"Membrane Structure
and Function . ' 4
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KEY CONCEPTS

8.1 Cellular membranes are fluid
mosaics of lipids and proteins

8.2 Membrane structure results in
selective permeability

8.3 Passive transport is diffusion of
a substance across a membrane
with no energy investment

Active transport uses energy
to move solutes against their
gradients

Bulk transport across the plasma
membrane occurs by exocytosis
and endocytosis




Cell membranes consist of lipids, proteins and carbohydrate.
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The most abundant lipids in most membranes are phospholipids .
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The ability of phospholipids to form membranes is inherent in their molecular
structure. A phospholipid is an amphipathic molecule, meaning it has both a
hydrophilic (“water-loving”) region and a hydrophobic (“water-fearing”)

region.
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Other types of membrane lipids are also amphipathic. Proteins are not

randomly distributed in the membrane.
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A phospholipid bilayer can exist as a

stable boundary between two aqueous

compartments because the molecular

arrangement shelters the hydrophobic

tails of the phospholipids from water

while exposing the hydrophilic heads to

water.
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Y Figure 7.2 Phospholipid bilayer
(cross section).

Hydrophilic
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VISUAL SKILLS » Consulting Figure 5.11, circle and label
the hydrophilic and hydrophobic portions of the enlarged
phospholipids on the right. Explain what each portion contacts
when the phospholipids are in the plasma membrane

Most membrane proteins are amphipathic. Such proteins can reside in the
phospholipid bilayer with their hydrophilic regions protruding.
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= This molecular orientation maximizes contact of hydrophilic regions of
proteins with water in the cytosol and extracellular fluid, while providing their
hydrophobic parts with a non-aqueous environment.
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= The fluid mosaic model: the membrane is a mosaic of protein molecules
bobbing in a fluid bilayer of phospholipids.
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v" The membrane consists of a phospholipid bilayer with proteins attached to
it.
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v" Some proteins are embedded in the phospholipid bilayer; they are called
integral proteins. Other proteins are attached to the periphery or to
integral proteins, these proteins are called peripheral proteins.
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v In animal cells, the membrane also consists of cholesterol which acts as
fluidity buffer.
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v Carbohydrates are attached to membrane proteins forming glycoproteins
or to lipids forming glycolipids.
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= A membrane is held together mainly by hydrophobic interactions, which are
much weaker than covalent bonds.
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= Membrane lipids can move in two ways:
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1. Sideways movement which is rapid.
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2. Flip-flop movement which is a very rare movement in which the
phospholipid switching from layer to another.

8)00 &Syl 0da 0539 (§y3 Jl Ao (ye dadge Hauwiall Ogadll £(Sia Jdw G Al &S,

= Proteins are much larger than lipids and move more slowly, but some
membrane proteins do drift.
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= To prove the movement of proteins, an experiment was done by Larry Frye
and Michael Edidin. They labeled the plasma membrane proteins of a mouse
cell and a human cell with two different markers and fused the cells. Using a
microscope, they observed the markers on the hybrid cell.
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v Conclusion: the mixing of the mouse and human membrane proteins
indicates that at least some membrane proteins move sideways within the
plane of the plasma

Results
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* Movement of proteins <l Wl dS,> :

1. Some membrane proteins seem to move in a highly directed manner,
perhaps driven along cytoskeletal fibers in the cell by motor proteins
connected to the membrane proteins' cytoplasmic regions.
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2. Many other membrane proteins seem to be held immobile by their
attachment to the cytoskeleton or to the extracellular matrix.
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= A membrane remains fluid as temperature decreases until the phospholipids
settle into a closely packed arrangement and the membrane solidifies.
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= The temperature at which a membrane solidified depends on the types of
lipids it is made of.
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= As the temperature decreases, the membrane remains fluid to a lower
temperature if it is rich in phospholipids with unsaturated hydrocarbon tails,
because of kinks in the tail where double bonds are located, unsaturated
hydrocarbon tail cannot pack together as closely as saturated hydrocarbon
tails making the membrane more fluid.
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(a) Unsaturated versus saturated hydrocarbon tails.
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tails (kinked) prevent packing, pack together, increasing

Lo " él@:ﬁj)” :"1:— 3 dwb le ) ))3 enhancing membrane fluidity. membrane viscosity.
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= The steroid cholesterol, which is wedged between phospholipid molecules in
the plasma membranes of animal cells, has different effects on membrane
fluidity at different temperatures.
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e At relatively high temperatures—at 37°C, the body temperature of humans,
for example cholesterol makes the membrane less fluid by restraining
phospholipid movement.
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e Cholesterol also hinders the close packing of phospholipids, so it lowers the
temperature required for the membrane to solidify.
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< Thus, cholesterol can be thought of (b) Cholesterol within the animal cell membrane.
as a "fluidity buffer” for the
membrane, resisting changes in
membrane fluidity that can be
caused by changes in temperature.
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_ Cholesterol reduces membrane
fluidity at moderate tempera-
tures by reducing phospholipid
(i movement, but at low tempera-
' tures it hinders solidification by

| disrupting the regular packing of
Y phospholipids.

