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FLUID MOSAIC MODEL

FLUID- because individual phospholipids and' proteins
can move side-fo-side within the layer, like it's a
liquid.

MOSAIC- because of the patiern produced by the
scattered protein molecules when the membrane is
viewed from above,

The Fluid Mosaic Model of the
Structure of Cell Membranes

Cell membranes are viewed as two-dimensional solutions
of oriented globular proteins and lipids.

S. J. Singer and Garth L. Nicolson

Science 18 February 1972 Vol. 175. no. 4023, pp.
720- 731
DOI: 10.1126 /science 175.4023.720
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“'107per sec ~once per month

(a) Movement of phospholipids




Functions of Plasma Membrane

v' Protective barrier
v

v' Allow cell comunication and signaling

v' Provide anchoring sites for extracellular
matrix and cytoskeleton (cell adhesion,

migration...)



Membranes separate different environments:
ASIMMETRY / GRADIENTS

maintained through energy consumption (OPEN SYSTEM)

COMPOSITION OF BODY FLUIDS

CATIONS (mmol/) Plasma Interstitial Intracellular
Na 142 139 14
K 42 4.0 140 Concentration, mM
> lon Plasma Cytosol Seawater
& 1.3 1.2 0 Na+ 135~146 25~35 480
Mg 0.8 0.7 20 K+ 3.5~5.2 130~145 10.4
Mg+ 0.8~1.4 4~20 54
-ANIONS (mmol/l) - Cazx+ 2.1~2.7 <0.01 10.6
: Cl- 98~108 50~60 559
¢ — A s HCOs. 23~31  4~12 54
HCO3 24.0 28.3 10 PO4.. 0.7~1.4 90~110 <0.1
S - - 40 Physiol. Rev. 86(2006), 1049
HPO4 2.0 2.0 11
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Key to fluids:

-= Blood plasma
. = Interstitial fluid

= Intracellular fluid

Key to symbols:

Na* = Sodium

K* = Potassium

Total solute concentration (mEg/L)

Ca®* = Calcium
Mg?* = Magnesium
HCO,~ = Bicarbonate
cr- = Chloride

HPO 4"" = Hydrogen
phosphate

= o

acids

Table 1: Ionic Concentrations (mM) in SBF and Human Plasma.

B I 8 K i T
[ I T N AT T




Fluxes through the membranes are required (open
system) but strictly controlled

Cholesterol

Polar heads are hydrophilic “water loving”

Nonpolar tails are hydrophobic “water fearing”

make membrane “Selective” in what crosses



SELECTIVELY PERMEABLE:

Controls what comes in and out of the cell.
Does not let large, charged or polar things through without
help.

Head is POLAR & contains a -
PO, group & glycerol

Phospholipid
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Cholesterol

2 NONPOLAR fatty acid chains




Fluxes across the membranes depend on:
1. The gradient (the driving force)
- chemical for uncharged particles (see Fick's laws)

-electrochemical for ions (see Nernsts law)

2. The membrane permeability
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Glucose

Glucose
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transporter

Glucose
gradient

Glucose

I FICK'S LAW

Na* Na* Na*

High concentration of Na*
Net & charge

Outside cell
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(@) Phospholipid molecule (b) Phospholipid bilayer

watery
0 — extracellular

o .Q fluid
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2 hydrophilic

watery
cytosol

hydrophobic molecules hydrophilic molecules
pass through freel do not pass through freel

Small molecules and larger hydrophobic molecules move
through easily.
e.g. O,, CO,, lipids...

Tons, hydrophilic molecules larger than water, and large

molecules such as proteins do not move through the
membrane on their own.



Three Forms of Transport Across the Membrane

simple diffusion

Materials move down
their concentration
gradient through the
phospholipid bilayer.

Passive transport

facilitated diffusion

The passage of materials
is aided both by a
concentration gradient
and by a transport
protein.

