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Onde estamos?

Ja vimos todo o tratamento de dados e comecamos a modelar
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Onde estamos?

Dentro da modelagem, também

modelagem 1 1
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enzim. / mutantes

Construir rede metabdlica
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Testar rede metabdlica

13C-MFA FBA
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Onde estamos?

Hoje vamos discutir FBA

modelagem 1 1

Literatura Testes ativ.
enzim. / mutantes

Construir rede metabdlica

| !

Testar rede metabdlica

13C-MFA FBA

o J | T ?

Dados de biorreator tratados




Revisao MFA e EFMA

- MFA: determinar distribuicoes de fluxos internos a
partir de fluxos medidos externos

- Na verdade EFMA e FBA séao tipos de MFA

-~ Vamos chamar de MFA somente o MFA
estequiometrico (SMFA), que nao € EFMA nem FBA
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Revisao MFA e EFMA

- MFA: determinar distribuicao de fluxos internos a
partir de fluxos medidos externos

- EFMA: descrever o conjunto de todas as
distribuicoes de fluxos internos possiveis



Revisao MFA e EFMA

- MFA: determinar distribuicao de fluxos internos a
partir de fluxos medidos externos

— 1 vetor de distribuicao de fluxos

- EFMA: descrever o conjunto de todas as
distribuicoes de fluxos internos possiveis

— base vetorial (infinitos vetores)



Revisao MFA e EFMA

- EFMA: descrever o conjunto de todas as
distribuicOes de fluxos internos possiveis

— base vetorial (infinitos vetores)
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Revisao MFA e EFMA

- EFMA: descrever o conjunto de todas as
distribuicOes de fluxos internos possiveis

— base vetorial (infinitos vetores)




Flux Balance Analysis (FBA)

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Antes de tudo: a resposta € 1 unico vetor de
distribuicao de fluxos



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz 0 estado-estacionario da rede metabdlica
- Satisfaz restricfes extras lineares pré-definidas

Rede metabdlica
Matriz
estequiometrica

Dist. de fluxos
I
Vetor nulo
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FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Rede metabdlica
_ X
Matriz
estequiometrica

Dist. de fluxos
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Vetor nulo



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

-1000 < v, <1000
29=<v,<3.1
V, <V,
v.=1
V.=2V,

Ve =3V, -V, +95



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

1000 <V, 1000 v, -1000<0;-v, - 1000 <0

29<v,<3.1 v,-3.1<0;-v,+29<0
V, <V, v,-v,<0
v. =1 v.-1<0;-v,+1<0
V.=2V, V,-2Vv,<0;-v,+2Vv, <0

v8:3v9—v10+5



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Avalie se as restricoes abaixo sao permitidas:

= 0.2

/ (Vbiomassa PHA) -

/ (V. )= 0.7/v

b) VPHA blomassa PHA

c)li12<v_,/v,,<1.18

d) Vcoz 02 V1/ Vz

a) Voua

biomassa



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricOes extras lineares pré-definidas

Avalie se as restricoes abaixo sao permitidas:

) Voua ! Vyiomassa * Veua) = 0.2 SIM
0) Vora I Voiomassa ¥ Vera) = 0- 7V iomassa NAO
c)1.12<v_ /v <1.18 SIM
d) vV, = VIV, NAO



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricOes extras lineares pré-definidas

Avalie se as restricoes abaixo sao permitidas:

d) v = v /v, NAO

COZ/VOZ

Isto nao deveria ser uma simples regra de 3?

Veor ™ VY

Voo "0V,



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Funcao-objetivo: o que se quer maximizar ou
minimizar



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Exemplos:

- maximizar: v
- minimizar: v

glicose

- maximizar: 2 v + Vv

biomassa PHA
- maximizar: v -3.1+v_,-123

biomassa

biomassa



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Exemplo: maximizar v -3.1+v_,-12.3

biomassa

- Poderia ser uma condicao experimental que
produziu 3.1 mol de biomassa e 12.3 mol de CO,

- Val funcionar para prever a distribuicao de fluxos
correspondente a esse experimento?



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Exemplo: maximizar v -3.1+v_,-12.3

biomassa

- Poderia ser uma condicao experimental que
produziu 3.1 mol de biomassa e 12.3 mol de CO,

- E se adicionar restricoes como Vv =-2.3?

glicose



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricOes extras lineares pré-definidas

Pergunta: as funcoes-objetivo abaixo funcionam?

a) min: (v, -3.1)"+ (v, - 12.3)°
b) min:|v, -3.1|+]|v_,-12.3|
cymin:v, _-3.1

d) max: v - 3.1

biomassa



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:
- Otimiza uma funcao-objetivo linear pré-definida
- Satisfaz o estado-estacionario da rede metabdlica



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:

Reacao reversivel

Ext «— A
2 reacoes opostas

\_ J Irreversiveis




FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:

Reacao reversivel

Ext A -
A Ext 2 reacoes opostas

\ ) Irreversiveis




FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:

a)v, =0

mj Pac==



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:

a)v, =0
b)v,=0



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:

a)v, =0
b)v,=0



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:

a)v, =0
b)v,=0
c)v,=0.5
dv,<2.2



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com uma toy network:

Solucao:
~Solugao
e -~ do FBA 1 vetor de
distribuicao de fluxos

2.2, 2.2]



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com outra toy network:
AV, Otimizacao linear:

Solucao sempre esta
em um vertice
) ol




FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com outra toy network:
AV, Pergunta:

‘ /\’ ~ Esse poligono
\ Y poderia ser de uma

10 rede metabolica com
somente 2 reacoes?




FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com outra toy network:

LY,

‘ /\, Esse poligono é uma
\ Iy projecao de um

10 politopo convexo na
base vetorial {v_, v}




FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com outra toy network:
AV, Pergunta:

‘ /\, - Esse poligono pode
\ Iy ser uma projecao de

10 uma rede de apenas
3 reacoes?




FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Visualizacao grafica do FBA com outra toy network:

AV, O FBAnao achao
politopo Inteiro para

| /\ depois pegar 1
vertice
»Vlo
\JJ O FBA apenas acha
1 vertice




FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Cuidado:

- Nem sempre existe um vértice valido
- Nem sempre o vértice encontrado faz sentido
- O veértice encontrado nao representa o todo



FBA - Conceltos

Encontrar 1 distribuicao de fluxos que:

- Otimiza uma funcao-objetivo linear pré-definida

- Satisfaz o estado-estacionario da rede metabdlica
- Satisfaz restricoes extras lineares pre-definidas

Exemplos do que pode acontecer:

- Restricoes conflitantes, estequiometria errada

- Reacao de formacao de biomassa bloqueada

- Ha varias distribuicoes de fluxos matematicamente
possivels para 0s mesmos dados experimentais




FBA - Implementacoes

- COBRA toolbox (MATLAB)
- OptFlux

- FASIMU

- SurreyFBA

- FAME

- FlexFlux

- MetaFlux (Pathway Tools)

E muitos outros! Da para implementar até no Excel



FBA - Implementacoes

- COBRA toolbox (MATLAB)
- OptFlux

- FASIMU

- SurreyFBA

- FlexFlux
- MetaFlux (Pathway Tools)

E muitos outros! Da para implementar até no Excel



FBA - SBML

- Evite softwares incompativeis com o0 formato
SBML

- SBML é um formato de arquivo de texto para redes
metabolicas que se tornou o standard

- SBML é um dialeto oriundo do XML, uma
inguagem comum em websites e arquivos de
configuracao



FBA - SBML

- A estrutura de um SBML é muito parecida com a
do arquivo do metatool stand-alone:

1) lista de metabdlitos, cada um informando se é
Interno ou externo

2) lista de reacOes, cada uma informando se é
reversivel ou ndo. Cada uma contem sua lista de
reagentes e produtos (pré-definidos no item 1)



FBA - SBML

Exemplo: arquivo bsaccharil.2.xml

File Edit Search View Document Tools Window Help

s JHR 9 \ O &

bEECChEﬁ_HLXHﬂ| bsacchaﬁjﬂz.xnﬂ|

<?xml version="1.08" encoding="UTF-8"7>
<sbml xmlns="http://www.sbml.org/sbml/level2" level="2" version="1" xmlns:html="http://www.w3.0rg/1999/xhtml">
<model id="LFMB46 core fatty" name="Ec core"s
<listOfUnitDefinitions>
<unitDefinition id="mmol per gDW per hr">
<list0OfUnits>
<unit kind="mole" scale="-3"/=>
<unit kind="gram" exponent="-1"/>
<unit kind="second" multiplier=".868027777" exponent="-1"/>
=/list0fUnits>
</unitDefinition=>
=/list0fUnitDefinitions>
<listOofCompartments=>
<compartment id="Extra organism"/>
<compartment id="Cytosol" outside="Extra organism"/>
</listOfCompartments>
<list0fSpecies>
<!-- central carbon metabolism --=
<species id="g6p" name="glucose-6-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
<species id="nadp" name="NADP" compartment="Cytosol" charge="-2" boundaryCondition="false"/>
<species id="nadph" name="NADPH" compartment="Cytosol" charge="-3" boundaryCondition="false"/>
<species id="m 6pg" name="6-phosphogluconate" compartment="Cytosol" charge="-2" boundaryCondition="false"/>
<species id="pyr" name="pyruvate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
<species id="g3p" name="glyceraldehyde-3-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
<species id="m 3pg" name="3-phosphoglycerate" compartment="Cytosol" charge="-2" boundaryCondition="false"/>
<species id="pep" name="phosphoenolpyruvate" compartment="Cytosol" charge="-2" boundaryCondition="false"/>
<species id="cB2Zcoa" name="acetyl-coA" compartment="Cytosol" charge="-3" boundaryCondition="false"/>
<species id="edp" name="erythrose-4-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
<species id="s7p" name="sedoheptulose-7-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>

) (%]

[15r|a|u ;_I[JDIJEIES 2|4 ll]

]

Line: 8 Col: 58 Chars: 43541

INS




FBA - SBML

Exemplo: arquivo bsaccharil.2.xml

File Edit Search View Document Tools Window Help

s JHR 9 O & &

<?xml ve
<sbml xm
<model ic
<listofuU

<compartment id="Extra_organism”/>

<compartment id="Cytosol” outside="Extra_organism”/>
</listOfCompartments>

=/unitilerinition=

</list0fUnitDefinitions>

<listOfCompartments>

<compartment id="Extra organism"/>
<compartment id="Cytosol" outside="Extra organism"/>