A membrane is a collage of different proteins, often clustered together in
groups, embedded in the fluid matrix of the lipid bilayer.
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In the plasma membrane of red blood cells alone, for example, more than 50
kinds of proteins have been found so far.
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Different types of cells contain different sets of membrane proteins. Also,
Various membranes within a cell each have a unique collection of proteins.
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*  Phospholipids form the main fabric of the membrane, but proteins determine
most of the membrane's functions.
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= There are two major populations of membrane proteins:

1. Integral proteins.
2. Peripheral proteins.



= Integral proteins:

v Penetrate the hydrophobic interior of the lipid bilayer.
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v" The majority is transmembrane proteins.

v" The hydrophobic regions of an integral protein consist of one or more
stretches of nonpolar amino acids, typically 20-30 amino acids in length,
usually coiled into a helices.
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v The hydrophilic parts of the molecule are exposed to the aqueous solutions on
either side of the membrane.
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v Some proteins also have one or more hydrophilic channels that allow passage
through the membrane of hydrophilic substances.
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+ The following figures shows an integral protein. —
Bacteriorhodopsin (a bacterial transport protein) has a distinct - W
orientation in the membrane, with its N-terminus outside the
cell and its C-terminus inside. Q :
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#+ This ribbon model highlights the secondary structure of the
hydrophobic parts, including seven transmembrane a helices, C-terminus
which lie mostly within the hydrophobic interior of the CYTOPLASMIC
membrane.
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+ The non-helical hydrophilic segments are in contact with the aqueous

solutions on the extracellular and cytoplasmic sides of the membrane.
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Peripheral proteins:

v They are not embedded in the lipid bilayer at all; they are appendages loosely

bound to the surface of membrane, often to exposed parts of integral
proteins.
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On the cytoplasmic side of the plasma membrane, some membrane proteins
are held in place by attachment to the cytoskeleton.
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On the extracellular side, certain membrane proteins are attached to fibers of
the extracellular matrix.
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These attachments combine to give animal cells a stronger framework than
the plasma membrane alone could provide.
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A single cell may have cell-surface membrane proteins that carry out several
different functions, such as transport through the cell membrane, enzymatic
activity, or attaching a cell to either a neighboring cell or the extracellular
matrix. The membrane is not only a structural mosaic, with many proteins
embedded in the membrane, but also a functional mosaic, carrying out a range
of functions.



= Functions of proteins:
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‘ Signaling molecule

Receptor

L

Signal transduction

= Transport J&uJ!

(1) A protein may provide a hydrophilic channel across the
membrane that is selective for a particular solute.
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(2) Other transport proteins shuttle a substance from one side
to the other by changing shape.
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= Enzymatic activity 3! blad!
A protein built into the membrane may be an enzyme with its
active site exposed to substances in the adjacent solution.
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= Signal transduction <)L Jas

A membrane protein (receptor) may have a binding site with a
specific shape that fits the shape of a chemical messenger, such
as a hormone.
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The external messenger (signaling molecule) may cause the

protein to change shape, allowing it to relay the message to the
inside of the cell, usually by binding to a cytoplasmic protein
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= Cell - cell recognition $glse)!l 9yl

Some glycoproteins serve as identification a tag that is specifically
recognized by membrane protein of other cells.
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= Intercellular joining $gs J=1s Juaiyl

