
請尊重與保護智慧財產權
僅提供你個人使用



Chap 4-2 Transporter 



Movement of Substances Across Cell 
Membranes: Diffusion and Osmosis

• Passively by diffusion
– Simple diffusion

• through lipid bilayer
• through an aqueous, protein-lined channel 

– Facilitated diffusion via a protein transporter 
• Actively by an energy-coupled protein pump

– against a concentration gradient

Fig. 4.32, 4.33



Osmosis

• Movement of water through a semipermeable
membrane
– Water moves from hypotonic toward 

hypertonic environments
• Isotonic
• Hypertonic

– higher solute concentration, hyperosmotic
• Hypotonic

– lower solute concentration, hypoosmotic

Fig. 4.34, 4.35



Osmosis is important factor in multitude of 
bodily functions

• Digestive tract secretes several liters of fluid 
daily; it is reabsorbed osmotically by cells 
lining intestine; if it is not reabsorbed, as in 
cases of extreme diarrhea, can lead to rapid 
dehydration 

• Animal cells are isotonic



Plant cells are usually hypertonic compared 
to fluid environment

• Water tends to enter plant cells causing internal 
(turgor) pressure to push against cell wall 

• In hypertonic medium, cell volume shrinks & 
membrane pulls away from cell wall (plasmolysis)

• Turgor pressure provides support for nonwoody plant 
parts (leaves) & nonwoody plants

• Loss of water causes plants to lose support & wilt 



Movement of nonelectrolyte (uncharged 
solute) into the cell

• The free-energy change depends on magnitude of 
concentration gradient 

• ΔG = RT ln([CI]/[Co])
or ΔG = 2.303 RT log10 ([CI]/[Co])

ΔG = free energy change R = gas constant 

T = absolute temperature

[CI] = concentration of solute on inside surface
[Co] = concentration of solute on outside surface



Movement of nonelectrolyte (uncharged 
solute) into the cell

• Depend on concentration gradient 
• G decreases
• At equilibrium, ΔG = 0 



Movement of an electrolyte (charged 
solute) into the cell

• Chemical gradient
– concentration difference of the substance 

• Electric potential gradient
– difference in charge



Movement of an electrolyte (charged 
solute) into the cell

• Free energy change 
ΔG = RT ln([CI]/[Co]) + zFΔEm
z = charge of the solute 
F = Faraday constant (23.06 kcal/V.equivalent, 

an equivalent is the amount of the electrolyte 
having 1 mole of charge) 

ΔEm = potential difference (in volts) between 
the 2 compartments 



• Suppose Na+ ions present at tenfold higher 
concentration outside the cell than inside

• Voltage across a membrane is typically ~-
70 mV

• ΔG = -1.4 kcal/mole + zFΔEm

= -1.4 kcal/mole + (1)(23.06 kcal/V x 
mole)(-0.07 V) 

= -3.1 kcal/mole 



Aquaporins

• Allow passive H2O passage
– kidney tubules, plant roots

• Makes cells much more permeable to water 
than explained by simple diffusion through 
bilayer

• Contain central channel
– lined by hydrophobic amino acid residues

• Highly specific for H2O molecules



Diffusion of ions through membranes

• Ion channels
• Patch-clamp



Monitor ionic current passing through a 
single ion channel- patch-clamp recording

• Fine micropipette-electrodes (polished glass)
• Voltage across the membrane can be 

maintained (clamped) at any particular value.
• Current originating in the small patch of 

membrane surrounded by pipette can be 
measured.



Measuring ion channel conductance by 
patch-clamp recording

• The micropipette can enclose a patch of 
membrane containing a single ion channel.

• Monitor the opening and closing of a single 
gated channel.

Fig. 4.36



Gated channels

• Open or closed conformation
• Ligand-gated channels

- conformational state depends on binding of
specific molecule (the ligand)

- ligand, usually not the solute that passes through the 
channel 

- acetylcholine, cAMP
• Voltage-gated channels

– conformational state depends on difference in ionic
charge on the 2 sides of membrane 



Structure and function of K+ ion channels

• KcsA: bacterial K+ ion channel 
– 4 subunits
– Each subunit 

• 2 membrane-spanning helices (M1 & M2)
• A pore region (P) at the extracellular end of the 

channel 

Fig. 4.37



Bacterial KcsA channel

• The M2 helices from each subunit bend 
outward at a specific glycine residue, which 
opens the intracellular end of the channel to K+

ions.
• P segment

– selectivity filter (role in allowing the 
passage of only K+ ions)

• The selectivity filter lining contains a highly 
conserved pentapeptide (Thr-Val-Gly-Tyr-Gly)



Bacterial KcsA channel

• Mutations within this stretch of amino acids 
often destroy the channel's ability to 
discriminate between K+ and Na+ ions

