Chapter 7

Membrane Structure and Function

Contents, figures, and tables of slides are based on and/or adapted from Campbell Biology, 12th ed., unless otherwise specified.



CH7 - CONCEPT 7.1

Membranes Are Fluid Mosaics

° Amphipathic phospholipids: hydrophilic heads, hydrophobic tails
Fluid mosaic model: proteins float in a fluid lipid bilayer
Membrane fluidity shown by cell-fusion (mouse-human) experiment

Membrane models: sandwich model was replaced by the fluid mosaic model
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CH7 - CONCEPT 7.1

Membrane Fluidity
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Lipids and some proteins drift laterally; flip-flop is rare
Unsaturated tails: kinks keep membrane fluid at lower temperature

Cholesterol: restrains movement when warm, blocks packing when
cool

Cold-adapted organisms: more unsaturated lipids

(a) Unsaturated versus saturated hydrocarbon talls.

tails (kinked) prevent
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tures it hinders solidification by
disrupting the regular packing of
phospholipids.




CH7 - CONCEPT 7.1

Membrane Proteins and Their Functions

° Integral proteins: span the bilayer (transmembrane a helices)

° Peripheral proteins: attached to the membrane surface

° Functions: transport, enzymatic activity, signal transduction, cell-cell recognition, intercellular joining, ECM attachment
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(a) Transport. Left: A protein that spans
the membrane may provide a hydrophilic
channel across the membrane that is
selective for a particular solute (see
Figures 6 32a and 7.15a). Right: Other
fransport proteins shuttle a substance
from one side to the cther by changing
shape (see Figure 7.15b). Some of these
proteins hydrolyze ATF as an energy
source (o actively pump substances
acrass the membrane,

(b) Enzymatic activity. A protein bult into

the membranse may be an enzyme with
its active site {where the reactant binds)
exposed to substances in the adjacent

solution. In some cases, several enzymes

in a membrane are organized as a team
that carries out sequential steps of a
metabolic pathway.

(c) Signal transduction. A membrane
protein (receptor) may have a binding
site with a spedific shape that fits the
shape of a chemical massenger, such as
a hormaone. The external messenger
(signaling molecule) may cause the
protein to change shape, allowing it to
relay the message o the inside of the
cell, usually by binding to a cytoplasmic
protein (see Figures 6.32a and 11.6).

Signd*u'arﬁdmim

(d) Cell-cell recognition. Some glyco-

proteins serve as identification tags that
are specifically recognized by membrane
proteins of other cells. This type of
cell-cell binding is usually short-lived
compared with that shown in (e).

(&) Intercellular joining. Membrane

proteins of adjacant cells may hook
together in various kinds of junctions,
such as gap junctions or tight junctions
(see Figure 6.30). This type of binding
is more long-lasting than that shown
in {d).

(f) Attachment to the cytoskeleton and

extracellular matrix (ECM).
Microfilaments or other elements of the
cytoskelaton may be noncovalently
bound to membrane proteins, a function
that helps maintain cell shape and
stabilizes the location of certain
merbrane proteins. Proteins that can
bind to ECM molecules can coordinate
extracellular and intracelllar changes
(see Figure 6.28).
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Carbohydrates and Membrane Sidedness

5/12

Glycolipids and glycoproteins on the outer face

Carbohydrates mark cell identity (e.g., blood
groups)

Membranes have distinct inside and outside
faces

ER builds membrane; Golgi modifies it; vesicles
deliver to plasma membrane

Lipid bilayer  Transmembrane
7 glycoprotein

D Secretory proteins, membrane proteins, and lipids are
synthesized in the endoplasmic reticulum (ER). In the ER,
carbohydrates (green) are added to the transmembrane
proteins (purple dumbbells), making them glycoproteins.
The carbohydrate portions then be medified. Materials
are transported in vesicles to the Golgi apparatus.

irside the Golgi apparatus, the glycoproteins
undergo further carbohydrate moedification, and
lipids acquire carbohydrates, becoming glycolipids.

