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Introduction:

• Corynebacterium glutamicum is a 
biotechnological workhorse for the 
production of amino acids and other 
primary metabolites. 

• Arginine is a glutamate-derived amino acid 
that is used in the cosmetic and 
pharmaceutical industries and as a food 
additive.

• Aim of this study: 

• To increase arginine production in the 
“bacterial workhorse” by rational 
strain design in combination with 
metabolomics and proteomics

?



Wildtype Repressor deletion

� Arginine biosynthesis genes are
regulated by the repressor argR,
which is activated by arginine

� Repressor deletion mutant (argR):
chromosomal deletion of argR

Are Arginine levels increased 
if argR is deleted?

Introduction:
Increasing arginine production in C. glutamicum by 
rational strain design
Are Arginine levels increased if argR is deleted?

Metabolite

Protein

?



Methods: 
Label-free Proteomics & non-targeted Metabolomics
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� Arginine biosynthesis pathway
is involved in derepression of
arginine biosynthesis

� But how is the complete
pathway influenced?

Repressor deletion versus
Wildtype

� In total 12 proteins are
significantly upregulated by
derepression of arginine
biosynthesis compared to wildtype

Pathway mapping!

Results & Discussion:
Label free proteomics: Which proteins are 
upregulated in the argR mutant compared to WT?

Volcano 
plot



Repressor deletion versus Wildtype

� Derepression of argR leads to
significant increase in abundance for
enzymes involved in arginine
pathway (-> “green color coding”)

log2

But do changes on proteome 
level really result in increased 

arginine production?

Pathway designed with 
PathVisio

Results & Discussion:
Proteomics data clearly shows an upregulation of the 
arginine pathway enzymes in the repressor deletion 
mutant

Note: Log2 fold changes have been mapped.
Green -> upregulation WT vs. argR
Red -> downregulation WT vs. argR

Metabolomics!



• Step 2) Aligning extracted 
“FMF” features across all 
samples resulted in 
corresponding buckets for 
further analysis in novel 
MetaboScape software

Step 1) Comprehensive feature 
extraction by “Find Molecular 
Features” algorithm in 
ProfileAnalysis
• Combines adducts, charge states 
and isotopes belonging to one 
compound
• Leads to large data reduction!

Results & Discussion:
Non-targeted Metabolic profiling:
Data pre-processing by novel MetaboScape 2.0

200

400

600

800

m/z

0

1

2

3

4

5

5x10

Int.

2 3 4 5 6 7 Time [min]

Bucket Table



Automatic identification of known 
compound = dereplication
Step 3) Fast and confident dereplication by known 
Analyte List including MS/MS library spectra

• Database of know target compounds 
consisting of molecular formula, name 
and retention time (in simple CSV 
format) -> “Analyte List”

• Optionally add MS/MS library spectra

• Automatically & confidently annotate
buckets using Analyte List

Annotated Bucket Table, including “AQ” Annotation Quality column

MS/MS

…

Analyte List

Bucket Table



Annotation 
Quality
symbol

NarrowNarrow

WideWide

Automatic identification of known 
compound = dereplication
Confidence provided by “AQ - Annotation 
Quality” according to user definable criteria

Annotation Quality according to 
user definable confidence levels is 
based on:
• Accurate precursor mass
• Retention time
• Isotopic pattern (“mSigma” value)
• MS/MS spectra comparison

MetaboScape streamlines de-
replication and annotated 
data review by highlighting 
the Annotation Quality



Results & Discussion:
Pathway mapping of Proteomics and Metabolomics 
results:
Repressor deletion (∆ argR) versus wild type

Pathway designed with PathVisio

log2

Repressor deletion vs. WT

• Increase in protein abundance for all
enzymes involved in pathway

• Derepression of arginine biosynthesis
genes alone does not result in
increased arginine production

• But why?!?
• It is known that N-

acetylglutamate kinase, which is
encoded by argB, is feedback
regulated by arginine.

• Hypothesis: Arginine production
is limited by argB feedback-
inhibition.



