
QUESTIONS, MARCH 17 
 
1 You have prepared lipid vesicles that contain K+ leak channels, all oriented so 
that their cytoplasmic surface faces the outside of the vesicles. There is no 
membrane potential initially. How will K+ ions move and what sort of membrane 
potential will develop if: 

A) There are equal [K+] outside and inside the vesicles, 
B) K+ is only present inside, 
C) K+ is only present outside. 

 
2		 Here is the recording of a patch-clamp experiment, in which the patch was 
from the plasma membrane of a muscle cell.  It contains molecules of the 
acetylcholine receptor (a ligand-gated cation channel). Acetylcholine was added 
to the solution in the microelectrode.   
A) Your friend says that, if a ligand is added, this will cause the opening of the 
channel, which will remain open until the ligand is removed.  What do you 
respond? 
B) Describe what the rectangular peaks are. 
C) What would happen if acetylcholine were added on the other side, i.e. outside 
the electrode? 
D) What happened here (arrow)? 

 
 
 
 
 
3 Aquaporins are special channels that transport large amounts of water.  
Ions cannot pass through these channels, which prevents ion gradients to be 
completely disrupted.  Explain why Na+ and H+ cannot go through. 
 
4 You prepared lipid vesicles that contain exclusively, as membrane 
proteins, copies of the Na+/K+ pump, where we assume 1 Na+ and 1 K+ are 
transported each cycle, as shown in Figure below. All pumps are oriented so that 
the cytoplasmic portion faces the outside of the vesicles. Predict what would 
happen if: 
A. The solution inside and outside the vesicles contains both Na+ and K+, but no 
ATP. 
B. The solution inside contains both Na+ and K+; the solution outside contains 
Na+, K+ and ATP. 
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C. The solution inside contains Na+; the solution outside contains Na+ and ATP. 
D. The solution is as in B), but the pump molecules are randomly oriented. 
 

     
 
 
5 Acetylcholine-gated cation channels do not discriminate between Na+, K+ 
or Ca++. When these acetylcholine receptors in muscle cells open, why is it then 
mostly Na+ that enters the cells? 
 
6 Indicate whether each of the following descriptions matches an ABC 
transporter (A), a P-type pump (P), or a V-type pump (V). Your answer would be 
a four-letter string composed of letters A, P, and V only, e.g. PPAV. 
(  ) The pumps in this family are phosphorylated at a key Asp residue in each 
transport cycle. 
(  ) The pumps in this family are responsible for the acidification of synaptic 
vesicles. 
(  ) The sodium-potassium pump is a member of this family. 
(  ) The multidrug resistance protein is a member of this family. 
 
 



 
7. Match each definition below with its term from the list. 
 
1  An aqueous pore in a lipid membrane, with walls made of protein, through which 
selected ions or molecules can pass.  
2 the movement of a small molecule or ion across a membrane due to a diference in 
concentration or electrical charge.  
3  General term for a membrane-embedded protein that serves as a carrier of ions or 
small molecules from one side of the membrane to the other.  
4  Movement of a molecule across a membrane that is driven by ATP hydrolysis or other 
form of metabolic energy.  
5  Driving force for ion movement that is due to diferences in ion concentration and 
electrical charge on either side of the membrane.  
 

A. active transport 
B. channel 
C. electrochemical gradient  
D. membrane transport protein  
E. passive transport  
F. transporter  

 
8: Order the molecules on the following list according to their ability to diLuse through a 
lipid bilayer, beginning with the one that crosses the bilayer most readily. Explain your 
order.  
1. Ca2+ 
2. CO2 
3. Ethanol  
4. Glucose  
5. RNA 
6. H2O  
 
9: TRUE/FALSE  
Decide whether each of these statements is true or false, and then explain why.  
 
A:  The plasma membrane is highly impermeable to all charged molecules.  
 
B:  Transport by transporters can be either active or passive, whereas transport by 
channels is always passive.  
 
