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Las proteinas del grupo NF-xB son un conjunto de factores de
transcripcion involucradas en importantes procesos celulares
que incluyen respuestas inflamatorias asi como también la
regulacién de la apoptosis.




Las proteinas del grupo NF-xB son un conjunto de factores de
transcripcion involucradas en importantes procesos celulares
que incluyen respuestas inflamatorias asi como también la

regulacién de la apoptosis.

Mecanismo de accién de NF-xB:
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Datos experimentales: Modelo continuo de la via de transduccién

R de senales de NF-kB (T. Lipniacki et dl. Journal

() Modeling NE-cBn con-
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The IrB_NF-rB Signaling Moduler —a3IK Ka(t)(IrBa|NFrB)(t) + to2(IK Ka|IBa| NFrB)(t).
Temporal Control and Selective Gene
Activation SIKKi(t) = ksI KKa(t) + Trkol K Ka(t) A20(t) — kgeg K Ki(t).
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Failure to Regulate TNF-Induced NF-xB

and Cell Death Responses in A20-Deficient
Mice
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Table |

Two- and three-component ineractons between IxBs, NF-x and IKKa
Symbot Vatues Description Comments

@ 05 Woflmann et al. 2002)

- 02 Assumption

" o1 IKKallxB catlysis ‘Any large

i IKKa-(IxBaNF-xB) association ‘Assumption

o 01 (KKIIKBANF-AB) catalysis ‘Any large

Table 2

A20 and IxBie synthess and degradtion, IKK dynamics and total amount offre and complexcd NFoxB.

Symbol Values Unies Descrption Comments

€l 5% 107 5! IxBa-inducible mRNA synthesis. Assumption

u 0.0 uM st 1xBx-constitutive mRNA synthesis Assumption

e oaos - s RNA dercs e Bt Mathematical model of

e 00001 o Spontancous.free IxBx protein degradstion Pando and Verma (2000) NF-rB regulatory module.
- 00002 o 1B degrudation (complexcd to NF-xB) Pando and Verma (2000) ver "

o Sx107 - Adinducible mRNA synthesis Assumption T. Lipniacki, P. Paszek,
a 00 M ‘A20-constitutive mRNA synthesis Assumption .

“ ao00s A20 mRNA degrdtion Avmpion A. R. Brasier, B. Luxon,
a 03 st 'A20 translation ra Assumption ;

e 0.0003 s A20 protein degradation Fitted M. Kimmel.

K 0.0025 Bl IKK activation rate caused by TNF Fitted

s | el IKK inactivation rate caused by A20 Fitted

s 01 e IKK spontaneous inactivation rate Fitted .

Kt 0000025 v IKKn production rate Fitted Journal of Theoretical

P 0000125 = IKKa, IKKn and IKKi degradation Fitied

Nr 006V vy “Total amount of frce and complexed NF-+B Assumpion, Carlott

able 3
Transport betwween compartments, and assumed k, ~ ¥/U, ratio of eytoplasmic and nuclear volumes

Biology 228 (2004) 195-215

Symbol Value Units Deseripi Comments
s Cytoplasmic to nuclear volume ‘Assumption
00025 1 NF-xB nuclear import Fitted

001 s (IxBaNF-xB) nuclear export Fitted

o 000t ot IuBa nuclear import Fitt

e 0.0005. ! 1B nuclear export Assumpiion

ble

Assumed cgen parameters

Symbol Value Units Descripiion Comments,

a. Sx107 s ceen inducible mRNA synthesis Assumption

e 00 s caen constitutive mRNA synthesis Assumption

e 0.0004 5! ceen mRNA degradation Assumption
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MINIREVIEW

Integrating Computational and
Biochemical Studies to Explore
Mechanisms in NF-«B Signaling”

Bublished, 1BC Papers in Press, October 20, 2008, DOI 10,1074,/ jbc FE00008200

Jeffrey D. Kearns and Alexander Hoffmann'

From the Signaling Systems Laboratory, Department of Chemistry and
Biochemistry, University of California, San Diego, La Jolla, California 92093

A balance must be achieved during the parameterization
process to avoid under- or over-constraining the model. If too
few values are experimentally determined, there may be several
possible parameter sets that recapitulate network behavior, but
conversely, when too many experiments are done, the model
may be incapable of doing so. In these cases, the data that can-
not be accounted for by the model may motivate subsequent
studies and in turn result in a revised version of the model.

-KB signaling module, a ric
biochemical rate constants derived from in vitro measurements

T the case ol the fferature ol

and quantitative cell biology meant that one-third of the 73
parameters were known with a high degree of confidence, ane-
third were significantly constrained by literature data, and only
the remaining third had to be derived from parameter fitting.

