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INTRODUCTION@MICROBIOLOGY

HOE GROOT ZIIJN MICROBEN?

WELK DEEL VAN DE BIOMASSA OP AARDE IS MICROBIEEL?

HOELANG ZIIN ER AL MICROBEN OP AARDE?

Radboud University Nijmegen ‘$


../../Downloads/MSM Jetten - Science Cafe Enschede.avi

INTRODUCTION@MICROBIOLOGY

http://www.facebook.com/pages/Anammox/536394233052172
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INTRODUCTION@MICROBIOLOGY
m.socrative.com student class # 286260

HOE GROOT ZIIJN MICROBEN?

Question: how big are microbes?

D Answer 1: 1 nanomater veages voor nibi 12 Janears hoe groot zijn microben?
D Answer 2: 1 micrometer 1 ssancenetre
1 micyoemetery
[C] Answer 3: 1 milimeter s —n
[ . | et
D Answer 4; 1 meter S

1 kpometw

] Answer 5: 1 kilometer
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INTRODUCTION@MICROBIOLOGY

socrative class # 286260
http://lwww.facebook.com/pages/Anammox/536394233052172

WELK DEEL VAN DE BIOMASSA OP AARDE IS MICROBIEEL?

Question: which par of the biomass on earth is microblal?

] Answer 1 1%

] Answer 2 10% | ki s sy
O] Answer 3 50% '

[C] Answer 4. 99% A

] Answer 5

INTRODUCTION@MICROBIOLOGY
socrative class # 286260

HOELANG ZIIN ER AL MICROBEN OP AARDE?

Question: How long ago dk the first microbes appear on earth

D Answer 1. 4 Giga ysars ago

D Answer 2: 2 Gy ago

[[] Answer 3: 1Gyage =
[C] Answer 4 100 My

[[] Answer 5: 1000 ysars ago

Explanation
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INTRODUCTION@MICROBIOLOGY
Microbial Planet

Small in size: 100 nm =2 mm

Large in numbers: 1039 microbial cells on Earth
(50% of biomass)

“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

OXYGEN :
| oxveen [N

-4Gy -3Gy -2Gy -1Gy 0
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STELLING DE MEESTE MICROBEN ZIJN PATHOGEEN

JUIST / ONJUIST

Question: most microbes are pathogens

D Answer 1. yes
[] Answer 2: no

™ . -
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INTRODUCTION@MICROBIOLOGY
Microbial Planet

Many very useful microbes

— Wastewater treatment
Oxygen production
Nitrogen fixation
Food and fermentation
Drugs and Antibiotics
Degradation of xenobiotics

Very few pathogens
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DE MEESTE MICROBEN ZIJN AL BEKEND

JUIST / ONJUIST

Select the square checks to mark correct answers (optional)

Question: most microbes are already known

D Answer 1: yes

D Answer 2: no
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N\

Unexplored biodiversity

1

Terra incognita
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Metabolic diversity

Chemicals
Chemotrophy Phototrophy

Organic /
chemicals

(glucose, acetate, etc.}

Inorganic
chemicals

{H,, H.S, Fe™*, NH,*, etc))

|

Chemoorganotrophs Chemolithotrophs Phototrophs
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ELECTRON ACCEPTORS

UNDISCOVERED CHEMOLITHOAUTOTROPHS
ELECTRON DONORS
H, CH, H,S NH,* Fe2+

Fe3+

so. [
They

co, - “im
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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
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STATE OF THE ART MICROBIOLOGY METHODS

Next Generation Sequencing Electron Microscopy
Structural Biology Physiology & Ecology
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EXAMPLES of DISCOVERIES

METHANE = GREENHOUSE GAS
[ CH, 14y DOUBLED SINCE 1850

Do anaerobic methane oxidizing bacteria exist??

g
TUDeIft Radboud University Nijmegen f%

METHANE SOURCES
WETLANDS

tou ) S

Burning Methane lrom Frozen Lake

KDvendmmall 4 SoRrh & Momwe

Biological CH, sources

8
gCm= yreq CO;—C

METHANE SINKS
METHANE OXIDIZING MICROBES
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http://www.youtube.com/watch?v=oa3M4ou3kvw

where to search?
3CH, +8NO, +8H" -3CO,+4N,+10H,0

Radboud University Nijmegen -‘%

WS

where to search?

