Chapter 12 - Membranes & Transport

Major constuernts are lipids & proteins
Membrare structure best described by “Fluid
Mosaic” model

Membrare prateins are associated with the lipid
bilayer in many ways

Membrare fluidity is critical for many processes
Movement of molecules across membranesis
restricted

. Trangoort can be “ passive” or “active” (energy-
reguiring

Membranes

Defire external bou ndaries
Regulate “traffic” across boundary
Segregate metabolic processes

Bar movement of pdar compounds

Membrane features

Flexible

Tough

Self-sealing
Selectively permeable

Contain an array of proteins

Molecular consituents of Membranes
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Major Components of Plasma Membranes in Various Organisms

Components (% by weight)

Protein Phospholipid Sterol Sterol type: Othr lipids

Human myelin shealh 30 k1l 19 Cholesterol Galactolipids, plasmalogens
Mouse liver 45 2 7 Chokesterol -
Maize leal 41 % 7 Silasterol Galzelolipids
Veast 52 7 4 Ergastarol Triacylghecsrols, stenyl sstars
Paramecium (cililed protst) 56 0 4 Stigmastercl -
E coll 75 i o - -

Varies accord ing to gecies, tisaie and membrane
“fme"

Membrane Structure - The Huid Mosaic Model
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Membrane lipids are aymmetrically distributed

Membrane lipidsarein
constant motion
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Fatty Acid Composition of E. coli Cells Cultured
at Different Temperatures
Percentage of total fatty acids*
10°C 20°C 30°C 40 °C

Moyristic acid (14:0) 4 4 4 8

Palmitic acid (16:0) 18 25 29 48

Palmitoleic acid (16:1) 26 24 23 9

Oleic acid (18:1) 38 34 30 12

Hydroxymyristic acid 13 10 10 8

Ratio of unsaturated to saturated’ 2.9 2.0 16 0.38
Source: Data from Marr, A.G. & Ingraham, J.L. (1962) Effect of temperature on the composition
of fatty acids in Escherichia coli, J. Bacteriol. 84, 1260
*The exact fatty acid composition depends not anly on growth temperature but on growth stage
and growth medium composition.
ICalculated as the total percentage of 16:1 plus 18: 1 divided by the total percentage of 14:0
plus 16:0. Hydroxymyristic acid was omitted from this calculation.
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Membrane proteinsdiff use laterally inthe bilayer
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Glycophorin - Quintessential membrane protein
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Electrostatic interactions - 1 biological role f or Ca?}

Caztions
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Covalently
attached lipids
anchor some
peripheral proteins

[3- sheet-containing integral membrane proteins
have“ B-barrel” motifs

Fig12.18
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Membrane fusion
central to many
biological proceses

Fig12.20
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Sialic acid
| Influenza virus

| -Poa HA protein

Influenzavirus U e R—
: . 9
infection ey / _—
membrane 5 protein with sialic acid
T3 in host cell membrane

triggers endocytosis.

Tow pH in endosome
causes extension
of HA protein's fusion
peptide, which
penetrates the
endosome membrane.

Yiral and endosomal

releasing viral
contents into host cell
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Fig12.21 E
HIV infection }
(AIDS)
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Solute trangport across membranes
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Transmembrane passage of polar compounds

Integral membrane proteins (trangorters)
. “Passive’ or “active” trangoort
. Action analogous to enzymes

- Bind substrates viamultiple weak interadtions

- Negéive freeenergy of bindi ng counterbalances
positive free energy of H,O removd

- Spen of lipid bilayer by transporter provid es
alternaive pah for substrate movement
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3 examples of Passive transport (RBC's)

- Aquaporins (H,0)
. Glucose T rangporter

Chlaide-bicarbonate exchanger
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Passive transport - Hallmarks

. Highrates of diffuson down concentration or
electrochemical gradients (high - low)

. Saturability of trangorter
. Specificity of trangorter
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Aquaporins
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Glucose transporter (GluT1)

Fig12.25 (e

50,000 x more glucose transpar ted
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Transport analogousto enzymatic reaction

entry, V (pm/min)

Initial velocity of glucose

Extracellular glucose
concentration, [S],,; (my)
(a)

Substrate = Gluco®y g¢e
Product = Glucosegqe il
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Blood [glucose] = 5mM
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Chloride-bicarbonate exchanger
i —

In iy —

- Cotrangport system: smultaneou s & _opposite

movement of sdutes

. Essential for CO, trangport; + permeability by 108 4




Cotransport systems

Antiport (Chlaride-bicarbonate exchanger): 2
substrates in opposte dir ection
Symport 2 substrates in same direction

Unipart (Glucose transparter): one substrate

Active transport moves solutes against their
concentration or electrochemical gradient

Passive Transport Active transport
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Four Classes of Transport ATPases
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Primary & Secondary A ctive Transport
S
Primary active transport Secondary active transport
Fig1230 @ ®
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P-type ATPases
§
P-type V-type F-type
Fig1231 @ (b) ()
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P-type ATPase The Na"K+*ATPase

@ 3Na'

Membrane potential =

Na'K' ATPase

+ Cytosol [K*] = 140 mm | +
[Na*] = 12 mm |

0k o+ o+ ¥

Extracellular fluid [K*] =4 mm

Fig EF33 or blood plasma [Na*] = 145 mm
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Transporter binds 3 Na'
m the inside of the

cell.