Active transport

Molecules again move
through a transport
protein, but now energy

must be expended to
move them against their
concentration gradient.




* Simple Diffusion may occur through any part of the plasma
membrane (e.g. N,, 0,, CO,, NO gas molecules)

* Facilitated diffusion uses protein transporters (e.g. glucose uniporter)

Simple diffusion

n
(=
o

GLUT1 (erythrocytes)

Facilitated

diffusion 250

GLUT2 (liver cells) -

Rate of diffusion

Simple diffusion

T T S T T s N
0 11‘2 3 45 6 7 8 9 10111213 14
K

External concentration of glucose (mM)

Initial rate of glucose uptake, V,

Figure 11-4
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company

Concentration of substance

Hall: Guyton and Hall Textbook of Medical Physiology, 12th Edition
Copyright © 2011 by Saunders, an imprint of Elsevier, Inc. All rights reserved.



Osmosis

Diffusion of water across a ¥
membrane

"
Moves from HIGH water o

potential (low solute) to

LOW potential (high solute)
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TABLE 5-1 Direction of Osmosis

Condition Net movement of water

External solution  into the
is hypotonic to cell
cytosol

External solution  out of
is hypertonic to the cell
cytosol

External solution none
IS isotonic to
cytosol

protein channels for water:

AQUAPORINS




MEMBRANE TRANSPORT PROTEINS

Active transport

Passive transport

Y

Facilitated diffusion

Diffusion



Simple lon/water ATP-coupled
diffusion channel gated ion channel uniporter symporter antiporter active-transport
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} macro molecules

ATP-powered pump lon channel Transporter
(109 - 103 ions/s) (107 - 108 ions/s) (102 - 10* molecules/s)



Human Genome Organization: HUGO

The Human Genome Organization (HUGO) Nomenclature Committee Database has as a goal to make sure that
each symbol is unique, and ensures that each gene locus is only given one approved gene symbol

In HUGO Nomenclature Committee Database:

SOLUTE CARRIER FAMILY (SLC) series:

Currently 43 families and 298 transporter genes

Non-SLC human transport-related genes:
ATP-driven transporters
Channels
lonotropic receptors
Aquaporins
Transporter and channel subunits
auxiliary/regulatory transport proteins

-

Coupled transporter ’,

Mitochondriall %
transportegr

SLC series \

Exchanger

j ) ‘X} ‘ [  Passive transporter
Vesicular
‘K’ wansporter

P

4
0

water channel

lon channel

\ Other transport proteins /

B
ﬂm X ¢fr‘aBr?sporter

* Pump




A Overview of transport mechanisms

E Summary of major nucleoside transporters

1.Simple 2. Facilitated 3.Symport 4. Antiport 5. Active (ATP coupled) :
diffusion  diffusion/ uniport Cytidine,  Adenosine, Nucleosides, Nucleosides,
o o o 0 thymidine guanoslne nucleic acid bases  nucleotides
e] (e [e] é
s ‘ ‘ T
c. + H:O +P 4+ H" cmz ENT-1-3 ENT-1-4 ABC
\ ) \ J
Passive mode Active mode
B _Summary of major sugar transporters mm f major mplex vitamin
Thiamine Riboflavin Niacin Folate Pantothenic acid,
Glucose Dehydro- Glucose, Glucose, Myo-mos itol blotin

scorbate fructose galactose

4

GLUT-9, SGLT-3 GLWUT-1-4 GLUT-2,5, SGUT-1,2,5 HMIT SGLT-6
10,12,14 7,11

T

ThTrl, RFT2 Riboflavin SMCT1 RFC PCFT ABCs SMVTs
ThTr2 RFT1 h

v

Q Summary of major amino acid transporters

Arginine, lysine, Glutamine, All neutral
ornithine

Aspartic acid, Tryptophan, tyrosine,
asparagine amino acids, glutamlc acid  phenylalanine
no proline

