


2. (25 poi,nts)
An experiment is performed to determine the permeability, Py, of the membrane of a cell to
solute X. The cell is spherical and has a radius of 72 p,m. It is placed in a solution containing
solute X for a sfficient time to load the cell with ly';s moles of. X. A set of identical vials
containing identicai solutions that do not contain the solute X are prepared. The ceil is then
immersed. successively in the series of these vials for 7: 1"0 minutes per vial, i.e., 10 minutes i:r
vial 1, followed by 10 minutes in vial 2, followed by 10 minutes in vial 3, etc., as shown in Fig.2.

Yial2 ViaI 3 Vial 4

Figure 2:

The number of moles of solute X in vial k, is zz76(k). Assume that the volume of the cell is
constant and negiigible compared with the volume of a vial, and hence, the concentration of
solute in a vial is always negligible compared to that in the ceII. The solute permeates the
membrane according to Ficks Law for membranes.

a. Determine an expression for the number of moles of X in the cell as a function of time,

"f @.You may write this expression in terms of literals such as.lfug and a suitably defined
time constant. Assume that the transfer of the cell from vial to vial takes no time. tr -
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@ b. Determine an expression for the total quantity of X in the fr'th vial, nx(k)in terms of literals
zuch as Nx , T , and a suitably defined time constant
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a
3. (20 poi,nts)
Three compartments filled with aqueous solutions are separated by semipermeable membranes
as shown in Fig.3.
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Figure 3:

Two non-electrolyte solutes ir and b are contained in the solutions. Initial concentrations of
each solute (in mmol/L) and initial volumes (in cm3) are given in the figure. The membrane
separating compartments 1 and 2 is permeable to solute a only and not permeable either to solute
b or to water. The membrane separating compartments 2 and 3 is permeable to water only and
not permeable to either solutes a or b. The volume of compartment 1, I/1, is much larger than
that of the other compartments. You may assume that it has an in-finite volume. Compartments
2 atd 3 contain pistons with frictionless bearing surfaces. Therefore, the hydraulic pressure in
these compartments is zero.

a. Is the system in diffusive equilibrium at t:0? Explain.
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b. Is the system in osmotic equilibrium at t :0? Explain.
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'@ c. Determine the equiJibrium concentrations fcf (J) , "or(A), "z(!d,.B(*), "3(-), and c!(oo)]

and volumes (V2(oo) and Vs(oo))'
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\ \4. (25 poi,nts)

To understand how metabolic rate might affect glucose concentration in cells, we wish to analyze
3 simple model. Assume that glucose is transported across the cell membrane by a process that
can be represented by a simple, symmetric, four-state carrier model, so that the flux of glucose
crossing the membrane is given by

dr:d*(# c!\
"""+K)

where K represents the dissociation constant for the binding of glucose to the carrier and Q*
represents the maximum flr:x through the carriers. Assume that the cell is surrounded by
fluid that contai:rs glucose and that the extracellular concentration is constant, i.e., c9r: Q.
Assume that the cell is metabolizing (consuming) giucose at a constant rate a mol/s. Assume
that these conditions persist, and a steady-state condition is reached in which the intracellular
concentration of glucose c! is a constant. Assume that the surface atea A and volume I/ of the
cell are constant.

a. Determine the steady state relation between the rate of glucose consumption o and the flux
of glucose /, through the ceIl membrane.lilint: Consider the units of a and @"]
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@b. In the steady state, the concentration of glucose in the cell is constant. Determine an
expression for this concentration (c3) in terms of the rate of glucose consumption o and consta.nt
parameters of this system.
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The solution to the equation developed in Parb b is plotted in Fig.4 for the special case K : C.

Figure 4:

c1. Provide a physi,cal interpretati,on of the result shown for c : 0.
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5. (20 points)
---1't{l I Two compartments of a fluid-fiIled cha,mber are separated by a membrane as shown in Fig.5. The

Compartment 1 +
Membrane +

Compartment 2 +

Figure 5:

area of the membrane is 100 cm2 and the volume of each compartment is 1000 cm3. The solution
in compartment 1 contains L rnrnolfL NaCl and 0.1 mmol/L KCL. The solution in compartment
2 contains 0.1 mmol/L NaCl and 1 mmol/L KCL. The temperatures of the solutions are 24degC.
The membrane is known to be permeable to a single ion, but it is not known if that ion is sodium,
potassi.um, or chloride. Electrodes connect the solutions in the compartments to a battery- The
current f was measured with the battery voltage V :0 and was found to be f : -1 mA.

a. Identify the permeant ion species. Explain your reasoning.
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r
b. Draw an equivalent circuit for the entire system, including the battery. Indicate values for
those components whose values can be determined.
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<l c. Determine the current I that would result if the battery voltage were set to 1 V. Explaintt5lU> your reasorung.
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Extra Credit (tS eoints):
Consider the model of a cell shown in Fig.6 The cell has channels for the passive transport of

Figure 6:

sodium, potassium, and chloride as weII as a pump that actively transports sodium out of the cell
and potassium into the cell. The pump ratio is lfrr"llk: -1.5. The following table shows the
intracellular and extracellular concentrations, Nernst equilibrium potentials, and. conductance
ratios for sodium and potassium. Some information is also given for chloride; blank entries
represent unknown quantities. The cell also contains impermeant intracellujar ions. Assume
that the cell is in equilibrium at t:0, i.e., assume that at t : 0 the cell has reached a condition
for which all solute concentrations, the cell volume, and the membrane potential are constant.

cn ci v, O.lgx
(mmol/L) (mV)
10 140 +68
lq 10 -68

150

Figure 7:
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b. At t : 0, the external concentration of chloride is reduced from 150 mmol/L to 50 mmol/L
by substituting an isosmotic quantity of an impermeant anion for chloride. Assume that the
concentrations of sodium and potassium both inside and outside the cell remain the same and
that the volume of the cell does not change. Determine Vfl(O+), the value of the membrane
potential immediately after the change in solution. You may ignore the effect of the membrane
capacitance.

,!i
s N<eyrsl p-t*4i"1 B. Dl- ,[^^t" ., !11,.,,s

-rr6(* = Fr^[ffi\ _r
F

: zB Al fuuA4

t"t*)
c\*su{.ni\ C; [o,] : C!, I oJ

' By sufer-pa:;|tr^ , +1. J^*lu i,' V; )* 4*+{-. ..1^-*" )".. O1/c{ is g;vc^A7

A{; =
Gu
6^ {+ l+o,i

-+ V*[o-) : - 51""5 + ls"E :


