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Abstract 
The contrasting physiology and phylogeny of nitrifying and denitrifying bacteria 
require different methods for detection and quantification in the environment. 
rRNA probes are appropriate for nitrifiers. Denitrifiers are more diverse; the 
conserved enzymology of denitrification provides a functional approach for 
probes. Although quantification is still rudimentary, comparison among 
immunofluorescence enumeration, PCR amplification and quantitative 
hybridization allow an assessment of genotype vs phenotype abundances. 
Nitrifiers are a very small fraction of the total bacterial popUlation, but a few 
serotypes and rRNA groups are ubiquitous in natural waters. The denitrification 
genotype is apparently abundant, but individual denitrifying strains are present 
in very low numbers. 

Introduction 
Nitrification and denitrification are essential parts of the nitrogen cycle in 
aquatic and terrestrial environments because they determine the relative and 
absolute abundance of various nitrogen compounds. When coupled across an 
oxic/anoxic interface, such as in soil microsites or microbial mats or anoxic 
marine basins, the net result is loss of fixed nitrogen from the system. Thus, 
although nitrification may be seen as simply rearranging the concentrations of 
reduced and oxidized species of nitrogen (N'Ht, N02, N03), its role in 
producing the substrates for denitrification, which leads directly to removal of 
fixed nitrogen, often necessitates consideration of the two processes together. 
As shown clearly in aquatic sediment systems (Nishio et al., 1983; Risgaard et 
aI., 1993) the rate of denitrification often depends on the rate of nitrification, 

and neither can be adequately characterized or quantified in isolation. 
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Due to the dependence of both processes on oxygen concentration, the 
entire sequence of nitrification- denitrification can be considered to be inducible. 
Thus, predicting the rate of the net process, or whether it will occur in a 
particular environment, depends not only on the presence of the organisms, but 
on the environmental conditions present on scales appropriate for interaction 
with the microorganisms. Direct measurement of the rates of processes using 
15N tracers in sediment (see above) and pelagic environments (eg Lipschultz et 
al., 1990; Ward 1987) is a powerful biogeochemical approach to understanding 
the processes. On microbiological scales, regulation of the processes can be 
approached by identifying the organisms responsible and evaluating the effect of 
environmental variables of the biochemical pathways involved. This ecological 
approach has potential for investigations on the physical scale of individual 
microorganisms and detection of effects due to differential species composition 
and activity, which may modify the regulation and interpretation of overall 
processes. A combination of the two approaches is necessary and is becoming 
increasingly possible. 

ill this paper, the development and initial application of probes for 
quantification of denitrifying bacteria are summarized and illustrated with 
examples from aquatic environments. While the focus is on denitrification, 
nitrification is also considered in less detail. The contrasting physiologies and 
phylogenies of nitrifying and denitrifying bacteria make them an excellent 
comparison for the usefulness of different kinds of probes. Based on serological 
(Ward and Carlucci, 1985; Josserand and Cleyet-Marel, 1979) and rRNA 
sequence data (Woese et al., 1984; Head et al., 1993), ammonium oxidizers and 
nitrite oxidizers each constitute highly related, tightly linked groups of 
genetically and physiologically similar bacteria. Autotrophic nitrification as a 
way of life constrains a cell to energy production solely via the oxidation of 
single nitrogen compounds (either ammonium or nitrite) and to biomass 
construction solely from the fixation of C02. It's a "hard way to make a living" 
and dictates essentially the entire biochemistry of the cell. Although DNA 
hybridization studies supported the definition of several genera and the existence 
of distinct species within the morphologically defmed genera (Koops and 
Harms, 1985), subsequent rRNA sequencing discerned only two genera within 
the p subclass Proteobacteria group of ammonium oxidizers and a third genus 
in the y subclass (Head et al., 1993) 

Denitrification, on the other hand, is simply a set of loosely linked 
respiratory reactions which enable the cell to respire in the absence of oxygen. 
For most denitrifiers, a vast array of organic compounds are acceptable as 
carbon and heterotrophic energy sources and the use of oxygen as an electron 
acceptor is the preferred respiratory mode. The ability to denitrify is simply an 