CAT-1-3  SNAT-1-5 LAT-2/ EAAT-1-4 EAAT-1-4, TATA-1
4f2hc XCT/4f2hc

Summary of major other class transporters

Heme Carnitine Taunne

#H

TAUT PAT1 BGT1 IMINO

Setalne Proline

PCFT Heme
FLVCR1

Summary of major lipid trans ers

Fatty aclds LDL, HDL, Cholesterol, Cholesterol
phosphollpuds phospholipids
FABPpm  FATP-1-6 FAT ABC NPC1L1

Assessment of transporter content lead to transport module

[
RECON 1 RECON 2

Review the transporteu/
contents

Additions
Modifications

Transport
module




Transport through cell membrane

Classification based on function
Membrane transport

. / —\\\

i

Passive Active Via mainly by
\ ATP-driven transporters
(pumps}
Simple Facilitated = \
diffusion / Primary Act|ve Secondary
transport active transport
Via various

transporters  Via Ion channels 19



Classes of carrier proteins

Uniport Symport Antiport

A A B A

Transport of the two solutes 1s obligatorily coupled.

A gradient of one substrate, usually an 1on, may drive
uphill (against the gradient) transport of a co-substrate.




Uniporters: Example GLUTh

500 |-— == ——— =

Facilitated vs. passive diffusion N
Facilitated transport

Rate of glucose uptake (v)

Passive diffusion

|
|
|
|
|
|
|
l
| | s s ———rT ]|
011\234567891011121314
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External concentration of glucose (mM)

Mechanism of transport

Glucose ,

Outward-facing Inward-facing
& glucose-binding ~ Bound glucose glucose-binding site
/ site Glucose

Exterior Y A 8 ' ’

‘ | ' | ' |
Plasma — — [ o = | =—=>
membrane G = N < N <

| | — | S

Cytosol | ’ ' o ¥



Symporters and Antiporters (Exchangers):some examples

Sodium-coupled

Q H* Na* Extracellular
gradient fluid

Na* Q) )

Gllumsa. Na* QW Amiind

Cytosol |
& acid
Calcium
homeostasis pH control

Glucose, aminoacid uptake



Complexity of membrane transport in epithelia: the
importance of spatial organization

«—Apical surface of

Basal epithelium

tissue nuclei

A Simple squamous epitheliu _
(air sacs of the lung)

secretory
unit

stratified
squamous

epithelium
2 .. (nonkeratinized)

(kidney)

E Stratified squamous

C Simple columnar epithelium epithelium v f o . A
(intestine) (esophagus) \ connect‘ive‘(,

b tissue
Copyright © 2009 Pearson Education, Inc. [« %




Free surface
(microvilli)
Apical

1 Transmembrane

/ 4—‘— Tight junction

proteins

<«———— Adherens junction

Desmosome

—

. : Basal
Basal lamina Hemidesmosome
Koeppen & Stanton: Bermne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved

Nature Reviews | Molecular Cell Biology



Peritubular fluid

Apical Proximal tubule Basolateral / Capillary

membrane epithelial cell membrane endothelial cell

Tubular
fluid

(a) Sodium reabsorption in the proximal tubule

© 2011 Pearson Education, Inc.

Apical Basal
surface surface

mmeestinal
lumen

Microvilli >-, e o mentet ey
Epithelialcell — \@&& ®® 2K*

G

Na™ glucose '/ e

symporter o ~ downhill efflux)
(driven by high . o
extracellular [Na™])



cation transport

ENaC CNG Kv

air

anion transport

- ENaC TR ©” GAE
o« «» 13 - o N+ A A A
Y 1] CZIR AQP5
AT A A s
: . D\ 5k Heoe
A Pase ATPase
ATPase T Na*K* NKCC AE
NatK* K+ - g
Kv I
Kir
KCa
blood
1
A3LPY Airway
Normal




