Cell membrane - Structure and Functions
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Compartmentalization

- %’

Biochemical pathways are running in isolated, membrane bounded
spaces - This provides the optimal environmental conditions
to the processes.




Main functions of
cytoplasmatic
membranes

Boundaries - facilitates in- and outward transport
of nutrients

—d
Anchoring proteins - trasport, bioenergetical
processes, sensing signals
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X
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Generating and storage of energy - generation of proton
gradients



Functions of membranes

1. Boundaries and selectively permeable - cell membrane/plasma membrane and
intracellular membranes - cell organells

-2. Specific functions - they are distinguished upon proteins associated (integrant or

periferial proteins). Glucose phosphatase - rER-membrane associated enzyme and its marker,
too.

-3. Transports are requlated by Z e

membranes - ® Bouidey s ® . g .
m A

a. Simple (high cc.->low cc.): S Pt =

H,0. 0,, CO,, ethanol i

and v, — N
localization of ‘: = \
i = b

b. diffusion (high cc.->low cc.)
by the help of transport proteines:
saccharides, amino acids

Nucleus

c. Proteins of " “, they are * o

essential in ion-gradients: low cc.-> higy Z

cc. Intake of saccharides, amino acids @) Transport < i Calltesal

against concentration gradient. processes e ‘ ® EHnaunication
e ©

d. Endocytosis and exocytosis, etc.
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Functions of membranes

4. Sensing and transmission of electric and chemical signals - signal transduction
receiving and transmitting external signals

E.g.: Estrogen - can cross membranes due to its hydrophobic character; other

molecules require receptors which process generates secondary messengers

The signal can reach even the nucleus and can influence levels of gene
expression.

@ Boundary and .. "3+..
‘5. Cell-cell communication permeability e o
The communication mediator components

are - gap junction (in animal cells) and @ Orgenization
plasmodesmata (in plant cells) allow direct

and

. ) f localization of
intercellular communication. M
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Lipid soluble substances enter the cell rapidly

Benzine-lipid mixture, after evaporation of
benzine, a is formed

Benzine-soluble lipids form a film on the

surface of water

of the cell membrane. The
lipid bilayer is covered by a layer of proteins inside and
outside. Partially explains the rapid passage of proteins,
sugars, ions and other hydrophilic substances.

Discovery of electron microscope. The cells are
covered with a plasma membrane

Intercellular
space

- Cell1 l Cell 2
s pl

arrangement of
proteins in the
membrane.

Some proteins cross
the membrane,
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Membrane models - Fluid mosaic model:
Proteins arranged mosaic-like, scattered and embedded within the liquid

lipid bilayer

It is the first protein to be described
by the and with
its retinol-like and also energy-binding
moiety.

The after binding
causes a structural change that results
in the release of protons from the
cell. The resulting proton gradient
serves as a .

Protein, Lipid, and Carbohydrate Content of Biological Membranes

OUTER MEMBRANE
SURFACE P

Phos phollpid
bilayer
(78 nm)

=g
INNER MEMBRANE C‘J {
SURFACE 5
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{b) An integral membrane protein

— Carbohydrate

4 chains
Phospholipid -
bilayer ¢
Lipid-anchored —— ~~ Glycoproteins
membrane . 7
protein a2

{a) Fluid mosaic model of
membrane structure

Phospholipid

a"? A / PP
transmembrane C?'g (y NH, am n ac ids)
{e) An enlarged a-helical i
transmembrane segment glycoprotein)

(20-30 amino acids)
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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 . o R
Amoeba 34 42 1 1.29 L|p|ds ’ prOTe'ns' and
Myelin sheath of nerve axon 18 79 3 0.23 CGI"bOhYdI"GTCS are CllSO
Nuclear envelope 66 32 2 2.06 involved in fhe
Endoplasmic reticulum 63 27 10 2.33 .
oo : " construction of most
Golgi complex 64 26 10 246
Chloroplast thylakoids 70 30 0 2.33 mefI'\br'GneS .
Mitochondrial outer membrane 35 45 0 1.22
Mitochondrial inner membrane 78 22 0 3.54
Gram-positive bacterium 75 25 0 3.00
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General structure of phospholipids