0,
NO,-
‘ |:e3+
S0,%
CH,
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sampling sites nitrite dependent
anaerobic methane oxidation

3CH, + 8NO, + 8H* & 4N, + 3CO, + 6H,0

Ooijpolder Brunsummerheide

Characteristics:
* HIGH NO, due to agricultural run-off /ground water

* HIGH CH, production in the sediment
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METHYLOMIRABILIS OXYFERA
Unigue Twente Canal Bacteria; gradient profile Nitrate/Methane

-
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~-NO3-

depth [cm]
N
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=#+-CH4
-200

concentration[umol/L]
Nutrient profile

-250
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METHYLOMIRABILIS OXYFERA
Unigue Twente Canal Bacteria

« strictly anoxic conditions
+25C,pH 7,3

* Only CH, and CO,

» Mineral medium with NO5 & NO,
* NO," consumption 1 mM day!

PATIENCE
Activity fully established only

after 16 months

N:S r Journaal — g =

A microbial consortium couples anaerobic methane
oxidation to denitrification

3 e e, M M B M s

METHYLOMIRABILIS OXYFERA
Unique Twente Canal “miracle” Bacteria

Genome . d
Sequencing 180xygen experiments show: Oxygen Production
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METHYLOMIRABILIS OXYFERA
Unigue Twente Canal Bacteria

Unknown
enzyme

NO,—» NO N,

NO,—» NO 0o,

T M S
{rarrifses ln WYPOTHESIS AND THEORY ARTICLE g
MICROBIOLOGY st 01000t J543 66372

Bacterial oxygen production in the dark
Kathanna F Ettwig *, Daan R Speth, Joachim Reimann, Ming L. W, Mike S. M. Jetton and Jan T Keltjens
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METHYLOMIRABILIS OXYFERA
Unique Twente Canal Bacteria

Waar komen M oxyfera bacterien voor?

Queeabon B (MuMigse C Mot
e

— S gt | bun

Question. In waich SCOS T 20 NAGODI MEthaNne QuCsery OCC)

[ Answer 1: agricutun sots o
DAMMt: wetiand sedmenty ar ¢ na L3ar 1 a e LS e
D ARSWEr 3. SeroDit waslewsier [
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METHYLOMIRABILIS OXYFERA
Unigue Twente Canal Bacteria

Wat is het geheim van M oxyfera bacterien?

Question: what is so miraculuous of M. oxyfera

[C] Answer 1- it can oxidize methane
] Answer 2. 1t use nitrite
E Answer 3. it can make oxygen from NO s

[] Answer 4: it was assumed to impossible for a long time

M daaaae. oo
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EXAMPLES of DISCOVERIES

AMMONIUM = WATER POLLUTANT
[ NH,] TOO HIGH

SOURCES
MANURE/FERTILIZERS
SEWER SYSTEMS

SINKS
AMMONIUM OXIDIZING MICROBES

s
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ERC Anhammox project : Unique prokaryotes

NH4+ + NOZ- 9 Nz + 2H20 AGIO - -358 kJ/mOI

ONTDEKKING

CELL BIOLOGIE

RAKETBRANDSTOF

ROL IN DE MONDIALE N KRINGLOOP
TOEPASSING IN AFVALWATERZUIVERING
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Calculations in N cycle
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Anaerobic pilot plant, TU Delft, the Netherlands
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ANAMMOX

Unigue Properties
|putative diheme hydrazine syntha...
synthase

Protein purification
Genome sequencing

15Ny

LETTER Hydrazine and N, production

ROCKET FUEL '

Molecular mechanism of anaerobic ammonium

oxidation
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ANAMMOX NH,* + NO, & N, + 2H,0

Global Significance

Ocean expeditions

/]
Max-Planck-ln=titut j R Iniversity Nis ‘Q‘.
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Anammox in wetlands

Staverden sampling site
Aquatic Ecology / B-ware

e
Number Depth Nitrate Ammonium
(m) (nmol?) (umol)

