8 T8

Sphingomyelin

Inverted Conical

Cholesterol

Phosphotidyl-
ethanolamine

Inverted Micelle



Effect of lipid composition on cell membrane, endocytic function, and

transport.

a) Conical shape of PE facilitates membrane invagination during
endocytosis.

b) High concentration of PE at outer leaflet could alter the membrane
lipid arrangement and increase membrane permeability.



Effect of acyl chain of lipids on cell membrane barrier - endocytic
function.

Phospholipid membranes with fluid acyl chains sort towards recycling
vesicles

Membrane with fluid acyl chains

Unsaturated acyl chains

Recycling
endosome




Effect of acyl chain of lipids on cell membrane barrier - endocytic
function.

Phospholipids with saturated acyl chains sort towards late-endosome
formation.

Membrane with rigid acyl chains

Saturated acyl chains

O\\c 0

Late endosome &
formation



Effect of acyl chain of lipids on cell membrane barrier -
trans-membrane protein organization.

Proteins with long trans membrane are
associatedwith long acyl chain length

Proteins with short trans membrane are
associated with short acyl chain length
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Molecular dynamics of membraane lipids

Lateral diffusion

+ Movement of lipids in plane of bilayer - FAST - lipid
exchanges places with nearest neighbour every 107 sec

+ A phospholipid can move several ym per second at
37°C, e.g. from one end of bacterium to other in <I
sec (animal cell, <1 min)

Konig & Sackmann, Curr.
Opin. Coll. Int. Sci. 1, 78

(1996)




Single-molecule diffusion
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Axial rotation - spinning about the long axis - FAST
Intrachain motion - flexing, kink formation

Two different types of conformation for acyl chains:
+ all-trans - straight, extended

+ gauche - formed by 120° rotations about C = C bonds,
short-lived kinks; lifetime ~ 10 sec

cis-double bond - very large, permanent kink in acyl chain
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All membranes undergo phase transitions.

First level: fatty acid melting temperatures
+ Increase with chain length
+ decrease as add double bonds

+ many organisms respond to temperature change by
changing their fatty acids
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Gel-like consistency Fluidlike consistency

Poikilotherms

Organisms that cannot regulate their own temperature must regulate
membrane fluidity by changing fatty acid composition of membranes
(called homeoviscous adaptation).



Pure lipids have sharp melting transitions
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Phase transition in lipid bilayer
E phospholipid bilayers behave as 2-D crystals

F single type of acyl chain

E  melting occurs over 1-2°C temperature range; highly
cooperative

gel phase liquid crystalline phase
ordered acyl chains disordered acyl chains
all-trans conformation, tilted gauche conformations
closly packed crystalline array loosely packed
little molecular motion lots of molecular motion
very slow lateral diffusion fast lateral diffusion
little intrachain motion rapid intrachain motion

thicker thinner



Second level: properties of headgroups

+ 1nteractions with neighbors affect lipid
mobility

+ lateral diffusion

+ rotation

+ flip-flop

+ Interactions affected by head-group's charge
& ability to H-bond

Gel-like consistency Fluidlike consistency




Effect of headgroupon T :

DPPC (di-16:0)  42°C
DPPS (di-16:0) 55°C

DPPE (di-16:0) 63°C

real membranes contain a large variety of chain lengths, unsaturation and
headgroups — very broad melting transition, may cover 20°C

Prokryotes: e.g. E. coli

+ Must be able to grow at different temperatures

+ Fatty acids incorporated into membrane lipids are
changed — membrane fluidity same at different temps

B 42°C saturated/unsaturated = 1.6
B 27°C saturated/unsaturated = 1.0



Third level — sterols
B cholesterol intercalates between phospholipids and "buffers"
fluidity
B decreases intensity of gel — liquid transition
+ long axis of cholesterol 1s parallel to acyl chains

+ OH group interacts with polar headgroups

(c) Cholesterol Makes membrane less
permeable to small molecules.
OH
Phospholipids show different degrees of 00000 UU0° QUIIIID , (DI’ (A
affinity to cholesterol; Chicleatarol
SM > PS > PC > PE

