ProteinFactory_Polll.nb

<< myPadRight.m;

<< cellerator.m;

<< kMech_Rev.m;

Off [General::"spelll"] ;
OFf [General::"spell"] ;
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(» Start mRNA Splcing Simulation =x)
(* NE1: RNA polymerase; NEs: spliceosome; NEd: degradation enzymes =)

mRNASplcing = Union|

NE1
Enz[{DNA, NTP} = {premRNA, DNA}, BiBi [kfl, kr2, kcat3]],
{{premRNA + NEs = $Complex$NEs$premRNAS$, kf4, kr5}},
{ {$Complex$NEs$premRNAS » NEs + mRNA, kcat6}},

{{PremRNA'= NP, kF7, kr8, kcato}},
{{$Complex$NEs$premRNAN$E(zj=z NMP, kf10, kril, kcat12}},

{{mRNEEgNMP, kf13, kri4, kcatls}}

]

{{$C0mplex$NE1$DNA$NTP$->DNA4—NE1-+premRNA, kcat3},
{$Complex$NEsSpremRNAS -~ mRNA + NEs, kcat6}, {DNA + NE1 + NTP = $Comp lex$SNE1SDNASNTPS, kfl, kr2},

d
(NES + premRNA = $CompIex$NEsSpremRNAS, kf4, kr5}, {mRNA = NMP, kf13, kril4, kcatis),

NEd NEd
{premRNA = NMP, kf7, kr8, kcat9}, {$Complex$NEs$premRNAS$ = NMP, kf10, kril, kcatl2} |
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{myODEs, myVars}=interpret[mRNASplcing]

{ {DNA' [t] ==

~kFLDNA[t] NE1[t] NTP[t] + kcat3 $ComplexSNELSDNASNTPS [t] + kr2 $ComplexSNELSDNASNTPS[t] ,
MRNA’ [t] == -kF13 mRNA[t] NEd[t] + kr14 $Complex$mMRNASNEdAS [t] + kcat6 $ComplexINESSpremRNAS[t] ,
NE1' [t] =

“kFLDNA[t] NE1[t] NTP[t] + kcat3 $ComplexSNELSDNASNTPS[t] + Kr2 $Complex$NEISDNASNTPS L],
NEd'[t] == -kF13mRNA[t] NEd[t] - kF7 NEd[t] premRNA[t] + kcatl5 $Complex$mRNASNEdS[t] +

kri14 $Complex$mMRNASNEdS[t] - kF10 NEd [t] $Complex$NEs$premRNAS[t] +

kcat9 $Complex$premRNASNEdS [t] + kr8 $Comp lex$premRNASNEDS[t] +

kcatl12 $Complex$SComplexSNESSpremRNASSNEdS[t] + krll $SComplex$SComp lexSNEsSpremRNASSNEdS [t ],
NEs’ [t] == -kF4 NEs[t] premRNA[t] + kcat6 $ComplexSNEsSpremRNAS[t] + kr5 $Complex$NEs$premRNAS[t],
NMP’ [t] = kcatl5 $Complex$mMRNASNEdS [t] + kcat9 $SComplexSpremRNASNEAS[t] +

kcatl2 $Complex$SComp lexSNEsSpremRNASSNEdS[t] ,
NTP/[t] == -kFLDNA[t] NEL[t] NTP[t] + kr2 $Complex$SNELSDNASNTPS [t ],
premRNA’ [t] == -kF7 NEd[t] premRNA[t] - kF4NEs[t] premRNA[t] + kcat3 $ComplexSNELSDNASNTPS[t] +

kr5 $Complex$NEs$premRNAS [t] + kr8 $Complex$premRNASNEdS$[t] , $Comp lexSmRNASNEdS [t] ==

kf13 mRNA[t] NEd[t] - kcatl5 $ComplexSMRNASNEdS[t] - kr14 $Comp lex$mRNASNEdS[t],
$Complex$SNELSDNASNTPS [t] == kFLDNA[t] NE1[t] NTP[t] - kcat3 $Complex$SNELSDNASNTPS[t] -