= ()
He= il —— 1 Sty H ﬁ HoH
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5
Phosphatdic acid {¢) Pospholiids (R=any of several hydrophilic alechls)

{a) Fhosphoglyceride
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{b) The most common B groups in phosphoglycerides
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The main lipid
components that make
up the membrane

Phospholipides
Glycolipides

Other membrane lipids
(not phospholipids)

Cholesterol
Cerebrosides

Sphingolipides
Ceramide
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Membrane lipids: elements responsible for the
of the model .........

Several types of lipids are
formation of membranes
» Phospholipids

involved in the

......
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Phosphatidylinositol
Phosphatidylglycerol

Diphosphatidylglycerol (cardiolipin)
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{b) GLYCOLIPIDS

Tay-Sachs disease:
Lysosomes are deficient in
degradation of gangliyosides is
impaired;
in CNS.

Cerebrosides
(galactocerebroside shown)

-Glycolipids /
Cerebrosides and gangliosid

{c) STEROLS
Cholesterol (shown)

-Steroids (they are not found in prokaryotes or in the

inner membranes of the mitochondria, the color body)
Cholesterol

Campesterol
Sitosterol
Stigmasterol

} Phytosterols

H OH
H—FOH—EH,O0H
Galactose HO-%CH O
H
Sphingosine

CHy
CHy
H o He H
c—c: c: CH,
[ e e,
H

acid

Fatty
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Phytosterol

The membranes of bacteria and
cyanobacteria contain steroid-like
molecules - haponoid (rich in petroleum
deposits; membrane components of early
prokaryotes?)

(a) A hopanoid

o

(b) Cholesterol

Copyright © 2003 Pearsen Education, Inc., publishing 23 Banjamin Cummings.



Thin layer chromatography - an important tool for lipid analysis:
Stationary phase - thin silica gel with a hydrophilic layer on a glass or metal plate o, ..
Mobile phase - a mixture of solvent, chloroform, methanol, and water. front

Low /
affinity  cholesterol f & Chotstierol
olestero
/\ 4 O PE
Phosphatidylethonolamine (PE) '
PC
. . f O ps Solvent
Phosphatidylcholine (PC) o Ongm 4o system

Hig_h Phosphatidylserine (PS)
affinity o ™

Copyright ©@ 2002 Pearson Education, Inc., publishing as Banjamin Cummings.

Table 7-2  Structures of Some Comman Fatty Acids

Number of

Fa'r'ry aCidS are also impor*anf for‘ e Carbon Atoms LBeT e Structural Formula Space-Filling Modol
membrane structure and function 2

Fatty acids are ‘ ” g
lipids except steroids. N e S
Hydrophobic hydrocarbons are generally

and provide stability to the lipid v ) N o S
bilayer.. o Non o e

Saturated Fatty Acids: Palmitic (16C) and o
Stearic (18C) " o e e e e N i cn NN
Unsaturated Fatty Acids: Oleic and Linoleic o i o

Acids (both are 18C)

Copyright £ 2003 Pearson Education, Inc., publishing as Benjamin Cummings.



Membrane asymmetry: the majority of lipids are unequally distributed in the
two lipid monolayers - differences in quantity and quality

is embodied in differences in lipid types and degrees of saturation.
Asymmetry of membranes.
The resulting asymmetry, for reasons, of lipids
between the two surfaces.
External Membrane: Glycolipids - Recognition processes and signaling
Internal membrane: important for sighaling to the cell's interior - phosphatidylethanolamine,
phosphatidylinositol, phosphatidylserine
Membrane asymmetry: the majority of lipids are unequally distributed in the two lipid
monolayers - differences in quantity and quality

Movement of lipids in the membrane:
- "Flip-flop" or inverse diffusion
- rotation
- lateral diffusion

Flip-flop movement is rare, but is
promoted in biological membranes by
phospholipid translocators or

Therefore, phospholipid translocation in
biological membranes is more common o0e " 666

Than |n arTifiCial ||p|d bilClyer‘S. Transverse diffusion
(“flip-flop™)

Copyright © 2003 Pearzon Education, Inc., publishing as Banjamin Cummings.