(phospholipid affinity toward cholesterol also
depends on the molecular shape of the lipids)



- cholesterol \

Stabilizes fluidity

1. Below T_ (gel phase) - it
increases fluidity, prevents close
packing of acyl chains, inhibits
crystallization, destabilizes the
gel phase, so bilayer starts to
melt at a lower temperature

Fluidity

+ cholesterol

Temperature

2. Above T, (liquid crystalline phase)
F 1t decreases fluidity, restricts chain motion — fewer kinks
from gauche conformations

F has a condensing effect — more ordered structure, so
bilayer finishes melting at a higher temperature

F > 30 mol % cholesterol eliminates phase transition

F a "buffer" to changes in membrane fluidity



Fourth level = proteins

lipid/protein ratio = increases at lower temperatures

Mmembrane protein dynamics

. Lateral diffusion - rate is variable
2. Rotational diffusion - fast

3. Flip-flop - non-existent; polar domains
cannot move through bilayer interior

Measuerd diffuiosn rate m?sec!

Lipids 1 %103
Rhodopsin 4 x 107
many proteins 1-5 x 1019
Band 3 1 x 1012

Electron Micrograph Membrane Proteins
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Reason for lateral immobility of proteins

1. Aggregate formation e.g. bacteriorhodopsin
2. Attachment to cytoskeleton e.g. Band 3

3. Binding of large peripheral proteins at inner/outer surface

Lipid-protein interactions

+Hydrophobic interactions - between lipid acyl chains
and protein transmembrane a-helices

+lonic/H-bonding interactions - between lipid
headgroups and polar protein domains

+ Each protein molecule interacts with an annulus (ring)
of lipid annular or boundary lipid



The three major phases of lipid bilayer organization in

biological membranes.
Under Physiological conditions
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Properties of boundary lipids

1. Protein surface reduces flexing of acyl chains by
factor of 10-20; lipid 1s less fluid, has restricted motion

2. Not static - a boundary lipid exchanges every 107 sec,
rather than every 107 sec, ~10 x slower than normal

3. All proteins perturb one lipid layer, second and third
layers are affected to lesser extent

¥ glycophorin perturbs 30 lipids with single
spanning segment

¥ Band 3 ~700 lipids bundle of 14 spanning
segments



4. Some proteins attract specific lipids into their boundary
layer

+ They may be required for protein function; can
think of as being allosteric effectors

+ Other lipids may be excluded from the boundary
layer, e.g. cholesterol exclusion 1s seen for many
proteins
5. Integral proteins usually retain tightly bound annular
lipid even 1n detergent solution (mild conditions); often
present after purification, e.g. P-glycoprotein transporter
retains 55 lipids around it

Removal (using strong detergents or harsh conditions)
often causes complete loss of activity (denaturation)



Lipid asymmetry in membranes - mechanisms

1. Slow flip-flop helps, but cannot maintain asymmetry for >24
hours

2. "Flippase" (phospholipid translocase)
+ plasma membrane-bound protein, low abundance

+ uses ATP to move PE and PS from outer to inner leaflet

+ selective; 1t does not translocate PC or SM

3. Cytoskeletal interactions

+ some erythrocyte cytoskeletal proteins bind "amino"
lipids with high affinity

+ helps to keep PS and PE 1n the inner leaflet
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Transverse diffusion or Flip-Flop

+ Movement from one side of bilayer to the other -VERY
SLOW - 10° times slower than lateral diffusion.

+ It takes 12-24 hours for half the phospholipid to exchange into
the opposite leaflet.

+ Large activation energy barrier to movement of polar
headgroup through hydrophobic interior.

Quter (cytosolic)

Slow flip-flop helps to maintain lipid leaflet

Inner (exoplasmic)
asymmetry leaflet

outer membrane
membrane cytosol of mltochondrlon
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exchange
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Lipid Flippases
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Movement of phospholipids

extracellular
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The techniques used for monitoring transbilayer movement of lipid.
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aminophospholipid ABC transporter
translocase e.g. MDR3 P-gp

Plasma
membrane

aminophospholipid
translocase (?) non-specific
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Various proteins
control lipid
sidedness across
cellular
membranes.



