[+ Created July 11, 2006 by Thomas Lundbhack )

[» Load the required Mathematica Packages «)

Heeds["Graphics Graphics™"]
Heed=["Graphics Legend” " ]
Heeds["Statistics 'HonlinearFit ™ "]

(+ Import ITC titration data from Origin +)
(» & list of HDH values is created from the content of column "HDH' in the Microcal Origin software for data amalysis «)
(r The list of values must he separated by commas and be placed hetween the {} brackets bhelow r)

(+» The imported data are divided by 1000 to convert values from cal/mol to kcal/mol +)

(» The parameters "HDHraried" and "HDHerror" are used in the Monte Carlo simulations +)

HDH = HDHvaried = {-4279.7031, -5722.74979, -5706. 34463, -5605. 70374, -5561.36362, -5523.10612, -5455.46619, -5363.33982,
-5214.25252, -5232.19545, -5030.77079, -4914.0371, -4729.54507, -4607. 31788, -4355.41272, -4231.38595, -3808.40955, -3511.26552, -3287.29777, -2644. 26606, -1748. 06436,

-942.57191, -430.95058, -89.26668, -126.17495, -109.16426, -96.53494, -169.42691, -121.138, -71.53377, 44.55209, -83.08268, -42.97158, -81.5833, -109.3263, -52.24715} / 1000;

HDHerror = 0.03: (» Estimated uncertainty in measured heats (kcal/mol) «)

(» Define starting values, titration setup and instrument parameters «)

Kdl = 38.4; (» Starting walue for Kdl (pM) «)

Kd2 = 0.05844; (» Starting wvalue for Kd2? (pM) r)

H1=-5.05; (» Starting value for sH1 (kcal/mol) )

H2 = -6.52; [+ Starting value for sH2 (kcal/mol) =)

n=0.99; [+ Starting value for stoichiometry or concentration correction factor n «)
f=26.8; (» Starting value for the percentage of ligand X1 «)

Mcell = 113.; {» Concentration in cell (pM) )

Xsyr=1.2710"3; [* Concentration in syringe (pM) «)

day = 8.; (# Injection volume (pl) +)

d¥start = 3.; (+» Preliminary injection wvolume (pl) «)

HolInj = 35.; (»+ Humber of injection=, not including the preliminary injection )
Vo = 1440.9; (» Calorimeter cell wolume (pPl) «)

(» Calculations of concentrations and definitions of results matrices for graphical display «)
[+ Check that the calculated concentrations and molar ratios agree with those of the Microcal Origin software for data analysis «)

DVend - d¥start + HoInj dV:

Mtot =Table[Mcell (1 - v / (2¥0)) § (1+ v 7 (2¥0)), {v, dV¥start, DVend, dv}]:

Xtot = Table[vXsyr (1 - v / (2V0)) / V0, {v, d¥start, DVend, dv}]:

Ratio = Xtot fMtot;

Ravata = Table[{Ratio[[i]1], HDH[[i]1]1}, {i, Lemgth[Ratio]}]:

ExpRes = Table[{Mtot [[i]], Xtot[[il], Mtot[[i - 1]1], Xtot[[i -11]1, HDH[[i]1}, {i, 2, Length[Mtot]}]:

(+ Definition of a function for the calculation of heat exchange following an imjection +)
dissociation constants (Kdl and Kd?), the enthalpies (HL and H2), the starting value of comcentration correction factor (n), and the percentage of ligand X1 (£} r)
i i corpetitive binding of two different ligands to a protein molecule. FEBS Letters 360, 111-114 »)

(» The six input parameters are the

(# These calculations are hased on: Wang (1993) An exact for

Calc[KAl , Ka2_, HL , W2 , n , £ 1:=(
€ - -KalKa2 nMot;

b = Kl (Xtot (100 - £) /100 - nMtot ) + Kd2 (Xtot £ /100 - n Mtot) + Kl Ka2;

a - Kdl+Kd2 + Xtot -nHtot:

CosTheta = (-2a"3+9ab-27c) /Sqrt[(a*2-3b)"3]/2;

Theta = ArcCos[CosTheta]:

¥=-a/3+2/3Cos[Theta s 3]1Sart[a*2 - 3b];

X1 = Xtot M/ 100 / (Kdl+ 1)

X2 = Xtot 2 (100 - £) / 100 / (Kd2 + M)

Qtot = H1 V0 1X1+ H2 Y0 MX2;

Qtot - Insert [Qtot, 0, 11;

DO = Table[Qtot[[11] - Otot[[i - 111 +dV (Otet[[i1] +Otot[[i - 1113 f (2 V), {i, 2, Length[Otot], 1}1:
Qfit = D0/ (dVXsyr);

Qfit[[1]1] = DOL[1]] / (dVstart Xsyr):

0fit)



I» Calculations of heats hased on the startimg values for all and. of raw data and data an 1 ot the =l

I= A caretul ot starting is required for a fit 1MVOLVIRN S1X URKROWRS v}

(+ This da achiewed by trial amd ceror by guing back to the cell ds which the startisg walues are entered,

mew walees are inserted and the cell ia executed hefore guing back £n this cell to wiew the results of this process «f

i+ Each wser is responsible for Lhe Lhis provess and it is strongly advised Lhat costrol experisents are carcied vul Lo define as nany as possible uf these parameters before allerpbing o fib Ue data )

Calc[Kdl, Kd2, N1, HZ, n, %];
Hes - Table|[Ratiel[1]]. ULat1[1]1). {1, LemthiRaticldl:

Residuals « Tanle[{Ratio[[1]], OHE[(1]]-MML[11]} (1, 2, Lemgen[Ratin])]:
. L

Pruloy > PuintSize[0.02],

Flotstyle -~ [RAColorll, ¥, 01k

Frane - True,

Tlathange -- ¥11,

DefaultFont -. {'Timea-Tealic®, 10},

PlutLabel s 'L » 121,

DisplayFusction -+ Tdenbilyl:

DisplayTonether|
TistPint [Res,
Plotinised - Tree,
. oe2] 1, 0, 91},
Frame > True,
Backmound -~ GrayLevel(V. 8],
Detaultbont -- {*Tires, 12},
Framelahel -« (FostForn[*Ratio®, {*Timea', 14)], FontForm[*keal/eal’, {"Tinea®, 14313,
Plothange - ({0, 2.9}, {-6.3, 8.3}),
Epilog -+ a5, 0.05)], 95, 0.55)1,
ListPlot [Rendata,
. sy, 1, 0, w14




(+ Definition of a new function that is used by the Mathematica routine HonlinearRegress for the calculation of heat exchange following an injection «)
CalcRegress[Kdl , Kd2 , HlL ,H2 ,n , £ , M1 , XL , M2 , X2 ]:=(

c=-Kdl1Kd2 nM1;

b= Kdl (X1 (100 - £) /100 - n¥1) + Kd2 (X1 £ /100 - n}¥1) + KA1 Kad2;
a=FKdl+RKd2 + X1 -nM1;

CosTheta = (-2a*3+9abh-27c) /Syrt[(a~2-3h)*3]/2;

Theta = ArcCos [CosTheta] :

M=-af3+2/3Cos[Theta/ 3] Syrt[a*2 - 3b];

MX1= XM 7100/ (Kdl « M) ;

MX2=X1M (100-£) F100 f (Ed2 + M);

Qtotl = H1 V0 MX1 + H2 V0 MX2;

c = -Kd1Kd2 n M2;

bh=Kdl (X2 (100- £) /100 - nM2) + Kd2 (X2 £ f 100 - n M2) + Kd1 Kd2:
a=FKdl+Kd2 + X2 -nM2;

CosTheta=(-2a"3+%9ab-27c) /Surt[(a"2-3h)"3]1/2;

Theta = ircCos [CosTheta];