kr2 $Complex$NE1$SDNASNTPS (€], $ComplexSNEs$premRNAS [t] =

kT4 NEs[t] premRNA[t] - kcat6 $Complex$NEsSpremRNAS[t] - kr5 $SComplexSNEsSSpremRNAS [t] -

k10 NEd [t] $ComplexSNEs$premRNAS[t] + krll $Complex$$Comp lexSNEsSpremRNASSNEDS[t] ,
$Complex$premRNASNEdS [t] == kF7 NEd[t] premRNA[t] - kcat9 $Complex$premRNASNEdS[t] -

kr8 $Complex$premRNASNEdS[t], $Complex$SSComplexENESSpremRNASSNEAS [t] ==

k10 NEd [t] $ComplexSNEs$premRNAS[t] - kcatl2 $Complex$$ComplexINESSpremRNASSNEAS[t] -

kr11 $Complex$$Comp lexSNEs$premRNASSNEAS[t] },
{DNA, mRNA, NE1, NEd, NEs, NMP, NTP, premRNA, $Complex$mRNASNEdS,
$Comp Iex$SNELISDNASNTPS, $ComplexINEs$premRNAS,
$Complex$premRNASNEdS, $Comp lex$$Comp lex$NEs$premRNASSNEdS) }
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Lamda = 1;
myKs = {

KmNEL$SDNA = 40; (*2; %) KmMNEL1SNTP = 1000; kcat3 =0.1; (x0.6;*)
kfl -» KF2S[KMNE1$DNA, KmNE1$NTP, kcat3, Lamda],
kr2 - Kr [kcat3, Lamda],

KmNEs$premRNA = 3.5; (*15;%)kcat6 = 0.03; (%x0.1;=*)
kf4 - KF[KmNEs$premRNA, kcat6, Lamda],
kr5 - Kr [kcat6, Lamda],

KmNEd$premRNA = 2000000 (*10 1x) ; kcat9 = 30000 (*3000%) ;
kf7 - KF[KmNEd$premRNA, kcat9, Lamda],
kr8 - Kr [kcat9, Lamda],

KmNEd$Comp lex$NEs$premRNA = 30000000; kcatl2 = 30000;
kf10 » KF[KmNEd$Complex$NEs$premRNA, kcatl2, Lamda],
krll - Kr[kcatl2, Lamda],

KmNEd$mRNA = 30000000; (* 20 X KmNEd$premRNA =) kcatl5 = 30000;
k13 - KF[KmNEd$mRNA, kcatl5, Lamda],
kril4 - Kr[kcatl5, Lamda]

(kfl52.5%x10°°, kr2 - 0, kf4 - 0.00857143, kr5 - 0,
kf7 - 0.015, kr8 - 0, kf10 - 0.001, krll - 0, kf13 -5 0.001, kr14 - 0}
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mylCs = {
DNA[O] =12,
NTP[O] == 25000,
premRNA[O] == 0,
mRNA[O] == O,
NMP[O] == O,

NE1[0] == 0.025, (%x0.003, )
NEs[0] =5, (*x0.006, *)
NEd[O] == 3.5, (*1 0.2,*)

$Comp 1exSNELSDNASNTPS[0] == O,
$Complex$NEs$premRNAS[O] == 0,
$Complex$premRNASNEDS[0] == O,
$Complex$$Comp lexSNEsSpremRNASSNEAS[0] == O,
$Comp 1ex$SMRNASNEAS$[0] ==
}s

tmax = 165;
mySolution = NDSolve[Join[myODEs /. myKs, mylCs], myVars, {t, 0, tmax}, MaxSteps -» 3000]

{{DNA - InterpolatingFunction[{{0., 165.}}, <>],
mRNA - InterpolatingFunction[{{0., 165.}}, <>], NE1 > InterpolatingFunction[{{0., 165.}}, <>],
NEd - InterpolatingFunction([{{0., 165.}}, <>], NEs -» InterpolatingFunction[{{0., 165.}}, <>],
NMP - InterpolatingFunction[{{0., 165.}}, <>], NTP - InterpolatingFunction[{{0., 165.}}, <>],
premRNA - InterpolatingFunction[{{0., 165.}}, <>],
$Comp 1ex$mRNASNEdS - InterpolatingFunction[{{0., 165.}}, <>],
$Comp 1ex$SNELSDNASNTPS —» InterpolatingFunction[{{0., 165.}}, <>
$Comp lex$SNEs$SpremRNAS —» InterpolatingFunction[{{0., 165.}}, <>
$Comp lex$premRNASNEdS » InterpolatingFunction[{{0., 165.}}, <>
$Comp lex$$ComplexINEsSpremRNASSNEdS —» InterpolatingFunction| {

