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Membrane components:
proteins, polar lipids and carbohydrates

Ratio of protein/lipids: depends on type & role of membrane

Components (% by weight)

Protein Phospholipid Sterol Sterol type Other lipids
Human myelin sheath 30 30 19 Chol ol Galactolipids, pl log
Mouse liver 45 27 25 Cholesterol —
Maize leaf 47 26 7 Sitosterol Galactolipids
Yeast 52 7 4 Ergosterol Triacylglycerols, steryl esters
Paramecium (ciliated protist) 56 40 4 Stigmasterol —
E. coli 75 25 0 - =

Note: Values do not add up to 100% in every case, because there are components other than protein, phospholipids, and sterol; plants, for
example, have high levels of glycolipids.

Table 11-1
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Supramolecular Architecture of Membranes

Common properties:

Impermeable

5 to 8 nm thick

Trilaminar

Asymmetric (structural & functional)
Fluid

Able to undergo fusion
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Lipid aggregates: depending on the size of head & tail

Individual units are

wedge-shaped

(cross section of head
W greater than that

of side chain)
P
T

Micelle

- )
Individual units are
cylindrical (cross section
of head equals that of
side chain)

N
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12/23/10



I

\

Figure 11-4c
Lehninger Principles of Biochemi:

Asymmetric Distribution of Phospholipids on Membrane
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phospholipid phospholipid membrane
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Membrane Motion

Conformational motion

Paracrystalline, transition temperature
Sterols moderate extremes of fluidity & solidity

Lateral diffusion

High degree of regularity in one dimension &
Great mobility in the other

Flip-flop diffusion

Transbilayer diffusion
flippases

(a) Paracrystalline state (gel)

Heat produces thermal
motion of side chains
(b) Fluid state (gel — fluid transition)

Figure 11-15
Lehninger Principles of Biochemistry, Fifth Edition
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TABLE 11-2
Percentage of total fatty acids*
10°C 20°C 30°C 40°C

Myristic 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 1.6 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 only on growth temperature but on growth stage and
growth medium composition.

Ratios calculated 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.

Table 11-2
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company

(a) Uncatalyzed transbilayer (“flip-flop”) diffusion

_
very slow | ([
(t; in days) P

secceceee

(b) Uncatalyzed lateral diffusion

ATP ADP+P; ATP ADP+P;
Flippase Floppase Scramblase
(P-type ATPase) (ABC transporter) moves lipids in
moves PE and PS moves phospholipids either direction,
from outer to from cytosolic to toward equilibrium
cytosolic leaflet outer leaflet
Figure 11-16
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Catalyzed transbilayer translocations
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Flippase Floppase Scramblase
(P-type ATPase) (ABC transporter) moves lipids in
moves PE and PS moves phospholipids either direction,
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Membrane proteins

Integral (intrinsic) proteins:
Firmly associated, removable only by agents that
interfere with hydrophobic interactions such as
detergents, organic solvents or denaturants.

Peripheral (extrinsic) proteins

Associated through electrostatic interactions &
hydrogen bonding with the hydrophilic domains of
integral proteins and with the polar head groups of
membrane lipids, readily removable by mild
treatments
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Carboxyl
terminus
131
Figure 11-7
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Peripheral proteins anchored by
covalently attached lipids

Lipids with long-chain fatty acids, isoprenoids, or
glycosylated derivatives of phosphatidylinositol (GPI)

Proteins with GPI anchors are exclusively on the outer
face (extracellular), whereas other types of lipid-linked
proteins are found exclusively on the inner face
(cytosolic)
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Integral proteins

Integral proteins are held in the membrane by hydrophobic
interactions with lipids, i.e., firmly fixed by interaction
between membrane lipids and hydrophobic domain of

proteins.

According to the spatial relationship of

protein domains to the

lipid bilayer,

plasma membrane proteins fall into six

categories.

Types | & Il have only one transmembrane
helix, the amino terminal domain is
outside the cell in type | proteins and
inside in type Il.

Type i proteins have multiple
transmembrane helices in a single
polypeptide.