</list0fCompartments=

<list0fSpecies>

=!-- central

<species
<species
<species
<species
<species
<species
<species
<species
<species
<species
<species

id="
id="
id="
id="
id="
id="
id="
id="
id="
id="
id="

carbon metabolism --=

g6p" name="glucose-6-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>

nadp" name="NADP" compartment="Cytosol" charge="-2" boundaryCondition="false"/>

nadph" name="NADPH" compartment="Cytosol" charge="-3" boundaryCondition="false"/>

m _6pg" name="6-phosphogluconate"” compartment="Cytosol" charge="-2" boundaryCondition="false"/>

pyr" name="pyruvate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>

g3p" name="glyceraldehyde-3-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
m 3pg" name="3-phosphoglycerate"” compartment="Cytosol" charge="-2" boundaryCondition="false"/>

pep" name="phosphoenolpyruvate" compartment="Cytosol" charge="-2" boundaryCondition="false"/>
cB2coa" name="acetyl-coA" compartment="Cytosol" charge="-3" boundaryCondition="false"/>

edp" name="erythrose-4-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
s7p" name="sedoheptulose-7-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>

(<]

Line: 8 Col: 58 Chars: 43541

INS

[15r|a|u ;_I[Jﬂilalas 2|4 II]




FBA - SBML

Exemplo: arquivo bsaccharil.2.xml

File Edit Search View Document Tools Window Help

s JHH 9 O & &

_ bsacchari_m.xml|  bsaccharil.2.xml |

<listOfSpecies>
<species iId="g6p” name="glucose-6-phosphate”

compartment="cytosol’ charge="-1" boundaryCondition="false”/>

</listOfSpecies>

<compartment id="Extra organism"/>
<compartment id="Cytosol" outside="Extra organism"/>

</list0fCompartments=

<list0fSpecies>
<!-- central carbon metabolism --=
<species id="gbp" name="glucose-6-phosphate” compartment="Cytosol" charge="-1" boundaryCondition="false"/>
<specles 1d="nadp" name="NADP" compartment="Cytosol" charge="-2" boundaryCondition="talse"/>
<species id="nadph" name="NADPH" compartment="Cytosol" charge="-3" boundaryCondition="false"/>
<species id="m B6pg" name="6-phosphogluconate"” compartment="Cytosol" charge="-2" boundaryCondition="false"/>
<species id="pyr" name="pyruvate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
<species id="g3p" name="glyceraldehyde-3-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
<species id="m 3pg" name="3-phosphoglycerate" compartment="Cytosol" charge="-2" boundaryCondition="false"/>
<species id="pep" name="phosphoenolpyruvate" compartment="Cytosol" charge="-2" boundaryCondition="false"/>
<species id="cB2coa" name="acetyl-coA" compartment="Cytosol" charge="-3" boundaryCondition="false"/>
<species id="edp" name="erythrose-4-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>
<species id="s7p" name="sedoheptulose-7-phosphate" compartment="Cytosol" charge="-1" boundaryCondition="false"/>

(<]

Line: 8 Col: 58 Chars: 43541

INS




FBA - SBML

Exemplo: arquivo bsaccharil.2.xml

File Edit Search View Document Tools Window Help

s+ JHEHR 9 0 X 7

bsacchari_m.xml| bsaccharil.2.xml |

=/list0fSpecies>
<list0OfReactions>
=!-- central carbon metabolism --=
<reaction id="Z1" name="Centrall” reversible="false"»
<list0OfReactants=>
<speciesReference species="dglu eb" stoichiometry="1.008808"/>
<speciesReference species="pep" stoichiometry="1.000008"/>
=/list0fReactants>
<list0fProducts=>
<speciesReference species="pyr" stoichiometry="1.000008"/>
<speciesReference species="g6p" stoichiometry="1.000008"/>
</list0fProducts=
<kineticLaw=>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<ci> FLUX VALUE =/ci>
=/math=
<listOfParameters>

<parameter id="LOWER BOUND" value="0" units="mmol per gDW per hr"/=>

<parameter id="UPPER_BOUND" value="10" units="mmol per gDW per hr"/>

<parameter id="0BJECTIVE_ COEFFICIENT" value="0.0000808"/>

<parameter id="FLUX VALUE" value="0.000088" units="mmol per gDW per hr"/>

<parameter id="REDUCED COST" wvalue="0.B800000"/>
=/list0fParameters>

=/kineticLaw=
=/reaction=
<reaction id="72" name="Central2" reversible="false"=>
<list0fReactants>
crenariocBloafaranra cnoricc—"dhov oh" ctnicrhinmotrw—"7 @QGQAGG" f~

Line: 8 Col: 58 Chars: 43541

B8

[15r|a|u ;_][10135|ag a4 ‘]]

|

INS




FBA - SBML

Exemplo: arquivo bsaccharil.2.xml

File Edit Search View Document Tools Window Help

+s JHH 9 0 & &

bEEcchaﬁ_annﬂ| bsacchaﬁlﬂz.xnﬂ|

c{listﬂfSpe:ies:

<listOfReactions>
<!-- central carbon metabolism --=
<reaction id="71" name="Centrall" reversible="false">
<[istOfReactants>
<speciesReference species="dglu eb" stoichiometry="1.008888"/>
<speciesReference species="pep" stoichiometry="1.800000"/>
=/list0fReactants>
<listO0fProducts=>
<speciesReference species="pyr" stoichiometry="1.0800000"/>
<speciesReference species="g6p" stoichiometry="1.800000"/>
</list0fProducts=
<kineticlLaw=>

<math xmlns="http

S www. w3 . org/1998/Math/MathML">

=ci> FLUX_VALUE <=/ci=»

</math=
=listofParameters=
<parameter

<listOfReactions>
<reaction id="Z1" na

</reaction>
</listOfReactions>

id="LOWER BOUND" wvalue="8" units="mmol per gDW per hr"/>

me="Centrall” reversible="false”>

)| (%]