M=-af3+2/3Cos[Theta/ 3] Syrt[a*2 - 3b];
MX1=X2Mf /100 (Kdl + M);

MX2 = X2 M (100- £) 100 / (Kd2 + M) ;

Qtot2 = H1 V0 MX1 + H2 V0 MX2;

DO = (Ototl-0Qtot2 +dV (Ototl+Qtot2) /(2V0)) J (dVXsyr)):

[+ Performing the nonlinear least-sgquare fit using the built-in function HonlinearRegress )

Res = BestFitParameters /. HonlinearRegress[ExpRes,

CalcRegress [FKdl, KKd?, HH1, HH?, nn, £, M1, X1, M2, X2],

M1, X1, M2, X2},

{{KEKd1, Kd1}, {KKd2?, Kd2}, {HH1, H1}, {HH2, H2}, {nn, n}, {ff, £}},

ShowProgress -= True,

RegressionReport -- BestFitParameters]:

EKdlfit = KKdl f. Res;

Ed2fit = EKd? /. Res;

H1fit =HH1 /. Res;

H2fit = HH2? /. Res:

nfit =nn /. Res:

ffit - £ff /. Res;

Iteration:l Chi3quared:0.36%763 Parameters:{35.4, 0.05844, -5.05, -6.52, 0.99, 26.8}

Iteration:z Chi3cuared:0.115961 Parameters:{39.1911, 0.10&455, -5.08699, -60.44151, 0.986165, 25,8555}

Iteration:3 Chifcuared:0,114402 Paraweters:{359.07538, 0.104957, -4.91963, -6.51530&, 0,974955, 26,4925}

Iteration:4 ChiZcquared:0.1145354 Parameters:{35.4354, 0.10341Z, -4.84533, -6.5404, 0.97105, Z6.7503)

Iteration:5 Chifcuared:0.114354 Parameters:{35.4752, 0.103503, -4.55129, -6.53549, 0.971346, 26,7594}
]

Iteration: Chijquared:0.114384 Parameters: {35.4096, 0.10349, -4.85057, -6, 53875, 0.971307, 26,7621}



(+ Estimation of standard deviations in the fitted parameters using a Monte Carlo simulation in which virtual data sets are created based on the estimated error inm the measured heat exchange +)
(+ This cell can be skipped if there is a need to save computer time =)
(+ The number of virtual data sets can be Todified using the "Iterations' variable
below. Because of the required ion time it is to keep this to a small mumber (<5) until appropriate estimates of the uncertainties are required »)
(+ Hote that these calculations are hased on an estimated uncertainty that is the same for all data points throughout the titration

(which is generally not the case). The calculatioms can easily be modified such that they are hased on measured uncertainties whem several titrations have been performed to define these +)

Iterations - 5;

Kdlres - Kd2res = Hires = Hores - nres = fres = {};
Do[

- Talle [Random[ istribution[0, 11, {i, Length[HDH]}1:
HDHvaried - WDH + randerror;

ExpRes = Table[{Mtot[[i]], Xtot[[i]], Mtot[[i-1]], Xtot[[i-1]], HDHvaried[[i]1}, {i, 2, Length[Mtot]}];
Res = BestFitParameters /. HonlinearRegress[ExpRes,

CalcRegress [Kid1, KKd2, HH1, HHZ, nn, ££, M1, X1, M2, X2],

{1, X1, M2, X2},

{{KKd1, Kd1}, (KKd2, Ka2}, {HH1, H1}, {HH2, H2}, {nn, n}, {££, £}},
RegressionReport -> BestFitParameters];

Paraml - EKdl /. Res:

Paran? - KKd2 /. Res:

Paran3 - HH1 /. Res;

Paramd = HHZ /. Res:

Param3 - nn /. Res:

Paramé - ff /. Res:

Rdires - Insert[Kdires, Parami, 1];