Membrane proteins of adjacent cells may hook together in various
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n}"}”}»}w}’ ‘ ) . - | junctions or tight junctions.
”}”}‘j}y}y}i )}}}‘f}}j}mm}j This type of binding is long- lasting.
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= Attachment to the cytoskeleton and extracellular matrix:
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Microfilament and cytoskeleton elements may be non-covalently
bond to membrane protein, so that can help maintain the shape
of the cell and stabilize its location.
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‘ . . .
. Proteins that can bind to ECM molecules can coordinate
extracellular and intracellular changes.
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= |Importance of membrane proteins in the medical field:
oc A protein called CD4 on the surface of immune cells helps the human
immunodeficiency virus (HIV) infect these cells, leading to acquired immune

deficiency syndrome (AIDS).
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o Despite multiple exposures to HIV, however, a small number of people do not
develop AIDS and show no evidence of HIV-infected cells.
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o Comparing their genes with the genes of infected individuals, researchers

learned that resistant people have an unusual form of a gene that codes for an
immune cell-surface protein called CCR5.
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o Further work showed that although CD4 is the main HIV receptor, HIV must
also bind to CCR5 as a “co-receptor” to infect most cells.
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o Interfering with CD4 causes dangerous side effects because of its many
important functions in cells. Discovery of the CCR5 co-receptor provided a
safer target for development of drugs that mask this protein and block HIV
entry. One such drug, maraviroc (brand name Selzentry), was approved for
treatment of HIV in 2007 and is now being tested to determine whether this
drug might also work to prevent HIV infection in uninfected, at-risk patients.



Cell-cell recognition, a cell's ability to distinguish one type of neighboring cell
from another, is crucial to the functioning of an organism.
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Importance of cell-cell recognition:

1) Sorting of cells into tissues and organs in an animal embryo.
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2) Itis the basis for the rejection of foreign cells by the immune system (line of
defense in vertebrate animals.
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Cells recognize other cells by binding to molecules, often containing
carbohydrates, on the extracellular surface of the plasma membrane.
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Membrane carbohydrates:
Short, branched chains of fewer than 15 sugar units.
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Binding of a carbohydrate to a protein by a covalent bond forms a
glycoprotein.
Binding of a carbohydrate to a lipid by a covalent bond forms a glycolipid.

The carbohydrates on the extracellular side of the plasma membrane vary
from species to species, among individuals of the same species, and even from
one cell type to another in a single individual.
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< For example, the four human blood types designated A, B, AB, and O reflects
variation in the carbohydrate part of glycoproteins on the surface of red blood
cells.
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e Synthesis and Sidedness of Membranes

= Membranes have distinct inside and outside faces. The two lipid layers may
differ in lipid composition, and each protein has directional orientation in the
membrane. The asymmetrical arrangement of proteins, lipids, and their
associated carbohydrates in the plasma membrane is determined as the
membrane is being built by the endoplasmic reticulum (ER) and Golgi
apparatus, components of the endomembrane system.
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@ Membrane proteins and lipids are synthesized in
Lipid association with the endoplasmic reticulum (ER). In the ER,
carbohydrates (green) are added to the transmembrane
proteins (purple dumbbells), making them glycoproteins.
The carbohydrate portions may then be modified.

@ Inside the Golgi apparatus, the glycoproteins
undergo further carbohydrate modification, and lipids
acquire carbohydrates, becoming glycolipids.

© The glycoproteins, glycolipids, and secretory

Vesicle proteins (purple spheres) are transported in

. vesicles to the plasma membrane.
@ As vesicles fuse with the plasma membrane,
the outside face of the vesicle becomes
continuous with the inside (cytoplasmic) face of
the plasma membrane. This releases the secretory
proteins from the cell, a process called exocytosis,
and positions the carbohydrates of membrane
glycoproteins and glycolipids on the outside
(extracellular) face of the plasma membrane.

DRAW IT > Draw an integral membrane protein
extending from partway through the ER membrane into
) ° the ER lumen. Next, draw the protein where it would
be located in a series of numbered steps ending at

the plasma membrane. Would the protein contact the
cytoplasm or the extracellular fluid? Explain.
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= The most important function of membranes is their ability to regulate
transport across cellular boundaries, a function essential to the cell's
existence.
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v lons moves across the plasma membrane in both directions.
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= The chemical exchanges between a muscle cell and the extracellular:
A. Sugars, amino acids, and other nutrients enter the cell, and metabolic waste
products leave it.
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B. The cell takes in O2 for use in cellular respiration and expels CO2.
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C. The cell regulates its concentrations of inorganic ions, such as Na+, K+, Ca2+,
Je23 and Cl-, by shuttling them one way or the other across the plasma membrane
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v" Cell membranes are selectively permeable and substances do not cross the
barrier indiscriminately. The cell is able to take up some small molecules and
ions and exclude others.
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= Nonpolar molecules, such as hydrocarbons, CO2, and 02, are hydrophobic, as
are lipids. They can all therefore dissolve in the lipid bilayer of the membrane
and cross it easily, without the aid of membrane proteins.
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= The hydrophobic interior of the membrane impedes direct passage through
the membrane of ions and polar molecules, which are hydrophilic.
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A) Polar molecules such as glucose and other sugars pass o]nly slowly
through a lipid bilayer, and even water, a very small polar molecule, does
not cross rapidly relative to non-polar molecules.
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B) A charged atom or molecule and its surrounding shell of water are even
less likely to penetrate the hydrophobic interior of the membrane.
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= Polar and charged molecules need Transport Proteins in order to pass the
plasma membrane.
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= Hydrophilic substances can avoid contact with the lipid bilayer by passing
through transport proteins that span the membrane.
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= Types of transport proteins:

