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Many very useful (anaerobic) microbes 

ïWastewater treatment 

ïOxygen production 

ïNitrogen fixation 

ïFermentation 

ïFood digestion/Vitamins 

ïDrugs and Antibiotics 

ïDegradation of xenobiotics 

 

Very few pathogens 

 

 

How much do we know about  
the microbes on our planet? 
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Underexplored microbial diversity 

Å  

                                 40,000                         strains in DMSZ & ATCC 

                                   3,224,600                        16S rRNA genes in RDP* 

10,000,000,000,000,000,000,000,000,000,000            Nonillion microbial cells on Earth 

 

Terra incognita New anaerobes for 

Health, 

Environment & 

Biobased economy 

*RDP Release 11, Update 4 :: May 26, 2015 
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Microbial Metabolic Diversity 
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The Quest for the ñimpossibleò anaerobic microbes 

H 2 CH 4 H 2S NH 4
+ Fe 2+

O2

NO 3
- ??? ???

Fe 3+

SO 4
2 -

CO2

After 40 years of searching in vain  

They were being called 

ñimpossibleò microbes 
 

ELECTRON DONORS 

E
L

E
C

T
R

O
N

 A
C

C
E

P
T

O
R

S
 

OXIC 

ANOXIC 

??? ??? 
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The Quest for the ñimpossibleò anaerobic microbes 
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How to discover these ñIMPOSSIBLEò microbes? 

ÅSurvey of selected ecosystems           

ÅBring the best samples to lab 

ÅDesign optimal bioreactors 

ÅEnrichment under optimal conditions 

ÅGrow enough cells  

ÅUse of the molecular toolbox to unravel 

   their secrets 

 

ÅBack to the ecosystem 

ÅApplication of the new microbes 
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Pre requisite 1 

Excellently educated & enthusiastic team members 
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www.ru.nl/microbiology/vacancies 

www.ru.nl/masters/microbiology 

www.anaerobic-microbiology.eu/scientists/jobs 
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         (Inter)national Collaboration & Funding  

 

           Soehngen Institute of Anaerobic Microbiology 

 www.anaerobic-microbiology.eu  

http://www.ru.nl/microbiology/vacancies
http://www.ru.nl/masters/microbiology
http://www.anaerobic-microbiology.eu/vacancies
http://www.anaerobic-microbiology.eu/vacancies
http://www.anaerobic-microbiology.eu/vacancies
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Pre requisite 3 State-of-the-art methods 

 

Bioreactors, Bioreactors, Bioreactors,  

Bioreactors, Bioreactors, and more Bioreactors 

 

Metagenomics, Microscopy, new experiments 
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Funded by  

ERC AG 232937 ANAMMOX 2009-2013 

ERC PoC LTANITRO 2011-2012 
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Calculations in the N cycle 

NH4
+ + NO2

- Č N2 + 2H2O     ȹGô0 = -358 kJ/mol 

 

Engelbert Broda 1910-1983 
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Anaerobic pilot plant, TU Delft, the Netherlands 

Influent 

Effluent 

Mulder , van de Graaf  et al FEMS Ecology 1995 

 Mulder et al (1995) FEMS  Microbiology Ecology 
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ANAMMOX MILESTONES 
 

ANAEROBIC PILOT PLANT 
   Mulder et al FEMS 1995 

SBR ENRICHMENT CULTURES 
   Strous et al AMB 1998 

PHYLOGENETIC IDENTITY 
   Strous et al Nature 1999 

LADDERANE LIPIDS 
   Damste et al Nature 2002 
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Jettenia asiatica 

Jettenia caeni 

Jettenia moscovienisis 

© Jetten et al 2009 

www.anaerobic-microbiology.eu 



8-6-2016 

9 

www.anaerobic-microbiology.eu 

Anammox in the Oceanôs oxygen minimum zones 

 

17 

ANAMMOX MILESTONES 
 

Black Sea       Kuypers et al Nature 2003 

Namibia OMZ Kuypers et al PNAS 2005 

Peru OMZ          Lam et al PNAS 2007; Stewart et al 2012 

Arabian Sea    Ward et al Nature 2008; Jensen et al ISME J  2011; Villanueva et al  

     Frontiers Microbiology 2014; Lueke et al PeerJ 2016 

 

 

OMZs: 50% N loss 
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ANAMMOX MILESTONES 
 

2006 GENOME ASSEMBLY 
   Strous et al Nature  

2008 CELL BIOLOGY 
   Van Niftrik et al Mol Mic  

2011 HYDRAZINE & NO METABOLISM 
    Kartal et al Nature 

2013 CHINESE WETLANDS 
   Zhu et al Nature Geoscience 

2014 ANAMMOXOSOME ISOLATION 
   Neumann et al Mol Micr  

2015 PEPTIDOGLYCAN DETECTED 
   van Teeseling et al  Ncomm 

         PROTEIN STRUCTURES 
   Dietl et al Nature 

2016 FULL SCALE METAGENOME  

   Speth et al Ncomm 
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3-step anammox pathway 

2H+ 

N2H4 HZS 

NH4
+ 

2H+ 

HDH N2 

4H+ 

1e
 

3e
 

4e
 

NO2
- 

nir NO 

Nir = nirS in Scalindua 

Nir = nirK in Jettenia 

Nir = ? in Brocadia 
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How does ANAMMOX make the rocket fuel hydrazine?  

 Protein purification  
Hydrazine synthase  

Protein activity  
Hydrazine and N 2  production  

Crystalisation  
( hzsABC ) 2  

Immunogold  labelling hzsA  

Expression of hzsABC  

 Kartal  et al (2011) Nature; Dietl et al (2016) Nature  www.anaerobic-microbiology.eu 