[15r|a|u ;_1[10133|as a4 ll]




FBA - SBML

Exemplo: arquivo bsaccharil.2.xml

File Edit Search View Document Tools Window Help

+s JHH 9 0 & &

b53cchari_m.xm|| bsaccharil.2.xml | (x]
(~]
</list0fSpecies>
<list0fReactions=
<!-- rentral carbon metabolism --=
1 14" L] oy NP eedtr=2]171" rauysrcibl o "ol o T
<list0OfReactants>

<speciesReference species="dglu eb" stoichiometry="1.008888"/>

<speciesReference species="pep" stoichiometry="1.800000"/>
</list0fReactants>
<listO0fProducts=>

<speciesReference species="pyr" stoichiometry="1.0800000"/>

<speciesReference species="g6p" stoichiometry="1.800000"/>
</list0fProducts=
<kineticlLaw=>

<math xmlns="http://www.w3.0rg/1998/Math/MathML">

<ci> FLUX VALUE =</ci>

</math=
<listOfParameters=>
<parameter id="LOWER BOUND" value="8" units="mmol per gDW per hr"/>

<reaction id="Z1" name="Centrall” reversible="false”>

<listOfReactants>
<speciesReference species="dglu_eb” stoichiometry="1.0" />

</listOfReactants>

[15r|a|u ;_1[10133|as a4 ll]




FBA - SBML

Exemplo: arquivo bsaccharil.2.xml

File Edit Search View Document Tools Window Help

+s JHH 9 0 & &

"false”>
<listOfParameters>

<parameter id="LOWER_BOUND” value="0" ... />

</listOfParameters>

<speciesReference species="g6p" stoichiometry="1.800000"/>
</list0fProducts=
<kineticlLaw=>
<math xmlns="http://www.w3.0rg/1998/Math/MathML">
<ci> FLUX VALUE =</ci>
o fmakhe

<listOfParameters=>
<parameter id="LOWER BOUND" value="8" units="mmol per gDW per hr"/>
<parameter id="UPPER BOUND" wvalue="16" units="mmol per gDW per hr"/>
<parameter id="0BJECTIVE COEFFICIENT" value="0.008888"/>
<parameter id="FLUX VALUE" value="0.0000088" units="mmol per gDW per hr"/>
<parameter id="REDUCED COST" value="0.0088008"/>

</list0fParameters=

=/kineticLaw=>
</reaction=
<reaction id="72" name="Central2" reversible="false"=>
<list0OfReactants> -
renariaclafarancra cnorioc—"dhov oh" ctmichinmatrue—""7T AAAGREREGE" fw i-

Line: 8 Col: 58 Chars: 43541 INS |




FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

= |[=][ 22
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/ ¥ FAME - the Flux Ana' X ) [1 FAME at SURF-SARA X \|

& | @ f-a-m-e.fame-vu.surf-hosted.nl T

Q-

. EERssw

Welcome to FAME at SURF SARA

Welcome to the Flux Analysis and modelling environment (FAME) hosted on the Dutch Supercomputing Infrastructure SURE-
SARA. FAME model simulation and analysis services provided by CEMPYy.

FAME servers online
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n
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Latest news
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FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

= |[=][ 22
i L A%
/ ¥ FAME - the Flux Ana' X ) [1 FAME at SURF-SARA X \|

& | @ f-a-m-e.fame-vu.surf-hosted.nl T

Q-

. EERssw

Welcome to FAME at SURF SARA

Welcome to the Flux Analysis and modelling environment (FAME) hosted on the Dutch Supercomputing Infrastructure SURE-
SARA. FAME model simulation and analysis services provided by CEMPYy.

FAME servers online

|HJ 0.

n
irnf
uks

Latest news
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FBA - FAME

Webservice: http://f-a-m-e.fame-vu.surf-hosted.nl/

4% FAME - the Flux Ana' x ) §% FAME - the Flux Anz x

&« C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/pagel.php 1 !

VFAMEY

Welcome to FAME, the Flux Analysis and Modeling Environment!
FAME is your one stop shop for stoichiometric moedeling and flux balance
analysis. It features FBA model construction, model execution, results
visualization, and friendly elephants.

i Y d Y i Y i A

OMLY VISUALIZE

RUNJ/EDIT EXISTING BUILD NEW MODEL MERGE MODELS
MODEL JL

LOST YOUR MODEL? VIEW MANUAL TUTORIAL

WE o o o l_a B Lo A 0wl e il Bd o0 B .. L ...

O



http://f-a-m-e.fame-vu.surf-hosted.nl/

FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

¥ FAME - the Flux Anz' x / §@ FAME - the Flux Ana X

< C | @® f-a-m-e.fame-vu.surf-hosted.nl/ajax/pagel.php#run o :

Import an existing model ﬁ "'Ji

Mew: to save upload time, you can also upload zipped model files. Uploaded zip files must have a file
name ending in .zip, may contain only one file, and that file must be a xml file.

1. Selectyour file Choose File | Mo file chosen

OR: enter file URL (include hitp:n (filename must end in xml)

2. Setthe default rate for new reactions (when unsure, just leave these values)
Max rate (normal reactions): \ggogog

Max rate (boundaries): 100

3.Was this model generated or processed using FAME?

® Thisi select this if you use SBML level 3 with FBC extension)
This is NOT a FAME model

4 4l sef?
=-- or just click here to load a demo model!
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FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

!