C: A symporter would function as an antiporter if its orientation in the membrane were 
reversed; that is, if the portion of the protein normally exposed to the cytosol faced the 
outside of the cell instead.  
 
D: The co-transport of Na+ and a solute into a cell, which harnesses the energy in the 
Na+ gradient, is an example of primary active transport.  
 



E: Transporters saturate at high concentrations of the transported molecule when all 
their binding sites are occupied; channels, on the other hand, do not bind the ions they 
transport and thus the lux of ions through a channel does not saturate. 
 
F: The membrane potential arises from movements of charge that leave ion 
concentrations practically unafected, causing only a very slight discrepancy in the 
number of positive and negative ions on the two sides of the membrane. 
 
G: The aggregate current crossing the membrane of an entire cell indicates the degree 
to which individual channels are open. 
 
H: Transmitter-gated ion channels open in response to specific neurotransmitters in 
their environment but are insensitive to the membrane potential; therefore, they cannot 
by themselves (in the absence of ligand) generate an action potential. 
 
10: How is it possible for some molecules to be at equilibrium across a biological 
membrane and yet not be at the same concentration on both sides?  
 
11: a model for a uniporter that could mediate passive transport of glucose down its 
concentration gradient is shown the figure below. How would you need to change the 
diagram to convert the transporter into a pump that transports glucose up its 
concentration gradient by hydrolyzing ATP? Explain the need for each of the steps in 
your new illustration.  
  

 
 
12: What two properties distinguish an ion channel from a simple aqueous pore?  
 
13:  Aquaporins allow water to move across a membrane, but prevent the passage of 
ions. How does the structure of the pore through which the water molecules move 
prevent passage of ions such as K+, Na+, Ca+, and Cl–? H+ ions present a diLerent 
problem because they move by relay along a chain of hydrogen-bonded water 
molecules (Figure 11–9). How does the pore prevent the relay of H+ ions across the 
membrane?  
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exposed exclusively on the other side of the membrane. The protein can 
switch between the two conformational states only if both binding sites 
are occupied or if both binding sites are empty, but cannot switch if only 
one binding site is occupied.

A. What kind of a transporter do these properties define?
B. Do you need to specify any additional properties to turn this protein into 

a transporter that couples the movement of solute A up its concentration 
gradient to the movement of solute B down its electrochemical gradient?

C. Write a set of rules like those in the body of this problem that defines the 
properties of an antiporter.

11–27 A model for a uniporter that could mediate passive transport of glucose 
down its concentration gradient is shown in Figure 11–2. How would you 
need to change the diagram to convert the transporter into a pump that 
transports glucose up its concentration gradient by hydrolyzing ATP? 
Explain the need for each of the steps in your new illustration.

11–28 Ion transporters are “linked” together—not physically, but as a conse-
quence of their actions. For example, cells can raise their intracellular 
pH, when it becomes too acidic, by exchanging external Na+ for inter-
nal H+, using a Na+–H+ antiporter. The change in internal Na+ is then 
redressed using the Na+-K+ pump. 

A. Can these two transporters, operating together, normalize both the H+ 

and the Na+ concentrations inside the cell? 
B. Does the linked action of these two pumps cause imbalances in either 

the K+ concentration or the membrane potential?

TABLE 11–2 A comparison of ion concentrations inside and outside a typical 
mammalian cell (Problem 11–25).

Component Intracellular concentration 
(mM)

Extracellular concentration 
(mM)

Cations

Na+ 5–15 145

K+ 140 5

Mg2+ 0.5 1–2

Ca2+ 10–4 1–2

H+ 7 × 10–5 (10–7.2 M or pH 7.2) 4 × 10–5 (10–7.4 M or pH 7.4)

Anions

Cl– 5–15 110

glucose
gradient

Figure 11–2 Hypothetical model 
showing how a conformational change 
in a transporter could mediate passive 
transport of glucose (Problem 11–27). The 
transition between the two conformational 
states is proposed to occur randomly and 
to be completely reversible, regardless of 
binding-site occupancy.