Each ATP hydrolysis:
3Na" out of cell
2K*into cell
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V-type ATPases
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F-type ATPases
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“Bad ATPase” - The multidrug transporter

. Found in plasma membrane of same tumor cells
. ATP trangoorter

. Pumps many hydrophobic drugs out of tumor cells

ATP-driven Ca2* pumps(P-type)

. Ca*far lower inside vs. outside cells
. Ca?*formsinsduble compounds with phosphete
. Ca** pumped out of cells by specific pumps

. Other ATPases (SERCA’s) move Ca?* into the
ER and sarcoplagmic reticulum (SR) of myocites

. Similar to Na*K* ATPase -cycling between
phosphorylated & dephosphaorylated forms
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ATPases are targets of many poisons & medicines
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lon gradients provide the energy far 2° active

trangoort
Galactoside H' Y Proton pump
transporter H " s (inhibited by CN ™)
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lonophores* short circuit” ion gradients
Fig12.37
Valinomycin - potent antibiotic s

lon channelsallow rapid movement of ions across
membranes

lon chanrels distinguished from trangporters
Flux much higher than channels (+ 10%ionss?)
lon chanrels are not saturable
- NO V. linear increasewith concentration

lon chanrels are gated
- Ligand-gated channels
- Voltage-gaed channels

3examples

. Bacteria K* chanrel

- Acetylcholine receptor ion channel
. Vodtage-dependent Na* channel (neurors)

a7

Bacterial K*channel

Selectivity
filter \

Outside

Inside
(cytosol)

(© @ Fi g 12.38

Selectivity filter screens out alternative iors




Acetylcholinereceptor
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Acetylcholine binding — conformational change

‘With receptor sites

Bulky hydrophobic occupied, the M2
Leu side chains of Binding of two acetyleholine helices have smaller,
M2 helices close molecules causes twisting polar residues lining
the channel. of the M2 helices. the channel.

2 Acetylcholine

The neurona Na" channel

Voltage
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4 Activation
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Inactivation
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Fig 12.40 (b)

A voltage-gated ion channel
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Inactivation “ gate” closes opening

Voltage
sensor .
Selectivity

filter (pore)

Tether Inactivation

gate (open)
Fig 12.40 (b
Lengh of time deperds on length of pratein tether ,

B ] :
|
H E i T

Closed - Open
Clearschannel for ion passage ©
Movement of helix 4 in response to changein
tranamembrane potential triggersopening
Fig12.40 st 52

Naturally occuring toxins target ion channels
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Porins are channels for small molecules

Fig12.18 . " Fig12.42

Allow passage of molecules much larger than ions but
in manrer more smilar to ion chanrels
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Summary of transport systems

Sut
__ Facilitated diffusion
@ ) (down electrochemical
)

\ K gradient)

Simpl
(nonpolar com pos
down

o
o :
s o)
— n
) 7
jon channel -/ g L
(down. f
electrochemical OC

gradient; may
ated bya

B or o Fig 12.43 56

Chapter 12 - Summary

- Biological membranes
- Definecellul a boundaries
- Dividecdllsi nto discrete compartments
- Organize resction sequences (pathways, €c.)
- Rolesinsignd reception, transducti on

- Membrane compostion
- Lipids (phospholipids, sphingolipids, gl ycolipids)
- Protein (peipherd & intggral)
- Var esin composition accordi ng to species, cdl type,
organd le & even “face” of membrane
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- Fluid Mosaic Mode
- Lipid bilayer
- Faty acyl chains of phospholipids & sterols ori ented
towardsinterior
- Lipids & prote nsfreeto diffuse laterall y
- Fluidity affeded by temperature, fetty acid
composi tion (sauration) & sterol content

. Cellsregulate their lipid compostion to reflect
changesin their envirorment
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Membrare prateins
. Periphera
- Loose association with membrane

- Electrostatic int eradions, H-bonds or covalent
attachment to lipids

. Integral
- Firm association wi th membrane
- Hydrophobi cinteractions with lipid bilayer
- Botha-helicd and (-shed-type structures
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Membrares are stru cturally & functiorally

Asymmetric

. Two sdesdiffer in lipd/protein compostion

. Different functional roles (adheson, 9gral reception
vs. cytoskeleton attachment, exocytosis etc)

.- Variety of proteins mediate protein fusion
(SNARE'S)
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Lipid bilayer isimper meable to polar su bstarces
. Exception = water (concentr ation v. high)

. Other polar mdecules cross via trangorters o ion
chanrels

Trangorters

. Similar to ereymes - show saturation & su bstrate
specificity

. Passive or Active trangort
- Passive - down an dectrochemical gradient

- Active - ggainst an d ectrochemicd gradient, requires

energy (ATP, oxidation, light, 20 transport) o

Trangort

. Unipart: single species transport

. Symport simultaneaus trangoort, same direction

. Antiport: Smultaneou s transport,opposite direction

Diff erencesin [Na"] & [K*] between inside/outside of
Cell maintained by active transport via Na'K* ATPase

- Resulting gradient used as energy saurce for 2°

trangport
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4 general types of AT Pases
- Ptype
- Reversible phosphorylation
- Vanalate inhibition (P, andog)
- BEx’s: Na*K* ATPase, SERCA (CaZ*transporter)
. V—type
- Produce proton gradients acrossintracd lular
membranes
- F-type
- Produce proton g radients
- Reversereati on (Proton flow) drives ATP synthesis
- Mitochondria& chloroplasts

lon chanrels

- Provide hydrophilic pores for movement of
specific ions
- Movement down electrochemical gradient
. Differ from transparters
- Unsaturable
- V. highfluxrate
. Gated by ligand binding or voltage potentials
. K*channel prototype
- lon mov enent restricted by “seledivity filter”

- Prote n domain “gate” obstrua s channd when not
activated

- Multidrug transporter
- Tumorcells
- Energy of ATPto export hydrophobi c drugs

. lonophares
- Lipid soluble
- Bind & transport ions across membranes
- Short-circuit dectrochemica gradients

Porirs
. Integral membrane 3-barrel prateins

. Substrate binding gpens pare, alowing
movement of moleculeto interiar
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