/ §9 FAME - the Flux Anz' x )/ §8 FAME - the Flux Anz  x \|

=

&« C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/page3.php

VYFAME

Current model name: LFM046 core fau 6ffeadb494e7cl3b9c2f9400dd95291f

Approx. number of reactions in model: 38
Approx. number of species in model: 44

Perform an analysis

1. Select your analysis
e FluxBalance Analysis |

FBEA wi absolute flux minimization
Flux Variability Analysis

Make A

SAVE MODEL
2. Optional: select which pathways to include in the visualization/FyA:

01100 - Visualize on full map

00010 - Glycolysis [ Gluconeogenesis
00020 - Citrate cycle (TCA cycle)
00030 - Pentose phosphate pathway =
00040 - Pentose and glucuronate interconversions

00051 - Fructese and mannose metabolism

00052 - Galactose metabolism

00053 - Ascorbate and aldarate metabolism

00061 - Fatty acid biosynthesis

00062 - Fatty acid elongation in mitochondria -

select none | reset pathway selection
Visualization options L

EDIT MODEL

Analysis options

“

START OVER

-

SN
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FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

7% FAME - the Flux Ana' x / §@ FAME - the Flux Anz' x

& C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/page3.php Tr :
2. Optional: select which pathways to include in the visualization/FyVA: L S J L S J o
01100 - Visualize on full map r ~ . C
00010 - Glycolysis [ Gluconeogenesis

00020 - Citrate cycle (TCA cycle)

00030 - Pentose phosphate pathway

00040 - Pentose and glucuronate interconversions
00051 - Fructose and mannose metabolism
00052 - Galactose metabolism

00053 - Ascorbate and aldarate metabolism
00061 - Fatty acid biosynthesis

-

00062 - Fatty acid elongation in mitochondna - '
zelect none | reset pathway selection EDIT MODEL START OVER
Analysis options Visualization options L JL y
Perform RHS sensitivity analysis Use in-browser SVG editor

Calculate Shadow Prices

3. All 5et?
CurrertaRjective is probablyf EF_PHA

i N
SBML Level 3 is the future of modeling
— FAME encourages the use of SBML Level 3, and can convert your model
. | to the new standard. Want to try? Save your model first, then use the

button to the left to convert your model to SEML Level 3. It should work
exactly like it did before, but be future-proof and collaboration-ready. If the
conversion doesn't work as expected, drop me a line!

2

CONVERT TO L3
EXPERIMENTAL! Click here to learn maore about SEML Level 3 and the FBC package.
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FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

! N/ Y\
/ ¥% FAME - the Flux Ana' x / ¢ FAME - the Flux Anz x \}

(=]

23

&« C | ® f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046_core fatt 6ffeadb494e7c13b9c2f...

VYFaAMEW

Your model MAME is LFMO46_core_fatt_6ffeadb494e7c13b9c2f9400dd95291f

Solve status 1/ LPS OPT

|nhjecrn.re EF _PHA :20.0

- r N Y i N

Ty
_9|

SAVE MODEL SAVE RESULTS BACK DOWN TO TABLE

Mon-zero reactionsinon-zero reduced costs

Red: on or near (99%) lower bound

Green: on or near (99%) upper bound
(maxed-out reactions may act as bottlenecks on objective attainment and may warrant inspection)

Transpart = 0 - uptake
Transpart = 0 - production

Scaled reduced costs = (ReducedCost * flux)/objective FunctionFlux

Click here to toggle species IDs and names

Reaction Flux Lower Upper Reduced cosis Reaction info (corrected for flux direction)
D value  bound bound (scaled RC)

CO_T_5DH 40 0 999999  -0.0(O) CO_T_SDH - 1.00000 nadph 1.00000 nad === 1.00000 nadp 1.00000 nadh

o @
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FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

—_— =]
f’fﬁ FAME - the Flux Anz X x_j_f';w FAME - the Flux Anz x \\\_ =it
= C | ® f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046 _core fatt 6ffeadb494e7cl3b9c2f... +r :

Click here to toggle species IDs and names -

Reaction Flux Lower Upper Reduced costs Reaction info (corrected for flux direction)

D value bound bound (scaled RC)

CO_T 50H 40 0 999999 0.0 () CO_T_SDH -1.00000 nadph 1.00000 nad === 1.00000 nadp 1.00000 nadh

EF co2: 20 -1000 1000 -0.0 (0} EF co2-1.000000 co2 ===1.000000 co2_eb

EF h: -10 -099999 999999 -0.0(0) 1.000000 h_eb===EF _h-1.000000h

EF _h2o: 60 -000999 000009  -0.0(0) EF_h2o-1.000000 h2o===1.000000 h2o_eb

EF 02: -20 -1000 1000 -0.0 (0} 1.000000 02_eb===EF 02 -1.000000 02

EF PHA: 20 -1000 1000 -0.0 (0} EF PHA-1.000000 pha ===1.000000 pha_eb

FS_C04: 10 0 999999 -0.0(0) FS _C04-1.000000c02coa 1.000000 cO03coa 1.000000 nadph 2.000000 h === 1.000000 phac04
1.000000 co2 1.000000 nadp 1.000000 coa

FS_init: 10 0 999999 -0.0(0) FS_init- 1.000000 c02coa 1.000000 atp 1.000000 hZo 1.000000 co2 === 1.000000 c03coa 1.000000
adp 2.000000 h 1.000000 pi