Development and maintenance of membrane asymmetry :

EXTRACELLULAR SPACE

@
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reticulum
CYTOSOL ER LUMEN

PHOSPHOLIPID SYNTHESIS
ADDS TO CYTOSOLIC HALF

Bl
Phospholipids are synthesized bound to the ER ﬁ{ OF THE BILAYER

membrane. £00000000
Phospholipids bind to the cytoplasmic surface 000000
of the ER | s
PHOSPHOLIPID MOLECULES
transfers each lipid fo the other PRERRIR® | cuiinmionrts arownn
side of the bilayer. ST

gy, 2'e. (© 2004 Gartand Science)



Investigation of the fluidity of the lipid bilayer

By

, lipids and proteins, can move a few millimeters (equal to the length of a

bacterium) of a lipid of 800 M.S. in 1 second! Due to their large size, proteins move more

slowly.

Test procedure:

Intensity of fluorescence

Fluorescent-labeled
molecules diffuse

Laser beam
bleaches an area
of the cell surface

Cell surface
molecules labeled
with fluorescent dye into bleached area

Ctpntl 2003 Pearson Education, Inc.."'mn as Banjamin Cummings. ' '

The membrane only functions properly in its
state

Unlabeled
cell surface

Phase transition temperature (Tm):
Phase transition: gel-like state -> fluid

Calorimeter: chamber for measuring heat absorption.

The location of the peak of the curve indicates Tm.

fluorescence into bleached area

(FRAP) technique

Time

Measure rate of diffusion of

|

Unsatuirated:
Low Tm —

Saturated:
High Tm —

—
»

T, =28°C

Gel<-—— X » Fluid

Heat absorption —»

1 1 )
40 60 80

Temperature (°C)

: L
0 20

(a) Normal membrane

Tm=16°C T, =70°C

\L Oleate- Stearate-

8 \A enriched  enriched

B

]

w

o

[

k]

-]
L

I
40 80

Temperature (°C)

60

L
20

0

(b) Membrane enriched in either oleate or stearate
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Membrane-fluidity and fatty acid composition
There are two main aspects: and degree of

Membrane-lipids often consist
of 1 saturated and 1 unsaturated
fatty acid

{a)Lipids with saturated fatty acids pack together well
inlh.m.mhrane fatty acids do

Effect of steroids on membrane fluidity
Steroids - cholesterol and phytosterol. Steroids may represent up
o of the total membrane lipid content

Cholesterol - forms hydrogen bonds with the oxygen atoms of
neighboring phospholipids.

Paradoxical effect of cholesterol:

at high temperatures (effect of rigid rings) and

at low temperatures (inhibiting the natural arrangement
of adjacent hydrocarbon chains)

HOWEVER,
- filling the space between phospholipids.

of the lipid bilayer

The organisms can control membrane fluidity
Poikelotherms (bacteria, fungi, plants, amphibians, etc.) vs.
homeotherms (warm-blooded animals)

Homeoviscopic adaptation - membrane viscosity retained despite
changing temperature - shortening or reduction of fatty acid chains by
removal of terminal C's. de-saturation (e.g., E. coli desaturase)

(b)Lipids with a mixtur

e of rated and unsaturated
ID kl gem er well in the membrane

Phosphollpid

Meilting point (°C)

80 -

70 -

60 -

50 -

40.

