
Schlüsseltechnologien / Key Technologies
Band / Volume 266
ISBN 978-3-95806-686-1

Schlüsseltechnologien / Key Technologies
Band / Volume 266
ISBN 978-3-95806-686-1

Dissecting iron and heme regulatory networks and adaptation 
to heme stress in Corynebacterium glutamicum
Aileen Krüger

266

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
Iro

n 
an

d 
he

m
e 

re
gu

la
to

ry
 n

et
w

or
ks

 in
 C

. g
lu

ta
m

ic
um

A
ile

en
 K

rü
ge

r



Forschungszentrum Jülich GmbH
Institut für Bio-und Geowissenschaften
Biotechnologie (IBG-1)

Dissecting iron and heme regulatory  
networks and adaptation to heme stress  
in Corynebacterium glutamicum

Aileen Krüger

Schriften des Forschungszentrums Jülich
Reihe Schlüsseltechnologien / Key Technologies Band / Volume 266

ISSN 1866-1807  ISBN 978-3-95806-686-1



Table of Contents  III 

Table of Contents 

1. Summary .............................................................................................................................................. 1 

2. Scientific context and key results of this thesis ................................................................................... 3 

2.1 Iron – a crucial micronutrient for cellular life ............................................................................... 3 

2.2 A versatile alternative resource of iron: Heme ............................................................................. 3 

2.3 Coping with the environment: Control of iron and heme homeostasis ....................................... 5 

2.3.1 Iron-responsive gene regulation ............................................................................................ 5 

2.3.2 Heme-responsive control of gene expression ........................................................................ 7 

2.4 Genome-wide binding profiles of iron and heme regulatory networks in C. glutamicum ......... 15 

2.4.1 In vivo profiling of DtxR promoter occupancies ................................................................... 16 

2.4.2 In vivo profiling of HrrA promoter occupancies ................................................................... 20 

2.4.3 Relevance of weak binding sites in ChAP-Seq analyses ....................................................... 23 

2.4.4 From static regulons to dynamic networks .......................................................................... 25 

2.5 Evolution towards high heme tolerance ..................................................................................... 28 

2.5.1 Heme export by HrtBA plays a pivotal role for adaptation to elevated heme levels .......... 29 

2.5.2 The role of pseudokinases in signaling cascades.................................................................. 33 

2.5.3 Mode of action of pseudokinase ChrS_CA-fs ....................................................................... 35 

2.5.4 Heme sequestration or alternative transport systems counteracting heme toxicity .......... 40 

2.6 A glimpse into heme as valuable resource in community........................................................... 42 

2.7 Evolution towards the production of heme ................................................................................ 44 

2.8 Conclusion and Outlook .............................................................................................................. 48 

2.9 References ................................................................................................................................... 50 

3. Publications and manuscripts............................................................................................................ 69 

3.1 The diversity of heme sensor systems - heme-responsive transcriptional regulation mediated 

by transient heme protein interactions ............................................................................................ 70 

3.2 A genome-wide analysis of the interconnection of iron- and heme-dependent regulatory 

networks governed by DtxR and HrrA in Corynebacterium glutamicum .......................................... 90 

3.3 HrrSA orchestrates a systemic response to heme and determines prioritization of terminal 

cytochrome oxidase expression ...................................................................................................... 115 

3.4 A pseudokinase version of the histidine kinase ChrS promotes high heme tolerance of 

Corynebacterium glutamicum ......................................................................................................... 132 

 



IV  Table of contents 
 

4. Appendix .......................................................................................................................................... 149 

4.1 Supplemental material to “A genome-wide analysis of the interconnection of iron- and heme-

dependent regulatory networks governed by DtxR and HrrA in Corynebacterium glutamicum” .. 149 

4.2 Supplemental material to “HrrSA orchestrates a systemic response to heme and determines 

prioritization of terminal cytochrome oxidase expression” ............................................................ 174 

4.3 Supplemental material to “A pseudokinase version of the histidine kinase ChrS promotes high 

heme tolerance of Corynebacterium glutamicum” ......................................................................... 199 

4.4 Supplemental material to section “2.7 Evolution towards the production of heme” .............. 218 

4.5 Impact of CO2/HCO3
- Availability on Anaplerotic Flux in Pyruvate Dehydrogenase Complex-

Deficient Corynebacterium glutamicum Strains.............................................................................. 221 