Wildtype Repressor deletion Feedback resistant

• Creation of a Feedback resistant
mutant (argB): chromosomal
deletion of argR and introduction
of feedback-resistant argBfbr allels

Are Arginine levels increased if 
argR is deleted AND feedback-

resistant argBfbr allels introduced?

Increasing arginine production in C. glutamicum by 
rational strain design in combination with metabolomics 
and proteomics 
Are Arginine levels increased if argR is deleted AND feedback-
resistant argBfbr allels introduced?

Rational strain design:



Feedback resistant argB-allel
∆argR argBfbr vs. WT

Pathway designed with PathVisio

• Interestingly, introduction of feedback-
resistant argBfbr allels results in reduced 
abundance of argB / N-acetylglutamate
kinase

log2

Results & Discussion: 
Pathway mapping of Proteomics and Metabolomics 
results:
Feedback resistant ∆argR argBfbr vs. WT



Feedback resistant argB-allel
∆argR argBfbr vs. WT

Pathway designed with PathVisio

• Interestingly, introduction of feedback-
resistant argBfbr allels results in reduced 
abundance of argB / N-acetylglutamate
kinase

log2

Results & Discussion: 
Pathway mapping of Proteomics and Metabolomics 
results:
Feedback resistant ∆argR argBfbr vs. WT

• Intracellular levels of arginine are not 
increased



Feedback resistant argB-allel
∆argR argBfbr vs. WT

Pathway designed with PathVisio

• Interestingly, introduction of feedback-
resistant argBfbr allels results in reduced 
abundance of argB / N-acetylglutamate
kinase

log2

Results & Discussion: 
Pathway mapping of Proteomics and Metabolomics 
results:
Feedback resistant ∆argR argBfbr vs. WT

• Intracellular levels of arginine are not 
increased

• BUT: Arginine is produced and secreted 
to the fermentation broth:



Feedback resistant argB-allel
∆argR argBfbr vs. WT

Pathway designed with PathVisio

• Increase of intracellular citrulline level 
indicates a limitation in the last two steps 
of the pathway.

• Interestingly, introduction of feedback-
resistant argBfbr allels results in reduced 
abundance of argB / N-acetylglutamate
kinase

log2

Results & Discussion: 
Pathway mapping of Proteomics and Metabolomics 
results:
Feedback resistant ∆argR argBfbr vs. WT

• Intracellular levels of arginine are not 
increased

• BUT: Arginine is produced and secreted 
to the fermentation broth:



Wildtype Repressor deletion Feedback resistant
Debottlenecking by 

overexpression

• Creation of a Debottlenecking by
overexpression mutant (argGH):
chromosomal deletion of argR and
introduction of feedback-resistant
argBfbr allels as well as debottlenecking
of the last two reactions by
overexpression of argGH

Increasing arginine production in C. glutamicum by 
rational strain design using a combination of 
metabolomics and proteomics 
Are Arginine levels increased if argGH are overexpressed? 

Rational strain design:

Are Arginine levels increased in 
this triple mutant?



Results & Discussion: 
Pathway mapping of Proteomics and Metabolomics 
results: Debottlenecking by overexpression 
∆argR argBfbr pZ8-1::argGH vs. WT

Pathway designed with PathVisio

Debottlenecking by overexpression

• Overexpression of argGH results in 
increased abundance of argininosuccinat
synthetase and argininosuccinat lyase on 
proteome level

log2



Results & Discussion: 
Pathway mapping of Proteomics and Metabolomics 
results: Debottlenecking by overexpression 
∆argR argBfbr pZ8-1::argGH vs. WT

Pathway designed with PathVisio

Debottlenecking by overexpression

• Overexpression of argGH results in 
increased abundance of argininosuccinat
synthetase and argininosuccinat lyase on 
proteome level

• Debottlenecking of last two reactions 
lowers intracellular concentrations of 
ornithine and citrulline.

log2



Results & Discussion: 
Pathway mapping of Proteomics and Metabolomics 
results: Debottlenecking by overexpression 
∆argR argBfbr pZ8-1::argGH vs. WT

Pathway designed with PathVisio

Debottlenecking by overexpression

• Overexpression of argGH results in 
increased abundance of argininosuccinat
synthetase and argininosuccinat lyase on 
proteome level

• Debottlenecking of last two reactions 
lowers intracellular concentrations of 
ornithine and citrulline.

