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Intracellular metabolites : GC/LC-MS/MS

Gene expression: Microarrays & qPCR

Chemostats, pertubation experiments

(Bioscope) & screening in batch 
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Dynamic metabolic modeling
• Model identification (Evolutionary algorithms)
• Approximative kinetics

Optimal experimental design
Steady state modeling

Construction of E. coli mutants (genome)

Knock-out, knock-in

Knock-up, knock-down (artificial promoters)

Specific point mutations
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• Variables not considered

N li ibilit ti

The simple life: Garbage in = garbage out

• Negligibility assumptions

• Inaccurate data

• Accurate data

Exact and detailed mathematical analysisExact and detailed mathematical analysis

Misleadingly wrong conclusions
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• Variables not considered

N li ibilit ti

The simple life: Garbage in = garbage out

Need for reliable data,
• Negligibility assumptions

• Inaccurate data

• Accurate data

Exact and detailed mathematical analysis

GoodModelingPractice, …

Exact and detailed mathematical analysis

Misleadingly wrong conclusions



4

Mathematical
ModelingMethods & Tools

Fermentation
Technology

Analytical
Methodologies

Mathematical
Modeling

Mathematical
Modeling

Metabolic  
Engineering

Fermentation
Technology

Analytical 
Methods

7

Mathematical
Modeling

Metabolic  
Engineering

Fermentation
Technology

Mathematical
ModelingAnalytical methods

13C t d d13C standards

8



5

Mathematical
Modeling

Metabolic  
Engineering

Fermentation
Technology

Mathematical
ModelingAnalytical methods

Rapid sampling device 
(chemostats) or(chemostats) or 

Bioscope  (faster)
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13C t d d

Leakage intracellular metabolites
Solution: differential quenching13C standards Solution: differential quenching 
method (broth – sup).
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Differential method (IC=Total-EX)

Taymaz-Nikerel et al. submitted (Anal. Biochem.) [ Poster # 59, Session A ] 12
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Flow cytometry

Condition %

Life 85 ± 3

Damaged 3   ± 1

Dead 12 ± 5

Chemostat culture: D = 0.1 h-1
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Metabolic modeling
 Dynamic metabolic modeling

• Model structure identification (Evolutionary approaches) 

Genetic programming (GP), Genetic algorithms (GA)

• Optimal experimental design for model discrimination (OED-MD) 

• Optimal experimental design for paremeter estimation (OED-PE)

• Approximative kinetics [ Poster # 57, Session A] & Cybernetic modeling

• Hidden Markov models (HMM)

 Steady state metabolic modeling
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Steady state metabolic modeling
• Elementary flux modes, Metabolic flux analysis, Flux balance analysis

 Multivariate data analysis (MVDA)
• Partial least squares (PLS)
• Graph theory (GT)

Modeling based metabolic 
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Dynamic metabolic modeling approach

2.0

2.5

g
D

W
)

m
o
l/
g)

0.0

0.5

1.0

1.5

-20 100 220 340 460 580 700 820 940 1060 1180

Time (s)

[6
P

G
] 

( 
m

o
l/

g

Time (s)

[6
P
G
] 
(
m

16

Best model
Optimal experimental design 
for model discrimination
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Genetic algorithms (GA) based kinetic model stucture 
identification: Glucose-6-phospate dehydrogenase (vG6PDH)
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Genetic algorithms (GA) based kinetic model stucture 
identification: Glucose-6-phospate dehydrogenase (vG6PDH)

model 1model 2model 3model 4model 5model 6model 7Crossover 
& Mutation
Crossover 
& Mutation
Best Model
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Kinetic model

Genetic algorithms (GA) based kinetic model stucture 
identification: Glucose-6-phospate dehydrogenase (vG6PDH)

Kinetic model
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OED for model discrimination (vG6PDH)
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Donckels et al. Chemometr. Intell. Lab. in press [ Poster # 55, Session A ]
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Summary

Donckels et al. Chemometr. Intell. Lab. in press [ Poster # 55, Session A ]
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Best model

Optimal experimental design 
for model discrimination
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Steady state modeling: Elementary flux modes
The routes through a network with a minimum number of 
reactions that can exist as a functional unit
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Lequeux et al. 2006. Biotechnol. Progr., 22:1056 26
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Partial least squares

Abl t l d hi hl l t d d t
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Able to analyse numerous and highly correlated data

By transforming the original variables x1 and x2 

into a few ‘new’ variables (orthogonal, uncorrelated) 
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EFM-PLS prediction

Succinate exportGl l t h t Succinate export

ppc

Glyoxylate shunt

PP pathway

sdhABRespiration

Growth
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Beauprez et al. [ Poster # 15, Session B ]
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RT-qPCR: normalization
RT-qPCR normalization
• Eliminate non-biological variation• Eliminate non-biological variation
• Variation due to e.g.

• Extraction efficiencies
• cDNA synthesis

Reference genes
• Should be stably expressed
• Should not show variations under studied conditions
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• At present: 16S rRNA, gapA
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RT-qPCR: reference genes

ATCTCGACGA AATGGCTGCA CCTAAATCGT GATGAAAATC ACATTTTTAT   [-250 -201]

 Transcription factor binding sites (TFBS )
• Are well-conserved between diverse species
• Show a slower rate of change than in other parts

 Predicting presence of TFBS

[ ]

CRP

36

Predicting presence of TFBS

 Detection
• Multiple (n-way) alignment
• PhastCons  (Phylogenetic Analysis with Space/Time 
models)



19

Mathematical
Modeling

Metabolic  
Engineering

Fermentation
Technology

Mathematical
ModelingAnalytical methods

PhastCons

Phylo-HMM

Space:

States:
Conserved
Non-conserved

Observations:
A,C,G,T

Specie 1:GACGAAATGGCTGCACCTAAATCGTGATGAAAATCACATTT [-250 -201]

Specie 2:GACGAA?TGGCTGCACCTAAATCGTGATGAA?ATCACATTT [-250 -201]

Mathematical
Modeling

Metabolic  
Engineering

Fermentation
Technology

Mathematical
ModelingAnalytical methods

PhastCons

Phylo-HMM

Time:

States:
Conserved
Non-conserved

Observations:
A,C,G,T

Time
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PhastCons

Phylo-HMM

Space:

States:
Conserved
Non-conserved

Observations:
A,C,G,T

TimeTime
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Reference genes
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Genetic modification toolbox
• Protocol for (multiple) gene knock-outs

 fast and reproducible fast and reproducible

 no antibiotic resistance left in mutant strain

• Protocol for (multiple) gene knock-ins

 fine-tuning of gene expression for control of enzyme activity  

 Artificial promoter library 

• Protocol for specific point mutations

 Remove regulatory constraints

 High efficiency strategy has been developed

42
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• 71 variants of degenerated E. coli promoter sequence

Artificial promoter library 

g p q

• Artificial promoters (AP) were constructed and their strength was 

evaluated: 

• AP + GFP gene on plasmid, construction of clones (71)

• GFP activity of each clone was measured

• PLS – model: links the sequence of promoter to its strengthq p g

43De Mey et al. 2007. BMC Biotechnol. 7:34
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In vivo performance

ppc*

Fine tuning gene expression level, control enzyme activity 44
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 metabolic engineering is more than just the math.

 metabolic engineering is more than just the analytics.

t b li i i i th j t th f t ti

Summary

 metabolic engineering is more than just the fermentations.

 metabolic engineering is more than just the modifications.  
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