Integrated example 1: epithelial absorption of peptides

Brush Basolateral
border membrane

H+

Dipeptides
Tripeptides

Koeppen & Stanton: Berne and Levy Physiology, 6th Edition.
Copyright © 2008 by Mosby, an imprint of Elsevier, Inc. All rights reserved



Integrated example 2: epithelial absorption of glucose

Apical surface Basal surface

Intestinal
lumen 2

Microvilli . 1
< Epithelial cell . e 2K
[ D) Q. .. o 3 Na*
2 Na+.. '::-

Glucose

\_\ :
7

Na*- glucose
symporter B
(driven by high
extracellular [Na*])

iucose uniporter
GLUT2 (facilitates



lon Channels

Three basic properties of ion channels:

* lo conductions rapidly

* Kxhibit high selectivity: only certain 1on species flow while others
are excluded

* Conduction be regulated by processes known as gating, 1.e. 10n
conduction 1s turned on and off in response to specific
environmental sttimuli




Ion Channels Have Very High Turnover Ratios

Carrier Substrate Turnover
(s
Valinomycin 3x 10"
Na-K-ATPase 5x10°
Ca-ATPase 2 x 10°
Glucose 0.1-1.3 x 10*
transporter
Channel Substrate ;Furnover
(s”)
Na-channel (V) 7 x 10°
Ca-channel (V) 1.9x 10°
K-channel (Ca, 0.2-3x 10’
V)
ACh receptor 2.3x10’

As a comparison, the turnover
ratio (maximum  number  of
processed substrate molecules per
active site, per second) serves as a
good evidence for the physical
concept of pore. The turnover
rates for some known carriers or
active transporters are compared
to those of several ion channels

Also ...,

Very few ions are needed to
generate a sizable
transmembrane potential in cells



classification on the basis of gating mechanism

voltage- ligand-gated ligand-gated mechanically
gated (extracellular (intracellular gated
ligand) ligand)

CLOSED .|

OPEN

CYTOSOL




Unifying Themes in Ion Channel Structure

Polytopic Membrane Proteins

Oligomeric Arrangement
With Intrinsic Symmetry
Pore Size Correlates with the
Number of Subunits

*Voltage-Dependent *[Ligand-Gated *Connexins
(Nat, K*, Ca™) (Ach,Gly, GABA, (Gap Junctions)
*Glutamate Receptors 5-HT)
eMechanosensitive




Representative structures of potassium channels subunits

(a) (b) (c) e
P P (\pr P2
\ \ " l I'-- |y
A Al
* 'f'l R /
+ ]’V i | |L
¥\ l/ ! {- .:J,J' {
NH2 =
NHe COOH NH2 COOH COOH
6TM, 1P 2TM, 1P 4TM, 2P
x4 x4 x2
F_‘;: %ﬂ
| | f
/ \ e
- s b

TRENDS in Pharmacological Sciences




Structure-Function Relations in a Voltage-Dependent Channel

Voltage Selecti Vlty &

Sensing Permeation Slow
‘ Inactivation

lo

Gating

( )

/. Fast
Selective K'G ~ Inactivation

Oligomerization




Structure

e Ixists as a homo-tetramer with 4
identical subunits

TURRET

* Kach subunit is comprised of 3

alpha helices
* 2 helices are membrane spanning

* 1inner helix is responsible for K+
selectivity

PORE
HELICESA




Crystal Structure of the Streptomyces K™ Channel

Doyle et al. 1998

-3 Ploo D

eKcsA 1s a homotetramer

ellach subunit contains two'I'M segments

*The selectivity filter 1s formed by an extended
structure positioned by a short tilted helix



Selectivity Filter
How does K™ channel distinguish K from Na*™?