I,
I,
I,
{0., 165.}}, <>]}}
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orderedVars={DNA,NTP,premRNA,mRNA,NMP,NE1,NEs ,NEd , $Comp 1 ex$NE1$DNASNTPS,
$ComplexSNEsSpremRNAS , $Comp lex$premRNASNEAS , $Comp 1 exSmMRNASNEAS} ;
Show[GraphicsArray[
Partition[
Map[Plot[#[t]/ -mySolution,{t,0, tmax},PlotLabel-#,
PlotRange-All ,DisplayFunction-ldentity]é&,orderedVars], 3]
1
1:
DNA NTP
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0-02(
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0.03
0.025
0.02
0.015
0.01
0.005

—~

$Comp Iex$NEs$premRNAS

25 50 75 100125150

t 25 50 75 100 125 150

$Comp lex$premRNASNEdS

25 50 75 100125150

11078
8107°
610"
410
2:407°

25 50 75 100
$Comp Iex$mRNA

25 50 75 100

totalPremRNA[t_] = premRNA[t] + $ComplexSNEs$premRNAS[t] + $Complex$premRNASNEDS[t] ;

P2 = Plot[total

nM

0.08
0.06
0.04

0.02

PremRNA[t] /. mySolution,

RNA Splicing

{t, 0, tmax}, PlotRange » All, DisplayFunction - ldentity];
Show[P1, P2, AxesLabel -» {""Time(min)", nM}, PlotLabel - "RNA Splicing",
DisplayFunction -» $DisplayFunction] ;

Time (min)

25 50 75 100 125 150

P1 = Plot[mRNA[t] /. mySolution, {t, O, tmax}, PlotRange -» All, DisplayFunction - Identity];
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P3 = ListPlot[{

(* Time points (min): 15,40,65,90,115,140,165 =)
(* MmRNA concentration (nM) =)
{15, 0.0019}, {40, 0.0081}%,

(65, 0.024}, {90, 0.041}, {115, 0.057}, {140, 0.0725}, {165, 0.084},

(* pre-mRNA concentration (nM) =)
{15, 0.0139}, {40, 0.04}, {65, 0.056}, {90, 0.053}, {115, 0.052}, {140, 0.055}, {165, 0.056}

}, Prolog - AbsolutePointSize[5]];

°
0.08+
°
0.06 +
° o : ° °
0.04: ° L
°
0.02:
°
°
°

25 50 75 100 125 150
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<< Graphics MultipleListPlot™

(» MRNA concentration (nM) =)

mRNA = {
{{15, 0.0019}, ErrorBar[0.001]},
{{40, 0.0081}, ErrorBar[0.004]},
{{65, 0.024}, ErrorBar[0.006]},
{{90, 0.041}, ErrorBar[0.003]},
{{115, 0.057}, ErrorBar[0.013]},
{{140, 0.0725}, ErrorBar[0.012]},
{{165, 0.084}, ErrorBar[0.0]}

(» pre-mRNA concentration (nM) =)

premRNA = {
{{15, 0.0139}, ErrorBar[0.0067]},
{{40, 0.04}, ErrorBar[0.0085]},
{{65, 0.056}, ErrorBar[0.02]},
{{90, 0.053}, ErrorBar[0.022]},
{{115, 0.052}, ErrorBar[0.015]},
{{140, 0.055}, ErrorBar[0.012]},

