Kinetic Simulation Problems
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(See Readme.doc in the handout for basic instructions, or go to the websites:  http://www.biochem.wustl.edu/cflab). Q. Deng & C. Frieden (1997) TIBS 22, 317.

http://www.biochem.uiowa.edu/faculty/plapp for the files described below.

3-1. Reversible first order reactions

Run KINSIM.  Load mechanism, revfirst.sim.  Restore parameters, revfirst.sav.  Go.  Estimate from the graph the half-time for the observed process, and calculate the observed first order rate constant.  You may need to vary the delta and run times in order to know what the final, “equilibrium” concentrations are. Change k-1 to 0.1 and recalculate kobs.  Change k-1 to 10 and recalculate kobs.  How does changing these rate constants affect the observed rate constant and the extent of reaction? 

3-2. Parallel first order reactions

Run KINSIM.  Load parrx.sim.  Restore parrx.sav.  Go.  Calculate, by using appropriate graphical or computer methods, the observed rate constants for the disappearance of A and B, and the appearance of P.  You can make a listing of the “data” by toggling L, and giving a file-name.LIS, running (Go), and Quitting the program. Please work problem #8 on p. 498 of Purich.

3-3. Consecutive, irreversible first order reactions

Load conseq.sim and conseq.sav.  Use k1 = 0.1 s-1 and k2 = 0.025 s-1.  Go.  Examine A == B == C, precursor-product relationship.  Change: k1 = 0.025 s-1 and k2 = 0.1 s-1.  Simulate (Go) again and examine the differences.  Is there a difference in the rate of formation of C?  How could you determine which rate constants are correct?  You may consult K. A. Connors, Chemical Kinetics. The Study of Reaction Rates in Solution, VCH Press, pp. 66-70 (1990), or K. Johnson The Enzymes 20, 44-45 (1992).  Simulate the reaction given on p. [3]-1; that is, find a set of rate constants that could describe the set of curves.

3-4. Isomerization.  

Load isom.sim and isom.sav.  What is the apparent overall rate constant for the formation of D?  What determines the final ratio of C and D?  What happened in the first 0.1 ms?  How could the reaction be slowed down enough so that you could measure the early phases?  Consult the article by J. Järv, B. Hedlund, T. Bartfai J. Biol. Chem. 254, 5595-5598 (1979). 

3-5. Isomerization, Transient Reaction.

Load isom.sim.  Set concentrations, rate constants (k+1 and k-1), and output factors so that you can simulate the data from Sekhar and Plapp, Biochemistry 27: 5082-5088 (1988), Fig. 3 (+), data file = Sekhar.adf.  The reaction has been made irreversible by trapping the E-NAD+ complex with pyrazole, so that k-2 is zero.  We know from other experiments that k+2 is about 1400 s-1.  The concentrations after mixing are 6 µM enzyme, 1.0 mM NAD+, and 0.5 mM pyrazole.  Also note that the 2 cm pathlength gives an effective extinction coefficient (“output factor”) of 14,400 M-1cm-1.  In order to compare the data with the simulation, toggle in the real data: sekhar.rdf. 

3-6. Complex reactions and automatic fitting with FITSIM.

The hydrolysis of ethyl acetimidate yields ethyl acetate and ammonia.  But the ammonia can react with ethyl acetimidate to form acetamidine.  Prof. K. M. Lee used proton NMR to follow the reaction at pH 7.9, and data for three of the products are formatted in the .rdf files (79hydi.rdf for ethyl acetimidate, 79hyde.rdf for ethyl acetate, and 79hyda.rdf for the acetamidine).  Run KINSIM; load eaihyd.sim, 79hyd.sav; toggle in real data (the three .rdf files) and Go.  How well does the simulation describe the data?  Change a rate constant by a factor of 2 and examine the effect on the simulation.  Is the disappearance of ethyl acetimidate strictly first order?  Then run FITSIM, by choosing option 2, and letting the program choose autosim.fdt as the parameter file.  How well can the rate constants be estimated?

Simulations, cont’d; Problem Set #4 on Michaelis-Menten kinetics

4-1. Michaelis-Menten reaction

Load mm.sim and mm.sav.  Go.  Identify the pre-steady state, steady-state, post-steady state, and equilibrium phases of the reaction.  It is helpful to vary the delta and run times to be able to see the early, transient phase and the approach to equilibrium.  How long does the steady-state phase last?  Compare to the graphs in Purich, p. 500, problem #17.

4-2. Initial velocity studies

We can examine the importance of determining the initial velocity in steady state kinetics by using KINSIM to simulate a typical reaction and calculating the velocity at different fixed time points.  Load iv.sim and iv.sav.  Toggle L and make a list file.  Go.  Calculate from the list file the “initial velocity” at 10, 60, and 120 seconds of reaction by dividing the concentration of product at each of those times by the time of reaction.  Then change the concentration of substrate a to 0.11, 0.14, 0.2, 0.33, and 1.0 mM and simulate each reaction.  Again, calculate the initial velocities.  Enter the velocities and the substrate concentrations into a file with “standard” format:  *DATA A, V1, V2, V3.  See the example file “Class.std”.  Run Cleland’s programs and fit the data with HYPER.  [Programs are in a compressed, .ZIP file, and need to be uncompressed with PKUNZIP or WINZIP.  Read the “ENZKIN.DOC” file for details.  At C: prompt, type MENU, to get the interface.]  Calculate and compare Km and Vmax. for each “data” set. What is the effect of letting the reaction go too long?

4-3. Simulation of alcohol metabolism, sensitivity analysis. 

Load alcmetab.sim, restore parameters with alcmetab.sav and toggle in data files with alcalc.rdf and alcald.rdf.  Go, examine data for goodness of fit.  Change concentration of E (alcohol dehydrogenase calculated for total body mass) to 1.6 E-07 M, and Go again.  How sensitive is the rate of alcohol elimination to the concentration of enzyme?  Restore E to 3.2 E-07 M and change F (aldehyde dehydrogenase) to 2.5 E-07 M, and Go.  What effects result?  Restore F to 1.25 E-07 M, and change k4 from 5.5 to 2.7 sec-1. How does the result compare to changing E concentration?  Restore the parameters from ALCMETAB.SAV. Toggle in data files nonalc.rdf and nonald.rdf.  Change B (concentration of alcohol) to 0.035 M, and change E and F concentrations to get the best fit for the elimination of ethanol and the steady-state level of acetaldehyde.  What concentrations for E and F do you find?  

Additional Problems on Michaelis-Menten Kinetics

4-4. G.L. Shearer et al., Biochemistry 32, 11186-11194 (1993) collected the following saturation data for the oxidation of benzyl alcohol by liver alcohol dehydrogenase.  (Values are averaged so that there are fewer data points to enter.)  Determine Km and Vmax.  Plot the data by at least two different graphical methods shown.  Use the computer programs HYPER and SUBIN for comparison of results.  You need to examine the data and fits carefully in order to establish what equation gives the best fit.  Sometimes, removal of data points can be helpful to understand the results.  How do the values of Km and Vmax for the different methods compare?  What is the best description of the data?


B = mM benzyl alcohol
v = initial velocity, sec-1
B =
0.04
0.05
0.06
0.08
0.10
0.16
0.32
0.50
1.00
2.00
3.00

v =
1.60
1.66
2.00
2.06
2.40
2.51
2.90
2.64
2.30
1.91
1.54

4-5. Additional study questions:

See Purich pp. 498-500, problems 9 to 16.  Answers in text.  Do not hand in. 