TRANSPORTERS AND ACTIVE MEMBRANE TRANSPORT



 
  
 
14:  Acetylcholine-gated cation channels do not discriminate among Na+, K+, and Ca2+ 
ions, allowing all to pass through freely. How is it, then, that when acetylcholine 
receptors in muscle cells open there is a large net inlux principally of Na+?  
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11–56 What two properties distinguish an ion channel from a simple aqueous 
pore?

11–57 You have prepared lipid vesicles that contain molecules of the K+ leak 
channel, all oriented so that their cytosolic surface faces the outside of 
the vesicle. Predict how K+ ions will move under the following conditions 
and what sort of membrane potential will develop.

A. Equal concentrations of K+ ion are present inside and outside the vesicle.
B. K+ ions are present only inside the vesicle.
C. K+ ions are present only outside the vesicle.

11–58 If a frog egg and a red blood cell are placed in pure water, the red blood 
cell will swell and burst, but the frog egg will remain intact. Although a 
frog egg is about one million times larger than a red cell, they both have 
nearly identical internal concentrations of ions so that the same osmotic 
forces are at work in each. Why do you suppose red blood cells burst in 
water, while frog eggs do not?

11–59 Aquaporins allow water to move across a membrane, but prevent the 
passage of ions. How does the structure of the pore through which the 
water molecules move prevent passage of ions such as K+, Na+, Ca+, and 
Cl–? H+ ions present a different problem because they move by relay 
along a chain of hydrogen-bonded water molecules (Figure 11–9). How 
does the pore prevent the relay of H+ ions across the membrane?

11–60 Explain in 100 words or fewer how an action potential is passed along an 
axon.

11–61 The neurotransmitter acetylcholine is made in the cytosol and then 
transported into synaptic vesicles, where its concentration is more than 
100-fold higher than in the cytosol. Synaptic vesicles isolated from neu-
rons can take up additional acetylcholine if it is added to the solution in 
which they are suspended, but only in the presence of ATP. Na+ ions are 
not required for acetylcholine uptake, but, curiously, raising the pH of 
the solution in which the synaptic vesicles are suspended increases ace-
tylcholine uptake. Furthermore, transport is inhibited in the presence of 
drugs that make the membrane permeable to H+ ions. Suggest a mecha-
nism that is consistent with all these observations.

11–62 Excitatory neurotransmitters open Na+ channels, while inhibitory neuro-
transmitters open either Cl– or K+ channels. Rationalize this observation 
in terms of the effects of these ions on the firing of an action potential.

11–63 Acetylcholine-gated cation channels do not discriminate among Na+, K+, 
and Ca2+ ions, allowing all to pass through freely. How is it, then, that 
when acetylcholine receptors in muscle cells open there is a large net 
influx principally of Na+?

CALCULATIONS
11–64 In a subset of voltage-gated K+ channels, the N-terminus of each subunit 

acts like a tethered ball that occludes the cytoplasmic end of the pore 
soon after it opens, thereby inactivating the channel. This “ball-and-
chain” model for the rapid inactivation of voltage-gated K+ channels 
has been elegantly supported for the shaker K+ channel from Drosoph-
ila melanogaster. (The shaker K+ channel in Drosophila is named after 
a mutant form that causes excitable behavior—even anesthetized flies 
keep twitching.) Deletion of the N-terminal amino acids from the nor-
mal shaker channel gives rise to a channel that opens in response to 
membrane depolarization but stays open (Figure 11–10A; 0 μM) instead 
of rapidly closing as the normal channel does. A peptide (MAAVAGL-
YGLGEDRQHRKKQ) that corresponds to the deleted N-terminus can 
partially inactivate the open channel at 50 μM and completely inactivate 
it at 100 μM (Figure 11–10A).

H+

H+

Figure 11–9 Rapid diffusion of H+ ions 
by a molecular relay system involving 
the making and breaking of hydrogen 
bonds between adjacent water molecules 
(Problem 11–59).

CHANNELS AND THE ELECTRICAL PROPERTIES OF MEMBRANES


