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Hoe ontdek je “onmogelijke” micro-organismen ? 

 

 

 

 

 

 

Mike Jetten 

NIBI Workshop 

12 Januari 2013 

INTRODUCTION@MICROBIOLOGY 

Table of contents 

WAT IS MICROBIOLOGIE? 

 

HOE ONTDEK JE “ONMOGELIJKE” BACTERIEN 

 

VOORBEELDEN  

 METHAAN/AMMONIUM ZONDER ZUURSTOF 

 

TOEGEVOEGDE WAARDE 
me 
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INTRODUCTION@MIKE-ROBIOLOGY 

Year Position University 

1987 1991 PhD in Microbiology WUR, NL 

1991 1994 Post doc on Molecular Microbiology MIT, USA 

1994 2000 Assistant Professor in Microbiology TU Delft, NL 

2000 now Full Professor in Ecological Microbiology  RU Nijmegen, NL 

2002 now Extra ordinary professor in Environmental 

Microbiology 

TU Delft, NL 

 

 

AWARDS 

2008 2013 ERC ADVANCED GRANT 

 

2010 2027 KNAW 

 

2012 2022 SPINOZAPREMIE 

 

INTRODUCTION@MICROBIOLOGY 

 

 

HOE GROOT ZIJN MICROBEN? 

 

WELK DEEL VAN DE BIOMASSA OP AARDE IS MICROBIEEL? 

 

HOELANG ZIJN ER AL MICROBEN OP AARDE? 
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INTRODUCTION@MICROBIOLOGY 

 

http://www.facebook.com/pages/Anammox/536394233052172 

 

 

HOE GROOT ZIJN MICROBEN? 

 

INTRODUCTION@MICROBIOLOGY 

 

m.socrative.com student  class # 286260 
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INTRODUCTION@MICROBIOLOGY 

 

socrative class # 286260 

http://www.facebook.com/pages/Anammox/536394233052172 

 

 WELK DEEL VAN DE BIOMASSA OP AARDE IS MICROBIEEL? 

INTRODUCTION@MICROBIOLOGY 

 

socrative class # 286260 

HOELANG ZIJN ER AL MICROBEN OP AARDE? 
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“The Earth is a microbial planet, on which macro-organisms are 

recent additions, highly interesting and extremely complex, but in 

the final analysis relatively unimportant in a global context.”   
Wheelis et al. (1998) PNAS 95:11043-11046 

-4Gy                  -3Gy         -2Gy  -1Gy   0

Bacteria

Plants

Animals

INTRODUCTION@MICROBIOLOGY 

Microbial Planet 

Small in size:   100 nm – 2 mm 

 

Large in numbers:   1030 microbial cells on Earth 

    (50% of biomass) 

 

OXYGEN 

INTRODUCTION@MICROBIOLOGY 

STELLING DE MEESTE MICROBEN ZIJN PATHOGEEN 

 

  JUIST  /  ONJUIST  

 

 
me 
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Many very useful microbes 

– Wastewater treatment 

– Oxygen production 

– Nitrogen fixation 

– Food and fermentation 

– Drugs and Antibiotics 

– Degradation of xenobiotics 

 

Very few pathogens 

INTRODUCTION@MICROBIOLOGY 

Microbial Planet 

INTRODUCTION@MICROBIOLOGY 

DE MEESTE MICROBEN ZIJN AL BEKEND 

 

  JUIST / ONJUIST 

 
me 
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INTRODUCTION@MICROBIOLOGY 

Unexplored biodiversity 

Terra incognita 

INTRODUCTION@MICROBIOLOGY 

Metabolic diversity 
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UNDISCOVERED CHEMOLITHOAUTOTROPHS 

H2 CH4 H2S NH4
+ Fe2+

O2

NO3
- ??? ???

Fe3+

SO4
2-

CO2

After 40 years of searching in vain  

They were being called 

“impossible” microbes 
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HOW TO DISCOVER THESE “IMPOSSIBLE” MICROBES? 

• Survey of selected ecosystems           

• Bring Best Samples to Lab 

• Design optimal bioreactors 

• Enrichment under optimal conditions 

• Grow enough cells  

• Use of the molecular toolbox 

 

• Back to the ecosystem 

• Application of the new microbes 
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WHAT DO YOU NEED TO DISCOVER THE “IMPOSSIBLE”? 

 
• Adequate National and EU funding 

• International Academic and Industrial Collaboration 

• State of the Art Microbial Methods 

• Skilled and Enthusiastic Team Members 

 

 

Next Generation Sequencing   Electron Microscopy     

Structural Biology    Physiology & Ecology    

STATE OF THE ART MICROBIOLOGY METHODS 
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EXAMPLES of DISCOVERIES 

 
  

METHANE = GREENHOUSE GAS 

[ CH4 ]ATM DOUBLED SINCE 1850 

 

Do anaerobic methane oxidizing bacteria exist?? 

