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Automatic identification and restoration of reaction gaps in

the consensus reconstruction network for yeast metabolism

Chuan Lu, Ross D. King
Dept. of Computer Science, Aberystwyth University, Wales, UK

Introduction

Motivation

Consensus network reconstruction for yeast metabolis~z

An automated procedure of identifying and filling of reaction gaps in

Applications

genome-scale metabolic networks within the framework of flux
balance analysis.

To identify the non-producible metabolites in the network
constraint-based optimisation techniques

Search for reactions to add into the model to restore the reachability

graph traverse algorithm

of the metabolites or clusters of metabolites

This is part of an iterative process of converting a genome-scale
reconstruction into an executable computational model:

representing the reactions in mathematical form,
validating and refining the mathematical model.

Yeastnet1.0: community driven, rigorously evidenced and well 7L
annotated [1] http://www.comp-sys-bio.org/yeastnet/

Yeastnet2.0: a recent expanded network reconstruction that includes
a detailed and evidence description of lipid metabolism.

Yeastnet2.0: 1834 unique chemical reactions, 886 ORFs and 1418
metabolites located in 15 different compartments.

Need for automated procedure for network validation.

Method

Background

Flux Balance Analysis (FBA)

Structural Gaps in metabolic networks
Reaction gaps, orphan enzymes, ...

Procedure

Mechanisms to rescue reaction gaps in the networks

=> reversibility; transportation; cell consumption

=> adding missing reactions from reference model

=> metabolite exchange (uptake or secretion)

Focus on bridging gaps that block the cell from producing some

Table: YEASTNET2.0 blocked metabolites/reactions

YEASTNET #Meta- #Reac- Reaction
bolites Metabolites BlockRate _tion
Cytoplasm 1319 75 0.057 1064 73 0.069
Mitochondrion 458 75  0.164 317 60  0.189
Nucleus 346 5 0.014 51 6 0.118
Extracellular 184 2 0.011 177 2 0.011
Er ic reticu 170 54 0.318 186 35 0.188
Ga Cell envelope 155 6  0.039 99 6 0.061
p :> Peroxisome 110 1 0.009 103 3 0.029
i ification: Mitochondrial mem 95 8  0.084 4 4 1.000
'dentlﬂcat'on; Lipid particle 76 1 0.013 209 2 0.010
flux range analysis Vacuolar membran 50 10  0.200 5 5 1.000
Vacuole 26 0 0.000 34 1 0.029
Golgi membrane 20 3 0.150 2 2 1.000
Golgi 20 12 0.600 7 6 0.857
Endoplasmic reticu 7 5 0714 3 3 1.000
Blockage network Nuclear membrane 7 0 0.000 0 0 NA
clustering: Peroxisomal memk 6 0 0.000 0 0 NA
ite r ili Total 3049 257 0.084
based
-
For each
blocked \
cluster | ] 1
Search for pseudo .o j
root blocked : N 1 |
metabolite(s): :
Graph traverse algorithm ! J

Reference yeast
Models:iIN800, iND750,/

Sequentially fill in metabolite gaps
till whole cluster restored or all

metabolites have been checked:
Finding minimal list of missing reactions to ||

Gene
annot.:
KEGG,
SGD,

Putative reactions:
transportation, reaction
from other organisms

be added to the network in order to make the
metabolites producible.

metabolites: assuming all metabolites are all consumable, all reactions
reversible.

Gap identification: flux range analysis
Blocked metabolite clustering:

Check metabolite reachability with blockage network
Blockage network: formed by blocked reactions.
Finding pseudo root blocked metabolites: graph traverse.

Hypothesis
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anual test: ycroeybensoate  Miochondrion 19 18 KEGG___enceptfor 5. 186 _iyaronyoenioate] | ”
) = e
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Gap filling: mixed integer linear programming, principle of minimum
metaboli Minimize a

sLSv+Uy=0,

Vaing = Vi = V- Vi € R in current model

@Y pin) SV, S,V Vi ER in database

v, =€~ M(1-b,), Yk € R with metabolite m as product

Sb>0abe (01}
where £,M >0, e =0, M —;
S and U are

v, = -&+ M(1-b,),VIE R with metabolite m as reactant and reversible

ic matrices for model and database, respectively.

< Computational tools implemented in python, LP solver Ipsolve5.

Acknowledgements

The YEASTNET project

Paul D. Dobson, Kieran Smallbone, Pedro Mendes
et. al.: Manchester center for integrative Systems
Biology, University of Manchester, UK

Pinar Pir, Stephen G. Oliver: Cambridge Systems
Biology Center, University of Cambridge, UK

The EU FP7 project of UNICELLSYS.

Further information
Chuan Lu

Dept. of Computer Science
Aberystwyth University
Aberystwyth,

SY23 3DB, Wales, UK
cul@aber. ac.uk

(KEGG, MetaCyc ...)

Conclusions

= One-step further computational effort over the initial manual curation towards a
gapless network reconstruction model.

= We can systematically decrease the inconsistency of the model and potentially
improve the accuracy of the model simulation.

= This approach can generate hypotheses (suggesting good candidate reactions)
for manual verification or further robot experimental tests.
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