{{165, 0.056}, ErrorBar[0.0]}

},

P5 = MultipleListPlot[premRNA, mRNA,
AxeslLabel » {"Time (min)", nM}, PlotLabel - "RNA Splicing",
SymbolShape -» {PlotSymbol [Diamond], PlotSymbol [Box]},
SymbolStyle » {RGBColor[1, O, 0], RGBColor[0O, 1, O]}
1;
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11

nM RNA Splicing

0.08 ¢+

0.06 +
L

0.04 ¢+
[

0.02! I

25 50 75 100 125 150

Time (min)
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Show[P5, P1, P2, AxesLabel » {""Time(min)', nM},
PlotLabel -» ""RNA Splicing", DisplayFunction -» $DisplayFunction] ;

nM RNA Splicing

0.08 -

0.06 -

0.04 ¢

0.02 -

*

‘ ‘ ‘ Time (min)
25 50 75 100 125 150
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(*» KmNEs$premRNA=1; KmNEd$premRNA=50 =)
P11 = Plot[mRNA[t] /. mySolution, {t, O, tmax},

PlotRange -» All, PlotStyle -» {RGBColor[0O, 1, 0]}, DisplayFunction - Identity];
P21 = Plot[totalPremRNA[t] /. mySolution, {t, 0, tmax}, PlotRange - All,

PlotStyle » {RGBColor[1, O, 0]}, DisplayFunction - Identity];
Show[P11, P21, AxesLabel -» {"Time(min)", nM}, PlotLabel - "RNA Splicing",

DisplayFunction -» $DisplayFunction] ;

nM RNA Splicing
0.08 -
0.06+¢
0.04

0.02;

Time (min)

25 50 75 100 125 150
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14

nM

0.08 :

0.06 ¢

0.04 |

0.02 ¢

Show[P5, P11, P21, AxesLabel » {"Time(min)", nM},
PlotLabel -»

"RNA Splicing", DisplayFunction - $DisplayFunction] ;

RNA Splicing

—

Time (min)

25 50 75 100 125 150
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(* KmNEs$premRNA=10; KmNEd$SpremRNA=50 =x)
P110 = PIot[mRNA[t] /- mySolution, {t, O, tmax},
PlotRange -» All, PlotStyle -» {RGBColor[0O, 1, 0]}, DisplayFunction - Identity];

P210 = Plot[totalPremRNA[t] /. mySolution, {t, O, tmax}, PlotRange - All,

PlotStyle » {RGBColor[1, O, 0]}, DisplayFunction - Identity];
Show[P110, P210, AxeslLabel -» {"Time(min)", nM}, PlotLabel » ""RNA Splicing",

DisplayFunction -» $DisplayFunction] ;

nM RNA Splicing
0.08 -
0.06+¢
0.04

0.02;

Time (min)

25 50 75 100 125 150
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Show[P5, P110,
PlotLabel - ™

nM

0.08 -

0.06 ¢

0.04+

0.02 ¢

P210, AxesLabel » {"Time(min)', nM},
RNA Splicing", DisplayFunction -» $DisplayFunction] ;

RNA Splicing

J | .
J
! |

: : : : : : Time (min)
25 50 75 100 125 150
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(* KmNEs$premRNA=50; KmNEd$SpremRNA=50 =x)

P150 = PIot[mRNA[t] /- mySolution, {t, O, tmax},
PlotRange -» All, PlotStyle -» {RGBColor[0O, 1, 0]}, DisplayFunction - Identity];

P250 = Plot[totalPremRNA[t] /. mySolution, {t, O, tmax}, PlotRange - All,
PlotStyle » {RGBColor[1, O, 0]}, DisplayFunction - Identity];

Show[P150, P250, AxeslLabel -» {"Time(min)", nM}, PlotLabel » "RNA Splicing",
DisplayFunction -» $DisplayFunction] ;

nM RNA Splicing
0.08
0.06
0.04

0.02

25 50 75 100 125 150
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Show[P5, P150, P250, AxeslLabel - {"Time(min)", nM},
PlotLabel - "RNA Splicing", DisplayFunction - $DisplayFunction] ;

nM RNA Splicing
0.08| l
0.06 ¢+ ]{
* *
0.04 ¢+ I
[
0.02+¢ 7 |

25 50 75 100 125 150
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<< Statistics ContinuousDistributions™
<< Graphics MultipleListPlot™

<< myPadRight.m;

<< cellerator.m;