» Located in narrow region of the channel
» Contains Gly-Tyr-Gly AA residues

» Forces K+ to lose it” s hydrating water
molecules

» Carbonyl oxygen's in selectivity filter
stabilize K+ 10ns

> Aromatic amino acids line the filter and
acl as springs o maintain appropriate
channel width for K+

» This favorable interaction with the filter
is not possible for Na+ because Na+ is too
small to make contact with all the
potential oxygen ligands of the carbonyl
termini of the short alpha helices




Pumps

Exterior

Cytosol
ATP-binding o * L
region \ | ; ATP-binding
region
P-class pump F-and V-c.iass pump ABC superfamily

4+ Use the energy of ATP hydrolysis to move ions or small molecules across a membrane against a chemical
concentration gradient or electric potential.

4+ Overall reaction— ATP hydrolysis and the “uphill]” movement of ions or small molecules—is energetically
favorable

+ P, F, and V classes transportions only, whereas the ABC superfamily class transports small molecules as well as
ions.



Exoplasmic

‘»"

Cytosolic
face
ATP  rDP
ATP ADP + P, ADP + P; ATP

P-class pumps V-class proton pumps F-class proton pumps ABC superfamily
Plasma membrane of plants, fungi, Vacuolar membranes in Bacterial plasma mem- Bacterial plasma mem-
bacteria (H* pump) plants, yeast, other fungi brane branes (amino acid, sugar,
Plasma membrane of higher Endosomal and lysosmal  Inner mitochondrial and peptide transporters)
eukaryotes (Na*/K* pump) membranes in animal cells membrane Mammalian plasma
Apical plasma membrane of Plasma membrane of Thylakoid membrane of ~ Membranes (transporters
mammalian stomach (HT/K* pump) osteoclasts and some chloroplast of phospholipids, small

) lipophilic drugs, choles-
Plasma membrane of all eukaryotic terol, other small

cells (Ca2™ pump) molecules)

Sarcoplasmic reticulum membrane
in muscle cells (Ca2* pump)

kidney tubule cells

Figure 11-9
Molecular Cell Biology, Sixth Edition
© 2008 W.H.Freeman and Company



P Class

H', Na*, K, ca?*

Large catalytic a subunits
(often two) become
phosphorylated during
solute transport; smaller
subunits may regulate
transport.

Plasma membrane of plants,

fungi, bacteria (H pump)

Plasma membrane of higher

eukaryotes (Na*/K" pump)

Apical plasma membrane of

mammalian stomach cells
(H'/K" pump)

Plasma membrane of all
cukaryotic cells (Ca2+
pump)

Sarcoplasmic reticulum

membrane in muscle cells
(Ca?* pump)

F Class

H' only

Multiple transmembrane and cytosolic Multiple transmembrane and
subunits generally function to

electrochemical gradient.

Bacterial plasma membranes

Inner mitochondrial membrane

Thylakoid membrane of chloroplast

V Class

Substances Transported

H' only

Structural and Functional Features

cytosolic subunits generally use
synthesize ATP on B cytosolic subunits energy released by ATP hydrolysis to
powered by movement of H" down an pump H' ions from cytosol to
organelle lumens, acidifying them.

Location of Specific Pumps

Vacuolar membranes in plants, yeast,

other fungi

Endosomal and lysosomal membrane

in animal cells

Plasma membrane of certain acid-

secreting animal cells (e.g.,

osteoclasts and some kidney tubule

cells)

ABC Class

Ions and various small molecules

Two transmembrane domains form the
pathway for solute; two cytosolic ATP-
binding domains couple ATP hydrolysis
to solute movement. Domains may be in
one or separate subunits.

Bacterial plasma membranes (amino acid,
sugar, and peptide transporters)

Mammalian endoplasmic reticulum
(transporters of peptides associated with
antigen presentation by MHC proteins)

Mammalian plasma membranes
(transporters of small molecules,
phospholipids, small lipidlike drugs)



2K*

EXTRACELLULAR

CYTOSOL

ATP ADP + Pi

COOH

EXTRACELLULAR

NH,

FXYD2 (Y)

NH,

COOH

CYTOSOL




