6.581J/20.482J

Foundations of Algorithms and Computational Techniques in Systems Biology
Professor Bruce Tidor
Professor Jacob K. White
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Due: 5 PM Thursday 3/30/06

In this problemset, you will designligand chargeso minimize the binding free energyof the ligand-receptor
systemshownin Figure 1. This is a highly fictitious molecule. (Don’t worry abouthow the ligand getsinto
the receptor!) You will needto downloadthe MATLAB scriptsavailableon the MIT server. The script
loadComplex.m contains the charge locatiofe these problems.

Figure 1:Ligand and receptor combine into a spherical complex

1. Ligand-Receptor Coulombic Interactions.

Pleaseecallthatin orderto makea binding eventmorefavorable,onewishesto maximizethe changen
free energy(makeit asnegativeaspossible).This changein free energyhasthreecomponentstheligand
desolvation penalty, the intermolecular interaction, and receptor desolvation penalty:

AG = qf LqL + 2¢f CcR + GRR k. @)

The binding energyis the differencebetweenthe energyof the boundstate(shownin Figure 1) andthe
energyof the unboundstate , wherethe receptoris assumedo be infinitely far awayfrom the ligand. For
this questionyou will considerthe caseof a homogeneoubackgroundnediumandyou will assumehat
all receptorchargeshavevaluel, andthatall ligand chargeshavethe samevalueq. As you will discover
in thefirst part, you will only needto considerthe Coulombicinteractionbetweenthe boundligand and
receptor.

(a) Whenthebackgroundnediais homogeneoushe changein freeenergy AG,hasnotermsof theform

gl Lg or gkRek. Pleaseexplainwhy (hint: considettheboundandunboundcaseswhich of thethree
energy terms change?)

(b) Calculate the intermolecular interaction matrix C where
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(c) Plot the Coulombic energy of the systeny 2 versus g.

(d) Now assume the homogeneous background is wataich case & 80g. How will the calculated
AG change? To makeyour comparison pleaseplot the Coulombicenergyof the system2q] Cog
versus g.
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(e) How will the predictedAG changef the homogeneoubackgrounds a solventwith mobileions,in
which case the matrix elements are given by

c e_kH?Li _er [l (3)
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Usek = 3 and e = 80¢g to calculatethe energy. To makeyour comparisonspleaseplot energy

variation with respect to q for all 3 media in the same figure.

2. Ligand-Receptor Electrostatic Optimization. In this problemyou will considera morephysicallyaccu-
ratemodelin which the backgroundmediumis inhomogeneousmolecularinteriorshavesmall € andthe
solventhaslargee andmobileions. In this model,the desolvatiorpenaltytermsreturn. You will usesome
providedscriptsto computethe L matrix in equation(1) andcarry out the chargeoptimizationproblemfor
the ligand-receptor compler Figure 1.

(a) To calculateL, we mustcalculatethe changein reactionpotentialsat the ligand chargelocations
between the bound state and thebound stateFor instance, thé'l column of Lis equal to

Li = (&) — qu(e) (4)

whereg meansthatwe havesetall the ligand chargesto zeroexcepttheit", which is setto 1, and
M () denoteghe reactionpotentialat the chargelocationsin the boundstatedueto the singleunit

charge.Use the provided scrimtomputeReactionPotential.m to compute the Imatrix.
(b) Sinceequation(1) is a quadraticfunction, its optimal solution canbe computedby solving a linear
system:
Lg. +Cagr=0. (5)
Compute the optimal ligand charge magnitudes for the given receptor charges using
" = —L"'Cor. (6)

(c) Theoreticallythematrix L shouldbe symmetricandpositivedefinite.|s it? Characterizéts deviation
from these conditions.

3. Long-range electrostatic interactions Il. In problemset#2, we usedan eigendecompositioto look at
rank-reductionof long-rangeelectrostatianteractionsin a symmetricsystem. In this problem, we will
considerthe moregeneralkaseof two independentyon-symmetriclustersof charge.Detailson the SVD
decomposition may be found on the course website.

(a) GenerateP, asdescribedn problemset#2, question2 usingestatic _svd.m. UseMATLAB'’s
svd functionto decompose into the matricesU andV, andthe diagonalmatrix S of the singular
values.Check that:

P=USV' (7)
andthatthe columnsof bothU andV areorthonormalin otherwords,U andV areunitary). Look at
theentriesof Swhenthe separatiordistancds smallandwhenthe separatiordistancebecomewvery
large.How does the spectrum sfngular values change?

(b) Asin thecaseof theeigendecompositionye caneliminatethevectorscorrespondingo smallmagni-
tudesingularvaluesin orderto createa rank-reducedepresentatioof theinteractionmatrix. In this
case, our low-rank approximation to PRd) is:

Pq~Pg=U0%"q (8)
whereU andV denoteghe vectorscorrespondingo the largestk singularvaluesandSis the k by k

matrix of those singular value€alculate Ffor k = {1,2,8}.

(c) Vary the separatiorbetweenthe moleculesandplot the relative errors||Pq— I5q| | asthe separation
increases.