<< kMech_Rev.m;

OFfF[General::"spelll"] ;

OFfF[General::"spell"] ;
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(» Start mRNA Splcing Simulation =x)
(» NE1: RNA polymerase; NEs: spliceosome; NEd: degradation enzymes =x)

mRNASplcing = Union|

NE1
Enz[{DNA, NTP} = {premRNA, DNA}, BiBi [kf1, kr2, kcat3]],
{{premRNA + NEs = $Comp lex$NEs$premRNAS$, kf4, kr5}},
{ {$Comp lexSNEsSpremRNAS » NEs + mRNA, kcat6}},

{{premRNAﬁgNMP, kf7, kr8, kcat9}},
{{$Complex$NEs$premRNAN$Ei NMP, kf10, kril, kcat12}},
[{PRNA'= NVP, KF13, kri14, kcat15})

]

{{$C0mplex$NE1$DNA$NTP$->DNA4—NE1-+premRNA, kcat3},

{SComplexSNEsSpremRNAS ~ mRNA + NEs, kcat6}, {DNA + NE1 + NTP = $Comp lexSNELSDNASNTPS, kfl, kr2},
d

{NES + premRNA = $ComplexSNES$premRNAS, kF4, kr5), (mRNA < NMP, kf13, kr14, kcatls},

NEd
{premRNfzzNMP, kf7, kr8, kcat9}, {$Complex$NEs$premRNAS = NMP, kf10, kril, kcatl2}}
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interpret[mRNASplcing]

{{DNA"[t] == -kF1DNA[t] NE1[t] NTP[t] + kcat3 $ComplexSNELISDNASNTPS[t] + kr2 $Comp lexSNE1SDNASNTPS [t ],
mMRNA’ [t] == -kF13 mRNA[t] NEd[t] + kr14 $Complex$mRNASNEdS[t] + kcat6 $ComplexSNEsSpremRNAS [t],
NE1 [t] == -kFL1DNA[t] NEL[t] NTP[t] + kcat3 $Comp lex$NE1ISDNASNTPS[t] + kr2 $Comp lex$SNE1ISDNASNTPS (L],
NEd' [t] == -kF13 mRNA[t] NEd[t] - kF7 NEd[t] premRNA[t] + kcatl5 $Complex$SmRNASNEdS$[t] +

kri14 $Complex$mMRNASNEdS [t] - kF10 NEd [t] $Complex$SNEs$premRNAS[t] +

kcat9 $Complex$premRNASNEdS [t] + kr8 $Complex$premRNASNEdS [t] +

kcatl12 $Complex$SComplexSNEsSpremRNASSNEdS[t] + krll $Complex$$Comp lexSNEsSpremRNASSNEdS [ t] ,
NEs'[t] == -kF4 NEs[t] premRNA[t] + kcat6 $ComplexSNEsSpremRNAS[t] + kr5 $ComplexPNEs$premRNAS [t] ,
NMP’ [t] == kcatl5 $Complex$ImMRNASNEAS[t] +

kcat9 $Complex$premRNASNEdS [t] + kcatl2 $Complex$$Comp lexSNEs$premRNASSNEAS[t] ,
NTP' [t] == -kF1DNA[t] NEL1[t] NTP[t] + kr2 $ComplexSNELSDNASNTPS[t],
premRNA’ [t] == -kF7 NEd[t] premRNA[t] - KFANES[t] premRNA[t] +

kcat3 $Comp IexSNELSDNASNTPS [t] + kr5 $Comp Iex$SNEsSpremRNAS[t] + kr8 $Complex$SpremRNASNEdS [t] ,
$Comp IexSmRNASNEdS [t] == kF1I3 mRNA[t] NEd[t] - kcatl5 $Complex$SmMRNASNEdS[t] -

kri14 $Complex$mRNASNEdS$[t] , $ComplexSNELISDNASNTPS [t] ==

kF1DNA[t] NEL[t] NTP[t] - kcat3 $ComplexSNELISDNASNTPS[t] - kr2 $ComplexSNELISDNASNTPS[t] ,

