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1.  

1.1 Corynebacterium glutamicum 
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1.2 Synthetic biology 

1.2.1 Concept of synthetic biology 
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1.2.2 Chassis, minimal cells and relevant genes 
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Figure 1.1:

et al.



 

  

 

 
       

1.2.3 Genome reduction toward a chassis 
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C. glutamicum

C. glutamicum

Figure 1.2:

C. glutamicum

et al.



 

  

 

 
       

1.3 Laboratory automation for bioprocess development 

1.3.1 Throughput and scale of experiments in biology 
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1.3.2 A Mini Pilot Plant for bioprocess automation 
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Figure 1.3:



 

  

 

 
       

1.4 Aim of this work 
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2.  

2.1 Materials 

2.1.1 Chemicals and enzymes 
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2.1.2 Strains 

-
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- - -
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2.1.3 Growth media 
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Substance 
CGXII 

BioLector 
CGXII 

Bioreactor 
Enriched CGXII 

BioLector 

(NH4)2SO4 20 g 20 g 10 g 
K2HPO4 1 g 1 g 1 g 
KH2PO4 1 g 1 g 1 g 
CaCl2*2H2O 13.25 mg 13.25 mg 13.25 mg 
MgSO4*7H2O 0.25 g 0.25 g 0.25 g 

FeSO4*7H2O 10 mg 10 mg 10 mg 
Biotin 0.2 mg 0.2 mg 0.25 mg 
Protocatechuic acid 30 mg 30 mg 30 mg 
MnSO4 * H2O 10 mg 10 mg 10 mg 
ZnSO4 * 7 H2O 1 mg 1 mg 1 mg 

CuSO4 * 5 H2O 0.313 mg 0.313 mg 0.313 mg 
NiCl2 * 6 H2O 0.02 mg 0.02 mg 0.02 mg 
D-glucose 10-40 g 10 g 40 g 
Urea 5 g - 5 g 
MOPS 42 g - 42 g 

AF204 - 300 ppmv - 
Yeast extract - - 6 g 
L-threonine - - 238 mg 
Thiamine-HCl - - 0.5 mg 
Cyanocobalamin - - 0.1 

Pyridoxine-HCl - - 2.5 mg 

2.1.4 Robotic platform 
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2.2 Methods 

2.2.1 Strain libraries 
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2.2.2 Cultivation in microfluidic chips 
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2.2.3 Cultivation in microtiter plates 
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2.2.4 Maximum growth rates from microtiter cultivations 
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2.2.5 Cultivation in lab-scale bioreactors 
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2.2.6 Biomass quantification from bioreactors 
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2.2.7 GC-ToF-MS measurements 
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2.2.8 LC-MS/MS Analytics 
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2.2.9 Differential transcriptome analysis 
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2.2.10 Robotic workflow for automated harvest 
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2.2.11 Automated metabolite quantification 
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at 

 = 340 nm

During data analysis, raw absorbance values were 

first normalized by wells with water as sample, before the D-glucose 

concentrations were calculated according to the standard calibration curve. 
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3.  

3.1 Genetic organization and essential genes in C. glutamicum 
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Figure 3.1: C. glutamicum

et al.

C. glutamicum



 

   

 

 
      

3.2 Validation of wild type growth characteristics on defined medium 

3.2.1 Biphasic growth on CGXII medium 
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Figure 3.2: C. glutamicum

et al.



 

   

 

 
      

3.2.2 Identification of a hidden co-substrate in CGXII medium 

- -

-

-

 

-

 

  

- -

- -

 

-

- -

- -

 

 



Figure 3.3: C. glutamicum

et al.

C. glutamicum



 

   

 

 
      

3.2.3 Medium formulation for strain characterization in microtiter plates 
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Figure 3.4: C. glutamicum

et al.

 



 

  

 

 
       

3.3 Handling and robot assisted characterization of large strain libraries 

3.3.1 Workflow to store and characterize large strain libraries 
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Figure 3.5:



 

   

 

 
      

3.3.2 Standardized data analysis 
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Figure 3.6:

C. glutamicum



 

   

 

 
      

3.3.3 Triggered harvesting of cell-free supernatants from BioLector 

cultivations 
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Figure 3.7:

et al.



 

  

 

 
       

3.3.4 High-throughput metabolite assays in microtiter scale 
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Figure 3.8:

et al.

C. glutamicum
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3.4 Characterization of prophage-free C. glutamicum 

3.4.1 Irrelevance of prophage elements for a chassis 
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Figure 3.9: C. glutamicum

3.4.2 Stress response and heterologous protein expression 

C. glutamicum



Figure 3.10: C. glutamicum
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Figure 3.11: C. glutamicum

et al.

  



 

   

 

 
      

3.5 Deletion of non-essential gene clusters from prophage-free 

C. glutamicum 

3.5.1 Relevance of non-essential gene clusters for growth of C. glutamicum 
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Figure 3.12:

et al.
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3.5.2 Growth and product formation of genome-reduced L-lysine producers 
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Figure 3.13:

et al.



 

   

 

 
      

3.6 Combinatorial deletion of irrelevant gene clusters 

3.6.1 Interdependence of irrelevant clusters in C. glutamicum 
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Figure 3.14:

C. glutamicum
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3.6.2 Effect of combinatorial deletion in strain W65 
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Figure 3.15:

C. glutamicum



 

   

 

 
      

3.7 In-depth characterization of pre-chassis W121 and W127 

3.7.1 Biological fitness under stress conditions and on other C-sources 
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Figure 3.16:
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3.7.2 Growth in lab-scale bioreactors 
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Parameter  WT 

(n  

W121 

(n  

W127 

 

µmax [h-1] according to: 

 OD 0.43 ± 0.02 0.43 ± 0.02 0.42 ± 0.01 

 CDW 0.41 ± 0.03 0.36 ± 0.04 0.38 ± 0.02 

 Cell concentration 0.46 ± 0.02 0.54 ± 0.03 0.48 ± 0.01 

 Biovolume 0.43 ± 0.01 0.46 ± 0.01 0.44 ± 0.01 

 Backscatter (Biolector) 0.44 ± 0.02 0.47 ± 0.02 0.48 ± 0.01 

YX/S [g g-1]  0.60 ± 0.04 0.49 ± 0.05 0.56 ± 0.01 

Base used [mL]  3.48 ± 0.61 3.20 ± 0.49 3.36 ± 0.55 

Acid used [mL]  0.69 ± 0.31 0.65 ± 0.30 1.01 ± 0.59 
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Figure 3.18:
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3.7.3 Morphology of W121 
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Figure 3.19: 
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Figure S-1:

C. glutamicum

et al.



Figure S-2:

C. glutamicum

et al.  
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Figure S-6 C. glutamicum
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