1) Channel proteins: hydrophobic channel that certain molecules or atomic ions

use as a tunnel through the membrane.
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Example: Aquaporins, Channel protein that facilitate the passage of water
molecules in certain cells. Without aquaporins, only a tiny fraction of
these water molecules would pass through the same area of the cell
membrane in a second, so the channel protein brings about a tremendous
increase in rate.
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2) Carrier proteins: hold onto their passengers and change shape in a
way that shuttles them across the membrane.
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v" A transport protein is specific for the substance it translocates
(moves), allowing only a certain substance (or a small group of related
substances) to cross the membrane.
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sl ae b‘j,o.l'l u.n( zlg_)Lﬁ.Lo




v" For example, a specific carrier protein in the plasma membrane of red blood
cells transports glucose across the membrane 50,000 times faster than glucose
can pass through on its own.
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v This “glucose transporter” is so selective that it even rejects fructose, a

structural isomer of glucose.
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= There are two types of transport:

1. Passive transport: the diffusion of molecules down their concentration gradient;
from where they’re more concentrated to where they're less concentrated
without the consumption of energy.

Blall SMgrwl 093 praziell pSA dilaie I adsyell ASAI ddlaie ope 8okl JWn) ddos (Byas
.passive transport ewb

v If the substance transported is hydrophobic, there’s no need for transport
proteins = Simple diffusion.
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v If the substance transported in hydrophilic, a transport protein is needed >
Facilitated diffusion.
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2. Active transport: the transport of molecules against their concentration
gradient; from they’re less concentrated to where they’re more concentrated
which needs energy.
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= Diffusion: the movement of particles of any substance so that they spread out
into the available space.

= Each molecule moves randomly, yet diffusion of a population of molecules
may be directional.

o« To understand this process, let’s imagine a R e Membrane (posssecton)
. . ) O—» T . »

synthetic membrane separating pure water 0 0% _ 0

from a solution of a dye in water. Study the i LY .

figure below carefully to appreciate how
difoSion WOUId rESUIt in bOth SOIUtionS haVing (a) Diffusion of one solute. The membrane has pores large enough

for molecules of dye to pass through. Random movement of dye

eq ua | concentrations Of the d\/e m OleCU IES. molecules will cause some to pass through the pores; this will hap-
pen more often on the side with more dye molecules. The dye
. . . diffuses from where it is more concentrated to where it is less con-
0 nce that p0|nt IS rea Ch Ed, there Wi | I be d centrated (called diffusing down a concentration gradient). This
leads to a dynamic equilibrium: The solute molecules continue to
dyna mic equ ilibriu m, with rough |y as many cross the membrane, but at roughly equal rates in both directions.

dye molecules crossing the membrane each second in one direction as in the
other.
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The substance will diffuse down its concentration gradient the region along which
the density of a chemical substance increases or decreases in this case, decreases.



No work must be done to make this happen; diffusion is a spontaneous
process, needing no input of energy.
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Note that each substance diffuses down its o %zlsg PN o 1
9 4 7o ) o = Q ‘

own concentration gradient, unaffected bythe o< o 2o o - 09 ™ @

concentration gradients of other substances. R A ¢ 2 . 00

(055 At J) il S5 e 00 935 336 S @y gy el
USM L§\> LSJ‘}" D'JL'O g=§'| }_\.5‘)3 ")_C J'h'dll ub;b ubw‘ (b) Diffusion of two solutes. Solutions of two different dyes are sepa-

efenl % rated by a membrane that is permeable to both. Each dye diffuses
U‘)"’I ‘UL}J Jb‘“‘” down its own concentration gradient. There will be a net diffusion

of the purple dye toward the left, even though the fotal solute
concentration was initially greater on the left side

Much of the traffic across cell membranes occurs by diffusion. One important

example is the uptake of oxygen by a cell performing cellular respiration.
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The diffusion of a substance across a biological membrane is called passive
transport because the cell does not have to expend energy to make it happen.
Ao Cund Al OY el3g Passive transport Lglsedl dcae pe slgell HLadk] ddas oud
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The concentration gradient itself represents potential energy.

