Supplementary Information for "CplexA: a Mathematica package to study
macromolecular-assembly control of gene expression"”

Jose M. G. Vilar 12 and Leonor Saiz?

1Biophysics Unit (CSIC-UPV/EHU) and Department of Biochemistry and Molecular Biology, University of the Basgue Country,
P.O. Box 644, 48080 Bilbao, Spain

2|KERBASQUE, Basque Foundation for Science, 48011 Bilbao, Spain
3Department of Biomedical Engineering, University of California, 451 East Health Sciences Drive, Davis, CA 95616, USA

in[1:= Set Di rect ory@Not ebookDi rectory[];

2= << Cpl exA

Detailed calculations for Figure 1

n@:= (* Experimental data for the transcriptional activity
of the PRM and PR pronoters of phage | anbda fromref. Dodd,

|.B., Shearwi n, K E., Perkins, A J.,Burr, T., Hochschil d, A and Egan,

J. B. (2004) Cooperativity in |l ongrange gene regul ation by the | anbda Cl repressor,

Genes Dev, 18, 344-354 «x)

PRWata : = {{0. 058, 66.367}, {0.373, 189.358}, {0.658, 214.233}, {0.922, 188.897},
{1.168, 173.696}, {1.385, 155.271}, {1.875, 133.160}, {2.281, 136.384}};

PRdata : = {{0.063, 1057.627}, {0.373, 585.763}, {0.658, 204.746}, {0.921, 70.508},
{1.171, 27.119}, {1.384, 18.983}, {1.875, 12.203}, {2.278, 9.492}};

nsi= (+ Plot of the experinmental data to use later on =)
pl ot PRM: = Li st Pl ot [PRMdat a, Pl ot Markers -» {Autonmatic, 17}, Pl otRange -» {{0, 2.5}, {0, 250}},
| mageSi ze -» 300, BaseStyle » {FontFam |y -» "Hel vetica", FontSize » 12}];
pl ot PR: = Li st Pl ot [PRdat a, Pl ot Markers - {Autonatic, 17}, Pl ot Range » {{0, 2.5}, {0, 1200}},
I mgeSi ze » 300, BaseStyle » {FontFam |y -» "Hel vetica", FontSize » 12}7];

in71= (* Conmputes the Cl dinmer concentration as a function of Cl nmononer concentrations =)
NF[nn_] : = 9.38419 * 10" -14 +7. 0922 » 10" -10 nn - 1. 15373 » 10~ -11 Sgrt [0. 0000661586 + 1. nn]

ngl= (* State variables =)
S:={sO1, sO2, sO3, sOR1l, sOR2, sOR3, sL}

ingl= (* Free energy =)
AGL 1 = SORL (-12.7-RTLog[n]) +sOR2 (-10.7 -RT Log[n]) +sOR3 (-10.2 -RT Log[n]) -
3SORLSOR2 -3sOR2sOR3 +3sOR1LsOR2sOR3 +s0OL1 (-13. 8 -RT Log[n]) +
sOL2 (-12.1-RTLog[n]) +sOL3 (-12.4-RT Log[n]) -2.5s0L1s0.2-2.5s50.2s0.3 +
2.5s0L1s0OL2sOL3 +sL (21 -21.2s0L1sO2sORLsOR2 -3sOL3sOR3);

0= (* Transcriptional activity of the PRM pronoter =)
rrm:= (1-sOR3) (45 + ((240 -45) sL + (460 -45) (1 -sL)) sOR2);

1= (* Average transcriptional activity of the PRM pronoter =)
Arrm= AvConf [Trm AGA, S];



S|_Vilar_Saiz.nb | 2

2= (* Conputed average transcriptional activity of the PRM
promoter (red line) and its experinental counterpart (blue circles)
as a function of the normalized Cl diner concentration =)
Show[pl ot PRM Pl ot [Arrm/. {RT - 0.6, n-» NF[nn]}, {nn, 0, 2.5}, PlotStyle » {Red, Thick}]]
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3= (* Transcriptional activity of the PR pronoter =)
Ir .= (1-sOR1l) 1200;

np4]:= (* Average transcriptional activity of the PR pronoter =)
Arr = AvConf [Tr, AGy, S];

5= (* Conputed average transcriptional activity of the PR
promoter (red line) and its experinental counterpart (blue circles)
as a function of the normalized Cl diner concentration =)
Show|pl ot PR, Pl ot [ATr /. {RT - 0.6, n > NF[nn]},
{nn, 0, 2.5}, PlotStyle » {Red, Thick}, PlotRange -» Al'l 1]
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Sum over an exponentially large number of states in sub-exponential times