Type IV proteins have several transmembrane
domains from different polypeptide
chains to form a channel through the
membrane

Type V proteins are held to the bilayer
primarily by covalently linked lipid

Type VI proteins have both transmembrane
helices and lipid (GPI) anchors.
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Topology of an integral protein

Properties and C i i with the Amino Acids
pK, values
Abbreviated oK, pK; e Hydropathy ~ Occurrence
Amino acid names M, (—COOH) (—NH3) (R group) pl index* in proteins (%)

Nonpolar, aliphatic

I 3
M 2.3
Phe F 8 3.9
Tro Y 1.3 3.2
™ oW 09 14
Polar, uncharged
R groups
N 6.8
T 5.9
¢ 8.18 1.9
N 43
Q a2
Positively charged
R groups
Lysine K 9 59
stidine H 23
R 5.1

Arginine

Negatively charged
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(b) Bacteriorhodopsin
Figure 11-11
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Glycophorin in the erythrocyte
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For type lll or IV proteins:
a-helical sequence of 20 to 25 amino acid residues
B-sheet sequence of 7 to 9 amino acid residues

a-helical: average 3.6 amino acids for 0.54 nm

B-sheet: average 2 amino acids for 0.65 to 0.7 nm
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Porin FhuA, with 22 antiparallel 3 strands forming
channel for iron ion bound to the carrier ferrichrome

Cell-cell interaction &

Integrins: heterodimeric, for%gjhgeccﬁalg?n fibronectin receptors &
signal transducers, and regulate platelet aggregation at the site
of a wound, tissue repair, activity of immune cells, and the
invasion of tissue by a tumor

Cadherins for homophilic interaction
Immunoglobulin-like protein for both homophilic & heterophilic interaction

Selectins for binding polysaccharides.

Immunoglobulin-like
domains
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Membrane fusion

Specific fusion of two membranes requires:

a) They recognize each other

b) Their surfaces become closely apposed, which
requires the removal of water molecules normally
associated with the polar head groups of lipids

c) Their bilayer structures become locally disrupted

d) The two bilayers fuse to form a single continuous
bilayer

e) The fusion process is triggered at the appropriate
time or in response to a specific signal

Budding of vesicles
from Golgi complex

Exocytosis

Endocytosis

Fusion of endosome
and lysosome

Viral infection

S

Fusion “

of sperm and egg

Fusion of small O
vacuoles (plants) /«1 O

Separation of two S
plasma membranes C_._.
at cell division

Figure 11-22
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Solute Transport across Membranes

Solute mediated by transmembrane channels, carriers or pumps

Passive transport & active transport

Passive Transport

Membrane potential (V,,) & electric gradient

Electrochemical gradient or electrochemical potential

12/23/10
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Before equilibrium At equilibrium
Net flux No net flux
i

Figure 11-26a
Lehninger Principles of Biochemistry, Fifth Edition
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Figure 11-26b
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company

18



Membrane: selectively permeable

The energy of activation for translocation of a polar solute across
the bilayer is so large that pure lipid bilayers are virtually
impermeable to polar and charged species over periods of time
relevant to cells.

Transmembrane passage of polar compounds and ions is made
possible by membrane proteins that lower the activation energy for
transport by providing an alternative path for specific solutes
through the lipid bilayer.

These proteins are called transporters or permeases.

Transporters span the lipid bilayers at least
once, and usually several times, forming a
transmembrane channel lined with hydrophilic
amino acid side chains. The channel provides
an alternative path for a specific substrate to
move across the lipid bilayer without its
having to dissolve in the bilayer, further
lowering the activation energy for

transmembrane diffusion.

12/23/10
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Figure 11-28
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Erythrocyte’s Glucose Transporter

Type Il integral protein with MW of 45,000 and 12 hydrophobic
segments, each of which form a membrane-spanning helix

O Hydrophobic
O Polar
® Charged

Figure 11-29a
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W. H. Freeman and Company
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Figure 11-29¢
Lehninger Principles of Biochemistry, Fifth Edition
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Initial velocity of glucose
entry, V, (wm/min)

Extracellular glucose
concentration, [S], ¢ (mm)

Figure 11-30a
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p-Glucose
© Outside

Lehninger Principles of Biochemistry, Fifth Edition
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Hallmarks of passive transport