METHANE SOURCES 

WETLANDS  

METHANE SINKS 

METHANE OXIDIZING MICROBES  

http://www.youtube.com/watch?v=oa3M4ou3kvw
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where to search?  

3 CH4 + 8 NO2
- + 8 H+   3 CO2 + 4 N2 + 10 H2O 

where to search? 

~1 cm 

O2
 

CH4
 

NO3
- 

SO4
2- 

Fe3+ 

fixed N 

CH4
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Characteristics: 

• HIGH NO3
- due to agricultural run-off /ground water 

• HIGH CH4 production in the sediment 

sampling sites nitrite dependent  

anaerobic methane oxidation 

3CH4 + 8NO2
- + 8H+  4N2 + 3CO2 + 6H2O 

Ooijpolder 

Twentekanaal 

Brunsummerheide 
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© Pol et al 2007 

Nutrient profile 

METHYLOMIRABILIS OXYFERA 

Unique Twente Canal Bacteria; gradient profile Nitrate/Methane 
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METHYLOMIRABILIS OXYFERA 

Unique Twente Canal Bacteria 

• strictly anoxic conditions 

• 25 C, pH 7,3 

• Only CH4 and CO2  

• Mineral medium with NO3
- & NO2

- 

• NO2
- consumption 1 mM day-1  

PATIENCE  

Activity fully established only  

after 16 months 

 

© Pol et al 2007 

18Oxygen experiments show:  Oxygen Production 

METHYLOMIRABILIS OXYFERA 

Unique Twente Canal “miracle” Bacteria 
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nitrite & methane

nitrite, propylene & oxygen

Genome  

Sequencing 

Microbe_Journaal_14-04-2006.wmv
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METHYLOMIRABILIS OXYFERA 

Unique Twente Canal Bacteria 

NO2
- NO

NO2
- NO N2

O2

Unknown 
enzyme

Waar komen  M oxyfera bacterien voor? 

 

 
me 

METHYLOMIRABILIS OXYFERA 

Unique Twente Canal Bacteria 
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Wat is het geheim van  M oxyfera bacterien? 

 

 
me 

METHYLOMIRABILIS OXYFERA 

Unique Twente Canal Bacteria 

EXAMPLES of DISCOVERIES 

 
  

AMMONIUM = WATER POLLUTANT  

[ NH4 ] TOO HIGH 

 

SOURCES 

 MANURE/FERTILIZERS 

 SEWER SYSTEMS 

 

SINKS 

 AMMONIUM OXIDIZING MICROBES 
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ONTDEKKING 

CELL BIOLOGIE 

RAKETBRANDSTOF 

ROL IN DE MONDIALE N KRINGLOOP 

TOEPASSING IN AFVALWATERZUIVERING 

ERC Anammox project : Unique prokaryotes 

NH4
+ + NO2

-  N2 + 2H2O     ΔG’0 = -358 kJ/mol 

Calculations in N cycle 

Engelbert Broda 

1910-1983 

NH4
+ + NO2

-  N2 + 2H2O     ΔG’0 = -358 kJ/mol 
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Influent 

Effluent 

Mulder , van de Graaf  et al FEMS Ecology 1995 

Anaerobic pilot plant, TU Delft, the Netherlands 

1995 Anaerobic pilot plant 

 

 

1997 VERRIJKINGSCULTUUR 

 

 

1999 STAMBOOM 

      

 
Anammoxoglobus  

             propionicus 

Jettenia asiatica 
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Anammox Cell Biology  

© Pol et al 2007 

ANAMMOX 

Unique Properties 

 Genome sequencing 
 Protein purification 

15N14N

 Hydrazine and N2 production 

ROCKET FUEL 
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© Pol et al 2007 

 Ocean expeditions 

ANAMMOX 

Global Significance  
NH4

+ + NO2
-  N2 + 2H2O  

50% N loss by anammox  

pH 6.2,   

Number 
Depth 

(m) 
pH 

Nitrate 

(μmol-1) 

Ammonium 

(μmol-1) 

Stav1 0.1 6.0 12.9 37 

Stav2 2 
5.6 

330 2.5 

Stav3 1 1.6 8.1 

Stav4 2 
6.8 603 43.4 

Stav5 1 

Staverden sampling site 

Aquatic Ecology / B-ware  

 

Anammox  in wetlands 
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Anammox 16S rRNA phylogenetic tree of  

different original Staverden wetland samples  

 Candidatus Brocadia Sp. 40(AM285341)