$Comp lex$NEsSpremRNAS [t] == kF4 NEs[t] premRNA[t] - kcat6 $ComplexSNEs$premRNAS[t] -

kr5 $Complex$NEsSpremRNAS [t] - kF10 NEd[t] $Complex$NEsSpremRNAS[t] +

kr1l $Complex$$Complex$NEs$premRNASSNEdS[t] , $Complex$premRNASNEdS [t] ==

k7 NEd[t] premRNA[t] - kcat9 $Complex$premRNASNEdS[t] - kr8 $Complex$premRNASNEdS[t] ,

$Comp lex$$ComplexINEsSpremRNASSNEdS [t] == kF1ONEd[t] $Complex$NEsSpremRNAS[t] -

kcatl2 $Complex$$ComplexSNEsSpremRNASSNEdS[t] - krll $Complex$SComplexSNEsSpremRNASSNEdS [ t] },
{DNA, mRNA, NE1, NEd, NEs, NMP, NTP, premRNA, $Complex$mRNASNEdS$, $ComplexSNELSDNASNTPS,
$Complex$NEs$premRNAS, $Complex$premRNASNEdS, $Complex$$ComplexSNESSpremRNASSNEDS)

graphListl = {};
graphList2 = {};

For[iter =1, iter <100,
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{myODEs, myVars} =
{{DNA"[t] == -kFLDNA[t] NE1[t] NTP[t] + kcat3 $ComplexSNEISDNASNTPS[t] + kr2 $ComplexSNE1ISDNASNTPS[ L],
MRNA’ [t] == -kF13 mRNA[t] NEd[t] + kr14 $Complex$SmMRNASNEAS[t] +
kcat6 $Complex$NEs$premRNA$[t] + Random [NormalDistribution[0, 0.00001]1],

NE1 [t] == -kFLDNA[t] NE1[t] NTP[t] + kcat3 $ComplexSNELSDNASNTPS[t] + kr2 $ComplexSNELSDNASNTPS[t] ,
NEd’ [t] == -kF13 mRNA[t] NEd[t] - kF7 NEd[t] premRNA[t] + kcatl5 $Complex$SmRNASNEdS[t] +

kr14 $Complex$mRNASNEdAS[t] - kF10 NEd[t] $Complex$NEsSpremRNAS[t] +

kcat9 $Complex$premRNASNEdS$[t] + kr8 $Complex$premRNASNEDS[t] +

kcat12 $Complex$SComplexSNESSpremRNASSNEAS[ ] + krll $Complex$$Comp lexSNEsSpremRNASSNEAS[t] ,
NEs’[t] == -kF4 NEs[t] premRNA[t] + kcat6 $ComplexSNEs$premRNAS[t] + kr5 $Complex$NEsSpremRNAS[ L],
NMP’ [t] == kcatl5 $Complex$mRNASNEdS$[t] + kcat9 $Complex$premRNASNEdS[t] +

kcatl2 $Complex$SComp lexSNESSpremRNASSNEdS[t] ,
NTP'[t] == -KFLDNA[t] NEL[t] NTP[t] + kr2 $Complex$SNELSDNASNTPS[t] ,
premRNA’ [t] == -kF7 NEd[t] premRNA[t] - kFf4 NEs[t] premRNA[t] +