• Overexpression of argGH results in 
increased extracellular arginine levels 
to >3.5 g /l.

log2



Results & Discussion: 
Pathway mapping of Proteomics and Metabolomics 
results: Debottlenecking by overexpression 
∆argR argBfbr pZ8-1::argGH vs. WT

Pathway designed with PathVisio

Debottlenecking by overexpression

• Overexpression of argGH results in 
increased abundance of argininosuccinat
synthetase and argininosuccinat lyase on 
proteome level

• Debottlenecking of last two reactions 
lowers intracellular concentrations of 
ornithine and citrulline.

• Overexpression of argGH results in 
increased extracellular arginine levels 
to >3.5 g /l.

log2

This demonstrates that by applying
rational strain design in combination
with Proteomics and Metabolomics
we could increase the amount of the
desired target compound, arginine!
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Results & Discussion: 
Non-targeted Metabolomics data mining
Are there any “off target” changes we can 
detect in the metabolomics data?
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argR
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argGH
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Box PlotPCA statistical analysis 
points to unknown 
compound lower 
abundant in argR
mutant:

m/z 247.129
RT: 4.36 min

PCA



Results & Discussion:
Identification of the target compound
Molecular Formula -> online Database query -> structure 
candidates -> in-silico fragmentation: gamma-Glu-Val

Formula generation

Query for 
structure 
candidates

MS

MS/MS

Unique formula generated by making use 
of accurate mass and isotopic pattern 
information in MS and MS/MS spectra.



Results & Discussion:
Identification of the target compound
Molecular Formula -> online Database query -> structure 
candidates -> in-silico fragmentation: gamma-Glu-Val

Formula generation

Query for 
structure 
candidates

MS

MS/MS

gamma-Glu-Val

in-silico 
Fragmentation



Results & Discussion: 
gamma-glutamyl dipetides are known to be 
present in C. glutamicum



Results & Discussion: 
Can we find further di-peptides in the data set?

Automatic query of all buckets 
containing MS/MS spectra against 
Spectral libraries: 

• HMDB Metabolite Library 
• MetaboBASE Personal Library

………… … …

Spectral library query points to further di-peptides, but for several the 
MS/MS “AQ” indicated a lower confidence in the identification.
The bucket annotated “GluMet” (highlighted in red) was further investigated.



Results & Discussion: 
Spectral library query points to alpha-Glu-Met
-> Manual inspection indicates the compound is 
actually a gamma-Glu-Met di-peptide

26

Low m/z fragment 
ions match 
between Query 
and Library 
spectrum.

But different and 
characteristic 
fragment masses 
point to gamma
instead of alpha
linkage.

Query

Library



Results & Discussion: 
Following the identification of several gamma-
glutamyl dipeptides an additional di-peptides in the 
dataset was identified by  “MS/MS bucket matching”

Formula generation

in-silico
fragmentation

Structure
search



Results & Discussion: 
Finally, the most likely molecular formula for all buckets 
in the bucket table were automatically generated using 
“SmartFormula”

Automatic formula 
generation
by SmartFormula

Statistical (here, t-test) results 
point to further “interesting 
target compounds”  for 
subsequent identification.



• Proteomics and metabolomics studies were conducted using
one high resolution QTOF-MS/MS platform.

• Pathway mapping of proteomics data shows increased
abundance of enzymes involved in arginine biosynthesis in
mutant strains, but only in combination with metabolomics
influence on arginine production could be determined and
ultimately levels increased by rational strain design.

• Non-targeted metabolomics data evaluation enabled to
identify compounds responsible for off-target metabolic
changes.

Conclusions
Increasing arginine production in C. glutamicum by 
rational strain design in combination with 
metabolomics and proteomics
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