 Uncultured Planctomycetales (FJ710646.1)

 Stav1(5/10)

 Stav4(6/ 10)

 Candidatus Brocadia fulgida(DQ459989)

 Brocadia anammoxidans(AF375994)

 Candidatus Jettenia asiatica(DQ301513)

 Anammoxoglobus propionicus(DQ317601)

 Stav4(4/10)

 Stav5(2/10)

 Stav5(2/10)

 Stav5(2/10)

 Stav5(2/10)

 Stav5(2/10)

 Stav1(3/10)

 Kuenenia stuttgartiensis(AF375995)

 Stav1(2/10)

 Candidatus Scalindua wagneri(AY254882)

 Candidatus Scalindua sorokinii(AY257181)

 Candidatus Scalindua brodae(AY254883)100
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Low abundance 

High diversity 

16S rRNA gene 

amxF amxR 

Anammox  in wetlands 

Start reactor with sediment slurry 

and source water  
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Anammox  in wetlands 

Fluorescence in situ hybridization 

with oligonucleotide AMX368 

Anammox 16S rRNA phylogenetic tree of Wetland 

enrichment culture 
 SA00(10/10), SA05(1/10), SA06(30/50), SA07(3/19)

 SA06(1/50), SA07(5/19)

 Brocadia anammoxidans(AF375994)

 SA04(1/12)

 SA05(1/10)

 Candidatus Brocadia fulgida(DQ459989)

 SA04(1/12), SA05(2/10), SA06(4/50)

 SA05(1/10), SA06(3/50), SA07(1/19)

 Kuenenia stuttgartiensis(AF375995)

 SA07(2/19)

 SA04(10/12)

 SA06(6/50)

 SA05(1/10), SA06(3/50)

 Anammoxoglobus propionicus(DQ317601)

 SA06(1/50)

 Candidatus Jettenia asiatica(DQ301513)

 SA07(8/19)

 Candidatus Scalindua wagneri(AY254882)

 Candidatus Scalindua sorok inii(AY257181)

 Candidatus Scalindua brodae(AY254883)

 Rhodopirellula baltica SH 1
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High abundance 

High diversity 
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15NH4
++NO2

- 

7 nmol 29N2 g dry soil-1 d-1 

15NO2
-+NH4

+ 12 nmol 29N2 g dry soil-1 d-1 

  6 nmol 30N2  g dry soil-1 d-1 

Anammox Activity 

denitrification  + amx 

denitrification  
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• Diagnostic anammox markers available 

• Different phylotypes of Anammox 

bacteria exist in Staverden wetland 

• Wetland anammox bacteria can be 

enriched with natural source water 

•  Low ammonium and nitrite ! 

• Succession of phylotypes ? 

Conclusions 

  

anammox is also important in wetlands 

High diversity 

Low abundance 

Contribution 12-38% 

 

Special thanks to Baolan Hu (Zhejing University) 

and Guibing Zhu Chinese (Academy of Sciences) 

WELK REACTIEF TUSSENPRODUKT MAKEN ANAMMOX 

BACTERIEN? 

 

 

 
me 

ANAMMOX 

Unique Properties 
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HOEVEEL DRAAGT ANAMMOX BIJ AAN DE MONDIALE 

STIKSTOFCYCLUS? 

 

 
me 

ANAMMOX 

Global Significance  

ANAMMOX APPLICATION 

Added Value  
NH4

+ + NO2
-  N2 + 2H2O  

Less oxygen demand  

No COD use  

Less biomass production  

No emission of CO2 and N2O 
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ANAMMOX APPLICATION 

Added Value  
NH4

+ + NO2
-  N2 + 2H2O  

Meihua China  11 ton N/d 
Rendac NL     6 ton N/d   

Anammox and M. oxyfera 

M. oxyfera en anammox bacterien gebruiken 

allebei nitriet en leven onder dezelfde 

milieuomstandigheden 

 

Is het mogelijk om stabiele co cultures te verkrijgen 

en toe te passen? 
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Anammox and M. oxyfera 

Use a stable M. oxyfera reactor 

- check if anammox 16s rRNA  

  genes are still present 

- start adding ammonium 

- Monitor   

       Cells by FISH 

  count 16S rRNA 

  measure activity 

 

 
Luesken, sanchez et al unpublished 

Anammox and M. oxyfera 

Day = 0 

Moxy193 = red 

Amx368= blue 

Day = 61 

Moxy193 = red 

Amx368= blue 

Day = 106 

Moxy193 = red 

Amx368= blue 
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   “Impossible” bacteria could save the world 

Thank you ! 

 

 

 

THANK YOU! 
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