4.6 Supplemental material to “Impact of CO2/HCO3
- Availability on Anaplerotic Flux in Pyruvate 

Dehydrogenase Complex-Deficient Corynebacterium glutamicum Strains” .................................. 244 

Acknowledgements ............................................................................................................................. 273 



Schlüsseltechnologien / Key Technologies
Band / Volume 266
ISBN 978-3-95806-686-1

Schlüsseltechnologien / Key Technologies
Band / Volume 266
ISBN 978-3-95806-686-1

Dissecting iron and heme regulatory networks and adaptation 
to heme stress in Corynebacterium glutamicum
Aileen Krüger

266

Sc
hl

üs
se

lte
ch

no
lo

gi
en

  
Ke

y 
Te

ch
no

lo
gi

es
Iro

n 
an

d 
he

m
e 

re
gu

la
to

ry
 n

et
w

or
ks

 in
 C

. g
lu

ta
m

ic
um

A
ile

en
 K

rü
ge

r


	1. Summary
	2. Scientific context and key results of this thesis
	2.1 Iron – a crucial micronutrient for cellular life
	2.2 A versatile alternative resource of iron: Heme
	2.3 Coping with the environment: Control of iron and heme homeostasis
	2.3.1 Iron-responsive gene regulation
	2.3.2 Heme-responsive control of gene expression
	2.3.2.1 Two-component systems: The pre-dominant form of heme-sensing in Gram-positive bacteria
	2.3.2.2 Paralogous two-component systems ChrSA and HrrSA in Corynebacterium glutamicum


	2.4 Genome-wide binding profiles of iron and heme regulatory networks in C. glutamicum
	2.4.1 In vivo profiling of DtxR promoter occupancies
	2.4.2 In vivo profiling of HrrA promoter occupancies
	2.4.3 Relevance of weak binding sites in ChAP-Seq analyses
	2.4.4 From static regulons to dynamic networks
	2.4.4.1 A glimpse into the connection of iron and heme regulatory pathways
	2.4.4.2 Influence of surplus iron or heme on complex binding behavior


	2.5 Evolution towards high heme tolerance
	2.5.1 Heme export by HrtBA plays a pivotal role for adaptation to elevated heme levels
	2.5.2 The role of pseudokinases in signaling cascades
	2.5.3 Mode of action of pseudokinase ChrS_CA-fs
	2.5.3.1 Direct communication on the histidine kinase level for elevated activation
	2.5.3.2 Recruitment of the response regulator for facilitated phosphorylation
	2.5.3.3 Indirect communication between histidine kinases employing a third component
	2.5.3.4 Altered phosphatase kinetics for constant activation

	2.5.4 Heme sequestration or alternative transport systems counteracting heme toxicity

	2.6 A glimpse into heme as valuable resource in community
	2.7 Evolution towards the production of heme
	2.8 Conclusion and Outlook
	2.9 References

	3. Publications and manuscripts
	3.1 The diversity of heme sensor systems - heme-responsive transcriptional regulation mediated by transient heme protein interactions
	3.2 A genome-wide analysis of the interconnection of iron- and heme-dependent regulatory networks governed by DtxR and HrrA in Corynebacterium glutamicum
	3.3 HrrSA orchestrates a systemic response to heme and determines prioritization of terminal cytochrome oxidase expression
	3.4 A pseudokinase version of the histidine kinase ChrS promotes high heme tolerance of Corynebacterium glutamicum

	4. Appendix
	4.1 Supplemental material to “A genome-wide analysis of the interconnection of iron- and heme-dependent regulatory networks governed by DtxR and HrrA in Corynebacterium glutamicum”
	4.2 Supplemental material to “HrrSA orchestrates a systemic response to heme and determines prioritization of terminal cytochrome oxidase expression”
	4.3 Supplemental material to “A pseudokinase version of the histidine kinase ChrS promotes high heme tolerance of Corynebacterium glutamicum”
	4.4 Supplemental material to section “2.7 Evolution towards the production of heme”
	4.5 Impact of CO2/HCO3- Availability on Anaplerotic Flux in Pyruvate Dehydrogenase Complex-Deficient Corynebacterium glutamicum Strains
	4.6 Supplemental material to “Impact of CO2/HCO3- Availability on Anaplerotic Flux in Pyruvate Dehydrogenase Complex-Deficient Corynebacterium glutamicum Strains”

	Acknowledgements
	Leere Seite
	Leere Seite