OXNAD Z: 40 0 999989 -0.0(0 OXNAD_Z -1.000000 nadh 2.500000 adp 2.500000 pi 0.500000 o2 3.500000 h === 1.000000 nad
2.500000 atp 3.500000 h2o

PHA_S5: 20 0 009909 0.0 (0 PHA_5-0.500000 phac04 0.500000 phac06 === 1.000000 pha 1.000000 h2o 1.000000 coa

71: 10 (10) 0 10 0.8 (0.4) Z1-1.000000 dglu_eb 1.000000 pep === 1.000000 pyr 1.000000 g6p

2 10010y 0 10 12(0.6) Z2 -1.000000 dhex_eb 2.000000 atp 1.000000 nad 2.00000 h2o 1.000000 coa === 1.000000 phac0&
2.000000 adp 1.000000 nadh 2.00000 pi 2.00000 h

24 40 0 009909 0.0 (0 Z4-1.000000 h2o 1.000000 f16p === 1.000000 h 1.000000 f&p 1.000000 pi

5 -40) -099899 9994999 -0.0(0) 1.000000 fép === 75 - 1.000000 g6p

26 : 50 0 999999 -0.0(0) Z6-1.000000 nadp 1.000000 gép 1.000000 h2o === 2000000 h 1.000000 nadph 1.000000 m_Gpg

7 a0 0 999999 -0.0(0) Z7-1.000000 m_6pg === 1.000000 h2o 1.000000 g3p 1.000000 pyr

78 -40) -099899 999999 -0.0(0) 1.000000 g3p 1.000000 dhap === 78 - 1.000000 f16p
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FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

— | = |

/ NS X
/ ¥% FAME - the Flux Ana' x ) ¢ FAME - the Flux Anz' x \}

< C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046 _core fatt 6ffeadb494e7c13b9c2f... %

YFaAMEW

Your model MAME is LFMO46_core fatt_6ffeadb494e7c13b9c2f9400dd95291f

Solve status 1: LPS OPT

Objective EF_PHA : 20.0

r kY i il

Ty
=l

SAVE MODEL SAVE RESULTS BACK DOWM TO TABLE

Mon-zero reactions/inon-zero reduced costs

Red: on or near (89%) lower bound

Green: an or near (99%) upper bound
(maxed-out reactions may act as bottlenecks on objective attainment and may warrant inspection)

Transport =0 ; uptake
Transport =0 : production

Scaled reduced costs = (ReducedCost * flux)/objectiveFunctionFlux

Click here 1o toggle species IDs and names

Reaction  Flux Lower Upper  Reduced costs Reaction info (corrected for flux direction)
ID value  bound bound (scaled RC)

CO T SDH 40 0 999998 -0.0(0) CO_T_SDH - 1.00000 nadph 1.00000 nad === 1.00000 nadp 1.00000 nadh
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FBA - FAME

Webservice: htip://f-a-m-e.fame-vu.surf-hosted.nl/

% FAME - the Flux Anz X / ¥ FAME - the Flux Ana x

“— C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/page3.php?modelname=1LFM046_core_fatt_6ffeadb494e7c13b9c... % :

VYFAME Y

Current model name: LFM046 core fatt 6ffeadb494e7cl3b9c2i9400dd952911

Approx. number of reactions in model: 38
Approx. number of species in model: 44

Perform an analysis

1. Select your analysis
» Flux Balance Analysis

FEA wi absolute flux minimization
Flux Variahility Analysis

Make A

SAVE MODEL VIEW MANUAL
2. Optional: select which pathways to include in the visualization/FVA: L I y @

01100 - Visualize on full map - - -
00010 - Glycolysis [ Gluconeogenesis
00020 - Citrate cycle (TCA cycle) '
00030 - Pentose phosphate pathway
00040 - Pentose and glucuronate interconversions
00051 - Fructose and mannose metabolism
00061 - Fatty acid biosynthesis ‘-
00062 - Fatty acid elongation in mitochondria - oy
select none | reset pathway selection EDIT MODEL START OVER
Analysis options Visualization options L JL y h

00052 - Galactose metabolism
00053 - Ascorbate and aldarate metabolism
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FBA - FAME

Webservice: http://f-a-m-e.fame-vu.surf-hosted.nl/

7% FAME - the Flux Anz x ) §% FAME - the Flux Anz x

< C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/pagel.php I :

VFAMER

Welcome to FAME, the Flux Analysis and Modeling Environment!
FAME is your one stop shop for stoichiometric modeling and flux balance
analysis. It features FBA model construction, model execution, results
visualization, and friendly elephants.

il Y i Y d Y i N

ONLY VISUALIZE

RUNIEDIT EXISTING BUILD NEW MODEL MERGE MODELS
MODEL

LOST YOUR MODEL? VIEW MANUAL TUTORIAL
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FBA - Exercicios

1) Compare os arquivos BSACCHARI _COMP.dat e
bsaccharil.2.xml.

O primeiro € uma rede metabdlica que voceés
usaram nas aulas de EFMA, em formato metatool

O segundo é a mesma rede adaptada para FBA, em
formato SBML

a) gue mudancas foram feitas na rede?
b) essas mudancas alteram os modos elementares?



