BME Transport HW 2


Transport in BME (BME 495 or BME 461)

IUPUI, Fall 2008

E. Morris (instructor)

Handed out Aug 28, 2008       (    Due Sept 4, 2008    

Homework #2
1. Observe the “data” taken from our “experiment” in class on Tues Aug 26. (see attached page).
a. What was I hoping to demonstrate (i.e., what were we “modeling”)?

b. What were the rules of our model?

c. What might have caused our results to deviate from the ideal distributions (shown in right hand column)?
d. Can you find a statistical test to determine whether our distribution is actually statistically different from the theoretical distribution after 4 “hops”?  (Stats books, friends, internet are all OK sources).

e. How might I improve our “simulation” in the future?
2. In class on Thurs Aug 28, we learned that the Stokes-Einstein equation relates Diffusion coefficient (D) to temperature (T), radius of the solute (), and viscosity of the solvent ():
D = kBT/6


where kB is Boltzmann’s constant.
A new protein has recently been isolated by molecular biologists. Before they can measure its diffusion coefficient at 25°C, their lab equipment breaks and repairs will take years (they are being done by FEMA).  These data are needed for a paper to Science,  Before the failure, the researchers had already measured the radius of the newly isolated protein at 12nm.  Also, before the failure, they had measured the diffusion coefficient of albumin ( = 3nm and M.W.=68,000) at the same temperature as 6.8 X 10-7 cm2/s.  
a.  Can you find the Diffusion coefficient of the new protein?

b.  If so, what is it?  If not, why?  
(Taken from Truskey et al., 2004)

3. We have learned that Diffusion Coefficient relates a characteristic area of coverage (via diffusion) to a characteristic time interval.  Recall the definition of D from our derivation of the Diffusion Equation via the Random Walk model.  Consider the junction between neurons, called the “synapse”.  A chemical transmitter substance is released by one cell (the presynaptic neuron), diffuses across the cleft, and arrives at the membrane of the other cell (Postsynaptic neuron).  Assume that the diffusion coefficient of the chemical transmitter is D = 5 X 10-6 cm2/s.  

a. Make a rough estimate of the delay caused by diffusion of the transmitter substance across the cleft.  
b. Is this acceptable for the functioning of the human brain?  
c. What are the limitations of this estimate?
d. What if giants on Jupiter are 10,000 times larger than humans on earth.  Even the gaps between their neurons are 10,000 times the size of ours.  If the neurotransmitter molecules are the same, and the fluid milieu of the synapse is the same for giants on Jupiter as for us, could a giant’s neurotransmission rely solely on diffusion as its primary mode of transport?  (Taken from Weiss, 1996).
4. Write an iterative Matlab program or Excel spreadsheet to simulate the dispersal of particles as we derived in class (Tues Aug 26) based on a 1D random walk.  (I .e., do not want you to use the binomial distribution formula.)  If you use Matlab, show me the pseudo code for how you did it.  If you use Excell, show me the formulas.
a. Run your simulation for initial “doses” of 10, 100, 1000, 10000, 100000 particles.  What do you observe?

b. Using the 100000 dose simulation, f=Find the mean of your distribution – this is the net movement of particles.  Does this make sense?
c. Find the variance of your distribution.  This is your root mean square displacement.  How many generations of hops does it take to accumulate more than 5% of the dose at 10 x distance from the origin?

5. Read Sections 2.1-2.3 in the draft text by Baskaran, Saidel and Ultman.  (to be emailed after class.)
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