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REPRESENTANDO UM MODELO METABOLICO

» Associagdes GPR — Gene, Proteina, Reacdo;

» Reacdo Bioquimica — Reagentes, Cofatores,

Produtos;

» Equagéo Quimica:
R1T + R2™P1 + P2

» Coeficientes estequiométricos — reagdo
balanceada
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REPRESENTANDO UM MODELO METABOLICO

» Exemplo:

» Genoma -m

> Rx é uma reagdo;

> Mx é um metabdlito;

Ri= 1M1+ 1 M2 =—>1M3 +1M4g:Gene A

R =2M4 > 1 M5 : Gene B

M1

M2

M3

M4

M5




» Exemplo:

> Genoma - /N N II-E)

> Rx é uma reagdo;

> Mx é um metabdlito;

M1

M2

M3

M4

M5

M6

Ri = 1M1+ 1M2 — TM3:Gene A
R2=2M3+1Mg =——>1 M5: Gene B
R3 = ]M5(ci’rop|qsmq) — | Mé(meio extracelular) : Gene C




| REPRESENTANDO UM MODELO METABOLICO
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A protocol for generating a high-quality
genome-scale metabolic reconstruction

Ines Thiele"? & Bernhard @ Palsson'

cering, University of California, San Dicgo, La Jolla, California, USA. *Current address: Center for Systems Biology, Faculty of
ngincering and Computer Science, University of Iceland, Reykjavik, Iceland. Correspondence should be addressed to

Published online 7 January 2010; doi:10.1038/nprot.2009.203

CONSTRUINDO UM MODELO METABOLICO

' 1. Draft reconstruction Data assembly and dissemination

11 Obtain genome annotation. 95| Print Matlab model content.
2| Identify candidate metabolic functions. 96! Add gap information to the reconstruction output.
3l Obtain candidate metabolic reactions.
4| Assemble draft reconstruction. t
5| Collect experimental data.

4. Network evaluation
‘ 43-44| Test if network is mass-and charge balanced.
—_— — — - | 45! |dentify metabolic dead-ends.
2. Refinement of reconstruction 46-48| Perform gap analysis.

6! Determine and verify substrate and cofactor usage. 49| Add missing exchange reactions to model.

7! Obtain neutral formula for each metabolite. 501 Set exchange constraints for a simulation condition.

8l Determine the charged formula. 51-58| Test for stoichiometrically balanced cycles.

9l Calculate reaction stoichiometry. 59| Re-compute gap list.

101 Determine reaction directionality. || 60-65I Test if biomass precursors can be produced in standard medium.

111 Add information for gene and reaction localization. 661 Test if biomass precursors can be produced in other growth media.

12| Add subsystems information. 67-75I Test if the model can produce known secretion products.

131 Verify gene-protein-reaction association. 76-78I Check for blocked reactions.

141 Add metabolite identifier. 79-80I Compute single gene deletion phenotypes.

151 Determine and add confidence score. 81-82| Test for known incapabilites of the organism.

161 Add references and notes. 831 Compare predicted physiological properties with known properties.

171 Flag information from other organisms. 84-87| Test if the model can grow fast enough.

18| Repeat Steps 6 to 17 for all genes. 88-94I Test if the model grows too fast.

191 Add spontaneous reactions to the reconstruction.

20! Add extracellular and periplasmic transport reactions.

21| Add exchange reactions. " .

22| Add intracellular transport reactions. 3. Conversion of reconstruction

23| Draw metabolic map (optional). into computable format

24-32| Determine biomass composition. 38 Initialize the COBRA toolbox.

33| Add blomass reaction. v 39! Load reconstruction into Matlab.

34| Add ATP-maintenance reaction (ATPM). 40l Verify S matrix.

35! Add demand reactions. iaati ;

: : 41| Set objective function.
| 361 Add sink reactions. 421 Set simulation constraints.

37| Determine growth medium requirements.




COM QUAIS FERRAMENTAS?

