Cell Biology Workshop 5-key

All page numbers refer to MBOC

1.  Ionophore-small molecule that facilitates passage of ions across membranes. Can be either a mobile ion carrier or a channel. Ex. Valinomycin, gramicidin  pp. 618-619
Ion channel-a transport molecule at opens a continuous channel permeable to ion across the membrane. Ex. Any number o protein ion channels, gramicidin.
Antiport- a transport mechanism that links the transport of a molecule or ion in one direction with the movement of a different ion or molecule in the opposite direction. Ex. Calcium/proton exchange, ADP/ATP antiport in mitochondrial membrane, band 3 protein in RBC.
Symport-a transport mechanism that links the movement of two different molecules or ions crossing the membrane in the same direction. Ex. –many sodium/sugar and sodium/amino acid transporters in intestinal absorption.
Steady state-refers to a system in which the concentration of the different components does not change with time. Be clear on the difference between steady state and equilibrium. Most stable biological or environmental systems are at steady state but not equilibrium.
Membrane transport ATPase-a large family of active transport proteins. These proteins are composed of several subunits and link the hydrolysis of ATP to ADP and phosphate with the vectorial transport of ions. Ex. Sodium/potassium ATPase in many plasma membranes.
Nernst Potential-an electrical potential for a specific ion across a membrane. This is the potential at which the electrical driving force and the concentration based diffusion of that ion are exactly matched. For the particular ion, the Nernst potential is an equilibrium condition. The formula for the Nernst potential is E=(RT/nF)ln(Cout/Cin) in which n is the charge on the ion in question, R the gas law constant (in energy), F is Faraday’s constant, and C represents the concentration of the ion , inside or outside . In this form the equation assumes the convention that potentials are measured for the inside relative to an external ground. See page 634.
Gating-the regulation of transport across an ion channel. Examples include electrical potential gating (voltage dependent sodium channel); chemical gating (nicotinic acetylcholine receptor in neuromuscular synapse) or physical gating (hair cells in inner ear.)

2. a. Produce a sketch that contrasts these two methods of aiding ions across the membrane. See test figure 11-5 page 618.

b. Draw a rough graph of rate of ion transport vs. temperature. This data is consistent with one of the two test compounds being an ion channel and one being a diffusible carrier. Which molecule is in each category, and how does this data support this conclusion? 
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The transport rate of 29x varies very little with temperature. In a short temperature range, the transport rate of 843 drops dramatically upon being cooled. This suggest that membrane fluidity is important for 843 but not for 29x. This fits 29x being a transmembrane channel and 843 being a diffusible carrier.

c. On a per molecule basis compound 29x transports more ions per second than molecule 843 at the maximum rate for each transporter. Does this fit your conclusion in part b? Yes. In channels typically have a higher vmax value than diffusible carriers so this does fit the other data. 

3. The data in the table below the observed rates for glucose transport into a new yeast species as a function of glucose concentration. Graph the rate vs. concentration. What is notable about the dependence of transport on concentration? Provide a reasonable model that would explain these results.

Key observation-the graph can be explained as two overlapping saturable systems. One system perhaps accounts for 1/3 of the maximum rate and is fairly effective even at low glucose concentrations (Km ~ 25 micromolar). The second system has a higher rate and may account for 2/3 of the transport at higher concentration but does not become effective until the glucose concentration is larger (Km ~ 150-200 micromolar).
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4. Many plant cells have a large central vacuole. In one algal system, the pH inside the vacuole is 5.5 and the cytoplasmic pH is 7.5. There is a membrane potential across the vacuolar membrane with the inside +30 mV compared to the cytoplasm.

a. What is the energetic cost (per mole) of transporting protons from the cytoplasm to the vacuole in this plant? Energetic cost will come from two sources here. The protons are being moved against a concentration gradient (pH 7.5 to pH 5.5; 100 fold increase in hydrogen ion concentration.) They are also being moved against the electrical field. (H+ moving towards the positive side of the membrane.) The total energetic cost will be the sum of these two terms:
ΔG=RT ln(Cinside/Coutside) +nFV

=(2cal/mole-K) (298 K) ln(10-5,5/10-7.5) + (1)(2.3 x104 cal/V-mole)(0.030 V)