20 -

10 -

T

32°C

30

76°C

70°C

-11°C

10 12 14 16 18 20
Number of carbon atoms

(a) Effect of chain length
on the melting point
Copyright @ 2003 Pearson Education, Inc.
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Choleslernl

(a) Cholesterol in plasma

sarson Edusaton, Inc.. publishing ac Banjamin Cummin

Phospholipid

. publishing as

01 2 3

Number of
double bonds

(b) Effect of unsaturation
on the melting point

"18-C
lipids

Benjamin G

\Q—\(jﬂ— CH,
0 0 Hydrogen bend

=C  C=0"%H

o]

Cholesterol

(b) Bonding of cholesterol to phospholipid



The fluidity of the membrane

phospholipid
|S |nfluenced by- | polar head group 3 chnlesteml i
polar
: ! . . head
S steroid | '\ \"} & N
phOSPhOIlpldS- ring 2r } { cholesterol-
structure > E | ) stiffened
c | } | region
; nonpolar
chain length < pealer i) it
tail
saturation g
(A (R}

Cholesterol content



Lipid rafts: L

| dilprephingnligady

iz

-
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e r F &
z T 3
”
’i- T
1 15 ], =
L1 ik N
i ol i 4 o
{
| 1SR
| | { T

- High in cholesterol

- Micro-domains

I "

L AR

!

-Glycolipids + sphingolipids | | .

- Rafts are present in the cell :_f’ / A
surface membrane and i @
on membranes attached to the Golgi

-Their importance: to reduce the between each cell membrane
layer membrane bound transport processes

| J |
| | 10
i | KT |
_.l
[
.-'_.

Other names in the literature:

- detergent-insoluble glycolipid-enriched
complexes (GEM or DIG)

- detergent resistant membranes (DRMs)

Detection: fluorescence microscopy - GM1 gangliosides; AFM



Membrane Proteins: The "mosaic" character of
the model

Freezing fracturing: rapid freezing (in liquid nitrogen) then diamond blade
exploratin after

E face (exoplasmatic face) and P face (protoplasmatic face)

Outer monolayer

E face — .- . ‘ QUTSIDE

CELL

P face

Integral
membrane
protein

Carbohydrate
side chains

Inner monolayer

Plasma
membrane

CYTOPLASM

Lipid- Inner monolayer

anchored

membrane Peripheral

protein membrane
protein
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Integrant membrane proteins: ~20 amino

acids, fransmembrane segment. Hard to isolate,

extraction requires treatment with detergents

Intergrant, monotopic proteins

Transmembrane proteins:
singlepass
multipass
multi-subunit

Carbohydrate
side chain

sy

OUTER

s AU
o=

F 3 O ‘ [
.DOQOOOO&.Q#OOQQ.Q dgid
INNER N . =
SURFACE ' : ranss

\=—=" ) membrane e
- segment ;= "0" | broton
\}) o channel
(a) Glycophorin (b) Bacteriorhodopsin
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‘ Glycophorin (vvt.)
<

Membrane proteins:

- integrant
- peripheric
- anchored by lipids

HH

Hydropathy

lot
Bacteriorhodopsin Plo

i—_'._.- "
E30 0D MNC I M e e 8 B ML DD NS e e
\ . :

LOODOOC] -
b=l =

» = L=
=

NN
10,0003
NN

22

nn B i
i { ) : ' I
SOO0O0COEID) .Qtﬂ!!ﬂ!,«;;it-.libalip ﬂ"‘fi‘% =
: o, E— JC ) NEN 5
mer (87 & YO SR SD\ (eGP
SURFACE — e anchor
(a)integral (b)Singlepass (c)Multipass (d)Multi- (e)Peripheral (f) Fatty acid
monotopic protein protein subunit membrane or prenyl
protein protein protein anchor
% - A S —
Integral membrane proteins Lipid-anchored

membrane proteins
Copyright @ 2003 Pearson Education, Inc.. publishing as Banjamin Cummings.


