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Project approach in a nutshell

phenotype 2 Fermentation

| metabolome ‘

interactome ‘ Analysis
l proteome ‘
| transcriptome ‘ Modeling
‘ genome }

Metabolic
engineering
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Methods & Tools

Fermentation Analytical
Technology Methods

Intracellular metabolites : GC/LC-MS/MS
Gene expression: Microarrays & gPCR

Chemostats, pertubation experiments
(Bioscope) & screening in batch

Metabolic Mathematical
Engineering Modeling

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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The simple life: Garbage in = garbage out

Variables not considered
Negligibility assumptions —

Inaccurate data
Accurate data

|

Exact and detailed mathematical analysis

: : v :
Misleadingly wrong conclusions
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The simple life: Garbage in = garbage out

Variables not ¢
Negligibility as
Inaccurate dat GoodModeIingPractice,
Accurate data

Need for reliable data,
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Exact and detailed mathematical analysis

Misleadingly wrong conclusions
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Methods & Tools

Metabolic Fermentation
Engineering Technology

Mathematical'
Modeling

Analytical
Methods
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Sampling & extraction
:t'ee:ifeed Rapid sampling
\ 13C standards
=T
|
Sterile air quenching solution
Cryostat
Centrifugation
Waste
Boiling
- — - Pellet resuspension —
Metabolite analysis Vacuum evaporation
8
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Sampling & extraction

Sterile feed : |
stream Fand sarpen Rapid sampling device
¥ (chemostats) or
Bioscope (faster)
bk |

quenching solu
Cryostat

Slerile ol m—

Waste

-

Metabolite analysis
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alytical methods

Sampling & extraction

Sterile feed

stream Rapid sampling

Sterile air

11¢-labeled 'C-labeled
Isotope Dilution Mass Spectrometry (IDMS)
Quantification of intracellular metabolites using
U'*C-labeled internal standards (wu et al 2005)

Waste

100 pL Y 1000 pL

Metabolite analysis C
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Sterile feed
stream

Sterile air
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Sampling & extraction
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] Rap sompling Leakage intracellular metabolites
¥ 15C standards Solution: differential quenching
method (broth — sup).
pa |

quenching solution
Cryostat

Buailing

Centrifugation

Waste

Pellet resuspension Ap—

Metabolite analysis

608

Vacuum evaporation
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Differential method (IC=Total-EX) ™"
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lcroth  Measured metabolite concentration in total broth
Ilicest  Estimated Intraceliular metabolite concentration
Bcx Measured extracellular metabalite concentration
-QS Measured metabolite concentration in quenching solution
ws Measured metabolite concentration in washing solution
-BR Measured metabolite concentration in biomass residu solution

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

103+

Chemostat culture: D = 0.1 h't

Condition %

Life 85+3 =
Damaged 3 +1 G
Dead 12+5
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PE-Texas Red Log 13
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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

l- Elementary flux modes,lMetaboIic flux analysis, Flux balance analysis

Partial least squares (PLS)

Modeling based metabolic 15
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Initial candidate Experimental data
models |

05
. —

[6PG] (umol/g)

A 4

population
of models

Time (s)

EA operations

crossover

( Fitness calculation HBesl model(s))

A 4

Optimal expeltlmgnt.al d§5|gn Best model
for model discrimination

mutation

Selection of models

-20 100 220 340 460 580 700 820 940 1060 1180
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Genetic programming (GP)

— a;-(Sy/az)+asz*In(S;)

ooloN 0

Tiene s
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—(a.Syaz) / (a3*Sz)

Candidate model

Time [s)
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Genetic programming

(a148:8z) / (81°S2)
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Genetic programming
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Genetic algorithms (GA) based kinetic model stucture
identification: Glucose-6-phospate dehydrogenase (Vggppn)

glycolysis
A

i _..» pentose phosphate pathway
GLC — G6P ] 6PG
"=~ Entner-Doudoroff pathway
NADP NADPH
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Genetic algorithms (GA) based kinetic model stucture
identification: Glucose-6-phospate dehydrogenase (Vggppn)