©) The glycoproteins, glycolipids, and secretory
proteins (purple spheres) are transported in
vesicles to the plasma membrane.

ohwsidesfmew'rmﬂ'leplasnamrrbrane,
the outside face of the vesicle

continuous with the inside (cytoplasmic) face of
the plasma membrane. This releases the secretory

irs from the call, a «called s

g‘r:]dmspm' jons the ca'huhyd% of ane
glycoproteins and ghycolipids on the outside
(extracellular) face of the plasma membrane.
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Selective Permeability

° Hydrophobic molecules (O,, CO,, hydrocarbons) cross easily
Polar molecules and ions cross slowly; need transport proteins
Transport proteins are specific for the substances they move

Channel proteins and carrier proteins

Fig. An aquaporin

6/12



CH 7 - CONCEPT 7.3

Passive Transport: Diffusion

° Diffusion: net movement down a concentration gradient
° No energy input; entropy increases
° Each substance diffuses independently

° Passive transport: no ATP needed
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(a) Diffusion of one solute. Molecules of dye can pass through
mernbrane pores. Random movement of dye molecules will cause some
to pass through the pores; this happens more often on the side with
more dye molecules. The dye diffuses from the more concentrated side
1o the less concentrated side (called diffusing down a concentration
gradient). A dynamic equilibrium resufts: Solute molecules still coss, but
at roughly equal rates in both directions.
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(b) Diffusion of two solutes. Solutions of two different dyes are sepa-
rated by a membrane that is permeable to both. Each dye diffuses
down its own concentration gradient. There will be a net diffusion
of the purple dye toward the left, even though the total solute
concentration was initially greater on the left side.
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Osmosis and Water Balance
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Osmosis: water moves toward higher solute concentration
Tonicity: isotonic, hypertonic, hypotonic

Animal cells: lyse in hypotonic, shrivel in hypertonic

Plant cells: turgid (healthy), flaccid, plasmolyzed
Osmoregulation, contractile vacuoles in protists

Water potential (W) in plants: W = Ws + Wp

Lowver Higher More similar
concentration concentration concentrations of solute
of solute (sugar)  of solute

== ==
Sugar
| = : rrcllecule\’ 3
\9 i H.O o u},
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membrane

Water molecules ’ i » L]
can pass through Water molecules
pores, but sugar hl cluster around
miolecules cannot. sugar molecules.
' 4,1 A l

This side has more
e solute molecules
’ l and fewer free

water molecules.

This side has
fewer solute
miclecules and [
more free water
malecules.

Water moves fmm an area of
higher to lower free water concentration
(lower to higher solute concentration).

Hypotonic solution Isotonic solution
{a) Animal cell. An
animal cell, such as
this red blood cell,
does not hawve a cell
wall. Animal cells fare
best in an isotonic
enviranment unless
they have special
adaptations that offset
the osmiotic uptake or
loss of wates.

HO HO H,0

Normal

{b) Plant cell. Plant
cells are turgid (firm)
and generally healthiest
in a hypotonic environ-
ment, where the uptake
of water is eventually
balanced by the wall
pushing back on

the cell.

Turgid (normal)
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Facilitated Diffusion

y Channel proteins: hydrophilic corridor (aquaporins, ion channels) &) & EhEl_l'll'II:S EXTRACELLULAR <d A
rotein has a
° Gated channels open/close with stimuli 1F::hannel through FLUID

<

g Carrier proteins: change shape, e.g., glucose transporter which water
rmclecLiles oF a

° Passive: moves down gradient; saturable specific solute

(b} A carrier protein
alternates 9 @ G 2 Q9
betwean two Q (*] [*]
shapes, moving 1 - _
a solute across
the membrane
during the
shape change.
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CH 7 - CONCEPT 7.4

Active Transport

° Moves solutes against the gradient; requires energy (usually ATP)

° Sodium-potassium pump: 3 Na* out, 2 K" in
° Phosphorylation changes protein shape

° Maintains ion gradients

et b € Binding of 3 Na* ions
S w 1< high stimulatesngphnsphnr\dation
€) Cytoplasmic Na* binds to by a kinase, using ATF:
the sodium-potassium pump
with high affinity when
the protein has this shape.