E:/BIOS300/lecture_14/ch07b_2003_supplement.ppt

(9)GPI

SURFACE anchor
(a)integral (b)Singlepass (c)Multipass (d)Multi- (e)Peripheral (f) Fatty acid
monotopic protein protein subunit membrane or prenyl
protein protein protein anchor

-
Lipid-anchored
membrane proteins

Integral membrane proteins

Copyright @ 2003 Pearson Edusation, Inc.. publishing as Banjamin Cummings.

by

The proteins can be separated by SDS-polyacrylamide gel electrophoresis

Isolation of membrane proteins

. Connection with
hydrophilic moieties of integrant
proteins or polar head portions of
membrane lipids. E.qg.:
in RBC plasma membrane.

Lipid-bound membrane proteins:
covalent bond with lipid.

| Peripheral membrane proteins are
attached o membrane surfaces by

and

- Fatty acid or prenyl as an anchor
- GPI-switching

(glycosylphosphatidyinositol, GPT)

Peripheral membrane proteins: altering or , removing -
chelating agents ( ). or urea (breaking down ).
12 3 45 12 3 45
Lipid-bound proteins can be isolated in the same way = L L oo B
as peripheral proteins, since | i
hegments |l L Gel
Extraction of integral membrane proteins is a more : - Glass
difficult, . The detergent & 4 pane
breaks down the and interacts ® ® l
with the lipid bilayer. SDS (sodium dodecyl sulfate) — 8
treatment T . ’a—-—1l
EERTRE vy GBS
SDS-polyacrylamide gel electrophoresis: The use of e g ot L §§;§
an electrophoretic electric field to separate : = polypeptides necrmsaiand g
electrically charged molecules. The migration speed = — stain for protein :;é:lia:rr:ge {-;g_;
depends on the charge and size. . _—— ® ° ‘
E polypeptides . ; — 2‘9
SDS digestion (proteins coated with negatively © oL e Y
charged SDS) -> electrophoresis -> staining with ® ® —7

Coomassie brilliant blue.
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Isolation and assay of membrane proteins:
The detergents used mimics the phospholipid structure around proteins

CHs
|

CH;
|

CH;

|
CHa
I
CHg
|
CH;
|
CHs
|
CHa
|
CH;

CHz

|
CH;
|

CH3

|
Q

I
O=5=0 0

e

sodium dodecyl sulfate

(SDS)

¥, Zle. {0 2004 Gariand Science)

hydrophilic
{lll,-
ﬁ'l'_—'fl:—'i'll_
2
{'I'.—fl'—f'll.

(
o s e |

M. CH

.‘\.1{3 Pli
Triton X-100

hydrophobic

membrane protein
in lipid bilayer

water-soluble complexes
of transmembrane proteins
and detergent molecules

27 Essential Coll Biology, 2. (2 2004 Garland Scienct)

" hydrophobic
“.’__'l hydrophilic
\/ head
=
detergent
monomers
detergent
micelles
h "o
W2 “eee
W™

water-soluble mixed
lipid-detergent micelles



Membrane proteins can perform many functions

Enzyme: E.g.: glucose phsphatase (ER-assocated) and glycerolaldehyde-3-

phosphate dehydrogenase (GPD), peripheral proteins of RBCs invoolved in the
glucose metablism of blood.

Transport proteins e.g. transport ATPases use energy of ATP to transfer ions across
membrane.

Receptors: e.g. hormones and growth factors

Other: endocytosis and exocytosis; targeting, sorting, modification of proteins in ER
or Golgi; light perception; stabilization of cell membrane structure and determination
of shape (ankyrin, spectrin).

TRANSPORTER ANCHORING RECEPTORS ENZYMES

Ad EXTRACELLULAR
SPACE

rd | A" P

X Y
Transmembrane (intergrant) Membran-associated (periferial)
Single-pass  Multi-pass Covalently bound vs non-covalent

2?77

bl iilgi!:i:ler % %

o
e

%



junctional
complex

(A) attachment 100 nm
proteins

transmembrane
proteins



Embedding of membrane proteins in bilayer

The a-helical structure is very common.
N e This is because the expression of the hydrophobic

amino acids facilitates the anchoring of proteins
to the hydrophobic layer of the membranes

expressed.
‘ummm® .
8" I b
N

peptide bonds

The a-helical structures
aqueous pore transmembrane vhe
aneix — hydrophilic components a
are important in pore formation

phospholipid

logy, Zle. (£ 2004 Garand Science)