• The conserved residues of the selectivity filter 
create 4 successive rings of carbonyl oxygen 
atoms

• K+ ions are thought to move 2 at a time
• Gated by the pH

Fig. 4.38



Eukaryotic voltage-gated channels: K+ ion channels

• Cytoplasmic side of membrane
– N- and C-terminal domains

• Middle portion
– 6 membrane-spanning segments (S1–S6) 
– Pore domain

• Helices S5 & S6 of the eukaryotic channel 
subunit correspond to helices M1 & M2 of the 
bacterial KcsA channel 

• Like the M2 helices of KscA, the S6 helices line 
much of the pore

– Voltage-sensor domain
• Helices S1-S4



Eukaryotic voltage-gated K+ channel

• P segment is homologous to the P region of 
KscA channel 
– selectivity filter

• All known K+ channels have a similar pore 
structure

Fig. 4.39



Eukaryotic voltage-gated K+ channel
(Kv channel)

• 7 (+)-charged residues in S4 helix
– Situated at every third residue along the 

helix
• Shaker channel

– A Kv family
– Flies with certain mutations in the protein 

shake vigorously when anesthesized with 
ether

Fig. 4.40



Models of the movement of the S4 helix in 
the opening of a voltage-gated K+ Channel

• Conventional (classic) model
– Movement of the S4 helix is up and down

• New model
– S4 helix acts like a moving “paddle”

Fig. 4.41



The 4-fold symmetry is the apparent 
hallmark of all cation channels

• K+ channels: 4 homologous polypeptides
• Na+ and Ca2+ channels

– A single huge polypeptide with 4 separate 
hydrophobic domains

– Each of the domains contains 6 membrane-
spanning segments that are homologous to those of 
the K+ channels.



Voltage-gated K+ channels (Kv)

• At least 3 distinct conformations
– closed, open, & inactivated

• Opened by a change in voltage
• The gate is formed by the inner ends of the S6 

helices 
• The opening of the Kv channel gate is 

regulated by S4 transmembrane helix (voltage 
sensor)..

• Voltage sensor: several positively charged 
amino acid residues spaced along the 



Voltage-gated K+ channels (Kv)

• A change in the potential to a more positive 
value (depolarization) exerts an electric force 
on S4 helix.

• Movement of S4 helix in response to 
depolarization initiates a conformational 
change within the protein that leads to the 
opening of the S6 gate. 

• ~100 K+ pass through channel/msec
Fig. 4.42



Facilitated Diffusion

• A membrane-spanning protein (facilitative 
transporter)

• Transporter: only bind a solute from one side 
of membrane at a time

• Transporter’s shape changed during solute 
movement across membrane.



Facilitated diffusion is similar in many 
ways to an enzyme-catalyzed reaction

• Specific for the transported molecule
• Regulated
• Glucose transporter

– Humans have at least 5 related transporters 
(isoforms; GLUT 1-5)

Fig. 4.43, 4.44



Active transport

• Protein-mediated movement up the gradient
• Direct active transport

(primary active transport)
• Indirect active transport

(secondary active transport)



Active Transport

• Many ion gradients are very strong & are 
generated by the expenditure of energy (active 
transport).

• In a mammalian cell
Inside Outside

[K+] ~100 mM ~5 mM
[Na+] ~10 - 20 mM ~150 mM
[Ca2+] 10-7 M 10-3 M 



Na+-K+ pump

• Unidirection
• Pump 3 Na+ ions out of cell for every 2 K+

ions pumped in
• Electrogenic
• A P-type ion pump that requires 

phosphorylation of pump during cycle.
• Phosphate is transferred from ATP after its 

hydrolysis to an aspartic acid residue of pump.
– conformational change 

Fig. 4.45



Na+-K+ pump

• The Na+-K+ pump cycle repeats uses ~33% of most 
animal cells' energy (~67% in nerve cells).

• The pump is found only in animal cells.
• Digitalis (foxglove plant steroid), a good congestive 

heart failure treatment for 200 years
– inhibits the pump & leads to increase Ca2+

availability inside heart muscle cells. This, in turn, 
strengthens heart contraction.



Ca2+-ATPase

• P-type pump in ER membrane
• It actively moves Ca2+ ions out of cytosol into 

ER lumen.
• ATP hydrolysis induces conformational 

changes of the pump.



Direct active transport

• P-type ATPases (P for phosphorylation)
• V-type ATPases (V for vesicle)
• F-type ATPases (F for factor)
• ABC-type ATPase (ABC transporter, ATP-

binding cassette)





P-type ATPases

* Asp is reversibly phosphorylated by ATP. 
* 8-10 transmembrane segments in a single 

polypeptide
* All are cation transporters.
* Sensitive to vanadate VO4

3-

* Most are located in the plasma membrane. 
They are responsible for the ion gradient
maintained in most cells.