Aaize puog 8o 1A Gy Jia
Membranes are selectively permeable and therefore have different effects on
the rates of diffusion of various molecules.
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Osmosis: the diffusion of free water across a selectively permeable membrane,
whether artificial or cellular.
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<o The figure shows a U-shaped glass tube with a

Lower Higher ) More simnlqr
selectively permeable artificial membrane Ty Fa concentrations of solute
separating two sugar solutions.

Sugar

molecule
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Mﬁw&www‘gwaﬂbwﬁ o o) Selectivel A
= .. Selectively ol
permeable H
membrane

Water molecules ?a » H

can pass through | | %% & — ‘("Q\ | Water molecules

Pores in this synthetic membrane are too small 5y bt e ,"@_ﬂ‘ %" | s
for Sugar m0|eCUIes to paSS through bUt large This side has 5 "E x &’ \Thlssadg has more
fewer solute '(’, ] i '-‘ J solute molecules
enough for water molecules. molecules and ,+k, |and fewer free
more free water #. | water molecules.
molecules.
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Water moves from an area of
higher to lower free water concentration

‘)-i“*” CJ‘..?)D- J9 a0 G&.ﬂ-ﬂj 3’3 ¢ laJl CJ[EJ_)-?' D90 (lower to higher solute concentration)

v The solution with a higher solute concentration has a lower free water

concentration.
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Water diffuses across the membrane from the region of higher free water
concentration (lower solute concentration) to that of lower free water
concentration (higher solute concentration) until the solute concentrations on
both sides of the membrane is more nearly equal.
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The movement of water across cell membranes and the balance of water
between the cell and its environment are crucial to organisms.
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Tonicity: the ability of a surrounding solution to cause a cell to gain or lose
water.
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= Factors that affect tonicity: 4,391 § 35 Gl Jolga]]
1) Membrane permeability.

slaadl L3l

2) Concentration of solutes that cannot cross the membrane (non-penetrating
solutes) relative to that inside the cell.
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- If there is a higher concentration of non-penetrating solutes in the surrounding
solution, water will tend to leave the cell. | there is a lower concentration on
non-penetrating solutes in the surrounding solution, water will tend to enter
the cell.
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= Animal cells are not surrounded by a cell wall.

= There are three conditions:

1) If an animal cell is immersed in an environment that is
. . , Isotonic solution
isotonic to the cell there will be no net movement of water

across the plasma membrane "Water diffuses across the H,0 H,0

membrane, but at the same rate in both directions" so the
volume of the animal cell is stable.
Do 0550 18 L) deaaddls 2SI Jolio oy (§ &l gumell dalsell yal 13)
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Normal

2) If an animal cell is immersed in hypertonic environment cell Hypertonic solution

will lose water, shrivel, and probably die.
o elall 018 L) daaddly AN iy Loy (§ &lguond] ulsdl pa 13]
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H,0

Shriveled



3) If an animal cell is immersed in hypotonic environment to Hypotonic solution

the cell, water will enter the cell faster than it leaves, and H.O
2

the cell will swell and lyse (burst).
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= This problem of water balance is automatically solved if such a cell lives in
isotonic surroundings. Seawater is isotonic to many marine invertebrates.
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= organisms that lack rigid cell walls must have other adaptations for
osmoregulation.
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= Osmoregulation: the control of solute concentrations and water balance.
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- For example:
4+ the unicellular eukaryote Paramecium lives in pond water, which is hypotonic
to the cell.
8 Gins SN W1 By S9! i LB 16T dxl 529 0 guansaldl 16l e diaYl 4o
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v" Paramecium has a plasma membrane that is much less permeable to water
than the membranes of most other cells.
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v Paramecium cell equipped with a contractile vacuole, an organelle that
functions as a bilge pump to force