6= (% Definition of a linear array of binding sites with next-
nei ghbor interactions for nolecules with concentration
n. The function NNChain returns a list with the state vari abl es,
the free energy of the chain, the average occupancy,
and the time needed for the conputation. NunSites is the nunber of sites;
NNi nt is the energy of the next-neighbor interaction between bound nol ecul es;
the free energy of binding is -1; and the thermal energy is 1. =x)
NNChai n[NunSites , NNint_7]:= Mdul e[{S, AGB, res},
S = Tabl e[ToExpressi on["s" <>ToString[i]], {i, 1, NunSites}];
AGB =Simplify[Sum[(-1-Log[n]) S[[i1], {i, 1, NunSites}] +
NNi nt Sum[S[[i]1]S[[i +11], {i, 1, NunSites -1}117;
res = Ti m ng[AvConf [Mean[S], Sinplify[aGB], S, 111; {S, AGB, res[[2]1], res[[1]1]1}]
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n171= (* Analytical expression of the average
occupancy of a linear array of 10 binding sites x)
NNChai n10 = NNChai n[10, NNint ]1[[3]]

out[i7]= (e n (5 eg NNi nt +9 el+8 NNi nt n+36 e1+9 NNi nt n+12 ez+7 NNi nt n2 +84 ez+8 NNi nt n2 + 84 eZ+9 NNi nt n2 +14 e3+6 NNi nt n3 "

(5 (e

126 63+7 NNi nt n3 +210 e3+8 NNi nt n3 +70 e3+9 NNi nt r13 +15 e4+5 NNi nt n4 + 150 e4+6 NNi nt n4 + 300 e4+7 NNi nt n4 i
150 e4+8 NNi nt n4 +15 e4+9 NNi nt n4 +15 eS+4 NNi nt n5 + 150 eS+5 NNi nt n5 + 300 e5+6 NNi nt n5 i

150 (e5+7 NNi nt n5 +15 e5+8 NNi nt nS +14 e6+3 NNi nt n6 1126 eG+4 NNi nt nG + 210 e6+5 NNi nt n6 +70 (E6+6 NNi nt nG "
12 @7+2 NNi nt r]7 + 84 e7+3 NNi nt n7 + 84 e7+4 NNi nt n7 +9 e8+NNi nt n8 + 36 @8+2 NNi nt nB +5 eg n9) ) /

9 NNi nt +10 el+9 NNi nt n+9 e2+8 NNi nt n2 +36 e2+9 NNi nt r]2 +8 63+7 NNi nt n3 +56 e3+8 NNi nt n3 i

56 e3+9 NNi nt n3 +7 e4+6 NNi nt n4 +63 e4+7 NNi nt n4 +105 e4+8 NNi nt n4 +35 e4+9 NNi nt n4 L6 eS+5 NNi nt 45

n- +
60 e5+6 NNi nt n5 +120 e5+7 NNi nt n5 + 60 eS+8 NNi nt n5 +6 65+9 NNi nt n5 +5 eﬁ+4 NNi nt n6 +50 e6+5 NNi nt n6 n
n

100 eG+6 NNi nt nG +50 eﬁ+7 NNi nt nG +5 eG+8 NNi nt nG + 4 e7+3 NNi nt n7 + 36 (e7+4 NNi nt n7 + 60 e7+5 NNi nt 47

+
20 e7+6 NNi nt n7 +3 @8+2 NNi nt n8 +21 e8+3 NNi nt n8 +21 eB+4 NNi nt n8 +2 eQ+I\N nt n9 +8 eg+2 NNi nt n9 n elO nlO))

npel= (+* Plot of the analytical expression of the average
occupancy of a linear array of 10 binding sites as a function of
the energy of interaction and the |ogarithm of the concentration x)
Pl ot 3BD[NNChai n10 /. n » 10"x, {NNint, -5, 5}, {x, -2, 2},
AxesLabel -» {"NNint", "Log[n]", "Cccupancy", "", ""}]

n[1o}= Ti mesTab = Tabl e[ {NunSites, NNChai n[NunSites, -1]7[[4]1]1}, {NunSites, 1, 40}]

ourig= {{1, 0.003723}, {2, 0.00872}, {3, 0.016504}, {4, 0.026798}, {5, 0.049121}, {6, 0.067722},
(7, 0.102238}, {8, 0.134266}, {9, 0.179601}, {10, 0.224848}, {11, 0.281501},

{12,
{17,
{23,
{29,
{35,

0.234544), (13, 0.274352)}, (14, 0.327549}, {15, 0.403452}, {16, 0.471403},
0.561451}, {18, 0.653952}, {19, 0.7683}, {20, 0.901277}, {21, 1.02825}, (22, 1.18254},
1.36579), {24, 1.49554), {25, 1.71374), {26, 1.93023}, {27, 2.19595}, (28, 2.49536},
2.79143}, {30, 3.1087}, (31, 3.51332}, {32, 3.89292), (33, 4.33852}, (34, 4.87941},
5.32834), {36, 5.93174)}, (37, 6.64703}, {38, 7.36409), (39, 7.94771}, {40, 8.75999})}



o= (* The CPU time (in seconds) needed to conpute the average occupancy is
plotted as a function of the nunber of binding sites of the linear array =x)
Li st LogPl ot [Ti nesTab, Joi ned » True, Pl ot Range » Al | ]
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in21):= Ti meRat i 040t 020 = NNChai n[40, -11[[4]1] / NNChai n[20, -1]1[[4]]
out21]= 7. 64344

in22]:= Number St at esRat i 040t 020 = 27240 /2720

ou22]= 1048576
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