kcat3 $Comp IexSNELSDNASNTPS[t] + kr5 $Comp Iex$SNEsSpremRNAS[t] +

kr8 $Complex$premRNASNEd$[t] + Random[NormalDistribution[0, 0.00001]],

$ComplexSMRNASNEdS [t] == kF13 mRNA[t] NEd[t] -
kcatl5 $Comp lex$mMRNASNEAS[t] - kr14 $ComplexSmRNASNEdS[t] , $ComplexSNELSDNASNTPS [t] ==
kf1DNA[t] NEL[t] NTP[t] - kcat3 $ComplexSNELISDNASNTPS[t] - kr2 $Comp lex$SNELISDNASNTPS[ L],
$Comp lexSNEsSpremRNAS [t] == kF4 NEs[t] premRNA[t] - kcat6 $ComplexSNEsSpremRNAS[t] -
kr5 $Complex$NEs$premRNAS[t] - kF10 NEd [t] $ComplexSNEsSpremRNAS[t] +
kr11 $Complex$$Comp lexSNEsSpremRNASSNEdS[t] , $Complex$premRNASNEDS [t] ==
kf7 NEd[t] premRNA[t] - kcat9 $Complex$premRNASNEdS[t] - kr8 $SComplexSpremRNASNEdS[t] ,
$Complex$$Comp IexSNEsSSpremRNASSNEdS [t] == kF10 NEd[t] $Complex$SNEsSpremRNAS[t] -
kcat12 $Complex$SComp lexSNESSpremRNASSNEAS[ ] - krll $SComplex$SComp lexSNEsSpremRNASSNEdS[ €] },
{DNA, mRNA, NE1, NEd, NEs, NMP, NTP, premRNA, $Complex$mRNASNEdS, $CompIexSNELSDNASNTPS,
$Complex$NEs$premRNAS, $Complex$premRNASNEdS, $Complex$$ComplexINEsSpremRNASSNEDS} } ;

Lamda = 1;
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myKs = {

KmNEL1$DNA = 2; KmNE1$NTP = 1000; kcat3 = Random[NormalDistribution[0.6, 0.05]];
kfl » KF2S[KmNE1$DNA, KmNEL1$SNTP, kcat3, Lamda],
kr2 -» Kr [kcat3, Lamda],

KmNEs$premRNA = 1; kcat6 = Random[NormalDistribution[140, 15]7;
kf4 - KF[KmNEs$premRNA, kcat6, Lamda],
kr5 -» Kr [kcat6, Lamda],

KmNEd$premRNA = 50; kcat9 = 10;
kf7 -» KF[KmNEd$premRNA, kcat9, Lamda],
kr8 -» Kr [kcat9, Lamda],

KmNEd$Complex$NEs$premRNA = 1000; kcatl2 = 10;
kf10 » KF[KmNEd$Complex$NEs$premRNA, kcatl2, Lamda],
krll -» Kr[kcatl2, Lamda],

KmNEd$mRNA = 50; kcatl5h = 10;
k13 -» KF[KmNEd$mRNA, kcatl5, Lamda],
krl4 - Kr[kcatl5, Lamda]

e

myICs = {
DNA[O] =12,
NTP[O] == 25000,
premRNA[O] == O,
mRNA[O] == 0,
NMP[O] == O,

NE1[O] == 0.001,
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NEs[0] == 0.0002,
NEd[O] == 0.02,

$Comp lex$NELISDNASNTPS[0] == O,
$Complex$NEs$premRNAS[O] == O,
$Comp lex$premRNASNEAS[0] == O,
$Complex$$Comp lex$NEsSpremRNASSNEAS[0] == O,
$Comp lex$SMRNASNEdS$[0] ==

};

tmax = 150;
mySolution = NDSolve[Join[myODEs /. myKs, mylCs], myVars, {t, O, tmax}, MaxSteps - 3000] ;

graphListl = Join[graphListl,
{Plot[mRNA[t] /. mySolution, {t, O, tmax}, PlotRange -» All, DisplayFunction - ldentity]}];

totalPremRNA[t_] = premRNA[t] + $ComplexSNEs$premRNAS[t] + $Complex$premRNASNEDS[t] ;
graphList2 = Join[graphList2,
{Plot[totalPremRNA[t] /. mySolution, {t, 0, tmax}, PlotRange -» All, DisplayFunction - ldentity]}];

iter++];

(» mRNA concentration (nM) =x)

mRNA = {
{{15, 0.0013}, ErrorBar[0.0012]},
{{40, 0.0051}, ErrorBar[0.0027]},
{{65, 0.0155}, ErrorBar[0.0029]},
{{90, 0.0262}, ErrorBar[0.0037]},
{{115, 0.0360}, ErrorBar[0.0072]},
{{140, 0.0461}, ErrorBar[0.0025] }

}s




ProteinFactory_Polll_Stochastic.nb

(» pre-mRNA concentration (nM) =)

premRNA = {
{{15, 0.0034}, ErrorBar[0.0026]},
{{40, 0.0137}, ErrorBar[0.0025]},
{{65, 0.0187}, ErrorBar[0.0047]},
{{90, 0.0173}, ErrorBar[0.0050]},
{{115, 0.0179}, ErrorBar[0.0040]},
{{140, 0.0188}, ErrorBar[0.0012]}