FBA - Exercicios

2) Execute FBA no arquivo bsaccharil.2.xml. A
funcao-objetivo ja esta configurada para EF PHA e
alguns fluxos externos ja estao configurados.

a) Esse modelo corresponde a um experimento em
guimiostato ou batelada alimentada?

b) Essa distribuicao de fluxos pode ser realista?
Dica: veja os reduced costs



FBA - Exercicios

3) O método mais usado para estimar a energia de
manutencao é o de Pirt. Esse método consiste em
plotar consumo de fonte de energia em funcao de D
para varios gquimiostatos limitados em energia e
extrapolar uma reta até D = 0.

a) Como vocé estimaria a energia de manutencao
para um experimento em batelada alimentada com
uma fase estacionaria de crescimento celular?

b) Como vocé consideraria essa energia no modelo
bsaccharil.2.xml?



FBA - Exercicios

4) Teste FBA no arquivo bsacchari_m.xml, variando
o fluxo da reacao M de 50 a 200. Plote os valores
dos fluxos EF PHA, EF CO2, OXNAD Z,
OXFAD Z, Z1 e Z2 em funcao de M.

a) O gue significa um fluxo de M igual a 17

b) Por que no seu grafico os fluxos s0 comecam a
variar a partir de um determinado valor de M?
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FBA - Exercicios

EF_PHA
OXNAD 7 =71
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FBA - Exercicios

4) Teste FBA no arquivo bsacchari_m.xml, variando
o fluxo da reacao M de 50 a 200. Plote os valores
dos fluxos EF PHA, EF CO2, OXNAD Z,
OXFAD Z, Z1 e Z2 em funcao de M.

c) Como vocé estimaria a energia de manutencao e
gue fluxos voceé precisaria medir para 1ISS0?

d) O seu método no item c introduz algum erro no
valor da estimativa? Se sim, qual?



FBA - Exercicios

5) Considere 0s arquivos:
1) bsacchari_ m_el.xml

Il) bsacchari._ m_e2.xml
Ill) bsacchari_m_e3.xml

Nao os compare ainda com o bsacchari_m.xml.

a) Para cada um, rode FBAcomM=0e M =200. O
gue aconteceu em cada um dos 6 casos?

b) Apenas no lll, rode FBAcomM=0e 1 <272 <10.
O gue aconteceu?



FBA - Exercicios
5)a)l) M = 0

&% FAME - the Flux Anz' % / % FAME - the Flux Anz X

< C | ® f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046_core_fatt 29845b55e3c24c68756... wr

YFAmME

Your model NAME is LFMP46 core fatt 29845b55e3c24c687561af76455e6416

Solve status :
Warning! The solver reports your solution is not optimal!
i N

BACK

Objective :

Empty solution!

f "\ An empty solution may indicate something is wrong with the model file itself.
I “;:x FAME will find and correct some model{ing) mistakes, but not all of them.
r Therefore, if this error persists, you can try validating your SBML file onling.
If you think this error is caused by FAME, please send us an email
(include the model NAME printed above) to notify us of the problem.
i N

BACK




FBA - Exercicios

5)a)l) M = 200

¢% FAME - the Flux Anz' x /' §9 FAME - the Flux Anz  x

&< C | ® f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM04
v *
VFAME \
Your model NAME i1s LFMB46_core_fatt_659ad43f07aaa7dddebdbdieebid4804
Solve status :
Warning! The solver reports your solution is not optimal!
i N
BACK
. i
Objective :
Empty solution!
f “x._ An empty solution may indicate something is wrong with the model file itself.
I Y FAME will find and correct some model{ing) mistakes, but not all of them.
/e L Therefore, if this error persists, you can try validating your SBML file online.
a
[f you think this error is caused by FAME, please send us an email
(include the model NAME printed above) to notify us of the problem.
i N

BACK




FBA - Exercicios
5)a)ll) M = 0

% FAME - the Flux Ana % ) % FAME - the Flux Anz X

o &

< C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046_core_fatt 92b2c3d8b2e76e0e6b4...

YFamME

Your model NAME is LFMO46 core fatt 92b2c3dBb2e76ebebbdbc18496b0LSTY

Solve status 1: LPS_OPT

Objective EF_PHA : 0.0

r uYd Y d Y )
u ' .I
SAVE MODEL SAVE RESULTS BACK DOWN TO TABLE
\ FAN FAN F AN r

Mon-zero reactions/non-zero reduced costs

Red: on or near (99%) lower bound

Green: on or near (99%) upper bound
(maxed-out reactions may act as bottlenecks on objective attainment and may warrant inspection)

Transport < 0 : uptake
Transport= 0 : production

Scaled reduced costs = (ReducedCost * flux)/objective FunctionFlux

Click here to toggle species IDs and names
Reaction ID Flux value Lower bound Upper bound Reduced costs (scaled RC) Reaction info (corrected for flux direction)

2 2011-2015 Joost Boele F WU University Amsterdam. All iights reserved - disclaimer, lic
Last wpdate: July 2Tth, 2015




FBA - Exercicios
5)a)ll) M = 200

7% FAME - the Flux Ana x ) §9 FAME - the Flux Anz x

< C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046_core_fatt cbclccc349e0fdlec3ce... ¥y

VFAMEY

Your model NAME 1s LFMO46 core fatt_cbclccc349e8fdlec3ccdbabflb5a7dd

Solve status 1: LPS OPT

Objective EF_ PHA : 0.0

i A R Y i Y i A
| E
SAVE MODEL SAVE RESULTS BACK DOWN TO TABLE
. FAN FAN A 7

Mon-zero reactions/non-zero reduced costs

Red: on or near (99%) lower bound

Green: on or near (99%) upper bound
(maxed-out reactions may act as botllenecks on objective attainment and may warrant inspection)