Stavl 12.9 37
Stav2 2 330 25
5.6
Stav3 1
Stav4 2
6.8
Stavb 1
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Anammox 16S rRNA phylogenetic tree of
different original Staverden wetland samples

gg — Candidatus Brocadia Sp. 40(AM285341)
96 Uncultured Planctomycetales (FJ710646.1)
100 Stavl(5/10)

89

Stav4(6/ 10)
Candidatus Brocadia fulgida(DQ459989)

Brocadia anammoxidans(AF375994)

Candidatus Jettenia asiatica(DQ301513)
Anammoxoglobus propionicus(DQ317601)

100
Stav4(4/10)

sl e  Low abundance [N

75 |- Stavs(2/10)

High diversity
72| Stavs(2/10)
Stavs(2/10) w m

Stavi(3/10)
Kuenenia stuttgartiensis(AF375995)
95 L Stav1(2/10)

| Candidatus Scalindua wagneri(AY254882) %

100 |: Candidatus Scalindua sorokinii(AY25718L)aud University Nijmegen |
100 Candidatus Scalindua brodae(AY254883)
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Anammox In wetlands

Fluorescence in situ hybridization
with oligonucleotide AMX368
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Anammox 16S rRNA phylogenetic tree of Wetland
enrichment culture

SA00(10/10), SAO5(1/10), SA06(30/50), SA07(3/19)

SA06(1/50), SA07(5/19)
Brocadia anammoxidans(AF375994)
SA04(1/12)

SAO05(1/10)
Candidatus Brocadia fulgida(DQ459989)
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100
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SA06(1/50)
Candidatus Jettenia asiatica(DQ301513)

SA07(8/19)
e Candidatus Scalindua wagneri(AY254882)
100 Candidatus Scalindua sorokinii(AY257181)
100 Candidatus Scalindua brodae(AY254883)
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Anammox Activity
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New Anacrobic, Ammonium-Oxidizing Community
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Hotspots of anaerobic ammonium oxidation at

land-freshwater interfaces
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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)

ANAMMOX
Unigue Properties

WELK REACTIEF TUSSENPRODUKT MAKEN ANAMMOX

BACTERIEN? STy esn - —

Question which acive Memesian 05 anamamos Decteds produte?
D Asgwer 1 BTrronus L &, Mot
[ Answer 2 it

[ Asswer 3 niete

D Asswer 4 parazng

[ Asswer & arevogen ges

Farianaon ro———t
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ANAMMOX
Global Significance

HOEVEEL DRAAGT ANAMMOX BIJ AAN DE MONDIALE
STIKSTOFCYCLUS?

Question; how much does maring anammax contnbuts 1o n ioss in the ocean? B

[ Answer 1: 1%
[ Answer 2: 10%
[ Answer 3: 50%
[ Answer 4: 50%

D Answer 5.
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ANAMMOX APPLICATION + 4 - +
Added Value NH4 N02 9 N2 ZHZO

NRCEHANDELSBLAD

Tomatensoep zuivert wate

r
‘ Less oxygen demand

No COD use

Less biomass production

== %" No emission of CO, and N,O
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ANAMMOX APPLICATION .y . +
e o NH,* + NO, = N, + 2H,0

PAQUES

Zam B, Massr 13* 2008
] Cxinow wat

Press release
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Rendac NL 6 ton N/d
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Anammox and M. oxyfera

B M. oxyfera en anammox bacterien gebruiken
g-’&g allebei nitriet en leven onder dezelfde
milieuomstandigheden

Is het mogelijk om stabiele co cultures te verkrijgen
en toe te passen?

P mgran wen -
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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

d €4 UNTVERSIDAD érc

LiThEas oF Q DE LOS ANDES

CUZ VENTFZURLA

Anammox and M. oxyfera

Day = 61
Moxy193 = red
Amx368= blue

Day = 106

Moxy193 = red
Amx368= blue

Day =0
Moxy193 = red
Amx368= blue



“Impossible” bacteria could save the world

Weanesday, November 14, 2007

By Jeanna Brymer

Live Scrance

THANK YOUI!
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