High rates of diffusion down a concentration gradient
Saturability

Specificity

12/23/10
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Anion exchange protein

Obligatorily transport
one bicarbonate and
one chloride

Cotransport systems:
simultaneously carry two
solutes across a
membrane

Carbon dioxide produced Bicarbonate
by catabolism enters dissolves in
erythrocyte. blood plasma.

co, Chloride-bicarbonate, HCO; cI™
exchange protein

In respiring tissues

carbonic anydrase
CO, + H,O—————>HCo;

CO, + H,0 «— HCO;
carbonic anhydrase

In lungs

co, HCO; cI”
Carbon dioxide leaves Bicarbonate enters
erythrocyte and is erythrocyte from
exhaled. blood plasma.
Figure 11-32

Lehninger Principles of Biochemistry, Fifth Edition
©2008 W. H.Freeman and Company

Uniport | Symport AntiportI

Figure 11-33
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company
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Cotransport
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Antiport systems: transporters that carry two substrates
moving in opposite directions

Symport systems: transporters that carry two substrates
moving simultaneously in the same direction.

Uniport systems: transporters that carry only one substrate

Uniport | Symport AntiportI

T
Cotransport

Active transport

Active transport results in solute movement against a
concentration or electrochemical gradient, thus it is
thermodynamically unfavorable or endergonic process,
and must be coupled with other energy releasing
processes.

Primary active transport (coupled with energy)
Secondary active transport (coupled with concentration flow)

(Major energy-consuming process)

12/23/10
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Four types of transporters

Different in structure, mechanism, localization in specific tissues
and intracelluar compartments

Four Classes of Transport ATPases

Organism or tissue Type of membrane Role of ATPase

P-type ATPases

Cd**, Hg*", Cu
V-type ATPases

F-type ATPases

Multidrug transporter

1.

P-type ATPase: ATP driven cation transporters, reversibly
phosphorylated by ATP during the transport cycle, with similar
amino acid sequence, can be inhibited by phosphate analog
vanadate. Generally have two types of integral protein
subunits. The a-subunit is essential, has Asp residue
phosphorylated during transport.

V-type ATPase: responsible for acidifying intracelluar
compartments in many organisms via proton-transporting, also
called proton pump. To acidify the vacuoles of fungi and higher
plants, as well as lysosomes, endosomes, the Golgi complex,
and secretory vesicles in animal cells. All have an integral
(transmembrane) domain as proton channel and a peripheral
domain containing the ATP-binding site and the ATPase activity.

12/23/10
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3. F-type ATPase: central role in energy-conserving
reactions in bacteria, mitochondria and chloroplasts.
Catalyzes the uphill trans-membrane passage of
protons driven by ATP hydrolysis, as well as the
reverse reaction, in which downhill proton flow

drives ATP synthesis. (ATP synthases).

4. Multidrug transporter: responsible for removing
different drugs from tumor cell cytosol, preventing
their growth-inhibitory effect.

Na*K* ATPase

P-type ATPase that cotransport Na* and K*

Na*: lower in the cell than in the surrounding medium

K*: higher in the cell than in the surrounding medium

ATP + Enz; — ADP + P—Engz,

H,0 + P—Enz, Enz; + Pi

ATP + H,O — ADP + Pi

12/23/10
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Na*K* ATPase

Transporter binds 3 Na*
from the inside of the
cell.

Enz, Q\,
L) S
\_’ £~
~ ® Phosphorylation
favors P-Enz,,.

¢ r’ o . Transporter
o releases 3 Na*
3 to the outside
1 ) and binds 2 K*
> from the outside

of the cell.

I @
vl O/3Na

4
" Dephosphorylation
¥
9 favors Enz,.
4
Transporter releases
2 K* to the inside.

Outside

Figure 11-37
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H. Freeman and Company

TABLE 11-4
Transported Cotransported
solute (moving  solute (moving
Organism/ against its downits Type of
tissue/cell type gradient) gradient) transport
E. coli Lactose Ht Symport
Proline Ht Symport
Dicarboxylic acids H Symport
Intestine, kidney Glucose Na* Symport
(vertebrates) Amino acids Na* Symport
Vertebrate cells Ca?* Na* Antiport
(many types)
Higher plants K* Ht Antiport
Fungi K+ H* Antiport
(Neurospora)
Table 11-4
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company
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lon gradient for secondary active transport

Cells contain transport systems that couple the spontaneous,
downhill flow of Na*, H* ions to the simultaneous uphill
pumping of another ion, sugar or amino acids.