Contractile vacuole *

water out of the cell as fast as it
enters by osmosis.
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# The bacteria and archaea that live in hyper-saline (excessively salty)
environments have cellular mechanisms that balance the internal and external
solute concentrations to ensure that water does not move out of the cell.
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= The cells of plants, prokaryotes, fungi, and some unicellular eukaryotes are
surrounded by cell walls.
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= When such a cell isimmersed in a hypotonic solution, the cell Hypotonic solution
wall helps maintain the cell’s water balance. Consider a plant
cell. Like an animal cell, the plant cell swells as water enters by fr'la;n'q"tfrane Cell wall
osmosis. However, the relatively inelastic cell wall will expand H,0
only so much before it exerts a back pressure on the cell, called
turgor pressure, that opposes further water uptake. At this
point, the cell is turgid (very firm), the healthy state for most
plant cells. Plants that are not woody, such as most
houseplants, depend for mechanical support on cells kept Turgid (normal)
turgid by a surrounding hypotonic solution.
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If a plant’s cells and surroundings are isotonic, there is no net
tendency for water to enter and the cells become flaccid (limp); the
plant wilts.
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Isotonic solution

Flaccid

A cell wall is of no advantage if the cell isimmersed in a hypertonic environment.

In this case, a plant cell, like an animal cell, will lose water to its
surroundings and shrink. As the plant cell shrivels, its plasma
membrane pulls away from the cell wall at multiple places. This
phenomenon, called plasmolysis, causes the plant to wilt and can lead

to plant death.
-hypertonic xS Jle Jgloe (3 &l sy Il @ Skl sl 851 dr g Y
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Hypertonic solution
Plasma H,0
membrane

Plasmolyzed

v' The walled cells of bacteria and fungi also plasmolyze in hypertonic

environments.
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Comparison between animal and plant cells

Hypotonic solution Isotonic solution Hypertonic solution

(a) Animal cell. An
animal cell fares best
in an isotonic environ-
ment unless it has
special adaptations
that offset the osmo-
tic uptake or loss of

water. Lysed Normal Shriveled

H,0 H,0 H,0 H,0

Plasma Cell wall

membrane Plasma

H,0
membrane

H,0

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

Turgid (normal)

Plasmolyzed
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= Facilitated diffusion: the passive diffusion of polar molecules and ions impeded
by the lipid bilayer of the membrane with the help of transport proteins that
span the membrane.
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= Most transport proteins are very specific: They transport some substances but
not others.
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= Types of transport proteins:

1) Channel proteins: provide corridors that allow
specific molecules or ions to cross the
membrane. HRI00000008

Slyas 2955 e Syl oo il it Jasy 1deiiy ll gadl) |
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A) Aquaporins: hydrophilic passageways provided
by these proteins can allow water molecules or small ions to diffuse very
quickly from one side of the membrane to the other.

v They facilitate the massive levels of diffusion of water (osmosis) that occur in
plant cells and in animal cells such as red blood cells.
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v" Certain kidney cells also have a high number of Aquaporins, allowing them to
reclaim water from urine before it is excreted.
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B) lon channels which function as gated channels, which open or close in
response to a stimulus (such as electrical stimulus).
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v" Example: In a nerve cell, an ion channel opens in response to an electrical
stimulus, allowing a stream of potassium ions to leave the cell.
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v Other gated channels open or close when a specific substance other than
the one to be transported binds to the channel (They are important in the
function of the nervous system).
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2) Carrier proteins: such as the glucose transporter
seem to undergo a subtle change in shape that 00 ° ¢ e @ 00 o
somehow translocates the solute-binding site A0 - ) ~

across the membrane.
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Carrier protein @ Solute
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v" Such a change in shape may be triggered by the binding and release of the
transported molecule.
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Both of carrier proteins and ion channels involved in facilitated diffusion result
in the net movement of a substance down its concentration gradient.
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= Despite the help of transport proteins, facilitated diffusion is considered
passive transport because the solute is moving down its concentration
gradient, a process that requires no energy. Facilitated diffusion speeds
transport of a solute by providing efficient passage through the membrane,
but it does not alter the direction of transport.
¢llagpassive transport ciias 451 Y] slgall Jau) @luis Al pusviu Jgell JLEBYI OF o 02,0L
CAlais Y Adendl 0dag paisuiell ;S ddlake J) aisyel) ;S dalake oo 3lall J&5 e Jom 433
Y @S ¢ el e Slyan 353 I e Slsall B3 ol o Sl ST Jams - 230>
L J) ol sl adatind

= The Need for Energy in Active Transport:

< To pump a solute across a membrane against its gradient requires work; the
cell must expend energy. Therefore, this type of membrane traffic is called

active transport.
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<& The transport proteins that move solutes
against their concentration gradients are all
carrier proteins rather than channel
proteins.
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= The following figure compares between
passive transport and active transport:
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¥ Figure 7.16 Review: passive
and active transport.