Kd?res = Insert[Kd?res, Param?, 1]:
Hires - Insert[Hlres, Param3, 1];
Hores - Insert[H2res, Paramd, 1];
nres - Inmsert[nres, Param3, 1];
fres = Insert[fres, Paramé, 1],
{Iterations)}]:

stdiill - StandardDeviation[Kdires]:
stdki? - Standardbeviation[Kd2res]:
stdHl = Standardbeviation[Hires];
stdH2 - StandardDeviation[H2res]:
stdn - StandardDeviation[nres]:
stdf - StandardDeviation[fres]:

(» Calculations of heats based on the best-fit values for all parameters and graphical comparison of raw data and calculated data including an illustration of the residuals «~)

Calc[Kdlfit, Kd2fit, H1fit, H2fit, nfit, £fit]:
Res = Table[{Ratio[[i]], Qfit[[i]1]1}, {i, Lenygth[Ratio]}]:
ResIllustr - Table[{Ratio[[1]], HDHvaried[[1]]}, {i, Length[Ratio]}]:

Residuals = Table[{Ratio[[i]], Qfit[[i]1] -HDH[[i11}, {i, 2, Length[Ratio]l}1;
ResidualPlot - ListPlot[Residuals,

Proloy -» PointSize[0.02],

PlotStyle -- {RGBColor[l, 0, 0]},

Frame -- True,

PlotRange —» A1,

DefaultFont -» {"Times-Italic', 14},

PlotLabel -> FontForm["Residuals', {'Times-BoldTtalic', 14},
DisplayFunction —» Identity];

ResultPlot = Graphics[ShadowBox[{0, 0}, {1, 1},
ShadowOffset -=- {0, 0}],
DefaultFont - {"Times", 16},

Epilog —> {

Text[StringForm['Kdl = ** ¢ """, NumberForm[CForm[Kdifit], 3], NumberForm[CForm[stdKdl], 311, Scaled[{.5, 0.9}1, {0, 0}1,
Text[StringForm['Kd2 = * ¢ ", HumberForm[CForm[Kd2fit], 3], HumberForm[CForm[stdkd2], 311, Scaled[{.5, 0.73}1, {0, 0}],
Text[StringForm['H1 = " + *'', HumberForm[CForm[H1fit], 3], HuberForm[CForm[stdH1], 311, Scaled[{.5, 0.6)}]1, {0, 0}1,

Text [StringForm['H2 - *
Text[StringForm['n =
Text [StringForm['f -

W

**', HumberForm[CForm[H2fit], 3], HunberForm[CForm[stdH2], 311, Scaled[{.5, 0.45}], {0, 0}],
» FumberForm[(Form[nfit], 3], FumberForm[(Form[stdn], 3]], Scaled[{.5, 0.3}], {0, 0}],
T, HunberForm[(Form[ffit], 3], HumberForm[CForm[stdf], 3]], Scaled[{.%, 0.15}], {0, 0}]}]:

DisplayTogether [

ListPlot[Res,

PlotJoined -» True,

PlotStyle —> {Thickness[0.002], RGBColor[1, 0, 0]},

Frame -~ True,

Background > GrayLevel[0.8],

DefaultFont - {"Times", 14},

FrameLabel -» {FontForm["Molar Ratio', {'Times", 16}], FontForm['kcal / mol", {"Times', 18}1},

PlotRange —> {{0, 2.5}, {-6.3, 0.3}},

Epilog -- {Rectangle[Scaled[{0.45, 0.05}], Scaled[{0.95, 0.55)}], ResidualPlot],
Rectangle [Scaled[{0.05, 0.6}], Scaled[{0.4, 0.95}], ResultPlot]}],

ListPlot [Rawdata,

PlotStyle -» {PointSize[0.015], RGBColor[1, 0, 0]},

ListPlot [ResI1lustr,

PlotStyle -- {PointSize[0.01]}]

I:



Edl=385=x101
Ed2=0103 £0.0262
Hl=—-485+07&5
Hz =-654 £0.311
n=0.571+ 00405
P=268+2386




