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The field of Metabolic Eng ineering (M E) has gained a major impo1tnr1w, ·d11 11 1 II 
allows the design of improved microorganisms for industrial applicn l lrn 111, • .i , 11111111 
with wild-type strains that usually have low production capabi lilio:1 Ir 1 lrn 11 1•1 1 d II 11 
target compounds. The ultimate aim of ME is to ident ify genetic n1:111 lp1ilo1thi11 •, 111 

silica leading to improved microbial strains, that can be imp lo111011t o<I 11 '>1 1111 1111 v11 I 
molecular biology techniques. This task, however, is a complex 0110. 1IJ<111 11Ir111 I J 11 
existence of reliable metabolic models for st rain simulation and ro()1 1:1 I 
optimization algorithms for target identification. 

Strain simulation is usually performed by using Linear or Quadratic 111 <>q1.111111111 
methods that assume a steady state over the intracellular metabolil o: .. I J()w11v111 , 
most of the available genome-scale models do not allow to make 900< I 
predictions on flux d istributions, ultimately leading to ineffective Ml :i 11 , 1l1 i ql1 1~. 

Another important aspect associated with model predictions is tho inlh 1ur 1w 1 >I 

the biomass equation added to the model. Since most s imu lation too l :~ 1<H 11 1111 
directly or indirectly the computation of max imal biomass formation, 1111:: 
composition has a great impact in the predictive power of these model::. 
Moreover, biomass composition is intrinsically related w ith essentiality 
predictions. 

In this talk, a detailed analysis will be presented on the present prediction pow1 11 
of genome-scale metabolic models and simulation tools and on the imp 
having accurate experimental measurements for model val idation. Moreover, 
improved simulation and optimization tools based on d ifferent optimization 
formulations and on the concept of control effective fluxes w ill be introduc 
allow to perform metabolic engineering tasks in a more reliable fashion . 

Relevant Literature: 
Gonc;;alves, E. et al. J Comp Biol, 19, 102, 2012. 
Machado, D et al. Bioinformatics 28, i515, 201 2. 
Rocha I. et al. BMC Systems Biology, 4(45), 1-1 2, 2010. 
Soons, Z. et al. PLoS One, 8(4), e61648, 2013.3 
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ientific Computing (IMPRS-CBSC) , Max Planck 

l11 ·il ll11l i1 1111 Molncul:1r Genet ics, lhnestr 63-73 , D-14195 Berlin, Germany; 3 Berlin 
M1dl1111 11.i l li ;r d :;cllool (IJM S), Borlin , Germany; 4 DFG-Research Center Matheon, 
I 1111 1111 . ' 11 111r n111y: 11 I ll o Sc ience, Centre for Mathematics and Computer Science 
' WI). • .i 111111 11 I 'r11 I< I:):}. I 098 XG Amsterdam , The Netherlands; 6 Molecular Cell 
I 'I 1y•1 l1il1111v. Vl l l lrilvti1:1 lly, l )o n oololaan 1087, 1081 HV, Amsterdam, The 
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f\ 111 l111cl. 1111 , 11 11 1 N1it l1 or b11cl:1: " Nolliorlands Inst itute for Systems Biology, 
f\ 111 111111>1111 , 1111 1f\Ji 1ll1rn l.11ul-.: 11 ~;y:i t orns Bio informatics, VU University, De 
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I lw / 1. I/, 1111 11 1111. i/1 -.1·. (I Ill\ ) I·, 0 110 o l 1110 most often applied methods on genome-
' !11 1111 1, II 11ii11 111iiw111 k'., /\ 11lirn 1qli I Bl\ uniquely determines the optimal yield , 

111" 11 111 1w11y I I 11 ii 111 I rl11v• 1·. II 1b 1:1 11:1uri lly not unique. The analysis of the optimal 
' 11 Iii 111 1" •q 1.11 11 '1 11·, I 11111 11 ;111 opo11 challenge. Flux variability analysis is only 
1 q i1111111q ·.111 1111 pll>IHJltlu:1 ol l lHl flux space, while elementary mode analysis is 
11111 11 1,11il111Ii11 1 11 i I I 1u 11 1101111ou:; number of elementary modes. However, it has 

f optimal-yield fluxes decomposes into modules [1]. 
muc h easier but still comprehensive analysis of 

w, wi ll 1111 1·.11111111ol l1ods on how each module can be analyzed by itself. Together 
w ii Ir v i" '" 1111• ii 1011 methods for the interplay of the modules, this gives an intuitive 
111111111 1l11 11ill11q o l tho opt imal-yield flux space of genome-scale metabolic 
111 lw1 111.-. 

matical definit ion of module introduced by [2], we are now able 
composition into modules in a few seconds for genome-scale 

1111lw111 11:. I lor1ce, we expect the new method to replace flux variability analysis in 
1111 1 1 i1111 i11110:1 fo r m etabolic networks. 

I 11111.il 1111 

11 I ' .i11v1111 M. Kelk, Brett G. Olivier, Leen Stougie, and Frank J. Bruggeman. Optimal flux 
· 11"11 ;11'.1 ol gonomescale stoichiometric models are determined by a few subnetworks. 
l~ 1 : l111 ill l lc Reports, 2:580, 2012. 
1:11A111 0 Muller and Alexander Bockmayr. Flux modules in metabolic networks. Journal of 
M, 1ll1omatical Biology, 201 3. submitted, preprint: urn:nbn:de:0296-matheon-12084. 
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