Apical surface Basal surface
For example, glucose: :3:::"0'  Blood
Chemical potential —
Electrical potential Micre > Epithelialcell & °® 2K*

+ o °
Poison that collapses the ' °¢ g

ion gradient across cellular  gucose
74
membrane s

¢ Na*K*
) ATP;
] O ase

Glucose

" Glucose uniporter
| GLUT2 (facilitates
'downhill efflux)

Na*- glucose
. symporter . ]
lonophores, ion bearers (driven by high

extracellular [Na*])

lon selective channels

Move inorganic ions across membrane quickly.

Determine the plasma membrane’s permeability to specific
ions, and together with ion pumps such as Na/K ATPase,
regulate the cytosolic concentration of ions and the
membrane potential.

Characters: the rate of flux through channels can be orders
of magnitude greater than the turnover number for a
transporter, 107 to 108 ions per channel per second.

Not saturable

“Gated”, open or close in response to some cellular event

12/23/10
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lon channels

Ligand-gated channels: allosteric proteins change
conformation when bind to some extracellular or
intracellular small molecules

Acetylcholine receptor

Voltage-gated ion channels: response to a change in
transmembrane electrical potential

K* channel

David L. Nelson and Michael M. Cox

* PRINCIPLES OF BIOCHEMISTRY
* Fifth Edition

© 2008 W. H. Freeman and Company
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Biosignaling

% Signal response pathways
% Types of signals

% Biosignaling characters

Signals from receptor to cell response

Autocrine: acting on the same cell that produces the signals
Paracrine: acting on a near neighbour

Endocrine: carried in the bloodstream from the producer cell to
a distant target cell.

12/23/10
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Antigens Light

Cell surface glycoproteins/ Mechanical touch
oligosaccharides Neurotransmitters

Developmental signals Nutrients

Extracellular matrix Odorants
components Pheromones

Growth factors Tastants

Hormones

Table 12-1
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company

The end result of a signaling pathway is the phosphorylation of
a few specific target-cell proteins, which changes their

activities and thus the activities of the cell

12/23/10
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Characters of signal transduction

@ Specificity: precise molecular complementarity
between the signal and receptor molecules,
mediated by weak forces occuring in the
enzyme-substrate, protein-ligand and antigen-
antibody interactions.

@ Sensitivity
1) High affinity of receptors for signal molecules
2) Cooperativity in the ligand-receptor interaction

3) Amplification of the signal by enzyme cascades.

@ Adaptation/Desensitization (saturation): When
receptor is continuously stimulated by
signal, the threshold would be leveled up.

Jintegration: The ability of the system to receive
multiple signals and produce a unified
response appropriate to the needs of the cell
or organism.

12/23/10
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e . S ( B—S
Specificity 1-@ = %
Signal molecule fits \ /
binding site on its 1)
complementary receptor; Receptor
other signals do not fit. l

Effect
Amplification

When enzymes activate
enzymes, the number of Signal
affected molecules

increases geometrically é
in an enzyme cascade.
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Enzyme 2 2 2
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Figure 12-1b
Lehninger Principles of Biochemistry, Fifth Edition
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Desensitization/Adaptation
Receptor activation triggers

a feedback circuit that shuts
off the receptor or removes

it from the cell surface.

Figure 12-1c
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H. Freeman and Company

Signal
I
@

Response

Integration

When two signals have
opposite effects on a
metabolic characteristic
such as the concentration
of a second messenger X,
or the membrane potential
V,, the regulatory outcome
results from the integrated
input from both receptors.

Figure 12-1d
Lehninger Principles of Biochemistry, Fifth Edition
©2008 W.H.Freeman and Company

Signal 1 Signal 2

Receptor
1

eceptor
2

\T[X] O}T Vi, l[X]lori ij
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Net A[X]or V,,
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