Transport = 0 - uptake
Transport= 0 : production

Scaled reduced costs = (ReducedCost * flux)/objective FunctionFlux

Click here to toggle species IDs and names

Reaction Flux Lower Upper Reduced costs Reaction info (corrected for flux direction)
ID value bound bound (scaled RC)
CO T SDH 19355 0O 5999995  -0.0(0) CO_T_5DH - 1.00000 nadph 1.00000 nad === 1.00000 nadp 1.00000 nadh




FBA - Exercicios
5)a)lll) M =0

7% FAME - the Flux Ana' X ) 9 FAME - the Flux Anz x

< C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046_core fatt 50d5b8000128b863adf... ¥

@ A
VFAME X
Your model NAME 1s LFMO46_core_fatt_50d5b8000128b863adfd2335642ca489

Solve status 1. LPS OPT

Objective EF_ PHA : 8.0

i A Y i Y i A
| E
SAVE MODEL SAVE RESULTS BACK DOWN TO TABLE
. FAN AN AW v

Mon-zero reactions/non-zero reduced costs

Red: on or near (99%) lower bound

Green: on or near (99%) upper bound
(maxed-out reactions may act as bottlenecks on objective attainment and may warrant inspection)

Transport < 0 - uptake
Transport =0 : production

Scaled reduced costs = (ReducedCost * flux)/objectiveFunctionFlux

Click here to toggle species IDs and names
Reaction Flux Lower Upper Reduced costs Reaction info (corrected for flux direction)
ID value bound bound (scaled RC)

CO_T_5DH 23 0 999998  -0.0 (D) CC_T_5DH - 1.00000 nadph 1.00000 nad === 1.00000 nadp 1.00000 nadh




FBA - Exercicios
5)a)lll) M = 200

75 FAME - the Flux Ana' x ) {9 FAME - the Flux anz x

& C | © f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046_core fatt ccOcfsleld19002dblze... ¥

VFAMEY

Your model MAME is LFMB46 core fatt ccOcf51eld19802dbl2eec2713fb7b8c

Solve status 1 LPS_0OPT

Objective EF_PHA : 3.49206349206

r 2y d a Y d a Y 4 ™
u '
SAVE MODEL SAVE RESULTS BACK DOWN TO TABLE
\ FAN FAN FAN y

Mon-zero reactions/inon-zero reduced costs

Red: on or near (99%) lower bound

Green: on or near (99%) upper bound
(maxed-out reactions may act as bottlenecks on objective attainment and may warrant inspection)

Transport = 0 ; uptake
Transport =0 : production

Scaled reduced costs = (ReducedCost * flux)/objective FunctionFlux

Click here to toggle species IDs and names

Reaction  Flux Lower Upper Reduced costs Reaction info (corrected for flux direction)
D value bound bound (scaled RC)
COTSDH 14286 0O 999999 0.0 CO_T_5SDH - 1.00000 nadph 1.00000 nad === 1.00000 nadp 1.00000 nadh




FBA - Exercicios

5)b) I, M =0, 1 <Z2 < 10

75 FAME - the Flux Ana' x )/ {9 FAME - the Flux Anz x

&« C | @ f-a-m-e.fame-vu.surf-hosted.nl/ajax/run.php?modelname=LFM046_core_

Y 3
JFAMEY
Your model MAME 1s LFMB46 core fatt 8ad4d8ffle88baScaabdlav9abd9eb441

Solve status 3: LPS_INFEAS
Warning! The solver reports your solution is not optimal!
i N

BACK

Objective EF_PHA : nan

il Y i A r Y i A
SAVE MODEL SAVE RESULTS DOWN TO TABLE
. FAN PN AN ’

Mon-zero reactions/inon-zero reduced costs

Red: on or near (99%) lower bound

Green: on or near (99%) upper bound
(maxed-out reactions may act as bottlenecks on objective attainment and may warrant inspection)

dll

8a4doffle88baScaabdl... ¥ :

Transnort < N - nntake




FBA - Exercicios

5) Considere 0s arquivos:
1) bsacchari_ m_el.xml

Il) bsacchari._ m_e2.xml
Ill) bsacchari_m_e3.xml

Nao os compare ainda com o bsacchari_m.xml.
c) Para cada um, tente encontrar o(s) erro(s) sem

comparar com O arquivo correto. Dica: teste
hipoteses alterando o arquivo e rodando FBA.



FBA - Exercicios

5) Considere 0s arquivos:
1) bsacchari_ m_el.xml

Il) bsacchari._ m_e2.xml
Ill) bsacchari_m_e3.xml

d) Agora gue vocé achou o(s) erro(s) em cada
arquivo (ou desistiu), compare 0S arguivos com o
correto. Como FBA ajuda a detectar cada um
desses erros?



FBA - Exercicios

6) Para cada caso abaixo, vocé usaria MFA, EFMA,
FBA ou uma combinacao das 37 Por qué?

a) Estimar um rendimento maximo com um modelo
em escala genomica de um organismo similar

b) Avaliar o leque de aplicacOes possiveis de uma
linhagem microbiana

c) Prever a resposta de uma parte conhecida e
pequena do metabolismo em varios cenarios
possivels para planejar um experimento



FBA - Exercicios

6) Para cada caso abaixo, vocé usaria MFA, EFMA,
FBA ou uma combinacao das 37 Por qué?

d) Transformar dados genomicos em um modelo
metabolico

e) Validar um modelo metabdlico com dados
transcriptomicos

c) Restringir a resposta de um modelo metabdlico
com dados de carbono marcado
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