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OUR MICROBIAL PLANET

Think microbes are bad guys? Think again.

Many very useful (anaerobic) microbes
I Wastewater treatment
I Oxygen production
I Nitrogen fixation
i Fermentation
i Food digestion/Vitamins e
i Drugs and Antibiotics 3
i Degradation of xenobiotics

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

A
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
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Microbial Metabolic Diversity

Chemicals

<

Chemotrophy

Organic /
chemicals
(glucose, acetate, etc.)

\ Inorganic
chemicals

(Hp, H,S, Fe**, NH,' CH,

Chemoorganotrophs Chemolithotrophs Phototrophs
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The Quest for the Ai mposs
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How to di scover t hoamsceobdas? M

A Survey of selected ecosystems

ABring the best samples to lab

A Design optimal bioreactors

A Enrichment under optimal conditions

AGrow enough cells

AUse of the molecular toolbox to unravel
their secrets

ABack to the ecosystem
A Application of the new microbes

www.anaerobic-microbiology.eu H %}

Tonses



Pre requisite 1
Excellently educated & enthusiastic team members

o
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

OUR PEOPLE

THE SCIENTISTS IN THE SOEHNGEN INSTITUTE OF
ANAEROBICMICROBIOLOGY ARE TACKLING ONE OF
THE GREATEST CHALLENGES FACING OUR SOCIETY:

TOHELP BUILD A SUSTAINABLE ECONOMY ON NEW
ANAEROBIC MICRO-ORGANISMS

THE PEOPLE BEHIND SIAM. | >
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Pre requisite 3 State-of-the-art methods

Bioreactors, Bioreactors, Bioreactors,
Bioreactors, Bioreactors, and more Bioreactors

\ Gevangen door een
modderbacterie

Metagenomics, Microscopy, new experiments
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1. Anaerobic oxidation of ammonium (anammox)

Funded by
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Calculations in the N cycle

[ Zeitachitt fir Allg. Mikeobiologio | v ] o [on | 44 |

(tsstvat £z Physikalische Chemic,
Universitit Wien)

Two kinds of lithotrophs missing in nature

Engelbert Broda 1910-1983 . Brona

(Bingegangen am 14. 9. 1976)
Two groups of lithotrophio bacteria, the existence of which may be expected on oraluua sy
and thermodynamical grounds, have not yot been detectod: (A) photosynthotic, anacrobic,
monia bccu:n analogous to colonred sulphuar bacteris, and (B) chemosynthotic bacteria uw.

CElu‘ Gclegmph Gxidize aramonia to mtsogen with O, of Rilcate s oxidant.

The versatility of the prokaryotes in their energy metabolism has long astonished
micmhiologius‘ The bacteria havo dovclopcd.proccucn. 1.6., enzymes, for the utili-
L Furope zation of a wide range indeed of exergonic reactions. Attention is now drawn to further
Honta processes in energy metabolism which on the basis of considerations on the evolution
ol the bioenergetic processes (Broba 1975a) may be expectod to have existed, or
to exist, bat wluc)x have not yet been l’ouml 'l‘wn kinds of “lithotrophic” bacteria
with such mech will now be predi hs are bacteria that use in-
organic reductsnts in their enorgy meushoh-m (Fnoumno'r and Sexpz 1960); all
autotrophs must be lithotrophs, though the reverse need not be true. The two bac-
toria here prodicted would generate dinitrogen (N,).

g bacteria mak: ino tri ATP, through oxidative phos-
phorylnuon conpled to the aerobic oxidation of in, » highly proocess,
Thus, in nitrification Nitrosomonas produces nitrite, and Nitrobacler makes mmno
The redox reactions are:

spy book names Engelbert Broda as KGB atomic spy in
Britain

NH,* + NO, € N, +2H,0 G §=-358 kJ/mol
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Anaerobic pilot plant, TU Delft, the Netherlands
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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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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

Isgoerans Jettenia asiatica
Jettenia caeni
Jettenia moscovienisis
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5% sequence
difference

K.stuttgartiensis

&

8-6-2016



8-6-2016

Anammox in the Oc e a wXygen minimum zones
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Metagenomic analysis of nitrogen and
methane cycling in the Arabian Sea
oxygen minimum zone

Massive nitrogen loss from the Benguela upwelling
system through anaerobic ammonium oxidation

aute Lavik*, Dagmar Woebken, Markus Schmid", Bernhard M. Fuchs®, Rudolf Amann*,

Marcel M. M. Kuypers'
3

Claudia Lake'”, Daan R.Speth'’, Martine A.R. Kox', Laura Villanueva’ and
Mike S.M. Jetten' "

@ Max-Planck-Institut @ : ‘o.z
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ANAMMOX MILESTONES OMZs: 50% N loss

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
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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 ~ METER

Kartal et al Nature :&::::1(.‘::]‘.‘1‘1 mechanism of anaerobic ammonium

2013 CHINESE WETLANDS
Zhu et al Nature Geoscience
2014 ANAMMOXOSOME ISOLATION
Neumann et al Mol Micr LETTER

2015 PEPTIDOGLYCAN DETECTED s

The inner workings of the hydrazine synthase

van Teeseling et al Ncomm e e

PROTEIN STRUCTURES

Dietl et al Nature
2016 FULL SCALE METAGENOME

Speth et al Ncomm

l— R K=:<N
——o/ www.anaerobic-microbiology.eu H 2
SIAM ol

3-stepanammoxpathway

NH,"

\
NO, — nir — NO — HzZS —| NH, |— HDH — N,

Nir = nirSin Scalindua
Nir = nirK in Jettenia
Nir =? in Brocadia
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How does ANAMMOX make the rocket fuel hydrazine?

Protein  purification
Hydrazine synthase

Expression of hzsABC

Crystalisation

(hzsABC ),
Immunogold labelling  hzsA Protein activity
Hydrazine and N, production
www.anaerobic-microbiology.eu . 5%?
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