=2740 cal + 690 cal

=3430 cal/mole or 3.43 Kcal/mole

NOTES: Both partial values are positive for free energy change which makes sense.  I choose 298 K as the temperature. It is Cinside over Coutside because I am moving from outside the vacuole to inside. The free energy expression uses product (final) over reactant (original). I cannot just plug into the Nernst potential definition-that definition assumes that the free energy change is zero and you are at equilibrium. That is not true here.
b. These plants limit their cytoplasmic calcium ion concentration by storing excess calcium in the vacuole. Assume that the only mechanism for putting calcium in the vacuole is a proton/calcium ion antiport system, which produces no change in charge. For the difference in proton concentration given in these plants, what is the maximum ratio they can produce for [calcium ion vacuole]/ [calcium ion cytoplasm]? Calcium will move inside as long as the free energy available from movement of the protons is greater than or equal to the energy needed to move the calcium ion inside. Since there is no change in charge, there must be 2 protons moved out for each calcium ion moved in, so the available  energy for moving each calcium ion in is equal to twice the free energy value (but opposite sign) for that estimated in 4a. Thus there is 2x3.43=6.86 Kcal available to move each calcium inside. At what internal/external calcium ion ratio do I equal this energy value?
6.86 kcal/mole = RTln(Ccalcium in vacuole/Ccalcium in cytoplasm) + 2(2.3 x104)(0.03)

6.86 kcal/mole =2(298) ln (Cin/Cout) + 1.38 kcal/mole

5.48 kcal/mole = 5480 cal/mole =596 ln (Cin/Cout)

5480/596 = 9.19 = ln (Cin/Cout)

e9.19 = 9840
This system could accumulate calcium ions in the vacuole until the calcium concentration inside the vacuole was almost 1000 times that in the cytoplasm. Does this make any sense? For the hydrogen ions and the calcium interchange there is no change in electrical work overall, so we only need to focus on concentration. There is a 100 to 1 excess of hydrogen ion in the vacuole over the cytoplasm, so if there was a one to one exchange you should be able to attain a 100:1 calcium ion concentration ratio. Since this system uses TWO hydrogen ions for each calcium, it can attain an even higher ratio.

5. Clam eggs are fertilized after being dispersed in seawater. Upon fertilization, a large number of cellular changes occur quickly, including changes in the membrane and chromosomes. These changes can also being produced in the absence of sperm by increasing the potassium ion content in the seawater to 60 mM, as opposed to its normal value of 9 mM. If the potassium ion change or normal fertilization are carried out in calcium free seawater, none of the changes in the cell occur. The normal internal potassium ion content in clam eggs is 344 mM. Provide a model that would explain these results.

What would happen to clam eggs in ordinary seawater in the Ca ionophore A23187 was added? If the ionophore was added in calcium free artificial seawater?

First observation; changing external potassium stimulates the process. The direct effect of changing the external calcium would be to change the ratio of potassium outside/potassium inside. This will change the Nernst potential across the egg membrane.  If we assume that the potassium potential is important in determining the resting egg potential, then this change in potassium Nernst potential will change the membrane potential of the egg. Using the values in the problem and the Nernst equation, the K+ potential equal -211 mV for the normal (9 mM) condition, and -101  mV for the altered (60 mM condition)

 (I used the values from text p. 634 for 20 C, V=58 mV ln{Cout/Cin})

SO-this data could be explained by the fertilization event causing a large (~100 mV) depolarization of the egg membrane. This depolarization results in many of the observed changes in the egg cell. If the membrane is artificially depolarized, you can trigger the same egg rearrangements.

Second observation: Both normal fertilization and the artificial stimulation effects do not occur in calcium free sea water. One likely possibility is that the direct actor in the fertilization rearrangement is an increase in internal calcium ion concentration. Some calcium channels are voltage gated, so perhaps the egg has a voltage gated calcium channel. The change in membrane potential caused by fertilization could then open these channels.

What would happen if the calcium ionophore was added? This would be a good test for the calcium permeability/channel hypothesis. This hypothesis would predict that the ionophore should trigger the secondary changes seen in fertilization in sea water with calcium, but would have no effect in calcium free artificial sea water.