}s

DataPlot = MultipleListPlot[premRNA, mRNA,
SymbolShape -» {PlotSymbol [Diamond], PlotSymbol [Box]},
SymbolStyle » {RGBColor[1, O, O], RGBColor[0O, 1, O]}

1:

Show[DataPlot, graphListl, graphList2, AxesLabel » {"Time(min)", nM},
PlotLabel -» "RNA Splicing", DisplayFunction - $DisplayFunction] ;

Clear[graphListl, graphList2]
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10

myODEs
{DNA’" [t] == -kFLDNA[t] NE1[t] NTP[t] + 0.386444 $ComplexSNELISDNASNTPS[t] + kr2 $ComplexSNELISDNASNTPS [t] ,
mRNA’ [t] ==
0.000012116 - kF13 mMRNA[t] NEd[t] + kr14 $Complex$mRNASNEdS [t] + 105.435 $ComplexSNEsSpremRNAS[t] ,
NEL1 [t] == -kFLDNA[t] NE1[t] NTP[t] + 0.386444 $Comp I exSNELSDNASNTPS[t] + kr2 $Comp IlexSNELSDNASNTPS (L],
NEd'[t] == ~-kF13 mRNA[t] NEd[t] - kF7 NEd[t] premRNA[t] + 10 $ComplexSmRNASNEdS[t] +

kri14 $Complex$mMRNASNEdS [t] - kF10 NEd [t] $Complex$NEs$premRNAS[t] +
10 $Complex$premRNASNEdS [t] + kr8 $Complex$premRNASNEdS [t] +
10 $Comp lex$$Comp lexSNEsSpremRNASSNEAS[t] + kr1l $Complex$SComp lexSNEsSpremRNASSNEDS[t] ,

NEs'[t] == ~-kF4 NEs[t] premRNA[t] + 105.435 $Complex$NEsSpremRNAS [t] + kr5 $ComplexSNEs$premRNAS[t] ,
NMP [t] ==

10 $Complex$mRNASNEdS$[t] + 10 $Complex$premRNASNEdS [t] + 10 $Comp lex$$Comp lexSNEsSpremRNASSNEdS (€],
NTP' [t] == -kF1DNA[t] NEL1[t] NTP[t] + kr2 $ComplexSNE1SDNASNTPS[t],

premRNA’ [t] == 8.74921 x 107 - kF7 NEd[t] premRNA[t] - kf4 NEs[t] premRNA[t] +
0.386444 $Complex$NELSDNASNTPS [t] + kr5 $ComplexSNEs$premRNAS|[t] + kr8 $Complex$premRNASNEDS (L],
$Complex$ImMRNASNEdS [t] == kF13 mRNA[t] NEd[t] - 10 $Complex$mMRNASNEdAS [t] - krl4 $ComplexSmRNASNEAS[t] ,
$ComplexSNELSDNASNTPS [t] ==
KF1DNA[t] NE1[t] NTP[t] - 0.386444 $ComplexSNELISDNASNTPS[t] - kr2 $ComplexSNELSDNASNTPS L],
$Comp lexSNEsSpremRNAS [t] == kF4 NEs[t] premRNA[t] - 105.435 $ComplexSNEs$premRNAS[t] -
kr5 $Complex$NEs$SpremRNAS[t] - kF10 NEd[t] $Complex$NEsSpremRNAS[t] +
kr1l $Complex$$Comp lexSNEs$premRNASSNEdS[t] , $ComplexPpremRNASNEDS [t] ==
k7 NEd [t] premRNA[t] - 10 $Complex$premRNASNEdS [t] - kr8 $Complex$premRNASNEDS [t ],
$Complex$$Comp IexSNESSpremRNASSNEDS [t] == kF1O0 NEd [t] $ComplexSNEsSpremRNAS[t] -
10 $Complex$$Comp lexSNEsSpremRNASSNEdS [ t] - krll $Complex$SComp lexSNEsSpremRNASSNEAS [ t] }