The carbohydrate components of the cell membrane

adsorbed
transmembrane glycoprotein transmembrane

glycoprotein proteoglycan

Functions: ~ e=sugar unit |

. carbohydrate
Surface protection layer

Recognition -
lipid I

Cell adhesion -
- extracellular matrix

CYTOSOL



Most of the membrane proteins are
Human RBC membrane: 52% proteins, 40% lipids and 8% carbohydrates.

Carbohydrates are found in and in the membrane
They are through the amino group of the Asp side chain
- through hydroxyl grup of Ser orThr \

H—N 0
\ [

H

|
Some O-linked carbohydrates are linked via the ?”_C”z_f’_”@“’oﬂo
hydroxyl group of hydroxy-Lys or hydroxy-Pro © S iopeanine

Carbohydrate group

{a) N-linked (to amino group of asparagine)

M

)
— CH—CH —O—O—O—O—U—O
O=—C Hydroxylysine \0 0 o O 0 O 0 =/¢f Serinze

X
=

N\

N—CH, H=h ‘?Hs
o @-0-@--@
cn CH—O o 0 CH—cH
o=t o=t o-@-o-@--@
~_ Hydroxyproline Threonine
(c) O-linked (to hydroxyl group of (b) O-linked (to hydroxyl group of serine or threonine)

hydroxylysine or hydroxyproline)
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Length of protein-bound carbohydrates: 2-60 units, straight v. linear

Common building blocks:

The integral protein (glycophorin) of RBC
has a negatively charged at its
terminal position (15 O-linked and 1 N-
linked), which reduces the tendency of
RBCs to adhere and to

Glycoproteins play a primary role in the
function of cell
membranes

Experiment:

Lectins: plant (animal) proteins with
sugar-specific bonds. E.g.: wheat germ
agglutinin (wheat) binds oligsaccharides with
terminal N-acetylglucoseamine; the concanavalin
is isolated from ,jack bean" and binds mannoses
of oligosaccharides. Ferritin is an iron cntaining
protein which is bound to glycoproteins - it is
easy to detect its binding due to its high
electronedensity.
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(a) Common sugars found in glycoproteins

Copyng 2003 Paarson Education, Inc., publishing sz Benjamin Cummings.
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(b)The carbohydrate group of glycophorin

Copyright © 2008 Pearsen Education, Ine., publishing as Banjamin Cummings.



Mobility of membrane proteins can vary widely

Some proteins move freely while others bind.

Technique used to detect mobility:

Membrane
proteins

—+-

Mouse cell
Human cell
Membrane Hybrid cell Proteins begin Proteins
proteins labeled produced by to mix in a few completely
with fluorescent virus-induced minutes mixed after
antibodies fusion 40 minutes

Copyright © 2003 Pearscn Education, Inc., publishing as Banjamin Cummings.



Cell membrane protein movement is restricted :

E.g. polarized surface of intestinal
epithelial cells or glandular epithelium

tight

glucose
channel
& uy
Na/K pump ——

junction

@ @5

(A) (B}

3O

(C) (D)
plasma membisned

il 1

Polarized location, appearance of receptors, transporters, cell coupling structures .



Take home message
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Molecular Dynamics Simulation
of Phosphatidyl Choline Bilayer

Carbon/Palmitic Oleic

Nitrogen Phosphorus
Water Oxygens

H Heller, M Schaefer, K Schulten,
J Phys Chem 97:8343, 1993.
RasMol Image by E Martz




Reference:

Hardin, J., Kleinsmith, L., Becker, W.: World of the cell
with free solutions, (Benjamin Cummings, 2002)

Alberts, B., Johnson, A., Lew, J.: Essential Cell Biology,
(Garland, 2004)