FEBRUARY 27,2009 -VOLUME 284-NUMBER 9 ASBIIBN JOURNAL OF BIOLOGICAL CHEMISTRY 5441



. Nuestro modelo va a evitar ajustar parametros?




. Nuestro modelo va a evitar ajustar parametros?

No.




. Nuestro modelo va a evitar ajustar parametros?
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Nosotros también ajustaremos parametros, pero
en un contexto diferente.




Métodos matematicos para modelar:

Abstracted Specified
High-level models (L1) Low-level models (L2)
[ ]

Statistical mining

Bayesian networks

Polynomial dynamical systems
Markov chains

Differential equations

*

I

1

I

1

i
Components Influences and Mechanisms (Including
and connections infarmation flow structure)

TRENDS in Biotechnology

Trends Biotech 2003. Building with a scaffold: emerging strategies for high- to low-level

cellular modeling. Ideker et 4l.
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Con mas precision: Sistemas dinamicos polinomiales sobre
cuerpos finitos.

. Cuales son las ventajas?

Bueno...también ajustamos parametros, pero sobre un
conjunto finito.




Discretizamos los datos en dos o tres estados.

IkB IkB IKK NF-xkBp, IxkBp IxkB¢ S A20 A204 IKK IKK
NF-xB
to 0 2 0 0 1 0 1 0 0 0 2
4
t1 0 ‘ 2 ‘ 2 ‘ 0 ‘ 1 ‘ 0 1 0 ‘ 0 ‘ 0 ‘ 1




Como #{0, 1,2} = 3" < 0o, podemos pensar
f:ACTF — Fil con f; un polinomio en 11 variables
parat=1,...,11.

Ademas, cada nodo depende de a lo sumo 4 otros nodos. Y
por lo tanto podemos pensar f; : A; C Flgl — 3 para algiun
1<k <A4.




Por ejemplo, IkB sélo depende de si mismo, IK Ka, [kBn e
Ik Bt.

Luego, fr«B : IF§ — Fs.
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., Cuales son los nodos con solo dos niveles?
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., Cuadles son los nodos con solo dos niveles? A20 y S.

Im(fAQO) - {Oa 1}7 Im(fs) - {O’ 1}

..Cémo encontramos los polinomios que dependen de A20 o
de S?




Ejemplo simple:
x e {0,1}, y e~ {0,1,2}
En Fs:
a® =aVa
02=0,12=1=2>=2
2

9(% y) = a1 + QT + agy + auTy + Oz5y2 + agry

6 incognitas, 6 = #({0,1} x {0,1,2})
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v = of 1 =] of vof | S o] = = | =] o 1] =] S 1 o] = o =] 1= o) =

111111111111111111111111111117
I1111111111111111111111111117 IkBn:
%///////////////////////////

matrix b16[27][1];

b16[1,1]=0; //the image of (IkB=0,IkBn=0,NF-kBn=0)

b16[2,1]=1; //the image of (1,0,0)
b16[3,1]=2; //the image of (2,0,0)
[...]

//q=al+a2x+a3y+adz+abx"2+a6y” 2+aTz 2+asxy+adxz+alOyz+L. . .]

matrix A16[27][27];

forint 1=3; 1<=5; 1=1+1)
for(int k=3; k<=5; k=k+1)

for(int j=3; j<=5; j=j+1)
{

A16[i,1]=1; A16[i,2]1=j; A16[i,3]=k; A16[i,41=1; A16[i,5]1=j"2; A16I
-]

A16[i,7]1=1"2; A16[i,8]=j*k;
i=i+l;

}

}

matrix Bl6=inverse(A16);
matrix C16=B16%bl6;

poly q16=C16[1,1]1+C16[2,1]1*x+C16[3,1]1*y+[...

poly f£i6=subst(qi6,x,x1,y,x16,2z,x15);
1/
1/

1+C16[27,1]1%x™ 2%y~ 2%2"2;




Por ejemplo:
fInBt : F% — Fg

fues, = (1 + 21em, ) 22NposB, + T1en, (T, + 2)(1 + 2Xp,5,)




o Consideramos actualizaciones sincronicas.




o Consideramos actualizaciones sincronicas.

o E hicimos muchas suposiciones bioldgicas.




