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The universal SSU rRNA tree
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J Bacteriol

180, 4765–

4774.

Bacteria, 1998



University 

of 

Aberdeen

3

Nitrification

NH3

NH3

NO2
-

CO2

Groundwater pollution Fertiliser loss

DenitrificationLeaching

Decomposing 

organic matter

Animal 

excreta

Fertiliser 

N

Urea

Organic C

NO2
-

N2O

NO

CO2

biomass

NO2
-

NO3
-

CO2

biomass

Urea

CH4

CH4

Methanol

NO

N2O

NO3
-

CO2

Organic C

N2O

NO

Ammonia 

oxidisers

Nitrite 

oxidisers

Nitrosomonas 

europaea

Nitrobacter winogradskyi

TEM Image credit: W.J. Hickey, University of 

Wisconsin-Madison, 2006. 

N flux

1.5 x 1015 g soil N y-1

6 x 1015 g marine N y-1



University 

of 

Aberdeen

4

Ammonia oxidiser taxonomy
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Influence of sheep urine on 

ammonia oxidisers
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Nitrification after addition 
of urea
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Nitrification after addition
of urea
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Effect of ammonium conc. on 

growth of pure cultures

-2.5

-1.5

-0.5

0.5

1.5

2.5

3.5

0 50 100 150 200

Time (days)

L
o
g
(N
O
3
-  
c
o
n
c
.;
 µ
g
 m
l-
1
)

1 ppm

10 ppm

100 ppm

1000 ppm

Nitrosospira briensis Nitrosospira briensis 

(Cluster 3b)(Cluster 3b)
Nitrosospira Nitrosospira NpAVNpAV

(Cluster 3a)(Cluster 3a)

-1.0

-0.5

0.0

0.5

1.0

1.5

0 25 50 75 100 125 150 175 200

Time (days)

L
o
g
(N
O
3
-  
c
o
n
c
.;
 µ
g
 m
l-
1
)

1 ppm

10 ppm

100 ppm

1000 ppm

Webster et 
al., 2004  
Env Micro

7, 676-684.



University 

of 

Aberdeen

10

Effect of ammonium conc. 

on growth of enrichments
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Stable isotope probing 
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Stable isotope probing in the field: 
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The Crenarchaeota
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Isolation of Nitrosopumilus maritimus

Kınnneke et 

al. 2005,  

Nature 437, 

543-546. 
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Relative abundance of bacterial ammonia 

oxidiser clusters in soils of different pH
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