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EXAM 2OL7 - Physics of life processes 2

Dr. D. Heinrich

Tuesday L2.I2.20L7, L4:00-I7 :O0

Please read the text below

This exam has 7 questions plus I bonus question. The end of the exam is marked by the word 'END'.
The total amount of points obtainable is 20 (+ 1 bonus). Please note your name and student lD
number on every sheet you hand in. Make sure to give sufficient motivation for your answers. Explain
all quantities in the formulas you use. Please write clearly and organize your solutions distinctly, any
notes on scrap paper will not be graded. This is an open book exam and a simple, non-graphical
calculator is allowed. Telephones must be turned off and in your bag/coat. lf any form of fraud is
discovered the student will be excluded from the exam and the exam committee will be notified.
Please don't forget to fill out the survey at the end of the exam.

GOOD LUCK!

l-. Boltzmann (2 + 1" pts)

Let there be a reversible chemical reaction A + B <--> AB, where B is in abundance.

(a) Calculate from the ratio of the concentrat¡o¡5 ¡=[ABJ/[A] at room temperature the energy, AE,

which is characteristic for this process.

(b) Calculate typical energies for toxin binding 1r=70r2), antibody-antigen binding (r=10e) and

binding of a drug (r=103).

2. Osmosis (2 pts)

The osmotic pressure of blood plasma proteins is ll = 37 mbar. The density of these proteins is p = 69
g/ltr. Find the average molecular rn€tss, lr¡¡¡, of the proteins.

3. Osmotic pressure and dimerization (3 pts)

Assume that a macromolecule dimerizes according to 2 Ml <+ M2 characterized by a dissociation
constant lç = [Mr]2 / lty'lzl. Given the total concentration of the monomer-units

[M] = [M1] + 2lV2l, show that the osmotic pressure is given by:

n: Rr[Ml -YvørK
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4, DNA melting (2 + 1 pts)
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(a) The melting temperature (Po=5970 dissociated) of a 20 nucleotide long double-stranded DNA
oligomer is T'=$Q"ç, and has an enthalpy of AH = 6.54*10-20J/nucleotide. Express the
dissociation probability of this system, pe, âs â function of just the temperature, T, using the
information given above.

(b) What is the percentage of dissociated DNA at room temperature (20"C)? To which temperature
do you have to heat the sample that 99.9% of the DNA double strand is dissociated?

5. Protein Folding (3 pts)

A particular protein can take on three different conformations,'L','2' and '3'. Each conformation is

characterized by a free energy of G1, G2, and G3, respectively. A very long experiment is performed
which can detect the protein's conformation. What is the percentage of time the protein is detected in

either of the three conformations?

Gz c |Ó"[t
AGzs

G3

G1 ÂGrs

6. Patch Clamp (2 + 2 pts)

Suppose we have a patch of cell membrane stuck on the end of a pipette (tube). The membrane is

permeable to bicarbonate, HCOg-. On site A we have a big reservoir of HCO3- at a concentration ca =
lM. On side B there is a similar volume ât cs = 0.LM. Now we connect a power supply and set a

constant potential ÂV=Vn- Vs.

(a) What should AV be to maintain equilibrium?
(b) Which way will HCO3- flow for AV=l-0OmV and what will be the equilibrium concentration cs?
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7. Michaelis-Menten Kinetics (2 pts)

By applying the Michealis-Menten rule, find the Michaelis-Menten constant K¡y¡ and the maximal
velocity vr.* of the enzymatic reaction, knowing the following experimental data:

substrate concentration measured initial velocity

c51= 2 ffiM, vr = 0.020 mM/s

csz = 4 ñìM, vz = 0.030 mM/s

8. Chippendale Mupp (1 pt, Bonus question)

The Chippendale Mupp is a mythical creature that bites its tail before going to sleep.

"Now the news hqs arrived
From the Valley of Vail
Thot q Chippendole Mupp has just bitten his tail,
Which he does every night before shutting his eyes.

Such nipping sounds silly. But, reolly, it's wise.

He has no olarm clock. So this is the woy
He mokes sure that he'll wake ot the right time of doy.
His to¡l is so long, he won't feel ony pain
Till the nip mokes the trip ond gets up to his brain.
ln exactly eight hours, the Chippendole Mupp
Will, at lost, feelthe bite ond yell "Ouch"! ond woke up."

-dr. Seuss-

As the poet has sung, his tail is so long that he doesn't feel the pain until it's time to wake up, 8 hours
later. Suppose that a single unmyelinated axon connects the Mupp's tail to its spinal cord. Use axon
parameters appropriate to squid, given the axon diameter of "real" animals is 1 pm. Estimate how long
the Mupp's tail must be.

-\

We wish everyone success in the further study!
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