Table 1 List of selected genome-scale metabolic reconstruction tools and their main features

Mendoza et al. Genome Biology (2019) 20:158
https://doi.org/10.1186/513059-019-1769-1

Genome Biology

RESEARCH Open Access

®

Check for
updates

A systematic assessment of current
genome-scale metabolic reconstruction
tools

Sebastian N. Mendoza', Brett G. Olivier 2, Douwe Molenaar' and Bas Teusink’ ®

TOOLS
AU [cA ™MD [ME Ms PT [Ra

Feature Description
Co e s king on impraving the taol
mainte

Unsatisfactory

Proper support to users

Reconstruction Mapping method Reactions are inherited  Associated Version Type of software o
tool from databazes Satsfactory
‘ AuReMe Pantograph (Inparanoid and OrthoMCL) Template model(s) BIGG-MetaCyc 124  Command line coud
‘ CarvelMe Diamond, eggNOG-mapper” Template model BIGG 1.2.1 Command line Outstanding
Merlin Mapping from annotation with BLAST or HMMER Database KEGG 38 Standalone
interface
‘ MetaDraft Autograph (Inparanoid) Template model(s) BIGG 09.2 Standalone
interface
ModelSEED Annotation ontology map from RAST data Template model ModelSEED 22-24 Online service
Pathway Tools Pathologic Database MetaCyc 220 Standalone " T
interface E Fast ;f::rnt:nmpul.almnn\hrr
RAVEN Autograph-type method from BLASTP and Bidirectional Database- Template KEGG-MetaCyc 201 Command line E ST rhe e

BLASTPE model(s)

2eggNOG-mapper should be mun externally by the user
EBidireactional BLASTP is used with template models and BLASTP with databases (KEGG and Metacyc)

in parameter

ns for.

Traceability

raft

ment using Able to automati




What is flux balance analysis?

Jeffrey D Orth, Ines Thiele & Bernhard @ Palsson

Flux balance analysis is a mathematical approach for analyzing the flow of metabolites through a metabolic network.
This primer covers the theoretical basis of the approach, several practical examples and a software toolbox for
performing the calculations.

0 QUE E FBA?

» FBA = Flux Balance Analysis ‘ Andlise de Balanco de Fluxo;

» Abordagem matemdtica;

Stationary phase

Exponential (log)
phase

%
phase

Extended Aeration
Aerobic Digesters

» Calcula o fluxo dos metabdlitos em uma rede metabdlica
(mmol /gDW /h);

Contact Stabilization
Rouging Filters
Pre-treatment Systems

Conventional Activated Sludge

Log number of viable cells .

» Torna possivel a predicéo da taxa de crescimento de um
organismo ou a taxa de produgdo de um metabdlito Time —>
biotecnologicamente importante.




ax;
—l=Sij.Uj, ViEm,VjEn

0 QUE E FBA? dt

X; - concentracdo dos metabdlitos;
L - tempo;
» Aplicacéo de restricdes ao sistema; Vj - vetor de fluxo

» Estado estaciondrio — ndo hd variagdo da
concentragdo dentro do sistema

V3 V3 V3
A Constraints A Optimization A
dx; , . -
» Logo — é igual a zero 1)Sv=0 maximize Z
dt 2) a;< v;< b,
ﬁ

> Reversibilidade das reagdes > vy

Allowable
solution space

Unconstrained
solution space




RESOLVENDO FBA
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Mathematical Modeling in
Systems BlO'Ogy AN INTRODUCTION

Brian P. Ingalls
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ILUSTRANDO
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ILUSTRANDO
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Modos de fluxos elementares: potenciais
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ILUSTRANDO

Conseguem

identificar
comportamentos
biologicamente ndo
realisticos?
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RESOLVENDO FBA p—
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» Z é uma combinagdo linear dos vetores de fluxo (v);

» ¢ é um vetor de pesos que indica o quanto cada reacdo (v) contribui para o objetivo;

»Na reagdo Z = Vbiomassa, ¢ possuird o valor 1 na posicdo da reagéo de biomassa.
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BIOMASSA

» O fluxo obtido na reag¢do de biomassa corresponde a taxa de crescimento

exponencial U ;
In?2

» Para saber o tempo de duplicagdo (em horas), use a férmula: d —

1l

» 20 mmol /gDW /h de cada substrato em E. coli: Growth Rate (hr")
Substrate Aerobic Anaerobic
acetate 0.3893 0
» Acetato: 1,78 h (~1h e 46 min) acetaldehyde  0.6073 0
. 2-oxoglutarate  1.0982 0
> Frutose: 0,39 h (~ 23 min e 30 s) ethanol 0.6996 0
D-fructose 1.7906 0.5163

fumarate 0.7865 0



SE LIGA NA REVISAO!




Genome-scale
metabolic reconstruction

Mathematically represent
metabolic reactions
and constraints

Mass balance defines a
system of linear equations

Define objective function
(Z=c v+ "V, ..]

Calculate fluxes
that maximize £

A=< B+ C Reaction 1
B+ 2C—=D Reaction 2
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To predict growth, £= Vhigmass
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VAMOS A PRATICA!
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