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Problem 1

The following modelwas proposedoy Griffith (1971)to describethe positive autoregulatiorof a gene. In the
model,a particulargenecodesfor anmRNA speciey. ThemRNA is thentranslatedo form a proteintranscrip-
tion factorx. The transcriptionfactor mustdimerizesoit cango on on to bind to the gene’spromoterregion
andenhancehe transcriptionof y. To simplify the model,the authorshavemadea few assumptionsFirst, the
rate of transcriptionfor the unboundDNA is assumedo be zero. Secondthe binding of transcriptionfactoris
assumedo be muchfasterthanthe rateof transcriptionor translation sotranscriptionfactor bindingis modeled
asa secondorderequilibrium binding. Third andfinally, all otherreactionsare assumedo be first order. The
resulting model is given by the equations 1 and 2:
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Here the yj’s are rate coefficients ariflis a binding parameter giving a total of five parameters.

We areinterestedn understandinghe dynamicsof this system.In particular,we would like to identify thefixed
points in the system and thém characterize them as stable or unstable.

1. Solve analytically for the fixed points of this modef (y*). A fixed point is a point where:

(5)y= () @

How manyfixed pointsarethere?Doesthis numberdependn thevaluesof theparameters# so,give the
criteria for the number of fixed points.

2. We discussedn classa sufficientcriterionfor a fixed pointto be stable.Whatis the criterion? Apply this
criterionto the modelandfind the stability of the fixed pointsin termsof the parametersYou do not have
to solvefor the eigenvalue®xplicitly, animplicit solutionis acceptableHint: write downthe linearized
model around the fixed point

OX=V(X*)+ X 4)

What is the value of (x*)?

3. We haveprovidedanimplementatiorof Newton’'smethodnewton.m. You will needtofill in themissing
lines of the algorithm. For the case .y} = \§ =y, = ¥) = 1 andK = 1, useNewton’s methodsto solve
for the fixed pointsnumerically. How manyfixed pointsarethere? How do your resultscompareto the
analytical solutionAre these fixed points stable?

4. Confirmyour answersrom Part3 usingthe providedsimulationcodeintegrate.m. Hint, start your
simulation near each one dfe fixed points and plotvs y.

5. Repeat parts 3 and 4 for the ca§e-yyg = v, =) = 1 and K=4.

6. Repeat parts 3 and 4 for the ca§e-ws = v, =0 = 1 and K=6.
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Problem 2

In this problem,we give you a modelof the bacteriophagéambdalysis lysogenydecision. The modelis in the
canonical form we discusséa class:

% =V(x) = AUx+ APx @ x+BYu+BPuwx (5)

1. Thefile lambda.m containgherelevantmatricesbutleavesblankthelinesspecifyingV (thetime deriva-
tive of x andJ (theJacobeawf V). Whatis thegeneraform for J? Fill in themissinglinesof lambda.m.

2. Usingthefilled in lambda.m andthe Newton’smethodimplementationfrom Problem1, find the fixed

points of the model. Are thesefixed points stable? Hint: you shouldtry the points suggestedn the
lambda.m file.

3. How might this patternof stable,and unstablefixed pointshelp to describethe biology of lambdaphage
infection?