ﬁ‘)ﬁﬁ

0 2 K* are released;

affinity for Na* is 9 Loss of the phosphate
high again, and the group restores the protein’s
cyde repeats. original s_ha_pe, which has a
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©) Phosphorylation leads to
a change in protein shape,
reducing its affinity for Na*;
3 Na* are released outside.

0 The new shape has a
high affinity for K*; 2 K*
bind on the extracellular sid
triggering release of the
phosphate group.

¥ Flgure 7.17 Review: passive Active transport.
and active transport. Some transport protens
expend energy and act

as pumps, moving
Passive transport. Substances diffuse substances across a
spontansously down their concentration  membrane against their
gradients, crossing a membrane with no concentration {or elec-
expenditure of energy by the cell. The rate trochemical) gradients.
of diffusion can be greatly increased Energy is usually supplied
by transport proteins in the membrane, by ATP bydrolysis.

Diffusion. Fadlitated diffusion.
Hydrophobic  Many hydrophilic
molecules and  substances diffuse
(at a slow rate)  through membranes
wery small un- with the assistance of
charged polar  transport proteins,
maolecules can Eiﬂ'ﬂl' chanmnel ;
diffuse through  proteins I;HIJ oF Camer
the lipid bilayer. proteins (right).
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Membrane Potential and Cotransport

Membrane potential: voltage across membrane, inside negative
Electrochemical gradient: chemical + electrical forces
Electrogenic pump: Na*/K* pump (animals), proton pump (plants, bacteria)

Cotransport: gradient of one solute drives another (sucrose-H")

@
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Bulk Transport
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Exocytosis: vesicles fuse with plasma membrane, release

contents

Endocytosis: phagocytosis, pinocytosis, receptor-mediated

endocytosis

Ligands, coated pits and vesicles, LDL uptake

Requires energy; membrane area recycled

o A vesicle containing secretory proteins buds off from the Golgi.

Plasma membrane

€) The vesicle travels
along a microtubule to
the plasma membramne.

€) The outside of the
vesicle binds to the
inside of the plasma
membrane.

The two membranes
fuse, releasing (secreting)
the proteins outside
the cell.

B The vesicle membrane becomes part of the plasma membrane.

Phagocytosis

Receptor-Mediated Endocytosis

Inpi is, a cell "ol
droplets of extracellular fluid into tiny
vesicles, formed by infoldings of the plasma
‘membrane. In this way, the cell obtains

molecules dissolved in the droplets. Because
In phagocytosis, a cell engulfs a particle snyanda]lsolubsmﬁkmmmﬂmoell
by 3 dorodaldogibe - ©  olnocrinds s g hasi

around it and packaging themhsﬁmesituwmpm I.nma.tg'ms,

psevdopodium)

itwithin a membranous sac called afood  the parts of the plasma membsane that form
vacuole. The particle will bedigested afterthe  vesicles are lined on theircytoplasmic side by
food vacuole fuses with a lysosome containing aﬂ:m]ayemfouatmobem,the“pﬂh‘ and
hydrolytic enzymes(see Figure 6.13a).

Pseudopodium of amoseba

An amoeba engulfing a green algal cell
via phagocy tosis (TEM).

Pinocytotic vesicles forming (TEMs).

VISUAL SKILLS Use the scale bars to estimate the dcammdfa]ﬂlefmdmudemat

wall form amdrﬁeaigdoeﬂﬂdr iorogrsp h, not idth) and
ib)the o e (fower ight micrograp c}mc\ﬂnslarge( and by what factor?
-] Biology and

specialized type of pinocytosis that enables
the cell to acquire bulk quantities of specific
stibstances, even though those substances
‘may not be very concentrated in the
extracellular fluid. Embedded in the plasma
membiane are proteins with receptor sites
exposad to the extracellular fluld. Specific
solutes bind tothe receptors. The receptor
proteins then cluster in coated pits, and
each coated pit forms avesicle containing
the bound molecules. The diagram shows

only bound molecules (purple

thevesicle, but other molecules from the
au'aoe]lula.rfhﬂdarealso present. After the
ingested material is liberated from the
wesicle, the emptied rece ptors are recycled
tothe plasma membrane by the same vesicle
(ot shown).

Top: Acoated pit. Bottorn: A coated vesicle
forming during rece ptor-mediated
endocytosis (TEMs).
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