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Nitrogen (N) is one of the most intensively studied 

elements. N research falls along a continuum ranging 
from studies on N regulation of gene expression and 
therefore N metabolism in organisms to its bulk trans-
fer throughout ecosystems and ultimately its global 
biogeochemical transformations, including anthropo-
genic disturbances to N cycling. Our current under-
standing of N cycle dynamics comes from a multitude 
of studies on ecosystems with diverse characteristics, 
yet N processes at high temperatures, which are of 
particular astrobiological interest, have not been stud-
ied extensively [1]. Aspects of the N cycle that have 
been investigated at high temperatures include dinitro-
gen (N2) fixation [2] and to a lesser extent nitrification 
[3]. Research in these areas has extended the upper 
temperature limits for both N2 fixation and nitrifica-
tion to above 80oC and stimulated new thoughts on 
these processes at the cellular and organismal levels [2, 
3]. Denitrification in hot environments, on the other 
hand, has received comparatively little attention [4].  

Hydrothermal systems, such as those found in Yel-
lowstone National Park (YNP), provide an excellent 
platform to address questions related to N cycling at 
high temperatures. Basic questions about N transfor-
mations at elevated temperatures that remain unad-
dressed include (1) which processes are occurring, (2) 
is there a fully closed N cycle, (3) what are the in situ 
rates of processes, and (4) what is the species and gene 
level diversity of the microorganisms that underlie N 
cycling? YNP harbors an array of hot springs with 
diverse geochemical properties encompassing gradi-
ents of pH (<1 to >9), temperature (boiling to ambi-
ent), salinity, oxygen levels, and metal and nutrient 
concentrations [5]. Along with this geochemical varia-
tion comes a diverse assemblage of microorganisms 
that exploit resources available in hot spring environ-
ments through their physiological activities [6]. The 
combined geochemical and microbiological diversity 
of YNP hot springs make them ideal settings to under-
stand the abovementioned aspects of N cycling at high 
temperature. Much of the microbiological research in 
YNP hot springs has focused on understanding species 
level diversity [6], cyanobacterial mat communities 
[7], energy acquisition by microbes via chemosyn-
thetic reactions at temperatures where photosynthesis 
is inhibited (>68oC) [8], and, increasingly, functional 
gene diversity. Here, we use an approach involving the 

use of functional gene markers to investigate denitrifi-
cation in various hot springs located in YNP.  

Although denitrification can be carried out by phy-
logenetically unrelated microorganisms, the enzymes 
involved in the sequential reduction of nitrate, nitrite, 
nitric oxide, and nitrous oxide to N2 are fairly con-
served [9] and their corresponding genes can be used 
as functional markers. We are currently extracting 
DNA from sediment samples collected from hot 
springs with different geochemical properties. Prelimi-
nary results suggest that there is a potential for denitri-
fication in extremely high temperature hot springs (up 
to 80oC), based on amplification of PCR products of 
the appropriate size for genes encoding membrane-
bound nitrate reductase (narG), cytochrome cd1 nitrite 
reductase (nirS), and nitric oxide reductase (norB). 
Ongoing experiments will describe the sequence diver-
sity of these amplicons and also address the potential 
for denitrification linked to different heterotrophic 
metabolisms, in particular methylotrophy or the use of 
single carbon compounds. Our ultimate aim is to char-
acterize the diversity of denitrification genes and cor-
relate any observable patterns with measurements of in 
situ rates and geochemical characteristics.    
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