Contents

Introduction

1 Analysis of the mouse iMM1415 genome-scale model
1.1 Abstract . . . . . .
1.2 Introduction . . . . . . . L
1.3 Materialand methods . . . . . . . . . . .. .. ...
1.3.1 Topological Analysis . . . . . . . . . . . . .
1.3.2 FluxBalance Analysis . . . . . . . . . ..
1.3.3 Knockoutanalysis . . . .. ... ... . . ...
1.3.4 Flux variability Analysis . . . . . . . . .. .. ..
1.3.5 Sampling . . . . . .
1.4 Resultsand Discussion . . . . . . . . . . e
1.4.1 Topological analysis . . . . . .. ... ... . . . . ... .
1.4.2 Knockout Analysis . . . . . . . . . . .
1.4.3 Flux Balance Analysisandsampling . . . . ... ... ... ... .......
1.5 Conclusions . . . . . . .
1.6 Supplementary Material . . . . . . . . ... L
1.6.1 Supplementaryfiles . . ... ... ... ... ... ...

2 Comparative study on strategies for generation of a CHO GSM
2.1 Abstract . . . . .
2.2 Introduction . . . . . . .. e e e
2.3 Materialsandmethods . . . . . . . . . . . ...
231 ModelSEED. . . . . . .
2.3.2 Pathwaytools. . . . . . . . . . .
2.3.3 Pantograph . . . . . .
2.3.4 Constrained-based flux analysis . . . . ... ... ... ... ... ...,
2.4 Results and Discussion . . . . . . . . ...
2.4.1 Obtained draft genome-scalemodels . . . . .. ... ... ... .......
242 Gene Analysis . . . . . . .
2.4.3 Networkanalysis . . . . . . . . . .
25 Conclusions . . . . . . L e e
2.6 Supplementary material . . . . . ...
2.6.1 Supplementaryfiles . . . . . . . ...



CONTENTS

CONTENTS

3 Reconstruction and validation of the CHO iNJ1301 GSM
3.1 Abstract
3.2 Introduction
3.3 Materials and methods

3.3.1

3.3.2 Hybridoma model improvement
3.3.3 Model generation and Constrained-based flux analysis
3.4 Results and Discussion
Flux Balance Analysis
3.4.2 Gap Filling and manual curation
3.4.3 Validation
3.4.4 Use of iINJ1301 to simulate CHO metabolism
3.5 Conclusion
3.6 Supplementary Material
Supplementary files

3.4.1

3.6.1

4 Integration of transcriptomic data in the iNJ1301 model
4.1 Abstract
4.2 Introduction
4.3 Materials and Methods

Transcriptomic data integration using iMAT

4.3.2 Sampling of the obtained sub models

4.4 Results and Discussion

Sampling of the obtained sub models

4.5 Conclusions

4.6 Supplementary material

Supplementary files

4.3.1

441

4.6.1

5 Concluding remarks

Bibliography



List of Figures

NN —

— — —
Awih=

2.1

2.2

3.1
3.2

3.3

3.4
3.5

3.6

4.1
4.2

4.3

4.4

4.5

Flux Balance Analysis (FBA) . . . . . . . . 3
Gene Protein Reaction (GPR) associations . . . . ... ... ... ... ....... 4
Node-degree distribution for the mouse genome-scale model iIMM1415 . . . . . .. 12
Compartment distribution of dead end metabolites . . . . . ... ... ... ..... 13

Probability flux distribution for biomass production and relevant exchange reactions . 15
Correlation matrix calculated using 5000 sample points for the 3726 reactions in the

iIMM1415 model. . . . . . . 17
Generation of three CHO genome-scale draft models using Pantograph, modelSeed

and Pathway Tools . . . . . . . . . . . . 23
Comparison between included genes for the CHO-Pantograph and CHO-Pathway

Tools metabolic reconstructions . . . . . . . . . .. ... L Lo 28
Proposed strategy for generation of a CHO genome-scale model. . . . . . . ... .. 33
Distribution of included CHO genes using an Hybridoma model, iMM1415 and

Recon 1 as template for generation of a CHO draft genome-scale model . . . . . . . 36
Classification of metabolic reactions in CHO genome-scale models . . . . . . .. .. 36
Prediction of cell growth by Flux Balance Analysis (FBA) . . . . . .. ... ... ... 37

Validation of a genome-scale model for CHO cells. Predicted cell growth on lactose
as carbon source is due to the presence of reaction LACZe that allows conversion
of lactose to galactose and glucose, carbon sources that are able to support cellular

metabolisSm. . . . . . . 40
Flux Variability Analysis (FVA) for the iNJ1301 CHO genome-scale model applying
internal constraints for an inefficient carbon metabolism and for metabolic shift . . . 44

Proposed strategy for integration of transcriptomic data into the CHO iNJ1301 model 49
Selection of subsystems is based of number of reactions with non-zero flux

according to IMAT predictions . . . . . . . . . . ... 52
Probability flux distribution obtained for key reactions associated with improved
productivity . . . . . . . e 54
Probability flux distribution obtained for key reactions associated with improved
productivity . . . . . . . 55

Determination of up and down regulated genes using iIMAT . . . .. ... ...... 57



List of Tables

3.3
3.4
3.5
3.6

4.1

Biopharmaceutical products approved by FDA . . . . . . . . .. ...
Cell engineering strategies to improve mammalian cell metabolism . . . .. ... ..
Recent genome-scale models for mammaliancelllines. . . . . ... ... ... ...

Highly connected metabolites in the iIMM1415 mouse model . . . . . . . . ... ...
Lethal gene deletions according to the iIMM1415 metabolic model . . . . . . ... ..
Comparison between calculated fluxes . . . . . . . . . ... ... L.

Constructed genome-scale models using modelSeed . . . . .. ... ... .. ...
Ortholog group statistics for CHO-Mus musculus and CHO-Homo sapiens search
Obtained genome-scale models using modelSeed, pantograph and Pathway tools
Summary of the obtained CHO draft reconstructions . . . . ... ... ... ... ..

Obtained CHO draft genome-scalemodels . . . ... ... ... ... ........
Experimental evidence of CHO cell growth behaviour under different media
conditions and gene knockouts. . . . . .. ..o Lo
Additional restrictions for simulation of CHO metabolism using the iNJ1301 model

Additional restrictions for simulation of metabolic shift using the iNJ1301 model . . .
Added reactions from initial gap filling to obtain a functional CHO-HT1-MT2 model .
Gap filling for the CHO model iNJ1301 . . . . . . . . . . .. ... ... ... .....

Extracellular constraints for the CHO low and high producer model based on
experimentaldata . . . . . . . .. ..

41
43
43
46