Passive transport. Substances diffuse
spontaneously down their concentration
gradients, crossing a membrane with no
expenditure of energy by the cell. The rate
of diffusion can be greatly increased

by transport proteins in the membrane.
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Diffusion. Facilitated diffusion.
Hydrophobic Many hydrophilic
molecules and  substances diffuse
(ataslowrate) through membranes
very small un-  with the assistance of

charged polar  transport proteins,
molecules can  either channel
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diffuse through proteins (left) or carrier
the lipid bilayer. proteins (right).

Active transport.
Some transport proteins

act as pumps, moving
substances across a
membrane against their
concentration (or elec-
trochemical) gradients.
Energy is usually supplied
by ATP hydrolysis.
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Active transport enables a cell to maintain internal concentrations of small
solutes that differ from concentrations in its environment.
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For example, compared with its surroundings, an animal cell has a much higher
concentration of potassium ions K* and a much lower concentration of sodium
ions Na*. The plasma membrane helps maintain these steep gradients by
pumping Na* out of the cell and K" into the cell.
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The cell uses the sodium- potassium pump to maintain these steep gradients.
It pumps 3 Na* out and 2 K" inside.
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The source of energy is ATP molecules.
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< ATP can power active transport is when its terminal phosphate group is

transferred directly to the transport protein. This can induce the protein to
change its shape in a manner that translocates a solute bound to the protein
across the membrane.
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= This figure illustrates how the sodium-potassium pump works:
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EXTRACELLULAR  [Na‘*] high
FLUID [K'T low

‘\ [Na*] low
ai-
f%’ ( */ cvopasm M [k high
: Q © Cytoplasmic Na* binds
to the sodium-potassium
3 pump. The affinity for Na* € Na' binding stimulates
is high when the protein phosphorylation by ATP
O K- is released:; has this shape.
affinity for Na* is ‘
high again, and the

cycle repeats.

€ Phosphorylation leads tc
a change in protein shape,

© Loss of the phosphate reducing its affinity for Na*,

group restores the protein's © The new shape has a high which s released outside.
original shape, which has a affinity for K*, which binds on the
lower affinity for K*. extracellular side and triggers

release of the phosphate group.
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= Voltage is electrical potential energy-a separation of opposite charges.
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= The cytoplasmic side of the membrane is negative in charge relative to the
extracellular side because of an unequal distribution of anions and cations on
the two sides.
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= The voltage across a membrane, called a membrane potential.
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- Membrane potential ranges from about -50 to-200 millivolts (mV). (The minus
sign indicates that the inside of the cell is negative relative to the outside.)
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- The membrane potential acts like a battery, an energy source that affects the
traffic of all charged substances across the membrane.
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- Because the inside of the cell is negative compared with the outside, the
membrane potential favors the passive transport of cations into the cell and
anions out of the cell.
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Two forces drive the diffusion of ions across a membrane:
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1. Chemical force (the ion's concentration gradient).
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2. Electrical force (the effect of the membrane potential on the ion's

movement).
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v The combination of electrical and chemical forces is called electrochemical

gradient.
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An ion diffuses not simply down its concentration gradient but, more exactly,
down its electrochemical gradient.
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For example, the concentration of Na+ inside a resting nerve cell is much lower
than outside it. When the cell is stimulated, gated channels open that facilitate
Na+ diffusion. Sodium ions then "fall” down their electrochemical gradient,
driven by the concentration gradient of Na+ and by the attraction of these
cations to the negative side (inside) of the membrane. In this example, both
electrical and chemical contributions to the electrochemical gradient act in the
same direction across the membrane, but this is not always so.
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= Electro-genic pump: a transport protein that generates voltage across a
membrane.
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v Major Electrogenic pump of animal cells: The sodium-potassium pump.
v" Major Electrogenic pump of plant cells: fungi and bacteria: proton pump.

Proton pump actively transports protons
EXTRACELLULAR .
(hydrogen ions, H+) out of the cell from