* Most are found in eukaryotes.



V-type ATPases
• Pump protons into vesicles, vacuoles, lysosomes, 

endosomes, and Golgi complex 
• They are not inhibited by vanadate.
• Do not undergo phosphorylation as part of the 

transport process
• Have two multisubunit components
• a. an integral component embedded within

membrane
• b. a peripheral component that just out from 

the membrane surface, contains the ATP-
binding site and ATPase activity. 



F-type ATPases

• Found in bacteria, mitochondria, and 
chloroplasts 

• Conserves the energy of solar radiation or 
of substrate oxidation as ATP 

• Involve in proton transport
• Two components:

– Integral component, F0, serves as a 
transmembrane pore for protons

– Peripheral component, F1, includes ATP-
binding site



F-type ATPases

ATPase
Use the energy of ATP hydrolysis to pump
protons against their electrochemical
gradient

ATP synthase
exergonic flow of protons down their 
electrochemical gradient is used to 
drive ATP synthesis



ABC-type ATPase

* Found in prokaryotes and eukaryotes
* Four domains: separated polypeptides in

most cases, especially in prokaryotes. In
some cases, the four domains are part of 
a large multifunctional polypeptide. 
- Two are highly hydrophobic and embedded 

in membrane
- Two are peripherally located on the 
cytoplasmic side of the membrane



ABC-type ATPase

• Each embedded domain consists of six 
membrane-spanning segments that probably 
form the channel 

• Binds ATP and hydrolysis of ATP
• Multidrug resistance (MDR) transport protein
• Cystic fibrosis transmembrane conductance 

regulator (CFTR)



Plant cell H+ transporter

• P-type transporter
• Important in secondary solute transport
• Control of cytosolic pH & as cell growth 

control by acidification of plant cell wall



Stomach epithelial lining H+/K+-ATPase

• P-type pump secreting concentrated acid 
solution (up to 0.16 N HCl) into stomach 
chamber

• At rest, found in cytoplasmic vesicles of 
stomach lining parietal cells & are 
nonfunctional

• With food, hormonal (histamine) message 
transmitted to parietal cells that causes pump-
containing vesicles to move to apical surface.

• They fuse with apical surface membrane & 
Fig. 4.46



V-type pumps

• Use ATP without formation of phosphorylated
protein intermediate

• Actively pump H+ ions across cytoplasmic organelle 
membranes & vacuoles (hence the name)

• Found in membranes lining lysosomes, secretory
granules & plant cell vacuoles

• Maintain body's acid-base balance (secretes protons 
into forming urine)

• Their structure is similar to that of ATP synthase.



ATP-binding cassette (ABC) transporters

• Actively transport ions
• All members of this superfamily share an 

homologous ATP binding domain
• One is involved in cystic fibrosis



Defects in ion channels as a cause of 
inherited disease

• Cystic fibrosis
– Mutation in a cAMP-regulated chloride channel of 

epithelial cells lining airways
– Low efflux of Cl- and/or bicarbonate to airways
– Decrease in H2O efflux to airways
– Increase in viscosity of the secreted mucus
– Impair the function of cilia that responsible for 

pushing bacteria out of the respiratory tract



Cystic Fibrosis and 
Chloride Ion Secretion

• A defect in the secretion of chloride ions in cells 
lining the lungs, leading to insufficient hydration 
and the promotion of bacterial growth.

• Mutation in CFTR
• The most common mutation 

– deletion of a single amino acid in the first 
nucleotide-binding domain of the CFTR 
protein.

Table 1



Cystic Fibrosis and 
Chloride Ion Secretion



Utilizing light energy for active ion 
transport - Halobacterium salinarium

• Bacteriorhodopsin
• Light energy absorption by retinal group 

induces series of conformational changes in 
protein, which causes a proton to move from 
retinal group through a channel in protein to 
cell exterior.

• Proton gradient subsequently drives ATP 
synthesis by enzyme (similar to mitochondrial 
electron transport).

Fig. 4.47



Cotransport: Coupling active transport to 
existing ion gradients

• Glucose/Na+ cotransporter
• Primary transport of Na+ out of cell done by 

Na+-K+ ATPase in basal & lateral membranes; 
keeps Na+ concentration very low within cells 
(this is the primary active transport system)

• Na+/glucose cotransporter binds 2 Na+ ions & 
1 glucose molecule on external surface of 
apical plasma membrane.

Fig. 4.48



Types of transport systems

• Uniport systems
– Transport one solute at a time

• Cotransport systems
– Solute moved across membrane at same time by a 

single transport molecule
– Symport: transported solutes move in same 

direction
– Antiport: the transported solutes move in opposite 

directions
• Na+/H+ exchangers
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