&0 Best Model
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Time (s)
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Genetic algorithms (GA) based kinetic model stucture
identification: Glucose-6-phospate dehydrogenase (Vggppn)

Kinetic model

2
1.2559-CnappH “+1.2206-Cyapp -Cogp+ 1.1527 -Copg -CNADPH +1.4743-CGop-CNADP -CNADPH +1.2348-CGep-CopG -CNADPH
+0.89416 -CyaDp -CoPG -CNADPH

v -
GGPDH Cegp+0.89562 -Cyappy 2+ 1.2638-Coap-Cyapp +0.89712-Cogp-Copg + —0.2745-Cop2-Copg
+0.85057 -Cyapp 2-Crappy +1.209-1

Generation: 15, Fitness: 1.246379e-001, Complexity: 13
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Donckels et al. Chemometr. Intell. Lab. in press [ Poster # 55, Session A ]
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Summary

Experimental data

initial candidate
models

. population
\ of models

Concentration

Time (5]

~—

EA operations

crassover
mutation

Best model(s)

Fitness calculation

Best model

t Selection of models

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

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
1.6 T T T T T T T T T

14+ EEM 1233 Network:_ i
155 reactions

1.2 171 metabolites
1 ‘ ®
ol oo \:\‘ 17528 EFMs -

0.6

Ysuccinate/glucose [mOI/m0|]

0.4

0.2

Ybiomass/glucose [C'movaI]

Lequeux et al. 2006. Biotechnol. Progr., 22:1056
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Partial least squares

EFM 1
EFM 112
3 P
F 3 A
m L :
& L x| x X Transformation
B X o
—n; X X X X X _— b4
1l x X
o™
x 1
X1 =JpTs X1
. o)
Able to analyse numerous and highly correlated data o 4
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‘ proteome ‘
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RT-qgPCR: normalization

RT-gPCR normalization
« 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
« At present: 16S rRNA, gapA

r - gapA >
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RT-qPCR: reference genes

CRP

= 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

= Detection
» Multiple (n-way) alignment
* PhastCons (Phylogenetic Analysis with Space/Time
models)

ATCTCGACGA AATGGCTGCA CCTAAATCGT GATGAAAATC ACATTTTTAT [-250 -201]

36
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PhastCons We Wy
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Phylo-HMM

States:
Conserved
Non-conserved

Observations:
A,C,GT

Space:

Specie 1:GACGAAATGGCTGCACCTAAATCGTGATGAA
2
Specie 2.GACGAA?TGGCTGCACCTAAATCGTGATGAA

2IATCACATTT [-250 -201]

Metabolic Fermentation m g iy m
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Phylo-HMM

States:
Conserved
Non-conserved

Observations:

ACGT
Time:
“ Haemophilus ducresd 3 5000HP
AG Haemophilus influenzas S6-025MP
i Time k o Haemaphilus influenzas PIHEE I
@ “ Haemophilus influenzae Fittoo
L

& Pasteurella multocida subsp. mu

7 Acfinobacillus pleuropneumoniae serovar 3 st JLOS

45 actinobacillus pleuropreumaniae serovar 7 str. 4 P76
.

@ actinobacillus pleuropnesmonias L0
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Phylo-HMM

States:
Conserved
Non-conserved

Observations:
A,C,GT

Space:

Time
-
“ Haemophilus ducres 35000HF

| 12 Haemophilus influenzas &6 025MF I

E—-:JHauemoDhilus influenzae PIttEE I

@ 1 Haemophilus influenzae PitGoe
2 pasteurella multocida subsp. mu
3 Acfinobacillus pleuropneumonias serovar 3 st JLOS
0_\_‘ Actinobacillus pleuropneumaniae serovar 7 5it APTE

& actinobacillus plesropneumaniae L20
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Metabolic Engineering
Genetic modification toolbox

» Protocol for (multiple) gene knock-outs
= 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




Relative activity of GFP (RFU/OD goo)
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Artificial promoter library
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Gene expression level (QPCR)

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

= metabolic engineering is more than just the analytics.

= metabolic engineering is more than just the fermentations.
= metabolic engineering is more than just the modifications.
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