1B | NEBp | IKKa 5B, 1B, s A20 | A20, | IKKi |IKKne
0 2 0 1 0 1 0 0 0 2
o 2 2 1 o 1 o o 0 1
0 0 2 1 0 1 0 0 2 1
0 1 2 0 2 1 0 2 2 1
o 0 2 0 2 1 1 2 2 1
o 0 1 o 2 1 1 2 2 1
2 0 1 0 2 1 1 2 1
2 o 1 2 2 1 1 2 2 1
2 2 1 2 2 1 1 2 2 1
2 1 1 2 1 1 1 1 2 1
1 1 1 2 1 1 1 1 2 1
1 1 1 1 1 1 1 1 2 1

The IkB-NF-xB Signaling Module:
Temporal Control and Selective Gene
Activation

A. Hoffmann, A. Levchenko,

M. L. Scott, D. Baltimore
E

NF-xBn (arbitrary units)

15 18 78 1u52535 As 55 A
min® 2 m 30 60 90
(E) Biochemical analysis of
d 18 isoforms in
wild-type fibroblasts. NF-xBn
(top) assayed by EMSA at the indicated times after persistent stimulation
TNF-o. The specific NF-«B-specific mobilty shift was quantitated by
phosphoimager and normalized and graphed at the indicated nonlinear time
scale. Western blots of corresponding cytoplasmic fractions are probed with
anti-bodies specific to IxBax and -8 (bottom) and IxBe (above). (F) Verifica-
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Reproduce la dinamica del modelo cinético en
Lipniacki et al., 2004:

[A], TNEactvity  [B], Meutral IKK, (n-m.) [Tl Active IKK, (IKKa) p], Inactive IKK, (IKKi)

15 —————— 0.
F Por tea oo 0.1
. H i 0.0
h ' 0. 0
gt s 0.
I 0 o
ol 2

[E], Freecyi. [kBa [Fl, Cyt (IkBaINFKB) [G], FreenuclearkBa [H], Free nuclear NFKB

* 0. kBamRNA  x 10" [ A20mRNA x10° [ ogen mRNA
” .

Un modelo discreto de la red regulatoria del factor nuclear NF-xB
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(Resultados)

Evolucién de NF-x£B,, en el modelo discreto cuando
se remueve el estimulo en distintos pasos

temporales:

NF-£B,, -8 Estimulo Persistente
- t=2
-o-t=3
-0 t=4
-0 t=5
- t=06
- t=7
-o- t=8

Paso temporal

Un modelo discreto de la red regulatoria del factor nuclear NF-xB




B | Bp | IKKa | NE- | 1B, | LB A20 | A20, | IKKi |IKKne
1 1 1 1 1 1 1 1 2 1
1 1 0 1 1 1 1 1 2 1
1 2 0 0 1 1 1 1 2 1
1 2 0 0 1 0 1 0 2 1
1 2 0 0 1 0 0 0 2 1




El modelo discreto también reproduce la dinamica
en el caso A20-/- (Lee et al., 2000):

++ -
A 010 20 30 60 90 120180 90 120150
NF-xB !
NFcB
2
aTpo Siveste
e
'
0
Wm0 @ 2
Tiempo (rin)
e
2
i+ - «Tipo Siveste
B 010 20 30 60 90120180 0 10 20 30 60 90 120 180 wA20-/-
IxBa >

5 100 15 200

Tiempo (min)

nwwwwm ommmwm 29
n«
GST 1By aTipo Silestre
E _-cmm A2/

50 100 150 200
Tiempo (min)

Un modelo discreto de la red regulatoria del factor nuclear NF-xB
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o Este modelo es independiente de pardmetros como constantes de
afinidad y cataliticas las cuales en muchos casos son muy dificiles
de determinar y requieren mucho conocimiento del sistema (lo
cual, salvo para NF-xB y algtin otro caso particular, es muy poco
frecuente).
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o Este modelo es independiente de pardmetros como constantes de
afinidad y cataliticas las cuales en muchos casos son muy dificiles
de determinar y requieren mucho conocimiento del sistema (lo
cual, salvo para NF-xB y algtin otro caso particular, es muy poco
frecuente).

o Puede construirse con el mismo tipo de informacién que
normalmente se maneja en biologia: IxkB se une a NF-xB e
impide que vaya a ntcleo, IKK induce la degradacién de IxB, etc.

@ Y a pesar de sélo requerir este tipo de datos, puede proveer més
informacién como predicciones en los casos mutantes o al
interrumpir el estimulo en un instante especifico.
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The Ik Ba- NF-kB signaling module: temporal control and selective gene activation.

Integrating Computational and Biochemical Studies to Explore Mechanisms in NF-xB

Signaling.

Failure to regulate TNF-induced NF-kB and cell death responses in A20-deficient mice.

NF-kB controls expression of inhibitor Ik Ba: evidence for an inducible autoregulatory

pathway.







	Introducción
	Modelo
	Resultados
	Conclusiones
	Trabajo en curso
	Referencias

