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Goals

Reconstruction of fully compartmentalized tisspecific
models ofArabidopsis thalianavia integration of different

dbomi csO dat a.

Two published model s, but é
Focus only on primary metabolism
Highly partial localization assignment
No tissue assignment

Further goal: utilizing these models to adapt metabolic
engineering methodology from the realm of microbes to that c
plants and design strategies for the overproduction of desirab

endproducts.



Arabidopsis as a Model Plant

Short generation time

Small size (growth facilities)
Self-pollination

Easy genetic manipulations

Features transferable to crop species
Relatively small genome size
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Reconstructing Plant Metabolic Network

The development of genorseale network models for plants is
significantly more complicated than for microbes due to the
higher level of complexity of plants metabolism:

Thousands of enzyme coding ge(essmillion bp in Arabidopsis)
4,0007T 20,000 metabolites

enzyme suftellular compartmentalization
Comprehensive experimental data is not always available



Model Building Algorithm (MBA)
—
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Reconstruction Computational P+hee

All organisms [ Arabidopsis
reactions reactions

Stage 2: Compartmentalized
model reconstruction

Stage 1: Global model reconstruction Stage 3: Tissue-specific models reconstruction



Global Model Reconstruction

Database$ Aracyc, KeggATH (requires mapping)

Reactions screenirigChemical balance

Model boundarie$ Literature search

Biomass definition Literature search

Directionality’ extracted from databases and biochemical rule

Draft model- ~1500reaction,

:1> ~1300metabolites

~600deadend reactions




Global Model Reconstruction

Gapfilling (based on MBA).
Generic seti PMN/KEGG, Core setl Aracyc/KEGGATH

Several additions:
Allows relaxation of irreversibility of core reactions.
Addition of a plant reactions is prioritized over Apliant.

A consistent model must allow production of biomass compounds
under minimal media.

Addition of ~50 plant reactions, and300
:1> nonplant reactions




Global Model ReconstructionValidation

Cross validation testi

Blast testi

precision0.61, recall0.42, p-val<1014

added reactions vs. nauded
reactions, against thirabidopsis
genome, pval <0.05



Compartmentalized Model Reconstruction

Predict metaboli c enzymeso ¢

-

The organismoés metaboli c netwo
Priori knowledge regarding localization of a subset of the enzymes

Parsimonious assumption of minimal number of crossnbrane
metabolite transports between compartments.



Minimal Metabolic Transport Assumption
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Minimal Metabolic Transport Assumption
—
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Minimal Metabolic Transport Assumption

_
Compartment A + Transport reactions depend
ontransporter proteins,
@ @ Imposingenergetic cosor
- @ @ E2 requiring the maintenance
of amembrane potential

Cytoplasm 5 \_> ! !
4 Minimize transport reactions

@ ()

Compartment B




Minimal Metabolic Transport Assumption

Compartment A
() (wa)  (ve
OEECOERCE
Cytoplasm

Compartment B

4 Match known localization
data

A Assume minimal number of
metabolite crossnembrane
transports



N

Input

A metabolic network

Known localization data for a subset
of the enzymes

(localized vs. noxocalized reactions)

4

Initial compartmentalized network,
consisting ok compartments, while:

. All metabolites are duplicated to 4l

compartments

Transport reactions are added
Localized reactions are restricted to
be active only in their associated
compartments

Metabolic Network Prior Localization Data
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Compartmentalized Model Reconstruction

MBA is used a heuristic variant of the described method.

Compartments: cytosol, plastid, mitochondria, ER, peroxisome,
golgi-apparatus, vacuole

Localized reactions experimental localizationfegt8% of t he mod
reactions (SUBA)

Non-localized reactions duplicated to different compartments according to
10 prediction programs.

Generic set transport reactions (removed first), Aocalized reactions.
Core set localized reactions.



Compartmentalized Model Reconstruction
]

4 Similar trends between the experimental data and the
reconstructed models:
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Compartmentalized Model Reconstructiovialidation
_

A

Cross-validation test: precisioni 0.47, recalli 0.5, p-val <1013
Unigue metabolic representation in different compartments:

A

Phosphatidyl- Plastid

choline, 3

Mitochondria

Quinone, 3

Sugar Pyridoxyl, 4
phosphate,
5 Flavin, 6

Hydroxy sterol, 6

Vitamin-related,
10

Carbohydrate, 7

Amino acid-
related, 2
Purine and

pyramidine, 17 Benzoate, 2

Carbohydrate, 2

Peroxisome




PHENYLALANINE, TYROSINE AND TRYPTOPHAN BIOSYNTHESIS
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Tissuespecific Model Reconstruction

MBA is used in combination with protein expression data (AtProteome).

Tissues leaves, flowers, seed, silique, roots, cotyledons,
cell-cultures (light and dark)

Proteomics data existsf6%% of t he model 0s reac
Core set Reactions identified in that tissue by the proteomics data.
Generic set Remaining reactions from the compartmentalized model.
Enables the prediction of tissue assignmen®166 of reactions.
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Tissuespecific Model Reconstructionvalidation

i Crossvalidation test: precisioni 0.77, recalli 0.7, p-val <1013
i Geneexpression validation:comparing expression data of enzymes not
detected by proteomics dafayal <104
i Tissue clusteringbased on metabolic similarity between tissues:
a)  Proteomics Clustering b) Model-Based Clustering
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Tissuespecific Model Reconstruction
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Tissuespecific Model Reconstruction

We test tissues ability to
correctly predict flux
measurements.

Utilize data from @2labeling
measurements, following S — |
knockdown of pyruvat&inase =~ " -
(PK) enzyme irArabidopsis

seed. ( 7 l

FEP, +

17 exchange fluxs31linner
fluxes.

Biological function:
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Tissuespecific Model Reconstruction

Quadratic programming was applied to find a feasible flux
distribution that is as close as possible to the measured WT fluxes,
using MOMA.

Effect of knockdown was predicted by constraining the flux
through PK reaction, and utilizing MOMA again.

Results: correlatioin 0.46 (p-val =0.0012)

Decrease in fatty acid formation, decrease in PK cytosolic reaction,
Increase in TCA activity, increase in starch accumulation.

Leaf and compartmentalized model repeated analysis resulted in
similar correlations but an increase in fatty acid formation.



Metabolic Engineering Application
|
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Metabolic Engineering Application

A Our goal: predicting genlenockouts that are likely to increase
tocopherol content iArabidopsisseeds.

P2
<

We us MOMA to compute likely
flux distributions achievable
after the knockout of each single
gene in the seed model.

salicylicacid
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