cytoplasm to extracellular solution.
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v’ By generating voltage across membranes, electrogenic pumps help store
energy that can be tapped for cellular work. One important use of proton
gradients in the cell is for ATP synthesis during cellular respiration.
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= A solute that exists in different concentrations across a membrane can do
work as it moves across that membrane by diffusion down its concentration
gradient.
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* In a mechanism called co-transport, a transport protein (a co-transporter) can
couple the "downhill" diffusion of the solute to the “uphill” transport of a
second substance against its own concentration gradient.
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v" Example: a plant cell uses the gradient of H+ generated by its ATP-powered
proton pumps to drive the active transport of amino acids, sugars, and
several other nutrients into the cell.
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oc This figure shows a H+/Sucrose
cotransporter: a cotransporter couples
the return of H+ to the transport of
sucrose into the cell. This protein can
translocate sucrose into the cell against
its concentration gradient, but only if
the sucrose molecule travels in the
company of an H+. R
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v' Plants use H+/sucrose cotransport to load sucrose produced by
photosynthesis into cells in the veins of leaves.
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v The vascular tissue of the plant can then distribute the sugar to roots and
other non-photosynthetic organs that do not make their own food.
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= Treatment for diarrhea Jg=d o) e
v" Normally, sodium in waste is reabsorbed in the colon, maintaining constant
levels in the body, but diarrhea expels waste so rapidly that reabsorption is
not possible, and sodium levels fall precipitously.
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v To treat this life-threatening condition, patients are given a solution to drink
containing high concentrations of salt (NaCl) and glucose. The solutes are
taken up by sodium-glucose cotransporters on the surface of intestinal cells
and passed through the cells into the blood.
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= Water and small solutes enter and leave the cell by diffusing through the lipid
bilayer of the plasma membrane or by being pumped or moved across the
membrane by transport proteins.
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= Large molecules—such as proteins and polysaccharides, as well as larger
particles-generally cross the membrane in bulk; packaged in vesicles (These
processes require energy).
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= Exocytosis

= Exocytosis: Secretion of certain molecules by the fusion of vesicles with the
plasma membrane.
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e Atransport vesicle that has budded from the Golgi apparatus moves along
microtubules of the cytoskeleton to the plasma membrane.
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¢ When the vesicle membrane and plasma membrane come into contact,
specific proteins rearrange the lipid molecules of the two bilayers so that the
two membranes fuse.
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e The contents of the vesicle spill out of the cell, and the vesicle membrane
becomes part of the plasma membrane.
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= Example of secretory cells that use exocytosis to export products:

(A) Cells in the pancreas that make insulin secrete it into the extracellular fluid
by exocytosis.
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(B) Nerve cells use exocytosis to release neurotransmitters that signal other
neurons or muscle cells.
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(C) When plant cells are making cell walls, exocytosis delivers some of the
necessary proteins and carbohydrates from Golgi vesicles to the outside of
the cell.
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* Endocytosis gl JoYl

® In endocytosis, the cell takes in molecules and particulate matter by forming
new vesicles from the plasma membrane.
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= Although the proteins involved in the processes are different, the events of
endocytosis look like the reverse of exocytosis.
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e A small area of the plasma membrane sinks inward to form a pocket.
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e Asthe pocket deepens, it pinches in, forming a vesicle containing material
that had been outside the cell.
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= Types of endocytosis:

1) Phagocytosis.
2) Pinocytosis.
3) Receptor-mediated endocytosis.

EXTRACELLULAR
FLUID

= |n phagocytosis, a cell engulfs a particle by extending
pseudopodia around it and packaging it within a
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membranous sac called a food vacuole. The particle will
be digested after the food vacuole fuses with a
lysosome containing hydrolytic enzymes.
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= |n pinocytosis, a cell continually "gulps" droplets of extracellular fluid into tiny

vesicles, formed by infoldings of the plasma membrane "obtains molecules

dissolved in the droplets".
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v" In some cases, the parts of the plasma membrane that form
vesicles are lined on their cytoplasmic side by a fuzzy layer of
coat protein; the “pits” and resulting vesicles are said to be

"coated."
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= Receptor-mediated endocytosis is a specialized type of pinocytosis that

enables the cell to acquire bulk quantities of specific
substances, even though those substances may not be very
concentrated in the extracellular fluid.
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v" Human cells use receptor-mediated endocytosis to take in
cholesterol for membrane synthesis and the synthesis of

other steroids.

Coated vesicle
with specific
solutes (purple)
bound to
receptors (red)
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v’ Cholesterol travels in the blood in particles called low-density lipoproteins

(LDLs), each a complex of lipids and a protein. LDLs bind to LDL receptors on

plasma membranes and then enter the cells by endocytosis.
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v In the inherited disease familial hypercholesterolemia, characterized by a very
high level of cholesterol in the blood, LDLs cannot enter cells because the LDL
receptor proteins are defective or missing.
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v Consequently, cholesterol accumulates in the blood, where it contributes to
early atherosclerosis, the buildup of lipid deposits within the walls of blood
vessels. This buildup narrows the space in the vessels and impedes blood flow,
potentially resulting in heart damage and stroke.
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